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Abstract 

BACKGROUND: Admission, discharge and, transfer (ADT) process is one of the most important hospital 
workflows. ADT system is a part of a hospital information system (HIS).  

AIM: The objective of this study was to evaluate the usability of the ADT system. 

METHODS: The study performed at Mashhad University of Medical Sciences (MUMS) hospitals. Data collection 
instrument was a validated checklist of Pierotti heuristic evaluation. To determine the severity of usability 
problems, a hybrid of Nielson and Tampere unit for computer-human interaction (TAUCHI) severity scaling 
algorithm was used. Usability problems were divided into five categories (major, severe, minor, cosmetic, and 
technical). Six experts evaluated the ADT system independently. According to TAUCHI severity scale, if a feature 
has not yet been implemented in the ADT system, evaluators considered it a technical usability problem. 
Therefore, usability problems due to non-design feature in the ADT system were identified. Finally, the mean 
severity of each usability problems was calculated. 

RESULTS: A total of 186 usability problems were identified. The frequency of major, sever, minor and cosmetic 
usability problems were 2, 65, 69 and 50, respectively. A total of 55 usability problems by the evaluators were 
recognised as technical problems. The highest mismatch with usability principles was related to the “recognition 
rather than recall”. The range of the mean severity of usability problems was between 0-2.31.  

CONCLUSIONS: Our result showed that although implementation of IHIS on a large scale, it still suffered from 
unresolved usability problems. Identification of usability problems and evaluation of their level of severity, which 
was simultaneously performed in this study, can be used as a guide to evaluate the usability of other HISs. 

 

 

 

 
 
 
 
 
 

 

Introduction 

 

Hospital information system (HIS) refers to a 
collection of integrated software systems used to 
collect, store, retrieve and present patients' data and 
information in a hospital. HIS has several components 
such as radiology, lab and nursing information system 

[1]. Although using health information technology 
potentially reduces serious damage to patients [2], 
some of the previous studies revealed the unintended 
adverse consequences of this technology, including 
increased documentation time, inconsistency with 
clinical workflow, increased error rising in patients’ 
treatment [3]. 
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 Zheng states "Although health information 
systems promise healthcare improvement as well as 
medical error decrease, in the case where these 
systems are not used appropriately, it seems 
impossible to gain effective results. Factors, such as 
poorly designed user interface and inconsistency 
between system and work process, can cause 
unintended adverse consequences” [4]. 

Moreover, if an information system is unable 
to meet users' basic expectations, it will miss their 
trust gradually, and its efficient use will be deteriorated 
time by the time [5]. Therefore, it is highly significant 
to remove the usability problems of health information 
systems and to prevent their unexpected adverse 
consequences [6]. Usability is one of the key 
dimensions for the software quality, especially HIS. 
Usability evaluation supports a collection of 
parameters determining the system quality [7]. 
Usability evaluation generally includes two steps: first, 
usability problems identification and the the 
determination of their severity [8]. Heuristic evaluation 
is one of the most common methods to identify 
usability problems. These methods find usability 
problems with a minimum amount of time, cost and 
resources [9]. In this method, a small group of 
evaluators, based on a predetermined checklist and 
according to the usability evaluation principles, 
evaluates the system [10]. Severity rating can 
determine which serious usability problems require to 
be fixed immediately and can be used to allocate the 
relevant resources to repair them [8].  

In this study, we evaluated the usability of the 
ADT system utilised in MUMS hospitals. 

 

 

 

Methods 

 

In 2002, MUMS implemented a customised 
HIS, namely IHIS (Iranian Hospital Information 
System), with its subsystems, including nursing, 
pharmacy and ADT system. Now, the IHIS is 
implemented in 26 hospitals of Khorasan Razavi 
Province and 10 healthcare centres. All these 
healthcare organisations used the same version of 
IHIS, and its update is carried out by the HIS Group of 
the MUMS IT Center. 

This study was descriptive and cross-
sectional. The study was conducted on April 2017 in 
the five selective MUMS hospitals (two general and 
three speciality hospitals). The heuristic method was 
used to detect the ADT system usability problems.  

Data collection instrument was a validated 
checklist of Pierotti heuristic evaluation. This checklist 
includes 13 heuristic evaluation principles and 292 
questions [11] (Table 1).  

Table 1: The Pierotti 's Heuristic evaluation principles [11] 

Visibility of system status (n = 29) Flexibility and minimalist design (n = 16) 
Match between system and the real world (n 
= 24) 

Aesthetic and minimalist design (n = 12) 

User control and freedom (n = 23) Help and documentation (n = 23) 
Consistency and standards (n = 51) Skills (n = 21) 
Help users recognize, diagnose, and recover 
from errors (n = 21) 

Pleasurable and respectful interaction with 
the user (n = 14) 

Error prevention (n = 15) Privacy(n = 3) 
Recognition rather than recall (n = 40)  

 

To determine the severity of usability 
problems, a hybrid of Nielson severity rating scale [12] 
and Tampere unit for computer-human interaction 
(TAUCHI) severity rating scale [13] was used (Table 
2). 

Table 2: Hybrid severity scaling algorithm for usability 
problems 

Severity scale Definition 

Major 
Imperative to fix this before the product can be released (Score = 4) 
(10) 

Severe 
Important to fix. Therefore it should be given high priority (Score = 3) 
(10) 

Minor Fixing this should be given low priority (Score = 2) (10) 

Cosmetic 
It should be fixed to use the system to be as pleasant as possible 
(Score = 1) (10) 

No problem Usability problem do not exist (Score = 0) (10) 

Technical 
These usability problems are most likely due to technical problems 
with the system. Features that have not been implemented yet 
(Score = 0-4 according to evaluators’ opinion) (11) 

 

Six experts were recruited as usability 
evaluators: One health information management 
specialist with two years of practical work experience 
with IHIS in a clinical setting, two master students in 
medical informatics with computer engineering 
background, one Ph.D. student in medical informatics 
with 7 years IHIS management experience and two 
information technology specialists with 15 years of 
IHIS management experience. All the usability 
evaluators had participated in the heuristic evaluation 
course. To improve the quality of the usability 
evaluations, several sessions were held to equalise 
the personal interpretations of the checklist items. 

This study was conducted in two phases: 
First, each evaluator based on Pierotti checklist 
evaluated the user interface of the ADT system, and 
then evaluators determined the severity of each 
usability problem (according to hybrid severity scaling 
algorithm in Table 2). According to TAUCHI scale, if a 
feature has not been implemented in the ADT system 
yet, evaluators considered it a technical usability 
problem. Therefore, usability problems due to non-
design or non-existence of a feature in the ADT 
system were identified, and the severity of them was 
determined. Second, the mean severity of each 
usability problem was calculated. 

 

 

Results 

Heuristic evaluation was conducted on the 
ADT system by 6 evaluators. A total of 210 usability 
problems were recognised. After eliminating the 
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duplicates problems, 186 unique usability problems 
remained. The severity of the identified problems 
included: 2 (1%) major problems, 65 (35%) severe 
problems, and 69 (37%) minor problems and 50 
(27%) cosmetic problems. A total of 55 usability 
problems identified by the evaluators were recognised 
as technical problems. 

The range of the mean severity of usability 
problems was between 0-2.31. The “help and 
documentation” principle had the highest level of 
problem severity. The “error prevention” and “flexibility 
and minimalist design” were ranked as the 2nd and 
3rd principles, respectively. 

Table 3: Frequency and the mean severity of identified 
usability problems 

Mean (Range) of the 
severity of problems 

Number of usability problems Heuristic evaluation principal 

0.95 (0.00 - 2.31) 
 

Total= 19 
(C=8, Mi=8, S=3, and Ma=0) 

Visibility of system status 

1.16 (0.00 – 2.50) 
 

Total=14 
(C=1, Mi=6, S=7, and Ma=0) 

Match between system and the real 
world 

1.00 (0.00 – 3.00) 
 

Total=11 
(C=1, Mi=6, S=4, and Ma=0) 

User control and freedom 

0.60 (0.00 – 2.50) 
 

Total=21 
(C=6, Mi=12, S=3, and Ma=0) 

Consistency and standards 

1.25 (0.00 – 2.66) 
 

Total=13 
(C=2, Mi=5, S=6, and Ma=0) 

Help users recognize, diagnose, and 
recover from errors 

1.46 (0.00 – 2.50) 
 

Total=11 
(C=0, Mi=7, S=3, and Ma=1) 

Error prevention 

1.08 (0.00 – 2.50) 
 

Total=32 
(C=20, Mi=5, S=6, and Ma=1) 

Recognition rather than recall 

1.74 (0.00 – 3.00) 
 

Total=13 
(C=2, Mi=4, S=7, and Ma=0) 

Flexibility and minimalist design 

0.98 (0.00 – 2.50) 
 

Total=7 
(C=5, Mi=2, S=3, and Ma=0) 

Aesthetic and minimalist design  
 

2.31 (1.00 – 3.00) 
 

Total=23 
(C=2, Mi=7, S=14, and Ma=0) 

Help and documentation 

1.42 (0.00 – 3.00) 
 

Total=13 
(C=1, Mi=4, S=8, and Ma=0) 

Skills 

1.20 (0.00 – 3.00) 
 

Total=8 
(C=1, Mi=3, S=4, and Ma=0) 

Pleasurable and respectful interaction 
with the user 

0.22 (0.00 – 2.16) 
 

Total=1 
(C=1, Mi=0, S=0, and Ma=0) 

Privacy 

 
Note: C = Cosmetic, Mi = Minor, S = Sever, and Ma = Major. 

 

The “recognition rather than recall” principle 
with 32 problems and the mean severity of 1.08 had 
the highest number of usability problems. The “help 
and documentation” and “consistency and standards” 
were ranked as the 2nd and 3rd principles, 
respectively. 

There was only one problem reported on the 
principle of “privacy” (Table 3). Table 4 showed a 
sample of the most important identified usability 
problems based on their severity. 

 

 

Discussion 

 

In this study, we used a heuristic evaluation 
checklist as well as a hybrid severity scaling algorithm 
to evaluate the ADT system interface. The study 
findings suggested many technical usability problems 
in the ADT system. 

The results of this study showed that the 
"recognition rather than recall" and “consistency and 
standards” principles had the most usability problems, 
respectively. The findings of the study by Nabovati et 
al., on a heuristic evaluation of IHIS radiology and lab 

information subsystem [14] and Khajouei et al., on 
IHIS emergency subsystem [9] also reported the 
same problems. In the above two studies, these 
principles were reported to have the most frequent 
usability problems. 

Table 4: Samples of the identified usability problems based on 
their severity 

Samples of major usability problems 
-The content of fields in the ADT did not match with the work process. 
Samples of severing usability problems 
-The ADT pages did not have appropriate titles. 
-Extra data elements were displayed on the data entry pages. 
-Data elements were not classified properly and did not have a logical sequence. 
-Users did not have the choice of either clicking on menu items or using a keyboard 
shortcut 
-The hand and eye movements between input devices were not minimised. 
-When the users entered into a screen or dialogue box, the cursor was not positioned on 
fields and menus which users most likely to need. 
-The origin of the system problems and their solutions was not demonstrated in the error 
messages. 
-The ADT did not warn users if they made a potentially serious error. 
Samples of minor usability problems 
-Fields and menus were not visually distinct. 
-If there were observable delays (greater than fifteen seconds) in the system’s response 
time, the user was not informed of the system's progress. 
-Patients' information was not retrieved easily and correcting the mistakes was very 
difficult.  
-Users could not customise the system colour coding. 
-It was impossible to save patients’ information temporarily in the ADT. 
Samples of cosmetic usability problems 
-Various and distinctive colours and voices were not used in the ADT. 
-Bold fonts were not used to attract users' attention. 
-Visible symbols for active window were not used. 
Note: ADT= Admonition, discharge, and transfer. 

 

The findings of the study by Rezaei et al., [15] 
also revealed numerous usability problems in the 
principle of "recognition rather than recall". The 
findings of the usability evaluations of Agharezaee [6], 
Abedi and Khajouei [16], Thyvalikakath [17] and 
Verheul [18] on other HISs as well as electronic health 
records also showed numerous usability problems in 
the principle of "consistency and standards". As well, 
findings of Sadoghi [19], Meydani [20] and Asadi [21] 
illustrated that the standards are not adopted in HISs, 
while access to standard data in an organised format 
to provide appropriate and on-time healthcare service 
is highly significant [22]. It seems that the HISs have 
the same usability problems. Designers wishing to 
develop or update on HIS should pay particular 
attention to HIS's usability problems.  

In this study, the smallest number of usability 
problems was related to the principle of “privacy”, 
while in the study by Nabovati et al., the smallest 
number of usability problems was reported in the 
principle of "help and documentation" [14]. The reason 
for the difference between the present study and their 
study is possibly concerned with detecting technical 
usability problems in the present study. System help 
was not designed in IHIS. Thus, Nabovati et al. did not 
evaluate usability problems in the principle of “help 
and documentation”. In this study, features that have 
not been implemented, were considered technical 
usability problems, and the level of their severity was 
determined. Therefore, in the present study, the 
number of problems related to the “system help” 
principle was ranked 2nd. This indicates that the 
hybrid methods used in this study have the potential 
to detect a larger number of usability problems. 
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The findings of our study on the Pierotti 
heuristic evaluation checklist also reveal that the 
principle of “help and documentation” has the highest 
level of problem severity. The findings of previous 
studies on other HISs in Iran [6] [9] [14] [15] [16] are 
also indicative of either the absence of system help 
design or design deficiency. The users in the study by 
Kimiafar et al. reported the use of guidelines, 
instructions and educational papers as a solution to 
address this problem [23]. 

One of the key findings in the present study 
detecting serious (major and severe) usability 
problems in the ADT system. A total of 36.5% of the 
identified usability problems were classified as major 
and severe. Although it was lower than the severity 
rating reported in the study by Nabovati et al., (%66 of 
the identified usability problems in their study were 
classified as severe and major) [14], it is still a 
considerable concern. This is because the high 
severity of usability problems can negatively impact 
the users' interaction with the system. This not only 
makes them dissatisfied but can also affect data entry 
and documentation quality. On the other hand, the 
studies by Khajouei et al., and Nabovati et al., were 
performed on other IHIS subsystems four and three 
years ago, respectively [9] [14]. Our study was 
conducted in 2017, which shows that IHIS still suffers 
from unresolved usability problems. 

One of the major strengths of the current 
study was the use of professional evaluators, who had 
previous experience of practical work with IHIS in 
clinical settings. They were also able to recognise the 
system's problems as well. Moreover, our usability 
evaluation method was an easier and cheaper method 
to study numerous usability problems in a rather short 
period. This makes it superior to other available 
methods. As well, the findings of the present study 
can be generalised to other IHIS subsystems since 
many of the IHIS features are similar in various 
subsystems. Therefore, the findings of this study can 
help system designers to overcome IHIS usability 
problems in future editions. The designers of other 
HISs can also benefit from the findings of this study: 
they can be informed of the usability problems and 
their effects on the users' workflow. This can be used 
to prevent the same usability problems in others HISs. 
Identification of usability problems and evaluation of 
their level of severity, which was simultaneously 
performed in this study, can be used as a guide to 
evaluate the usability of other IHIS subsystems and 
other HISs. 

In conclusion, in this study, we used a 
heuristic evaluation checklist as well as a hybrid 
severity scaling algorithm to evaluate the hospital 
information system interface. Our usability evaluation 
method was an easy and cheap method to study 
numerous usability problems in a rather short period. 
This makes it superior to other available methods. The 
findings of this study can help system designers to 
overcome hospital information system usability 

problems. As well, it can be used as a guide to 
evaluate the usability of other hospital information 
systems. As well, the current study performed at one 
the largest provinces in a developing country. Our 
result showed that although IHIS was implemented on 
a large scale in a developing country, it still suffered 
from unresolved usability problems.  

According to the current study findings, it 
seems that designers wishing to develop or update on 
HIS should pay particular attention to HIS's to the 
principles of “consistency and standards" and 
"recognition and recall" and produce a better HIS. 
Moreover, the repetition of problems in the principle of 
“help and documentation” in this study and other 
previous studies reveals the importance of caring 
about HIS education and the creation of appropriate 
instruction for using the system.  
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Abstract 

AIM: There are many trials concerning peripheral nerve damage causes and treatment options. Unfortunately, 
nerve damage is still a major problem regarding health, social and economic issues. On this study, we used 
vascular graft and human cord blood derived stem cells to find an alternative treatment solution to this problem. 

MATERIAL AND METHODS: We used 21 female Wistar rats on our study. They were anesthetized with 
ketamine and we studied right hind limbs. On Group 1, we did a full layer cut on the right sciatic nerve. On Group 
2, we did a full layer cut on the right sciatic nerve, and we covered synthetic vascular graft on cut area. On Group 
3, we did a full layer cut on right sciatic nerve, and we covered the area with stem cell applied vascular graft. 

RESULTS: At the end of postoperative 8. weeks, we performed EMG on the rats. When we compared healthy 
and degenerated areas as a result of EMG, we found significant amplitude differences between the groups on 
healthy areas whereas there was no significant difference on degenerated  areas between the groups. Then we 
re-opened the operated area again to reveal the sciatic nerve cut area, and we performed electron microscope 
evaluation. On the stem cell group, we observed that both the axon and the myelin sheet prevented degeneration. 

CONCLUSION: This study is a first on using synthetic vascular graft and cord blood derived CD34+ cells in 
peripheral nerve degeneration. On  the  tissues  that  were  examined  with  electron  microscope,  we  observed  
that  CD34+  cells  prevented  both  axonal  and  myelin  sheath degeneration. Nerve tissue showed similar 
results to the control group, and the damage was minimal. 

 
 
 
 
 
 
 
 

 

Introduction 

 

Direct nerve repair with epineural micro 
sutures is still the gold Standard surgical treatment for 
severe axonotmesis and neurotmesis injuries. 
Epineural repair is performed when a tension free 
coaptation, otherwise authologus nerve grafts are 
mainly used [1] [2]. These autologous nerve grafts 
provide structural support to guide axonal 
regeneration, preventing neuroma formation and 
fibrous tissue invasion. However, there are some 
disadvantages for autologous nerve grafts as a limited 
source of the nerve grafts, permanent loss of the 

sensation at donor site [2]. Also, it may increase the 
donor site infection.  

These problems bring out the need of new 
therapeutic approaches to nerve injury. An effective 
nervous construct may require some combination of 
three primary components. However, scaffolds' results 
are not better than an autograft [1].  

Schwann cells (SCs) are peripheral glial cells 
that play a crucial role in the endogenous repair of the 
peripheral nervous system (PNS) by reconstructing 
myelin, which is necessary for functional recovery [3] 
[4]. For these reasons, SCs and Scwhann-like cells 
are one of the most widely studied cells for axonal 
regeneration and functional repair in PNS. In these 
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studies the stem cells obtained from many SCs’or 
Schwann-like cells’ sources including human umblical 
cord blood-derivered stem cells (HUCB), adipose-
derivered stem cells, bone marrow-derivered 
mesenchymal stem cells, and embriyonic stem cells 
[3] [5] [6] [7] [8]. Although adipose-derived stem cells 
have been mainly used for PNS regeneration in 
previous studies, we prefered using HUCB CD34 
positive (CD34+) stem cell because of its greater 
availability, weak immunogenicity, lower risk of graft-
versus host diseases and pluripotent differentiation, 
besides HUCBSC raises far less ethical controversies 
than  ESC  [9] [10] [11] [12]. 

In this study our aim was to examine and 
compare the effects of HUCB CD34+ stem cell and 
synthetic graft on peripheral nerve healing in an 
experimentally induced sciatic nerve injury. 

 

 

Material and Method 

 

The study was carried out in Experimental 
Research Laboratory of Faculty of Medicine at 
Pamukkale University. Approval forms were taken 
from parents of newborns from whom cord blood was 
collected. All experiments were performed in 
accordance with the guidelines for care and local 
ethical regulations established by the National 
Institutes of Health. The study used six-month-old 210 
± 30 gram (gr) Sprague-Dawley female rats. The rats 
were kept at room temperature of 22 ± 2ºC in 50% 
humid environment at 12:12 day/dark cycle during the 
experimental procedure. The subjects were divided 
into 3 groups. Group I: Control group (n = 7), sciatic 
nerve full thickness incision; Group II: vascular graft 
group (n = 7) sciatic nerve full thickness incision and 
covering lesion area with polytetrafluoroethylene 
(PTEF) type synthetic graft; Group III: stem cell group 
(n = 7) transplantation of HUCB-derived 3 X 10⁴ 
CD34

+
 stem cell into sciatic full thickness incision and 

covering the lesion with PTEF synthetic graft. 

All surgical interventions were carried out by 
the same surgeon using standard microsurgery 
methods on the sciatic nerve. Surgical operations 
were performed under anaesthesia by 50 mg/kg 
Ketamine-HCL (Alfamine®-im) and 9 mg/kg Ksilazin 
HCL (Rompun®-im) mixture. The subjects were kept 
at appropriate positions on special fixing boards for 
surgical intervention, and the operations were carried 
out under operation microscope (107 Series, Seiler 
İnstrument, St. Louis, Missouri). Operation area 
(gluteal and femur region) was shaved and surgically 
cleaned with povidone-iodine. An oblique incision was 
made in the right lower extremity in such a way to 
follow hip joint movement removing the skin and 
reaching biceps femoralis muscle. Muscle tissue was 
opened by blunt dissection, and sciatic nerve was 
exposed. The right sciatic nerve was full thickness 

incised at 1 cm proximal of separation point of tibial 
and peroneal nerves using microscissors. In all 
groups, right hind extremity was used for the study, 
while un-operated left hind extremity was kept as 
control. 

 

Collection of newborn umbilical cord 
blood, separation of CD34

+
 stem cells and 

transplantation 

A total of 50 ml of umbilical cord blood 
samples were collected from pregnant women who 
gave birth recently. It was seen that the umbilical cord 
taken was normal. Umbilical cord blood was taken 
from an umbilical vein using heparinised syringes 
immediately after leaving from newborn. Obtaining 
CD34

+
 stem cells by positive selection from the cord 

blood via using of Magnet (Magnet EasSep, StemCell 
Technologies) and magnetic nanoparticles (EasySep 
Magnetic nanoparticles 1ml, StemCell Technologies) 
was performed in 7 steps. The cells selected by 
position selection were treated with trypan blue and 
counted by hemocytometer under a light microscope. 
It was found that there were 3 x 10

4
 cells in 2μl.  

Nerve tissue sections were kept in 5% 
glutaraldehyde solution prepared with Millonig’s 
phosphate buffer for 1 hour and was dissected of 1 
mm³ on Petri covered with dental wax with 
glutaraldehyde on top using a razor. Tissue sections 
were again taken to glutaraldehyde solution and were 
fixed for 3 hours. The tissues were then shaken in 
Millonig’s phosphate buffer for 10 minutes. After 
taking the tissues in Millonig’s phosphate buffer for the 
second time, they were kept in the same tampon for a 
night. The next day, the tissues were fixed for a 
second time in 1% osmium tetraoxide solution 
prepared with Millonig’sphosphate buffer and were 
washed with phosphate tampon for 10 minutes 2 
times. Dehydrated tissue sections were then 
immersed in propylene oxide+ embedding material for 
30 minutes. Newly prepared embedding material in 
tissue sections was taken to tubes containing resin 
and was mixed in the rotator for a night. The next day, 
tissue sections were embedded into 00 polyethene 
capsules using freshly prepared embedding material 
and were polymerised at the 60ºC incubator for 48 
hours. The blocks were then removed from the 
incubator and let to cool. Cross-sections of 500 Aº 
thickness were taken from the blocks using Reichert 
Ultracut ultramicrotome. The crosssections were 
collected in 200-300 meshed copper grids and stained 
with uranyl acetate saturated in 70% ethyl alcohol and 
Reynold’s lead citrate solutions. Stained cross-
sections were analyzed in Zeiss E.M. 10 B electron 
microscope. 

In postoperative 8. Week, all rats were 
electrophysiologically evaluated using TecaMedelec 
Premiere Plus device. Active electrode was placed on 
gastrocnemius muscle of subjects, while the reference 
electrode was placed on Achilles tendon. Similar to 
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the first surgical operation, the sciatic nerve was freed 
from surrounding tissues, and sciatic nerve incision 
line was found. Nerve body was directly stimulated 
with monopolar Teflon-coated electrodes. During 
stimulation procedure, 10 mm distance was kept 
between active and reference stimulation electrodes. 
As stimulation points, the best possible distal and 
proximal points were selected in such a way to leave 
the repair line of nerve. The distance between 
proximal and distal stimulation points was measured 
with a caliper. Supra-maximal voltage was used for 
stimulation. Following the stimulation, the point where 
the first deviation from isoelectric line was marked as 
initial latency [millisecond (msn)]; peak point of axon 
was marked as peak latency [millisecond (msn)]; 
distance between positive and negative highest peaks 
was marked as amplitude [microvolt (μV)]. Compound 
muscle action potentials recorded after stimulation 
first in distal than in proximal were overlapped. The 
transmission rate of action potentials between 
proximal and distal points; peak-peak amplitude and 
area in compound muscle action potential were 
calculated. Values in experimented right and healthy 
left (control) legs were statistically compared by 
computing experimental leg/control leg ratios. 

SPSS for Windows (version 13.00) computer 
package program was used for statistical analysis. P 
value ≤ 0.05 was considered as significant. One-
Sample Kolmogorov-Smirnov Test was used to test 
the suitability of data for normal distribution. It was 
found that data was fit for normal distribution. One 
Way ANOVA Test was used to compare data. 

 

 

Results 

 

Comparison of degenerate side latency and 
amplitude values in the three groups showed no 
statistically significant difference (Table 1 and 2). 
Comparison of intra-group health and degenerated 
side latency and amplitude values showed a 
statistically significant difference. 

Table 1: EMG findings showing amplitude decrease in groups II 
and III with peripheral nerve injury  

Groups 

 
Healthy side 
amplitude values 

 
Degenerated side 
amplitude values 

X ± SD f *p
 

X ± SD f 
*
p 

Group 1 26.42 ± 7.11   23.14± 7.92        

Group 2 25.85 ± 7.33 0.012 0.988 12.28 ± 9.06           3.723 0.044
* 

Group 3 26.28 ± 7.06   16.14 ± 5.08   

* Oneway ANOVA Test; SD: standard deviation. 

Axon and myelin sheath degeneration was 
significant in lesion and untreated group (Group 1). In 
the majority of myelinated nerve fibres, the integration 
between axon and myelin sheath was lost, and gaps 
appeared. Myelin sheath was observed to be thicker 
than normal in some fibres; while the sheath was 
observed to be quite thin in others.  

In nerve fibres with thick myelin, oedema 
between the fibres was increased creating gaps in the 
myelin sheath. In degenerated nerve fibres, myelin 
sheath lost its normal order parallel array and took a 
lamellar shape in some regions.  

Table 2: EMG findings showing increased latency values in 
groups 2 and 3 with peripheral nerve injury without any 
statistically significancyroup 

Groups 

 
Healthy side  
Latency values 

 
Degenerated side 
Latency Values 

X ± SD f 
*
p

 
X ± SD f 

*
p

 

Group 1 1.22 ± 0.94   1.33 ± 0.55        

Group 2 1.20 ± 0.67 0.256 0.777 1.55 ± 0.20      2.461 0.114 

Group 3 1.22 ± 0.04   1.49 ± 0.26        

* Oneway ANOVA Test; SD: standard deviation. 

Nerve fibres with no myelin were significant in 
some regions Collagen fibres observed in latitudinal 
and longitudinal sections between the axons indicated 
an increase in connective tissue (Figure 1). 

 

Figure 1: Electron microscopic image of the untreated group. Arrow: 
the abnormal appearance of the myelin sheath, thick arrow: myelin 
sheath openings star: astrocytes, double-headed arrow: a cross-
section of collagen fibrils 

 

In-lesion group with PTEF graft application 
(Group 2), it was observed that degeneration 
continued in myelin sheath and axons, however 
significantly decreased when compared to the 
untreated group. Gaps between the myelin sheath in 
the untreated group were found to decrease in group 
3. Similarly, nerve fibres with thick myelin sheath 
observed in the untreated group were not observed in 
this group. On the other hand, connective tissue fibres 
and demonised nerve fibres were significant also in 
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this group. However they were relatively decreased 
(Figure 2). 

 

Figure 2: Electron microscopic image of vascular graft group. Arrow: 
the abnormal appearance of the myelin sheath, star: astrocytes, 
double-headed arrow: a cross-section of collagen fibrils 

 

In the group with the lesion, PTEF graft and 
human cord blood-derived CD34

+ 
stem cell (Group 3), 

general outlook was significantly positive than the 
group which was treated with vascular graft only. In 
this group, gaps observed between myelin sheath 
were lost. Nerve fibres began to take their normal 
look. Connective tissue fibres were very low in 
amount. Myelin coated nerve fibres and demyelinated 
nerve fibers were also visible in this group. Axonal 
degeneration was still present in some fibers, however 
pathological findings were significantly less found 
(Figure 3 and 4). 

 

Figure 3: Electron microscopic image of vascular grafts and cord 
blood-derived stem cells group. Arrow: myelin sheath, star, 
astrocytes 

 

Figure 4: Electron microscopic image of the control group. Arrow: 
myelin sheath, NE: blood vessel, S; cross-sectional nerve 

 

 

 

Discussion 

 

Analysis of electron microscope images of the 
groups revealed that axon and myelin sheath 
degeneration was significant in injured peripheral 
nerve in the control group, with disintegration between 
axon and myelin sheath;  gaps in majority of 
myelinous nerve fibers; edema between thick 
myelinous nerve fibers with lost of myelinous sheath 
in degenerated nerve fibers. These findings indicate 
that axon integration was damaged and endogenous 
repair mechanisms were inadequate in peripheral 
nerve injuries. In group 2 where synthetic vascular 
graft was used as treatment, it was found that 
degeneration in myelin sheath and axons continued, 
however all these findings were significantly 
decreased when compared to the control group.  
Gaps observed in myelin sheath in the control group 
were decreased in this group. In group 3 which was 
treated with vascular graft with CD34+ cells, we found 
that both axon and myelin sheath degeneration were 
prevented. It was observed that nerve tissue looked 
like the original tissue and damage decreased to a 
minimum. These findings support the view that 
umbilical cord blood-derived CD34

+
 stem cell 

transplantation can have positive effects on peripheral 
nevre injuries. 

In our study, the results obtained in the 
Control Group and the Synthetic Graft Group are 
actually not a surprise;because when the literature is 
examined it is observed that, when the axons are 
separated from the peripheric tissue with vascular 
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autograft or synthetic neural tubes, it facilitates the 
cleaning of the debris tissue which is formed due to 
the injury via SCs and macrophages in a coordination; 
then the neurotropic factors, which support the axonal 
growth,are accumulated in the tube intensely, and 
supports the healing [1] [2] [4].  

The situation in our study that creates the 
difference is that the CD34

+ 
hemopoietic stem cells 

obtained from HUCB have been used in vivo in 
neurotmesis type injuries for the first time and the 
results are positive. When the stem cell sources used 
in the repair of peripheral nerves are examined, it is 
observed that these sources are mostly in the form of 
adipose tissue, skin, bone marrow, cells that are 
similar to SCs produced with the activity of various 
growth factors in culture medium stemming from 
mesenchymal stem cells of the HUCB or the 
mesenchymal cells that contain SCs [13] [14] [15] [16] 
[17]. Recently mesenchymal stromal cells (MSC), 
have become the focus of attention for the treatment 
of nerve injury, owing to their positive effects in the 
regeneration process  [18] [19] In a recent study 
Sanchez et al. showed that murine and canine Ad-
MSC associated with decellularized vein scaffold had 
positive effects on sciatic nerve regeneration in a rat 
model [18]. The most proper time for repairing the 
damage after peripheric nerve injuries are the shortest 
time possible after the injury [1] [20]. The conversion 
of stem cells obtained from various sources into 
Schwann-like stem cells in culture medium requires 
time, and obtaining stem cell from bone marrow 
originating from mesenchyme is an extremely invasive 
method posing another disadvantage [2] [3] [9]. Also, 
to repair the injury in peripheral nerve injuries as soon 
as possible, the stem cell to be obtained must be 
quick to obtain, must be able to be used freshly, must 
be easily available in big amounts and not pose any 
risks in the donor during or after the process. The 
stem cells obtained from the HUCB blood may be 
considered as the most suitable source for the above 
mentioned criteria.  

CD34
+ 

hemopoietic stem cells obtained from 
the HUCB were examined both in vitro and in vivo 
media many times regarding their central system 
stroke models and spinal cord trauma models. In such 
study conducted by Nishino et al., [21]. It was reported 
that the CD34

+ 
stem cells obtained from HUCB were 

used in spinal cord trauma models and that these 
transplanted cells lived for at least 3 weeks; however, 
disappeared completely after 5 weeks. Also, it was 
also reported in the same study that the transplanted 
CD34

+ 
stem cells increased functional healing in rats. 

In addition to these findings, the transplanted CD34
+ 

stem cells did not express the neuronal lineage 
markers. Kao et al., [12]. Conducted another study 
with spinal cord trauma and reported that when the 
CD34

+ 
stem cells stemming from HUCB were given 

systemically, the Glial delivered neurotropic factor 
(GDNF) and the Vascular Endothelial Growth Factor 
(VEGF) amount in the cord; and that when the 

opposite practice was applied with CD34
- 

stem cells 
obtained from the HUCB and saline,there were no 
significant increase observed in the GDNF and VEGF 
in the injured cord. In the light of these findings, they 
reported that the CD34

+ 
stem cells obtained from 

HUCB increased the hind leg functions of the rats with 
the restoration of the injured cord and with the GDNF 
and VEGF production. It is known that the GDNF has 
a potent survival factor characteristics for 
mesencephalic dopaminergic neurons and motor 
neurons; and that the VEGF increases the 
neovascularization in the ischemic zone [12]. 

There have been many in vitro studies 
conducted to examine the effects of the CD34

+ 
stem 

cells on the recovery of nerves. The CD34
+ 

hemopoietic stem cells stemming from the HUCB 
were used in these studies. In one of these in vitro 
studies conducted by Fan et al., [22], CD34

+ 
stem 

cells obtained from the HUCB were used, and it was 
reported that the fibronectin (Fn) accelerated the 
endothelial cell (EC) differentiation which has the Flk-
1, vWF surface markers of the CD34

+ 
stem cells. 

Bracci-Laudiero et al. [23]. Conducted a two-color flow 
cytometry study and reported that CD34

+ 
stem cells 

obtained from the HUCB expressed the NGF and the 
TrkA which is its specific receptor; however, they also 
reported that these stem cells did not express the P75 
which is known as the pan-neurotrophin receptor and 
which is a member of the Tumour Necrosis Factor 
(TNF) receptor superfamily. However, the P75 
receptor binds with all neurotrophins in a similar 
affinity but in different kinetics. On the contrary, the 
Trk family receptors are highly specific [24].  

In our study, the CD34
+ 

hemopoietic stem 
cells obtained from the HUCB protected the axon and 
myelin sheath from degeneration. We consider that 
this regeneration occurs with the stem cells producing 
various neurotrophic factors and neurotrophins, 
minimizing the effect of the injury in the PNS, and 
supporting the SCs, and this situation is not contrary 
to the literature, because it is known that after 
neurotmesis type injury, in order to repair the wound, 
the SCs express neurotrophin and extracellular matrix 
protein such as NGF, BDNF, Neurotrophin-3 (NT-3), 
Neurotrophin 4/5 (NT-4/5), CTNF, TGF-1b, and bFGF; 
provided extracellular matrix products such as 
fibronectin,laminin, tenascin-C, type IV and type V 
collagen, heparin sulfate and chondroitin sulfate 
proteoglycan and also express adhesion molecules 
such as NCAM, L1 and N-cadherin [2] [4] [24] . Also, 
in a study conducted by Fan et al., [25]., it was 
reported that the mononuclear cells obtained from 
HUCB expressed BDNF, NGF, GDNF, NT-3 and NT-5 
mRNA. In addition to this, the fact that the CD34

+ 
stem 

cells obtained from the HUCB including many different 
subgroup cells like multi-potent and lineage-
committed progenitor cell type support this viewpoint. 

Another interesting situation is that although 
the end-to-end anastomosis or SCs obtained from 
different sources or stem cells are planted to the injury 
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area after PNS injury, the growth speed in the injured 
nerves does not change. Although this situation 
seems like a paradox, in fact, it coincides with the 
hypothesis that the stem cells express various growth 
factors and support the SCs, because the injury in 
peripheric nerve injuries occur not in the nerve body 
but the axon in the nerve extension; and when it is 
considered that the growth of the axons is under the 
control of the genes which are in the cell nucleus, the 
situation which seems like a paradox is in fact not 
contrary to the literature. This situation supports the 
hypothesis that the stem cells support the SCs. 

In our study, it was observed that this healing 
effect was not reflected in the amplitude and latency 
values in the EMG. The results of the EMG having 
been obtained like this in our study may be due to one 
reason. The EMG having been performed without 
reaching the end organ after the recovery of the 
nerve. We believe EMG findings may reveal the effect 
of healing process in the chronic phase. Further  
studies about stem cell treatment both in acute and 
chronic phase of peripheral nerve injury may also 
show better EMG findings suggesting lower axonal 
loss.  

There are limitations of our study. First of all 
we didn't study any biochemical markers and 
neurotrophic factors to examine the effect of stem cell 
and underlying mechanism of the healing process. 
Additionally not only the acute but also the chronic 
phase EMG findings may be helpfull.   

In conclusion, although how the CD34
+ 

stem 
cells obtained from the HUCB support the 
regeneration and prevent the degeneration is not clear 
much, the findings makes us consider that the CD34

+ 

stem cells obtained from the HUCB support this via 
various neurotrophic factors. To determine the 
mechanisms clearly, further studies are necessary. 
Obtaining stem cells from HUCB in a fast and easy 
way may provide an advantage in repairing the PNS 
injuries in the early period. 
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Abstract 

BACKGROUND: Repetitive traumatic brain injury (RTBI) has gained much attention in this decade, especially in 
contact sports athletes and military personals. This injury is correlated with early neurodegenerative changes that 
are marked with the increased of tau protein. Turmeric extract (TE) is a well-known anti-inflammation and 
antioxidant that decreases tau protein expression in neurodegenerative disease.  

AIM: This study aimed to prove the effect of TE on tau protein level after RTBI.  

METHODS: Forty Sprague Dawley mice were divided into four groups, i.e. negative sham control group, the 
control group, and two treatment groups. A weight drop model was used by applying a 40-gram mass that was 
dropped from a 1-meter height onto the vertex of the head, with a total frequency of 12 times, divided into 4 days 
(day 0, 1, 3, and 7; 3 traumas on each day). TE was given to all treatment groups with 500 mg/kg BW doses once 
daily. The first treatment group had TE for seven days along the trauma. The second treatment group had 
pretreatment TE extract, given from seven days before first trauma and continued along the trauma protocol days. 
Tau protein level was measured on brain and serum using ELISA method.  

RESULTS: There was a significant reduction of tau protein level in both treatment groups compared to trauma 

group, either in serum or brain, but we also found significant differences regarding brain tau level between the 
treatment and pretreatment group.  

CONCLUSION: This study might provide evidence of with the role of pretreatment TE in RTBI. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Introduction 

 

Repetitive traumatic brain injury (RTBI), 
particularly concussion, is frequently happened in 
some populations, like contact sports athletes and 
military personals. In a survey involving 222 
professional football players, the incident of head 
impact is very diverse, from four times to 125 times in 
two weeks. Another report said that around 30% of 
football players do heading for more than 1000 times 
annually [1]. In the military, it is estimated that up to 
35% of American service personnel in Iraq and 
Afghanistan have sustained a concussion [2]. Almost 

all sports-related traumatic brain injury is minor, with 
spontaneous recovery within days to weeks, even a 
small number of individuals develop long-lasting and 
progressive symptoms.  

Following traumatic brain injury, even in 
mildest form, ionic flux, hyper glycolysis, and 
metabolic uncoupling will result in an energy crisis that 
can be lasted until 7 to 10 days [3]. The time needed 
for recover may render the brain vulnerable to the 
second event. RTBI has been shown they exacerbate 
the impairment of the brain’s cellular oxidative 
metabolism similar to severe traumatic brain injury [4]. 
RTBI itself will result in progressive white matter injury 
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and behavioural dysfunction [5]. Around 17% of 
individuals with RTBI will develop a constellation of 
several dysfunctions in behaviour, mood, cognitive, 
and motoric [6]. Over the last several decades, it is 
known that these symptoms are correlated with 
progressive neurodegeneration process that happens 
in this population. This early neurodegenerative 
process is named chronic traumatic encephalopathy 
(CTE). The epidemiology of CTE is unknown since 
microscopic examination after an autopsy is the only 
widely accepted way to diagnose this condition [7].  

As in another neurodegenerative process, 
there are several proteinopathies that can be found in 
CTE. Protein tau is the main proteinopathy. 
Hyperphosphorylation will dissociate tau from tubulin 
and expose new phosphorylation site. In this state, 
protein tau will be insoluble, accumulated into 
oligomers and neurofibrillary tangles [8]. This 
condition resembles Alzheimer’s disease (AD), with 
different in tau distribution. In CTE, tau is most 
commonly found in the superficial layer, compared to 
layers III and V in AD [9] [10]. Factors that initiate the 
development of tau pathology are still unknown but 
associated with chronic neuroinflammation. 
Neuroinflammation is a common finding after TBI, 
especially in moderate and severe TBI. In mild TBI, 
neuroinflammation is usually short-lived, but RTBI 
may lead to chronic neuroinflammation due to self-
perpetuating inflammatory cycle, including the 
sustained release of inflammatory mediators. It is 
shown that microglial neuroinflammation contributes 
to tau accumulation in CTE [11].  

To this date, there is no approved therapy for 
CTE. Rest and symptomatic therapy are the main 
treatment approaches. The answer may lie in 
understanding the principle of tau proteins, where tau 
proteins aggregate through nucleation, templating, 
growth, multiplication, and spread. Each of these 
mechanisms represents a potential target for 
therapeutic intervention. Therapies that target tau 
phosphorylation, tau aggregation, and microtubule 
stabilisation are already in clinical trials [12].  

For a long time, practitioners of Ayurvedic, 
traditional Chinese medicine, and Southeast Asian 
medicine have used turmeric root extract (TE) for the 
culinary, religious, and medical condition. Curcumin, 
the major active compound of TE, is a strong anti-
inflammatory and antioxidant properties [13]. The use 
of curcumin in the AD has been studied extensively. 
Curcumin reduces accumulation of soluble tau 
aggregates via inhibition the kinase [14]. Even so, all 
human clinical trials fail to prove the role of curcumin 
in the AD, regarding cognitive function [15]. The main 
problem is curcumin’s low bioavailability [16].  

The present study was undertaken to 
evaluate the effects of turmeric extract in RTBI 
concerning protein tau level, both in brain and plasma.  

 

Materials and Methods 

 

The subjects of this experiment were 6-8 
weeks old Sprague Dawley rats weighing 300-350 g 
(n = 40). This experimental protocol was approved by 
an Institutional Ethics Committee in Universitas 
Sumatera Utara, Medan, Indonesia. The animals were 
housed with 12 h light/12 h cycle and given access to 
food and water ad libitum.  

The animals were exposed to the weight-drop 
model of TBI that had been described before [17]. A 
40 g mass was dropped from 1 m high unto the 
vertex. A 2.5 cm metal plate was placed on the vertex 
to prevent skull fracture. The total cumulative traumas 
were 12 times, divided 3 times each day on day 0, 1, 
3, and 7. We did not use anaesthesia in this protocol.  

The rats were randomly allocated into four 
groups (n = 10) as follow: a control (sham-operated) 
group, a trauma group, and two group treatments, i.e., 
treatment 1 (after trauma), and treatment 2 
(pretreatment) groups. The control group underwent 
neither trauma nor TE. The trauma group underwent 
trauma only, but no TE. The first treatment group 
received TE for seven days along the trauma and the 
second treatment group received TE started from 
seven days before the trauma and along the trauma.  

Turmeric extract (Sido Muncul, Indonesia, 
18% curcumin) was suspended in distilled water and 
administered to animals via oral gavage in 2 cc 
solution. Turmeric extract was given per oral with 
dose 500 mg/kgBW once daily. The animals were 
weighed after the acclimatisation. Turmeric extract 
was administered in the morning, 1 hour before the 
first trauma.  

As a marker of neurodegenerative process, 
we investigated AT-8 expression. The expression of 
all markers was investigated on paraffin-embedded 
sections using the avidin-biotin-peroxidase complex 
method. Four-millimetre-thick paraffin sections were 
dewaxed, rehydrated, and microwave for 10 minutes. 
The endogenous peroxidase activity of the 
investigated specimens was blocked with 3 per cent 
H2O2 for 10 minutes, followed by 25 minutes washing 
with phosphate-buffered saline (PBS). The tissue 
sections were incubated with normal rabbit serum for 
10 minutes, and then the slides were incubated at 
room temperature with monoclonal mouse AT-8 
(Santa Cruz). Sections were washed with PBS and 
incubated with a secondary antibody for 30 minutes. 
Sections were washed twice with PBS, developed 
with 0.05% 3, 3 diamino-benzinetetrahydrochloride for 
five minutes, and slightly counterstained.  

All samples were evaluated by the first author 
(not blinded to specimen). A positive signal for AT-8 in 
brain tissue was quantitatively estimated by the 
distribution of positively stained cells in the cortical 
brain. Cell counts were carried out using a light 
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binocular microscope with 1000 times magnification in 
20 high power fields.  

Protein tau level was measured in plasma and 
brain. Animals were sacrificed one day after the last 
protocol day. After anaesthesia, rats were 
decapitated, and brains were dissected. Brain tissues 
were homogenised in ice-cold homogenization buffer 
(50 mM Trizma base/HCl buffer, pH 7.4 containing 
protease inhibitors and    M of the phosphatase 
inhibitor okadaic acid), these brain homogenates were 
placed in - 0°C.  

Blood was taken from the left ventricle. After 
collection of the whole blood, blood was left 
undisturbed at room temperature for 15-30 minutes. 
The clot was removed by centrifuging at 1,000-2,000 x 
g for 10 minutes. The plasma then was maintained at 
-20°C. Blood and plasma levels of total tau were 
determined using a commercially available sandwich 
ELISA system (Cusabio). 

Values were expressed as means  SD. The 
results were computed statistically using one-way 
analysis of variance for each group. The Tuckey post 
hoc testing was performed for intergroup 
comparisons. A difference was considered significant 
at the p < 0.05 level.  

 

 

Results 

 

There was no mortality rate in this protocol. 
We also did not find a decrease in body weight (Table 
1). There was no significant difference regarding body 
weight on all three groups (Table 1), either in negative 

sham control group (377.22  29.72 gr vs. 378.44  

29.66 gr), trauma group (351.78  29.89 gr vs. 349.33 

 38.90 gr), or in treatment group (367.89  36.70 gr 

vs. 357.89  39.89 gr). 

Table 1: Weight changes in subjects (Mean  SD) 

Group Day 0 (gr) Day 7 (gr) p 

Negative sham  377.22  29.72 378.44  29.66 0.910 

Trauma 351.78  29.89 349.33  38.90 0.482 

Treatment 367.89  36.70 357.89  39.89 0.950 

Paired t-test. Significant if p < 0.05 

  

There was significantly difference between 
tau level between the negative sham group and 
trauma group, either in the brain (Figure 1A) or 
plasma (Figure 1B). In the negative sham control 

group, brain protein tau level was 4.21  0.22 pg/ml 

while plasma tau protein level was 4.36  0.13 pg/ml). 
There was significant increase of tau protein level 

following RTBI, either in brain (17.76  2.06 ng/ml, p < 

0.05) or plasma (6.16  1.11 ng/ml, p < 0.05).  
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Figure 1: Change in protein tau level following RTBI in the brain (A) 
and plasma (B). There was significant protein tau level difference 
between trauma and negative sham group both in the brain and in 

plasma. Data was shown as Mean  SD. T-test; significant if p < 
0.05 

 

There was a significant decrease of tau 
protein level in both treatment groups compared to the 
trauma group, either in the brain (Figure 2A) or in 
plasma (Figure 2B). In treatment 1 group, the brain 

tau protein level was 13.31  1.45 pg/ml and the 

plasma tau protein level was 5.25  0.77 pg/ml.  

These were significantly different compared to 
in trauma group (p < 0.05). In treatment 2 group, 

either brain tau protein level (3.60  0.23 pg/ml) or 

plasma tau protein level (4.99  0.53 pg/ml) was also 
significantly different compared to trauma group (p < 
0.05). There was significant brain tau protein level 
between treatment 1 group and treatment 2 group, 
which was not seen at the plasma.  
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Figure 2: Change in protein tau level after TE supplementation on 
the brain (A) and plasma (B). There was significant protein tau level 
difference among either treatment 1 or treatment 2 group with 
trauma group in brain and plasma. There was also a significant 
difference regarding protein tau level between treatment 1 and 
treatment 2 group in bran. The significant difference was not found 

in plasma. Data was shown as Mean  SD. T-test; significant if p < 
0.05  
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Discussion 

 

We reported no mortality rate in this protocol. 
Xu et al., (2006) report the same finding. The mortality 
rate is increased along the increased weight and 
height. With the 50 g-1 m impact, mortality is 18.2%, 
and with the 60 g-1 m impact, mortality is increased 
up to 40% [17].  

We also did not find a decrease in body 
weight (Table 1). In this RTBI model, the animals 
underwent injury schedule at days 0, 1, 3, and 7, with 
three hits daily. It made a total of 12 TBI events. The 
use of this model was meant to replicate the pattern of 
multiple concussion in contact sports athlete. This 
model did not show evidence of weight loss, 
compared to the more “severe” model. Samini et al., 
(2013) find significant weight decrease following a 
weight-drop model of TBI. The body weight decrease 
was probably due to injury affecting feeding behaviour 
and injury to the anterior hypothalamus, even though 
multi-factorial mechanisms are involved in TBI [18]. 

Tau is a soluble intracellular protein with little 
secondary structure. One of protein tau’s functions is 
to modulate the stability of microtubules. Tau is 
localised in neuronal cells, but it is not released. 
Therefore, CSF and blood tau levels in healthy 
subjects are expected to be low or non-existent.  

In pathologic conditions, associated with 
tauopathy, the soluble protein tau becomes 
hyperphosphorylated at specific site forming an 
insoluble form. The brains of some individuals who 
experience RTBI and develop CTE display tauopathy, 
predominantly perivascular and in the cortex [19]. 
Several pathogenic mechanisms have been 
suggested to contribute to this tau-specific pathology 
profile, include an imbalance in the activity levels of 
the tau-specific kinase, dysfunction in protein 
clearance mechanism, prolonged neuroinflammation, 
and increased genetic susceptibility (ApoE4 allele) 
[20]. Increased of protein tau’s level in the brain is 
reported in neurodegenerative diseases, such as AD 
(21). High protein tau level is also found in the brain’s 
interstitial fluid [22], CSF [23], and blood [24]. 

Neselius et al., (2013) reported that tau 
plasma levels were significantly increased in Olympic 
boxers, even without a symptom of concussion [25]. In 
mild TBI, tau is a poor predictor of CT lesions and 
post-concussion syndrome [26]. There are 
inconsistencies regarding the evaluation of protein tau 
across the literature, i.e. in the form of cleaved-tau, 
total-tau, and phosphorylated tau. This inconsistency 
may also be a result of many factors, including the 
sensitivity and specificity of the tau assays used and 
the timing of the sample [27]. 

Penetration of protein tau into the blood 
suggested that this protein might enter the circulation 
through the blood-brain barrier (BBB) disruption. 
Although the integrity of BBB was not assessed, the 

disruption of BBB in the previous report with the same 
trauma protocol was minimal [17]. Kane et al., (2012) 
also reported minimal BBB disruption when using 95-g 
mass dropped from a 1.5-m height [28]. Other 
hypotheses that could be proposed are release via 
glymphatic system or a more complex intracellular 
transport via macrophages of phagocytic microglia 
(24). However, these hypotheses require further 
studies.  

However, the mechanism behind tau 
pathology in repetitive concussive head injury is 
unknown. Although protein tau is widely used as a 
biomarker for the diagnosis of CTE, it is not yet clear 
that tau is the principal mediator of pathogenesis. 
Protein tau deposition could be just a result of 
cumulative biochemical changes that happen after 
RTBI [29].  

In this study, treatment groups were divided 
into two groups. The first treatment group received TE 
along the trauma for seven days. The second group 
was pretreatment group that received TE seven days 
before the trauma was started and continued along 
the trauma. Protein tau level was significantly lower in 
either first or second treatment group compared to the 
trauma group. Nevertheless, protein tau level on the 
brain was significantly lower on the second treatment 
group compared to the first. The same difference was 
not found in plasma (Figure 2A and 2B).  

The potential role of TE in degenerative 
disease is supported by epidemiological evidence. It is 
reported that people age 70-79 years old in India has 
a 4.4-fold less prevalence of AD compared to the 
same population age in the US. The regular intake of 
turmeric in common Indian diet has been thought as 
the primary reason for this finding [30]. In Singapore, it 
was also found that people who regularly ate curry 
have better cognitive performance than people who 
rarely or never ate curry [31]. 

Curcumin was shown to affect protein kinase 

modulation, such as Akt [32], JNK [33], and GSK-3 
[34]. Since protein kinase has a crucial role in protein 
tau phosphorylation, it may explain why tau protein 
level was significantly decreased in both treatment 
group. In neurodegenerative disease, there is also 
dysfunction in molecular chaperone. Molecular 
chaperones, such as heat shock proteins (HSPs), play 
a significant role in the removal of misfolded or mutant 
proteins. Curcumin affects augmenting expression or 
function of HSPs in the cell [35]. The anti-
inflammatory properties of curcumin also play a 
significant role in this effect. Curcumin also induces 
M2 macrophage polarisation in experimental 
autoimmune myocarditis [36]. M2 macrophages are 
associated with the production of anti-inflammatory 
cytokines, increased phagocytic activity, as well as 
regulation of tissue repair and remodelling [37]. 

In this research, we found significant protein 
tau level difference between the first and second 
treatment group. The second treatment group was a 
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pre-treatment group that received TE for one week 
before TBI. Curcumin retreatment will induce Nrf2 that 
is a regulator of cellular resistance to oxidants [38]. In 
a model of traumatic brain injury, curcumin pre-
treatment also decreases malondialdehyde 
expression, decreases the lesion size, and improves 
neurological function [18]. This finding might also 
support the role of curcumin as a neuroprotective 
agent, not as a treatment agent. It also could explain 
the reason behind the failure of curcumin in a human 
study regarding Alzheimer’s disease [15].  

There was no significant difference regarding 
total plasma tau protein level between the two 
treatment groups. The expression of tau is 
predominantly in brain, but tau can also be found at 
both mRNA and protein level in salivary glands and 
kidney. This is a potential confounder that may help 
explain the difference of total tau protein level 
between brain and plasma. In plasma, the half-life of 
tau appears to be shorter (hours) than in 
cerebrospinal fluid (weeks) [39].  

In conclusion, turmeric extract 
supplementation reduces tau protein level in brain and 
plasma following repetitive traumatic brain injury. The 
most significant effect was found in the pre-treatment 
group. Further studies to demonstrate the effect of 
turmeric extract on the clinical outcome will be 
needed.  
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Abstract 

BACKGROUND: Purple sweet potato (Ipomoea Batatas L.) is one of the sources for anthocyanin, which 
promotes the health through antioxidant, anti-inflammatory, anti-cancer, neuroprotection, and anti-apoptosis 
activities. Oxidative stress has been shown to be the cause of apoptosis in ischemic stroke.  

AIM: The objective of this research was to delineate the pleiotropic effects of anthocyanin for neuroprotection 
during an acute stroke event. 

METHODS: Anthocyanin was extracted from Balinese cultivar of purple sweet potato and subsequently 
administered to rat models of induced ischemic stroke (labelled as treatment group), as well as a placebo 
(labelled as a control group). Several parameters were in turn evaluated, i.e. the activities of anti-apoptotic (Bcl-2) 
as well as pro-apoptotic (cytochrome c, caspase-3) molecules, and apoptosis rate. Bcl-2 levels were determined 
using the histochemical method, cytochrome c and caspase-3 via ELISA method, while apoptosis rate was 
measured by TdT-medicated Dutp-Nick End Labeling (TUNEL) assay. 

RESULTS: Bcl-2 expression demonstrated significantly higher Bcl-2 expression in the treatment compared with 
control group (median 31.2 vs. 1.1; p = 0.001). Accordingly, pro-apoptotic cytochrome c and caspase-3 levels 
were also found significantly lower in the treatment as opposed to control group (mean 4.17 vs. 8.06; p = 0.001; 
mean 3.81 vs. 8.02; p = 0.001). Ultimately, apoptosis rate was found markedly lower among treatment than 
control groups (mean 3.81 vs. control 21.97; p = 0.003). 

CONCLUSION: The results of this study indicated a significant neuroprotective effect of anthocyanin derived from 
Balinese cultivar of PSP. Anthocyanin was able to increase and reduce anti-apoptotic and pro-apoptotic protein 
levels, respectively, resulting in lesser cellular apoptotic rate when compared with placebo. The potential 
mechanism was thought mainly due to its anti-oxidant properties. 

 
 
 

Introduction 

 

Purple sweet potato (Ipomoea Batatas L.), 
has different coloured tubers, comprising purple, 
white, red or yellow. Its roots and skin contain a lot of 
polyphenols, including anthocyanin and phenolic acids 
which are a source of vitamins A, B, C, Fe, Ca and 
phosphorus [1], [2].

 
Purple colour in the purple sweet 

potato (PSP) is due to high levels of anthocyanins. 
Higher anthocyanin in the PSP cause higher stability 
than other sources of anthocyanin [1], [3]. 
Anthocyanin possesses antioxidative properties [3], 
[4], maintains calcium ion homeostasis [5] [6], anti-
apoptosis [7], [8], protective against cerebral ischemia 
[9], anti-inflammatory [10] and neuroprotective. 
Anthocyanin derived from Balinese cultivar have 
antioxidant effects by suppressing the production of 

malondialdehyde (MDA) in vivo and inducing 
endogenous antioxidants [11], [12]. 

Ischemic stroke happens because of 
blockage of blood flow to the brain, failing energy 
formation, cellular homeostatic disorders, acidosis and 
binding of calcium ions, excitotoxicity, reactive-oxygen 
species-mediated toxicity, glial cell activation, 
activation of complement, impaired blood brain barrier 
integrity and white blood cells infiltration [13]. 
Reduced cerebral blood circulation results in a 
decrease in ATP production, which is necessary for all 
brain cell activities. The failure of ATP formation will 
lead to depolarisation of cell membranes and 
excessive release of glutamate to extracellular space, 
thus activating NMDA and AMPA receptors, resulting 
in increased calcium ions in the cells, which in turn 
increases the formation of free radicals. Free radicals 
will cause cell death through necrosis and apoptosis 
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mechanisms [13], [14]. 

Apoptosis in ischemic stroke can occur via 
extrinsic and intrinsic mechanisms. The intrinsic 
mechanism is induced by oxidative stress. 
Mitochondria are critical in the occurrence of intrinsic 
apoptosis due to oxidative stress. Increased ROS 
(reactive oxygen species) and intracellular calcium 
ions stimulate the release of pro-apoptotic family 
protein B cell lymphoma-2 protein (Bcl-2), such as 
Bcl-2 associated X protein (Bax), Bcl-2 antagonist 
killer (Bak), a Bcl-2 antagonist of death (Bad) and P53 
from mitochondria. In mitochondria, there are also 
anti-apoptotic molecules such as Bcl-2 itself, Bcl-2 
extra-long (Bcl-el), Bcl-2 homology of the ovary (Boo), 
protein kinase and extracellular signal-regulated 
kinase (ERK) that inhibit the activity of the pro-
apoptotic protein. Under normal circumstances, there 
is a balance between anti- and pro-apoptotic proteins. 
When ischemic stroke occurs, this balance changes 
wherein there is an increase in the number of pro-
apoptotic molecules, leaving open pores at the outer 
membrane of the mitochondria and outgoing pro-
apoptotic proteins and will result in apoptotic 
cascades beginning with the cytochrome c secretion 
from mitochondria that will join apoptotic protease 
activating factor (APAF) and creating an apoptosome 
which triggers pro-caspase 9 into caspase 9 which 
further activates caspase-3 as the executor caspase, 
resulting in apoptosis [15], [16], [17].  

Based on the mechanism of the occurrence of 
brain cell death (apoptosis) in ischemic stroke due to 
oxidative stress, and the antioxidant properties of 
Balinese cultivar PSP to neutralize oxidative stress, 
the researchers wanted to examine anthocyanin’s 
benefit obtained from PSP Balinese cultivar against 
oxidative stress in Wistar rats with ischemic stroke, by 
investigating bcl-2 anti-apoptotic molecules, pro-
apoptotic molecules such as cytochrome c, caspase-3 
and apoptosis rate. 

 

 

Material and Methods 

 

Three-month-old male Wistar rats 200-250 g 
in weight, obtained from Bio Farma Laboratory, 
Bandung, Indonesia was kept for a week in the cage 
at the place of research in Bioscience Laboratory 
Brawijaya University Malang for habituation. All 
animals used in this study were treated accordingly by 
adhering to National Institutes of Health guide for the 
care and use of laboratory animals. Food was 
provided according to a standardised protocol to 
ensure those rats were healthy. Rats were fed 
regularly, a night before the ischemic stroke induction 
protocol. In the morning, ischemic stroke was inducted 
according to previous methods [18]. A total of 20 rats 
were used for the study, each of which was 10 for the 
control and treatment group. The anthocyanin dosage 

used was 3 mL/day as previously used [19] 
intragastric only in the treatment group for 7 days, 
while all rats were decapitated under anaesthesia on 
the 8

th
 day for further analyses.  

PSP was extracted as follows: PSPs were 
rinsed under clear water before further processed. 
After peeled these sweet potatoes were cut 
transversely with 2-2.5 cm in thickness. Slices were 
subsequently added with water in 1:1 ratio, and then 
filtered with three layered-gauze. The liquid obtained 
from filtration was in turn heated until it boiled for 30 
minutes for sterilisation purpose before filled into a 
bottle. 

The tissue to be examined was reorganised 
with xylol, and 90%, 80%, and 70% of absolute 
alcohol, respectively were dropped for 5 minutes, then 
dropped with PBS (phosphate buffer saline) with pH of 
7.4 for 10 minutes. It was subsequently blocked with 
BSA (bovine serum albumin), then mixed with primary 
antibody (monoclonal mouse anti-human Bcl-2). The 
preparation was then mixed with secondary IgG biotin 
antibody in PBS for one hour. The tissue then added 
with streptavidin HRP (horseradish peroxidase) at 
room temperature for 30 minutes. Afterwards, DAB 
was dropped for 20-40 minutes. Counterstain was 
subsequently performed using Meyer hematoxyline. 
The brownish colour is seen during histochemical 
analysis was derived from the bcl-2 protein cells. Cell 
counting was in turn performed by the axiovision ratio 
method, which can be downloaded at 
http://153.1.200:8080/immunoratio. 

Wells of ELISA plate had been previously 
filled with cytochrome c antibody and caspase-3. The 
sample (serum) was filled into the well, then incubated 
at room temperature for 2 hours and washed three 
times. Then biotin was added and incubated for an 
hour. The phosphate buffered saline teonin (PBST) 
and HRP-avidin enzyme were added and incubated 
for an hour, then rinsed four times. TBM substrate 
was subsequently added and incubated for 5-10 
minutes at room temperature. Lastly, 100 μL of stop 
solution was added, which turned the blue colored 
wells into yellow. The wells were then read with ELISA 
reader at 450 nm wavelength. 

The rat’s cortical neuron cells were added 
with DNA fragmentation assay kit inserted into coplin 
jar, then washed with PBS for 5 minutes, and covered 
with protein kinase solution. After washed twice with 
PBS, samples were covered with the buffer derived 
from the kit then added with TdT incubation buffer. 
The samples were then placed in a dark room at 37

o
C 

in the incubator for an hour. It was soaked with anti-
Brdu-biotin antibody for an hour at room temperature. 
It was in turn, washed with PBS then soaked with 
strevtavidin HRP conjugate. Cells which underwent 
apoptosis were visualized by adding the DAB 
subsrate and countered with HE before calculated by 
axiovision ratio. 

Baseline data of Bcl-2 expression, 
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cytochrome c, caspase 3 and number of cells 
undergoing apoptosis were tested for normality using 
Shapiro Wilk. If the data was normally distributed, 
independent t-tests were conducted to find the 
difference in Bcl-2, cytochrome c, and caspase-3 
expressions, as well as the number of cells 
undergoing apoptosis between the control and 
treatment group. In contrast, when the data was 
abnormally distributed, data transformation was 
performed. When the transformation results were 
normally distributed then the independent t-test was 
conducted, otherwise Mann-Whitney test was 
conducted to identify the difference of Bcl-2, 
cytochrome c, and caspase 3 expressions, as well as 
the number of cells undergoing apoptosis with 95% 
confidence interval (p < 0.05). All data were 
processed by using SPSS 20 for Windows.  

 

 

Results 

 

The Mann-Whitney test of Balinese cultivar 
PSP extract effect on Bcl-2 expression demonstrated 
significantly higher Bcl-2 expression in the treatment 
group (p < 0.05) compared with the control group 
(Table 1) 

Table 1: Analysis result of the Mann-Whitney test for Bcl-2 
expression 

 n Median (minimum-maximum) p* 

Control 10 1.1 (0.9-4.1) 0.001 

Treatment 10 31.2 (7.6-65.9) 

*signicant at p < 0.05. 

 
To clarify Bcl-2 expression in the control and 

treatment groups, the histochemical features are 
presented in Figure 1. 

 

Figure 1: Bcl-2 expression in Wistar rats’ cerebral neuron. A) Bcl-2 
expression before analyzed with Axio Vision Ratio (control); B) Bcl-
2 expression after analyzed with Axio Vision Ratio (3.6%) (control); 
C) Bcl-2 expression before analyzed with Axio Vision Ratio 
(treatment); D) Bcl-2 expression after analyzed with Axio Vision 
Ratio (13.4%) (treatment);  →Bcl-2 expression; →Pre-stained 
nucleus 

Table 2 demonstrated cytochrome c levels 
among treatment group were markedly lower than 
control (p < 0.05). 

Table 2: Independent t-test of cytochrome c levels 

 n Mean ± SD Mean difference (95% 
CI) 

p* 

Control 10 8.06 ± 0.07 3.89 (3.84-3.94) 0.001 

Treatment 10 4.17 ± 0.02 

*significant at p < 0.05. 

 

Effect of purple sweet potato Balinese 
cultivar extract on caspase-3 level  

To determine the difference in caspase-3, the 
Mann-Whitney test is presented in Table 3. 

Table 3: Mann-Whitney test result for caspase-3 level  

 N Median (minimum-maximum) p* 

Control 10 8.02 (7.99-8.16) 0.001 

Treatment 10 3.81 (3.75-3.84) 

*significant at p < 0.05. 

 

Mann-Whitney test showed that caspase-3 
levels among treatment group were markedly lower 
than control (p = 0.001). 

 

The effect of the purple sweet potato 
Balinese cultivar on apoptosis 

TUNEL test results from Wistar rat on day 8 
showed a lower number of apoptosis events in the 
treatment group when compared with control (p <0.05) 
as presented in Table 4. 

Table 4. Independent t-test of anthocyanin administration on 
apoptosis among Wistar rats with ischemic stroke between 
treatment and control group 

Group N Mean ± SD Mean difference 
(95% CI) 

p* 

Control 
Treatment 

10 
10 

21.97 ± 13.92 
3.81 ± 1.79 

18.16 (8.17-28.15) 0.003 

*significant at p < 0.05. 

 

To clarify the results of the apoptosis between 
control and treatment groups, the apoptosis was 
presented in Figure 2. Expression of apoptotic cells in 
the control group (A and B) and treatment group (C 
and D). 

 

 

Discussion 

 

The apoptotic cascade occurs due to an 
imbalance of anti-apoptotic protein (Bcl-2) with pro-
apoptotic proteins (Bax and Bak). Oxidative stress has 
been demonstrated to cause apoptosis in ischemic 
strokes (apoptosis) [20]. Anthocyanin has been shown 
to exert antioxidant effects by increasing the 
production of endogenous antioxidants and as radical 
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scavengers. Balinese cultivar of PSP also possesses 
antioxidant properties by increasing endogenous 
antioxidant production to counteract the effects of 
oxidative stress on ischemic stroke [12], [19], [21].  

 

Figure 2: Expression of cerebral cortex neurons in Wistar rats 
undergoing apoptosis. A) Cellular expression undergoing apoptosis 
before analyzed with Axio Vision Ratio (control); B) Cellular 
expression undergoing apoptosis after analyzed with Axio Vision 
Ratio (28.8%) (control); C) Cellular expression undergoing 
apoptosis before analyzed with Axio Vision Ratio (treatment); D) 
Cellular expression undergoing apoptosis after analyzed with Axio 
Vision Ratio (6.8%) (treatment); →Pre-stained cells underwent DNA 
fragmentation; →Post-stained cells underwent DNA fragmentation 

 

Consequently, apoptosis was inhibited. 
Inhibition of apoptotic cascade occurs when the 
amount of anti-apoptotic protein is in equilibrium or 
higher than pro-apoptotic protein, which in this study 
is evidenced by significantly higher Bcl-2 levels (p < 
0.05) in the treatment group. A similar study was 
found in anthocyanins extracted from Ipomoea 
Batatas cultivar Ayamurasaki which has been shown 
to neutralise the effects of ROS and decrease p53 
protein activity, so that apoptosis was lower by 
increasing Bcl-2 expression and decreasing Bak 
expression, thus increasing the Bcl2/Bak ratio (Han et 
al., [22]). The study by Yao et al., [23] also found that 
anthocyanin (quercetin) administered at a dosage of 
10 and 20 mg/kg/day results in higher Bcl-2 
expression (p < 0.05 and p < 0.01) in the treatment 
versus that in control group. 

Cytochrome c is a protein consisting of 104 
amino acids and has many functions such as electron 
transfer in the respiratory chain to form energy. 
Another function is to play a role in cardiolipin 
peroxide, ROS scavenger and apoptosis. Various 
cytochrome c functions are governed by their 
association with specific tissues. Under normal 
circumstances of bonding with Tyr97 and Tyr48, 
cytochrome c phosphorylation will form ATP. In a 
state of oxidative stress, bonding occurs with 
p66

she
and cytochrome c dephosphorylation occurs, 

which obviates its role from the respiratory chains of 

cytochrome c, so that binding with cardiolipin is 
released and cytochrome c exits from the 
mitochondria. The cytochrome c released from the 
mitochondria will bind to APAF forming an 
apoptosome, which will activate the subsequent 
apoptotic cascade (Gamdo et al., [24]). The PSP 
extract of Balinese cultivars has been shown to 
suppress oxidative stress and induce endogenous 
antioxidants [12], [19], [21], resulting in lower 
cytochrome c levels in the treatment than control (p < 
0.05). These outcomes were similar to the research 
conducted by Lu et al., [7], which found that PSP 
colour (PSPC) can suppress cytochrome c elevation 
in the cytoplasm in older rats of Kunming strain 
induced by D-galactose. The suppression occurs 
because PSPC has the effect of increasing 
endogenous antioxidant expression such as Cu and 
Zn SOD and catalase. The study by Ullah et al., [26] 
also obtained the same result that on mouse-induced 
hippocampus neurons induced by kainic acid for 12 
hours there was markedly elevated cytochrome c 
levels. In hippocampal neurons treated with 
anthocyanins before induction with kainic acid, there 
was markedly reduced cytochrome c levels (p < 0.05). 

Caspase is an amino-terminal prodomain 
carboxy-terminal protease domain. Based on its role, 
caspase is classified as the initiator and executor. 
Caspase is generally in an inactive state called pro-
caspase and will become active when there is a death 
signal which will then be followed by cell death 
(apoptosis). Caspase 3, 6 and 7 act as the executor's 
caspases and are inactive in the form of a procaspase 
dimer. This procaspase will become active when there 
is a split between large and small subunits, resulting 
in a conformational change so that it becomes mature 
caspase. Activation of caspase 3 occurs by a chain 
reaction through the release of cytochrome c which 
binds to APAF to form apoptosome. Apoptosome then 
activates procaspase 9 into caspase 9. Caspase 9 
then activates caspase 3 as the executor's caspase. 
Caspase 3 will destroy and degrade cell components 
such as structural proteins in the cytoskeleton, cell 
nucleus proteins and enzymes involved in cellular 
repair and activate DNAase enzymes, thus detaching 
from their association with the caspase DNAse (ICAD) 
inhibitor [26], [27]. 

The effect of Balinese cultivar of PSP on Bcl-2 
in this study was markedly different between those 
two groups, wherein the treatment group was higher 
in the treatment group, resulting in the inhibition of 
proapoptotic protein release such as cytochrome c, so 
that its level was lower in the treatment group which 
leads to a lower apoptotic activity. Consequently, 
apoptosis cascade will be reduced so that the level of 
caspase-3 in the treatment group in this study was 
also lower (p < 0.05) than in the control group (Table 
3). A similar study was obtained by Yao et al., [23] in 
which caspase-3 expression on the cerebral cortex 
cells of rats ligated in the medial cerebral arteries was 
found to be lower in the anthocyanin-treated group 
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(quecertin). A study conducted by Shah et al., [28], 
obtained similar results, i.e. prenatal rat neurons 
induced with ethanol demonstrated significantly higher 
levels of caspase-3 in the sham group as opposed to 
those treated with anthocyanin with a dose of 0.1 
mg/mL (p < 0.05). Similar results were obtained by 
Badshah et al., [29], which examined the effect of 
anthocyanin against the toxic beta-amyloid effects 
injected intraventricularly in the hippocampus, in 
which caspase-9 and -3 were significantly higher 
among those rats without anthocyanin treatment (p < 
0.05) as opposed to shame. 

Apoptosis or programmed cell death is a 
normal life process. Disorders in apoptosis will trigger 
the onset of various diseases such as cancer, 
Parkinson's, Alzheimer's and stroke. Apoptosis occurs 
due to the formation of pores in the outer membrane 
of the mitochondria. The outer membranes of the 
mitochondria are formed as a response to the 
increased permeability of small molecule solution in 
the intermembrane of the mitochondria. Antiapoptotic 
proteins such as Bcl-2, Bcl-XL and Mcl inhibit the 
cascade of proapoptotic signals such as Bax. It 
migrates to the outer layer of the mitochondrial 
membrane to form pores, which induces cytochrome c 
release into the cytoplasm to stimulate the 
subsequent apoptotic cascade [17], [29], [30], [31]. 

In this study, we found that Bcl-2 expression 
was higher in the treatment than in the control group. 
The cytochrome c and caspase-3 levels were found 
lower in the treatment group thus resulting in lower 
apoptosis rate (p < 0.05). 

Similar results have also been found in other 
investigators such as Shin et al., [32] who examined 
the anthocyanin’s neuroprotective effect against rat’s 
middle cerebral artery occlusion and reperfusion. In 
anthocyanin-treated rats, infarct volume and the 
number of apoptotic cells were significantly lower than 
placebo (p < 0.05). Anthocyanin exerts its 
neuroprotective effect by significantly inhibiting JNK 
and p53 activities. In mice treated with anthocyanin, 
JNK and p53 levels were significantly lower (p < 0.05). 
A study by Ye et al., [6] investigated the effect of 
PSPC on pheochromocytoma cells induced by beta-
amyloid. Cells induced with beta-amyloid previously 
treated with PSPC have shown decreased calcium ion 
levels, improved mitochondrial membrane potential, 
and reduced caspase-3 expression and DNA 
fragmentation, all of which ameliorate apoptosis. Lu et 
al., [7] investigated the PSPC effect of Korean black 
soybean on apoptosis among older rats induced with 
D galactose. D-galactose administration induced a 
higher apoptosis rate in cerebral cortex neurons and 
hippocampus as opposed to the control group (p < 
0.01). Conversely, simultaneous administration of 
PSPC and D-galactose decreased the apoptosis rate 
of cerebral cortex and hippocampus neurons. The 
effect of PSPC here is by increasing the concentration 
of antioxidants such as Cu, and ZN-SOD and 
catalase. 

In conclusion, this study proved that the PSP 
Balinese cultivar extract exerted neuroprotection on 
Wistar rats with ischemic stroke reflected by higher 
Bcl-2, cytochrome c, and caspase-3 levels, while 
lowering the apoptosis rate. 
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Abstract 

BACKGROUND: HCV infection and its complications are among the leading public health challenges; the 
emergence of drug-resistant variants are expected to be a major problem. A novel combinatorial small interfering 
RNA (siRNA) could be a novel triple therapy that could be suitable for genotype 4. Although HCV is a hepatotropic 
virus, there is reliable evidence about its replication in peripheral blood mononuclear cells (PBMC) of chronically 
infected patients; these cells act as an extra-hepatic reservoir for viral recurrence and persistence. The patients 
with HCV-RNA in PBMC showed a significantly lower response to therapy that supports to be one of the factors 
influencing therapeutic response. Almost all regions of HCV show potential for siRNA target with relative 
efficiencies of individual siRNA sequences. 

AIM: This study aims to test the efficacy of siRNA against HCV-4 replication in PBMC in vitro, to introduce an 
alternative therapeutic option for HCV-4 suitable to eradicate it from both hepatic and extra-hepatic reservoirs. 

METHODS: Efficacy of synthesised siRNA molecule that targets 5
/
UTR of domain IIIC within IRES of HCV RNA 

to eradicate HCV intra-PBMC in vitro was tested and compared with IFN/RBV in vitro, by using both qRT-PCR 
and western blot. Sixty genotype-4 chronic HCV patients who are naïve for any HCV treatment were enrolled and 
tested for the presence of HCV intra-PBMC using qRT-PCR before and after siRNA treatment in vitro.  

RESULTS: Real-time PCR analysis showed a significant reduction of HCV RNA levels after 24hr post-HCV-
positive-PBMCs treatment by siRNA with cell vitality reached up to 98%. Besides a complete inhibition of NS5A 
viral protein expression, that is functionally essential for viral assembly, replication and egress. 

CONCLUSION: So, Targeting HCV infection using RNA interference technology might be a reliable therapeutic 
option for chronic HCV patients with HCV minus strand within PBMCs. 

 

 

 

Introduction 

 

Hepatitis C virus (HCV) infection is a global 
blood-borne disease that affects almost 3% of the 
world population with morbidity and mortality that is 
second to HIV among the emerging infections [1]. 
Egypt has been reported as the highest in HCV 
prevalence worldwide, that ranged from 6% to exceed 
40% among region and demographic groups with 11-
14% of the population chronically infected with the 
virus [2]. The infection may get worse to cirrhosis with 
the subsequent development of complications 
including hepatocellular carcinoma [3], [4]. 

HCV is a positive-sense single-stranded RNA 
virus, classified as the sole member of the genus 

Hepacivirus in the family Flaviviridae. The HCV RNA 
genome is roughly 9.6 kb long with an open Reading 
Frame (ORF) that encode a vast viral polyprotein of 
around 3,01 thousand amino acids [4]. Viral 
translation is mediated through the internal ribosome 
entry site (IRES) found within the 5’ untranslated 
region (5’UTR) which comprise of ~341 bp long that is 
profoundly conserved even between various HCV 
isolates. The 5’UTR does not encode for functional 
protein and contains the IRES that initiate viral 
polyprotein translation in a cap-independent manner 
[5]. The IRES is basic for translational as it 
independently binds to the 40S ribosomal subunit and 
guides the ribosome to the initiation codon of the HCV 
mRNA with a specific end goal to facilitate its 
translation in a cap-independent manner. It contains 
four profoundly organised stem-looped domains that 
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named I-IV which facilitate HCV RNA translation. 
Domain I is not essential for IRES activity but rather 
essential for HCV replication, IRES in domains II-IV 
play a role in viral genetic replication in a cap-
independent manner while Domain III contains 
subdomains that are critical for the binding of 40S 
ribosomal subunit [6]. Translation of HCV mediated by 
a profoundly conserved internal ribosomal Entry site 
(IRES) within the 5'UTR making it a significant focus 
for new medication development [5]. 

Despite hepatotropic nature of HCV, many 
studies proved that PBMC represents another 
extrahepatic reservoir where HCV can replicate, not 
only that, but it may also be the real culprit in viral 
recurrence after liver transplantation [7]. The 
substantial goal of viral treatment is to attain a 
sustained virological response (SVR) that is defined 
as undetectable HCV-RNA in peripheral blood 
determined 24 weeks after the end of treatment 
(ETR). Nonresponders (NR) to therapy are sometimes 
obstinate to retreatment and do not necessarily 
benefit from escalating treatment dose [8].  

Despite the great success of the current 
therapies, there are many reported concerns that may 
increase the demand for new therapy and diagnostic 
approach to cover it [4], for example; Human Biliverdin 
reductase (HBVr) reported to be upregulated in many 
studies upon Direct-acting antivirals (DAAs) therapy, 
HBVr usually elevated at mean of 52 days after first 
DAA dose and reported to cause ten DAA-therapy 
discontinuations [9]. These patients cannot make a 
benefit from DAAs, so alternative options are urgently 
necessary, out of this alternative is RNAi that 
represent an effective silencing approach for 
molecular therapeutics through a particular 
succession RNA degradation procedure to diminish 
infection or replication of its invaders [5]. 

siRNA is promising silencing mechanism, 
vector-based or synthetic siRNAs directed against 5' 
UTR, NS3, NS5B, NS4B and core represented 
significant specific ability in reducing both viral 
infection and replication. The 5

/
UTR of HCV-IRES has 

also been targeted by siRNA resulted in inhibition of 
HCV by more than 80% at a concentration of 2.5 nM. 
Moreover, consensus siRNAs against 5

/
UTR 

diminished viral replication level in vitro on infected 
Huh-7 cell-line [10]. While the dominant part of HCV-
siRNAs is integral to the positive strand, a lessening in 
both strands replication has been reported [11]. It is 
conceivable that targeting the positive strand leads to 
a decline in negative strands synthesis [12]. 

Interferon (IFN) pathway can be initiated by 
dsRNAs, so it was important to address whether HCV-
particular siRNAs could trigger IFN pathway. It was 
exhibited that hindrance of viral replication by HCV 
RNAi in vitro was not related to an up-regulation of 
IFN-stimulated genes. Targeting HCV by siRNAs were 
better at diminishing HCV-RNA levels than an 
oscillating dose of IFN-α [11].  

  All these possibilities motivate us to test the 
efficacy of specific synthetic-siRNA on clearance of 
HCV from PBMCs of chronic HCV-infected patients 
aiming to get a new therapeutic recommendation for 
inconvenient DAAs therapy patients, non-responders 
or relapse’s patients. In addition to scavenging viral 
infection from PBMCs that act as a real culprit in HCV 
relapses after liver transplantation. 

 

 

Patients and Methods 

 

Patients and Samples collection  

Total of sixty patients was enrolled in this 
study; all were naïve and newly diagnosed HCV 
patients, from National Hepatology and Tropical 
Medicine Research Institute (NHTMRI) Cairo, Egypt. 
All patients were pre-diagnosed HCV antibody 
positive by ELISA technique. HCV detected in serum 
and PBMC for all samples. Ethical committee 
approval was taken from National Hepatology and 
Tropical Medicine Research Institute in addition to a 
signed consent form from each patient. Patient’s 
inclusion criteria were; first, they should be treatment 
naïve patients, then they should not have any other 
neurological disorders or undergo conservative 
treatment, also not to be co-infected by any hepatic 
viral infection than HCV that was detected by the 
presence of its antibodies (Ab) in serum. About 12 mL 
blood was withdrawn from each patient on heparin. 

 

siRNA Choice  

siRNA targeting domain IIIC within IRES was 
chosen that showed 100% alignment with HCV 
sequences in the gene bank (database), in addition to 
its ability to align specifically against domain IIIC 
within IRES. This siRNA was specially synthesised 
and ordered from thermo-scientific U.S.A (cat# K-
005000-G1-01, E-007500 -01), to be HPLC purified 
and sterilised using ultra-filtration methods to assure 
removal of any materials that might interfere with 
transfection or might be lethal to cells. 

 

Optimising siRNA Transfection Procedure  

Since there is a great variation in the capacity 
of transfection according to each cell type, so the 
transfection procedure must be determined and 
adjusted for each cell line before transfection. Also, it 
is well known that PBMCs is hard to transfect cells. 
Therefore, the GAPDH siRNA (Thermo, USA) was 
used to optimise: a) optimal cell plating density; b) 
optimal amount of siRNA to be transfected; and c) 
either to transfect it in serum-free or serum-containing 
medium (FCS) and determine optimal serum 
concentration. 
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Self-delivery Accell™-siRNAs were 
synthesised by Dharmacon® that allows effective 
delivery in wide-ranging cell lines including primary 
cells. Ficoll-hypaque density gradient technique was 
used to isolate PBMC from the blood. PBMC was 
washed at least four times with PBS, re-suspended in 
Accell delivery media®, and counted; then 1 × 10

6
 

cells were used for detection of presence of HCV and 
0.6 ×10

6
 cells/well were plated in 48 well-plate for 

testing efficacy of different siRNA concentrations (50-
100-200 µM) on silencing HCV replication and 
compare its effect with IFN/RBV in separate wells 
were concomitantly treated with 110 IU/ml IFN 
plus100 µM Ribavirin in vitro [13]. Total RNA was 
harvested at different times post-siRNA transfection 
using Viral RNA extraction kit (QIAamp-viral RNA mini 
kit) from QIAGEN according to the manufacturer's 
manual. Also, control for HCV-siRNA was used that 
was Human GAPDH siRNA in addition to positive and 
negative (non-targeting NTC) control for each. 

 

Determination of HCV in Patient’s Sera 

Two hundred (µL) serum were used for RNA 
extraction by viral RNA extraction kit (QIAamp-viral 
RNA mini kit- QIAGEN-USA) consistent with the 
manufacturer's manual. 200 ng of RNA utilised to 
detect virus C using one-step RT-PCR kit (QIAGEN, 
USA) and used as stated by the manufacturer's 
protocol, and then the PCR amplicon was 
photographed on 2% agarose gel. 

 

HCV Genotyping  

Genotyping was done using the VERSANT HCV 
genotype 2.0 Assay (LiPA - Bayer).  

 

Uncovering HCV Strands in Patient’s 
PBMC  

 

Qualitative analysis 

Cellular RNA was extracted from counted 
uncultured PBMC, collected from HCV serum positive 
patients, using Viral RNA extraction kit (QIAamp-viral 
RNA mini kit- QIAGEN, USA) consistent with the 
manufacturer's manual. HCV strands were detected 
by RT-PCR; briefly, 200 ng of extracted RNA was 
reversely transcribed to cDNA in 50 µL mixture PCR 
beads (GE healthcare life science, USA) and 25 
pmoles antisense primer 
5'GGTGCACGGTCTACGAGACCTC3' for a positive 
strand or 5'AACTACTGTCTTCACGCAGAA3' for a 
negative one. 50 µL was the first round PCR volume, 
using 50 pmoles from each primer and 
5'TGCTCATGGTGCACGGTCTA3'. Then the second 
round uses 20% of this volume for its amplification 
with the internal pair of primers 
5CGCAGAAAGCGTCTAGCCAT3 in addition to 

5ACTCGGCTAGCAGTCTCGCG3. The thermal cycler 
conditions were the same as the first round, then PCR 
amplicon was analysed on 2% agarose gel 
electrophoresis and documented. 

 

Quantitative analysis 

HCV quantitation was performed on a Piko-
Real-Time PCR System (Thermo-Scientific) using 
sensifast SYBR kit (Bioline) according to the 
manufacturer procedure. 

 

In vitro treatment of infected PBMC by siT 
and IFN/RBV 

Patients proved to be infected with HCV in 
both serum and PBMCs were enrolled in this step. 
PBMCs were separated using ficoll, washed 4 times 
with PBS to avoid any attached viral particles on cell 
membrane, then resuspended in Accell delivery 
media® For each patient, cells were plated on a 48-
well plate at a concentration of 0.6 × 10

6
/mL, and 

cultured at 37˚C, 5% CO2 for 72 hr in absence or 
presence different siRNA concentrations, siNTC, 
GAPDH siRNA and IFN/RBV separately (triplicate for 
each treatment). Cultured cells without any treatment 
were used as a control. Cells were harvested, washed 
4 times with PBS, and subjected to total cellular RNA 
extraction. Total RNA extracted from cultured PBMCs 
was reverse transcribed and amplified using the same 
assay described previously for both qualitative and 
quantitative measurement [14]. 

 

Western blot analysis of HCV NS5A 
antigens in PBMC with and without siRNA 

Cell lysates of PBMC either with or without 
siRNA treatment were subjected to SDS-PAGE. Then 
washed three times, after that membrane was 
incubated with diluted peroxidase-labelled anti-human 
IgG/IgM antibody mixture at 1:5000 in phosphate 
buffer saline (PBS) 3 g/L for previously treated strips 
with the anti-NS5A (Novocastra Laboratories, UK) for 
at least two hr at room temperature. Then Visualize of 
the immune complexes on the nitrocellulose 
membranes by promoting the strips with 0.01 mol/L 
PBS (pH 7.4) that contain 40 mg 3,3',5,5 
tetramethylbenzidine and 100 μl of 30 ml/L hydrogen 
peroxide (Immunopure TMB substrate Kit, Rockford, 
USA). 

 

Statistical Analysis 

All experiments were performed in triplicates 
on three independent cultures. Data were shown in 
means ± SD. P < 0.05 was considered statistically 
significant. 
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Results 

 

Clinical Aspects of HCV patients 

Patients showed a significant difference 
(P<0.001) in liver function test ALT, AST, liver 
synthetic function assays; prothrombin and albumin 
(P<0.0001) and total leukocyte count (P=0.0002), on 
the other hand Age, BMI, gender, and total bilirubin 
showed no significant difference between normal and 
chronic HCV infected patients Table (1). 

Table 1: Clinical data of chronic-HCV patients’ vs healthy 
control 

Variable Chronic HCV 
patients 

(mean ± SD) 

Healthy persons 
(mean ± SD) 

P value 

Age 49 ± 10 47±8 0.674 (NS) 

BMI (Kg/m
2
) 26.8 ± 5 26.2±5 0.7464 (NS) 

Gender 
Male 
Female 

 
22 (55%) 
18 (45%) 

 
5 (50%) 
5 (50%) 

 
0.5719 (NS) 
0.5687 (NS) 

Platelet count (10
3
/µL) 216 ± 68 265±120 0.1006 (NS) 

ALT (IU/L) 68.1 ± 41.7 13±6 0.0003 (S) 

AST (IU/L) 52.3 ± 32.6 12±8 0.0006 (S) 

Bilirubin Total (mg/dl) 0.43 ± 0.16 0.39±0.19 0.1087 (NS) 

Bilirubin Direct (mg/dl) 0.85 ± 0.37 0.29±0.16 0.086 (NS) 

Prothrombin concentration % 69.9 ± 19.3 103±4.7 <0.0001 (S) 

Albumin (g/dl) 3.28 ± 0.6 4.7±0.8 <0.0001 (S) 

Total leukocyte count (10
3
/µL) 6.08 ± 2.18 3.0±1.5 =0.0002 (S) 

Serum HCV viral load 
<500,000 IU/ml 
≥500,000 IU/ml 

 
25 (62.5%) 
15 (37.5%) 

 
0 
0 

 

PBMC viral load 
PBMC + HCV 
PBMC -HCV 

 
19 (47.5%) 
21 (52.5%) 

 
0 
0 

 

Fibrosis level 
F (n: 0/1/2/3/4) 

 
16/14/9/1 

 
0/0/0/0 

 

NS= no significant difference; S = significant difference. 

 

HCV RNA detectability in Patient’s Serum 
and PBMC 

All the 60 patients were HCV RNA positive in 
serum but only 19 out of them (31.7%) showed 
detectable HCV -RNA in PBMC using RT-PCR for 
HCV strands, from clinical data observations, 
17(89.5%) out of these 19 PBMC positive HCV patient 
show non-responder state to PEG-IFN and 11(64.7%) 
showed non-response to sovaldi therapy at week 12. 

 

Results of optimisation of siRNA 
concentration and delivery method in vitro 

To assess the potentiality and efficacy of 
siRNA in Accell delivery media, optimisation of the 
various parameters carried out using GAPDH siRNA 
as a positive internal control. The results represented 
a significant silencing of GAPDH mRNA expression in 
transfected PBMCs when Accell delivery reagent was 
used (p < 0.05) (Figure 1). But there was no observed 
inhibition when lipofectamine nor electroporation was 
used compared to using Accell delivery with no siRNA 
as a negative control. 

Two other transfection reagents were tested 
for transfection optimisation. Accell delivery media 
showed a significant knockdown of GAPDH compared 
to Lipofectamine and Electroporation; (A); p < 0.05. 

Values expressed as relative expression value (REV) 
with mean ± SD, n = 19. 

 

Figure 1: Effect of different delivery methods on GAPDH expression 

 

Results of in vitro inhibition of HCV 
replication by siRNA in PBMC 

Current study demonstrates that the 
introduction of siRNA targeting domain IIIC within 
5’UTR IRES site into PBMC, that previously confirmed 
to be infected by HCV using quantitative PCR assay, 
caused a dramatic sharp decrease of HCV RNA by 
more than 94% compared to non-treated cells using 
qRT-PCR (Table 2), also NS5A protein expression 
levels detected by western blot assay was completely 
inhibited (Figure 3). was also noticed that the effect of 
siRNA on HCV replication and life-cycle occurs very 
early after 24 hours post siRNA transfection with 
variable treatment concentrations (Figure 2).  

Table 2: The HCV RNA levels (%*) in HCV-infected PBMCs 
inhibited by siRNA for 72 h 

 Doses of siRNA (nM) 

10 50 100 200 

Untreated  100 ± 11.47 100 ± 5478 100 ± 14474 100 ± 3446 

siGAPDH 96 ± 19.47 86 ± 9.24 80 ± 8.96 76 ± 11407 

siNTC 92 ± 8.25 92 ± 14.63 111 ± 16.28 115 ± 5.13 

siT 29 ± 12.50
a
 18 ± 5.50

a
 6 ± 1.11

a,b
 8 ± 2.83

a,b
 

IFN/RBV (110 IU/ml IFN plus100 µM 
Ribavirin) 

57±11.8
a
 

RBV (100 µM Ribavirin) 8 ± 2.7
a
 

*data Presented as viral load (mean ± SD); 
a
 P˂0.01, as compared with untreated control; 

b
P˂0.01, as compared with the 10nM group; 

c
P˂0.01, as compared with the 50nM group. 

 

siRNA were applied to HCV-infected PBMCs 
cell-culture to assess the effects of siRNA on the HCV 
replication. Infected PBMCs that were untreated and 
transfected non-targeting (scrambled) siRNA (siNTC) 
served as negative controls while PBMCs that were 
untreated and transfected with GAPDH siRNA served 
as positive controls, Figure 3 and Table 2 illustrate 
viral RNA levels and protein expression for both 
transfected and control PBMCs, as quantitated by 
qPCR at 72 h after transfection. siRNA was 
significantly able to suppress HCV replication at 100 
nM compared with untreated PBMCs (P ˂ 0.01).  



 Youssef et al. Silencing HCV Replication in Its Reservoir 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2018 Nov 25; 6(11):1965-1971.                                                                                                                                                 1969 

 

 

Figure 2: Concentration optimisation using GAPDH siRNA. All 
values were expressed as relative expression value (REV) with 
mean ± SD, n = 9 

 

The result of the quantitative PCR of samples 
after these in vitro treatments shows significant viral 
reduction with siT compared to IFN/RBV (P = 0.001). 
As shown in Table 2, SiT decreased the viral load by 
mean ± SD 94.0 ± 1.11% while the combination 
therapy decreased it by mean 57 ± 11.8% and finally 
ribavirin alone decreases it by mean 8 ± 2.7% only 
that later complied with in-vivo response results for 
same patients of IFN/RBV and DAAs therapies.  

NS5A levels were significantly decreased 
after 24 hr. of the transfection of 100 nM of SiT (Fig. 
3). And maximum inhibition levels were observed on 
72 hr. post transfection (mean silencing 94.0 ± 
1.11%). Also, there are no significant inhibition levels- 
for HCV in cells transfected with either the NTC siRNA 
nor those with GAPDH siRNA- was detected. 

 

Figure 3: Composite picture for Western blot for HCV-NS5A 
compared to intracellular GAPDH 

 
Upper row showed HCV-NS5A expression in 

different transfection for PBMC positive HCV cells 
after 24hr post-treatment. Lower row showed the 
GAPDH expression in same transfected cells. 

 

Results of SiRNA cytotoxicity detection 

To detect possible cytotoxic effects that may 
be induced by the siRNA, both trypan-blue exclusion 
method and MTT assay were performed. The cell 
viabilities reached up to 98% (Table 3) for both cells 
transfected by siRNA or for cells grown in Accell 
delivery media (transfection media). Thus, neither the 
transfection media (on another way transfection 
process) nor selected siRNA in the current study 
induced toxicity against PBMCs cells. 

  

Table 3: Cell viability (%*) of PBMCs exposed to either siRNA 
for 72 h or IFN/RBV 

 Doses of siRNA (nM) 

10 50 100 200 

Untreated  100 ± 4.47 100 ± 3.72 100 ± 2.46 100 ± 1.16 

siGAPDH 96 ± 19.47 86 ± 9.24 80 ± 8.96 76 ± 11407 

siNTC 100 ± 9.86 100 ± 5.72 108 ± 4.28 105 ± 5.2 

siT 102 ± 3.50 108 ± 6.50 116 ± 11.11 118 ±1 2.53 

IFN/RBV (110 IU/ml IFN plus100 µM 
Ribavirin) 

57±11.8
a
 

RBV (100 µM Ribavirin) 68±18.2
a
 

* data Presented as viral load (mean ± SD) siNTC= siRNA non targeting pool control. 

 

 

Discussion 

 

In the current study, 60 genotypes 4 chronic 
HCV infected patients were enrolled. They are naïve 
for HCV treatment, HCV RNA was detected in PBMCs 
of 19 patients out of 60 (about 31.7%), and the 
remainder show no HCV in its PBMCs, similarly this 
finding complies with our result that was published 
2014 [14] that represent presence of HCV intra-PBMC 
in 10 out of 25 HCV infected patients that represent 
40% of total study population. 

Viral translation is mediated through IRES site 
found within the 5

/
UTR that consists of ~341 bp in 

length with highly conserved sequence even between 
different HCV isolates. IRES can initiate viral 
polyprotein translation in a cap-independent manner 
via independently binds to the 40S ribosomal subunit 
and directs the ribosome to the initiation codon of 
mRNA of HCV to expedite translation in a cap-
independent manner and it is a vital target for the 
development of new antiviral compounds [15]. 

It is well known that viruses, particularly 
retroviruses and HCV, are notoriously prone to the 
high rate of errors during their replication process, and 
continuously undergoes mutation and mostly produce 
mutated viral proteins to escape immune-system 
defence mechanisms. These mutations may also 
escape attacking by various siRNAs [16]. The protein-
coding sequence of the HCV genome that was 
targeted in the study by McCaffrey et al., 2002 varies 
considerably among different HCV genotypes, and 
even among strains of the same genotype [17]. Also, 
the high error rate of the non-proofreading HCV RNA-
dependent RNA polymerase greatly showed that was 
called “siRNA escape mutants” which have silent 
mutations in the protein-coding sequence [18]. In 
contrast, the 5'UTR especially IRES IIIC, that was 
selected as a target in the current study, is almost 
identical among the known strains of HCV[7]. 
Moreover, structural fetters on the 5'UTR, regarding 
its ability to direct internal ribosome entry and 
translation of viral proteins, would not riddance 
escape mutations [19]. 

For this reason, the IRES domains within 
5'UTR of the HCV genome appears to be an ideal 
target for siRNA in clinical applications. Not all 5'UTR-
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directed siRNAs have the same efficacy; there are 
many siRNA were detected based on the consensus 
sequences of Egyptian HCV 5’UTR. In this study siT 
was chosen that showed 100% alignment with HCV 
sequences in the gene bank (database) and also can 
align in 5’UTR specifically against domain IIIC within 
IRES in silico then we validate this hypothesis in the 
wet lab. 

In the current study, we were able to 
demonstrate that the introduction of SiT targeting 
domain IIIC within IRES in 5’UTR into PBMC that 
previously confirmed its infection by HCV using 
quantitative PCR assay, caused a dramatic sharp 
decrease of HCV RNA by more than 94% compared 
to non-treated cells, HCV RNA levels decreased 25-
fold (P = 0.0005) in Huh-7 cells too after transfection 
with siRNA (data not shown), in addition to modulation 
of NS5A viral protein expression. It was noticed that 
the effect of siRNA on HCV replication and life-cycle 
occurs very early after 24 hours post siRNA 
transfection. Our data is in agreement with both 
McCaffrey et al., 2002 [17] who showed in his study 
that, HCV NS5B RNA polymerase gene fragment, 
which was transiently co-transfected with siRNA into 
mouse liver by hydrodynamic injection, was cleaved 
after treatment with specific siRNA [17]. Our data are 
also consistent with those of Randall et al., 2003 who 
demonstrated that siRNA could target and cleaves the 
HCV 5'UTR efficiently and specifically. More 
importantly, Randall and his associates showed that 
the cleavage of HCV-RNA not only suppressed viral 
protein synthesis but also blocked the replication of 
sub-genomic viral RNA [20] that was supported by our 
data from PBMCs too. 

Up to our Knowledge, it’s the first time for a 
comparative study between the effect of either 
ribavirin alone or with combination with IFN at 
recommended dose against 100 µM siRNA as optimal 
dose and we clearly observe the superior effect of 
siRNA over other treatment on PBMC in vitro, as the 
same pattern, Table 2 showed the superiority of siT 
that reached 94% viral clearance while the 
combination therapy decreased it by 57% and finally 
ribavirin decreased it by 8% only, the finding support 
siRNA efficiency on HCV silencing either in hepatic 
cell or extra-hepatic reservoir like PBMCs, Also it was 
the first time to test efficacy of siRNA to eradicate 
HCV replication on PBMCs that are hard to transfect 
cells acts as HCV reservoir4 

As a safe and efficient way of delivery of 
siRNAs to cells that can suppress HCV replication in 
all infected cells in vivo have not been discovered yet, 
chemically specially modified synthetic siRNA might 
easily be made and delivered into cells on their own. 
In our study we compared three different ways of 
transfection and we conclude that Accell siRNA 
delivery method® is specially modified for use without 
a transfection reagent and works at a higher 
concentration than classical siRNA with minimal 
disruption of the expression profile and approved to 

transfect hard to transfect cells like PBMCs with no 
off-target effect (Figure 1).  

Results showed that the siT that we selected, 
siT- (nt 59–79 from the 5'UTR beside nt 109–129 from 
the HCV core area), successfully inhibit HCV 
replication in PBMC culture without affecting 
housekeeping genes (Figure 3), it was clearly 
observed safety profile of siT on PBMCs in addition to 
cell vitality that exceeded 98% using trypan blue 
exclusion method and cytotoxicity MTT assay, thus 
confirming earlier reports on siRNA and suggesting 
the potential therapeutic value of siRNA in HCV type-
4.  

To confirm our result and data both Q-PCR of 
viral RNA, western blot for NS5A protein were 
performed to assess the effect of siT at 24 hr on such 
protein expression. NS5A may be an RNA binding 
protein because of its ability to bind to 3’UTR of the 
plus and minus HCV RNA strands with a key 
modulator role of host cell function and activity, 
especially IFN response of the host cell, despite 
siRNA showed superior efficacy in modulating NS5A 
gene expression in this study, results need more 
validation by comparing its efficacy to DAAs targeting 
the same NS5A like Declatasvir® and Elbasvir®.  

Our preliminary data showed that siT 
efficiently suppresses HCV replication in PBMC in 
vitro. The result of this study overcomes our result of 
another study previously published in 2014; antisense 
SODN1 for inhibition of HCV in both PBMC and 
hepatoma cells because of failure of antisense to 
eradicate HCV within PBMCs compared to hepatoma 
cells [14]. Besides over-coming IFN+RBV too making 
it promising molecule for either non-responders or 
relapses’ patients beside those non-suitable for 
current therapies. 

Our data suggest that siRNAs targeting 5'UTR 
can induce an anti-HCV response in cell culture of 
PBMC harbouring the virus. Therefore, it represents a 
future therapy that could eradicate viral RNA from 
either hepatic cells or PBMCs, and consequently, it 
can potentially cure patients with HCV by eradicating 
it from its reservoir. The efficiency of siT in inhibiting 
HCV replication in PBMCs potentially suggests that 
this RNA-targeting approach might support and 
provide an effective therapeutic option for HCV 
infection especially for those hard to treated patients. 
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Abstract 

BACKGROUND: The use of intramedullary elastic nailing is a method of choice for prevention of complications in 
children with osteogenesis imperfecta. However, the morphology of the growing long bones in the conditions 
created was not investigated. 

AIM: The purpose of our experiment was to study the impact of elastic intramedullary nailing on the histostructure 
of long bones in their physiological growth. 

METHODS: Six mongrel dogs underwent intramedullary elastic transphyseal nailing of the intact tibia with two 
titanium wires. Six months after nailing, a light-optical microscopic and histomorphometric study of the operated 
and contralateral tibiae was performed. 

RESULTS: It was found that asymmetric lesion of the distal physis induces a decrease in the height of the distal 
epimetaphysis. Adaptive changes in the hyaline cartilage of both articular ends were revealed corresponding to 
the initial stage of chondropathy. Intramedullary nailing promotes an increase in the thickness of the compact 
bone and the volume of the trabecular bone. 

CONCLUSIONS: Elastic transphyseal nailing of the intact tibia has a shaping effect which is expressed by an 

increase in the volume of spongy and compact bone, adaptive changes in the hyaline cartilage. Asymmetric 
damage to growth zones should be avoided to prevent deformities. 

 
 
 
 
 
 
 
 

 

Introduction 

 

Osteogenesis imperfecta (OI) is a systemic 
bone disease that is accompanied by bone fragility 
that results in fractures and deformities [1] [2].

 
In 1987, 

J.P. Metaizeau proposed the use of counter directed 
intramedullary transphyseal elastic nailing to prevent 
deformities and treat fractures of the tubular bones. 
Currently, the use of transphyseal intramedullary 
nailing is a method of choice for prevention and 
treatment of complications in OI children [1] [2] [3] [4] 
[5] [6]. The advantage of elastic rods is the possibility 
to use them in a small bone canal, which is 
characteristic for OI children [3] [7]. Specific features 
of the method include possible elongation of the 
intramedullary fixator to stabilise bone fragments and 

to prevent bone deformities in the period of segment 
growth [3] [6] [7] [8] [9]. 

Earlier, we performed an X-ray diffraction 
study of the effect of the central retrograde and 
eccentric antegrade transphyseal placement of 
intramedullary elastic rods on the growth of the tibia 
without compromising its integrity. It was found that 
the segment lost the length and there was a change in 
the plane of distal articular surface inclination [10]. 
However, the morphology of the tibia in the conditions 
created by this previous study was not investigated. 

The purpose of the present research was to 
study the shaping effect of bipolar transphyseal elastic 
intramedullary nailing on the histological structure of 
an intact long bone that continued physiological 
growth. 
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Material and Methods 

 

This non-randomized controlled study was 
performed on six littermate healthy dogs of both sexes 
in the period of their active growth in 2014-2017 by 
the experimental department of the Russian Ilizarov 
Scientific Center for Restorative Traumatology and 
Orthopedics. The age of the animals at the time of 
surgery was six months and the weight range from 10 
to 12 kg. The choice of the species was due to the 
similarity of the bone reparative process in dogs and 
humans in orthopaedic situations [11]. Approval was 
obtained from the institutional ethics committee before 
the experiment. All manipulations were carried out by 
“On the Approval of the Rules of Laboratory Practice”, 
those of the “European Convention for the Protection 
of Animals used for Experimental and other Scientific 
Purposes” and approved by national ethics 
regulations.  

Counter bipolar transphyseal elastic 
intramedullary nailing of the intact tibia on the right 
side was produced in dogs in the conditions of the 
operating room under intravenous anaesthesia with 
20-25 mg of thiopental sodium per 1,000 g of body 
weight after premedication (0.1% atropine sulfate 0.1 
ml, 1% dimedrol 1 ml, 2% xyiazinum 0.2 ml 
intramuscularly). 

Two pre-curved titanium wires with a diameter 
of 1.8 mm and a length of 10 cm were used. The 
bending radius of the wires was 40°. One antegrade 
wire was inserted through the proximal paratendinous 
approach and the centre of the proximal tibial 
epiphysis. The second wire was introduced in the 
retrograde direction eccentrically at the level of the 
medial malleolus. The free ends of the wires were 
bent U-shaped and impacted into the epiphyses to 
prevent migration of the nails. 

The experimental continued 180 days after 
the surgical intervention. At the time of its completion, 
the biological age of the animals corresponded to 12 
months. Left tibia served as a control segment in all 
the animals. 

The proximal and distal epiphyses, as well as 
the tibial diaphysis, were separated and fixed in 10% 
neutral formalin. Bone units were decalcified in a 
Richmann-Gelfand-Hill mixture, dehydrated in ethanol 
of increasing concentrations, and poured with 
celloidin. Histotopographic sections were cut with a 
sledge microtome (Reichard, Germany); sections 10-
15 μm thick were stained with hematoxylin and eosin, 
Van Gieson and Masson methods. 

Light-optical microscopic and 
histomorphometric study of epiphyseal preparations 
was carried out using AxioScope.A1 
stereomicroscope and AxioCam ICc 5 digital camera 
supplied with Zen blue software (Carl Zeiss 
MicroImaging GmbH, Germany). The results of the 
microscopic investigation of the articular surfaces 

were objectified using the ICRS score system to 
assess the histological structure of the articular 
cartilage after mechanical or osteoarthritic damage 
[12]. 

Histomorphometric evaluation included the 
total thickness (htot, ϻm), height of non-calcified (hncalc, 
ϻm) and calcified (hcalc, ϻm) zones, cell density of 
chondrocytes in the articular cartilage (NАchc, mm

-2
); 

height of the epiphyseal parts of the tibia (hep, ϻm); 
thickness of the diaphysis compact plate (Hcp, ϻm); 
thickness of trabecular bone coupling around of the 
intramedullary wires (mm); trabecular bone area Stb 
(ϻm

2
) and its volume (Stb,%) in the bone marrow 

canal. 

Statistical analysis was performed using 
StatSoft Statistica v6.0. The mean (M) and standard 
deviation of the mean (SD) were calculated. The 
Student’s test was used to compare the differences 
between the two independent groups. A probability 
value of P < 0.05 was considered statistically 
significant. 

 

 

Results 

 

After 180 days of the experiment, the proximal 
epiphysis of the tibia of the experimental and control 
extremities had an anatomically correct orientation 
and a typical histological structure (Figure 1 a-f) as in 
dogs of the similar age [13]. 

 

Figure 1: Histostructural organisation of the proximal epiphysis of 
the contralateral (a) and operated (d) canine tibiae of the dog after 6 
months of transphyseal elastic intramedullary nailing. Changes in 
histoarchitectonics in the articular surface (e) and spongy bone 
substance (f) of the operated bone were noted in comparison with 
the corresponding sites (b, c) of the contralateral limb. Celloidine 
sections. Staining with hematoxylin and eosin (a, d), magnification × 
6.5. Masson staining (b, c, e, f), magnification × 100 

 

The articular surface of the tibial plateau in 
the control segment was covered with typical hyaline 
cartilage (Figure 1b). The ICRS score was I-VI: 3, 
which corresponded to the intact cartilage condition 
(Table 1). 
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Table 1: Semiquantitative histological evaluation of the 
articular surface of the tibial epiphyses of the control (C) and 
experimental (E) segments according to the ICRS scale [12] 

Parameter and its histological evaluation (score) 

Articular surface 

Proximal epiphysis Distal epiphysis 

C E C E 

I. Surface 
Smooth/continuous (3) 
Discontinuities/irregularities (0) 

3 0.3 3 0.3 

II. Matrix 
Hyaline (3) 
Mixture: hyaline.fibrocartilage (2) 
Fibrocartilage (1) 
Fibrous tissue (0) 

3 3 3 3 

III. Cell distribution 
Columnar (3) 
Mixed.columnar-clusters (2) 
Clusters (1) 
Individual cells.disorganized (0) 

3 2.3 3 1.3 

IV. Cell population viability 
Predominantly viable (3) 
Partially viable (1) 
<10% viable (0) 

3 3 3 3 

V. Subchondral bone 
Normal (3) 
Increased remodeling (2) 
Bone necrosis.granulation tissue (1) 
Detached.fracture.callus at base(0) 

3 3 3 2.3 

VI. Cartilage mineralization (calcified cartilage) 
Normal (3) 
Abnormal.inappropriate location(0) 

3 0.3 3 0.3 

 

In the experimental segment, the total 
thickness of the hyaline cartilage of the articular 
surface was reduced, but the tidemark and the 
cement line retained a similar contour and continuity 
(Figure 1d). In the superficial zone, there was single 
surface undulation, but its smooth structure was 
retained. In the subchondral bone, there were 
alternating dense and rarefied areas; however, active 
restructuring or necrosis was not detected. The ICRS 
scores were I-VI: 3, very rarely-I:0.II: 3.III: 2.IV: 
3.V:3.VI: 0 (Table 1). 

 

Figure 2: Histostructural organisation of the distal epiphysis of the 
control (a) and experimental (d) tibia of the dog after 6 months of 
transphyseal elastic intramedullary nailing. Changes in the 
histoarchitectonics of the articular surface (e) and spongy bone 
substance (f) of the operated bone were noted in comparison with 
the corresponding contralateral sites (b, c). Celloidin sections. 
Staining with hematoxylin and eosin, magnification × 6.5 (a, d); 
magnification × 100 (b, c, e, f) 

 

The distal epiphysis of the control and 
experimental segments also had a typical histological 
structure (Figure 2 a-f). The control segment featured 
a smooth surface of the hyaline articular cartilage, its 
zonal cell organisation, homogeneity of the 
extracellular matrix, continuity of the basophilic line 

and the osteochondral junction. Numerous areas of 
the articular surface had signs of chondropathy in the 
experimental segment: strengthening of the fibrous 
matrix component in the upper third of the hyaline 
cartilage, the formation of rounded cell clusters in the 
zone of the columns, irregularity of the basophilic 
division lines and the osteochondral junction. On the 
ICRS scale, the score in the control segment was I-VI: 
3, in the experimental one it was I-VI: 3 or II: 0. II: 3. 
III: 1. IV: 3. V: 2. VI: 0 (Table 1). 

The tendency to decreased thickness of the 
zones and the overall height of the hyaline cartilage of 
the articular surface of the tibial epiphyses was 
statistically confirmed in its proximal part. The 
decrease in the thickness of the calcified zone was 
most pronounced, amounting to 78% and 25% for the 
proximal and distal epiphyses, respectively. The 
increase in the numeric density of chondrocytes in the 
articular cartilage of the proximal and distal epiphyses 
was 72% and 18%, respectively (Table 2). 

Table 2: Histomorphometric evaluation of the parameters of 
the hyaline articular cartilage of the tibia of the control (C) and 
experimental (E) segments (M ± SD, μm) 

Parameter 
Proximal epiphysis Distal epiphysis 

C E C E 

htot 311±32.8
 

227±14.2
1
 223±39.1 216.8±42.1 

hncalc 275±44.7 209±12.8
1
 198±32.6 185.9±31.9

1
 

hcalc 87±40.6 19.3±9.6
1
 43.5±11.2 32.2±11.0

1
 

NАхц 2586±833.9 4439±709.2
1
 2739±422.8 3258±318.9

1
 

1
–statistical difference with control side, p < 0.05. 

 

In the region of growth zone closure in the 
proximal tibial epimetaphysis of the control segment, a 
network of massive lamellar trabeculae with red or 
yellow bone marrow in the space between them was 
identified (Figure 1c). The height of the epiphyseal 
part at the level of the medial and lateral condyles of 
the articular surface did not differ significantly (Table 
3). 

Table 3: Histomorphometric evaluation of the height of the 
medial (M) and lateral (L) part of the tibial epiphyses, (M ± SD, 
μm) 

Control segment 

Parameter  
Proximal epiphysis Distal epiphysis 

M L M L 

hep 476 ± 8.1
 

473 ± 11.3 262 ± 8.92
1
 274 ± 10.7 

Experimental segment 

Parameter 
Proximal epiphysis Distal epiphysis 

M L M L 
hep 477 ± 14.0 460 ± 14.9

1.2
 190 ± 10.7

1.2
 271 ± 11.9 

1
–differences with the opposite part of the epiphysis are significant at p < 0.05; 

2
–

differences with the same parameter of the control segment are significant at p < 0.05.  

 

In the experimental segment, a similar region 
was formed by a discontinuous network of lamellar 
and reticulofibrous bone trabeculae, including small 
cartilage foci (Figure 1f), while red or yellow bone 
marrow was slightly oedematous. The objective 
decrease in the height of the epiphysis at the level of 
the medial condyle of the articular surface was about 
3% (Table 3). The growth plate of the distal 
epimetaphysis of the tibia in the control segment was 
replaced by a developed thick network of massive 
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lamellar trabeculae containing red or yellow bone 
marrow (Figure 2c). The height of the medial part of 
the epiphysis was reduced by 3% in comparison with 
its lateral part (Table 3). In the experimental segment, 
the spongy bone replacing the growth plate included 
atrophic trabeculae and red-to-yellow bone marrow 
and blood stagnation in the microcirculatory vessels 
(Figure 2f). The height of the distal epiphyseal part of 
the bone on the lateral side did not differ from the 
same value in the control segment but was reduced 
by 27% on the medial side (Table 3). 

Significant differences in the structure of the 
experimental and control limbs were found on the 
anatomic and histological preparations of the tibial 
diaphysis. In the experimental limb, the tibial bone 
marrow canal was filled in with a trabecular bone 
substance forming a bone coupling around the wire 
which was 0.9-1.5 mm thick and closely adhered to 
the surface of the intramedullary implants. If the 
titanium implant contacted with the endosteal surface 
of the compact plate, its integration into the bone 
matrix was noted. The volume of the trabecular bone 
in the medullary canal of the experimental tibia was 
6.7 ± 0.31 %, which significantly exceeded the value 
in the control limb equal to 1.9 ± 0.08 %. It meant a 
2.8-fold increase in its absolute area. The thickness of 
the compact plate in the experimental diaphysis 
increased significantly, by 7.6 % as compared to the 
control tibia (Table 4). 

Table 4: Morphometric parameters of the tibial diaphysis of the 
control (C) and experimental (E) segments after 180 days (M ± 
SD) 

Thickness of compact plate. Hcp (μm) 
The trabecular bone area in the bone marrow 
canal. Stb (μm

2
) 

C E C E 
2341 ± 8.42 2515 ± 9.11

1
 1669755 ± 8202 473512 ± 30.11

1
 

1
– the Significant difference with control segment, p < 0.05. 

 

 

Discussion 

 

Transphyseal insertion of implants implies 
some degree of damage to the articular cartilage and 
the bone growth zone. Previously, we reported that 
transphyseal intramedullary implants injure less than 
6% of the physics area for 25 weeks. They did not 
lead to irreversible epiphysiodesis but caused a delay 
in bone growth with a loss of 15 to 18% of its length. 
We also found that the eccentric introduction of 
intramedullary nails through the medial malleolus 
resulted in ankle joint varus by the time of limb growth 
completion [10]. Radiographic study results correlated 
with histologically confirmed abnormalities of growth 
plates closure and a decreased rate of spongy bone 
formation in the distal tibial epiphysis on the side of 
the intervention. The findings obtained were confirmed 
by the studies of other authors who established the 
fact of angular deviation in the eccentric damage to 
the growth zone.  

However, the central transphyseal 
introduction of elastic rods does not result in 
angulation [14] [15]. Seil R. et al. did not reveal any 
angular deviation during the subsequent growth of the 
segment in lambs after drilling the central canal [16]. 
Similar results were obtained in our study with the 
antegrade intramedullary insertion of the nails through 
the centre of the proximal tibial epiphysis. Our study 
also showed that elastic rods that passed outside the 
support areas of the articular surface and remained 
for 6 months in situ could cause initial signs of a 
dystrophic process in the hyaline cartilage of the 
articular surface. The decrease in the height of the 
articular cartilage without marginal osteophytes in the 
absence of fissuring and cracking of the cartilaginous 
matrix that was revealed using ultrasound [17] 
indicates the development of osteoarthritis grade I 
according to Outerbridge classification [18]. A similar 
to our data decrease in the height of the hyaline 
cartilage of the tibial plateau was observed in 
adolescents with arthropathies of non-inflammatory 
genesis. It is also one of the initial signs of 
osteoarthritis development in adults [19]. Reduction in 
the total height of the joint hyaline cartilage, and of the 
calcified zone thickness in the proximal femoral 
epimetaphysis in particular, was observed in the 
treatment of diaphyseal fractures in the conditions of 
locked intramedullary osteosynthesis [20]. Thinning of 
the calcified zone of the cartilage of the articular 
surfaces was also noted during its age involution [21]. 

The formation of both periosteal and 
endosteal bone callus during the healing of 
experimental fractures under the conditions of 
intramedullary elastic stress reinforcement was shown 
by us earlier [22]. Gradual traction of intramedullary 
elastic rods promotes the formation of the surrounding 
bone coupling, which was noted by limb bone 
elongation in experimental and clinical conditions [23].

 

In our experiment, traction of the implants was 
carried out due to spontaneous growth of the limb 
segment and was accompanied by thickening of the 
compact plate of the diaphysis and the formation of an 
endosteal formed spongy bone substance that was 
seen as a tight coupling around the intramedullary 
wires. Such an increase in bone mass along with 
augmentation in the mechanical strength of the bone 
due to its reinforcement with intramedullary wires 
could be useful for prevention of deformities and 
fractures and could be assisted with medication 
therapy in metabolic osteopathy [24].

 

Thus, bipolar transphyseal elastic 
intramedullary reinforcement has a form-building 
effect on the cost structure of the articular cartilage 
and subchondral bone of the epimetaphyses, as well 
as the on the diaphysis of the intact tibia in growing 
animals. Location of the rods (central or eccentric) 
affects the growth zone and the structural organisation 
of the articular cartilage by inducing initial changes of 
a dystrophic nature. These changes are less 
pronounced with the central positioning of the wires, 
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when the angular orientation of the epiphysis remains 
preserved, in comparison with their eccentric position 
inducing the formation of angular deformity.  

The changes are adaptive, since quantitative 
rather than qualitative differences were observed in 
the histological structure of the control and 
experimental segments. Nevertheless, they might 
cause the development of osteoarthritis and deformity 
of the limb. Therefore, preventive measures are 
required. Transphyseal insertion of wires increases 
the opposition growth of the compact plate and 
stimulates the formation of additional trabecular bone 
in the medullary canal. The complex of intramedullary 
structures (wire + bone coupling round it) promotes an 
increase in the strength of the bone, which is 
important for the treatment of pediatric patients with 
systemic skeletal diseases. 

We acknowledge the limitation of our study 
since the bone strength of the canine tibia was not 
affected as happens in osteogenesis imperfecta. 
Therefore, direct extrapolation of the results for 
osteogenesis imperfecta would need clinical trials. 
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Abstract 

BACKGROUND: In patients with breast cancer, HER2 gene expression is of a great importance in reacting to 

Herceptin treatment. To evaluate this event, immunohistochemistry (IHC) has been done routinely on the basis of 
scoring it and so the patients were divided into 4 groups. Lately, as there have been disagreements about how to 
treat score 2 patients, chromogenic in situ hybridization (CISH) and florescence in situ hybridization (FISH) are 
introduced. Since CISH method is more convenient than FISH for gene amplification study, FISH has been 
substituted by CISH.  

AIM: The current study is conducted in order to investigate whether using CISH is a better method comparison to 
IHC method for determines HER2 expression in patients with breast cancer in. 

METHODS: In this cross-sectional descriptive analytical study, information of 44 female patients with invasive 
ductal breast cancer were gathered from Imam Reza and Omid Hospital in Mashhad. IHC staining was done for 
all patients in order to determine the level of HER2 expression, and after scoring them into 4 groups of 0, +1, +2 
and +3, CISH staining was carried out for all 4 groups. At the end, results from both methods were statistically 
evaluated using SPSS software V.22.0. 

RESULTS: The average age of patients was 50.2 with the standard deviation of 10.96. Using IHC method was 

observed that 2.6% (1 patient), 26.3% (10 patients), 65.8% (25 patients) and 5.3% (2 patients) percentage of 
patients had scores of 0, +1, +2 and +3. On the other hand, CISH method showed 36 patients (90%) with no 
amplifications and 4 (10%) with sever amplifications. In a comparative study using Fisher's exact test (p = 0.000), 
we found a significant relation between IHC method and CISH method indicating that all patients showing severe 
amplifications in CISH method, owned scores of +2 and +3 in IHC method. 

CONCLUSION: According to the present study and comparing the results with similar previous studies, it can be 
concluded that CISH method works highly effective in determining HER2 expression level in patients with breast 
cancer. This method is also able to determine the status of patients with score +2 in IHC for their treatment with 
herceptin. 

 
 
 
 
 
 
 

 

Introduction 

 

Breast cancer is the second death-causing 
cancer amongst women worldwide and is also the 
main death cause of women between 20 and 40 [1]. 
Breast cancer is the most prevalent malignancy in 
Middle Eastern women [2]. Previous review studies on 
breast cancer conducted in Iran, haves also shown an 

occurrence of about 17.2-22 cases in 100,000 
individuals [3]. About 72% of patients in Iran had a 
tumor bigger than 2 centimeters at a time of diagnosis 
diagnosed [3].  

In order to treat breast cancer patients who 
need to systemic or complementary treatment, after 
local treatment, there are three remedial processes 
including hormonal therapy, chemotherapy and 
human monoclonal antibody therapy like anti 
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Herceptin. Monoclonal antibody therapy which in this 
particular cases the human monoclonal antibody 
would be anti-herceptin. Choosing between different 
treatment processes depends on how the patient 
reacts to the hormonal therapy and their level of 
HER2 expression [4]. HER2 is an oncogene coding a 
185-kDa transmembrane glycoprotein expressing 
intracellular tyrosine kinase activities. HER2 receptor 
belongs to epidermal growth factor receptors (EGFR) 
which effects on activation of cascades cellular 
mechanisms leading to growth and development [5, 
6]. Increased gene expression of HER2 is observed in 
18 to 20 percent of breast cancer cases [5] [7] [8]. 
Patients with high levels of HER2 expression respond 
better to medications like Herceptin. Also, the level of 
HER2 can expose patient’s sensitivity or resistance to 
chemotropic drugs [9]. Furthermore, recent studies 
have shown that patients with HER2 expression are 
resistant to hormonal therapies [10]. 

Determining HER2 level is a necessity for 
choosing the best treatment for breast cancer patients 
and is done through three methods: IHC, FISH, CISH. 
In IHC method, patients are categorized into 4 scores, 
which due to mismatched results between different 
labs and therapy of choice disagreements, it is 
necessary to recheck HER2 level with either CISH or 
FISH. Since FISH method also has some drawbacks 
such as limitations on keeping results, high costs and 
the need of a florescence microscope, CISH is 
preferred as it offers a much higher accuracy and 
sensitivity level [7] [11] [12] [13] [14] [15]. 

In keeping with previous studies in this area, 
we decided to compare the evaluating competence of 
CISH and IHC methods in determining HER2 level in 
breast cancer patients. 

 

 

Material and Methods 

 

Female patients with invasive ductal breast 
cancer whose tissue samples and paraffin blocks 
were kept in Imam Reza (pbuh) and Omid hospital at 
Mashhad were included in this sectional descriptive 
analytical study. Cases with not enough tissue 
samples for IHC or CISH were excluded from the 
study, as well as those with in situ carcinoma or other 
form of breast cancer. 

IHC staining was done for all the patients to 
determine HER2 expression level. New sections were 
prepared from each block to be stained. Blocks were 
deparaffinized at first and then was added Citrate 
buffer in 94°C for 30 min. After that, one overnight 
incubation with monoclonal antibody (HER2-pY 1248, 
Dako Denmark A/S) was done at 37°C. 
Diaminobenzidine was used as chromogen in a 
standard process of Avidin-Biotin- peroxidase staining 

in IHC method. After slides preparation, each of them 
was stained individually to determine the HER2 level. 

After that, HER2 staining, results were 
reported in 4 different groups of 0, +1, +2 and +3. 
Score 0 (negative result is assigned to those cases 
showing no detectable stained cells or stained cells 
are observed in less than 10% of tumor cells). Score 
+1 is assigned to colorfulness with less than 10% 
weakly stained tumor cells membrane, score +2 
includes cases with weakly to partial stained in more 
than 10% of tumor cells membrane, and +3 is for 
cases with more than 30% complete and strongly 
stained tumor cells membrane (Figure 1) [16].  

 

Figure 1: Microscopic pictures of immunohistochemistry samples in 
order to investigate HER2 gene in breast cancer; a) Score 0-1; b) 
Score +2; c) Score +3 

 

After scoring the samples using IHC 
(according to the level of membrane staining intensity 
and the percentage of stained cells) samples were 
divided into 4 groups of 0, +1, +2 and +3 and then 
according to the provided instruction for ZytoDot Kit 
(ZytoDot 2C, Zytovision, Germany) staining was 
conducted for all samples. This technique was carried 
out on 4-5 µm sections of paraffinized tissue blocks. 

In site hybridization technique (ISH) refers to 
an operation which a single-stranded DNA or RNA 
attach as a probe with a portion of the single-stranded 
DNA of the cell as a target. In-situ hybridization can 
be done in a liquid medium or in a solid medium. And 
the labeled material in probes can be chromogenic 
enzymes or fluorescent compounds. If hybridization is 
performed locally in the sample cells, hybridization is 
called in situ or Hybridization (ISH). So, the CISH 
method is a hybridization technique in the main site 
(ISH). In CISH, the generated signal is a kind of color 
that appears under the Bright field light microscope. 

Generally, tissues 4–5 μm thick were 
mounted on Histogrip-treated microscope slides then 
dried at 37°C, and baked for 2–4 hours at 60°C. The 
slides were deparaffinized for 15 min three times in 
xylene at room temperature (22–27°C) and washed 
for 2 min three times in 100% ethanol.  

These slides were microwaved in SPOT-Light 
Tissue Heat Pretreatment Buffer for 10 min at 92°C 
and cleaned for 3 min three times in phosphate-
buffered saline (PBS). They were supported with 100 
μl SPOT-Light Tissue Pretreatment Enzyme for 10 
min at 37°C and washed for 3 min three times in PBS 
at room temperature. Then, the slides were 
dehydrated in 70%, 85%, 95%, and 100% ethanol for 
2 min, after that air-dried. Probe (15 μl) had been 
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added to each sample and followed up with a 24 mm 
× 32 mm coverslip, after that the slides were 
denatured at 94°C for 3 min and located in a dark 
humidity box for 16–24 hours at 37°C.After removal of 
the rubber cement and coverslip, the slides were 
soaked in 0.5 × SCC buffer in a Coplin jar for 5 min at 
75°C. Then they were washed for 2 min three times 
by PBS-Tween 20 buffer at RT. After Using ZytoDot 
2C, Zytovision, Germany CISH kit, the slides were 
counterstained with 150 μl of Gill-2 hematoxylin and 
incubated for 3 min. They were then mounted with a 
coverslip (Figure 2).  

 

Figure 2: Chromogenic in situ hybridisation (CISH) of HER-2 
oncogene in breast cancer; A) With normal HER2 copy number 
(1000 X) with no amplification; B) CISH on a breast carcinoma with 
low level HER2 gene amplification (1000 X); C) CISH on a breast 
carcinoma with high level HER2 gene amplification (1000 X) 

 

Results were observed under the light 
microscope with 40x and 100x magnifications by 2 
experienced pathologists, who were not aware of IHC 
results beforehand. Invasive tumor areas were 
recognized and dimensionally analyzed afterwards. 
HER2 signal, indicating a copy of its gene, was 
observed as a detectable green spot and signals of 
chromosome 17 centromere was observed as a red 
spot, where these two were simply distinguishable. In 
a normal diploid nucleus without amplifications, 2 
green spots and 2 red spots with smooth rounded 
edges were seen in each nucleus. Then, 100 cells 
were counted and the ratio of hybridized probe HER2 
genes to signals of chromosome 17 centromere was 
calculated. Necrotic zones, overlapped nuclei and 
nucleus with undetectable signals were omitted. 

Since mitosis can cause extra signals in a few 
percent of non-neoplastic cells; in cases with 
heterogeneity, those areas in tumor which showed 
amplifications, were selected. Samples with the ratio 
of 2.5 or more were considered as having 
amplification and those with the rate less than 2.5 
amplifications. Results were categorized based on 
kit’s instructions: 

1. Less than 5 copies of HER2 gene in ratio 
with 2 signals of control (chromosome 17 centromere) 
in each cell nuclei of 100 counted cells mean there 
has been no amplifications. 

2. Having 5 or more copies of HER2 gene in 
ratio with 2 signals of control (chromosome 17 
centromere), which is sometimes seen as a gene 
cluster in tumor cell nucleus is considered as 
amplification. 

In cases with no amplifications at diploid cells, 
1 to 2 signals and in chromosomal aneuploidy 

situation, 2 to 4 signals were observed in each 
nucleus. 

As an internal control, lymphocytes and 
stromal cells were examined and showed 2 signals 
with smooth rounded edges in each nucleus. 

For quality control part, signals must be clear 
and easily detectable; also it’s necessary to have 
internal control and morphologically healthy cells. 
Damaged nuclei show extra enzyme digestion which 
in turn causes dispersed signals or no signals at all. 

At the end, statistical analysis was carried out 
between so called methods using software as below: 

Data were analyzed using the statistical 
analysis software SPSS vs.22 in order to describe the 
data generally, statistical indexes like, mean, median 
standard deviation and ranges were used. For the 
main data analysis Chi-squared test was used to 
determine the relation between HER2 gene 
amplification and the score each carcinoma sample 
gained in IHC. P < 0.05 was regarded as statistically 
significant. 

 

 

Results 

 

A group of 40 patients with breast cancer 
were included in this study. The average age of the 
participant was 50.2 with the standard deviation of 
10.96. The youngest patient was 26 and the oldest 
was 81 years old. 

Among all patients, 92.6% were married and 
7.4% were single. Tumor grade frequencies for scores 
I, II and III were 2.7%, 86.5% and 10.8% respectively 
(NA is assigned to those with no amplification and 
having amplification in the graph) (Figure 3). 
Furthermore, based on tumor (T) properties, 10%, 
86.7% and 3.3% of patients were classified as T1, T2 
and T3 (Figure 4). 

 

Figure 3: The frequency of grade tumor in samples examined by the 
method CISH 
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Evaluations using IHC method showed that 
respectively 2.6%, 26.3%, 65.8% and 5.3% of patients 
had scores of 0, +1, +2 and +3. In the other evaluation 
carried out by CISH method, 36 (90%) samples had 
not and 4 (10%) had amplification. 

 

Figure 4: The frequency of tumor characteristics (T) in samples 
studied by CISH method 

 

In comparative study between IHC and CISH 
methods, A significant relationship was found between 
the two methods using Fisher’s exact test (p = 0.000) 
all the samples with no amplification in CISH method 
had the, scores of +2 and +3 in IHC. It was also 
recognized that among 25 samples with the score +2 
in IHC, only 2 of them showed signs of amplifications 
in CISH while others were negative for amplification 
(Figure 5). 

 

Figure 5: The frequency of results comparing IHC and CISH 
methods in diagnosis 

 

Also Chi-square test showed a significant 
relation between CISH and tumor (T) properties (p = 
0.009). On the other hand, the T-test didn’t show any 
significant relation between CISH results and patient’s 
age (p = 0.07). 

In addition, when comparing between CISH 
and Tumor Grade, it came to our notice that most of 
the samples with no amplifications were of level II (p = 
0.003). In the other comparison between IHC and 
tumor (T) properties, Kruskal-Walis test showed no 
significant relation between IHC and tumor (T) 
properties (p = 0.991). Also, in comparison between 

IHC and Tumor Grade, Kruskal-Walis test showed no 
significant relation between IHC and Tumor Grade (p 
= 0.993). 

 

 

Discussion 

 

Breast cancer is the second most prevalent 
cancer after skin cancer and is the second fatal 
cancer after lung cancer. It has been established 
through in various previous studies that HER2 gene 
amplification has appeared in 18-20% percent of 
breast cancer patients which in turn increases the 
mortality rate amongst these patients [17]. Since 
positive HER2+ patients demonstrate better 
responses to the treatment with monoclonal Ab 
Herceptin, it would be advantageous to locate HER2 
gene. According to previous studies in determining the 
status of HER2 IHC method is used first. Soon after, 
with CISH having such unique properties, this method 
of staining was chosen to investigate HER2 gene 
amplification [6] [13] [14] [16] [18] [19] [20] [21]. 

Therefore, this study was conducted to 
investigate the quality of diagnosis of CISH and 
compare CISH with IHC in scoring efficacy of 40 
patients with invasive ductal breast cancer. Our 
results demonstrated a relation between CISH and 
IHC in scoring patients. This means that all the 
patients examined in CISH method, also showed high 
amplifications, manifested high amplification for HER2 
gene in IHC method as well (score +2 and score +3). 
So, for these patients, CISH can be used with high 
certainty. 

In other studies conducted in France on 79 
patients with invasive ductal breast cancer and in US 
involving 161 patient with the same problem 
confirmed that results obtained from CISH method for 
determining the level of HER2 gene amplification is 
more than 90% consistent with others method .and on 
the other hand, it can be used as a check test for 
patients with score +2 in IHC method [17] [22]. In a 
study carried out in Spain addressing the same issue, 
the compatibility of positive cases in CISH and IHC 
has been reported to be 72.5% and for negative 
cases, results of these 2 methods were 100% 
compatible. However, they could find no significant 
relationship between CISH, IHC with tumor grade 
which shows the specificity and novelty of this article. 
[23]. It has been clarified in other studies that HER2 
gene expression level is crucial in how patients would 
respond to treatment with Herceptin. So in this study, 
IHC was done routinely and patients were classified 
into 4 scores and since there have been 
disagreements regarding treatment of choice for score 
+2 patients, CISH was used in this study confirmed 
the efficacy of CISH over IHC and showed a 
significant relation between CISH an IHC, meaning 
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that for any sample showing amplification in CISH, 
there would be a score +2 and +3 in IHC (p = 0.000). 

Considering the result from the present study 
and comparing them with previous research on the 
issues it can be concluded that since CISH method is 
a more reliable method, with lower costs and which no 
need for Epi-fluorescent microscope, and since it also 
enables the researcher to simultaneously examine 
morphology and results of hybridization; it can be 
used as a highly effective method for determining 
HER2 expression level in patients with breast cancer. 
However, having some key limitations in this study like 
small sample size and unavailability of patient’s 
detailed information such as the exact number of 
involved auxiliary lymph nodes and expanse of 
metastasis around the hand, it appears that 
conducting similar using a larger sample size can help 
in validating the results obtained from this study.  
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Abstract 

BACKGROUND: Nasopharyngeal carcinoma (NPC) is uncommon and usually diagnosed at the advanced stage. 
A subfamily of mitogen-activated protein kinase which is called p38 mitogen-activated protein kinase (MAPK) 
involved in response to stress, and plays an important role in cell regulation. There is a suggestion that p38 
mitogen-activated protein kinase could be a potential biomarker to determine the clinical stage of nasopharyngeal 
carcinoma.  

AIM: The aim of this study is for observing and analysing the correlation of p38 mitogen-activated protein kinase 
expression in regards to nasopharyngeal carcinoma patient’s clinical stage.  

METHODS: This study involved 126 nasopharyngeal carcinoma patients admitted to Haji Adam Malik General 
Hospital.  

RESULTS: The result of this study indicates that nasopharyngeal carcinoma mostly found in the age group 41-60 
years, male, non-keratinizing squamous cell carcinoma, and stage IV group. In immunohistochemistry evaluation, 
most of p38 mitogen-activated protein kinase overexpressed in non-keratinizing squamous cell carcinoma, T3-T4, 
N2-N3 and clinical stage III-IV. Spearman’s test for categorical correlation yield p-value of < 0.001.  

CONCLUSION: In conclusion, there is a significant correlation between p38 mitogen-activated protein kinase 
expression and the clinical stage of nasopharyngeal carcinoma. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Introduction 

 

Nasopharyngeal carcinoma (NPC) is not a 
rare entity, which has a distinct distribution especially 
in Asia [ 1 ]  [ 2 ]  [ 3 ]  [ 4 ]  [ 5 ] . There are more than 
13.000 new cases of NPC in Indonesia and 
associated with a high mortality rate [1] [6]. The 
aetiology of NPC is considered to be related to 
environmental and genetic factors as well as EBV 
infection [7] [8]. Because of the location of NPC is in 
the silent and painless area; therefore the disease is 
usually diagnosed at the advanced stages; hence 

early detection of NPC is difficult [ 9 . Regulation of 
signaling molecules in intracellular signal 
transduction, which regulate cell proliferation, 
apoptosis, and adhesion, underlines the basis of 
NPC pathogenesis [10] [11] [12] [13] [14] [15] [16] 
[17]. 

Mitogen-activated protein kinase (MAPK) is an 
important signal molecule that affects a variety of 
cellular process such as proliferation, differentiation, 
migration, and apoptosis [18] [22]. Aside from its 
physiological functions, MAPK also plays a key role 
in many pathological conditions including cancer, 
cardiac hypertrophy, and diabetes [23] [24] [25] [26]. 
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Two distinct classes of MAPKs have been 
identified so far: p42-p44 (ERK) MAPKs inducible by; 
and SAPKs (Stress-Activated Protein Kinases), which 
include p38 MAPKs, and p46-p54 JNKs inducible by 
cellular stress [24] [25]. Each MAPK class responds 
to distinct stimuli and induces a specific biological 
response, and they proofed to have a crucial role 
in cancer development [26]. 

The p38 MAPKs are a conserved subfamily of 
MAPKs involved in response to stress found in 
eukaryotic cells from yeast to mammals. p38 was 
found in 1994 as a MAP kinase targeted by endotoxin 
and hyperosmolarity in mammalian cells [27]. In the 
development of NPC, p38 MAPK activation plays an 
important role both in the ability to protect EBV-
infected Raji cells from apoptosis and also for 
promoting EBV lytic gene expression [17]. 

The p38 MAPKs have been proposed as a 
novel biomarker for predicting the clinical stage of 
NPC [19] [20]. Considering the importance of a 
biomarker for NPC, the primary goal of the current 
study was to explore the prevalence and expression 
of p38 MAPK and their possible correlation to the 
clinical stage of NPC. This study might provide 
supportive evidence for the role of p38 MAPK in the 
clinical stage of NPC. 

This study was analytic research, and we used 
paraffin samples of 126 NPC patients to analyse the 
correlation of p38 MAPK overexpression to the clinical 
stage of NPC. 

 

 

Material and Methods 

 

During July to October 2017, research with 
126 samples of NPC patients was established in 
Adam Malik General Hospital, Medan. The samples 
were taken in 2015-2016 based on history taking, 
physical examination, and nasopharyngeal 
histopathological biopsy. The criteria include patients 
with NPC histopathologically examined and not yet 
received any radiotherapy, chemotherapy, or 
combination of both. To obtain an adequate result, 
non-probability consecutive sampling was used to 
receive a minimum of 68 patients in this study. 

Paraffin-embedded pathological specimens of 
nasopharyngeal histopathological biopsy were 
obtained. All of these resection samples were treated 
with a standard fixation, dissection, and processing 
protocol. The blocks were then cut into 4 mm 
sections and processed for immunohistochemistry. 
After being washed with phosphate-buffered saline, 
the specimens were incubated with the primary 
antibody using GENETEX human p38 MAPK 
antibody. 

 

Figure 1: Cytoplasmic expression of p38 MAPK in non-
keratinizing squamous cell nasopharyngeal carcinoma (x 400) 

 

The tissues were examined using 
immunohistochemistry technique under fluorescent 
microscope evaluating the immunoreaction of p38 
MAPK. Three pathologists who were blinded to the 
patients’ clinicopathological data independently 
evaluated the p38 MAPK expressions. The results 
were evaluated using immunoreactivity score (score 
obtained by multiplying width score with intensity 
score) [21]. 

This study was approved by t h e  Health 
Research Ethical Committee of t h e  Medical 
Faculty of Universitas Sumatera Utara. 

To define the correlation in this study, 
SPSS ver. 22 software was used to conduct all the 
statistical analysis. The association was identified by 
using Spearman’s correlation, in which p < 0.05 was 
considered as statistically significant. 

 

 

Results 

 

There were 126 patients with NPC involved 
in this study that has fulfilled the study requirement. 
The presentation of demographic data was shown in 
table 1. Distributions of age-specific rates of NPC 
shows that NPC incidence increases simultaneously 
with age, but fells of after 60 years. Despite the 
same ratio of male: female over the year, the 
number of NPC based on gender are higher in men 
compared to women. After immunohistochemistry 
examination, the most frequent histological type was 
non-keratinizing squamous cell carcinoma. For the 
clinical stage, most of the samples in the study was 
stage IV. The main focus of this study showed 
most of p38 MAPK over-expressed was in non-
keratinizing squamous cell carcinoma (63.5%), T3-T4 
primary tumour size (53.1%), cervical nodes 
enlargement in the N2-N3 group (65.1%) and clinical 
stage in the III-IV group (71.8%). 

The association uses Spearman's test to 
categorise the correlation which results in the p-value 
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of < 0.001 indicating that the correlation of clinical 
staging and the expression of p38 MAPK is 
statistically significant. 

Table 1: Demographic Data and Correlation of p38 MAPK and 
Clinical Stage in NPC Patients 

Characteristic  p38 MAPK  Expression   P 
Overexpression % Negative %  

Age (y) 
≤ 20   3  2.4  4 3.2  
21-40 21  16.7  7 5.6  
41-60 59  46.8 13 10.3  
> 60 17  13.5  2 1.6  

Sex 
Male 69  54.8 21 16,7  
Female 31  24.6  5 4.0  
Histopathology 
Keratinizing SCC   8  6.3  0 0.0  
Non-keratinizing SCC 80  63.5 20 15.9  
Undifferentiated carcinoma 12  9.5  6 4.8  

Primary Tumor (T) 
T1 
T2 

12 
21 

 9.5 
16.7 

13 
11 

10.3 
8.7 

 

T3 T4 40 
27 

 31.7 
21.4 

 1 
1 

0.8 
0.8 

 

Nodes (N) 
N0 
N1 

  8 
11 

 7.8 
10.7 

    13 
4 

 12.6 
3.9 

 

N2 N3 18 
49 

 17.5 
47.6 

0 
0 

 0.0 
0.0 

 

Clinical Staging 
I 
II 

  4 
  8 

 3.9 
7.8 

     9 
     5 

 8.7 
4.9 

<
0.001 

III 16 15.5 2     1.9 
IV 58 56.3 1     1.0 

*p < 0.05 = statistically significant. 

 

 

Discussion 

 

In this study, the largest age group of a 
patient diagnosed with NPC is between 41-60 years 
old (57.1%). Similar to Adham et al., (2012), 40-49 
years old is the highest age of the NPC patients found 
in their study [1]. This occurred because the DNA 
repair mechanism function and immune system have 
been lessened as mutation develops at the age of 
more than 40 years [5] [6] [13]. 

In our study, a trend was conducted, with 
71.4% male and 28.6% female resulting in a 2.5:1 
ratio. The male: female ratio was relatively stable 
over the years. In Cao (2011) study, the 
predominance was found as well with the incidence 
rate of NPC was less in women than in men, with a 
ratio of 2-3:1 [3]. The exposure to environmental 
pollution from occupation and lifestyle caused males 
got a higher ratio than females diagnosed with NPC 
[2] [5]. 

In our study, non-keratinizing squamous cell 
carcinoma (79.4%) was the most common form of 
NPC, similar to the studies done in other high-risk 
countries. In an endemic area, over 90% of NPC is 
non-keratinizing squamous cell carcinoma [2] [4] [5]. 

The p38 pathway has also been playing a 
role in the activation of p53 and p53-mediated 
apoptosis [18] [28] [29]. Many cancers are associated 
with decreased p38 activity because in the majority of 
cancers studied, reduced p38 activity implicated in the 
continuous cell proliferation, with downstream target 

activation such as ATF-2 and Elk-1 [30] [33]. 

Many factors support the role of p38 MAPK as 
a tumour suppressor, and the negative regulation of 
cell cycle and apoptotic induction mediate this p38α 
function, although terminal differentiation induction 
also supports tumour suppressor [24] [34] [35]. 
However, p38 MAPK as well as an oncogenic 
function that is mediated by the involvement of 
cancer progression processes, such as invasion, 
inflammation, and angiogenesis [36] [40]. The 
conclusion of this study is a statistically significant 
correlation between clinical staging and the expression 
of p38 MAPK. Further research with larger and 
multiple centres is required for assessing the role of 
p38 MAPK in the progression of nasopharyngeal 
cancer. 
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Abstract 

BACKGROUND: The premature rupture of membranes (PROM) represents an obstetric issue causing significant 
maternal and neonatal morbidity and mortality. Although protein 53 (p53), one of the proapoptotic proteins 
suspected of causing PROM at the molecular level is closely correlated with the occurrence of PROM, the exact 
mechanism remains still unclear.  

AIM: This study aims to investigate the hypothesis that p53 expression and the apoptotic index play a role in the 
PROM mechanism. 

METHODS: Placentas from 20 pregnancies (37–42 weeks gestation) and 20 pregnancies complicated by PROM 
were collected at delivery. The independent variable is represented by pregnant mothers with a single live fetus 
experiencing PROM (followed by labour and birth) while without PROM mothers represent the control. The 
research material was taken from the amnion tissue in the placenta. Also, p53 and apoptotic index (TUNEL) 
immunohistochemical examination were conducted at the Integrated Biomedical Laboratory, Medical Faculty of 
Udayana University, Bali. The correlation between the apoptotic index and p53 expression of the PROM group 
was tested using a McNemar Test. 

RESULTS: No statistically significant differences were found between the two groups (p > 0.05). There was a 
significant difference in p53 expression in PROM cases compared to those without PROM (11.15 + 5.59% vs. 

0.95 + 2.52%) with 
2
 = 19.538 and p = 0.001. The apoptotic index in PROM cases was higher than in those 

without PROM (19.10 + 5.63% vs. 1.15 + 2.46%) with 
 2

 = 32.40 and p = 0.001. There was a strong correlation 
between p53 expression and PROM with PR = 3.449 (95% CI = 1.801-6.605; p = 0.001). There was a strong 
correlation between the apoptotic index and PROM with PR = 19 (95% CI = 2.81-128.69; p = 0.001).  

CONCLUSION: p53 expression and the apoptotic index of amniotic membrane cells in cases of PROM was 
higher than in those without PROM, there was a strong correlation between p53 expression and apoptotic index 
with the occurrence of PROM. 

 
 
 
 
 
 
 

 

Introduction 

 

The premature rupture of membranes 
(PROM) is one factor causing increased maternal & 
neonatal morbidity and mortality rates due to the 
complications it causes [1], [2]. PROM involves the 
rupture of the fetal membrane before signs of labour 
occur [1]. This may occur at the end of the gestational 
period 37-42 weeks (term) and also far in advance of 
the normal gestational period, at less than 37 weeks 

(preterm) [1].  

The rupture of the fetal membrane during 
labour is caused by weakening of the membrane due 
to uterine contraction and continuous stretching. In 
general, this membrane ruptures during uterine 
contraction; however, 10% of ruptures occur before 
uterine contractions in term pregnancies, and 40% 
occur during preterm pregnancy. This finding supports 
the case that contractions causing stretching of the 
uterus are not the only factor causing PROM [3]. 
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Other factors suspected of causing PROM to 
include infection, hormonal changes, mechanical 
forces, and apoptosis [4]. The latest evidence is that 
PROM occurs before uterine contractions begin which 
is connected with amniotic cell apoptosis through 
caspase-dependent pathways mediated by p53 [5]. 

The proapoptotic effects of increasing p53 
expression through intrinsic pathways induce amniotic 
cell's apoptosis. The increasing p53 expression via 
the molecular approach becomes a factor which plays 
a role in PROM pathogenesis, and this represents a 
very promising area for future research [6], [7]. 
Indeed, p53 is one of the key proapoptotic proteins 
implicated at the molecular level as it has a close 
correlation with the incidence of PROM, although the 
exact mechanism remains unclear [8].  

The present study aims to show p53 
expression, and the apoptotic index plays a role in the 
PROM mechanism and correlates p53 expression and 
the apoptotic index with the occurrence of PROM. 

 

 

Material and Methods 

 

Amniotic membranes were collected from 
participants suffering from PROM (n = 20) and those 
without PROM (i.e. normal labour) (n = 20) at term 
gestational age (37-42 weeks). Samples were only 
taken from patients who had been both well informed 
and signed a consent form. Amniotic membranes 
were taken from the edge of a rupture (2 cm in size) 
after labour using aseptic methods and samples were 
then placed into phosphate-buffered saline (PBS) 
solution as a transport-fixation solution. 

Tissue Processing for Preparation of p53 
Immunohistochemistry (IHC) and TUNEL 

Amniotic membrane tissue was 
histopathologically processed into a paraffin block 
which was then cut at 3 to 5 µm, mounted on 
positively charged slides, and dried in an oven at 60°C 
for 30 minutes to ensure adherence to the slide. The 
sections were deparaffinized in four changes of xylene 
for 5 minutes each and then rehydrated through a 
series of graded alcohol with a final rinse in distilled 
water [9]. 

Endogenous peroxides quenched by soaking 
the section in two changes of 0.3% H2O2 in methanol.

 

The immunostaining used the p53 kit from Labvision
R
. 

The tissue section was treated with antigen retrieval 
and then incubated inside a steamer for 20 minutes. 
Initially, samples were heated to 99°C, then taken out 
of the steamer, and allowed to cool down for 20 
minutes (still in the target retrieval solution). The slide 
was washed 3 times with distilled water and then put 
in a Tris-buffered saline solution for 5 minutes. The 
slide reacted with the p53 primary antibodies for 1 

hour. The positive control was derived from human 
colonic tissue and PBS solution as a negative control. 
Streptavidin-biotin-based detection was used, then an 
antibody was added and incubated for 15 minutes, 
then diaminobenzidine (DAB) chromogen was added. 
Counterstaining with Harris-haematoxylin was 
performed for 1 minute. The slide was washed with 
0.25% ammonia until it became blue and then washed 
with distilled water. The slide was dehydrated with 
graded alcohol and then cleared with xylol 4 times. 
Finally, it was mounted and covered with a coverslip 
[9], [10]. 

Protein 53 expressions were performed by 
counting the positive brown-stained nuclei on 200 
epithelial and stromal nuclei of amniotic membrane 
cells at a hotspot area that expressed the highest 
number of apoptotic nuclei, and then the percentage 
was calculated [11]. Protein 53 expression was scored 
by the percentage and intensity of the staining: a 
score of 0 = negative; a score of 1+ = weak; a score 
2+ = moderate; a score 3+ = strong; as presented in 
Table 1 [12], [13], [14].

 

Table 1: Interpretation of P53 Immunohistochemical Staining 
[14], [15] 

Staining Pattern Score 

No nuclei staining or less than 10% nuclei staining 
 
Staining more than 10% of nuclei, weak intensity, incomplete nuclei staining 
 
Staining more than 10% nuclei, weak to moderate intensity, complete nuclei 
staining 
Staining more than 10% nuclei, strong intensity, complete nuclei staining 

0 
 

1+ 
 

2+ 
 

3+ 

 

The normality of the data was tested using a 
Shapiro-Wilk Test, and homogeneity was tested by 
Levene’s test. Protein 53 expression data were 
descriptively analysed using a Mann Whitney U-Test 
(due to abnormal distribution) to analyse the 
differences between the two groups. A Chi-Square 
Test was performed to analyse the correlation 
between p53 expression and apoptotic index with 
PROM. The correlation between the apoptotic index 
and p53 expression of the PROM group was tested 
using a McNemar Test. A significance level of p < 
0.05 was considered significant. 

After being deparaffinized and rehydrated, 
slides were then rinsed twice with PBS for two 
minutes each. The slides were incubated for 15-30 
minutes at 21-37°C in a working solution Proteinase K 
(containing Proteinase K 2 µL in 98 µL PBS). The 
slides were then incubated in a blocking solution for 
ten minutes at 15-25°C (the blocking solution 
contained H2O2 3% in methanol). Slides were rinsed 
with PBS twice for two minutes each following the 
labelling protocol. Slides were rinsed with PBS twice 
for 2 minutes each, and then the area surrounding the 
samples was allowed to dry. The reagent of TUNEL 
was added to the samples, which were then covered 
and incubated for 60 minutes at 37°C in a dark 
humidity chamber. Slides were rinsed with PBS three 
times for two minutes each and then left to dry. 
Streptavidin-HRP solution (50 µL) was added to the 
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samples. Slides were incubated in a dark humidity 
chamber at 37°C for 30 minutes. Slides were rinsed 
with PBS three times for two minutes each. Then, 50-
100 µL diaminobenzidine (DAB) substrate was added, 
and the slides were incubated for 10 minutes at 15-
25°C (the DAB substrate contained 5 µL 10 mg/mL 
DAB buffer and 1 µL 30% H2O2 in µL PBS; freshly 
prepared). Slides were rinsed with PBS three times, 
covered with a coverslip, and analysed under a light 
microscope [9]. 

The apoptotic index of amniotic cells consists 
of the number of apoptotic amniotic cell nuclei in 100 
cells observed under a microscope at 400 x 
magnification. The apoptotic index was observed by a 
pathologist at the hotspot area which contained the 
densest apoptotic nuclei on routine staining of 
haematoxylin-eosin (HE). The apoptotic index is 
determined as strong if > 10%, and weak if < 10% 
[17]. 

    The number of apoptotic nuclei 
Apoptotic Index = --------------------------------------- *100%                                                      

The number of observed nuclei 
 

 

Results 

 

The average age of mothers in the PROM 
group was 27.15 years: primigravida had the first rank 
with 10 cases (50%), the average gestation age (GA) 
of the PROM group was 38.7 weeks, and the average 
of body-mass index (BMI) was 24.60 kg/m

2
. The 

average age of the without PROM mothers’ group was 
27.80 years, multigravida (G2) had the first rank with 
10 cases (50%), primigravida accounted for 7 cases 
(35%), the average GA of the without PROM groups 
was 39.3 weeks, and their average BMI was 24.60 
kg/m

2
. The statistical test results illustrate there were 

no significant differences in mother’s ages, gestation 
ages, gravida, and BMI between the PROM and the 
without PROM groups with a significance of 0.777, 
0.153, 0.515, and 1.000, respectively, which all 
significances higher than 0.05 (p > 0.05). The 
statistics on mother’s ages, gestation ages, and BMI 
are presented in Table 2. 

Table 2: The Subject Characteristics of PROM and the Without 
PROM Group 

Characteristic 

PROM Group 
(n = 20) 

Without PROM Group 
(n = 20) p 

Mean SD Mean SD 

Mother’s Age (year) 27.15 ± 6.85 27.80 ± 7.52 0.777 
Gestational Age (weeks) 38.70 ± 1.5 39.30 ± 0.98 0.153 
BMI (kg/m

2
) 24.60 ± 4.48 24.60 ± 4.48 1.000 

 

Twenty samples from the PROM group 
expressed p53 on epithelial and stromal cells of the 
amniotic membrane with a strong intensity in the 4-
30% in range. In the 20 samples from the without 
PROM group, most of them exhibited a negative 
expression of p53; several samples expressed p53 

with a weak intensity in the 1-11% in range. The data 
on p53 expression in the PROM and without PROM 
groups are presented in Figure 1. The p53 expression 
in the PROM and without PROM groups data did not 
follow a normal distribution based on a normality test. 

Table 3: Comparison of Amniotic Cells P53 Expression of 
PROM and Without PROM Group 

Group 
p53 Expression 


2
 p 

Negative Weak Moderate Strong 

PROM 7 0 2 11 
19,538 0,001 

PROM-free 19 1 0 0 

 

In the PROM group, 11 samples (55%) 
expressed strong p53; 2 samples (10%) expressed 
moderate p53, and 7 samples (35%) were absent of 
p53. In the without PROM groups, 1 sample (5%) 
expressed weak p53, and 19 samples (95%) were 
absent of p53. There were significant differences in 
p53 expression within the PROM group which was 
higher than in the without PROM groups (11.15 ± 
5.59% vs 0.95 ± 2.52%) with p=0.001 using a Mann 
Whitney U-Test. The value of x

2
 was 19.538 using a 

Chi-Square Test as presented in Table 3. 

Table 4: Correlation between p53 Expression and PROM 

Variable 
PROM 

PR CI 95% P 
Yes No 

p53 Expression 
Positive 13 1 

3.449 1.801 – 6.605 0.001 
Negative 7 19 

 

There was a strong correlation between p53 
expression and PROM with PR = 3.449 (CI95% = 
1.801-6.605; p=0.001). This finding reveals that p53 
was a proapoptotic protein that plays the role of a 
regulator of apoptosis through intrinsic pathways and 
had a strong correlation as a risk factor of PROM (PR 
> 1).  

The PROM group had a strong apoptotic 
index based on 19 samples (95%) and a weak 
apoptotic index in 1 sample (5%). The without PROM 
groups had a strong apoptotic index based on 1 
sample (5%) and a weak apoptotic index based on 19 
samples (95%). The PROM group had an apoptotic 
index of 8-30%. Of the twenty samples from the 
without PROM groups, most of them had a weak 
amniotic-cell apoptotic index based on IHC TUNEL. 
One sample of the without PROM groups had a strong 
amniotic-cell apoptotic index, with a value of 11%. The 
amniotic cell’s apoptotic index in the without PROM 
groups had a range of 0-11%. The data on the 
apoptotic index microscopy of the PROM and without 
PROM groups are presented in Figure 2.  

There were significant differences between 
the apoptotic index of the PROM group which was 
higher than the without PROM groups (19.10 ± 5.63% 
vs 1.15 ± 2.46%) with x

2 
= 32.40 and p = 0.001 using 

a Chi-Square and a Mann Whitney U-Test as 
presented in Table 6. There was a strong correlation 
between the apoptotic index and the occurrence of 
PROM with a value of PR = 19 (CI 95% = 2.81-
128.69; p = 0.001) as presented in Table 7. 
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Table 5: The Distribution Value of Amniotic Cells Apoptotic 
Index of the PROM Group and the without PROM groups 

Variable 

PROM Group 
(n = 20) 

Without PROM Group 
(n = 20) p 

Mean SD Mean SD 

Apoptotic Index 19.10 5.63 1.15 2.46 0.001 

 

The results of the Chi-Square Test revealed 

that the value of 
2
 = 32.40 and p = 0.001. This finding 

shows there were significant differences in the 
amniotic-cell apoptotic index between the PROM 
group and the without PROM groups (p < 0.05). The 
apoptotic index of the PROM group was higher than 
the without PROM groups. 

Table 6: The Differences between the Amniotic-Cell Apoptotic 
Index of the PROM and without PROM groups 

Group 
Amniotic Cells Apoptotic Index 


2
 p 

Weak Strong 

PROM 1 19 
32.40 0.001 

PROM-free 19 1 

 

The stronger p53 expression in the PROM 
group was also associated with a stronger apoptotic 
index compared to the PROM-free group.  

 

Figure 1: Protein 53 Expression in PROM and Without 
PROM Groups. A and B: Sample number 6 of the PROM group, 
p53 score 3+, strong expression (30%). Total 210 epithelial and 
stromal amniotic cells on A and B, 66 nuclei complete stained with 
strong intensity (red arrow), 4 nuclei incomplete stained with weak 
intensity (green arrow), and the others, 140 cells, negative. C and 
D: Sample number 15 of the without PROM groups, p53 score 3 1+, 
weak expression (11%). Total 200 epithelial and stromal amniotic 
cells on C and D, 8 nuclei incomplete stained with moderate 
intensity (purple arrow), 14 nuclei incomplete stained with weak 
intensity (green arrow), and the others, 178 nuclei, negative. E and 
F: Sample number 7 of the without PROM groups, p53 score 0, 
negative expression (0%). All of the 200 epithelial and stromal 
amniotic cells on E dan F were negative for p53 IHC. Figure F: 
artefact pool of residual IHC reagent brown on the part of the 
amniotic cell cytoplasm and the extracellular (black arrow), although 
there were no stained nuclei. 400 x magnification. Score 0: negative 
expression, score 1+: weak expression, score 2+: moderate 
expression, score 3+: strong expression 

This result shows the stronger amniotic- cell 
p53 expression in the PROM group was caused by 
the higher apoptotic rate, which is mediated by p53 
because the p53 expression has been confirmed by 
the amniotic-cell apoptotic index calculated using 
TUNEL-based methods. 

Table 7: Correlation between Amniotic-Cell Apoptotic Index 
and PROM 

Variable 
PROM  

PR 
 

IC95% 
 

p Yes No 

Apoptotic Index 
Strong 19 1 

19.0 2.81 – 128.69 0.001 
Weak 1 19 

 

The result of a McNemar Test on the 
amniotic-cell apoptotic index and p53 expression in 
the PROM group shows a significance level 0.031 (p < 
0,05), therefore, it can be concluded there was a 
correlation between a strong amniotic-cell apoptotic 
index and strong p53 expression in the PROM group 
at term pregnancy. 

 

Figure 2: Apoptotic Index of PROM and without PROM Group. A) 
Sample number 6 of the PROM group. Strong apoptotic index, 30% 
(> 10%). From a total of 200 epithelial and stromal cells of amniotic 
membrane on one high power field (HPF), there were 60 nuclei with 
brown staining in TUNEL IHC (red arrow). B) Sample number 37 of 
the without PROM groups. Strong apoptotic index, 11% (> 10%). 
From a total of 100 epithelial and stromal cells of amniotic 
membrane on one HPF, there were 11 nuclei with brown staining in 
TUNEL IHC (red arrow). C) Sample number 31 of the without 
PROM groups. Weak apoptotic index, 2% (< 10%). From a total of 
100 epithelial and stromal cells of amniotic membrane on 1 HPF, 
there were two nuclei with brown staining in TUNEL IHC (red 
arrow). D) Sample number 15 of the without PROM groups. 
Negative apoptotic index (0%). Total 50 epithelial and stromal cells 
of amniotic membrane on one HPF, there was no nuclei staining in 
TUNEL IHC. 400 x magnification. Strong apoptotic index: > 10% 
and weak apoptotic index: < 10% 

 

 

Discussion 

 

The present study was conducted from 
January 2016-April 2018. Samples were taken by 
consecutive sampling from pregnant patients at 
Sanglah Hospital (and its educational facilities) in 
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Denpasar, Bali, in 2016. Inclusion criteria were: 37-42 
weeks GA, single live fetus, no sign of maternal 
infection, and the mother’s agreement to participate in 
this study. Exclusion criteria were: a history of preterm 
PROM in a previous pregnancy, polyhydramnios, 
Gemelli, macrosomia, and sexual intercourse in the 
previous 24 hours. A previous study on the 
epidemiology of PROM at Sanglah Hospital in 2015 
showed the prevalence of labour with PROM was 179 
cases (83.43%), while preterm PROM was 33 cases 
(15.57%) [19]. A comparative study from India 
reported that the prevalence of PROM at term 
pregnancy was 82.1% while the prevalence of preterm 
PROM was 17.6 % [20]. The results of the present 
study at Sanglah Hospital (and those of the Indian 
study as a comparison) were no different to the 
prevalence in the variation of PROM cases globally; 
with PROM affecting a total of 5-10% cases of all 
labours [21]. The premature rupture of membrane 
represents an as-yet unsolved problem in obstetrics: 
PROM accounts for more than a 24-hour increase in 
maternal mortality (68%), higher neonatal mortality 
(37.5%), and neonatal death (2%) [22]. 

The characteristics of the current study’s 
samples show no differences in mother’s age, 
gestational age, BMI, and gravida between the PROM 
and without PROM groups. These findings are 
consistent with a previous study on PROM carried out 
at Sanglah Hospital which revealed significance 
regarding the comparison of mother’s age, GA, and 
BMI in the PROM and PROM-free groups that showed 
no significant statistical differences with all values p > 
0.05 [23]. 

The cases of PROM were higher in the 
primigravida subjects with 10 cases of PROM from a 
total of 20 cases, which accounts for 50% of PROM 
cases in this study. Primigravida in the without PROM 
groups were 7 cases from a total of 20, which 
accounts for 35% of the without PROM cases. 
Primigravida in the PROM group was more frequent 
compared with primigravida in the without PROM 
groups (50% vs 35%), although a statistical analysis 
using a Mann Whitney U Test shows a significance 
value of 0.453 (p > 0.05), which represents no 
significant difference. The 2015 study at Sanglah 
Hospital found that PROM is more prevalent in 
primigravida; accounting for 69 cases (32.55%) in 179 
births [19]. The finding of this study is that there is no 
difference between primigravida in PROM and without 
PROM labour which is consistent with Patil et al., 
(2014), where the total cases of primigravida with 
PROM was 53 cases from 100 labours, compared 
with without PROM primigravida was 52 cases from 
100 labours which are not a statistically significant 
difference [24]. The uteri of primigravida have a 
relatively low adaptation for gestation processes and 
so have a bigger risk of PROM. 

Protein 53 expressions in the PROM group 
was higher than in the without PROM groups. The 
mechanism functions mainly through the intrinsic 

pathway, with the mitochondria as the centre of the 
process. The role of p53 begins after its activation by 
several agents; then p53 activates Bax and inhibits 
Bcl-2. The main mechanism of Bax on mitochondrial 
is decreased permeability of the mitochondrial 
membrane caused by cytochrome c leaking and 
affecting the Ca

2+
 level by the forming of a channel 

when Bax collaborates with several types of Bax. This 
channel becomes the entry point of Ca

2+ 
ions: when 

the ions enter, the cytochrome c moves from the 
mitochondria to the cytoplasm. The cytochrome c on 
the cytoplasm will be bonded to the apoptosis-
activating factor (apaf-1), a protein which is abutted or 
surrounded by Bcl-2 on the mitochondria’s outer 
surface. The past-1 will then bond and form the CARD 
domain, and then form an apoptosome (i.e. a 
holoenzyme, combination of several proteins). This 
complex is a protease which cuts or degrades other 
proteins. Apoptosome will activate procaspase-9 to 
become caspase-9 (the first caspase activated by 
cytochrome c release), then caspase-9 will activate 
procaspase-3 to become caspase-3. This large 
amount of caspase-3 will cut the cytoskeleton, forming 
an apoptotic body, phagocytosis, and ends with the 
amniotic cells’ apoptosis [25].  

Numerous studies have revealed that PROM 
occurs before contractions begin due to a focal defect 
in an area near to the rupture site [5]. Malak and Bell 
in 1999 were the first to find an area of “high 
morphological change” on the amniotic membrane 
surrounding the cervix [26]. This area makes up 2-
10% of the total amniotic membrane surface. A lot of 
studies support a different, zonal amniotic-membrane 
concept, especially surrounding the cervical which is 
significantly weaker compared with other zones due to 
changes in the biochemical and histological structure. 

The amniotic membrane represents the most 
fragile part (compared with other areas) and is known 
as the paracervical weak zone where the highest 
prevalence of apoptosis is found [5]. Another study 
that supports this finding is Kataoka et al., (2002) that 
reveals the apoptotic process on the amniotic 
membrane is highest at the area surrounding the 
cervix compared with the area at the fundus in PROM 
vs without PROM patients [22]. This paracervical 
weak zone had developed before PROM occurred 
and had a role as an initial breakpoint [26]. The 
amniotic membrane at this site shows an apoptotic 
process with an increase of apoptotic marker cleaved-
caspase-3, cleaved-caspase-9, and a decrease of 
Bcl-2; these proteins represent the main proteins of 
the intrinsic pathway [5]. The other study that supports 
the current study’s finding is by Menon, which reveals 
that the intrinsic pathway has a role in PROM due to 
increasing proapoptotic gene expression, p53, and 
decreasing Bcl-2 antiapoptotic gene expression [27]. 
Due to this apoptosis-based factor, the amniotic 
membrane becomes weaker and more susceptible to 
rupture in term pregnancies [5], [7]. 

The paracervical weak-zone’s strength to 
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resist rupture is only 60% compared with others areas 
of the amniotic membrane. The paracervical weak-
zone’s position is at the centre above the cannabis 
cervical, and this zone is 10 cm in diameter [28] [29]. 
Another other study reveals epithelial amniotic cell 
apoptosis in PROM cases; this apoptosis not only 
caused weakness of the amniotic membrane but also 
became an activation factor for metalloprotein which 
will degrade the extracellular matrix inducing 
disintegration and this will increase the amniotic 
membrane’s fragility, although the exact mechanism 
remains unclear [30]. 

A study by Suhaimi (2010), found a similar 
finding from an ELISA test: the p53 level was higher in 
PROM patients compared with those experiencing 
normal labour. The changes in the pro- and anti-
apoptotic proteins at the paracervical area caused 
weakness in the integrity of the amniotic membrane 
structure and increased PROM risk. The increase of 
p53 expression-induced amniotic membrane cell 
apoptosis through the activation of Bax and then Bax-
induced release of cytochrome c [7]. 

Menon et al., (2014) findings reveal that 79% 
of amnion cells and 89% of chorion cells in preterm 
PROM cases express p53. The average p53 
expression in the preterm PROM group was 72% on 
amnion cells, and 80% on chorion cells which was 
higher than p53 expression in without PROM term 
labour, but the significance level between the two 
groups was 0.15 (p > 0.05) which is not significantly 
different [31]. 

Arofah et al., (2005) explain their finding that 
p53 expression in amniotic cells from the edge of a 
rupture taken from PROM patients was higher than 
p53 expression in without PROM patients in term 
pregnancy; the average p53 expression in the PROM 
group was 21.50 ± 1.27% compared with 5.40 ± 
2.12% in the without PROM groups. A strong p53 
expression from the edge of the rupture significantly 
correlated with PROM incidence according to 
statistical testing [32]. 

A study of amniotic membrane apoptosis in 
PROM cases using the IHC TUNEL method to 
highlight the apoptotic nuclei reveals that apoptotic 
activity on the amniotic membrane in PROM labour is 
higher than in without PROM labour [33]. A recent 
study explains that the proapoptotic protein signalling 
pathway (including p53) plays a role in the 
senescence process through amniotic membrane 
apoptosis which determines the time of labour [8].

 

Negara et al., (2017) reveal that apoptosis is 
increased in PROM patients through the increase of 
proapoptotic protein caspase-3, apoptosis-inducing 
factor (AIF), and Bcl-2. Apoptosis in both the caspase-
dependent pathway and the caspase-independent 
pathway play a role in PROM occurrence [23]. 

Arofah et al., (2005) study suggests that the 
amniotic-membrane cell apoptotic index taken from 

the edge of a membrane rupture site of a PROM 
group was higher than the without PROM groups at 
term pregnancy, with the apoptotic-index average of 
the PROM group 37.30% ± 9,57% vs. 9.80% ± 3,33% 
in the without PROM groups. Amniotic-cell apoptotic 
index in this study was performed using a 
conventional method of routine haematoxylin-eosin 
staining [32]. 

A recent study showed that that the p53 
signaling pathway played a role in the senescence 
process through amniotic membrane apoptosis, which 
would determine the time of labor [8]. 

In summary, p53 expression and the 
apoptotic index of amniotic membrane cells in cases 
of PROM were higher than those in without PROM 
cases; there was a strong correlation between p53 
expression and the apoptotic index with the 
occurrence of PROM. The strong apoptotic index was 
correlated with strong p53 expression in PROM cases 
at term pregnancy. 
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Abstract 

BACKGROUND: MicroRNAs (miRNAs) are small, non-coding RNAs that are important for post-transcriptional 
gene regulation in both healthy and morbid conditions. Numerous miRNAs promote tumorigenesis, while others 
have a tumour suppressive effects. Acute myeloid leukaemia (AML) is a heterogeneous group of genetically 
diverse hematopoietic malignancies with variable response to treatment.  

AIM: Our study aimed to investigate the possible role of miR-150 in de novo adult AML and the impact of its level 
on survival, and we used in the silicon analysis to predict the main target genes involved in miR-150 mediated 
cancer pathway.  

MATERIAL AND METHODS: We evaluated miR-150 expression profiling assay using TaqMan primer probes 
Real time-PCR in the plasma of 50 adult AML patients, before the start of treatment and at day 28 of treatment, 
along with 20 normal adult control samples. miR-16 was used as an endogenous reference for standardisation. 
Follow-up of patients during treatment at day 28 of induction chemotherapy and after one year was done.  

RESULTS: In this study, we found a significantly lower level of miR-150 in AML patients when compared to 

controls (p = 0.005) with 0.62 fold change than in healthy controls. Patients were divided into two groups: the low 
miR-150 group (miR-150 < 1) and the high miR-150 group (miR-150 > 1). A statistically significant difference was 
found between the two groups regarding initial total leukocytic count and initial PB blast count while for the TLC, 
HB and PLT count at follow up. No difference in the overall survival between the low and the high miR-150 groups 
could be demonstrated.  

CONCLUSION: Our results suggest that miR-150 functions as a tumour suppressor and gatekeeper in inhibiting 
cell transformation and that its downregulation is required for leukemogenesis. 

 

 

 

 

 
 
 

Introduction 

 

Acute myeloid leukaemia (AML) is a clonal 
disorder of hematopoietic progenitor cells which is 
characterised by diverse heterogeneity regarding 
genotypic, phenotypic and clinical features [1], [2]. 
AML is the most common acute leukaemia in adult 
patients and can arise “de novo” or as a secondary 
event [3]. Among the genetic aberrations that control 
disease development, there are microRNAs. 

MicroRNAs (miRNAs) are short non-coding 
RNAs (~20-24 nucleotides) that are involved in post-
transcriptional regulation of gene expression in 
multicellular organisms. This is achieved by affecting 
both the stability and translation of mRNAs [4]. 
miRNAs play an important role in many biological 
processes in the body such as cell growth, 
proliferation, differentiation, and apoptosis. They also 
act as both oncogenes and tumour suppressors 
contributing to a malignant transformation in solid and 
haematological tumours, including AML [5]. 
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MiR-150 is a family of microRNA precursors found 
in mammals, including humans. The mature miRNA 
sequence is a 22 nucleotide, which is excised from 
the precursor hairpin by the enzyme Dicer [6]. This 
sequence then associates with RISC (RNA‐induced 

silencing complex), that directly bind to the potential 
target site in the 3' untranslated region (3'UTRs) of 
specific target mRNA, leading to the repression of 
mRNA translation or the degradation of target mRNAs 
[7]. In normal hematopoiesis, miR-150 regulates 
genes whose downstream products encourage the 
differentiation of stem cells towards becoming 
megakaryocytes rather than erythrocytes [8]. It is also 
thought that together with miR-155, control B and T 
cell differentiation [9].  

MiR-150 has been linked to the development 
of some cancers [10]. Mraz et al. reported that the 
expression of miR-150 was shown to regulate levels 
of GAB1 and FOXP1 proteins in malignant and normal 
B cells, which influences their BCR signalling [11]. 

Aberrant miRNA expression is a feature of 
different cancers including haematological 
malignancies. In a study by Morris et al., they 
identified that the expression of miR-150 is low or 
absent in blastic crisis (BC) of chronic myeloid 
leukaemia (CML) and acute myeloid leukaemia (AML) 
patients’ samples and also in cell lines [12]. They 
found that the expression of miR-150 in AML cell 
lines, CD34+ progenitor cells from healthy individuals 
and primary BC CML and AML patients’ samples at 
levels similar to miR-150 expression in normal bone 
marrow promotes myeloid differentiation of these 
cells.  

They also reported that in AML cell lines, 
differentiation of miR-150 expressing cells occurs 
independently of retinoic acid receptor α (RARA) 
signalling and that the high throughput gene 
expression profiling (GEP) studies of the AML cell 
lines HL60, PL21 and THP-1 suggest that activation of 
CEPBA, CEBPE and cytokines associated with 
myeloid differentiation in miR-150 expressing cells, as 
compared to control cells, contributes to myeloid 
differentiation. They concluded from these data that 
miR-150 promotes myeloid differentiation, a 
previously uncharacterized role for this miRNA and 
that absent or low miR-150 expression contributes to 
down-regulated myeloid differentiation in acute 
leukaemia cells [12]. 

From two genomes wide large-scale miRNA 
expression profiling assays of various subtypes of 
primary AML samples and normal controls, Jiang et 
al., [13] identified miR-150 as one of the most 
significantly and consistently down-regulated miRNAs 
in most of the AML cases they have studied. They 
furthermore confirmed this significant down-regulation 
by a subsequent study [14].  

 

 

Material and Methods  

 

This is a matched case-control study included 
50 adults de novo AML cases that were recruited from 
the Medical Oncology Department of the National 
Cancer Institute, Cairo University, Egypt, from 
January 2015 to March 2016. As well as 20 healthy 
volunteers were included as a control group. Approval 
from the Ethical Committee was obtained (Medical 
Ethical Research Committee—National Research 
Centre, Number P100510) to carry over this study and 
informed consents were signed by the patients by the 
Helsinki declaration. The demographic characteristics 
were documented at a presentation in addition to 
morphological, cytochemical, immunophenotypic and 
genetic analyses which were done at initial diagnosis. 
The follow-up data including the response to 
treatment and survival were documented for all 
patients.  

 

Sampling and Extraction of micro-RNA 

Two ml of peripheral blood were collected on 
EDTA from the newly diagnosed adult AML cases (n = 
50) before starting therapy, follow up samples were 
collected at day 28 of treatment for 31 of them. 
Samples were also collected from the twenty healthy 
adults. 

miRNA was isolated from plasma samples 
using miRNeasy Mini Kit (Cat number# 217004, 
Qiagen, USA) as recommended by the manufacturer’s 
instructions, the purity and the concentration of the 
purified miRNA was detected using 
spectrophotometer Nano-drop (Maestrogen, Taiwan, 
MN-913) and stored at -80 ˚C till further assessments.  

 

Detection of miRNA expression using 
Real-Time PCR 

Gene-specific complementary DNA (cDNA) 
was prepared from miRNA by using reversing 
TaqMan microRNA RT-Kit, Cat number # 4366596, 
(Applied Biosystems, Foster City, CA, USA), 
according to the manufacturer’s instructions. miRNA 
expression for enrolled samples was quantified using 
TaqMan 2x universal master mix II Cat number # 
4440043, (Applied Biosystems, Foster City, CA, USA) 
and TaqMan microRNA Assay Mix containing PCR 
primers and TaqMan probes for miR-150. MiR-16 was 
used as endogenous control for normalisation. 
Fluorescence was acquired and detected by ABI step 
one- Applied Biosystems. To determine miRNA 
relative expression, it was reported as fold change 
(ΔCt and ΔΔCt calculations). 

The overall survival (OS) was calculated from 
the date of diagnosis to the date of death or last follow 
up visit. Disease-free survival was calculated from the 
date of complete remission to the date of relapse, 
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https://en.wikipedia.org/wiki/Nucleotide
https://en.wikipedia.org/wiki/Dicer
https://en.wikipedia.org/wiki/RNA-induced_silencing_complex
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death or last follow up visit. 

 

Statistical analysis 

The data were presented as mean ± SD or 
median. The results were calculated using the 

Student’s t-test, 
2
, paired sample T-test, Mann-

Whitney U test or Kruskal-Wallis test where 
appropriate. Categorical variables were described with 
count and percentage. Kaplan-Meier method was 
used to calculate the survival rates and the log-rank 
test was used to test the significance in the difference 
in the patients’ survival. Statistical analyses were 
performed using SPSS software (version 16.0 for 
Windows; SPSS INC., Chicago, IL, USA) where P 
values were two-tailed and considered statistically 
significant when less than 0.05. 

 

Bioinformatics analysis 

In a silico analysis for the miR-150 was 
performed to find target genes regulated by miR-150 
and identifying the possible cellular pathways in which 
these target genes are involved. The miRNA target 
genes were predicted with the miRBase 
(www.mirbase.org). MicroRNA target gene analysis 
was performed using miRWalk 2.0 server 
[http://mirwalk.uni-hd.de/] which is a database that 
gives both predicted and experimentally validated 
miRNA-targets [15], [16]. The predicted target genes 
were obtained with cut off p-value 0.05, in addition to 
the validated ones. Both predicted and validated 
target genes were combined to furtherly undergo 
functional enrichment analysis. 

Functional enrichment analysis for the miRNA 
target genes was done using the DAVID server 
[Database for Annotation, Visualization and Integrated 
Discovery], (https://david.ncifcrf.gov) [17], [18]. 
Pathway enrichment analyses of the predicted miRNA 
target genes were performed with KEGG pathway 
(www.genome.jp/kegg) [19]. 

 

 

Results 

 

We included in our study 50 de novo adult 
AML patients (before starting treatment and at D28 of 
treatment). Thirty two of them were males (64%) and 
18 were females (36%); mean age was (37.48 ± 
12.38), as well as 20 age and sex-matched controls. 
We estimated the expression level of miR-150 in both 
the patient group initially and at D28 and the control 
group using TaqMan primer-probe assay Real Time 
PCR. We also evaluated parameters of clinical 
importance in the AML group such as; total leukocytic 
count (TLC), haemoglobin concentration (HB), platelet 
count (PLTs), bone marrow (BM) cellularity and blast 

% in both peripheral blood (PB) and bone marrow, 
initially and at D28. Immunophenotypic markers, 
cytogenetics and FLT-3 mutational status, were 
investigated too.  

The expression level of miR-150 in both the 
patients group initially and the control group was 
estimated using Real-Time PCR. A significant 
difference between the initial level of miR-150 in 
patients and controls (p = 0.005) was found.  

Plasma initial miR-150 was down-regulated in 
adult AML with 0.62 fold change than in healthy 
controls as demonstrated in Figure 1. A statistically 
significant lower values of relative expression of miR-
150 in patients initially and at D28 compared to 
controls (p = 0.004) (Fig. 2). 

 

Figure 1: Relative initial plasma miR-150 levels in adult AML patient 
and control population. Expression levels of miR-150 were 
normalised to miR-16. Data were represented as the median value, 
and the Mann-Whitney U test was used to define statistical 
significance 

 

We followed up our patients for their miR-150 
at D28 of treatment. We found a significant decrease 
in the TLC and increase PLT count when measured 
initially in patients compared to its measurement at 
D28. No significant difference was found regarding HB 
concentration and miR-150 level (Table 1).  

 

Figure 2: Relative plasma miR-150 levels in AML patients initially, at 
D28 of treatment and control population. Expression levels of miR-
150 were normalised to miR-16. Data were represented as the 
median value, and Kruskal Wallis Test was used to define statistical 
significance 

P = 0 .005 

 

P = 0 .004 

http://www.mirbase.org/
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Table 1: Demographic and clinical characteristics of patients 
before treatment and at D28 of treatment 

Parameters Initial value D28 value P value 

miR-150 
n=31 

1.1 ± 1.18 0.85 ± 0.92 0.3 

TLC x10
9
/L 34.5 ± 49.05 3.8 ± 4.1 0.001** 

HB gm/dL 7.9 ± 1.5 7.9 ± 1.2 0.9 

PLTs x10
9
/L 57.96 ± 68.3 1.85x10

2 
± 172. <0.001** 

TLC: total leucocytic count, HB: haemoglobin, PLTs: platelet count, **highly significant 
statistical difference. 

 

AML patients who achieved complete 
remission (CR) after induction chemotherapy at D28 
were 32 cases (64%), while 7 cases were relapsed 
(21%) later on. No statistically significant difference 
was found in the relative expression of miR-150 
before and after treatment in patients undergo CR (p = 
0.59). 

Table 2: Various clinical parameters in low and high groups 
when miR-150 was estimated initially 

Parameters  
Mir-150 initial < 1 

N = 35 
Mir-150 initial > 1 

N = 15 
P value 

Age (years) Mean ± S.D 39.4 ± 10.9 32.8 ± 14.5 > 0.05 

Sex n (%) 
Male 
Female 

22 (62.8) 
13 (37.2) 

10 (66.7) 
5 (33.3) 

> 0.05 

TLC initial x109/L 
Median 
Range 

9.5 
0.7-  42.3 

36 
1.68-112.58 

0.023* 

Plts initial x109/L 
Median 
Range 

40 
(2.0-211) 

33 
(2.0-290) 

0.649 

HB initial gm/dl 
Median 
Range 

7.9 
5.6-12.1 

7.3 
4.8-11.5 

0.094 

PB initial Blasts%  (mean ± S.D) 40.06 ± 27.85 58.2 ± 25.87 0.036* 

BM initial 
cellularity n(%) 
 

Normocellular 
Hypocellular 
Hypercellular 
Extrahypercellular 

9 (25.7) 
3 (8.6) 
14 (40) 
9 (25.7) 

3 (20.0) 
2 (13.3) 
9 (60.0) 
1 (6.7) 

0.362 

BM initial blast%  (mean ± S.D.) 62.6 ± 20.07 67.93 ± 20.0 0.393 

FAB classification 
n(%) 
 

M0 
M1 
M2 
M3 
M4 
M5 
M7 
Others (phenotypic) 

1 (2.9) 
7 (20) 

13 (37.1) 
1 (2.9) 

8 (22.9) 
2 (5.7) 
2 (5.7) 
1 (2.9) 

0 
1 (6.7) 

5 (33.3) 
4 (26.7) 
2 (13.3) 

0 
2 (13.3) 
1 (6.7) 

0.185 

IPT n(%) 
 

Myeloid 
Mono 
Myeloma 
Myeloid with aberrant 
Myeloid-B 
Others 

20(57.1) 
1(2.9) 
6(17.1) 
5(14.3) 
1(2.9) 
2(5.7) 

9 (60) 
0 
0 

2 (13.3) 
1 (6.7) 
3 (20) 

0.353 

FLT3 n(%) 
 

Wild 
Mutant 
NA 

26(74.3) 
5(14.3) 
4(11.8) 

8 (53.3) 
4 (26.7) 
3 (20) 

0.346 

Cytogenetics 
n(%) 
 

T (9, 22) 
T (8, 21) 
T (15, 17) 
Normal karyotype 
Others 

1(4.8) 
2(9.5) 
1(4.8) 
7(33.3) 

10(47.6) 

0 
0 

3 (27.3) 
6 (54.2) 
2 (18.2) 

0.138 
 
 
 
 

BM Cellularity  
N(%) D28  
 

 Normocellular 
 Hypocellular 
 Hypercellular 
NA 

13(52) 
9(36) 
1(4) 
2(8) 

6 (50) 
2 (16.7) 
4 (33.3) 

0 

0.067 

Blast n(%) D28 
Less than or equal 5 
More than 5 

18(75.0) 
6(25) 

9 (75) 
3 (25) 

0.05 

TLC x109/L D28 
 

Median 
Range 

2.0 
(0.1-16.3) 

4.27 
(0.56-16) 

0.023* 

HB gm/dl D28 
Median 
Range 

7.7 
(3.3-10.3) 

8.7 
(7-10) 

0.013* 

Plts x109/L D28 
 

Median 
Range 

84.5 
(2.00-579) 

333 
(5-558) 

0.014* 

PB blasts n(%) 
D28 

Equal zero 
More than 1 

16(76.2) 
5(23.8) 

7 (87.5) 
1 (12.5) 

0.50 

Response to 
treatment n(%) 

CR 
Refractory 
NA 

10(62.5) 
3(18.8) 
3(18.8) 

22 (64.7) 
6 (17.6) 
6 (17.6) 

0.98 

Relapse 
 

Relapse  
No relapse 
NA 

2(16.7) 
9(75) 
1(8.3) 

5 (19.2) 
17 (65.4) 
4 (15.4) 

0.79 

Early death  
 

Before D28 
After D28 

3(50) 
3(50) 

7 (53.8) 
6 (46.2) 

0.87 

TLC: total leucocytic count, HB: haemoglobin, PLT: platelet count, PB: peripheral blood, 
BM: bone marrow, FAB: French American British classification, IPT: immunophenotyping, 
D28: day 28 of treatment, NA: non-available, CR: complete remission, OS: overall survival. 

 

Table 2 shows a comparison between 
different clinical parameters when miR-150 was 
measured before the start of treatment. Patients were 
divided into two groups; the low expressers for the 

miR-150 group (miRNA-150 < 1) and the high 
expressers for the miR-150 group (miR-150 > 1). A 
statistically significant correlation was found between 
high miR-150 and higher initial TLC and PB blast %, 
while this significant correlation was observed with 
higher TLC, HB concentration and PLT count at D28 
(p = 0.023, 0.036, 0.023, 0.013, 0.014 respectively). A 
relation also was found between initial low miR-150 
and normocellular marrow at D28 samples but not 
reach a statistical significance (p = 0.067). 

Table 3 shows a comparison between 
different clinical and laboratory parameters in the low 
miR-150 group and the high miR-150 group when 
miR-150 was measured at D28. A statistically 
significant relation was found between low miR-150 
and myeloid phenotype (p = 0.030) and also with no 
relapse status for the patients (p = 0.035). 

Table 3: Various clinical parameters in low and high groups 
when miR-150 was estimated at D28 

Parameter 
 

 miR-150 at D28< 1 
n = 23 

miR-150 at D28> 1 
n = 8 

P value 

Age (years) Mean ± S.D 33.9 ± 10.5 38.85 ± 10.27 0.262 

Sex n (%) 
Male 
Female 

10 (45.5) 
13 (54.5) 

5 (62.5)  
3 (37.5) 

0.409   

TLC x10
9
/L 

initial 
 

Median 
Range 

10 
(1.2-42.3) 

15.95 
(1.68-65.35) 

0.963 

PLT x10
9
/L  

 
Median 
Range 

33 
(2.0-208) 

18 
(9-290) 

0.37 

HB gm/dL 
 

Median 
Range 

8.1 
(5.9-12.1) 

7.9 
(4.8-9.1) 

0.1 

PB Blasts% Median 
Range 

40 
(4-94) 

18.5 
(0-65) 

0.139 

BM cellularity 
n(%) 
 

Normocellular 
Hypocellular 
Hypercellular 
Extrahypercellular 

5 (21.7) 
2 (8.7) 

10 (43.5) 
6 (26.1) 

1 (12.5) 
3 (37.5) 
4 (50) 
0 (0) 

0.089 

FAB n (%) 
 

M0 
M1 
M2 
M3 
M4 
M7 
Other 

1 (4.3) 
4 (17.4) 

10 (43.5) 
2 (8.7) 
5 (21.7) 

0 (0) 
1 (4.3) 

0 (0) 
1 (12.5) 
1 (12.5) 
1 (12.5) 
2 (25.0) 
3 (37.5) 

0 (0) 

0.084 

IPT n (%) 
 

Myeloid 
Myelomonocytic 
Myeloid with aberrant 
Myeloid B 
Other 

15 (65.2) 
2 (8.7) 
4 (17.4) 
1 (4.3) 
1 (4.4) 

4 (50) 
0 (0) 
0 (0) 
0 (0) 

4 (50) 

0.030* 

FLT-3 n (%) 
 

Wild 
Mutant 
NA 

19 (82.6) 
4 (17.4) 

0 (0) 

7 (87.5) 
0 (0) 

1 (12.5) 

0.117 

Cytogenetics 
n (%) 
 

t(8,21) 
t(15,17) 
Normal karyotype 
Others 

2 (13.3) 
2 (13.3) 
6 (40) 

5 (33.3) 

0 (0) 
0 (0) 

4 (66.7) 
2 (33.3) 

0.524 

BM D28 
cellularity n 
(%) 

Normocellular 
Hypocellular 
Hypercellular 

9 (45) 
8 (40) 
3 (15) 

3 (37.5) 
3 (37.5) 
2 (25) 

0.817 

BM Blasts% 
D28  
 

Median 
Range 
Less than or equal 5 
More than or equal 6 

25 
(0-67) 
15 (75) 
5 (25) 

2.5 
(0-30) 
6 (75) 
2 (25) 

 
 
 

0.69 

TLC x10
9
/L at 

D28 
Median 
Range 

2.6 
(0.1-16.3) 

2.94 
(0.38-16) 

0.663 

HB gm/dL 
 at D28 

Median 
Range 

7.9 
(3.3-10) 

8 
(6.9-10.3) 

0.788 

PLT x10
9
/L at 

D28 
Median 
Range 

111.5 
(2-558) 

110 
(5-579) 

0.826 

PB blasts % 
at D28 

Equal zero 
More than or equal 1 

15 (71.4) 
6 (28.6) 

7 (100) 
0 

0.1 

Response to 
treatment 

Refractory 
CR 

4 (18.2) 
18 (81.8) 

2 (25) 
6 (71.475) 

0.98 

Relapse 
status 

No relapse 
Relapse 

16 (84.2) 
3 (15.8) 

3 (42.9) 
4 (57.1) 

0.035* 

Early death  Before D28 
After D28 

2 (22.2) 
6 (75) 

1 (100) 
0 (100) 

0.13 

TLC: total leucocytic count, HB: hemoglobin, PLT: platelet count, PB: peripheral blood, 
BM: bone marrow, FAB: French American British classification, IPT: immunophenotyping, 
D28: day 28 of treatment, NA: non-available, CR: complete remission, OS: overall survival, 
RFS: Relapse-free survival. 
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Survival analysis 

Kaplan-Meier survival curves were used to 
estimate overall survival (OS) and relapse-free 
survival (RFS) in the AML patients which are shown in 
figures (3A and 3B) and are summarised in Table 4.  

A)

 

B)

 

Figure 3: A) Overall survival of AML patients; B) relapse-free 
survival of AML patients 

 

Moreover, there was no difference in the 
overall survival between the low and the high miR-150 
groups when measured initially before the start of 
treatment (Figure 4A). Also, there was no difference in 
the overall survival between the low and the high miR-
150 groups when measured at D28 as illustrated in 
(Figure 4B).  

A) 

 

B)

 

Figure 4: A) Overall survival compared between high and low miR-
150 when measured initially; B) Overall survival compared between 
high and low miR-150 when measured at follow up 

Table 4: Overall survival and disease/relapse-free survival 

Parameter 
 

AML patients 
 

Mean No of dead/relapse 
n (%) 

No of alive/ 
relapse-free 

n (%) 

Overall survival (time 
/month) (95%CI) 

N = 47 
 

17.73 (14.2-
21.21) 

17 (36.17) 30 (63.8) 

Disease/relapse free 
survival (95%CI) 

N = 27 12.82 (8.56-
17.07) 

16 (59.3) 11 (40.7) 

 

We used in the silico analysis to predict the 
target genes, as shown in Table 5. We identified the 
most promising potential target genes and highly 
significant enrichment pathways for miR-150. The 
main target genes are ACOX1, BDNF, RAPGEF3, 
FGF7, FGF12, PIK3R3, TNF, E2F3, SMAD4, STAT5B 
which are involved in cAMP, MAPK, ErbB, mTOR, 
chronic myeloid leukaemia signalling pathway and 
pathway in cancer.  

Most of the gene ontology (GO) annotations 
were associated with cell process, regulation of 
biological process, regulation of cell communication, 
intracellular signalling cascade, localisation and others 
Figure 5.  

 

Table 5: Prediction of the target genes miR-150 and its 
pathways 

 Target genes Pathways 

 
 
 
 
miR-150 
 
 
 
 
 
 

ACOX1, PPARA, ADCY1, ADCY2, ADCY5, 
ADCY6, GABBR1, CNGB1, ADORA1, 
ATP2B1, BDNF, ATP2B3, ATP2B4, GRIN2B, 
TIAM1, PDE4A, PAK1, RAPGEF3,  

cAMP signaling pathway 

FGF7, ZAK, PDGFB, FGF9, GNA12, FGF12, 
MAX, BDNF, MAPT, PAK1, FGF1, IL1A, 
AKT3, AKT2, PRKCA, BRAF, CACNG8, 
TP53, CACNG4, CACNG2, PRKCB,  

MAPK signaling pathway 

GRB2, CAMK2G, STAT5B, ELK1, PAK3, 
CAMK2B, SHC1, PAK1, SHC3, PIK3R3, 
AKT3, PIK3R1, PIK3R2, SHC4, AKT2 

ErbB signaling pathway 

PRKCA, TNF, BRAF, STK11, PIK3CB, IGF1, 
RICTOR, PRKCB, EIF4B, RPS6KA6, 
RPS6KA3, AKT1S1, TSC1, ULK1, ULK2, 
ULK3, PRKAA2, PIK3R3, AKT3, PIK3R1, 
AKT2, PIK3R2 

mTOR signaling pathway 

E2F3, BRAF, GRB2, PIK3CB, TGFBR1, 
CBL, STAT5B, TP53, SMAD4, CDK4, CBLB, 
CCND1, CDKN1B, ARAF, MDM2, SHC1, 
PIK3R3, SHC3, CRK, PIK3R1, AKT3, AKT2, 
PIK3R2, SHC4 

Chronic myeloid leukemia 
signaling pathway  

ADCY1, PPARD, E2F3, ADCY2, FGF7, 
PDGFB, FGF9, ADCY5, ADCY6, STAT5B, 
GNA12, SPI1, FGF12, CTNNB1, MAX, 
PAX8, SLC2A1, FGF1 

Pathway in cancer 

 

 

 

Discussion 

 

The miRNA network is highly redundant, as a 
single miRNA could have multiple target mRNAs, and 
on the other hand, a single mRNA may be targeted by 
many miRNAs [20]. Many miRNAs have been shown 
to be involved in a myriad of cellular processes which 
include differentiation, apoptosis, metabolism and 
development [21]. Physiologically, as well as 
pathologically, miRNAs have been reported to play 
roles in cancers, inflammatory responses, diabetes 
and autoimmune diseases [22].  

Figure 5: Functional gene ontology terms for miR-150 target genes 

 

 In this work, we investigated the role of miR-
150 level in de novo adult AML; where we found a 
significantly lower level in patients when compared to 
controls (P = 0.012). These results are supported by 
the clarification of a previously uncharacterized role 
for miR-150 in promoting myeloid differentiation, 
where Morris et al. [25], demonstrated that low miR-
150 expression contributes to the leukemic phenotype 
in various AML subtypes and BC of CML. Also, 
Fayyad-Kazan et al. [14] and Wang et al. [23], 
reported similar results to ours, where they found 
lower miR-150 expression in AML patients as 
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compared to controls (P = 0.0026, P = 0.006 
respectively). Also, Xu DD et al. reported that miR-150 
was downregulated in leukaemia stem cells (LSCs; 
CD34+CD38- cells) and clinical samples. Ectopic 
expression of miR-150 suppressed the LSCs 
biological behaviours, both in vitro and in vivo by its 
effect on Nanog signalling pathway [24]. 

Similarly, the expression levels of miR-150 
were decreased in AML cases as in a study by Morris 
et al. [12], and overexpression of miR-150 promoted 
myeloid differentiation of cancer cells and suppressed 
their proliferation [25]. Also, Fayyad-Kazan et al. [14] 
reported that in a recent study, plasma levels of 
tumour necrosis factor alpha, interleukin-10, and 
interleukin-18, which all have a sequence, 
complementary to miR-150, were negatively 
correlated with the plasma levels of miR-150. This 
could impact on the immune system response to 
leukaemias. These data revealed that miR-150 could 
be a promising biomarker for AML at diagnosis and 
suggest that microRNA expression signature in 
plasma can serve as a valuable diagnostic and 
potential prognostic marker for human AML. 

MiR-150 was measured twice, first; before the 
start of treatment, then; at D28 after induction 
chemotherapy for the 31 cases that they're follow up 
samples could be reached, the comparison in 
between did not reveal any statistical significance. 
Also, the comparison between levels of MiR-150 
before treatment and at D28 for cases that undergo 
complete remission did not reveal any statistical 
significance. So, our results showed no difference 
between miRNA levels initially and at D28 with and 
without discrimination of the response to treatment. 
This was in contrast to Wang et al. [23] and Fayyad-
Kazan et al. [14], who reported that there was up-
regulation of miR-150 level in AML patients who 
achieved CR reaching the level of controls (P < 0.01) 
compared to its down-regulation before treatment. In 
our study, this could be explained by the fact that 
there was no difference in miRNA level between the 
cytogenetically good and bad prognostic groups of 
patients in our study, in contrast to Wang et al. [23]

 

and Morris et al. [25], who reported a significant 
decrease in miRNA level in the poor and intermediate 
risk cytogenetics groups as compared to the favorable 
group.  

Our patients were divided into two groups; the 
low expressers for the miR-150 group (miR-150 < 1) 
and the high expressers for the miR-150 group (miR-
150 > 1). The correlation between plasma miR-150 
levels and clinicopathological data were verified. A 
statistically significant correlation was found between 
high miR-150 and both a higher initial TLC and PB 
blast % and with a higher TLC, HB and PLT count at 
D28 (p = 0.023, 0.036, 0.023, 0.013, 0.014 
respectively). A relation was also found between low 
miR-150 and normocellular marrow at D28 samples 
but could not reach a statistical significance (p = 
0.067). However, no significance could be recorded 

with others. Wang et al., [23] reported a significant 
correlation with the percentage of initial BM blast% (P 
= 0.020). However no significant difference was found 
with initial TLC, PLT number (P > 0.05). He also found 
a significant relation with FAB classification (P = 
0.013) and cytogenetics (P = 0.012). However, no 
significant difference was found between the level of 
miR-150 and gender, age and extramedullary disease 
(P > 0.05) 

Wang et al. [23], reported that AML patients 
with M5 subtype had a lower serum miR-150 level 
than those with other subtypes including M0, M1, M2 
and M4 (P < 0.01). Our study included only 2 patients 
with M5, so, monocytic leukaemias (M4 and M5) in 
our study were summed up together and showed 
lower miR-150 level than other FAB subtypes, 
although with no statistically significant difference. We 
accordingly expect that with increasing the number of 
patients, comparable results could be obtained.  

We found no statistically significant relation 
regarding Flt-3 mutational status between the high 
and low miR-150 groups; either initially or at D28. Our 
results are supported by Jiang et al. [13], who 
reported that forced expression of miR-150, reduced 
the levels of Flt-3 to 40-65%. Their results indicated 
that Flt3 functions as a direct target of miR-150 in 
regulating leukemic cell self-renewal and at least in 
part, responsible for the inhibitory effects of forced 
expression of miR-150 on leukemogenesis [30].  

As regarding the prognostic value of initial 
plasma miR-150 in AML adult patients, our follow up 
data did not reveal any relation between different 
levels of our target miR-150 and either; the spectrum 
of response to treatment involving CR and refractory 
cases; those undergo relapse or not, or those undergo 
early death before D28 or not. But revealed a 
statistically significant relationship between lower 
levels of miR-150 at D28 and cases that did not show 
relapse (P = 0.035). Also, our survival analysis data 
revealed no significant relation between levels of miR-
150 and overall or relapse-free survival, which was 
inconsistent to Wang et al. [23], who showed that AML 
patients in his low miR-150 group had significantly 
shorter five-year overall survival (P = 0.009) and 
event-free survival (P = 0.004) than patients in his 
high miR-150 group.  

As regard target genes pathway analysis, it 
showed that the predicted target genes might play 
their roles through cellular pathways. Those target 
genes are implicated in proliferation, adhesion, and 
apoptosis. The main target gene of miR-150 included 
AKT2, CBL, and PRKCA [29].  

Mir-150 targets and downregulates AKT2 
gene that is involved in Erb, MAPK, CML and mTOR 
signalling pathway, resulting in reduced the 
phosphorylated levels of AKtser473/4. Subsequently, 
this increases the levels of tumour suppressor genes 
such as Bim and P53, which leads to telomerase 
activation and immortalisation of cancer cells [26]. 
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Also, CBL gene is implicated in AML signalling 
pathway and downregulated by miR-150 [27], [28]. 

The α isoform of Protein kinase C (PKCα), 
has been recognised as a tumour growth regulator in 
different types of cancers. Targeting PKCα-mediated 
signal transduction induces cell death in AML cells 
inhibiting BCL-2 phosphorylation and blocking ERK 
activation [29]. Overexpression of miR-150 
significantly suppressed the endogenous expression 
of PKCα, and luciferase reporter/mutagenesis assays 
confirmed that PRKCA is a transcriptional target of 
miR-150 [31].  

In conclusion, miRNAs have emerged as a 
class of gene expression important regulators 
contributing to AML pathogenesis and as potential 
biomarkers [32]. 

We conclude that miR-150 functions as a 
pivotal gatekeeper in inhibiting cell transformation and 
functions as a tumour suppressor and its repression 
are required for leukemogenesis. Moreover, miRNAs 
regulate different mRNA targets, and their modulation 
can represent a potential therapeutic target in 
combination with current chemotherapy in the 
eradication of leukemic progenitors. 
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Abstract 

AIM: This study aimed to observe the cyclooxygenase-2 expression and its correlation with tumour size and 
lymph node involvement in nasopharyngeal carcinoma. 

METHODS: This study was cross-sectional, that enrolled 126 samples diagnosed with nasopharyngeal carcinoma 
in Haji Adam Malik General Hospital, Medan, Indonesia which fulfilled the inclusion criteria. 

RESULTS: Based on this study, we found that the age peak incidence of nasopharyngeal carcinoma patients 
about a 41-60-year-old group (57.1%), dominated by men (71.4%). Through histopathological examination, non-
keratinizing squamous cell carcinoma is the most predominant type (79.4%). We also found T3 is the most 
prevalent primary tumour size (32.5%) with prominent lymph node involvement N3 (45.2%), and stage IV (54.8%). 
Cyclooxygenase-2 overexpression is prevalent among nonkeratinizing squamous cell carcinoma (81.1%), T3 
primary tumour size (41.1%), N3 node involvement (60.0%), and IV clinical stage (71.6%). In addition, we found a 
significant relationship between cyclooxygenase-2 expressions towards tumor size (p < 0.001) and lymph node 
involvement (p < 0.001) in nasopharyngeal carcinoma. 

CONCLUSION: It is proved that the overexpression of cyclooxygenase-2 will increase the susceptibility of 
nasopharyngeal carcinoma patients having advanced primary tumour size and lymph node involvement. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Introduction 

 

Nasopharyngeal carcinoma (NPC) is a 
malignancy originating from nasopharyngeal epithelial 
cells [1]. NPC incidence is dominated by Asia 
population, especially South China and South- East 
Asia [2]. In Indonesia, there are approximately 6.2 of 
100,000 people diagnosed with NPC. Based on the 
data in 2008, NPC becomes the fifth leading cause of 
cancer mortality with annual incidence 13,000 [3]. 

Cyclopentane-fatty acid derivatives, largely 
known as prostaglandin, are produced in the 
human cell. It is well-known as a chemical mediator 

of inflammation. Meanwhile, COX or prostaglandin 
endoperoxidase synthase is an enzyme involved in 
the formation of prostaglandin [4], [5]. COX has two 
isoforms: COX-1 and COX-2. For maintaining 
homeostasis, COX-1 is expressed by most cells. In 
contrast, COX-2 expression related to some 
pathological conditions, particularly in malignancy. 
COX-2 can induce angiogenesis and inhibit apoptosis. 
Also, COX-2 has a certain role in resistance to 
cancer immunotherapy [6], [7], [8], [9]. COX-2 
converts arachidonic acid into five major 
prostanoids: PGE2, PGD2, PGI2 (prostacyclin), 

PGF2α, and thromboxane A2 (TXA2) [10], [11]. 
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A number of studies have shown that COX-2 
will induce angiogenesis by several mechanisms, such 
as (1) VEGF, it has been explained in the previous 
section; (2) formation of eicosanoid product (TXA2, 
PGI2, PGE2), it will directly stimulate endothelial 
formation, growth, and migration; (3) endothelial cell 
will be less susceptible to apoptotic by elevation anti-
apoptotic Bcl-2 protein expression and activation of 
the  PI3K-Akt pathway; (4) matrix metalloproteinase 
(MMP) will increase its expression, related to 

vascular invasion; (5) function of angiogenic protein 

will increase αvβ3 integrin; (6) IL-12 expression as 

angiogenesis inhibitor will decrease [2], [12], [13], [14], 
[15], [16], [17]. In another side the effect of COX-2 on 
angiogenesis, the effect of COX-2 on lymph nodes 
involvement still poorly understood but there is an 
opinion that said macrophages had been suggested 
as a major source of lymphangiogenic growth factor 
appeared chronic inflammatory lesions [18]. 

Our study will show that PGE2 expression, 

the only one prostanoid, increase as a response to 
the COX-2 overexpression. COX-2/PGE2 pathway 

proved its importance in stimulating myeloid-derived 
suppressor cells production. Myeloid cells can 
support tumour growth by suppressing immune 
function and induce angiogenesis [19], [20], [21], 
[22]. COX or prostaglandin endoperoxidase synthase 
is an enzyme involved in prostaglandin formation, and 
its existence is related to inflammation and tumour 
growth.  

We looked at the COX-2 overexpression 
and compared them COX has two isoforms: COX-
1 and COX-2. COX-2 is associated with 
prostaglandin synthesis in inflammatory tissues and 
neoplastic processes. In the previous study, COX-2 
overexpression is well-documented involved in 
oncogenesis for certain malignancy, especially NPC 
[6], [23], [24], [25]. 

 

 

Material and Methods 

 

In this study researchers aimed to observe the 
cyclooxygenase-2 expression and its correlation with 
tumour size and lymph node involvement in 
nasopharyngeal carcinoma. This cross-sectional 
study enrolled 126 samples diagnosed with 
nasopharyngeal carcinoma in Haji Adam Malik 
General Hospital, Medan, Indonesia which fulfilled the 
inclusion criteria. This study was conducted to analyse 
the correlation between cyclooxygenase-2 
overexpression with tumour size and lymph node 
involvement in nasopharyngeal carcinoma. It was 
also expected that it could be used as one of the 
factors that affect the prognosis in patients with 
nasopharyngeal carcinoma. 

This cross-sectional study conducted in Haji 
Adam Malik General Hospital and pathology 
department, Medical Faculty of Universitas Sumatera 
Utara (USU), Medan, Indonesia. This study enrolled 
126 patients diagnosed with NPC by doing 
anamnesis, physical examination, imaging studies, 
and histopathological examination. 

Then, the samples had to fulfil the 
inclusion criteria, such as NPC patient diagnosed 
by histopathological examination and also had never 
undergone radiotherapy, chemotherapy, or in 
combination. If the paraffin blocks were not in good 
condition and the patients were positive with other 
malignancy, the subject would be excluded from the 
study. We used non-probability consecutive sampling 
to avoid tendency and bias and provided the 
demographic data including gender, age, and some 
variables related to the samples, condition, including 
histopathologic type (based on World Health 
Organization/WHO). 

While primary tumour size (T), lymph node 
involvement (N), and clinical staging were listed 
based on the American Joint Committee on Cancer 
(AJCC) 2010 classification. Tissue sections from 
paraffin block embedded NPC biopsies were 
stained with Genetex Human COX-2 Antibody. 
Slides were incubated with t h e  universal 
peroxidase-labelled polymer (PolyVuePlus) 
HRP/DAB Detection System and counterstained with 
hematoxylin. Then, the result classified into four 
categories by using broad and intensity score, such 
as 0 = negative, 1 = < 10% of the cell stained or 
weak-stained, 2 = 10-50% of cells stained or 
moderate-stained, 3 = > 50% of cells stained or 
strong-stained. COX-2 immunostaining expression 
on tissue sections of paraffin block NPC biopsies can 
be seen in Figure 1. 

 

Figure 1: Strong cytoplasmic expression of COX-2 in non-
keratinizing squamous cell nasopharyngeal carcinoma (x 400) 

 

Eventually, the final score was obtained by 
multiplying broad scores with intensity scores. The 
score was called as immunoreactive scores, 4 or 
more defined as positive or overexpression. 
Histopathological examination and the process 
related to immunohistochemical staining were done 
by three professional pathologists. 
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The statistical analysis was done by using 
SPSS 16.0 software (SPSS, Chicago, IL). 
Demographic data were listed in a univariate variable. 
Then, bivariate analysis was performed using chi-

square (
2
) test to determine the relationship 

between COX-2 overexpression with primary tumour 
size and lymph node involvement in NPC. This study 
also had been approved by the Health Research 
Ethical Committee of Medical Faculty of Universitas 
Sumatera Utara, Medan, Indonesia. 

 

 

Results 

 

This study was conducted on 126 NPC 
patients who fulfilled the inclusion criteria. The highest 
prevalence of NPC was found in the age group of IV 
to VI decades (57.1%), dominated by males (71.4%) 
with non-keratinizing squamous cell carcinoma 
(79.4%), primary tumor size T3 (32.5%), lymph node 
involvement N3 (45.2%), and clinical stadium IV 
(54.8%). Based on immunohistochemical 
examination overexpression of COX-2 were also 
found in nonkeratinizing squamous cell carcinoma, 
primary tumour size T3, lymph node involvement N3, 
and clinical stadium IV. Based on the results of this 
study, we found a significant relationship between 
COX-2 expression with tumour size and enlarged 
lymph nodes with a value of p < 0.001. 

Table 1: COX-2 overexpression frequency based on 
histopathology type, lymph node involvement (N) frequency, 
and clinical staging 

Type  COX-2 Expression   

Over-expression % Negative % P** 

Histopathology     0.253 
Keratinizing SCC* 7 (7.4) 1 (12.5)  
Non-keratinizing SCC* 77 (81.1) 23 (23)  
Undifferentiated carcinoma 11 (11.6) 7 (38.9)  
Primary Tumor Size (T)     0.000 
T1 5 (5.3) 20 (64.5)  
T2 24 (25.3) 8 (25.8)  
T3 39 (41.1) 2 (6.5)  
T4 27 (28.4) 1 (3.2)  
Lymph node involvement 
(N) 

    0.000 

N0 9 (9.5) 18 (58.1)  
N1 14 (14.7) 5 (16.1)  
N2 15 (15.8) 8 (25.8)  
N3 57 (60.0) 0 (0.0)  
Clinical staging     0.000 
I 2 (2.1) 15 (48.4)  
II 7 (7.4) 9 (29.0)  
III 18 (18.9) 6 (19.4)  
IV 68 (71.6) 1 (3.2)  

*SCC: Squamous Cell Carcinoma 
**p: P-value 

 

 

 

Discussion 

 

In our study, a positive correlation between 
COX-2 overexpression with primary tumour size and 
lymph node involvement was proved in NPC. It 

explains COX-2 overexpression is more common in 
advanced primary tumour size and lymph node 
involvement. Bin Yang et al., also discovered the 
same result related to COX-2 overexpression and 
malignant process, including metastasis [26]. A study 
conducted by Gui Yang et al., also found that COX-2 
and advanced clinical stage of NPC are positively 
correlated (OR 5.39; 95% CI: 3.79-7.66) [27]. Also, 
One study conducted by Li et al. found by using 
nasopharyngeal carcinoma cell lines treated with 
nonsteroid anti-inflammatory drugs (NSAIDs), 
particularly celecoxib, invasion, and migration will 
decrease through suppression of MMP-2 and -9 
activity [28]. Fendri et al., also discovered the similar 
result related to COX-2 overexpression that There 
was a significant association between COX-2 
expression with lymph node involvement (N+) in 
NPC patients with p < 0.0001 [29]. 

Besides VEGF, Epidermal growth factors 
(EGF) also play an important role in tumour 
proliferation and invasion. Ross found that COX-2 
overexpression occurred in 79% of NPC patients, 
and it related to EGFR status but not with latent 
membrane protein (LMP) -1 or inducible NOS. 
Meanwhile, Tan K-B prevailed that COX-2 might be 
involved in the multistep process of NPC 
carcinogenesis since the COX-2 expression is more 
common in a dysplastic nasopharyngeal cell [30], 
[31]. It is also stated by Kwong et al. which enrolled 53 
NPC patients, all patients who had intense staining 
for COX-2 were dysplastic [32]. Many clinical studies 
have shown that COX-2 induces angiogenesis, but 
there is no evidence to prove the relationship between 
COX-2 and lymph node involvement although many 
previous studies suggested that expression of COX-2 
correlated with lymph node metastasis [18]. 

Also, a prognostic study conducted by Pan et 
al. uncovered that survival rate, including overall 
survival, disease-free survival, locoregional control, 
and distant metastasis-free survival are also related to 
COX-2 overexpression. Chen et al. conducted a 
study in T4 NPC patients treated with radiation 
therapy, 5-year survival rates for patients who 
have COX-2 overexpression was 27% compared 
with 60% in low COX-2 expression group. 
Furthermore, Xinhua et al., also stated that COX-2 
might be used to predict prognosis, particularly local 
recurrence and distant metastasis [33], [34], [35]. 
Prognostic study related to COX-2 overexpression 
was evident in many cancer one of them is glottis 
cancer, COX-2 overexpression related to more 
aggressive tumour and low survival rate [36], [37], 
[38]. Otherwise, Long et al., and Y. J. Kim et al. found 
a contradictive result in our study. By using smaller 
sample sizes, both studies concluded that COX-2 
expression and tumour size did not correlate [39], 
[40]. 

Our study provided evidence that t h e  
correlation between COX-2 overexpression with 
primary tumour size and lymph node involvement 
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are significant (p < 0.001). The COX-2 expression 
will increase as the tumor size increases. COX-2 
overexpression is one of the tumor lymphangigenesis 
factors. Also, COX-2 contributes in the process of 
carcinogenesis, and it allows COX-2 to be used as a 
therapeutic target in the future for nasopharyngeal 
carcinoma. 

 

 

References 

 

1. Chua ML, Wee JT, Hui EP, Chan AT. Nasopharyngeal 
carcinoma. The Lancet. 2016; 387(10022):1012-24. 
https://doi.org/10.1016/S0140-6736(15)00055-0 

2. Wang Z, Dabrosin C, Yin X, Fuster MM, Arreola A, Rathmell 
WK, Generali D, Nagaraju GP, El-Rayes B, Ribatti D, Chen YC. 
Broad targeting of angiogenesis for cancer prevention and therapy. 
In Seminars in cancer biology. 2015; 35:S224-S243. 
https://doi.org/10.1016/j.semcancer.2015.01.001 PMid:25600295 
PMCid:PMC4737670 

 

3. Adham M, Kurniawan AN, Muhtadi AI, Roezin A, Hermani B, 
Gondhowiardjo S, Tan IB, Middeldorp JM. Nasopharyngeal 
carcinoma in Indonesia: epidemiology, incidence, signs, and 
symptoms at presentation. Chinese journal of cancer. 2012; 
31(4):185. https://doi.org/10.5732/cjc.011.10328 PMid:22313595 
PMCid:PMC3777476 

 

4. Divvela AK, Challa SR, Tagaram IK. Pathogenic role of 
cyclooxygenase-2 in cancer. Journal of Health Science. 2010; 
56(5):502-16. https://doi.org/10.1248/jhs.56.502 

 

5. Smith WL, Song I. The enzymology of prostaglandin 
endoperoxide H synthases-1 and-2. Prostaglandins & other lipid 
mediators. 2002; 68:115-28. https://doi.org/10.1016/S0090-
6980(02)00025-4 

 

6. Chen W, Hu GH. Biomarkers for enhancing the radiosensitivity 
of nasopharyngeal carcinoma. Cancer biology & medicine. 2015; 
12(1):23. PMid:25859408 PMCid:PMC4383846 

 

7. Sobolewski C, Cerella C, Dicato M, Ghibelli L, Diederich M. The 
role of cyclooxygenase-2 in cell proliferation and cell death in 
human malignancies. International journal of cell biology. 2010; 
2010. 

 

8. Liu B, Qu L, Yan S. Cyclooxygenase-2 promotes tumor growth 
and suppresses tumor immunity. Cancer cell international. 2015; 
15(1):106. https://doi.org/10.1186/s12935-015-0260-7 
PMid:26549987 PMCid:PMC4635545 

 

9. Dixon DA. Regulation of COX-2 expression in human cancers. 
COX-2. 2003; 37:52-71).  

10. Rouzer CA, Marnett LJ. Cyclooxygenases: structural and 
functional insights. Journal of lipid research. 2009; 50(Suppl):S29-
34. https://doi.org/10.1194/jlr.R800042-JLR200 PMid:18952571 
PMCid:PMC2674713 

 

11. Clària J. Cyclooxygenase-2 biology. Current pharmaceutical 
design. 2003; 9(27):2177-90. 
https://doi.org/10.2174/1381612033454054 PMid:14529398  

 

12. Gately S, Li WW. Multiple roles of COX-2 in tumor 
angiogenesis: a target for antiangiogenic therapy. Seminars in 
Oncology. 2004; 31:2-11. 
https://doi.org/10.1053/j.seminoncol.2004.03.040 PMid:15179620  

 

13. Imig JD. Epoxyeicosatrienoic acids and 20-
hydroxyeicosatetraenoic acid on endothelial and vascular function. 
Advances in Pharmacology. 2016; 77:105-141. 
https://doi.org/10.1016/bs.apha.2016.04.003 PMid:27451096 
PMCid:PMC5510644 

 

14. Liu CH, Chang SH, Narko K, Trifan OC, Wu MT, Smith E, 
Haudenschild C, Lane TF, Hla T. Overexpression of  

cyclooxygenase-2 is sufficient to induce tumorigenesis in 
transgenic mice. Journal of Biological Chemistry. 2001; 
276(21):18563-9. https://doi.org/10.1074/jbc.M010787200 
PMid:11278747  

15. Huang T, Chen MH, Wu MY, Wu XY. Correlation between 
expression of extracellular matrix metalloproteinase inducer and 
matrix metalloproteinase-2 and cervical lymph node metastasis of 
nasopharyngeal carcinoma. Annals of Otology, Rhinology & 
Laryngology. 2013; 122(3):210-5. 
https://doi.org/10.1177/000348941312200311 PMid:23577575  

 

16. Lasek W, Zagożdżon R, Jakobisiak M. Interleukin 12: still a 
promising candidate for tumor immunotherapy? Cancer 
Immunology, Immunotherapy. 2014; 63(5):419-435. 
https://doi.org/10.1007/s00262-014-1523-1 PMid:24514955 
PMCid:PMC3994286 

 

17. Gately S. The contributions of cyclooxygenase-2 to tumor 
angiogenesis. Cancer and metastasis reviews. 2000; 19(1-2):19-
27. https://doi.org/10.1023/A:1026575610124 PMid:11191059  

 

18. Iwata C, Kano MR, Komuro A, Oka M, Kiyono K, Johansson E, 
Morishita Y, Yashiro M, Hirakawa K, Kaminishi M, Miyazono K. 
Inhibition of cyclooxygenase-2 suppresses lymph node metastasis 
via reduction of lymphangiogenesis. Cancer Research. 2007; 
67(21):10181-9. https://doi.org/10.1158/0008-5472.CAN-07-2366 
PMid:17974958  

 

19. Lu X, Qian CN, Mu YG, Li NW, Li S, Zhang HB, Li SW, Wang 
FL, Guo X, Xiang YQ. Serum CCL2 and serum TNF-α–Two new 
biomarkers predict bone invasion, post-treatment distant 
metastasis and poor overall survival in nasopharyngeal carcinoma. 
European journal of cancer. 2011; 47(3):339-46. 
https://doi.org/10.1016/j.ejca.2010.09.025 PMid:20951575  

 

20. Elliott LA, Doherty GA, Sheahan K, Ryan EJ. Human tumor-
infiltrating myeloid cells: phenotypic and functional diversity. 
Frontiers in immunology. 2017; 8:86. 
https://doi.org/10.3389/fimmu.2017.00086 PMid:28220123 
PMCid:PMC5292650 

 

21. Schmid MC, Varner JA. Myeloid cells in the tumor 
microenvironment: modulation of tumor angiogenesis and tumor 
inflammation. Journal of oncology. 2010; 2010. 

 

22. Cotechini T, Medler TR, Coussens LM. Myeloid cells as targets 
for therapy in solid tumors. Cancer journal (Sudbury, Mass.). 2015; 
21(4):343. https://doi.org/10.1097/PPO.0000000000000132 
PMid:26222088 PMCid:PMC4948591 

 

23. Iacovelli N, et al. Emerging prognostic factors in 
Nasopharyngeal carcinoma. Journal of Naso Pharyngeal 
Carcinoma. 2014; 1(8). 

 

24. Kim TJ, Lee YS, Kang JH, Kim YS, Kang CS. Prognostic 
significance of expression of vegf and cox‐2 in nasopharyngeal 
carcinoma and its association with expression of C‐erbB2 and 
EGFR. Journal of surgical oncology. 2011; 103(1):46-52. 
https://doi.org/10.1002/jso.21767 PMid:21031415  

 

25. Chou J, Lin YC, Kim J, You L, Xu Z, He B, Jablons DM. 
Nasopharyngeal carcinoma—review of the molecular mechanisms 
of tumorigenesis. Head & Neck: Journal for the Sciences and 
Specialties of the Head and Neck. 2008; 30(7):946-63. 
https://doi.org/10.1002/hed.20833 PMid:18446839 
PMCid:PMC3046044 

 

26. Wu YD, Zhou BP. TNF-α/NF-κB/Snail pathway in cancer cell 
migration and invasion. British journal of cancer. 2010; 102(4):639. 
https://doi.org/10.1038/sj.bjc.6605530 PMid:20087353 
PMCid:PMC2837572 

 

27. Yang G, Deng Q, Fan W, Zhang Z, Xu P, Tang S, Wang P, Yu 
M. Cyclooxygenase-2 expression is positively associated with 
lymph node metastasis in nasopharyngeal carcinoma. PloS one. 
2017; 12(3):e0173641. 
https://doi.org/10.1371/journal.pone.0173641 PMid:28301518 
PMCid:PMC5354404 

 

28. Soo R, Putti T, Tao Q, Goh BC, Lee KH, Kwok-Seng L, Tan L, 
Hsieh WS. Overexpression of cyclooxygenase-2 in 
nasopharyngeal carcinoma and association with epidermal growth 
factor receptor expression. Archives of Otolaryngology–Head & 

 

https://doi.org/10.1016/S0140-6736(15)00055-0
https://doi.org/10.1016/j.semcancer.2015.01.001
https://doi.org/10.5732/cjc.011.10328
https://doi.org/10.1248/jhs.56.502
https://doi.org/10.1016/S0090-6980(02)00025-4
https://doi.org/10.1016/S0090-6980(02)00025-4
https://doi.org/10.1186/s12935-015-0260-7
https://doi.org/10.1194/jlr.R800042-JLR200
https://doi.org/10.2174/1381612033454054
https://doi.org/10.1053/j.seminoncol.2004.03.040
https://doi.org/10.1016/bs.apha.2016.04.003
https://doi.org/10.1074/jbc.M010787200
https://doi.org/10.1177/000348941312200311
https://doi.org/10.1007/s00262-014-1523-1
https://doi.org/10.1023/A:1026575610124
https://doi.org/10.1158/0008-5472.CAN-07-2366
https://doi.org/10.1016/j.ejca.2010.09.025
https://doi.org/10.3389/fimmu.2017.00086
https://doi.org/10.1097/PPO.0000000000000132
https://doi.org/10.1002/jso.21767
https://doi.org/10.1002/hed.20833
https://doi.org/10.1038/sj.bjc.6605530
https://doi.org/10.1371/journal.pone.0173641


 Chrestella et al. Cyclooxygenase-2 Expression and Its Correlation with Primary Tumor Size and Lymph Node Involvement 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2018 Nov 25; 6(11):2001-2005.                                                                                                                                                2005 

 

Neck Surgery. 2005; 131(2):147-52. 
https://doi.org/10.1001/archotol.131.2.147 PMid:15723947  

29. Fendri A, Khabir A, Hadhri-Guiga B, Sellami-Boudawara T, 
Ghorbel A, Daoud J, Frikha M, Jlidi R, Gargouri A, Mokdad-
Gargouri R. Overexpression of COX-2 and LMP1 are correlated 
with lymph node in Tunisian NPC patients. Oral oncology. 2008; 
44(7):710-5. https://doi.org/10.1016/j.oraloncology.2007.09.006 
PMid:18061524  

 

30. Li WW, Long GX, Liu DB, Mei Q, Wang JF, Hu GY, Jiang JZ, 
Sun W, Gan L, Hu GQ. Cyclooxygenase-2 inhibitor celecoxib 
suppresses invasion and migration of nasopharyngeal carcinoma 
cell lines through a decrease in matrix metalloproteinase-2 and-9 
activity. Die Pharmazie-An International Journal of Pharmaceutical 
Sciences. 2014; 69(2):132-7. 

 

31. Tan KB, Putti TC. Cyclooxygenase 2 expression in 
nasopharyngeal carcinoma: immunohistochemical findings and 
potential implications. Journal of clinical pathology. 2005; 
58(5):535-8. https://doi.org/10.1136/jcp.2004.021923 
PMid:15858127 PMCid:PMC1770665 

 

32. Kwong DL, Nicholls J, Sham J. Cyclooxygenase-2 expression 
in nasopharyngeal carcinoma. International Journal of Radiation. 
2007. 

 

33. Pan J, Tang T, Xu L, Lu JJ, Lin S, Qiu S, Chen G, Tham IW. 
Prognostic significance of expression of cyclooxygenase‐2, 
vascular endothelial growth factor, and epidermal growth factor 
receptor in nasopharyngeal carcinoma. Head & neck. 2013; 
35(9):1238-47. https://doi.org/10.1002/hed.23116 PMid:22972415  

 

34. Chen WC, McBride WH, Chen SM, Lee KF, Hwang TZ, Jung 
SM, Shau H, Liao SK, Hong JH, Chen MF. Prediction of poor 
survival by cyclooxygenase‐2 in patients with T4 nasopharyngeal 
cancer treated by radiation therapy: Clinical and in vitro studies. 
Head & Neck: Journal for the Sciences and Specialties of the Head 
and Neck. 2005; 27(6):503-12. https://doi.org/10.1002/hed.20178 
PMid:15772955  

 

35. Xinhua XU, Guoqing HU, Song LI, Feng XU, Daojun LI, Delan 
DA, Yan CH. Expression of cyclooxygenase-2 in nasopharyngeal  

carcinoma and its relation to angiogenesis and prognosis. The 
Chinese-German Journal of Clinical Oncology. 2006; 5(2):104-7. 
https://doi.org/10.1007/s10330-005-0400-y 

36. Chang BW, Kim DH, Kowalski DP, Burleson JA, Son YH, 
Wilson LD, Haffty BG. Prognostic significance of cyclooxygenase-2 
in oropharyngeal squamous cell carcinoma. Clinical cancer 
research. 2004; 10(5):1678-84. https://doi.org/10.1158/1078-
0432.CCR-03-0354 PMid:15014019  

 

37. Gallo O, Masini E, Bianchi B, Bruschini L, Paglierani M, Franchi 
A. Prognostic significance of cyclooxygenase-2 pathway and 
angiogenesis in head and neck squamous cell carcinoma. Human 
pathology. 2002; 33(7):708-14. 
https://doi.org/10.1053/hupa.2002.125376 PMid:12196922  

 

38. Loong SL, Hwang JS, Li HH, Wee JT, Yap SP, Chua ML, Fong 
KW, Tan TW. Weak expression of cyclooxygenase-2 is associated 
with poorer outcome in endemic nasopharyngeal carcinoma: 
analysis of data from randomized trial between radiation alone 
versus concurrent chemo-radiation (SQNP-01). Radiation 
Oncology. 2009; 4(1):23. https://doi.org/10.1186/1748-717X-4-23 
PMid:19591688 PMCid:PMC2715417 

 

39. Kim YJ, Lee SH, Wu HG, Go H, Jeon YK. 
Immunohistochemical study to evaluate the prognostic significance 
of four biomolecular markers in radiotherapy of nasopharyngeal 
carcinoma. J Korean Soc Ther Radiol Oncol. 2010; 28(2):57-63. 
https://doi.org/10.3857/jkstro.2010.28.2.57 

 

40. Sackett MK, Bairati I, Meyer F, Jobin É, Lussier S, Fortin A, 
Gélinas M, Nabid A, Brochet F, Têtu B. Prognostic significance of 
cyclooxygenase-2 overexpression in glottic cancer. Clinical Cancer 
Research. 2008; 14(1):67-73. https://doi.org/10.1158/1078-
0432.CCR-07-2028 PMid:18172254  

 

 

 

https://doi.org/10.1001/archotol.131.2.147
https://doi.org/10.1016/j.oraloncology.2007.09.006
https://doi.org/10.1136/jcp.2004.021923
https://doi.org/10.1002/hed.23116
https://doi.org/10.1002/hed.20178
https://doi.org/10.1007/s10330-005-0400-y
https://doi.org/10.1158/1078-0432.CCR-03-0354
https://doi.org/10.1158/1078-0432.CCR-03-0354
https://doi.org/10.1053/hupa.2002.125376
https://doi.org/10.1186/1748-717X-4-23
https://doi.org/10.3857/jkstro.2010.28.2.57
https://doi.org/10.1158/1078-0432.CCR-07-2028
https://doi.org/10.1158/1078-0432.CCR-07-2028


 

_______________________________________________________________________________________________________________________________ 

2006                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

ID Design Press, Skopje, Republic of Macedonia 
Open Access Macedonian Journal of Medical Sciences. 2018 Nov 25; 6(11):2006-2011. 
https://doi.org/10.3889/oamjms.2018.352 
eISSN: 1857-9655 
Basic Science 

 

 

  

 
Serum Calcium and Magnesium Levels in Normal Ghanaian 
Pregnant Women: A Comparative Cross-Sectional Study 
 
 
Robert Djagbletey

1
, Ebenezer Owusu Darkwa

1*
, Papa Kobina deGraft-Johnson

2
, Daniel Akwanfo Yaw Sottie

2
, Raymond 

Essuman
1
, George Aryee

1
, Ernest Aniteye

1
 

 
1
Department of Anaesthesia, School of Medicine and Dentistry, College of Health Sciences, University of Ghana, P. O. Box 

4236, Accra, Ghana; 
2
Department of Anaesthesia, Korle-Bu Teaching Hospital, Accra, Ghana 

 

Citation: Djagbletey R, Owusu Darkwa E, deGraft-
Johnson PK, Sottie DAY, Essuman R, Aryee G, Aniteye 
E. Serum Calcium and Magnesium Levels in Normal 
Ghanaian Pregnant Women: A Comparative Cross-
Sectional Study. Open Access Maced J Med Sci. 2018 
Nov 25; 6(11):2006-2011. 
https://doi.org/10.3889/oamjms.2018.352 

Keywords: Calcium; Magnesium; Albumin; Protein; 
Pregnancy 

*Correspondence: Ebenezer Owusu Darkwa. 
Department of Anaesthesia, School of Medicine and 
Dentistry, College of Health Sciences, University of 
Ghana, P. O. Box 4236, Accra, Ghana. E-mail: 
eoddarquah@yahoo.co.uk 

Received: 20-Oct-2018; Revised: 04-Nov-2018; 
Accepted: 16-Nov-2018; Online first: 21-Nov-2018 

Copyright: © 2018 Robert Djagbletey, Ebenezer Owusu 
Darkwa, Papa Kobina deGraft-Johnson, Daniel Akwanfo 
Yaw Sottie, Raymond Essuman, George Aryee, Ernest 
Aniteye. This is an open-access article distributed under 
the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0) 

Funding: This research did not receive any financial 
support 

Competing Interests: The authors have declared that no 
competing interests exist 

 

 

 

 

 

 

 

 

 

 

Abstract 

BACKGROUND: Pregnancy is described as a normal physiologic state associated with various biochemical 
changes. Magnesium and calcium are essential macronutrients required for foetal growth. Complications 
associated with their deficiency during normal pregnancy include; low neonatal birth weight, pre-eclampsia, 
eclampsia and preterm labour. Changes in serum levels of magnesium and calcium in normal pregnancy have not 
been extensively studied among Ghanaian women. 

AIM: To determine the variation in serum magnesium and calcium levels with gestational age in normal 
pregnancy in Ghanaian women. 

METHODS: A hospital-based comparative cross-sectional study was conducted among 32 normal non-pregnant 

women (Group A) and 100 normal pregnant women (Group B) attending the clinic at the Korle-Bu Teaching 
hospital. The group B pregnant women were further divided into Group B1 (n = 33), Group B2 (n = 37) and Group 
B3 (n = 30) based on their pregnancy gestation as first, second and third trimester respectively. Blood samples 
were obtained from the antecubital vein of subjects and total serum calcium, magnesium, protein and albumin 
were estimated. Data obtained were analysed using SPSS for windows version 20. Analysis of variance (ANOVA) 
was employed to determine the statistical differences between the groups. A p-value of ≤ 0.05 was considered 
significant. 

RESULTS: Mean serum total calcium and magnesium in first, second and third trimester normal pregnant women 
were 2.14 ± 0.16, 2.13 ± 0.44, 2.13 ± 0.35 mmol/L and 0.77 ± 0.11, 0.77 ± 0.16 and 0.76 ± 0.14 mmol/L 
respectively. Mean serum total calcium and magnesium levels in non-pregnant women were 2.20 ± 0.16 and 0.80 
± 0.10 mmol/L respectively. There was a statistically non-significant difference in serum total calcium and 
magnesium between non-pregnant and normal pregnant women, with p-values of 0.779 and 0.566 respectively. 
Mean total serum protein and albumin in first, second and third-trimester normal pregnant women were 68.42 ± 
10.37, 70.46 ± 6.84, 66.70 ± 7.83 g/L and 39.92 ± 3.22, 40.75 ± 8.06, 38.26 ± 3.02 g/L respectively. Mean total 
serum protein and albumin in non-pregnant women were 73.13 ± 7.02 and 42.94 ± 3.03 g/L respectively. Mean 
total serum protein and albumin levels were lower in pregnant women as compared to non-pregnant women with 
the difference being significant in the third trimester (p-values of 0.012 and 0.002). 

CONCLUSION: Total serum calcium and magnesium levels in normal pregnancy were non-significantly lower 
compared to non-pregnant women in Ghana. There was a reduction in total serum protein, and albumin levels 
during pregnancy with a significant reduction noticed during the third trimester compared to the non-pregnant 
state. 

 
 
 
 
 
 

 

Introduction 

 

Magnesium and calcium are essential for 
foetal growth. Various physiological changes occur 
during pregnancy for maternal adaptation as well as to 
meet the nutritional demands of the developing foetus 
[1]. Maternal nutritional status during pregnancy has 
been reported to influence the development of the 

foetus [2], [3]. Imbalances in maternal nutritional 
status and foetal demands can produce catastrophic 
complications [4], [5] especially in the third trimester 
where there is a rapid development of the foetus [6]. 
Hormonal alterations during pregnancy may alter 
serum nutritional status including macronutrient levels 
[7]. 

Various biological processes in the body 
require calcium as it is the most abundant mineral in 
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the body. Total blood calcium consists of ionic/free 
(50-65%), protein-bound mainly albumin (30-45%) 
and calcium complexed to anions (5-10%) mainly 
bicarbonate, citrate and lactate [8]. These three forms 
exist in equilibrium with each other maintaining a 
constant serum level in health. The readily available 
form of calcium to cells is the ionised form which 
therefore reflects accurate physiological calcium 
status. About 50% of maternal serum calcium is 
bound to proteins in healthy non-pregnant states. 
Maternal serum calcium levels have been reported to 
vary with the gestational age of pregnancy [9], [10]. 
Most studies have reported a significantly reduced 
total serum calcium levels in normal pregnancy 
especially the third trimester of pregnancy [11], [12], 
[13]. This has been explained on account of dietary 
deficiency, increasing demand of the growing foetus 
[14], [15] as well as haemodilution from fluid retention 
during the latter stages of pregnancy [16]. This is 
compounded by increasing urinary loss of calcium [17] 
and a fall in serum albumin levels [18], [19]. A normal 
growing foetus accumulates about 21g of calcium 
(range 13-33g) [20]. However, 80% of this 
accumulation occurs rapidly in the third trimester due 
to skeletal mineralisation [18], [21]. However, other 
studies have reported no variation in total serum 
calcium levels with increasing gestational age [22] 
while others have reported an increase in maternal 
serum calcium levels compared to the non-pregnant 
state [23]. 

Magnesium is the fourth commonest mineral 
ion as well as the second commonest intracellular 
cation in the body. About 50% of total body 
magnesium is located in bones while the other 50% is 
mainly located intracellularly. Approximately 1% is 
found intravascularly, and its level is tightly controlled 
[24] Magnesium acts as a co-factor for various 
enzymatic processes. It also has a role in peripheral 
vascular relaxation [25] Serum levels of magnesium 
has been reported to be between 1.5-2.1 mg/dl [26]. 
The decrease in serum magnesium levels with 
increasing gestational age has been reported in some 
studies and initiation of labour has been attributed by 
some to myometrial magnesium deficiency [27], [28]. 
Maternal to foetal transfer (with almost 80% of the 
transfer occurring during the third trimester) and 
haemodilution during pregnancy has been proposed 
as mechanisms for the observed decrease in serum 
magnesium during pregnancy [16]. 

Magnesium is an important mineral for foetal 
growth. Deficiency of magnesium during pregnancy 
has been associated with pre-eclampsia, eclampsia, 
preterm labour and delivery of babies with low birth 
weight [29]. 

A wide range of serum magnesium levels has 
been reported among non-pregnant women and 
pregnant women at all trimesters [30]. Other studies 
have reported no difference in serum magnesium 
levels between pregnant and non-pregnant women 
[31].  

Therefore in the serum levels of total calcium 
and magnesium during normal pregnancy seem 
inconclusive. The paucity of literature on the subject in 
our setting, therefore, necessitated this study. 

 

 

Material and Methods 

 

This is a comparative cross-sectional study 
conducted between June and August 2016 at the 
Korle-Bu Teaching Hospital 

The site of this study was the Korle-Bu 
Teaching Hospital which is the largest tertiary referral 
hospital in Ghana. The obstetrics and gynaecology 
department has approximately 400 beds and conducts 
over 11,000 deliveries annually. 

All healthy pregnant and non-pregnant 
women between the ages of 18 and 35 years inclusive 
who visited the antenatal and gynaecology clinic of 
the hospital were included in the study. 

Pregnant and non-pregnant women with 
diabetes and hypertension, renal disease, chronic and 
acute infections, history of thyroid; parathyroid; 
pancreatic; hepatic disease, and women who were on 
calcium and magnesium supplements/medications 
containing these minerals were excluded from the 
study.  

On fulfilling the inclusion criteria and obtaining 
informed consent, consecutive recruitment of one 
hundred and thirty-two (132) women was done, 
consisting of 32 normal non-pregnant women as 
controls (Group A) and 100 normal pregnant women 
(Group B). 

Normal pregnant women in Group B were 
further divided into three groups (B1, B2 and B3) 
based on the gestational ages of their pregnancies. 
Group B1 (gestational age 1-13 weeks, n = 33), Group 
B2 (gestational age 14-28 weeks, n = 37) and Group 
B3 (gestational age 29-40+ weeks, n = 30). 

The age, weight, and height of the recruited 
women were recorded. Their blood pressures were 
also measured in the sitting position using the right 
arm on two occasions separated by 15 minutes 
interval and averaged using mercury 
sphygmomanometer and a stethoscope. 

Without the application of a tourniquet, four 
(4) millilitres of venous blood was obtained from the 
cubital vein of the left arm with the patient in the sitting 
position using a 19G hypodermic needle and a 
syringe and the blood sample was immediately 
transferred into a coded plain test tube. Within two (2) 
hours of collection, samples were sent to the 
laboratory and centrifuged at 4,000 rpm for 10 
minutes to obtain the serum which was subsequently 
stored at -20°C before analysis within 24 hours of 
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sample collection. Serum magnesium and total serum 
calcium were determined using an atomic absorption 
spectrometer in acetylene-air flame (Variant 240FS; 
Varian Australia Pty Ltd, VIC, Australia) with reference 
ranges of 0.74–1.03 mmol/L and 2.12–2.62 mmol/L, 
respectively. 

Data collected was handled confidentially with 
anonymous code identifiers for each subject and 
stored in Microsoft access data base 2010. Analysis 
of the data was done using the SPSS version 20. 
Comparison of means of total serum calcium and 
magnesium between the groups were done using 
analysis of variance (ANOVA). Statistical significance 
was considered at a p-value < 0.05.  

Approval for this study was obtained from the 
ethical and protocol review committee of the 
University of Ghana School of Medicine and Dentistry. 

 

 

Results 

 

There was no significant difference in age, 
and systolic blood pressure in the groups of women 
studied. There was, however, a significant difference 
in BMI, and diastolic blood pressure of the groups of 
women studied.  

Table 1: General characteristics of subjects 

 
 
Characteristic 

Non-
pregnant 

First 
trimester 

Second 
trimester 

Third 
trimester 

 
 
 

p-value 
n = 32 n = 33 n = 37 n = 30 

Mean (SD) 

Age (years) 31 (5.11) 29 (3.76) 30 (3.97) 30 (2.60) 0.291 
BMI (kg/m

2
) 29 (6.23) 25 (6.25) 28 (5.52) 30 (5.50) 0.001* 

Systolic BP (mmHg) 118 (16.08) 111 (14.70) 112 (12.11) 116 (13.38) 0.118 
Diastolic BP (mmHg) 77 (9.35) 71 (10.46) 66 (7.68) 68 (8.54) < 0.001* 

*significant at p ≤ 0.05, kg = kilogram, m = metres, mmHg = millimetres of mercury, g = 
gram, dl = decilitre SD = standard deviation. 

 

The median (ranges) of parity of subjects 
were; non-pregnant 1(0-5), first trimester 1(1-2), 
second trimester 1(0-3) and third trimester 1(0-7). 
There was no significant difference (p-value = 0.965) 
in parity. 

Table 2: Total serum calcium and magnesium levels of 
subjects 

 
Characteristic 

Non-
pregnant 

First 
trimester 

Second 
trimester 

Third 
trimester 

 
 
 

p-value 
n = 32 n = 33 n = 37 n = 30 

Mean (SD) 

Total serum calcium 
(mmol/l) 

2.20 (0.16) 2.14 (0.16) 2.13 (0.44) 2.13 (0.35) 0.779 

Serum magnesium 
(mmol/l) 

0.80 (0.10) 0.77 (0.11) 0.77 (0.16) 0.76 (0.14) 0.566 

Serum albumin (g/l) 42.94 (3.03) 39.92 (3.22) 40.75 (8.06) 38.26 (3.02) 0.004* 
Total serum protein 
(g/l) 

73.13 (7.02) 68.42 
(10.37) 

70.46 (6.84) 66.70 (7.83) 0.014* 

*significant at p ≤ 0.05, mmol/l = millimole per litre, g/l = gram per litre, SD = standard 
deviation. 

 

There was no significant change in total 
serum calcium and magnesium among the groups of 
women studied. There was, however, a significant 

difference in serum albumin and total serum protein 
between the groups of women studied.  

Table 3: Serum electrolytes range of values in normal 
pregnancy and non-pregnant women 

Characteristics  
Non-pregnant First trimester 

Second 
trimester 

Third 
trimester 

n = 32 n = 33 n = 37 n = 30 

 Range 

Total serum calcium 
(mmol/l) 

1.95-2.66 1.58-2.52 1.21-3.70 1.33-2.83 

Serum magnesium 
(mmol/l) 

0.62-1.07 0.45-1.04 0.46-1.09 0.49-1.02 

 

There was a wide range of total serum 
calcium in normal pregnancy (1.21-3.70 mmol/l) and 
non-pregnant women (1.95-2.66 mmol/l).  

There was a wide range of serum magnesium 
in normal pregnancy (0.45-1.09 mmol/l) and non-
pregnant women (0.62-1.07mmol/l). 

Table 4: Pairwise comparison analysis of differences in 
diastolic blood pressure 

Comparison p-value 

First trimester vrs Second trimester 0.137 
First trimester vrs Third trimester  0.445 
Second trimester vrs Third trimester 0.937 
First-trimester vrs Non-pregnant 0.068 
Second trimester vrs Non-pregnant < 0.001* 
Third-trimester vrs Non-pregnant 0.001* 

*significant at p ≤ 0.05, vrs = versus. 

 

There was no significant change in diastolic 
blood pressure with gestational age among the normal 
pregnant women. The diastolic blood pressures were 
however significantly lower among women in the 
second and third trimester of pregnancy compared to 
the non-pregnant state. 

Table 5: Pairwise comparison analysis of differences in total 
protein 

Comparison p-value 

First trimester vrs Second trimester 0.719 
First trimester vrs Third trimester  0.836 
Second trimester vrs Third trimester 0.239 
First-trimester vrs Non-pregnant 0.094 
Second trimester vrs Non-pregnant 0.526 
Third-trimester vrs Non-pregnant 0.012* 

*significant at p ≤ 0.05, vrs = versus. 

 

There was a reduction in total serum protein 
levels during pregnancy with a significant reduction 
noticed during the third trimester compared to the 
non-pregnant state. There was no significant inter-
trimester change in total serum protein. 

Table 6: Pairwise comparison analysis of differences in Serum 
albumin 

Comparison p-value 

First trimester vrs Second trimester 0.900 
First trimester vrs Third trimester  0.557 
Second trimester vrs Third trimester 0.186 
First-trimester vrs Non-pregnant 0.078 
Second trimester vrs Non-pregnant 0.275 
Third-trimester vrs Non-pregnant 0.002* 

*significant at p ≤ 0.05, vrs = versus. 

 

There was a reduction in serum albumin 
levels during normal pregnancy with a significant 
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reduction noticed during the third trimester compared 
to the non-pregnant state. Serum albumin levels 
showed no significant inter-trimester change.  

 

 

Discussion 

 

Normal pregnancy is associated with a 
reduction in systemic vascular resistance secondary 
to vasodilatation from reproductive hormones such as 
oestrogen and progesterone [32], [33]. Both systolic 
and diastolic blood pressures (DBP) have been 
reported to decrease in normal pregnancy. The 
reduction in DBP is reportedly greater than the 
reduction in systolic blood pressure (SBP). We 
observed a non-significant reduction in systolic blood 
pressures but a significant reduction in diastolic blood 
pressure especially in second and third trimesters 
compared to the non-pregnant state, with no 
significant inter-trimester change in DBP, a finding 
consistent with those of other similar studies [32], [34], 
[35]. The reduction in blood pressure noted in these 
studies starts in the first trimester and nadirs in the 
second trimester, with a rise towards the pre-
pregnancy levels in the third trimester just as noted in 
our study. The DBP in the third trimester in this study 
was still significantly lower compared to the non-
pregnant state.  

Other studies have reported a non-significant 
change in blood pressures [36] while others have also 
noted a progressive rise in blood pressure throughout 
pregnancy [34], [37], [38]. These studies analysed the 
blood pressures based on patients’ weight before 
pregnancy or total weight gained during pregnancy, 
factors which were not considered in this study and 
may, therefore, account for the differences in our 
results 

We observed a non-significant reduction in 
total serum calcium levels during normal pregnancy (p 
= 0.779). This observation is supported by those of 
Standley et al., [22] and Olatunbosum et al., [39] but 
contrast those of Bassam Hanna [40] and Sultana et 
al., [41]. Studies by Bassam Hanna and Sultana et al., 
argued that the low serum total calcium observed in 
late normal pregnancy was due to increased foetal 
demand and physiological haemodilution secondary to 
increased intravascular volume as a result of 
significantly reduced serum albumin levels (which is 
the main calcium binding plasma protein) [40], [41]. In 
this study, we observed significantly reduced total 
serum proteins (p = 0.012) and albumin (p = 0.002) in 
the third trimester compared to the non-pregnant state 
as observed by Sultana et al.,  

However, total serum calcium levels were not 
significantly reduced. Thus changes in total serum 
calcium levels in pregnancy may be unrelated to 
alterations in serum protein levels as noted by Oberst 

and Plass [42]. The differences in results may be 
attributed to factors that were not considered in this 
study but which are known to influence total serum 
calcium levels including pre-analytical factors such as 
alterations in blood pH, exercise, postural changes, 
increased ventilation and diurnal variation, [8], [43], 
[44] and dietary habits [8], [45], [46]. Another factor 
that could have affected the total serum protein and 
albumin levels and therefore total serum calcium 
levels which were not considered in this study is 
proteinuria [47], [48]. Differences in seasons and 
climate (differences in exposure to sunlight and 
therefore vitamin D synthesis), as well as racial 
differences, could also account for the differences in 
results [49], [50], [51].  

We also observed a non-significant reduction 
(p = 0.566) in serum magnesium during the 
progression of normal pregnancy compared to non-
pregnant women as noted by Zohreh and Sara [52] 
and Deeper V Kanagal et al., [53]. Although a lot of 
studies have reported a fall in serum magnesium 
levels during normal pregnancy [3], [28], [54], [55] and 
has attributed this to foetal demand, haemodilution 
especially in late pregnancy and urinary loss, 
Newman (1957) and Archari et al., (1961) reported a 
non-significant change in serum magnesium levels in 
both pregnant and non-pregnant women as a result of 
a wider range of serum magnesium levels in both 
pregnant and non-pregnant women [30], [31]. In this 
study, there was a wider range of serum magnesium 
levels in both non-pregnant and pregnant women. 
This could, therefore, account for our finding of a non-
significant difference in serum magnesium levels in 
non-pregnant and pregnant women. The dietary 
history to estimate calcium and magnesium intake of 
the women in our study was not done. Genetic 
differences concerning dietary absorption, utilisation 
and demand by the foetuses, as well as urinary 
excretion of calcium and magnesium may account for 
differences between our findings and those of others. 

In conclusion, we observed a non-significant 
reduction in systolic blood pressures but a significant 
reduction in diastolic blood pressure especially in 
second and third trimester compared to the non-
pregnant state, with no significant inter-trimester 
change in DBP. There was no significant difference in 
total serum calcium and magnesium levels in normal 
pregnancy compared to non-pregnant women in 
Ghana. There was a reduction in total serum protein, 
and albumin levels during pregnancy with a significant 
reduction noticed during the third trimester compared 
to the non-pregnant state. 

Further longitudinal research is however 
needed to determine the normal ranges of serum 
magnesium and total calcium levels as well as the 
influence of dietary intake and the urinary excretion of 
these electrolytes on serum levels of both pregnant 
and non-pregnant Ghanaian women. 
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Abstract 

AIM: To analyze the associations between frequency of prosthesis cleaning with the discharge characteristics and 
the tear film in subjects with anophthalmic socket post evisceration with dermis fat graft. 

SUBJECTS AND METHODS: This study is an analytic observational with cross sectional design study with 

control. The subjects of the study were unilateral acquired anophthalmic socket after evisceration with dermis fat 
graft at University of Sumatera Utara General Hospital which amounts to 30 subjects or 60 eyes (30 unilateral 
anophthalmic sockets, 30 contralateral eyes). Data was obtained from April 2018 to May 2018. 

RESULT: There is significant association between frequency of prosthesis cleaning and the frequency of 
discharge (P = 0.001) and tear film quantity (P = 0.024). There is also significant association between the tear film 
quantity and the frequency of discharge (P = 0.024). 

CONCLUSION: There was a significant association between frequency of prosthesis cleaning with the frequency 
of discharge and the tear film in subjects with Acquired Unilateral anophthalmic socket post-evisceration with 
dermis fat graft. 

 
 
 
 
 
 
 
 
 

 

Introduction 

 

After enucleation or evisceration is done, the 
main goal is to rehabilitate the patient to look normal 
and live a stress-free life. An ideal ocular prosthesis 
can be placed 4 to 8 weeks after evisceration or 
enucleation so that the patient feels comfortable and 
satisfied cosmetically [1], [2], [3], [4]. 

Discharge is the second problem after normal 
eye health, affecting 93% of patients with 
anophthalmic sockets and having various discharge 
characteristics. Dry eyes are also a problem in 
anophthalmic socket patients associated with 
prosthesis intolerance [5], [6]. 

Each patient individually has different 
intervals to remove and clean the prosthesis. 
Recommendations from the ophthalmologist for the 
frequency of cleaning of ocular prosthesis also vary. 

The American Society of Ocularists recommends the 
removal and cleaning of the prosthesis once a month, 
but must be inserting immediately after socket 
irrigation [1], [4]. 

 

 

Subjects and Methods 

 

This is an analytic observational study with 
cross sectional design with control. The study subjects 
were all patients who admitted to the Oculoplasty 
Oncology and Reconstruction Division of University of 
Sumatera Utara General Hospital Medan who was 
diagnosed with unilateral acquiredanophthalmic 
socketpost-evisceration with dermis fat graft from April 
to May 2018. The sample size was 30 people with age 
over 18 years. First, the patient identity record that 
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meets the sample selection criteria and then checks 
the anterior segment with slit lamp. Followed by 
schirmer I test were performed for both eyes, the 
anophthalmic socket side and normal eye. Patients 
were asked to complete the questionnaire, that was a 
modification of Pine and associates questionnaire 
(under the supervision of the researcher). All results 
are recorded and analyzed. 

 

Figure 1: Questionnaire with visual analog scale (10 is the most 
severe) for self-reporting of the discharge characteristics 
(frequency, color, and volume) and frequency of prosthesis removal 
in subjects 

 

 

Results 

 

There were 30 consecutively recruited 
subjects with acquired unilateral anophthalmic socket 
post-evisceration with dermis fat graft, which they 
were drawn although with a higher ratio of men. The 
median age of participants was 46, and the youngest 
participant was 18. 

Table 1: Characteristics of Subjects with Acquired Unilateral 
Anophthalmic Socket Post-Evisceration with Dermis Fat Graft 

Characteristic Study participants, n =30 (100%) 

Gender  
Male 21 (70%) 
Female 9 (30%) 
Median age  
Male 46 years (range 22 - 75) (70%) 
Female 50 years (range 18 - 60) (30%) 
Median age at eye loss  
Male 34 years (range 10 - 65) (70%) 
Female 26 years (range 5 - 57) (30%) 
Anophthalmic side  
Left 17 (56.7%) 
Right 13 (43.3%) 
Reason for eye loss  
Accident 16 (53.3%) 
Medical 14 (46.7%) 
Median time since prosthesis fitted 12 years (range 1 - 35) (100%) 

All the subjects scored 1 or more for all the 

items in the questionnaire with regard to the discharge 
characteristics (frequency, color, volume) and 
frequency of prosthesis cleaning (Table 2). Table 2 
shows that of 30 subjects with acquired unilateral 
anophthalmic socket post-evisceration with dermis fat 
graft, most frequency of discharge were frequen in 18 
people (60%), the color of discharge was 
mucopurulent in 21 people (70%), and the viscosity of 
discharge was thicker in 19 people (63.3%). 

Table 2: Discharge Characteristics and Frequency of 
Prosthesis Cleaning Among 30 Subjects with Acquired 
Unilateral Anophthalmic Socket Post-Evisceration with Dermis 
Fat Graft 

Discharge Frequency (n) (%) 

Frequency 
Less frequent 
Frequent 
Color 

 
12 (40%) 
18 (60%) 

 
Mucoid 
Mucopurulent 
Viscosity 

9 (30%) 
21 (70%) 

Runny 
Thick 
Frequency of prosthesis 
cleaning 

11 (36,7%) 
19 (63,3%) 

Less frequent 
Frequent 

12 (40%) 
18 (60%) 

 

The anophthalmic socket side, as compared 
to the normal side, showed a significantly lower 
Schirmer value, it can be concluded that there is a 
significant difference in the quantity of tear film 
between anophthalmic socket side and normal side 
(Table 3). 

Table 3: Comparing the ResultsofSchirmer I TestBetween 
Anophthalmic Socket and Normal Eye of 30 Subjects With 
Acquired Unilateral Anophthalmic Socket Post-Evisceration 
with Dermis Fat Graft 

 Anophthalmic Socket 
(30) 

Normal (30) P value 

Mean (SD)[range] Schirmer I 
Test, mm 

 
8 (2,31) [5-12] 

 
15 (3,64) [10-25] 

 
0.001 

 

There was a significant associations between 
frequency of prosthesis cleaning with discharge and 
the frequency of discharge in the subjects with 
acquired unilateral anophthalmic socket post-
evisceration with dermis fat graft, P = 0.001 (P <0.05) 
,where the frequency of discharge was frequent in 
subjects who more frequently cleaning the prosthesis 
(Table 4).  

Table 4:  Associations Between Frequency of Prosthesis 
Cleaning withDischargeCharacteristics Among 30 Subjects 
with Acquired Unilateral Anophthalmic Socket Post-
Evisceration with Dermis Fat Graft 

 
Discharge 
Characteristics 

Frequency of Prosthesis Cleaning 
Total  

P value 
Less frequent Frequent 

n % n % n % 

Frequency       
0.001*  Less frequent 12 40 0 0 12 100.0 

 Frequent 0 0 18 60 18 100.0 
Color       

0.062 
 Mucoid 6 66.7 3 33.3 9 100.0 
 Mucopurulent 6 28.6 15 71.4 21 100.0 
Viscosity       
 Runny 6 54.5 5 45.5 11 100.0 

0.197 
 Thick 6 31.6 13 68.4 19 100.0 

 

There was a significant associations P = 
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0.024 (P < 0.05) between the frequency of prosthesis 
cleaning and the quantity of tear film in the the 
subjects with acquired unilateral anophthalmic socket 
post-evisceration with dermis fat graft (Table 5). 

The 30 subjects with acquired unilateral 
anophthalmic socket post-evisceration with dermis fat 
graft, showed a significantly lower Schirmer valuein 
the subject with frequent prosthesis cleaning than 
subject with less frequent prosthesis cleaning (Table 
5). 

Table 5: Associations between Frequency of Prosthesis 
Cleaning with Tear Film Among 30 Subjects with Acquired 
Unilateral Anophthalmic Socket Post-Evisceration with Dermis 
Fat Graft 

 
Characteristic 

Frequency of Prosthesis Cleaning 
Total 

P value Less frequent Frequent 

mean n mean n n % 

Schirmer I 
Test,mm 

9.08 12 7.17 18 30 100.0 0.024* 

 

A significant association (P = 0.024) between 
the quantity of tear film with the frequent of discharge, 
which the tear film quantity is lower than less 
frequency of discharge (Table 6). 

Table 6: Associations between Tear Film with Discharge 
Characteristics Among 30 Subjects with Acquired Unilateral 
Anophthalmic Socket Post-Evisceration with Dermis Fat Graft 

Discharge Characteristics 
Schirmer I Test 

P value 
 mean mm  

Frequency     
0.024* Less frequent  9.08 12  

Frequent  7.17 18  
Color     

0.100 
Mucoid  9 9  
Mucopurulent  7.48 21  
Viscosity     
Runny  8.27 11  

0.551 
Thick  7.74 19  

 

 

 

Discussion 

 

The anophthalmic socket varies between 
individuals and their condition and shape are affected 
by loss of eyes, surgical techniques, types of implants 
that have accommodated a prosthetic eye and age. 
This problem willcertainly affect the quality of life of 
patients. This problem willcertainly affect the quality of 
life of patients. Problems that can be encountered in 
the patients anophthalmic socket are the presence of 
discharge, dry eye and poor prosthesis cosmetics 
such as not symmetrical with the other eye, the size of 
the prosthesis is too large or small can cause changes 
in the eyelid position (pseudoptosis or eyelid 
retraction), decreased motility prosthesis, discomfort 
and pain in the anophthalmic socket. Patients with 
anophthalmia sockets need rehabilitation to look 
normal and live a stress-free life [1], [2], [5]. 

Table 1 shows that the most from 30 subjects 
with acquired unilateral anophthalmic socket post-

evisceration with dermis fat graftin males is 21 people 
(70%), while in women is 9 people (30%). The mean 
age of the study in males is 46 years and women are 
50 years old. The mean ageat eye loss in males is 34 
years and women are 26 years old. The 
anophthalmicsides in the right eye as 17 people 
(56.7%) and left eye is 13 persons (43.3%). The most 
reason for eye loss in the study is accident in 16 
people (53.3%), while the medical reasonin 14 people 
(46.7%). The median time since prosthesis fitted is 12 
years. 

Discharge a common complaint of an 
anophthalmic socket patient that affects the quality of 
his life and there may be many underlying causes. 
Discharge is the glandular product of the bulbi 
conjunctiva released by goblet cells. The most 
common cause is giant papillary conjunctivitis. The 
pathogenesis is a combination of the immunological 
response to the mechanical trauma of the prosthesis 
[6], [7]. 

Using a visual analog scale for doing self-
reporting of discharge characteristics (frequency, rare 
or frequent), color (mucoid or mucopurulent), and 
viscosity (runny or thick) [7], [8]. 

Table 2 shows subject with frequent 
dischargeis 18 people (60%), while less frequent 
dischargeis 12 people (40%). The most color of 
discharge is mucopurulent in 21 people (70%), while 
mukoid in 9 people (30%). The most viscosityof 
discharge is thick in 19 people (63.3%), while the 
runnyin 11 people (36.7%). Subject with frequent 
prosthesis cleaningis 18 people (60%) have ahigher 
frequency of discharge than subjects with less 
frequent prosthesis cleaningis 12 people (40%). 

Losing of eyeball is accompanied by a 
rearrangement of the conjunctiva and lacrimal 
apparatus. Furthermore, following the fitting of an 
ocular prosthesis, cytological features of the 
conjunctiva undergo a change, as does the nature of 
tears. After enucleation or evisceration, the loose 
conjunctival lining of the newly formed socket adjusts 
as it heals and there is an inevitable loss of 
conjunctiva area [1], [2]. 

The provision of a prosthetic eye restores the 
fornices, which may have temporarily fore shortened, 
and returns the eyelids to their original positions 
where they resume their normal function. The 
presence of a prosthesis is necessary for basic tear 
distribution and drainage to resume although it may 
not operate as efficiently as previously. Lacrimal 
system efficacy in the anophthalmic socket (with 
structures intact) greatly depends upon the fit of the 
prosthesis. The prosthesis entering the anophthalmic 
socket will be contact with the conjunctiva, the eyelid 
will moisten the prosthesis with ocular fluid and rest 
on the surface of the sediment with ocular fluid and 
collecting precipitate on its surface. Protesa 
intolerance, tear delivery impeded by conjunctival 
scarring or lack of sensory reflex impulse to the 
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lacrimal gland of the ocular surface is often associated 
as a cause of dry eye in the anophthalmic socket 
patient [8], [9], [10], [11], [12]. 

In Table 3 showed that the results of the 
Independent t-Test can be concluded that there is a 
significant difference in the quantity of the tear film 
between the anophthalmic socket with the normal eye, 
where the quantity of the tear film in the anophthalmic 
socket is lower than the eye in the normal eye. It is in 
line with study by Allen at al who reported that the tear 
volume of the anophthalmic socket is not the same as 
the normal eye, as the tear volume on the 
anophthalmia socket have been less than in the 
normal eye. However, unlike previous study by Kim et 
al., showed that no statistically significant difference in 
Schirmer test results between anophthalmic socket 
with normal eye [12]. 

Recommendations for the cleaning of ocular 
prosthesis are no more than 1 month and no less than 
six months. A monthly cleaning of the prosthesis to 
remove the precipitate from the prosthesis surface 
and the ability of the conjunctiva to increase 
lubricating fluid on the socket reduces mechanical 
irritation resulting from friction of the prosthesis with 
conjunctiva and reduces the production of secretions. 
Mechanical irritation may be caused by the removal of 
the prosthesis, exposure to foreign materials or 
bacteria during the cleaning of the prosthesis so that it 
enters the socket. The presence of sediment is 
associated with fewer conjunctival inflammations and 
discharge, and that the sediment is not due to 
conjunctival inflammation in patients who do not 
frequently clear the prosthesis. All patients should 
clean their prosthesis at least six months, since the 
amount of sediment accumulated during this time may 
be sufficient before the occurrence of conditions 
required for GPC or for deposits begin to disrupt the 
interpalpebral zone where the precipitate dries and 
physically disrupts the conjunctiva when it flashes [1], 
[9].

 

It is assumed that there is an irritating or 
disruptive effect on the conjunctival anophthalmic 
socket associated with the removal and reinsertion of 
the prosthesis during cleaning of the prosthesis. Little 
is known about the severity of this effect or how long it 
lasts, it takes further research to determine the 
severity of conjunctival inflammation to measure 
inflammation before and after remove and reinsert the 
prosthesis [7]. Rodiah and Monica, the using contact 
lens may cause conjunctival inflammation and 
causeddry eye syndrome [13]. The Chi-Square test 
shows subjects with frequent prosthesis cleaning had 
a significantly higher frequency of discharge than 
subjectswith less frequent prosthesis cleaning,(P = 
0.001), whereas color (P = 0.062) and viscosity of 
discharge(P = 0.197) were not significantly different 
between these2 groups. 

The previous study by Kashkouli MB et al., 
also found that frequent prosthesis removal had a 

significantly higher frequency of discharge than 
subjects with less frequent prosthesis removal, 
whereas color and volume of discharge were not 
significantly different between these 2 groups. It is in 
line with study by Pine KR et al., who reported 
thatassociations were found between discharge 
frequency and cleaning regimes with more frequent 
cleaning accompanying more frequent discharge. No 
associations were found between color of discharge 
and cleaning regimes, but viscosity was associated 
with cleaning regimes and years of wearing with more 
frequent cleaning accompanying more viscous 
discharge. Different with previous research by Kim et 
al., and Chang WJ et al., compared inflammatory 
conjunctival of anophthalmic socket with contralateral 
eyes, showed no association between conjunctival 
inflammation and aspects of prosthesis use, including 
the frequency cleaning of the prosthesis [7]. Many 
studies have been explained the etiology of discharge 
most common and disturbing patient anophthalmic 
socket. There are two theories about the etiology of 
discharge: 1) growth of bacterial, specific of the 
infection process; and 2) reduced tear production [9]. 

In Table 5 with the Independent t-Test 
showedsignificant association (P = 0.024) between 
the frequency of cleaning prosthesis with the quantity 
of tear film in subject with anophthalmic socket, where 
the tear film quantity is lower in the subject 
withfrequent prosthesis cleaning than subject with less 
frequent prosthesis cleaning. It is in line with study by 
Kim et al, specimens from patients who cleaned their 
prosthesis once a day showed significantly less goblet 
cell density and greater nucleus to cytoplasm ratios at 
the superior tarsal conjunctiva than those who 
cleaned less often. The results of Kim et al., did not 
agree with the earlier results of an investigation by 
Chang et al., which found no statistical difference in 
goblet cell density or epithelial cell morphology in 12 
anophthalmic patients with giant papillary 
conjunctivitis. 

In Table 6, shows the results of Independent 
t-Test is a significant association (P = 0.024) between 
the quantity of tear film with the frequent of discharge, 
which the tear film quantity is lower than less 
frequency of discharge, whereas color (P = 0.100) and 
viscosity of discharge (P = 0.551) were not 
significantly different between these 2 groups. Allen et 
al., or Fett et al., directly linked low basic tear 
production or the use of prosthetic lubrication with the 
discharge problem. 
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Abstract 

BACKGROUND: Bacterial infections are involved in more than a half of the exacerbations of chronic obstructive 
pulmonary disease (COPD).  

AIM: To evaluate the efficacy and safety of moxifloxacin in the outpatient treatment of moderate exacerbations of 
bacterial origin in the COPD patients. 

METHODS: We performed a prospective, observational study including 64 COPD patients with moderate 

exacerbation of bacterial origin empirically treated with moxifloxacin. In 31 of them, moxifloxacin was used as an 
initial antibiotic (Group 1), whereas in 33 of them moxifloxacin was used after treatment failure with another 
antibiotic (Group 2). All patients have treated 7 days with moxifloxacin 400 mg once daily per os, and they were 
followed up for 20 days, with an intermediate visit at 3, 5 and 7 days at which the duration of symptoms and the 
side effects of the drug were evaluated. 

RESULTS: We registered high clinical success rate, i.e. the complete resolution of the symptoms or their return to 
the baseline severity, similar in both groups (84.3% in all study subjects, 83.9% in the Group 1 and 84.8% in the 
Group 2). The mean time to complete resolution of the cardinal symptoms or their return to the baseline severity 
was 5.2 ± 1.1 days. Also, the mean time to complete resolution of the certain cardinal symptoms (increased 
dyspnea, increased sputum volume and increased sputum purulence) or their return to the baseline severity is 
given 4.9, 4.7 and 4.2 days, respectively. The incidence of adverse effects during the treatment with moxifloxacin 
in all study subjects was 10.9%, 9.6% in Group 1 and 12.1% in Group 2. There was no serious adverse effect that 
required discontinuation of the treatment. Relapse during a 20 days follow-up period was registered in 7.4% of the 
all study subjects with complete resolution of the cardinal symptoms or their return to the baseline severity, i.e. in 
two patients from both Group 1 and Group 2 (7.6% and 7.1%, respectively).  

CONCLUSION: Our findings suggest high efficacy and good tolerability of moxifloxacin in the treatment of 
moderate COPD exacerbations of bacterial origin. 

 
 
 
 
 
 
 
 

 

Introduction 

 

Exacerbations of chronic obstructive 
pulmonary disease (COPD) are important events in 
the course of the disease because they greatly 
contribute to the rates of hospitalisation and 
readmission, disease progression and mortality. 
According to the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) 2017 Report, 
COPD exacerbations are defined as an acute 

worsening of respiratory symptoms that result in 
additional therapy [1]. Respiratory infections, 
environmental and occupational exposures, 
discontinuation of the regular treatment, and 
worsening of the comorbid conditions are considered 
as causes of exacerbations, but in up 20% of the 
cases, the cause of exacerbation remains unknown 
[2] [3]. 

The goals of treatment for COPD 
exacerbations are to minimise the negative impact of 
the current exacerbation and prevent the development 
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of subsequent events. According to their severity and 
management, COPD exacerbations are classified as 
mild (treated with short-acting bronchodilators), 
moderate (treated with short-acting bronchodilators 
plus antibiotics and oral corticosteroids) and severe 
(requiring hospitalisation or visit to the emergency 
room). Depending on the severity of an exacerbation 
and/or the severity of the underlying disease, an 
exacerbation can be managed in an outpatient or 
inpatient setting. More than 80% of COPD 
exacerbations are managed in an outpatient setting 
with pharmacological treatment including short-acting 
bronchodilators, antibiotics and/or corticosteroids [1].  

Respiratory infections account for up to 80% 
of exacerbations, of which bacterial infections are 
involved in around 50-70%. The predominant bacteria 
recovered from the lower airways in patients with 
chronic bronchitis (CB) and COPD exacerbations are 
Streptococcus pneumoniae, Haemophilus influenza, 
and Moraxella catarrhalis. Atypical bacteria, e. g. 
Mycoplasma pneumoniae and Chlamydia 
pneumoniae are implicated in up to 10% of 
exacerbations [4] [5]. The criteria of Anthonisen i.e. 
increased dyspnea, sputum volume and purulence, 
are still the most important classification system to 
identify patients likely to be infected with bacterial 
pathogens based on the presentation of clinical 
symptoms [6] [7] [8]. Current treatment guidelines 
recommend antibiotic therapy in patients with 
Anthonisen criteria of type I (all cardinal symptoms) or 
II (two cardinal symptoms) if increased purulence of 
sputum is one of the two symptoms and in patients 
who require mechanical ventilation (invasive or non-
invasive). The choice of the antibiotic is based on the 
local bacterial resistance pattern. Usually, initial 
empirical treatment is an aminopenicillin with 
clavulanic acid, macrolide, or doxycycline. The 
recommended length of antibiotic therapy is 5-7 days. 
Resolution of exacerbation is considered as a 
complete resolution of cardinal symptoms or their 
return to the baseline severity [1] [9] [10].  

Moxifloxacin is a fourth generation 
fluoroquinolone with a broad spectrum of activity 
against a wide range of the microorganisms, including 
Gram-positive and Gram-negative bacteria, atypical 
pathogens, and anaerobic bacteria, i.e. against nearly 
all treatable bacteria associated with COPD 
exacerbations, including Streptococcus pneumoniae, 
Haemophilus influenza, Moraxella catarrhalis, most 
Staphylococcus aureus, Mycoplasma pneumoniae, 
Chlamydia pneumoniae, etc. Also, moxifloxacin may 
be regarded as the most excellent tissue ability. 
Common side effects associated with the use of 
moxifloxacin are abdominal discomfort, nausea, 
vomiting, diarrhoea, headache, dizziness, blurred 
vision, anxiety, and skin itching. Serious side effects 
of moxifloxacin which occur rarely include severe 
diarrhoea, acute allergic reactions, connective tissue 
problems (tendon rupture and joint problems), muscle 
pain, confusion, agitation, depression, and prolonged 

QT heartbeat interval [11] [12] [13].  

The present study aims to evaluate the 
efficacy and safety of moxifloxacin in the outpatient 
treatment of moderate bacterial exacerbations in 
COPD patients.  

 

 

Material and Methods 

 

A prospective, observational study (a real life-
study) including 64 COPD patients with moderate 
exacerbation with clinical presentation suggesting 
bacterial origin, 39 males and 25 females, aged 43 to 
77 years. The diagnosis of COPD in all patients was 
established according to the actual GOLD criteria [1]. 
All participants were informed about the study, and 
their written consent was obtained.  

The study was carried out in the period 
August 2017-November 2017 at the Institute for 
Occupational Health of R. Macedonia, Skopje-WHO 
Collaborating Center. The study of the effects of 
various antimicrobial regimens on the clinical course 
of exacerbations of chronic bronchitis and COPD 
carried out by Miravittles et al., [14] was used as a 
model. 

Including criteria was the presence of a 
moderate exacerbation of probably bacterial origin 
which can be managed on an outpatient basis. The 
diagnosis of bacterial exacerbation was defined by the 
patient’s symptoms, using the criteria described by 
Anthonisen et al., [6]. Also, all patients underwent 
clinical examination, spirometry, blood gas 
measurements, ECG, and laboratory analysis. Chest 
X-ray was performed in a part of the patients by 
indications.  

Excluding criteria were mild and severe 
exacerbations, patients with exacerbation type III (one 
cardinal symptom) or type II if increased purulence of 
sputum was not one of the two symptoms, patients 
with asthma, cystic fibrosis, malignancy, pneumonia 
and pulmonary embolism and patients with known 
hypersensitivity to moxifloxacin. 

All study subjects were treated 7 days with 
moxifloxacin 400 mg once daily per os. In about a half 
of the patients enrolled in the study (31/64) 
moxifloxacin was given as an initial empirical 
treatment (Group 1), whereas in the rest of the study 
subjects (33/64) moxifloxacin was given after 
treatment failure with other antibiotic (aminopenicillin 
with clavulanic acid, clarithromycin, or doxycycline) 
(Group 2). The study subjects were advised to 
continue the regular treatment of stable COPD, as 
well as to use short-acting bronchodilators when 
needed. All study subjects had intermediate visits at 3, 
5 and 7 days at which they were evaluated about the 
duration of symptoms and the side-effects of the drug. 
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The course of exacerbation was evaluated as a 
function of the resolution of the symptoms, and the 
treatment was considered to be successful if complete 
resolution of cardinal symptoms or their return to the 
baseline severity was achieved. In addition, 
spirometric parameters, i.e. forced vital capacity 
(FVC), forced expiratory volume in 1 second (FEV1), 
FEV1/FVC ratio, mean expiratory flow at 50% of FVC 
(MEF50), mean expiratory flow at 75% of FVC 
(MEF775), and mean expiratory flow at 25-75% of FVC 
(MEF25-75), at the first visit and at the end of the 
treatment were compared. Relapse rates were 
registered during a 20 days follow-up period in the 
patients with remission of the symptoms.  

Statistical analysis was performed using the 
Statistical Package for the Social Sciences (SPSS) 
version 11.0 for Windows. Chi-square test was used 
for testing difference in the prevalence. Comparison of 
the mean time to relief of the symptoms and the mean 
FEV1 values was performed by independent-samples 
t-test. A P-value less than 0.05 was considered as 
statistically significant.  

 

 

Results 

 

The characteristics of the study subjects are 
shown in Table 1. 

Table 1. Characteristics of the study subjects 

Variable Study subjects 
(n = 64) 

Males  
Mean age (years) 

39 (60.9%) 

53.4  9.3 
Mean duration of COPD (years) 
 
COPD severity* 
GOLD 2 (50% ≤ FEV1 < 80% predicted) 
GOLD 3(30% ≤ FEV1 < 50% predicted) 
 
Type of exacerbation** 
Type I  
Type II  
 
Increased dyspnea 
Increased sputum volume 
 Increased sputum purulence 
 
Smoking status*** 
Current smokers  
Pack-years smoked 
Ex-smokers  
Passive smokers  
 
Comorbidities 
Arterial hypertension 
Depression 
Diabetes mellitus type 2 

12.1  5.7 
 
 

34 (53.1%) 
30 (46.9%) 

 
 

35 (54.7%) 
29 (45.3%) 

 
53 (82.8%) 
47 (73.4%) 
64 (100%) 

 
 

18 (28.1%) 

11.7  4.3 
21 (32.8%) 
14 (21.8%) 

 
 

23 (35.9%) 
10 (15.6%) 
7 (10.9%) 

Numerical data are expressed as a mean value with standard deviation; the frequencies 
as a number and percentage of examinees with a certain variable. COPD: chronic 
obstructive pulmonary disease: GOLD: Global Initiative for Chronic Obstructive Lung 
Disease; FEV1: forced expiratory volume in 1 second. * COPD severity was defined 
according to the severity of airflow limitation [1]; ** Type of exacerbation was defined 
according to the Anthonisen et al., [6] classification; *** Classification of smoking status 
was done according to the World Health Organization recommendations [15]. 

 

Moxifloxacin was not discontinued 
prematurely in any patient enrolled in the study. The 
percentage of clinical success (i.e. complete 
resolution of the cardinal symptoms or their return to 
the baseline severity) in all study subjects was 84.3% 

(54/64) being similar in the study subjects of both 
Group 1 (83.9%, i.e. 26/31) and Group 2 (84.8%, i.e. 
28/33) (Figure 1).  
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Figure 1: the Clinical success of the treatment with moxifloxacin 

 

The mean time to complete resolution of the 
cardinal symptoms or their return to the baseline 
severity was 5.2 ± 1.1 days. The mean time to 
complete resolution of the certain cardinal symptoms 
or their return to the baseline severity is given in 
Figure 2. 
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Figure 2: Mean time to complete resolution of the certain cardinal 
symptoms or their return to the baseline severity 

 

Mean values of the measured spirometric 
parameters after the treatment with moxifloxacin were 
significantly higher as compared to their pre-treatment 
mean values (Table 2). 

Table 2: Pre-and post-treatment mean values of the spirometric 
parameters 

Spirometric parameter Pre-treatment 
mean value 

(% pred) 

Post-treatment 
mean value 

(% pred) 

P-value 

FVC 
FEV1 
FEV1/FVC ratio 

69.4 ± 8.7 
50.1 ± 7.4 

0.57 ± 0.05 

74.3 ± 9.1 
54.7 ± 6.7 

0.61 ± 0.03 

0.0023 
0.0003 
0.0000 

MEF50 
MEF75 
MEF 25-75 

43.5 ± 9.7 
34.1 ± 11.3 
62.4 ± 10.8 

49.2 ± 10.2 
38.3 ± 9.4 

68.1 ± 11.2 

0.0015 
0.0239 
0.0040 

% pred: % of predicted value; FVC: forced vital capacity; FEV1: forced expiratory volume in 
1 second; MEF50: mean expiratory flow at 50% of FVC; MEF75: mean expiratory flow at 
75% of FVC; MEF25-75: mean expiratory flow at 25-75% of FVC.  

 

The incidence of adverse effects during the 
treatment with moxifloxacin in all study subjects was 



Clinical Science  
_______________________________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________________________ 

2020                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

7.8% (5/64), 6.5% in the Group 1 (2/31) and 9.1% in 
the Group 2 (3/33) (Figure 3). Registered side effects 
were mild and self-limited, i.e. there was no serious 
adverse effect that required discontinuation of the 
treatment. Dyspeptic problems (nausea, vomiting, and 
epigastric pain), headache and dizziness were the 
most frequent adverse events. 
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Figure 3: Incidence of adverse effects during the treatment with 
moxifloxacin 

 

Relapse during a 20 days follow-up period 
was registered in 7.4% of the all study subjects with 
complete resolution of the cardinal symptoms or their 
return to the baseline severity (4/54), i.e. in two 
patients from both Group 1 and Group 2 (7.6% and 
7.1%, respectively) (Figure 4). 
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Figure 4: Incidence of relapses after treatment with moxifloxacin 
during 20 days follow-up period  

 

 

Discussion 

 

COPD is one of the leading causes of 
morbidity and mortality worldwide that induces 
substantial and increasing economic and social 
burden. Also, exacerbations are the most frequent 
cause of hospitalisation and death in patients with 
COPD, so their treatment and prevention have great 
importance in the management of the disease. 

In the present study, we assessed the efficacy 

and safety of moxifloxacin in the outpatient treatment 
of moderate COPD exacerbations with clinical 
manifestations indicating bacterial origin. The 
diagnosis of exacerbation was based on the presence 
of clinical symptoms and lung function measurements 
without microbiological evaluation of the sputum. 
According to the actual recommendations, sputum 
analysis should be reserved for patients with frequent 
exacerbations and for chronic purulent sputum in 
whom the presence of more virulent and/or more 
resistant bacteria is likely [3] [9] [16]. Moxifloxacin was 
an initial treatment in about a half of the study 
subjects, whereas in the rest it was given following 
treatment failure with amoxicillin with clavulanic acid, 
clarithromycin, or doxycycline. We found a large 
proportion of active and passive smokers among 
examined subjects that was similar to its prevalence in 
adults documented in our previous studies [17] [18].  

Results of the present study indicated a high 
clinical success rate (84.3%) and time-course of the 
recovery (5.2 days). Similar results were obtained in 
our study on efficacy and tolerability of eight 
antimicrobial regimens in the outpatient treatment of 
exacerbations of COPD performed in 2013. Namely, 
the clinical success rate for moxifloxacin in that study 
was 80.9%, while the mean time for complete 
resolution of the symptoms of exacerbation or their 
return to the baseline severity was 5.7 days [19] [20]. 
Furthermore, results indicating a high efficacy of 
moxifloxacin in the treatment of COPD exacerbations 
were obtained in several other studies. In the meta-
analysis of 11 randomized controlled studies Kai-
Xiong et al. found that moxifloxacin was as clinically 
equivalent and bacteriologically superior to the 
antibiotic regimens routinely used in patients with 
exacerbations of CB and COPD and concluded that 
therapy with moxifloxacin might be a promising and 
safe alternative to empirical treatment for CB and 
COPD exacerbations [21]. Also, in the comparison of 
the efficacy of oral moxifloxacin versus other 
intravenous antibiotics in patients with COPD 
exacerbations requiring urgent admission, Juan Pator 
et al., found that ab initio oral moxifloxacin is an 
effective alternative to other intravenous antibiotics 
(amoxicillin with clavulanic acid, ceftriaxone, or 
levofloxacin) [22].  

In a prospective observational study 
conducted in eight Eastern European countries 
including 2,536 patients older than 35 years with CB 
or COPD exacerbation treated with moxifloxacin for 5, 
7 and 10 days, Chuchalin et al., reported very good or 
good efficacy in 97.7% of the treated patients, 
sufficient in 1.8%, and insufficient in 0.5% [23]. In the 
Moxifloxacin in Acute Exacerbations of Chronic 
Bronchitis Trial (MAESTRAL), Wilson et al., found 
significantly lower clinical failure rates in the patients 
with COPD exacerbations treated with moxifloxacin as 
compared to the patients treated with amoxicillin with 
clavulanic acid [24].  

There is consistent evidence that the most 
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commonly associated side effects of antibiotics used 
in the treatment of COPD exacerbations are 
gastrointestinal and that the risk of Clostridium 
difficile-associated diarrhoea may be increased with 
antibiotic use [25]. In the present study, we found a 
low incidence of mild side effects during the 
moxifloxacin treatment (7.8%) that did not require its 
discontinuation. Similar incidence and severity of the 
adverse effects during moxifloxacin therapy were 
found in our study performed in 2013 (7.1%) [19]. The 
incidence of side effects ranging from 4 to 12% is 
reported in several studies on the safety of 
moxifloxacin during treatment of COPD exacerbations 
[21] [24] [26]. In the study performed by Chuchalin et 
al. reported incidence of serious adverse effects 
during moxifloxacin treatment (atrial fibrillation, acute 
myocardial infarction, diplopia, allergic oedema, 
amnesia, and skin reaction) considered to be drug-
related was 0.15% [23]. 

One of the main goals of treatment of COPD 
exacerbations is to prevent the development of 
subsequent events as exacerbations can cluster in 
time, and once a COPD patients experience an 
exacerbation, they will show increased susceptibility 
to another event [1] [27]. In the present study, the 
incidence of relapses during the follow-up period was 
7.4%. Several studies indicated a low incidence of 
relapses after the treatment of COPD exacerbations 
with moxifloxacin and a prolonged time to the next 
exacerbation [28] [29] [30].  

The present study must be interpreted within 
the context of its limitations. First, the results obtained 
should be viewed with caution, since the study was 
neither blinded nor randomised and, therefore, can be 
a subject to possible selection bias. On the other 
hand, the study design may be its strength, as it is 
documented by other real life-studies. Second, a 
relatively small number of the study subjects could 
have certain implications on the data obtained and its 
interpretation. Third, the short follow-up period could 
also have certain implications on the data obtained 
and its interpretation.  

In conclusion, in a prospective, observational 
study on efficacy and tolerability of moxifloxacin in the 
treatment of moderate exacerbations of COPD in the 
outpatient setting, we found high clinical success rate 
and low incidence of side effects indicating good 
tolerability. Our findings suggest that moxifloxacin can 
be used as a first choice antibiotic in the outpatient 
treatment of moderate bacterial exacerbations of 
COPD.  
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Abstract 

AIM: The objective of this study was to evaluate the frequency of risk factors for bacteremia in children less than 
15 years of age was determined in Bahrami Hospital during 2013-2016.  

METHODS: This study conducted on 84 children aged 3 months’ to15 years old, who hospitalised in the 
pediatrics ward and the PICU in Bahrami Hospital from 2012 to 2016. Our study consisted of 46 boys (54.2%) and 
38 girls. Moreover, 24.1% of subjects (20 patients) were entered in the study as young as three months old, 
followed by three months to three years (49.4 %; 41 subjects), and 3 to 15 years of age (26.5%; 22 individuals).  

RESULTS: The average hospitalization duration was determined to be 15.30 ± 8.75 days. Moreover, our results 
revealed that a history of blood transfusion in 11.2% of patients. On the other hand, 35.7% of cases were 
determined to be positive for blood cultures. The microorganisms reported from positive blood cultures include 
Enterobacter (81.48%), Escherichia coli (11.11%) and Klebsiella (3.70%). Also, 50% of patients were hospitalised 
in the internal ward, 12% received immunosuppressive drugs, and 96.4% of the patients had a history of 
vaccination.  

CONCLUSION: Pediatric severe sepsis remains a burdensome public health problem, with prevalence, morbidity, 

and mortality rates similar to those reported in critically ill adult populations. International clinical trials targeting 
children with severe sepsis are warranted. 

 
 
 
 
 
 
 
 
 
 

 

Introduction 

 

Systemic Inflammatory Response Syndrome 
(SIRS) is an inflammatory state initiated by the host in 
response to infectious or noninfectious insult. Sepsis 
is known to be a life-threatening complication, which 
can be referred to SIRS due to a suspected or 
confirmed infection [1]. Bacteremia diseases one of 
the most serious infectious diseases in children, which 
can be potentially life-threatening. Bacteremia can be 
caused by a wide range of gram-negative and gram-
positive microorganisms and can be manifested with 
or without a specific site of infection, such as 
pneumonia or meningitis. Some bacteremia is a 
transient self-limiting [2] [3]. An epidemiological study 

of sepsis has shown that in the period from 1979 to 
2000, Gram-positive infections have dominated [4], 
although recent studies of 14,000 patients in 75 
countries have suggested that the cases composed 
predominantly of gram-negative bacteria (62%), 
followed by gram-positive (47%) and fungi (19%) [5]. 

The incidence of bacteremia in children in the 
hospital and outpatient department has been 
investigated. The most common microorganisms in 
healthy children over a month of age are 
pneumococcal bacteremia, Haemophilus influenzae 
type B, and Neisseria meningitidis, which is 
characterised by moderate to severe pathogenesis. 
Staphylococcus aureus, Salmonella and 
Streptococcus A have been reported in children and 
also in children who suffer from pyelonephritis or 
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diarrhoea due to Gram-negative bacteria [5]. 

The underlying disease in children reduces 
the host's response to the infection and may cause 
bacteremia to spread by the same microorganisms. In 
this group of children, especially when hospitalised, 
Enterobacteriaceae, Staphylococcus aureus, 
Staphylococcus coagulase negative and fungi are the 
most important organisms that are commonly isolated 
from the blood cultures [7] [8]. The use of 
intravascular and urethral catheters, endotracheal 
tubes, and other extraneous materials will make 
children with immunodeficiency disease more 
susceptible to infections.  

The prevalence of septicemia detected over 
the years has increased, partly due to the 
advancement of medical technology and an increase 
in the number of people with a life-threatening 
immunodeficiency, where they can be survived [9]. 
The most common cause of catheter-related sepsis is 
gram-positive bacteria, especially coagulase-negative 
staphylococci (CoNS), and gram-negative bacteria [6]. 
Children's bacteremia can lead to complications such 
as severe sepsis, septic shock, and ultimately death. 

The severity of mortality rate from septic 
shock depends on the following factors, such as the 
location of infection, bacterial pathogens, and 
multifocal dysfunction and host immune responses. 

It should be noted that severe sepsis is still 
one of the leading causes of death in children. Recent 
data indicate therapeutic strategies at improving 
sepsis outcomes in children with a mortality rate of 
about 10%. Infants, especially those who are shown 
as having a low birth weight and children with chronic 
medical conditions are at the highest risk of severe 
sepsis [7] [8] [9]. The mortality rate of the child's 
patients who undergo bone marrow transplantation is 
higher than that of other patients with septic shock. It 
should be taken into consideration that severe sepsis 
encompasses a large national cost, where the median 
admission period is 31 days for children; while for 
infants, the median admission period is 53 days. The 
highest incidence of severe sepsis was observed 
among infants and the lowest among children aged 
5to14 [10].  

Despite the advances in drugs and 
vaccinations, sepsis can usually lead to septic shock 
and eventually death. This disease remains a problem 
of pediatric medicine. Regarding the importance of 
sepsis, the present study was designed to identify the 
most common risk factors for reducing morbidity and 
mortality and treatment costs. The frequency of risk 
factors for bacteremia in children under 15 years of 
age was determined in Bahrami Hospital during 2013-
2016. 

 

 

 

Material and Methods 

 

This descriptive and cross-sectional study 
was conducted to determine the frequency of risk 
factors for bacteremia in children under the age of 15 
in Bahrami Hospital. Patient information was collected 
based on the evidence in hospital records. All the 
necessary specifications were recorded in information 
forms, which included age, gender, gestational age, 
weight, the cause of hospitalisation, hospitalisation 
date, discharge date or death, blood and urine culture 
results, cerebrospinal fluid, a graph of the chest, 
Positive clinical signs and routine blood tests. 

This retrospective study was conducted on 
patients diagnosed with bacteremia in Tehran's 
Bahrami Hospital in Tehran during the years 2013 to 
2016. It should be noted that Bahrami Hospital is 
classified in the third level of care and many of its 
patients are referenced from other medical centres in 
Tehran and other cities. Patients are admitted to the 
intensive care unit at the age of 1 month to 15 years. 
The possibility of non-invasive monitoring and 
mechanical ventilation is provided for all patients. 

In this study, patients (aged > 15 months < 15 
years) were diagnosed with septic sepsis or septic 
shock at the time of admission. Exclusion criteria 
included the history of surgery during hospitalisation 
or having underlying conditions such as malignancy or 
immune compromised patient with bacteremia. All 
patients were evaluated for many factors such as 
underlying variables, duration of the disease, previous 
medical history, and previous use of the drug, 
symptoms based on the definitions of sepsis, as well 
as the initial infection site, tests, positive culture 
responses, therapeutic response and the ultimate 
fate. Of all children referring to the treatment centre, 
84 samples were examined. The number of patients in 
this study was determined by the census. Declaration 
of Helsinki was applied for all patients as a statement 
of ethical principles for medical research . 
Furthermore, no additional financial or spiritual burden 
was imposed on patients, and all information was 
remained confidential. 

All the analyses were performed using EpiInfo 
(version 6, Centers for Disease Control and 
Prevention, Atlanta, GA, U.S.A.). Mean, and 
proportions were compared by Student t-test and chi-
squared. P < 0.05 was considered to be statistically 
significant. 

 

 

Results 

 

The children studied consisted of 46 boys 
(54.2%) and 38 girls (45.8%). In terms of age, 
24.1%of subjects (20 patients) were enrolled as young 
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as one to three months old, 49.4% (41 subjects) were 
three months to three years, and the remaining 26.5% 
(22 individuals) included children with 3 to 15 years of 
age (Figures 1 and 2). The average length of stay in 
hospitals (ALOS) was calculated to be 15.30 ± 8.75. 

 

Figure 1: Frequency of different age groups in this study 

 

Table 1 and Figure 2 show the list patient with 
bacteremia.  

Table 1: Frequency of underlying illness in patients 

Underlying disease Number Per cent 

Malignancy 01 01.1 
Kidney 1 1.2 
Cardiac 2 2.4 
Respiratory 3 3.3 
Digestive 1 1.2 
Endocrine and Metabolic 3 3.3 
Nervous 12 32.0 
No underlying illness 31 33.3 
Total 22 011 

 

The results revealed that 63.6% of the 
patients had an underlying disease, followed by 
neurological diseases (34.1%) and malignancies 
(12.2%), and less than one-quarter of the patients 
exhibited growth impairment, which growth fell below 
5% of the growth curve.  

 

Figure 2: Frequency of underlying illness in patients 

A peripheral venous catheter (PVC) was used 
for 52.4% of children, followed by nasogastric tube 
(7.7%), intubation (14.7%) and urinary catheter 
(4.9%), (Figure 3). A record of blood intake was found 
in 11.2% of the subjects. 

 

Figure 3: Frequency of methods used for blood intake 

 

Positive cultures were reported in 35.7% of 
subjects. The frequency of microorganisms reported 
from positive blood cultures was as follows: 
Enterobacter was observed in 81.48% of positive 
cultures, followed by Escherichia coli (11.11%), 
Klebsiella (3.70%) and CoNS (3.70%). It is worth 
noting that 50% of patients were admitted to the 
general ward, followed by infectious diseases section 
and the pediatric intensive care unit (PICU). 
Regarding the positive results of blood cultures, a 
number of clinical symptoms were recorded in 
patients including fever (34.0%), respiratory 
symptoms (19.7%), coughing (12.8%), respiratory 
distress (6.9%), gastrointestinal symptoms (20.7%), 
diarrhea (7.9%), vomiting (12.8%), torpidity (12.8%), 
dermal signs (1.5%), (Figure 4) 

 

Figure 4: Frequency of clinical symptoms in patients 

 

Manifestation 

Procedure 
History 
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The results of the present study indicated that 
23.5% of the cases received antibiotics, while 12% 
have taken an immunosuppressant drug the 
remaining 96.4% received the vaccine. 

Given laboratory findings, WBCs changes 
reached to fewer than 3,000/μl in 13.3% of subjects, 
64% showed an increased WBCs level, ranging from 
3,000 to 15,000. Moreover, the remaining 25.3% 
showed WBC count ≥ 15,000/μL. 

Our data revealed platelet numbers equal to 
150,000 platelets for 30.1% of the subjects, followed 
by platelets ranging from 150,000 to 500,000 (56.6%) 
and platelets greater than 500,000 (13.3%). 
Furthermore, 50% of patients revealed an erythrocyte 
sedimentation rate (ESR) > 30 mm/hr. The remaining 
50% of the cases showed ESR less than 25 mm/hr. It 
should be noted that mortality in our patients was 
calculated at 37.8%. 

The following information was obtained in the 
investigation of dead children; about 26.7% of the 
cases were male deaths. Also, the number of cases in 
age groups is as follows: between 1-3 months of age 
(26.7%), 3 months to 3 years (48%), and between 3 -
15 years of age (25.3%). Regarding underlying illness, 
malignancy was seen in 11.3% of patients, followed 
by kidney complications (2.8%), neurological 
complications (39.4%), and no underlying disease 
(35.2%). On the other hand, based on the blood 
culture, 12.5% of the deaths showed E. coli, while 
most of them (79.2%) revealed enterobacter 

Other findings based on the medical records 
of dead children included fever (84%), abnormal white 
blood cell (38.4%; leukocytosis, leukopenia), 
abnormal platelet (43.4%; thrombocytopenia, 
thrombocytosis), blood intake (1.3%), 
immunosuppressive drug (12.5%) and history of 
antibiotic use (24.7%). 

 

 

Discussion 

 

According to the results of this study, sepsis 
was more prevalent in the age group of 3 months to 3 
years, and the disease in boys was about 10% higher 
than in girls, underlying disease was observed in 
63.6% of cases and neurological diseases were also 
the most common conditions. 

As other study indicated, sepsis was more 
common in infants from 1 month to 1 year old in 
Bahrami Hospital. Similar to our study, the prevalence 
of disease among boys was about 10% higher than 
girls. In the study above, malignancies and then 
kidney disease were the most common underlying 
disorders among patients [11]. While the current study 
demonstrated that neurological diseases are the most 
common underlying disorders that show changes in 

recent years among those referred to the centre 
because the location of the study in the two studies 
was the same. 

A study reported sepsis prevalence in 2% of 
all hospitalised subjects. The mentioned study 
revealed that 83% of patients had underlying diseases 
and hematologic disorders or neoplasms has been 
found to be the most common underlying disorder. 
Furthermore, based on the study above, Gram-
positive bacteria accounted for 68% of the septic-
influencing organisms, with the most frequent 
occurrence of Staphylococcus aureus (18%). The 
mortality due to gram-negative bacteria was higher 
than that of gram-positive [12]. 

The largest epidemiological report of severe 
sepsis in children has been derived from cohort 
studies conducted in the United States, in which the 
annual incidence of severe sepsis in children (under 
age 20) is as follows: the incidence of sepsis in 
children under one year of age has been determined 
to be 9.7%, which is much higher in comparison with 
0.25 to 0.5 in the age group of one year to 19 [13]. 

It has also been shown in the study above 
that incidence of severe sepsis in children with 
concomitant illnesses is more common than other 
children. However, despite the increasing trend in 
severe sepsis, the death rate has dropped from 10.3% 
to 8.9%. This reported data from 42 United States 
hospitals affirm the increasing prevalence of sepsis 
and a reduction in the risk of death [13]. 

Based findings of a previous study, Klebsiella 
B has been reported to be the most commonly 
isolated organism (43.75%) from children under the 
age of 10 years with sepsis, followed by 
Staphylococcus aureus (18.75%) [8]. They also stated 
that the highest prevalence was in children aged 10 to 
5 years and male to female ratio was determined to 
be 1.28:1.0. Symptoms of bacteremia are different, 
where depending on the age and underlying 
disorders, the duration of the disease, and certain 
microorganisms. Children between 3 months and 3 
years may have fever and evidence of an upper or 
lower respiratory tract infection, or an unlikely 
infectious site and bacteremia. Most studies show that 
the risk of bacteremia can develop with increasing 
body temperature, and when the body temperature 
reaches 41°C, approximately 25% of these patients 
may develop a broad array of bacteremia [9]. 

The incidence of invasive infections, sepsis 
and septic shock in children (0 to 15 years old) has 
increased in the Australian and New Zealand care 
units over a 12-year period. Severe infections are 
associated with about one-quarter of ICU deaths 
among children. In 2002-2008, the mortality rate from 
invasive and septic infections decreased by about one 
third, compared with 2008 to 2013, and septic shock 
mortality dropped by one fifth, which did not have a 
significant difference compared with the overall 
improvement in the overall survival of children 
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admitted to ICUs due to non-infectious causes [9] [10] 
[13]. 

Therefore, severe infections have an 
important impact on the health of children and impose 
significant pressure on health systems. As studies 
have shown, ICU admission due to sepsis and septic 
shock is costly, may also have adverse outcomes in 
the long term, such as neurological complications and 
disability and death [14]. 

 The incidence of severe sepsis in the United 
States increased from 0.56 to 0.89 per 1,000 children 
between 2000 and 2005, while the mortality of sepsis 
remained unchanged at 9%. , this increase in the age 
group of newborns was more than other age groups, 
and this data was not consistent with our findings [15]. 

Base on a study, pediatric patients with 
hematologic and malignant diseases who had sepsis, 
included determining the risk factors for mortality after 
the development of sepsis. The results of the study 
above indicated that more than half (52.9%) of the 
isolates from sepsis-related death belonged to Gram-
positive cocci resistant to β-lactam antibiotics. In 
mentioned study, it has been revealed that relapse 
history, history of the underlying disease, and high C 
reactive protein concentration at the onset of fever 
could be a key factor for mortality in patients with 
sepsis [16]. Sepsis is the leading cause of 5.6% of 
deaths in adult patients with trauma, but about 33% of 
brain damage has been shown a safe interrupt the 
neural axis. While TBI is a major cause of death in the 
pediatric population, it remains unclear whether 
children with neuroprotection similar to that of adults 
are at higher risk for sepsis. Therefore, a study was 
conducted to determine the relationship between 
traumatic brain injury (TBI) and sepsis in children 
under the age of 18 years between 2001 and 2012. 
Initial results of this study showed that 63.9% of 
children with any type of TBI were identified, and 
sepsis was reported in 1.0% of children, compared 
with 2.8% of children without this complication [17]. 

In our study, 34.1% of the studied population 
had sepsis with neurological disorders. These results 
are in line with our study of the prevalence of sepsis in 
children under the age of 18 in patients with a variety 
of neurological diseases. In a cross-sectional study, 
tachycardia, mental changes, abnormal condition and 
temperature were the highest regarding clinical and 
diagnostic symptoms of sepsis. The white blood cell 
count had the highest changes in laboratory tests [18]. 

In the present study, in 34.0% of cases, fever 
was observed in the clinical symptoms during 
admission. Respiratory symptoms (12.8% cough, 
6.9% respiratory distress) were recorded in 19.7%, 
followed by gastrointestinal symptoms (20.7%, 
diarrhea 7.9%, vomiting 12.8%), lethargy (12.8%), and 
dermal signs (1.5%). According to laboratory finding, 
abnormal white blood cell was seen in 38.4% of 
subjects in the present study (leukocytosis, 
leukopenia), followed by abnormal platelet (43.4%; 

thrombocytopenia, thrombocytosis), blood intake 
(1.3%), immunosuppressive drug (12.5%), antibiotic 
use (24.7%) and history of vaccination (96.4%). 

Severe sepsis remains very common in 
children and accounts for about 8% of all children with 
severe depression. Although the absolute number of 
cases of severe sepsis is 10-fold lower than adults [4] 
[19], the prevalence of 8.2% in PICU patients is highly 
similar to the proportion of adults suffering from 
severe sepsis. These results demonstrated that 16-
bed PICU is probably to be treating one child suffering 
from severe sepsis at least. Also, hospital mortality, 
which is often much lower, was determined as 25% in 
this study and is higher than estimated prevalence in 
previous epidemiological studies, where examined 
hospital data retrospectively [20]. Coexisting diseases, 
immunosuppressive diseases, and kidney diseases 
have the highest mortality rate in previous studies 
among children. However, the present study has the 
highest mortality rate for neurological diseases, but it 
cannot be determined whether the death was 
attributed to sepsis or a condition associated with an 
underlying disorder. In one-third of children with 
developing the disease, progressive organ 
dysfunction and severe functional disability are 
common in nearly one-fifth of sepsis survivors [20] 
[21] [22] [23] [24]. 

In the previous study at the same centre in 
2010-2011, most of the organisms isolated from blood 
culture were gram-positive bacteria (CoNS and S. 
aureus), [11]. In our study, the gram-negative bacteria 
Enterobacter and Escherichia coli were the most 
commonly isolated microorganisms isolated from 
blood culture in patients. Regarding the results, 
intravascular and urinary catheters were the most 
leading causes of sepsis in admitted children. 

Urinary tract infections can be considered as 
causes of sepsis among these patients. The bacteria 
of the UTI are faecal microbial flora found in the 
perineum and periurethral, where enter the bladder 
through the urethra. In uncircumcised babies, 
pathogenic bacteria can enter the urinary tract from 
the fore skin flora. The sensitivity of girls to urinary 
tract infection is due to the shorter urinary tract and 
the closeness of the perina to the urethral duct and 
colonisation of the perineal region with intestinal 
organisms. Colonization with E. coli and enterococci 
decreases during the first year of life and is naturally 
negligible after 5 years of age. In early childhood, 
Enterobacteria and Enterococci are normal 
periurethral flora, which can also be opportunistic 
agents of infections. E. coli is the dominant gram-
negative bacteria in young girls, while in boys, E.coli 
and Proteus have this condition [22] [23] [24]. 

Children are at risk of UTI due to the 
colonisation of E. coli, enterococci and Proteus in the 
surrounding area of ureter up to 5 years old. The use 
of urinary catheters increases the likelihood of UTI, 
which can justify an increase in infections reported 
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with E. coli and enterococci in the present study. To 
prove it, there is a need for other studies to review the 
positive blood cultures as well as to control the 
conditions when using the urinary catheter regarding 
sterilisation conditions. It can be concluded that the 
hospital mortality rate in the present study was 37.8%, 
which suggested a significant increase compared to 
the previous survey at the centre [11], which was 
6.1%, indicating the importance of severe sepsis as a 
major public health problem, even in children. This 
finding contrasts with reports from epidemiological 
studies that report infectious death rates of children at 
about 10.4%. The results of this study were consistent 
with other studies but also differed in parts that could 
be explained by the nature of sepsis, its underlying 
factors, the population studied, and the health and 
diagnostic standards. 

Our study was conducted in a General 
Pediatric Hospital, that the most common causes of 
sepsis were recorded in the age group of three 
months to three years old. Regarding underlying 
illnesses, neurological disorders were at the top and 
growth disturbances were estimated in more than a 
quarter of patients. This information will help us to pay 
special attention to these patients. Given dead 
children, the most common age range of the disease 
was found to be between 3 months and 3 years in the 
current study. Regarding underlying diseases and 
microorganisms, malignancies and Enterococcus 
were found to be the most common cause of disease, 
respectively, which similar results were obtained 
compared to the previous survey at the same centre 
[11]. 

Finally, it can be concluded that the 
evaluation of sepsis in each health centre is 
necessary to identify its risk factors to control and 
reduce the frequency of sepsis and to reduce 
mortality, morbidity and medical expenses. 

The limitation of the current study was small 
sample size because only 84 patients had inclusion 
criteria. 
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Abstract 

BACKGROUND: Filgrastim, a neopogen brand, is a blood-forming agent and a natural protein in the body that 
plays a role in stimulating the growth of white blood cells and protecting them against infectious agents. To the 
best of knowledge, human and animal specimens have shown the effect of Filgrastim on treating brain injuries 
regarding bone marrow transfusion into the blood, neuroprotection, stimulation of neurons for forming new neural 
networks and reducing the risk of bacterial infections.  

AIM: This study aimed to investigate the effect of Filgrastim on the prognosis of a cerebral haemorrhage in 
patients with traumatic brain injury. 

METHODS: This study was conducted as a clinical trial, in which the initial diagnosis of patients with cerebral 

haemorrhage due to head trauma was performed with a clinical examination and CT scan. After the patient 
arrives at the emergency room, the patient's initial examination is performed, and blood tests are taken from the 
patient. Moreover, CBC values (Hb, Platelet, Hematocrit) were checked and recorded in the checklist. The 
intervention group received 150 mcg/day Filgrastim injected subcutaneously for 4 days. Furthermore, patients in 
the control group received the same amount of sterile water. At the end of the treatment period, blood tests were 
performed again in all patients, and their results were then recorded. All data were analysed by SPSS v.21 
software package.  

RESULTS: Our findings revealed that the mean volume of bleeding in the intervention group based on CT scan 
was significantly reduced after four days as compared to the control group. Moreover, the mean score of 
consciousness and muscular strength of patients in the intervention group was significantly higher than the control 
group. Also, WBCs in the intervention group exhibited a significant increase after four days of intervention, while 
platelet and hematocrit levels in the intervention group decreased significantly compared to the control group. 

CONCLUSION: Regarding the results, the therapeutic application of filtration is considered to be effective. Given 

the lack of serious complications of the proposed dosages, the use of this drug can be suggested. 

 
 
 
 
 
 
 
 

 

Introduction 

 

Brain trauma and its complications, such as 
cerebral haemorrhage results from a blow or jolt to the 
head and have led to the loss of high-yielding years in 
the community, which is a leading cause of mortality. 
Traumatic brain injury is one of the key factors in 
public health, where is considered to be one of the 
most important causes of death among young people 
in rich countries.  

Given the growing growth of motor vehicles, 

the rate of brain injury in the world is increasing. It is 
estimated that more than 10 million brain injury occurs 
annually worldwide in need of hospital care. It is worth 
noting that 9% of all deaths in the world are due to 
traumatic brain injury. Surviving patients are likely to 
be affected by permanent or temporary disabilities. 
The financial burden of traumatic brain injury has 
been estimated to be more than $ 60 billion annually 
(only in the United States). Many traumatic brain 
damage develops during hospitalisation and increases 
the need for surgery or the degree of complications 
and mortality of patients [1]. Trauma is the most 
common cause of death for people ages 1 to 44 
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years. Head trauma is the most common cause of 
hospitalisation and death of traumatic patients (40 to 
50%), [2]. The traumatic brain haemorrhages are 
divided into delayed and early traumatic intracerebral 
haemorrhages. Early haemorrhages are related to 
patients who have been diagnosed with haemorrhage 
in a CT scan for up to six hours after the trauma. 
However, haemorrhage is likely to appear after 6 
hours with CT scans for various reasons, where such 
haemorrhage is called delayed intracerebral 
haemorrhage. Delayed traumatic intracerebral 
hematoma (DTICH) is one of the most important 
treatable complications of secondary brain damage in 
patients with brain trauma [3].  

Since CT scan has become commonplace as 
a good diagnostic tool, the DTICH incidence in all 
patients with brain damage is reported to be between 
0.6% and 7.4%. DTICH can include all kinds of 
cerebral haemorrhages, including intraparenchymal 
haemorrhage (IPH), subdural haemorrhage (SDH), 
and extradural haemorrhage (EDH) or epidural 
haemorrhage (EDH). Although DTICH may be present 
in a patient who has already had a history of brain 
damage, it can occur in patients with primary normal 
CT scan results. The death rate for DTICH is more 
than 35% to 40% [2]. Nevertheless, various studies 
have shown that mortality rates are significantly 
reduced in the event of timely diagnosis and rapid 
treatment [3]. In the absence of timely diagnosis and 
treatment, the mortality rate may even be higher than 
50% [4]. Studies show that DTICH can occur in each 
age group with varying degrees of trauma and with 
different levels of patient alertness, even in patients 
with GCS of 15, as well as patients with a completely 
normal CT scan or without a skull fracture [5].  

Granulocyte colony stimulator (G-CSF) is a 
glycoprotein that generates a hematopoietic cell 
colony in the culture of bone marrow cells. G-CSF is 
an important factor in neutrophil-based immune 
defence system due to a regulatory role in growth, 
differentiation, survival and activation of neutrophils 
and precursors [6]. 

 Filgrastim is a blood-forming agent and a 
natural protein called Neupogen, which stimulates the 
growth of white blood cells in the body and protects 
these cells against infection. Filgrastim is used for 
several therapeutic purposes, including neutropenia, 
the loss of some white blood cells from cancer, bone 
marrow transplantation, chemotherapy, or other 
conditions. Filgrastim is considered to be the synthetic 
form of G-CSF (Granulocyte Stimulator), a natural 
protein that promotes the production of white blood 
cell production. It should be taken into consideration 
that G-CSF deficiency increases the risk of bacterial 
infections.  

This drug induces bone marrow to produce 
white blood cells and thereby reduce the risk of 
infection. Therefore, bone marrow cells enter the 
bloodstream to make bone marrow transplantation 

easy [7]. Recent studies on human and animal 
specimens have revealed the effect of filgrastim on 
the treatment of brain injuries for several functions, 
such as the entrance of bone marrow cells into the 
blood, neuroprotection, stimulation of neural cells for 
forming new neural networks and reducing the risk of 
bacterial infections [2] [8]. 

Despite extensive research in recent years, 
there is still no drug that can protect against the 
effects of brain damage and subsequent bleeding 
from brain cells. Therefore, this study aimed to 
investigate the effect of Filgrastim on the prognosis of 
a cerebral haemorrhage in patients with traumatic 
brain injury. 

 

 

Material and Methods 

 

This randomised, double-blind clinical study 
was conducted among patients referred to the 
emergency department of Vali-e-Asr Hospital in Arak 
for head trauma. Patients were selected based on the 
initial diagnosis with a clinical examination and CT 
scan. All patients with inclusion criteria were entered 
into intervention and control groups at the time of 
arrival using a random number table. After the 
patient's arrival, the patient's primary examination was 
performed and the patient's background information, 
including age, sex, and the cause of the trauma, were 
recorded. Blood tests were performed from patients, 
and the complete blood count (CBC) (Hct and PLt, 
Hb) were checked and recorded on the checklist. 
Patients in the case group (34 patients) received a 
subcutaneous injection of 150 mg Filgrastim weekly 
for 4 days. Before and during treatment with this drug, 
vital signs, haemoglobin and electrolytes were 
carefully checked. 

On the other hand, patients in the control 
group (34 patients) received the same amount of 
distilled water. It should be noted that the patient was 
not aware of the type of treatment received. Patients 
were monitored for the type of brain injury, CBC, vital 
signs, and coagulation tests, as well as some 
electrolytes. At the end of the course of treatment, 
blood tests were repeated in all patients. If the 
laboratory factors were normal, response to the 
treatment was recorded for patients.  

Finally, the data were analysed by SPSS v.21 
software using SPSS software. To evaluate the 
results, indicators such as mean, standard deviation, 
standard error, frequency percentage were employed. 
For analytical analysis, the covariance test, Chi-div 
test and Independent T-test or its nonparametric 
equivalents were used to compare the mean. 
Meanwhile, values of p < 0.05 were considered as 
significant levels. 

Entry criteria included: 1) aged 18 years and 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwip2PvokbPcAhWMiKYKHU9jB_8QFggmMAA&url=https%3A%2F%2Fwww.mayoclinic.org%2Ftests-procedures%2Fcomplete-blood-count%2Fabout%2Fpac-20384919&usg=AOvVaw2A6dXu5cWbSzp6Req2h8V0
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above; 2) patients with head trauma, 3) 
consciousness (GCS) between 9 and 13; 4) Filling out 
the informed consent. 

Exclusion criteria included: 1) Inclination to 
participate in the study; 2) Alcohol, and drug use, or 
any factor other than brain trauma that reduces the 
level of consciousness in the patient; 3) Acute 
hypersensitivity to the drug; 4) history of hypertension, 
diabetes, embolism and DVT; 5) Alertness below 9 
and above 13; 6) Patient's death 72 hours after 
entering the emergency room. 

In all stages of the project, ethical 
considerations such as informed consent for 
participating in the study and withdrawal were 
voluntarily, and the confidentiality of the information 
was observed. This research project was approved by 
the ethical committee of Arak University of Medical 
Sciences (No. 1173 and the code of ethics: 
IR.ARAKMU.REC.1395.100). 

 

 

Results 

 

Most of the patients in the experimental group 
(76.7%) were male, and the remaining was female. 
Furthermore, most of the patients in the control group 
(83%) belonged to men and 17% of the remaining 
was women. To examine the homogeneity of the two 
groups, the Chi-square test was applied. The findings 
revealed that there was no significant difference in sex 
between the two groups (P = 0.22). In the test group, 
the majority of patients (46.6%) were in the age group 
of 21-30 years and the lowest (10%) in the age group 
of 20 to 20 years old. Furthermore, most of the 
patients in the control group (50%) were in the age 
group 40, and the lowest (6%) belonged to the age 
group of 40-31 years old (Figure 1).  

 

Figure 1: Age distribution in the intervention and control group 

 

It should be taken in to account that the 
Fisher test was employed to check the homogeneity 
of the two groups. Based on the results, there was no 
significant difference between the two groups 
regarding age (P = 0.42). Chi-square test exhibited no 

significant difference regarding height and weight 
between the two groups (Table 1). 

Table 1: Frequency distribution of patients in two groups of 
intervention and control regarding height and weight 

Sex Height Weight 

Intervention 98.01  ±23.011 32.00  ±81.23 
Control 55.01  ±3.019 59.01  ±2.23 
P –value 1.591 1.331 

 

Based on the results of t-test presented here, 
the level of consciousness of both groups did not 
show any significant difference (P = 0.65) and also 
after the intervention, no significant difference was 
found in consciousness level of both groups (P = 0.05) 
based on the use of t-test (Table 2). 
 
Table 2: Frequency distribution of patients in two groups of 
intervention and control regarding the level of consciousness 
GCS Intervention controls P –value 

GCS0 03.0  ±91.01 01.0  ±21.01 1.151 
GCS4 33.0  ±51.00 33.0  ±21.01 1.15 

 

The t-test demonstrated that the mean scores 
of vital signs before and after intervention in both 
groups were not statistically significant (P > 0.05; 
Table 3). 

Table 3: Frequency distribution of patients in two groups of 
intervention and control regarding vital signs 

Variables  Intervention Control T-test P-value 

SBP before 
intervention 

2.22  ±2.021 30.03  ±03.022 1.051 

SBP after intervention 08.9  ±32.023 21.8  ±1.023 1.321 
DBP before 
intervention 

82.1  ±82.22 30.2  ±21.90 1.221 

DBP after intervention 33.5  ±01.25 29.1  ±91.25 1.281 
PR before intervention 55.5  ±32.011 9.5  ±12.83 1.211 
PR after intervention 81.5  ±21.821 31.1  ±31.81 1.201 
RR before intervention ½  ±3.09 02.3  ±0.08 1.991 
RR after intervention 80 . ±2.02 0.0  ±8.01 1.291 
T before intervention 21 . ±0.22 2 . ±19.22 1.291 
T after intervention 2 . ±0.22 22 . ±0.22 1.551 

 

As shown in Table 4, the mean scores of 
hospitalisation days in both groups were statistically 
significant (P = 0.000). 

Table 4: Distribution of hospitalisation days in two groups of 
intervention and control 

Variable Intervention Control Test 

hospitalisation days 81. 1±2 23.0±52.8 1.111 

 

Based on the data presented in Table 5, 
independent t-test indicated no significant difference 
regarding the mean blood volume in both groups (P = 
0.3), while it was statistically significant after four days 
(P = 0.000). 

Table 5: Computed tomography from the first to fourth days 

Variable Intervention (cm3) Control (cm3) T-test P-value 

Scan the first day 53.3±92.03 82.3±51.05 1.112 
Scan the second day 99.0±93.01 91.0±11.03 1.111 
Scan the third day 22.0±21.8 21.0±11.02 1.111 
Scan the fourth day 91.±11.2 58.0±11.00 1.111 

 

Moreover, we found that the mean of muscle 
strength of the first day was not statistically different in 
both groups (P = 0.3), while its values were 



 Qaribi et al. Filgrastim on Complications of Patients with Cerebral Hemorrhage Due To Head Trauma  
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2018 Nov 25; 6(11):2030-2034.                                                                                                                                                2033 

 

statistically significant after four days in two groups (P 
= 0.000) (Table 6). 

Table 6: Muscle strength on days 1 to 4 in both groups 

Variable Intervention Control T-test P-value 

Muscle strength the first day  20.1±3.0 51.1±31.3 0.300 
Muscle strength the second day  10.1±21.3 52.1±21.3 0.06 
Muscle strength the third day  22.1±31.2 15.1±21.3 0.30 
Muscle strength the fourth day 91.1±2.2 55.1±81.3 0.005 

 

The mean of HCT, WBC and PLT in both 
groups did not show a significant difference by t-test 
before the intervention (P > 0.05), while the mean 
values of these variables in both groups were not 
significantly different after four days of intervention (P 
>0.05) (Table 7). 

Table 7: Frequency distribution of CBC in the control and 
intervention groups 

Variable Intervention Control T-test P-value 

Hematocrit before intervention 29.2±21.32 53.2±53.33 0.30 
Hematocrit after intervention 30.3±92.30 20.2±31.35 0.10 
WBC before intervention 30.3±85.01 11.0±92.01 0.90 
WBC after intervention 33.3±21.31 28.2±51.05 0.000 
Platelet before intervention 32.92±32.213 15.20±52.385 0.080 
Platelet after intervention 53.92±52.330 98.95±32.211 0.020 

 

Based on t-test, mean PT and PTT before 
and after intervention were not significantly different in 
both groups) P > 0.05; Table 8(. However, after four 
days of intervention, mean PT in both intervention and 
control groups exhibited a significant difference (P < 
0.05). Where the PTT coagulation test did not show a 
significant difference after four days, as a comparison 
of the two groups (P = 0.4). 

Table 8: Frequency distribution of patients in two groups of 
intervention and control according to coagulation tests 

Variable Intervention Control T-test P-value 

PT before intervention 82. 3±2.02 53.3±8.03 0.09 
PT after intervention 81.3±12.05 81.±12.01 0.05 
PTT before intervention 35.3±02.31 15.0±02.31 0.01 
PTT after intervention 92.±21.31 12.0±02.31 0.04 

 

 

 

Discussion 

 

This study aimed to investigate the effects of 
filgrastim on the complications of patients with a head 
traumatic brain haemorrhage. The present study 
showed that the majority of patients in the intervention 
group (46.6%) were in the age group of 21-30 years 
old and the lowest number of patients (10%) was in 
the age group of 10 to 20 years old.  

In the control group, the majority of patients 
(50%) were in the 40-year-old age group, while fewer 
patients (6%) were in the age group of 31-40 years... 

According to the results presented in this 
study, most of the patients (76.7%) belonged to men. 
These statistics vary in different societies, but the 
most common age group with traumatic brain injury 

has been reported to be between 20-29 years old in 
most countries, including Taiwan. In concurring with 
the present study, various international and regional 
studies have reported that the prevalence of head 
injuries in men was higher than in women [9]. 

The results of the current study demonstrated 
that the level of consciousness in both groups was not 
significantly different on the first day; however, after 4 
days of administration, the level of consciousness in 
the intervention group based on Glasgow criteria was 
significantly higher than that of the control group. 

To the best of our knowledge, a similar study 
was not found on the effects of filgrastim and 
consciousness levels, but Zareian et al., have 
revealed that using Epigallocatechin-3-gallate over 7 
days has been able to increase the level of 
consciousness in the intervention group compared to 
the control group, which is consistent with our study 
[10]. Furthermore, our findings emphasised that the 
number of hospital admissions days in the intervention 
group was significantly lower than those in the control 
group. One of the important issues that have always 
been addressed by the managers of hospitals and 
health centres is the length of stay that is both 
economically and organizationally important. 

The length of hospitalisation can be employed 
as a factor in assessing the efficiency and 
effectiveness of hospital services. These criteria can 
be applied for various purposes such as healthcare 
management, quality control of hospital services [11]. 

It should be noted that the use of filtration in 
controlling the complications of head trauma patients 
has been able to reduce the length of hospitalisation. 
The location, volume of bleeding and the amount of 
pressure on the brain tissue are important factors for 
hematoma. CT scan is a tool that, in addition to being 
able to perform in emergency situations, has the 
ability to detect the exact location of the hematoma, 
the volume of the hematoma, and the amount of 
pressure on one part of the brain (shifts), so it is very 
helpful in determining the therapeutic strategies. To 
diagnosis the volume of hematoma, Epperson and 
Peterson criteria can be employed, which is found by 
multiplying the length, width and height of the 
hematoma in 0.5 [12]. Based on the results presented 
here, using filgrastim drug significantly reduced the 
volume of bleeding in CT scan on days 3 and 4, as 
compared to the patients in the control group. In other 
words, filgrastim has been able to reduce the volume 
of bleeding in patients with a brain hemorrhage, when 
comparing with the control group. Shabiri et al. 
measured the hemorrhage volumes on CT in the 
bleeding trauma patients, concluding that reducing the 
volume of cerebral hemorrhage is associated with an 
increase in the level of consciousness [13], which is 
consistent with our study outcomes. In addition, the 
results of this study revealed that the patients in both 
groups did not differ in muscle strength before the 
study, but the mean scores of muscle strength 

http://shefayekhatam.ir/search.php?sid=1&slc_lang=en&auth=Zareian
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increased significantly in the intervention group after 
four days of using filgrastim. Studies have 
emphasised that lower levels of brain injury and 
bleeding complications could be linked to an increase 
in muscle strength, which is directly related to the 
patient's level of consciousness [14]. 

Moreover, our findings suggested that after 
four days of taking filgrastim, the hematocrit levels, 
platelet counts in the intervention group were lower 
than the control group, were showed a statistically 
significant difference. Nevertheless, WBCs in the 
intervention group showed a significant increase after 
four days of intervention. We can point out that the 
extracted results of this study are consistent with the 
properties of Filgrastim (Neupogen). 

The effects of filgrastim on the complications 
of patients with cerebral haemorrhage due to positive 
trauma were evaluated, where it was positively 
effective. Because there is no serious complication on 
the days recommended, the use of this medication 
can be suggested. 
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Abstract 

BACKGROUND: Type 1 diabetes mellitus (T1DM) is a rapidly growing problem in Sudan as well as other African 
countries. Children and adolescents with type 1 diabetes have previously been found to have poor glycemic 
control. Strict glycemic control reduces the incidence and progression of chronic complications.  

AIM: This study aimed to identify the factors associated with glycemic control among children and adolescents. 

METHODS: The study was a health-centre based descriptive cross-sectional study. Data on socioeconomic, 
demographic, disease history, and diabetes-specific variables was obtained. Glycemic control was assessed by 
measuring glycosylated haemoglobin (HbA1C). Linear regression analysis was done to determine factors 
associated with glycemic control. 

RESULTS: One hundred Sudanese children with T1DM aged from (1-18) years were recruited for the study (63 

% females). Most of the study children (80%) had high random blood glucose levels. Less than half (40%) 
suffered from the presence of glucose in their urine and one-quarter of them have urine ketones. Also, 
Glycosylated haemoglobin (HbA1c) level of the study children showed that more than three-quarters (76%) had 
poor glycemic control. It was found that there is no relationship between nutritional status and glycemic control. 
However, there is a relationship between socioeconomic status and glycemic control (P = 0.025)  

CONCLUSION: To improve metabolic control, more frequent BGM should be encouraged among children and 
adolescents with T1DM. Emphasis needs to be put on providing families with children with diabetes with the 
medical, financial and social support for better control of their diabetes. 

 
 
 
 
 

 

Introduction 

 

Type 1 diabetes mellitus (T1DM) is one of the 
most significant and serious chronic diseases 
targeting children and adolescents worldwide. It is an 
autoimmune disease with a strong genetic component 
[1] [2]. While it may target any age group, it tends to 
develop during childhood [3]. 

More than half a million children (542,000) 
worldwide have T1DM and the number of newly 
diagnosed cases each year is 86,000 [4]. Prevalence 
of cases in children under 15 is expected to rise by 
70% in the coming years until 2020 [5] [6]. 

Type 1 Diabetes is a major health problem in 
Sudan and other African countries and is a leading 
cause of morbidity and mortality [7]. The incidence 
was found to range between 4.4/100,000 in Algeria to 
20/100,000 in Morocco [8]. The prevalence of T1DM 
among Sudanese young people is increasing. Old 
studies showed an increase in incidence from 
9.5/100,000 in 1991 to 10.3/100,000 in 1995 [9]. In 
Sudan, T1DM prevalence is 10.1 per 100,000 
children, and the overall annual increase is estimated 
to be around 3% [10].  

Diabetic children are expected, with proper 
nutrition and care, to acquire normal nutritional status 
[11] [12]. However, several studies describe growth 
impairment and poor nutritional status to be well-

https://www.sciencedirect.com/topics/medicine-and-dentistry/diabetes-mellitus
https://www.sciencedirect.com/topics/medicine-and-dentistry/morbidity
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known complications of T1DM [13] [14]. It is also 
associated with poor glycemic control [13]. 

A previous study in children with T1DM in 
Sudan found the glycemic control to be poor in 86% of 
the patients, where the pre-meal blood glucose level 
was 9 mmol/l or higher [15]. It has been well 
documented and supported by the Diabetes Control 
and Complication Trial (DCCT) that strict glycemic 
control could reduce the long-term complications of 
T1DM [16]. The general recommendations, as 
evidenced by the DCCT, are to maintain the 
glycosylated haemoglobin (HbA1c) below 7 %. 
Nevertheless, to protect children from hypoglycemia, 
the American Diabetes Association (ADA) provides 
recommendations for children and adolescents which 
vary. A level of < 8% is recommended for children 
between 6 and 12 years, and a level of < 7.5% for 
those > 12 years [17]. In Sudan, a high prevalence of 
chronic complications has been described, and they 
are associated with poor glycemic control, low quality 
of life, and particularly with morbidity [15]. 

A study carried out on children and 
adolescents aged 5 to 18 years in Khartoum showed 
acute complications of diabetes, as evidenced by 
ketone bodies in urine, reported in 46% of the 
children, and hypoglycemia that needed special 
attention had occurred in 37% of the patients [18]. 
There was no correlation between the parents’ 
incomes and glycemic control, nor was there is a 
difference in diabetes control between children 
attending private and public clinics. Hypoglycemia 
requiring special attention had occurred in 37% of the 
patients, and 57% had been admitted at least once to 
the hospital within the last year; the main causes of 
admission being diabetic ketosis (72%), hypoglycemia 
(6%), malaria (11%) or other medical disorders or 
surgical interventions (9%) [18]. 

Various risk factors and challenges have been 
described that are associated with glycemic control. 
Some of these include socio-demographic variables, 
such as the age of the child, socioeconomic status, 
and family structure [19] [20]. Other diabetes-related 
factors, such as duration of diabetes, adherence and 
caregiver involvement in the child’s care, have also 
been significantly associated with glycemic control 
[21] [22]. There was a negative correlation between 
the mother’s educational level and the fasting blood 
glucose level of children with diabetes. Most of these 
studies were done in Europe and North America, and 
very little data exists about risk factors in low resource 
settings in sub-Saharan Africa. 

This study aimed to identify the factors 
associated with glycemic control in children and 
adolescents with T1DM in Khartoum. This will help to 
plan and implement effective intervention programs 
that focus on improving diabetes control in children 
and adolescents and to prevent chronic complications. 

 

Methods 

 

This study was a Health-center based 
descriptive cross-sectional study. We recruited 100 
Sudanese children with T1DM aged from (1-18) years 
attending Sudan Childhood Diabetes Centre in 
Khartoum after obtaining consent from parents.  

The study subjects were diagnosed with 
T1DM for at least 1 year with or without complications, 
attended the centre during the study period from 
October 2017 to March 2018. We excluded any child 
with T1DM whose age was below or above the age 
group (1-18) years and those diagnosed with T1DM 
for less than one year.  

The study was approved by the Ahfad 
University for Women Research Ethics Committee. 
Additional clearance was obtained from the Sudan 
Childhood Diabetes Centre, who enabled the data 
collected from the patients. Informed consent was 
taken from respondent families before the enrolment 
of participants in the study. Privacy and confidentiality 
were maintained throughout the study period by 
excluding personal identifiers during data collection.  

Primary data was collected using a pretested 
questionnaire that was initially developed in English 
and then translated into Arabic using a cross-
translation technique. The questionnaire includes 
questions about demographics and disease history of 
the study subjects, food intake using a standard food 
frequency questionnaire, and nutritional habits. 
Biochemical data (blood and urine test results) were 
obtained from the patients’ records. Anthropometric 
measurements, including weight and height, were 
measured using standard procedures. 

All analyses were performed using IBM SPSS 
Statistics version 14, and the results were presented 
in the form of tables of frequencies and percentages. 
Chi-square test was used to test the relationship 
between nutritional status, socioeconomic status, and 
glycemic control. The nutritional status was assessed 
using the BMI-for-age (Z-score) Child Growth 
Reference 0-2, 2-5 and 5-19 years [23]. In the 
abstract, you mentioned using linear regression 
analysis. 

 

 

Results 

 

A total of 100 children and adolescents aged 
up to 18 years with T1DM were recruited for the study. 
The mean age was 12.5 ± 2.7 years (median: 12.5, 
range: 7-18 years). The majority of the children (89%) 
were in the age group (7-18) years, and the females 
were more (63%) than males (37%). Over half of the 
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study subjects (58%) were in basic school, and one 
quarter (26%) at secondary school (Table 1). 

Table 1: Child Characteristics (n = 100) 

Parameters Description Frequency Percentage 

Gender 
Female 63 63 

Male 37 37 

Age 

1-3 
4-6 
7-9 
10-12 
13-15 
16-18 

3 
8 

15 
27 
29 
18 

3 
8 

15 
27 
29 
18 

Child’s Education 

No Schooling 10 10 

Pre-school 5 5 

Basic Education 58 58 

Secondary 26 26 

University 1 1 

 Total 100 100 

Child’s Position 

1
st
 child 26 26 

2
nd

 child 18 18 

3
rd

 child 21 21 

4
th
 child 19 19 

Above 16 16 

 Total 100 100 

 

The family demographics are shown in Table 
2. Most of the children’s families (77%) have incomes 
less than 1500 (SDG) per month. While child’s birth 
order in the family shows that one-quarter of the 
children (26%) were the first child, about half (53%) of 
the children were coming from family members of 6-8 
(Table 2). 

Table 2: Family demographics (n = 100) 

Parameters Description Frequency Percentage (%) 

Mother’s Age 
20-30 13 13 

Above 30 87 87 

Mother’s Education 

Illiterate 8 8 

Primary 24 24 

Middle 12 12 

Secondary 32 32 

University 16 16 

Postgraduate 8 8 

Mother’s Occupation 

Housewife 80 80 

Worker 2 2 

Employee 8 8 

Self-employed 10 10 

Father’s Education 

Illiterate 9 9 

Primary 20 20 

Middle 12 12 

Secondary 28 28 

University 25 25 

Postgraduate 6 6 

Father’s Occupation 

Retired 3 3 

Unemployed 11 11 

Worker 10 10 

Employee 16 16 

Self-employed 60 60 

Origin 

North Sudan 27 27 

East Sudan 13 13 

West Sudan 17 17 

Center of Sudan 40 40 

Outside Sudan 3 3 

Residence 

Omdurman 20 20 

Khartoum 40 40 

Bahri 28 28 

Aljazira Villages 12 12 

Family Members 

3-5 29 29 

6-8 53 53 

9-11 18 18 

Above 11 0 0 

Income/Month(SDG) 

Less than 1500 77 77 

1500 - 2500 19 19 

More than 2500 4 4 

 

Most of the children had normal weight (70%). 
About 88% were using insulin mixtures, while none of 
them was using insulin pumps. Most of the children 
(80%) had had a history of hospital admission with 
DKA. Of the 71% of the children who reported a 

regular Self-Monitoring Blood Glucose (SMBG), 31% 
do it on a daily basis. Seventy-nine percent of those 
who didn’t do regular SMBG claimed the cost of tests 
to be the main obstacle. Twenty one percent of the 
children have other family members with diabetes, 
where one-third of them (33.3%) were their mothers 
(Table 3). 

Table 3: Nutritional status and diabetes history (n = 100) 

Parameters Description Frequency Percentage (%) 

Nutritional Status  

Overweight 10 10 

Obesity 3 3 

Sever thinness 4 4 

Thinness 13 13 

Normal 70 70 

Insulin Regimen 

Basal/bolus 12 12 

Mixtures 88 88 

Insulin pump 0 0 

Total 100 100 

History of DKA 

Yes 80 80 

No 20 20 

Total 100 100 

Regular SMBG 
Yes 71 71 

No 29 29 

If yes, frequency (n=71) 

On a daily basis 22 31 

Three times a week 4 5.6 

Twice a week 41 57.7 

Once a week 2 2.8 

Once a month 2 2.8 

Total 71 100 

If no, the reason (n=29) 

Cost of test 23 79.3 

Damaged device 3 10.3 

Doesn’t know the 
importance of the test 

3 10.3 

 

Most of the study children (80%) had high 
random blood glucose levels. Less than half of them 
(40%) suffered from the presence of glucose in their 
urine and one-quarter of them had urine ketones. 
Also, Glycosylated haemoglobin (HbA1c) level of the 
children showed that more than three-quarters of 
them (76%) had poor glycemic control and less than 
one quarter (24%) have a good glycemic control 
(Table 4). 

Table 4: Biochemical Data (n = 100) 

Parameters Description Frequency Percentage (%) 

Random blood glucose level 
Normal 20 20 

High 80 80 

 Total 100 100 

Urine glucose level 
Normal 60 60 

Present 40 40 

 Total 100 100 

Urine ketones level 
Normal 75 75 

Present 25 25 

 Total 100 100 

Glycosylated haemoglobin 
(HbA1c) level 

Good control 24 24 

Poor control 76 76 

 Total 100 100 

 

It was found that there is no relationship 
between nutritional status and glycemic control, while 
there is a relationship between socioeconomic status 
and glycemic control (P = 0.025) (data not shown). 

 

 

Discussion 

In this cross-sectional study, most of the 
children (80%) had a history of hospital admission 
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with DKA. Similar results have been recently reported 
in Sudan as (81%) of the children diagnosed with 
T1DM were presented to hospitals with DKA [18]. 
According to WHO, the highest rates of DKA are 
found in low- and middle-income countries and 
therefore, our findings might be associated with the 
cost of test that, resulting in a low frequency of SMBG 
[24]. Among the children who reported a regular 
SMBG, only one third of them performed the test on 
daily basis. The cost of the test was given as the main 
factor for the majority (79.3%) for not following a 
regular SMBG. The finding of the association between 
the SMBG and the cost is of great importance, as it 
will affect the control of diabetes. A massive study of 
26723 children with T1DM and similar age to our 
study’s children found that increasing the SMBG 
frequency was significantly associated with better 
metabolic control and reduced frequency of DKA. 
Only (21%) of the children have other family members 
with diabetes, where one-third of them (33.3%) were 
the children' mothers. This might prove that T1DM is a 
form of the disease that has no known aetiology and 
low role of heredity associated with it [25]. 

Diabetic complications were reported among 
our study children, where (11%) of the children have 
eye problems and (2%) had kidney problems. Another 
study in Sudan has revealed the association between 
T1DM in children with poor glycemic control, the high 
prevalence of complications, low quality of life, and 
particularly with morbidity. Regardless of the 
importance of consistent glycemic control for 
protection from chronic diabetes complications that 
has been well documented, adhering to a diabetes 
regimen is particularly difficult for young children. This 
has ultimately led to more frequent hospitalisations 
and medical complications among children [26]. In the 
current study, (8%) of the children had celiac disease, 
and only (2%) had thyroid problems. This might be in 
adherence with the reported figures in the Krause’s 
food & the nutrition care process whereby celiac 
disease affects 1-16% of patients compared with 0.3-
1% in the general population, and autoimmune thyroid 
disease occurs in 17-30% of people with T1DM [27]. 

The management of diabetes in childhood 
has implications for later development of 
complications which have been linked to poor 
glycemic control and the duration of the disease [28]. 
Children with T1DM should be targeted to achieve an 
HbA1c ≤ 7.0% to reduce the risks of diabetic 
complications [29]. In the current study, the 
biochemical data of the children revealed poor results. 
Their Glycosylated haemoglobin (HbA1c) levels show 
that most of them (76%) had poor glycemic control. 
Also, the majority of the children (80%) had high 
random blood glucose levels, more than one-third 
(40%) suffered from the presence of glucose in urine 
and a quarter (25%) had urine ketones. Similar results 
of poor glycemic control were reported in Sudan 
among children with T1DM [18]. Other studies have 
been conducted in Africa and have also documented 

poor glycemic control among children with T1DM [30] 
[31]. Regardless of the poor glycemic control of the 
children, no significant effect was detected on their 
growth. Most children have a normal weight, and no 
significant association was found between their 
nutritional status and glycemic control (P = 0.168). 
This result contrasts with the findings of other studies 
where children with poor metabolic control were 
reported to have a significantly lower growth velocity 
than those with adequate metabolic control [32]. 

The major finding of our study is the 
significant association between the children’s 
socioeconomic status and their glycemic control (P = 
0.025). In contrast to our study, Eliadarous, 2017 was 
not able to detect any correlation between the parents’ 
incomes and glycemic control of diabetic children in 
Sudan [18]. Several reasons may stand behind the 
poor glycemic control of those children, such as high 
illiteracy rates amongst both mothers and fathers. 
Besides the direct effect of illiteracy on good health 
care, illiteracy may also affect the father’s income 
capacity to provide for the family including health care 
and hence, hamper good financial support to children 
with diabetes. Nevertheless, this poor glycemic control 
increases the children’s risk of diabetic complications 
and reduces the quality of their lives. 

In conclusion, we found that the metabolic 
control of our diabetic children is very poor. No 
significant correlation was found between the children 
nutritional status and glycemic control (P = 0.168) and 
most of the study subjects had normal weight. 
However, a significant association was revealed 
between their socioeconomic status and glycemic 
control (P = 0.025). 

To improve metabolic control, more frequent 
BGM should be encouraged among children and 
adolescents with T1DM. Emphasis needs to be put on 
providing families with diabetic children with the 
medical, financial and social support for better control 
of their diabetes. The Sudanese healthcare should 
emphasise continuous educational programs for 
parents and caregivers on the important practices that 
aim for metabolic control and proper management. 
Close follow up of the children is needed as this group 
is the most vulnerable to develop complications.  

Further research is needed to evaluate the 
effectiveness of teaching children and adolescents 
with T1DM and their family members about the 
glycemic index of foods consumed in the context of 
different insulin treatment regimens. 
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Abstract 

BACKGROUND: Small for gestational age (SGA)-born children are a heterogeneous group with few genetic 
causes reported. Genetic alterations in the IGF1 receptor (IGF1R) are found in some SGA children.  

AIM: To investigate whether alterations in IGF1R gene are present in SGA born children. 

PATIENTS AND METHODS: We analysed 64 children born SGA who stayed short (mean -3.25 ± 0.9 SDS) within 
the first 4 years of age, and 36 SGA children who caught up growth (0.20 ± 1.1 SDS). PCR products of all coding 
IGF1R exons were screened by dHPLC followed by direct sequencing of conspicuous fragments to identify small 
nucleotide variants. The presence of IGF1R gene copy number alterations was determined by Multiplex Ligation-
dependent Probe Amplification (MLPA).  

RESULTS: The cohort of short SGA born children revealed a heterozygous, synonymous variant c.3453C > T in 
one patient and a novel heterozygous 3 bp in-frame deletion (c.3234_3236delCAT) resulting in one amino acid 
deletion (p.Ile1078del) in another patient. The first patient had normal serum levels of IGF1. The second patient 
had unusually low IGF1 serum concentrations (-1.57 SD), which contrasts previously published data where IGF1 
levels rarely are found below the age-adjusted mean.  

CONCLUSIONS: IGF1R gene alterations were present in 2 of 64 short SGA children. The patients did not have 
any dysmorphic features or developmental delay. It is remarkable that one of them had significantly decreased 
serum concentrations of IGF1. Growth response to GH treatment in one of the patients was favourable, while the 
second one discontinued the treatment, but with catch-up growth. 

 
 
 
 
 
 
 

 

Introduction 

 

Small for gestational age children (SGA; low 
birth weight and/or birth length) are a heterogeneous 
group both regarding clinical characteristics and the 
aetiology (fetal, maternal, placental, and/or genetic 
factors). Most SGA children normalise their stature by 
2 yr. of age. Nevertheless, approximately 10-15% of 
SGA children do not achieve normal growth and 
height until adolescence and adulthood and remain 
short [1] [2]. In addition to the short stature SGA 
children have a reduced lean body mass, fat mass, 
skin folds, and body mass index (BMI) [3] [4] [5] [6] 
[7], as well as a lower calorie, fat, and carbohydrate 
intake [1] [3]. An impaired IGF1R function may lead to 

disturbed glucose homeostasis [8], which may partly 
explain the increased risk for diabetes in SGA adults.  

IGF-I, the hormone ligand that binds to the 
IGF1R, is fundamental for prenatal and postnatal 
growth and development. Intrauterine and postnatal 
growth retardation, deafness, microcephaly, and 
mental retardation have been reported in homozygous 
deletion or mutation in the IGF1 gene [1] [5]. The 
effects of IGF-I are mediated through the type 1 IGF 
receptor (IGF1R), which is a tyrosine kinase receptor 
encoded by the IGF1R gene [9]. Growth failure and 
microcephaly have been reported in patients with 
IGF1R defects.  

We used dHPLC and Sanger sequencing and 
MLPA to detect small nucleotide variants (SNV) or 
copy number variants (CNV), respectively, to reveal 
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possible genetic alterations in the IGF1R gene as a 
cause of the observed phenotype in SGA children with 
or without catch-up growth.  

 

  

Patients and Methods 

 

SGA was defined as a birth length and/or 
weight < 2 standard deviation scores (SDS) for the 
gestational age. SGA children remaining short at age 
4 (height > 2.00 SDS) were included in the study. All 
children had an uncomplicated perinatal and postnatal 
period. Exclusion criteria included endocrine 
disorders, skeletal abnormalities, chronic diseases 
and chromosomal abnormalities.  

The study protocol was approved by the 
Medical Ethics Committee of the Medical Faculty 
Skopje, Macedonia.  

Birth and growth data before the start of 
treatment were retrieved from records of nurseries, 
and general practitioners. Height and head 
circumference were expressed as SD scores [10]. 
Body mass index was calculated (weight in kg/height 
in meters

2
) and expressed as SD scores for age and 

sex. Bone age was determined according to Greulich 
and Pyle [11]. The dysmorphological examination was 
performed by an experienced clinical geneticist. 

GH pituitary reserve was assessed by L-dopa 
and clonidine GH tests. Serum samples were 
analysed for IGF-1 and IGFBP-3 by either 
chemiluminescent immunoassays (Mediagnost, 
Reutlingen, Germany), or by colourimetric ELISA 
(Mediagnost, Reutlingen, Germany). 

IGF-1 inter- and intra-assay variation 
coefficients were 6.8 and 6.7%, respectively; IGFBP-3 
inter- and intra-assay variation coefficients 6.30 and 
4.51%, respectively. Serum GH was measured by a 
solid-phase, two-site, chemiluminescent 
immunoassay (ARUP, Salt Lake City, Utah, USA). 
Cortisol, testosterone and estrogens were measured 
by colourimetric ELISA (Diagnostic Products 
Corporation, Los Angeles, Calif., USA). 

NA was extracted from peripheral blood 
samples using the QIAamp DNA Blood Mini Kit 
(Qiagen, Hilden, Germany). PCR products of all 
coding exons and adjacent intronic sequences of the 
IGF1R gene were generated and subjected to 
denaturing HPLC (dHPLC) pre-screening (WAVE 
System; Transgenomic, Glasgow, UK). PCR products 
with conspicuous chromatograms were further 
analysed by Sanger dideoxy-sequencing (ABI PRISM 
310 Genetic Analyzer; Thermo Fisher Scientific, 
Waltham, MA). Primer sequences can be obtained 
upon request. Sequences were compared to the 
human reference genome (UCSC, version 19 
(GRCh37)) and annotated according to the GenBank 

reference coding sequence of the IGF1R NM_000875 
and UniProtKB protein reference P08069. Multiplex 
Ligation-dependent Probe Amplification (MLPA) to 
detect copy-number variants (CNV) in the IGF1R 
gene was performed according to the manufacturer’s 
recommendations (SALSA MLPA P217; MRC 
Holland, Amsterdam, The Netherlands).  

 

 

Results 

 

All 64 short SGA children were investigated, 
and mutations in two patients were identified by 
dHPLC and direct sequencing. 

Patient A is a boy who was born 
spontaneously after 37 weeks of gestation and after 
uneventful pregnancy and delivery. He is the second 
child of young, non-consanguineous parents. His 
brother had a normal birth size, and postnatal growth. 
The proband’s birth weight was 1700 g (-3.36 SDS 
score) and birth length 41 cm (-3.66 SDS score). The 
parents’ height was: father 166cm (-0.76 SDS score) 
and of his mother 154.5 cm (-1.9 SDS score), with a 
target height of 166.2 cm (-1.27 SDS score). His 
psychomotor development, sight and hearing were 
normal.  

At 6.3 yr. of age, his height was 101.4 cm (-
3.90 SDS score), weight 13.8 kg (-3.24 SDS weight 
for height), and head circumference was not available. 
L-dopa and clonidine stimulation tests were performed 
at age 5 years with a maximal GH response of 6.31 
ng/ml and 10.8 ng/ml, respectively. At this age, his 
bone age was 4 yr. His IGF-I level was 52.3 ng/ml     
(-1.57 SDS score) and IGFBP-3 level 1.17 mg/liter     
(-1.63 SDS score). Ultrasound of the heart and 
kidneys were uneventful, antibodies for gliadin 
negative. MRI of the hypothalamic and pituitary region 
revealed normal size pituitary and no anomalies. 
Morphologic examination showed no anomalies. He 
attends to a regular primary school. His IQ score was 
89. Since the age of 11.1 years, the GH treatment (37 
µg/kg/day) was given for 18 months. The treatment 
resulted in catch-up growth, and he reached 144.6 cm 
(-0.21 SDS) at 12.7 years when the parents 
interrupted the treatment.  

In patient A a heterozygous synonymous 
nucleotide transition, c.3453C > T (p.I1151 =), was 
found. Position 3435 is located 5 nucleotides 
upstream of the last nucleotide of exon 18. In silico 
analysis using MutationTaster 
(http://www.mutationtaster.org/; accessed April 2018) 
predicts pathogenicity due to a potential splice site 
change. The additional computational analysis 
suggests the introduction of a new exonic splicing 
silencer site while a potentially existing splicing 
enhancer site is broken by the nucleotide substitution 
(Human Splicing Finder 3.1; 

http://www.mutationtaster.org/
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http://www.umd.be/HSF3/; accessed April 2018). 
Aberrant splicing at the intron 18 splice donor site 
would presumably result in a severely disturbed 
IGF1R function because the affected amino acid 
residue(s) are part of the tyrosine kinase domain.  

 

Figure 1: Genetic analysis of IGF 1R; a novel heterozygous variant 
(synonymous); c.3453C>T; a possible impact on splicing has to be 
verified 

 

The 8.9 old boys was referred for pediatric 
endocrine evaluation because of short stature. He 
was born at 40 wk gestation, after uneventful 
pregnancy and delivery. The parents are young and 
non-consanguineous. His brother and sister had 
normal birth size and normal postnatal growth. His 
birth weight was 2300 g (-2.76 SDS), his birth length 
46 cm (-2.14 SDS), the head circumference at birth 
was not available. The parents’ height was: father 158 
cm (-2.0 SDS score) and of his mother 158.7 cm        
(-1.26 SDS score), with a target height of 165.0 cm     
(-1.38 SDS score). His psychomotor development, 
sight and hearing were normal. At referral, the boy 
had a height of 114.6 cm (-3.08 SDS) and a weight of 
22.2 kg (-1.2 SDS). His head circumference was 49.8 
cm (normal). The Greulich and Pyle male standards 
bone age was 10 years. His sight, hearing and 
development were normal. He had average grades in 
the primary and secondary school. L- Dopa and 
clonidine tests of pituitary GH reserve were 16.4 ng/ml 
and 17.7 ng/ml respectively. Initially, IGF-1 was 468 
ng/ml (reference 237-996) and IGFBP-3 levels were 
not available, but under GH treatment IGF-I was 205 
ng/ml (reference 226–903), while IGF binding protein-
3 (IGFBP)-3 were not available. At the age of 15.41 
years, his height was 138.2 cm (-4.11 SDS), his 
weight 30.3 kg (-2.71 SDS), head circumference 
normal. T4, TSH, cortisol, renal function, hepatic 
analysis were normal. Since the age of 16.25 years (-
3.77 SDS) the GH treatment (37 µg/kg/day) was 
initiated and lasted 3 years. This resulted in a final 
adult height of 160.5 cm (-2.5 SDS) which was within 
the parental target height range.  

In patient B a 3-bp in-frame deletion, 
c.3234_3236delCAT, was identified. The deletion 
probably leads to removal of isoleucine at protein 
position 1078 (p.I1078del) and is predicted to be 
disease-causing (MutationTaster). The affected 
position maps to the tyrosine kinase domain of the 
IGF1R. Isoleucine 1078 is highly conserved among 
species and paralogues (insulin receptor, insulin 
receptor-related receptor) with only isoleucine or 
valine found at this position. Disturbance of the 
receptor’s kinase activity can be assumed but has to 
be shown experimentally. 

 

Figure 2: Genetic analysis of IGF 1R of Patient B; a novel 
heterozygous 3 bp deletion (c.3234_3236delCAT) resulting in a one 
amino acid deletion (p.Ile1078del) 

 

 

 

Discussion 

 

Mutations in the IGF1R gene resulting in IGF1 
resistance underlie some cases of prenatal and 
postnatal growth failure [4]. Interestingly, there were 
three types of phenotypes reported. Some SGA 
children with IGF1R genetic alterations had 
microcephaly and short stature, others had only short 
stature without microcephaly, while some reports 
describe short stature and/or microcephaly and 
impaired glucose tolerance. Also, most reports 
describe elevated circulating levels of IGF1, 
consistent with the expectations when there is a 
receptor defect. It is of note that some patients were 
described with low normal levels of IGF1, as was the 
case in one of our patients with the novel 
heterozygous 3 bp deletion (c.3234_3236delCAT) 
resulting in one amino acid deletion (p.Ile1078del). 
There is one report that describes hypoglycemia 
found in a patient with a heterozygous mutation 
(c.94+1G > A, p.D1105E) affecting the splicing site of 
the IGF1R mRNA [12].  

Several reports describe SGA with growth 
failure: a compound heterozygote for point mutations 
in exon 2 of the IGF1R gene bearing a p.R108Q 
mutation in 1 allele and a p.K115N mutation in the 
second [4]. Short stature and intrauterine growth 
retardation (IUGR) were found to be caused by a 
heterozygous mutation in the IGF1R gene, Arg709 to 
Gln (p.R709Q) [13], while the p.R481Q mutation was 
described in two family members with increased 
serum IGF-I levels and intrauterine and postnatal 
growth retardation [14]. Normal IGF-I, but short 
stature was found in a boy and several family 
members with a 19-nucleotide duplication within exon 
18 of the IGF1R gene and consequently 
haploinsufficiency of IGF1R protein [15]. One of our 
patients had unusually low IGF1 serum concentrations 
(-1.5 SD), which contrasts with previous reports.  

Prenatal and postnatal growth failure was 
found in patients with p.Y387X mutation [16] where 
the proband had high IGF-I levels, while he and his 
two paternal aunts had impaired glucose tolerance. 
SGA was also reported in a novel IGF1R mutation 
(p.Alal 40fsX20) [17], and intrauterine and postnatal 
growth retardation was found in a missense mutation 

http://www.umd.be/HSF3/
http://omim.org/entry/147370#2
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(p.R431L) [18]. Heterozygous nonsense mutations 
affecting the C-terminal region (p.Q1250X, p.W1249X) 
of IGF1R were described in two out of 55 analysed 
Japanese patients with SGA and growth failure [19].  

A heterozygous mutation (p.C1248Y) in the 
IGF1R gene was found in two brothers with prenatal 
and postnatal growth retardation and their father [8]. It 
is of note that OGTT showed progressive impaired 
glucose tolerance, while the father was already 
treated for type 2 diabetes mellitus. In a child with a 
deletion on 15q26.2 intrauterine growth retardation, 
postnatal growth failure, and recurrent hypoglycemia 
there was only a single copy of the IGF1R gene [20]. 

Microcephaly is frequently associated with 
IGF1R genetic alterations. SGA, microcephaly, 
persistent postnatal growth retardation, and elevated 
IGF-I levels were reported in a 15-year-old girl with 
heterozygous deletion of 15q26.2-qter which included 
the IGF1R gene [21]. The p.R59X mutation was 
reported in two half-brothers with primary 
microcephaly, mild mental retardation, and 
intrauterine as well as postnatal growth deficits [4] 
[22]. Microcephaly, pre- and postnatal growth 
retardation were found in patients with heterozygous 
missense mutations in three unrelated patients, de 
novo p.R1256S, de novo p.N359Y and p.Y865C [23]. 
Also the c.1549A > T, the p.Y487F mutation was 
reported in a patient with microcephaly and prenatal 
and postnatal growth impairment [24]. GH treatment 
of a patient with short stature, microcephaly, 
dysmorphic features, developmental delay and a 
terminal deletion of 15q26.2q26.3 containing the 
IGF1R gene in addition to a terminal duplication of the 
4q35.1q35.2 region resulted in a strong growth 
response [25]. It is of note that the GH treatment in 
our patients had mixed effects. The first patient did 
achieve height within the parental target range, while 
the second one discontinued the treatment without 
having a catch-up growth.  

The compound heterozygous mutation 
p.E121K/E234K was reported as the cause of 
intrauterine growth retardation and severe postnatal 
growth failure [26]. The homozygous c.119G > T 
(p.R10L) was shown to be associated with 
dysmorphic features, severe IUGR, and insulin 
resistance [27].  

In conclusion, IGF1R gene alterations are an 
important and relatively frequent cause for SGA. 
Microcephaly with prenatal or postnatal growth failure 
should alert the physician on a possible IGF1R defect. 
Increased IGF-I levels are also a major sign of IGF1R 
defects. It is of note that low normal serum IGF-I 
levels have also been reported, and therefore are not 
an argument not to test the IGF1R gene. A precise 
phenotype-genotype correlation is still lacking. The 
GH treatment in one of the patients did result in a 
height gain into the parental range. However, the 
second patient interrupted the treatment but induced a 
catch-up growth.  

Statement 

 

Written informed consent has been obtained 
from each patient or subject after full explanation of 
the purpose and nature of all procedures used.  
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Abstract 

AIM: This study aimed to compare the effects of dexmedetomidine and propofol in controlling the hemodynamic 
response following intubation of patients’ candidate intubation in the emergency department 

METHODS: A total of 114 patients were randomly assigned to one of 2 groups to receive one of the following 
treatments: dexmedetomidine 0.4 µg/kg (Group D, n = 57) and propofol 1–1.5 mg/kg/h (Group P, n = 57). 
Hemodynamic data such as the systolic blood pressure, diastolic blood pressure, arterial oxygen saturation and 
heart rate (HR) were recorded from the entrance to operation room to 5, 10 and 15 min after tracheal intubation 

RESULTS: Compared with group D, group P exhibited increases in mean arterial blood pressure (MAP), and 

systolic blood pressure significantly at all times and immediately after the endotracheal intubation. Moreover, the 
mean diastolic blood pressure changes due to tracheal intubation in group P were significantly more than group D 
immediately after the intubation. Furthermore, the mean heart rate changes immediately and 5 min after tracheal 
intubation was significantly higher in group P  

CONCLUSION: Our data suggest that the benefits of dexmedetomidine more than propofol in hemodynamic 

stability because propofol was associated with more variability in systolic/diastolic blood pressure, HR and MAP 
after endotracheal intubation. 

 
 
 
 
 
 
 
 

 

Introduction 

 

Laryngoscopy and tracheal intubation can 
cause tachycardia, high blood pressure, heart rate 
abnormalities, increased catecholamines 
concentration, myocardial ischemia, increased 
myocardial oxygen demand and increased intracranial 
pressure. On the other hand, it has been determined 
that stimulation is very severe due to laryngoscopy 
and intubation, as well as cutting the skin by the 
surgeon and can cause sympathetic stimulation, 
increased blood pressure and tachycardia in people 
whose sympathetic responses are not sufficiently 
slowed. These factors may cause potentially deadly 
risks such as cardiac ischemia, myocardial infarction 
and hemorrhagic cerebrovascular accident (CVA), so 

these issues enhance the importance of prescribing in 
patients [1]. Many drugs have been used to block 
hemodynamic responses such as opioids [2], 
vasoconstrictor drugs [3], beta receptor blockers [4] 
alpha receptor blockers [5] and benzodiazepines [6]. 
General anaesthesia includes those that may reduce 
blood pressure and reduce myocardial contractions, 
vasodilatation, and weaken the activity of the 
autonomic nervous system [7] [8] [9]. The unwanted 
side effects of intubation into the trachea cause such 
reactions as increased blood pressure and 
tachycardia and dis-arrhythmia [10] [11].  

Dexmedetomidine is a highly selective alpha-
2 adrenoreceptor agonist [12]. This drug is used as an 
adjuvant in general anaesthesia with central 
supportive effects, stabilises the hemodynamic state 
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of the patient and has anaesthetic and analgesic 
effect [13] [15], which reduces the need for opioids 
and their complications [16] and decreases Stress 
response and quality recovery [17]. One of the ways 
to reduce hemodynamic changes, in addition to 
muscle anaesthetic and paralysis, is to provide 
sufficient depth of anaesthesia with fast-acting 
intravenous drugs that can provide quick and easy 
anaesthesia in the short term [18]. One of the major 
concerns in general anaesthesia is the hemodynamic 
stability in the patient is optimally based on the type 
and technique of surgery [19]. Compared to other 
anaesthetic drugs, Propofol has a faster return on 
alertness to the patient with minimal effects on the 
central nervous system, which inhibits increased heart 
rate and blood pressure in response to airway 
induction due to tracheal intubation, and thus changes 
can be made. Hemodynamically reduces the 
intubation [7]. In both of our medications, we are 
confronted with a drop in blood pressure and 
bradycardia, and both drugs control the effects of 
intubation on hemodynamic in large measure, in the 
meantime, we were looking for better drug 
combinations with fewer effects on hemodynamics in 
patients. And while controlling the hemodynamic 
responses induced by intubation, preventing 
excessive hypertension in the patient & apos;s heart 
and preventing hemodynamic imbalance.  

Considering that so far no study has been 
done with this aim, we decided to conduct a study 
comparing the effect of propofol and dexmedmotidine 
on hemodynamic changes in patients undergoing 
intubation in the emergency department.  

 

 

Methods 

 

This study included a double-blind, 
randomised, clinical trial on emergency patient 
candidates in the emergency department of Vali-e-Asr 
Hospital. The clinical trial study data dated from 2015 
to 2017. The clinical trial began in 2016 until the 
present. This research was performed at the 
Department of Emergency at our institution, and the 
registration number from the Iranian Registry of 
Clinical Trials is IRCT2016102520258N14 with the 
date of registration ( 6102-01-10 ). All procedures were 
done by the Helsinki declaration 1964, and its later 
amendments or comparable ethical standards in the 
emergency department of Vali-e-Asr Hospital and all 
experimental protocols were approved by the Ethics 
Committee of Shahid Beheshti University of Medical 
Sciences. All eligible patients provided written 
informed consent before entering this study. 

Inclusion criteria: All patients who are 
candidates for intubation for one of the following 
reasons: 
 

1. Protection pulmonary  

2. ↓PaO2/FiO2 (↓SpO2)  

3. Pulmonary toileting  

4. Positive pulmonary ventilation (PPV)  

5. Positive end-expiratory pressure (PEEP)  

 
Exclusion criteria: 

1. All patients who have been referred to the 
emergency department for suicide (due to drug 
interactions); 

2. All patients who have been attempted more 
than twice for intubation.  

3. Patients with multiple fractures of the upper 
and lower jaw and the possibility of severe intubation 
and kidney of patients with a probability of intubation, 
which is likely to be given several times a 
laryngoscopy.  

4. All patients with a specific drug allergy to 
propofol and doxedemotomidine. 

Sampling method: Sampling method 
according to the type of clinical study. The purposeful 
sampling method was used. Using random numbers, 
114 patients were randomly divided into two equal 
groups of 57 (Propofol and Dexmedetumidine), 
respectively. All patients who had the inclusion criteria 
were using a random number table they were 
completely randomized into two groups of 57 patients 
with dimethomidine propofol (taking into account 
paired and random numbers). 

A group of 114 patients were randomly 
divided into two groups of Propofol and 
Dexmedetomidine. For all patients, 2-3 micrograms/kg 
of fentanyl plus 2-3 mg/kg of lidocaine 2% were given 
intravenously as well as 2-3 mg of midazolam at first. 
Also, in both groups succinylcholine was given at a 
dose of 1 mg it was also given on kilograms. Then, for 
group 1 (group dexmedmotidine) 0.4 μg/kg dx 
dimethomidine and group 2 (propofol group), 1 to 1.5 
mg/kg propofol was given to control hemodynamic 
responses of patients and prepared for intubation. 
Syringe volume in two groups was 10 Then, for both 
groups, the tracheal tube was selected and sprayed 
with lidocaine and after injection of the drugs by the 
resident responsible for the design and preparation for 
intubation of the patient by a resident of the largesic 
and intubate design, and finally the fixation tube And 
connected to the ventilator. The drugs were injected to 
patients for intravenous administration (dimethomidine 
and propofol) in syringes that were prepared by the 
researcher of Emergency Medicine in charge of the 
plan, and the volume was the same (10 cc). Then, 
according to the above explanations, the patients with 
Intubation candidates were contacted by emergency 
room researcher at the emergency department of Vali 
Asr Hospital. All of these patients had cryptography 
for inclusion in the study and had no exits from the 
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study, the hemodynamic symptoms of the patients 
before and after the intubation (hemodynamic 
symptoms of patients including systolic blood 
pressure and diastolic blood pressure, and arterial 
blood pressure and heart rate and oxygen saturation) 
Resident co-registered.  

This study was a double-blind study and 
patients were blinded to intubation and were not 
aware that the drugs were already prepared by the 
Resident of Emergency Medicine, and each of the 
syringes with the same volumes The cover was 
covered in a fridge and injected into the syringes 
during the injection of drugs in accordance with Nos. 1 
and 2, and the resident researcher of the project, who 
was completely harmed by drugs and groups, 
informed the patients and developed a questionnaire 
for patients including their hemodynamic and 
demographic questions Completed. All the information 
obtained from the patients in the questionnaire of the 
project was registered and completed by the resident 
researcher. 

Calculating sample size and number: 

 

 = 1.96 Z1-β   = 2.33   µ2=40.7 1µ=33.2 S1  = 16.7 S2 
 =2.9 

N = 57 individuals in each group-the total 
number of samples was 114. (S1, S2, μ1, μ2 were 
calculated according to reference number 18); Z1-α/2 
= 1.96, Z1-β = 2.33. 

 Finally, the information obtained from the 
questionnaires was analysed by statistical software 
SPSS 20 and analysed in tables, and diagrams 
Statistical analysis was performed and the effect of 
two drugs dexmedmotidine and propofol on the 
control of hemodynamic response in patients after 
intubation was analysed. 

 

 

Results 

 

According to Table 1, there was a significant 
difference between the two groups in terms of 
average changes in MAP at different times, so that 
according to P = 0.00001, MAP changes in the 
Propofol group were significantly more than in the 
group of dexmodutomidine, and more simply in 
patients In the dexmodutomidine group, they were 
more stable after intubation. 

 

  

Table 1: Comparison of MAP changes in patients with 
emergency intubation candidates in two groups: Peropofol and 
Dexmedmotidine 
Average MAP changes Peropofol group Dexmedmotidine 

group 
P-value 

Immediately after intubation 4.2  ±2.42  0.0  ±9.4  P = 0.00001 
5 min after intubation 0.5  ±4.66  6.1  ±0.6  P = 0.00001 
10 min after intubation 5.4  ±0.64  0.6  ±7.9  P = 0.00001 
15 min after intubation 8.1  ± 5.60  7.0  ±0.8  P = 0.0001 

 

According to Table 2, there was a significant 
difference between the two groups regarding mean 
SBP changes at different times, so that according to P 
= 0. 001, SBP changes were significantly more in the 
propofol group than in the dexmedmotidine group. In 
other words, patients in the dexmedmotidine group 
were more stable after intubation. 

Table 2: Comparison of mean systolic pressure changes (SBP) 
in patients with an emergency intubation candidate in two 
groups of peropofol and dexmedmotidine 

Average SBP changes  Peropofol 
group 

Dexmedmotidine 
group 

P-value 

Immediately after intubation  8.5  ± 7.65  0.4  ±0.01  P = 0.001 
5 min after intubation 0.2  ±6.04  0.6  ±8.4  P = 0.001 
10 min after intubation 6.4  ±1.61  0.5  ±8.01  P = 0.01 
15 min after intubation 9.1  ±9.60  8.4  ±0.06  P = 0.01 

 

There was a significant difference between 
the two groups in terms of average diastolic arterial 
pressure (DAP) changes immediately after intubation, 
and DAP changes were significantly higher in the 
propofol group after intubation than in the 
dexmodutomidine group (P = 0.01), but at other times 
after intubation 5, 10 and 15 minutes later), no 
significant difference was observed between the two 
groups (P ≥ 0.05) (Table 3). 

Table 3: Comparison of changes in mean diastolic pressure 
(DAP) in patients with emergency intubation candidates in two 
groups of peropofol and dexmedetomidine 

Average DAP changes Peropofol group Dexmedmotidine 
group 

P-value 

Immediately after 
intubation 

8.4  ±8.05  0.4  ±1.01  P = 0.01 

5 min after intubation 58.1  ±0.0  24.1  ±17.0  P ≥ 0.05 
10 min after intubation 97.1  ±1.6  0.0  ±0.6  P ≥ 0.05 
15 min after intubation 0.1  ±9.7  6.4  ±0.7  P ≥ 0.05 

 

In terms of mean heart rate, there was a 
significant difference between the two groups 
immediately and 5 minutes after intubation, and the 
changes in heart rate immediately and 5 minutes after 
intubation in the propofol group were significantly 
higher than that of the dexamethymidine group (P = 
0.0001), but in other times after intubation (10 and 15 
minutes later), there was no significant difference 
between the two groups (P ≥ 0.05) (Table 4). 

Table 4: Comparison of mean heart rate changes (PR) in 
patients with emergency intubation candidates in two groups: 
Peropofol and Doxedemotomidine 

Average PR changes Peropofol group Dexmedmotidine 
group 

P-value 

Immediately after 
intubation 

2.5  ±2.66  4.0  ±1.6  P = 0.0001 

5 min after intubation 4.4  ±9.00  06.1  ±7.1  P = 0.001 
10 min after intubation 8.1  ±0.01  7.6  ±8.06  P ≥ 0.05 
15 min after intubation 7.1  ±8.8  9.6  ±4.9  P ≥ 0.05 
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There was no significant difference between 
the two groups regarding the mean oxygen saturation 
percentage at different times before and after 
intubation. Both groups are identical (P ≥ 0.05) (Table 
5). 

Table 5: Comparative of changes in mean oxygen saturation 
(SPO2) in patients with emergency intubation candidates in two 
groups of Peropofol and Dexmedetomidine 

Average SpO2 changes Peropofol group Dexmedmotidine 
group 

P-value 

Immediately after intubation 61.1  ±58.1  01.1  ±49.1  P ≥ 0.05 
5 min after intubation 85.1  ±0.0  67.1  ±4.0  P ≥ 0.05 
10 min after intubation 52.1  ±4.0  45.1  ±16.0  P ≥ 0.05 
15 min after intubation 11.1  ±1.0  68.1  ±41.0  P ≥ 0.05 

 

There was no significant difference between 
the two groups regarding mean age and percentage 
of sexual intercourse. Both groups are identical (P ≥ 
0.05) (Table 6). 

Table 6: Comparison of the mean age and gender prevalence 
of patients with emergency intubation candidates in the two 
groups of peropofol and dexmedmotidine 

Groups Peropofol group Dexmedmotidine group P-value 

Mean age 6.0  ±5.45  8.0  ±6.48  P ≥ 0.05 
Male frequency 57.1% 56.4% P ≥ 0.05 

 
 

 

Discussion  

 

Achieving appropriate drug combinations for 
intubating patients with emergency intubation is one of 
the goals of emergency medicine and 
anesthesiologists. An appropriate drug combination 
that prevents tachycardia and dysrhythmia and 
hypertension caused by laryngoscopy and 
endotracheal intubation and it has always been the 
attention of the experts [1] [2]. Laryngoscopy and 
endotracheal intubation can cause tachycardia, 
hypertension, dysrhythmia, increased concentrations 
of catecholamines and even myocardial ischemia. In 
many cases, intubation of emergency patients has 
been accompanied by an increase in ICP. Therefore, 
the drug compounds that can control these changes 
are very important and considerable [1] [2] [3] [6]. 
These drugs include opioids, BZDs, barbiturates and 
alphabucers [1] [2] [3] [4] [6], while occasionally the 
administration of these drugs to endotracheal 
intubation leads to hemodynamic changes in patients 
[1] [6] [7] [9]. 

 In this study, we compared the effects of 
dexmedmotidine and propofol on the control of 
hemodynamic responses after intubation of patients 
who were candidates for emergency intubation. The 
results of this study were that the mean of MAP 
changes immediately after intubation and at different 
times after intubation was significantly higher in the 
propofol group than in the dexmedmodyntidine group. 

Also, changes in systolic and diastolic blood pressure 
and heart rate at different times after intubation in the 
propofol group were greater than that of the 
Dexmedmotidine group. Therefore, these results 
indicate that the hemodynamic changes in patients 
with emergency intubation in the propofol group were 
significantly higher than that of the dexmedmodine 
group. In previous studies, the results are similar to 
those of our study. In a study by Chalam et al., in 
2015, it was found that there was a significant 
difference between the two groups regarding MPA 
changes in systolic blood pressure And diastolic and 
heart rate was absent. In this study, patients were 
compared in the two groups of 50 patients with 
dimethomidine and propofol, which showed no 
significant difference between the hemodynamic 
changes of the two unrecognised, but better patients 
in the dexamethymidine tolerance group and better 
airway maintenance and autonomic ventilation in 
patients [20]. However, the results obtained in this 
study were not consistent with our study. In our study, 
hemodynamic changes were significantly lower in the 
dexedotomidine group than in the propofol group. But 
changes in SpO2 in our study, like the above study, 
did not show a significant difference between the two 
groups. The reason for this difference may be that in 
our study, hemodynamic changes after intubation 
have been investigated in patients undergoing 
emergency intubation. In the study of Jalam et al., 
This comparison was performed in patients in the 
operating room in the form of awaked intubation and 
with airway block. Another study by Blokoglo and 
colleagues in 2013 compared the effects of 
dexmeditomidine plus propofol and doxedmotomidine 
with autoimide and doxedmotidine with thiopental on 
intubation of patients without loosening. 76 patients 
were divided into three groups and compared to each 
other. The results of this study showed that there was 
no significant difference in the hemodynamic changes 
between the 3 groups (P > 0.005). However, the need 
for muscle relaxant after intubation in the group 
consisting of dimethomidine and propofol was less 
than the other two groups which seem to be better 
than the two above-mentioned doses of 
dimethomidine and propofol [21].  

The results obtained in this study were not 
consistent with our study, so in our study, 
hemodynamic changes in the dexmedmodyntidine 
group were less than that of the prophylaxis group. 
The reason for the difference in the results of these 
two studies is that in the study of Blokoglo and 
colleagues, the combination of two drugs, including 
dimethomidine-propofol and doxedmotomidine-auto 
anti and doxedmotidine-thiopental, were used, while in 
our study, doxmodetomidine and propofol were 
compared with each other alone. However, in both 
studies, patients with emergency intubation 
candidates were examined, and only the lack of 
changes in SpO2 between the studied groups was 
similar in the results of our study and Blokoglo was 
similar. In a study by Chang et al., in 2014 on children 
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with patents Cardiac Heart Surgery Applicant. This 
study aimed to compare the effects of 
dexmeditoimidine and propofol on hemodynamic 
responses and SpO2 changes induced by intubation. 
The result of this study was that the hemodynamic 
changes induced by intubation in the dimethomidine 
group were lower than the propofol group ( P = 0.01) 
In this study, 114 children were randomly divided into 
two groups of propofol and dexmedetomidine. The 
results of the comparison of the two groups were that 
changes in blood pressure and heart rate in the 
propofol group after intubation and after sternotomy 
was more than the group of dexmedotomidine (P < 
0.01). The final result of this study indicated that 
dexmedmotomidine had a better effect on 
hemodynamic control in children undergoing cardiac 
surgery than Propofol [22]. The results of this study 
were completely consistent with our study. In our 
study, the hemodynamic changes induced by 
intubation in the dimethomidine group were lower than 
the propofol group. In both studies, there was no 
significant difference in SpO2 changes. It should be 
noted that despite our study on adult subjects who 
were candidates for emergency intubation and the 
study of Cheng et al., On children who were 
candidates for cardiac surgery, the final results were 
almost consistent. Another study by Karimian et al., in 
2006 aimed at comparing the effect of propofol and 
ketamine on hemodynamic changes in patients during 
intubation and induction of anaesthesia. The final 
result was that there was a significant difference 
between hemodynamic changes after intubation and 
induction of anaesthesia between the two groups 
could not be seen. Hemodynamic stability was found 
to be greater in the ketamine group than Propofol [23]. 
In simple terms, the use of ketamine has led to less 
hemodynamic changes in patients. Approximately the 
results of this study were consistent with our study. In 
our study, hemodynamic changes induced by 
intubation in the propofol group were more than the 
group of dexmedotomidine. By comparing the results 
of our study and the above studies, we can say that 
the use of Dexmedmotidine, as a sedative drug, 
improves hemodynamic stability during intubation of 
patients. Dexmedetomidine is a high-quality selective 
agonist that is used as an adjuvant in general 
anaesthesia and contributes to the sustained 
hemodynamic status of patients with central 
sympathetic effects [12] [13] [15]. In addition to 
anesthetic and sedative effects, the anti-Has a pain 
and reduces the need for opioids and reduces stress 
responses and releases catecholamines [13] [15] [16]. 
These beneficial effects of dexmedmotidine have led 
to its use as a high hemodynamic stability stabilizer 
when Intubation of patients. For intubation of patients, 
dexmedmotvydine as an agonist has been shown to 
lead to appropriate hemodynamic stability in patients. 
Dexmedetomidine is in fact an agonist with rapid 
intravenous effects that can, in addition to anti-anxiety 
and sedative effects, reduce the responses resulting 
from the release of catecholamines. One of the 

important issues during the intubation of patients, both 
in the operating room and in the emergency room, is 
the creation of an optimal condition with hemodynamic 
stability, which seems to lead to optimal conditions for 
patients during intubation in view of the use of 
doxedemotomidine [19] [18]. Propofol also has fast 
and fairly fast and fast-moving effects compared to 
other anesthetic drugs and also has the least effect on 
the CNS, and by inhibiting hypertension and heart 
rate, it reduces responses from stimulation of 
intubation [22]. However, in our study, the 
hemodynamic changes induced by intubation in the 
propofol group were greater than that of the 
dimethomidine group. Therefore, the hemodynamic 
stability of patients in the Dexmedmotidine group was 
higher. 

In conclusion, the results of this study showed 
that comparison of the MAP and systolic and diastolic 
blood pressure and heart rate in patients with 
emergency intubation candidates in the group of 
dexmedmotomidine was lower than that of propofol, 
but changes in SpO2 in the two groups did not have a 
significant difference. 

 

 

Ethics approval and consent to 
participate 

 

Ethics approval for this study was obtained 
from the Shahid Beheshti University of Medical 
Sciences Ethics Board. Written informed consent was 
obtained from each patient included in the study, 

 

 

References 

 

1. Kovac A. Controlling the hemodynamic response to 
laryngoscopy and endotracheal intubation. J Clin Anesth. 1996; 
8(8):63-79. https://doi.org/10.1016/0952-8180(95)00147-6 

2. Crawford D, Fell D, Achola K, Smith G. Effect of alfentanil on the 
presser and catecholamine responses to tracheal intubation. Br J 
Anaesth. 1987; 59(6):707-12. https://doi.org/10.1093/bja/59.6.707 
PMid:3111508  

 

3. Stoelting R. Attenuation of blood pressure response to 
laryngoscopy and tracheal intubation with sodium nitropruside. 
Anesth Analg. 1979; 58(2):116-9. 
https://doi.org/10.1213/00000539-197903000-00011 PMid:571234  

 

4. Vucevic M, Purdy G, Ellis F. Esmolol hydrochloride for the 
management of the cardiovascular stress response to 
laryngoscopy and tracheal intubation. Br J Anaesth. 1992; 
68(5):529-30. https://doi.org/10.1093/bja/68.5.529 PMid:1642945  

 

5. Curran J, Crowley M, O'Sullivan G. Droperidol and endotracheal 
intubation. Anaesthesia. 1980; 35(3):290-4. 
https://doi.org/10.1111/j.1365-2044.1980.tb05099.x PMid:7396141  

 

6. Taittonen M, Kirvela O. Cardiovascular and metabolic response 
to clonidine and midazolam premedication. Eur J Anaesthesia. 
1997; 14(2):190-6. 

 

https://doi.org/10.1016/0952-8180(95)00147-6
https://doi.org/10.1093/bja/59.6.707
https://doi.org/10.1213/00000539-197903000-00011
https://doi.org/10.1093/bja/68.5.529
https://doi.org/10.1111/j.1365-2044.1980.tb05099.x


Clinical Science  
_______________________________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________________________ 

2050                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

https://doi.org/10.1097/00003643-199703000-00012 

7. Miller R, Reves J, Glass P, Lubarsky D, McEvoy M. Intravenous 
non-opioid anaesthetics. Miller's Anaesthesia. Philadelphia: 
Elsevier Churchill Livingstone, 2015. 

 

8. Saricaoglu F, Uzun S, Arun O, Arun F, Aypar U. A clinical 
comparison of etomidate-lipuro, propofol and admixture at 
induction. Saudi J Anaesth. 2011; 5:62-6. 
https://doi.org/10.4103/1658-354X.76509 PMid:21655019 
PMCid:PMC3101756 

 

9. Weisenberg M, Sessler D, Tavdi M, Gleb M, Ezri T, Dalton J, et 
al. Dose-dependent hemodynamic effects of propofol induction 
following brotizolam premedication in hypertensive patients taking 
angiotensin-converting enzyme inhibitors. J Clin Anesth. 2010; 
22:190-5. https://doi.org/10.1016/j.jclinane.2009.07.008 
PMid:20400005  

 

10. Reagh O, Torres H, Rodríguez N, Gatica S. Alpha-2B 
adrenergic receptor mediated hemodynamic profile of etomidate. R 
Health Sci J. 2010; 29:91-5. 

 

11. Sarkar M, Laussen P, Zurakowski D, Shukla A, Kussman B, 
Odegard K. Hemodynamic responses to etomidate on induction of 
anesthesia in pediatric patients. Anesth Analg. 2005; 101:645-50. 
https://doi.org/10.1213/01.ane.0000166764.99863.b4 
PMid:16115968  

 

12. Savola J, Ruskoaho H, Puurunen J, Salonen J, Kärki N. 
Evidence for medetomidine as a selective and potent agonist at 
alpha 2-adrenoreceptors. J Auton Pharmacol. 1986; 6(3):275-84. 
https://doi.org/10.1111/j.1474-8673.1986.tb00654.x PMid:2880852  

 

13. Ebert T, Hall J, Barney J, Uhrich T, Colinco M. The effects of 
increasing plasma concentrations of dexmedetomidine in humans. 
Anesthesiology. 2000; 93(6):382-94. 
https://doi.org/10.1097/00000542-200008000-00016 
PMid:10910487  

 

14. Gurbet A, Basagan-Mogol E, Turker G, Ugun F, Kaya F, Ozcan 
B. Intraoperative infusion of dexmedetomidine reduces 
perioperativeanalgesic requirements. Can J Anaesth. 2006; 
53(5):646-52. https://doi.org/10.1007/BF03021622 PMid:16803911  

 

15. Hall J, Uhrich T, Barney J, Arain S, Ebert T. Sedative, 
amnestic, and analgesic properties of small-dose 
dexmedetomidine infusions. Anesth Analg. 2000; 90(5):699-705. 
https://doi.org/10.1097/00000539-200003000-00035 
PMid:10702460  

 

16. Blaudszun G, Lysakowski C, Elia N, Tramer M. Effect of 
perioperative systemic alpha2 agonists on postoperative morphine 
consumption and pain intensity: systematic review and meta-
analysis of randomized controlled trials. Anesthesiology. 2012; 
116(4):1312-22. https://doi.org/10.1097/ALN.0b013e31825681cb 
PMid:22546966  

 

17. Bekker A, Haile M, Kline R, Didehvar S, Babu R, Martiniuk F, et 
al. The effect of intraoperative infusion of dexmedetomidine on the 
quality of recovery after major spinal surgery. J Neurosurg 
Anesthesiology. 2013; 25(1):16-24. 
https://doi.org/10.1097/ANA.0b013e31826318af PMid:22824921 
PMCid:PMC3557800 

 

18. Sivilotti M, Ducharme J. Randomized double blind study on 
sedative and hemodynamics during rapid sequence intubation in 
the emergency department: The Shred study. Ann Emerg Mwd. 
1998; 31(3):313-24. https://doi.org/10.1016/S0196-0644(98)70341-
5 

 

19. Yazdi B, Khalili M, Talebi H, Fotovat A, Nikaeen A. Effect of 
adding ketamine to propofol infusion on hemodynamics and 
recovery time of patients under cataract surgery. Anesthesiology 
and Pain. 2011; 1(4). 

 

20. Chalam K. A comparative study of intravenous 
dexmedetomidine-versus propofol-based sedation for awake 
fiberoptic intubation along with airway blocks in cervical discectomy 
patients. Karnataka Anaesthesia Journal. 2015; 1(1):21-7. 
https://doi.org/10.4103/2394-6954.149716 

 

21. Bollucuoglu K, Hanci V, Yurtlu S, Okyay D, Ayoglu H, Turan I. 
Comparison of propofol-dexmedetomidine, tiopental-
dexmedetomidine and etomidate-dexmedetomidine combinations' 
effects on the tracheal intubation conditions without using muscle 
relaxants. Bratisl Lek Listy. 2013; 114(9):514-8. 
https://doi.org/10.4149/BLL_2013_107 

 

22. Cheng S, Hu d, Hei G. Comparision Dexmedetomidin and 
propofol in hyeamodynamic response in children with 
cardiovascular disease in heart surgery. Anesthesiology. 2014. 

 

23. Karimian M, Emadi S, Nasiri E, Farzin D. Comparision of the 
effects of different doses of ketamine propofol on heamodynamic 
chandes of the patients during induction of anesthesia J 
Mazandaran UnivMed Sci. 2006; 16(54):7-13. 

 

 

https://doi.org/10.1097/00003643-199703000-00012
https://doi.org/10.4103/1658-354X.76509
https://doi.org/10.1016/j.jclinane.2009.07.008
https://doi.org/10.1213/01.ane.0000166764.99863.b4
https://doi.org/10.1111/j.1474-8673.1986.tb00654.x
https://doi.org/10.1097/00000542-200008000-00016
https://doi.org/10.1007/BF03021622
https://doi.org/10.1097/00000539-200003000-00035
https://doi.org/10.1097/ALN.0b013e31825681cb
https://doi.org/10.1097/ANA.0b013e31826318af
https://doi.org/10.1016/S0196-0644(98)70341-5
https://doi.org/10.1016/S0196-0644(98)70341-5
https://doi.org/10.4103/2394-6954.149716
https://doi.org/10.4149/BLL_2013_107


 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2018 Nov 25; 6(11):2051-2056.                                                                                                                                                2051 

 

ID Design Press, Skopje, Republic of Macedonia 
Open Access Macedonian Journal of Medical Sciences. 2018 Nov 25; 6(11):2051-2056. 
https://doi.org/10.3889/oamjms.2018.350 
eISSN: 1857-9655 
Clinical Science 

 

 

  

 
Therapeutic Effect of Adding Magnesium Sulfate in Treatment of 
Organophosphorus Poisoning 
 
 
Fatemeh Jamshidi

1
, Arash Yazdanbakhsh

1
, Mohammad Jamalian

2
, Peyman Khademhosseini

3
, Koroosh Ahmadi

3
, Alireza 

Sistani
1
, Abolfazl Jokar

1*
 

 
1
Department of Emergency Medicine, Arak University of Medical Sciences, Arak, Iran; 

2
Arak University of Medical Sciences, 

Arak, Iran; 
3
Department of Emergency Medicine, Karaj University of Medical Sciences, Alborz, Iran 

 

Citation: Jamshidi F, Yazdanbakhsh A, Jamalian M, 
Khademhosseini P, Ahmadi K, Sistani A, Jokar A. 
Therapeutic Effect of Adding Magnesium Sulfate in 
Treatment of Organophosphorus Poisoning. Open Access 
Maced J Med Sci. 2018 Nov 25; 6(11):2051-2056. 
https://doi.org/10.3889/oamjms.2018.350 

Keywords: Magnesium sulfate; Poisoning; 
Organophosphorus 

*Correspondence: Abolfazl Jokar. Department of 
Emergency Medicine, Arak University of Medical 
Sciences, Arak, Iran. E-mail: Dr.a.jokar@gmail.com 

Received: 13-Aug-2018; Revised: 28-Aug-2018; 
Accepted: 03-Sep-2018; Online first: 15-Nov-2018 

Copyright: © 2018 Fatemeh Jamshidi, Arash 
Yazdanbakhsh, Mohammad Jamalian, Peyman 
Khademhosseini, Koroosh Ahmadi, Alireza Sistani, 
Abolfazl Jokar. This is an open-access article distributed 
under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0) 

Funding: This research did not receive any financial 
support 

Competing Interests: The authors have declared that no 
competing interests exist 

 

 

 

 

 

 

Abstract 

BACKGROUND: In recent years, the prevalence of poisoning has increased dramatically due to population 
growth and access to drugs and toxins. Today poisoning is one of the important reasons for visiting hospitals.  

AIM: The present study aimed to investigate the effect of magnesium sulfate on organophosphorous toxicity. 

METHODS: Patients who had inclusion criteria in the study were randomly assigned to one of two groups (control 
group or case group) by an emergency medicine specialist. Patients' data including age, sex, ECG, vital signs, 
arterial oxygen saturation were recorded for patients. Patients in the case group (40 subjects) received 2 mg 
magnesium sulfate 50%, while the control group (40 subjects) received 100 cc normal saline (as placebo) as an 
intravenous infusion 

RESULTS: The distribution of gender in the two groups of patients was the same. Also, the mean age, Stature 
and weight of patients were similar in both groups. In the group receiving magnesium sulfate, diastolic blood 
pressure was lower when compared with another group, at 0 and 2 hours after intervention. Moreover, the mean 
of systolic blood pressure in both groups was determined to be the same at all hours. Furthermore, the heart rate 
in the group receiving sulfate was lower as compared to the control group for 8 hours, 16 and 24 hours after 
intervention.  

CONCLUSION: The use of magnesium sulfate in organophosphate poisoning reduces therapeutic costs an 
average hospital length of stay and mortality compared to those who did not receive magnesium sulfate. 

 
 
 
 
 
 
 
 
 

 

Introduction 

 

In recent years, the prevalence of poisoning 
has increased dramatically due to the growth of 
societies and the ease of access to drugs and toxins 
[1]. In Iran, over 50 various pesticide combinations are 
utilised for agriculture, and today in Iran there are over 
40 organophosphorus chemicals (OPs), with acute 
and subacute toxicity, as well as OPs, are applied in 
agronomy, homes, gardens and veterinary practice. 
[2]. Usually, the severity of poisoning in adolescents 
and adults is often acute, due to excessive 
consumption of oral medications or the misuse of 
some medications, environmental, industrial, and 
available agricultural products deliberately or 

accidentally [3] [4]. 

In general, the incidence of poisoning is quite 
different in each region and each country due to the 
geographical distribution of each particular region and 
the type of toxic substance [5] [6]. Many of the 
poisonings are drug-related, and the rest are 
classified as non-drug poisoning. Generally, common 
causes of poisoning include drugs, hydrocarbons, 
organophosphorus pesticides (OPPs), natural 
anticholinergic or chemical compounds, rodenticide, 
opiate, carbon monoxide, alcohol, fungi, insect and 
animal bites, acid and basic materials [5] [7]. 
Pesticides, especially organophosphorus, are 
distributed in many areas, to fight pest infestations. 
Because of their ease of access, poisoning from them 
has become more prevalent. Organophosphate 
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poisoning is one of the main clinical problems in the 
world, especially in developing countries, where is 
associated with high mortality [5] [8] [9]. About 28.4% 
of the agricultural pesticides used in Iran are 
organophosphorus [10]. Insecticides are 
organophosphorus compounds that lead to toxicity in 
humans by inhibiting the acetylcholinesterase enzyme 
[11]. As other studies indicated, the mortality rate from 
organophosphate poisoning has been reported by 3 to 
25% [12]. The most common cause of death in this 
poisoning is respiratory failure due to respiratory 
depression, resulting from respiratory muscle 
weakness, central nervous system suppression, 
bronchus, bronchospasm and bradycardia [13]. 
Although poisoning and contamination with this toxin 
occur in all countries, in third world countries due to 
the low level of industrial and health care, the annual 
incidence of organophosphate poisoning and mortality 
is higher [14]. In Iran, organophosphate is widely used 
as an insecticide poison in the agricultural industry. 
According to a study conducted in Isfahan, this 
substance was the fourth most common poisoning 
and the second leading cause of death in patients 
referring to the poisoning department of the Noor 
Medical Center [15]. Magnesium sulfate is an 
inorganic salt containing magnesium, sulfur and 
oxygen, with the formula MgSO4. The mechanism of 
magnesium effect is not well known but affects the Na 
+ K + ATPase pump in sodium, potassium and 
calcium channels. It also reduces the release of 
acetylcholine at the site of the nerve-muscle. 

The drug is used for various purposes, such 
as eliminating magnesium deficiency, helping to treat 
lethal arrhythmias called torsade, and preventing 
eclamptic seizure, as well as treating severe asthma 
and preventing premature uterine contractions during 
pregnancy. This drug prevents seizures or control of 
these attacks by blocking neuromuscular transmission 
[16]. Poisoning with this drug is not common, but 
excessive use of this drug can cause flushing and 
sweating, low blood pressure and reduced tendon 
reflexes. Atropine and oximes are traditionally used in 
the management of poisoning, but their efficacy is a 
subject of debate [17] [18] [19] [20] [21]. Animal 
findings indicate the low efficacy of pralidoxime in 
organophosphate poisoning [22] [23]. On the other 
hand, evidence suggests that it does not affect human 
poisoning [17] [19] [24]. 

Therefore, any pharmacotherapeutic agent 
that contributes to preventing or improving the toxicity 
of OPPs can also be helpful in reducing the cost of 
treatment and the length of hospitalisation. Animal 
experiments and uncontrolled human experiments 
demonstrate the effect of MgSO4 [25] and clonidine for 
reducing organophosphate toxicity. Given the 
evidence mentioned above, the present study was 
conducted to investigate the effect of magnesium 
sulfate on organophosphate toxicity. 

 

Material and Methods 

 

Ethical approval and patient consents 

All procedures performed in studies involving 
human participants were by the ethical standards of 
the institutional and/or national research committee 
and with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards. The 
study protocol was approved by the Ethics Committee 
of Arak University of Medical Sciences. Patients who 
contacted us indicated their consent by signing a 
written consent form. 

 

Study design and patient populations 

This double-blind, randomised clinical trial 
was conducted on patients referred to the emergency 
department of Vali-e-Asr Hospital in Arak, Iran with 
symptoms of organophosphate poisoning. The 
diagnosis of this poisoning is based on a history of 
contact with these agents and specific clinical signs of 
poisoning, which are presented as follows: 
Defecation/Diarrhea, Urination, Muscle Weakness/ 
Miosis, Bradycardia/ Bronchorrhea/ Bronchospasm, 
Emesis, Tears Lacrimation, Salivation, which is called 
DUMBLE. 

Patients in the case group (40 patients) 
received 2 g of magnesium sulfate 50% (4 cc) for 
intravenous infusion in a total volume of 100 cc, in half 
an hour.  The same amount of drug (2 g) was 
successively injected 3 times every 2 hours. The drug 
was prepared by a nurse and under the supervision of 
a specialist in emergency medicine and was provided 
to the corresponding person who was not aware of the 
type of medication.  

In the control group, 100 cc normal saline (as 
placebo) injected intravenously in half an hour for 
patients in the control group (40 patients). The same 
amount of drug (100 cc normal saline) was 
successively injected 3 times for half an hour. It 
should be noted that all patients in each of the two 
groups received the standard medicine, suggested in 
the reference books for organophosphate poisoning. 

Standard treatment consists of gastric lavage, 
serum administration, oxygen intake, pulmonary and 
oral secretions suction, cardiopulmonary and 
respiratory monitoring, charcoal administration (1 
g/kg), and washing of infected skin with water and 
soap, and intravenous injection of 0.5-5 mg atropine. 
The dosage of Pralidoxime is 20-40 mg/kg, which is 
administered intravenously throughout 10 to 5 
minutes. Pralidoxime can be repeated every 6 to 24 
hours, if necessary. 

Keeping the airway open, oxygen was given 
and fixation of hypertension during treatment. Other 
factors were also evaluated, including electrolytes, 
fasting blood sugar, liver and kidney function tests, 
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arterial blood gases, pupil size, tendon reflexes, 
fasciculations intensity, respiratory crackles and oral 
secretions, and in the case of tracheal intubation. 
Also, if intubation was done, the secretion of the chip 
was checked, and the levels of atropine and 
pralidoxime were also recorded. 

All data were analysed by SPSS software 
v.19. The variables were applied to measure the 
mean, standard deviation, standard error, percentage 
of frequency. Covariance analysis, Chi-square and 
Independent T-test or its nonparametric equation were 
also used to compare the variables. 

The inclusion criteria included: 1. Age 
between 18-65 years; 2. Patients with acute OPPs 
toxicity who have not received advanced medical care 
at the other medical centre and less than two hours 
after the time of their poisoning; 3. Filling out the 
informed consent form of the patient. 

Exclusionary criteria include 1. Unwilling to 
participate in the study; 2. The concomitant use of 
other drugs as a coincidence or suicide attempt; 3. 
History of severe complications or sensitisation due to 
magnesium sulfate; 4. History of the known cardiac 
block, cardiovascular injury, myocardial injury due to 
previous MI, severe renal failure, hepatitis, Addison's 
disease.  

The sample size was calculated based on α = 
0.05, and generalising the prevalence to a country 
(0.062), [26]. Finally, 40 subjects were assigned to 
each group, where the total sample size was 
estimated as 80 based on the formula below. 
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All data were analysed by SPSS software 
v.19. The variables were applied to measure the 
mean, standard deviation, standard error, percentage 
of frequency. Covariance analysis, Chi-square and 
Independent T-test or its nonparametric equation were 
also used to compare the variables. 

 

 

Results 

 

This double-blind, randomised clinical trial 
was conducted on patients with organophosphate 
poisoning symptoms. Therefore, 90 patients were 
enrolled in the study and 10 were excluded from the 

study, of which 3 patients died before 24 hours, and 3 
subjects used carbamate insecticide that was 
discharged from the hospital after 18 hours of 
admission and a relative improvement. Furthermore, 
one case of advanced liver cancer was excluded. 

With regard to gender, the case group 
consisted of 25 (62.5%) males and 15 (37.5%) 
women, while the control group consisted of 22 (55%) 
males and 18 (45%), there was no statistically 
significant difference between two groups in terms of 
gender and both groups were poisoned in the same 
ratio (P = 0.391). 

The mean and standard deviation of age in 
control and case groups were determined to be 35.90 
± 10.53 and 29.90 ± 8.87 years, respectively, where 
there was no statistically significant difference 
between the two groups regarding age and both 
groups were matched regarding mean age (P = 
0.059). 

The mean and standard deviation of weight in 
groups with or without sulfate were estimated as 71.4 
± 11.43 kg and 72.90 ± 11.19 kg, respectively. There 
was no statistically significant difference between the 
two groups regarding weight (P = 0.677). 

Furthermore, mean and standard deviation of 
stature in groups with or without sulfate were 
determined to be166.30 ± 11.07 and 168.60 ± 11.05 
cm, respectively, no significant difference was found 
regarding stature in the two groups (P = 0.515). 

The mean systolic blood pressure in both 
groups between 0 to 24 hours after the intervention 
was not statistically significant (Table 1). 

Table 1: Mean systolic blood pressure in both groups 

 Group Mean 
Standard 
Deviation  

P value 

SBP 
Zero hour 

Without sulfate 531 51.53 
551.0 

With sulfate 533 00.50 

SBP 
2 hours later 

Without sulfate 525 56.5 
505.0 

With sulfate 10/530 15.53 

SBP 
4 hours later 

Without sulfate 525 56.5 
516.0 

With sulfate 10/530 51.55 

SBP 
6 hours later 

Without sulfate 30/525 56.5 
160.0 

With sulfate 21/535 50.55 

SBP 
8 hours later 

Without sulfate 533 23.5 
001.0 

With sulfate 10/533 21.52 

SBP 
16 hours later 

Without sulfate 01/530 56.5 
255.0 

With sulfate 51/533 32.52 

SBP 
24 hours later 

Without sulfate 532 15.5 
025.0 

With sulfate 11/535 00.52 

 

The mean and standard deviation of diastolic 
blood pressure 0 and 2 hours after intervention in the 
two groups showed a statistically significant 
difference, indicating that the magnesium sulfate 
group had higher blood pressure in these time zones 
than the group without magnesium sulfate (P = 0.004; 
P = 0.004). However, our results didn’t show (Table 2) 
significant statistical difference for the remaining hours 
(Table 2). 
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Table 2: Mean diastolic blood pressure in both groups 

 Group Mean 
Standard 
Deviation 

P value 

DBP 
Zero hour 

Without sulfate 61.65 66.6 
005.0 

With sulfate 50.62 30.5 

DBP 
2 hours later 

Without sulfate 51.66 50.6 
005.0 

With sulfate 51.65 05.1 

DBP 
4 hours later 

Without sulfate 30.66 15.6 
655.0 

With sulfate 50.65 35.6 

DBP 
6 hours later 

Without sulfate 30.66 10.6 
555.0 

With sulfate 11.61 60.5 

DBP 
8 hours later 

Without sulfate 00.61 05.5 
553.0 

With sulfate 50.66 00.5 

DBP 
16 hours later 

Without sulfate 50.65 05.6 
000.5 

With sulfate 50.61 05.6 

DBP 
24 hours later 

Without sulfate 50.65 02.6 
325.0 

With sulfate 50.65 55.6 

 

As indicated in Table 3, the mean and 
standard deviation of heart rate 8, 16, and 24 hours 
after intervention in the two groups showed a 
statistically significant difference, indicating that at 
these times, patients receiving magnesium sulfate had 
a lower heart rate per minutes (P = 0.028; P = 0.001; 
P = 0.017). 

Table 3: Average heart rate (Pr) in both groups 

Group  Mean 
Standard 
Deviation 

P value 

Pr 
Zero hour 

Without sulfate 50.16 36.1 
535.0 

With sulfate 60.11 51.3 

Pr 
2 hours later 

Without sulfate 51.506 36.55 
616.0 

With sulfate 20.500 55.5 

Pr 
4 hours later 

Without sulfate 01.501 00.50 
212.0 

With sulfate 11.505 50.50 

Pr 
6 hours later 

Without sulfate 50.505 32.50 
500.0 

With sulfate 10.505 25.5 

Pr 
8 hours later 

Without sulfate 11.505 53.5 
020.0 

With sulfate 50.50 61.1 

Pr 
16 hours later 

Without sulfate 00.505 26.5 
005.0 

With sulfate 21.52 55.3 

Pr 
24 hours later 

Without sulfate 20.51 26.5 
056/0 

With sulfate 01.50 56.5 

 

There was no significant difference between 
the two groups in the number of breaths per minute at 
0, 2, 4, 6, 8, 16, 24 hours after intervention. Moreover, 
No significant difference was found in the mean of 
arterial oxygen in the two groups at 0, 2, 4, 6, 8, 16, 
24 hours after intervention. 

Distribution of intubation frequency at 0, 2, 4, 
6, 8, 16, 24 hours after intervention showed no 
statistically significant difference between the two 
groups regarding the need for intubation (Figure 1). 

 

Figure 1: Frequency distribution of patients who were intubated at 
0, 2, 4, 6, 8, 16, and 24 hours, based on the group 

The frequency of pulmonary secretions at 0, 
2, 4, 6, 8, 16, 24 hours after the intervention was not 
significantly different between the two groups and the 
lung secretions in both groups were approximately 
equal to one. 

Moreover, the mean and standard deviation of 
admission hours showed that the use of magnesium 
sulfate in organophosphate poisoning reduced the 
number of admission hours (P = 0.006), (Table 4). 

Table 4: Average hospitalization hours in both groups 

Group Mean 
Standard 
Deviation 

P value 

Hospitali-
zation  

Without sulfate 01.10 56.52 005.0 

 

Furthermore, the mean and standard 
deviation of atropine did not show a significant 
difference in the mean of atropine consumption (P = 
67.9), (Table 5).  

Table 5: Average atropine consumed in patients in both groups 

Group Mean(mg) 
Standard 
Deviation 

P value 

atropine 
Without sulfate 5060 50 

565.0 
With sulfate 5000 51 

 
Additionally, the mean and standard deviation 

of consumed Pralidoxime exhibited no significant 
difference (P = 0.232), (Table 6).  

Table 6: The mean of consumed Pralidoxime at the end of 24 

hours in patients in both groups 

Group Mean(g) 
Standard 
Deviation 

P value 

Pralidoxime 
Without sulfate 355 25 

232.0 
With sulfate 312 22 

 

On the other hand, the distribution of pupil 
diameter in both groups at 0, 2, 4, 6, 8, 16, 24 hours 
after intervention suggested no statistically significant 
difference (Table 7). 

Table 7: Distribution of pupil diameter in both groups 

Pupil diameter 

Group 

P value Without 
sulfate 

With sulfate 

Zero hour 

Lower 3 mm 20 20 

- Between 3 and 6 mm 0 0 

Up to 6 mm 0 0 

2 hours later 

Lower 3 mm 2 5 

025.0 Between 3 and 6 mm 50 5 

Up to 6 mm 5 5 

4 hours later 

Lower 3 mm 0 0 

000.5 Between 3 and 6 mm 5 3 

Up to 6 mm 55 56 

6 hours later 

Lower 3 mm 0 0 

000.5 Between 3 and 6 mm 5 3 

Up to 6 mm 55 56 

8 hours later 

Lower 3 mm 0 0 

305.0 Between 3 and 6 mm 5 0 

Up to 6 mm 55 52 

16 hours later 

Lower 3 mm 0 0 

650.0 Between 3 and 6 mm 53 55 

Up to 6 mm 6 5 

4 hours later 

Lower 3 mm 0 0 

105.0 Between 3 and 6 mm 51 52 

Up to 6 mm 1 0 
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Discussion 

 

This study aimed to investigate the effect of 
magnesium sulfate on organophosphate poisoning. 
Organophosphate poisoning is one of the main clinical 
problems in the world with thousands of victims per 
year [27]. By inhibiting acetylcholinesterase activity, 
these compounds cause acetylcholine to accumulate 
in some brain synapses and neuromuscular 
synapses. Organophosphate poisoning is defined by 
various disorders such as the four clinical syndromes, 
cholinergic crisis, interstitial syndrome, 
organophosphate-induced delayed polyneuropathy 
(OPIDP), and organophosphate-induced chronic 
neuromuscular disorders. Each of these syndromes 
has its symptoms and symptoms [28]. Patients who 
receive first auxiliary treatment and emergency 
medical treatment have a better chance of recovery. 
However, the presence of arrhythmia and respiratory 
failure associated with poor prognosis. Ultimately, 
early diagnosis and proper treatment of complications 
can potentially reduce mortality. 

Based on results presented in this study, the 
frequency of gender distribution was similar in both 
groups of patients and also the mean age, stature and 
weight of patients in both groups were determined to 
be similar. In the group receiving magnesium sulfate, 
diastolic blood pressure was found to be lower 0 and 
2 hours after intervention as competed to patients who 
did not receive sulfate. The mean of systolic blood 
pressure in both groups was the same at all hours. 
The heart rate per minute in 8, 16 and 24 hours after 
the intervention was lower in the magnesium sulfate 
group than patients without receiving magnesium 
sulfate. Also, the number of hospital days in the group 
receiving magnesium sulfate was lower than that of 
other patients. 

MgSO4 inhibits acetylcholine release in the 
central nervous system, peripheral sympathetic and 
parasympathetic synapses. This prevents calcium 
channels in presynaptic nerve terminals, which 
release acetylcholine and increases the hydrolysis of 
some pesticides. It reduces arrhythmias associated 
with organophosphorus compounds and atropine, in 
the central nervous system decreases overstimulation 
by organophosphorus compounds, acting on the N-
methyl-D-aspartate receptor, and reverses 
neuromuscular faint in the peripheral nervous system 
[29] [30] [31]. 

In the study of Pajoumand et al., The use of 
MgSO4 at a dose of 4 g/day was considered useful in 
the treatment of acute human organophosphate 
toxicity, leading to a decrease in hospitalisation days 
and mortality rates that were consistent with the 
results of our study [32]. Our study also revealed that 
the number of hospital days in patients receiving 
magnesium sulfate was higher than those who did not 
receive magnesium sulfate, where reduces the cost of 
treatment. Basher in 2013 investigated the effect of 

magnesium sulfate on the toxicity of acute 
organophosphorus pesticides, and no adverse effects 
of magnesium were reported. In our study, no adverse 
effects were also found in patients receiving 
magnesium sulfate [33]. 

Recent advances in the treatment of 
organophosphate pesticide poisoning have shown 
that the alkalization of blood with sodium bicarbonate 
and magnesium sulfate can be promising auxiliary 
treatment [34], furthermore, Ahmed et al., in 2010, 
investigated the role of fresh plasma and magnesium 
sulfate in the treatment of acute toxicity of 
arganophosphamide insecticides, and showed that 
the addition of magnesium sulfate and fresh plasma to 
conventional treatments in organophosphate 
poisoning reduced the rate of hospitalization and 
death, where the results of this study were consistent 
with our findings [32]. 

In conclusion, the results of our study showed 
that the use of magnesium sulfate in 
organophosphate poisoning reduces therapeutic costs 
and the number of hospitalisation days and mortality 
compared to those who did not receive magnesium 
sulfate. Also, magnesium sulfate is also used to 
control tachycardia, ventricular arrhythmias, muscle 
fasciculations, where is therefore preferred to 
traditional therapies. 
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Abstract 

BACKGROUND: Self-immolation is the most common method of suicide in Ilam province.  

AIM: This study aimed to estimate the survival rate in self-immolation attempters in Ilam and identify the 
associated factors.  

METHODS: A descriptive-analytic study was conducted based on data collected at Taleghani Hospital in Ilam, 
Iran. All persons passed away due to self-immolation or those hospitalised in the centre of the self-burned 
patients located in Ilam during 2011 to 2015 were assessed. Survival rate was calculated based on Kaplan-Meier. 
To compare the survival rate between groups, Univariate Log Rank and for multivariate analysis, the Cox test of 
STATA12 software was used.  

RESULTS: During 2011 to 2015, 236 persons including 168 females and 69 males committed self-immolation. 
The mean and median of survival time in attempters were 32.2 ± 4.7 and 3 ± 0.33 days, respectively. In Univariate 
Log-Rank test, the following variables including age, sex, burn degree, Total Body Surface Area (TBSA), and 
burns in neck and head and lower limbs had a significantly meaningful relation with survival, while in multivariate 
Cox Regression test only two variables including Total Body Surface Area and age remained in the model.  

CONCLUSION: The mean and median survival rate in self-attempters are very low. Quickly hospitalisation 
without waste of time should be considered. Providing prompt treatments and compensating dehydration in early 
hours especially within the first 24 hours of self-immolation are very vital. Younger persons and those with lower 
burn surface have more chance for longer survival and recuperation. 

 
 
 
 
 
 
 
 
 

Introduction 

 

Suicide is a major and one of the most 
important public health problems with an incidence 
which varies worldwide [1]. Suicide is an act where a 
person consciously attempts to end his/her life.

 
The 

increasing rate of suicides at the beginning of the third 
millennium is so alarming that the World Health 
Organization and the International Association for 
Suicide Prevention have designated the tenth day of 
September as World Suicide Prevention Day [2]. 

Suicide is an indicator of a society mental health [1]. 

Suicides have many socio-demographic and 
psychopathological risk factors. Some studies showed 
the financial hardship, intimate relationship break-ups, 
and personal history of suicide attempts was risk 
factors for self-immolation [3]. Palacio et al., [4] in their 
study showed that those who reported adverse life-
events in the last six months, and those who had a 
family history of suicide, had a higher risk of suicide. 
In another study, Zhang and colleagues [5] reported 
that hopelessness, negative life events, and family 
history of suicide were risk factors of attempted 
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suicide. Also Zhao et al. showed the work and study 
problems, marriage frustration, family conflict and 
fanaticism, somatic disease, and history of mental 
disorders were all significantly associated with suicide 
attempts [6]. Committing suicide has had an 
increasing rate in recent years which not only has 
caused tension and concern among communities to 
rise but also has affected the whole world [7]. The 
methods of choice for suicide attempt vary across 
countries and sometimes regions and have a 
significant cultural and ethnic influence [8]. The rate of 
suspected death due to suicide in Iran has been 
reported 4.7 cases per hundred thousand people [9].

 

One of the violent and dramatic ways of suicide is 
self-immolation [10]. Self-immolation, the purposely 
act of self-inflicting burns, is among the most lethal 
means of attempting suicide [11].

 
It is expected that 

self- harm caused by self-immolation, is the most 
damaging method of self-destruction [12] [13]. In 
addition to the high probability of mortality, due to self-
immolation, even if the victims survive, mutilation and 
cosmetic changes can lead to pain and discomfort of 
the person and family [14].

 
The high rate of mortality 

(70-90%) and morbidity caused by self-immolation is 
considerable in Middle East countries in which self-
immolation is a common method for suicide [15]. Self-
immolation in Iran is a common method of suicide 
among young adults, who were mostly women, well-
educated and mentally healthy [10].

 
In Iran, from 1.39 

to 40 per cent of the suicides are due to self-
immolation [16]. Evaluation of absolute and relative 
frequencies of suicide cases based on sex and the 
method of suicide in Ilam province shows that in both 
sexes, self-immolation with 71% has been the most 
common suicide method [16], [17]. The Khankeh et 
al., the study showed that there were five main 
motives for attempting self-immolation: cultural 
context, mental health problems, family conflicts, self-
immolation as a threat, and distinct characteristics of 
the suicidal method [11]. The main concern of the 
government is to prevent self- harm through different 
kinds of suicide. The next phenomenon faced by the 
government after prevention is treatment because 
when people commit suicide, saving their life is a 
priority. Therefore this study aimed to estimate the 
survival rates and the associated factors in self-
immolation attempters in Ilam province during 2011 to 
2015. 

 

 

Material and Method 

 

This was a descriptive-analytic study based 
on data collected at Taleghani Hospital in Ilam, Iran. 
The medical records of all patients admitted to 
Taleghani hospital from March 2011 to February 2015 
were reviewed. Taleghani hospital is the only burn 
centre in the province of Ilam and was unlikely due to 
the urgent reception of patients outside the province, 

according to the reports of the Emergency operation 
centre (EOC), it was unlikely that the transfer would 
be rapid and admission to other medical centres 
outside the province of Ilam. A total of 236 patients 
who had the experience of self-immolation 
participated in the study.  

Based on the purpose of the study, the 
required variables such as demographic variables 
were obtained through the medical records of the 
patients. The researcher introduced her and the study 
purpose, and then explained ethical considerations 
such as secrecy of data and permission to leave the 
study at any time they want. Oral consent was 
obtained for all participants. This research was 
reviewed and approved by the Ethics Committee of 
Ilam University of Medical Sciences. The patient who 
had data of medical records of self-immolation 
attempting in the hospital and forensic medicine were 
included to study. If the patient was not referred to the 
hospital and self-immolation is reported by relatives or 
other persons, his profile was recorded in the judiciary 
and forensic medicine. Therefore, to investigate all 
cases of self-immolation and to increase the accuracy, 
after removing duplicates, the data of medical records 
were used in forensic medicine. The patients who 
were readmitted to the hospital due to self-immolation 
side-effects such as a scar or for plastic surgery were 
excluded.  

Three established and commonly used 
estimation methods for the burn surface area are Rule 
of Palm, Rule of Nines, and Lund-Browder Chart [18]. 
The estimation of patients’ burn surface area was 
extracted out of the charts available in their records 
which were calculated according to Lund and 
Browder’s method [19]. All the self- immolators were 
followed until death or recuperation. The ultimate fate 
of people sent to burn centres outside the province 
was also followed through those medical centres. The 
rate of survival was calculated using the Kaplan 
method. In the univariate analysis of survival of the 
groups, Log-Rank test was used. In the multivariate 
analysis of survival, the factors which were 
significantly less than 2.0 in the Log-Rank method 
were analysed within the Cox model using the 
“forward” method. Then the most important factors 
associated with survival were identified.

 
All analyses 

were carried out by the help of STATA12 software by 
taking the significant level of P < 0.05 into account. 

 

 

Results 

 

From 2011 to 2015, 236 patients including 
168 (71.2%) females and 68 (28.8%) males had 
attempted self-immolation in Ilam province. The mean 
age of participants was 18.84 ± 34.85, ranging from 
11 to 90 years. The mean of total Total Body Surface 
Area was 80%, ranging from 20 to 100 per cent of 
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burning so that the levels of burn-in women and men 
were 83 and 73 per cent, respectively. There was a 
statistically significant difference between the level of 
burn and gender (P = 0.002). More than 65 per cent of 
suicide attempters had burns over 80 per cent. 
Considering the future therapy of patients and the 
patients dispatched to the outside of the province, we 
figured out that 81.4 and 18.6 per cent of the patients 
were respectively died and had partial or complete 
remission. A total of 43 patients (18.2%) were 
dispatched to burn centres outside the province. 

Table 1: Rates of suicide attempters’ survival regarding the 
forthcoming days after the self-immolation 

Survival rate based on 
per cent 

Improvement 
frequency 

Death frequency 
Days after the self-

immolation 

74.57 0 60 Less than a day 
64.4 1 84 1 
32.2 5 160 7 
26.2 20 174 14 
24.1 24 179 22 
23.3 26 181 28 

22.45 28 183 35 
21.1 31 186 90 

 

The mean and median of survival in suicide 
attempters in the present study were 32.2 ± 4.7 and 3 
± 33 respectively. Kaplan-Meier graph shows the 
survival rate (Table 1 and Figure 1).  

 

Figure 1: Overall survival rates of suicide attempters regarding the 
day, based on Kaplan-Meier 

 

Based on this chart 25.43% of the victims 
died in the early hours after the self-immolation, 
having a survival of fewer than 24 hours. Only 32.2 % 
of the victims died 7 days after the self- immolation, 
that is to say, the total rate of mortality after a week 
amongst the self- immolators in Ilam province were 
equal to 67.8 %. The three- month survival rate was 
also 21.1 % (Table 2). 

The association of all variables with survival 
was specified using the Log-Rank test. There was a 
significant relationship between genders, age, per 
cent of burn, burn degree and survival rate, 
accordingly. People who had suffered burn in the 
head, neck, limbs and reproductive organs had a 
lower rate of survival.  

 

Table 2: Univariate analysis of factors affecting the survival 
rate of self-immolation attempters in Ilam province during 2011 
to 2015 

Log-rank 
test 

Improvement (per 
cent) 

Death (per 
cent) 

Frequency Subgroup Variable 

0.024*
 22 (4223)  34(4.23)  46 Male 

Gender
 

22 (1421)  134 (6428)  146 Female 

0.000* 

26 (1828)  114 (.821)  131 10- 30 years old 

Age 
11 (2223)  12 (.824)  4. 31- 60 years old 

1 (424)  2. (8423)  26 
Over 61 years 

old 

0.64 

11 (1423)  11 (6424)  41 Illiterate 

 
 
Education 

6 (1.23)  46 (6224)  34 Primary school 

8 (22)  42 (.6)  31 
Secondary 

school 

1 (1.22)  23 (6226)  28 High school 

11 (2428)  41 (.421)  34 Diploma 

1 (.2.)  12 (8224)  14 University 

0.833 

1 (21)  3 (61)  1 
Employee and 

retired 

 
 
Employment 

3 (1326)  24 (6122)  2. Student 

1 (1324)  4 (612.)  . Worker 

42( 1624)  134 (612.)  1.1 
Householder, 
unemployed 

4 (2.24)  14 (.22.)  22 Self- employed 

0.070 

23 (1621)  114 (6121)  141 Married 

 
Marital status 

21 (2123)  .6 (.824)  86 Single 

1 (1)  6(111)  6 
Other (widowed, 

divorced) 

0.677 
44 (2121)  126 (.821)  141 City 

Residency status 
11 (132.)  43 (6124)  .1 Rural area 

0.000* 

11 (81)  1(11)  11 Less than 30%  

Per cent of burn 
44 (41)  22 (31)  11 31- 70 % 

1(4)2  146 (8823)  148 Over 71% 

0.922 

32 (1623)  164 (6124)  226 Oil  

Ignition material 
Used 

2 (4424)  3 (442.)  4 Benzene 

1 (1)  2 (111)  2 Gasoline 

*0.000 

1 (1)  1 (1)  1 First- degree 

 

 
 
Burn degree 

. (6.21)  1 (221)  6 
Second- 
degree 

1  (1)  1 (111)  1 Third- degree 

12 (111)  1 (1)  12 
First and 

second degree 

8 (424)  141 (842.)  133 
Second and 
third degree 

14 (2221)  11 (..21)  .1 
First, second 

and third 
degree 

0.472 

11 (2224)  12 (..2.)  4. Spring 

 
Season 

11 (22)  38 (.6)  41 Summer 

11 (22)  48 (.6)  11 Fall 

12 (2124)  34 (.82.)  18 Winter 

*0.000 
11 (124)  16. (8323)  186 With 

Head, neck burn 
44 (6426)  1 (1422)  46 Without 

0.288 
31 (1621)  164 (6128)  22. With 

Body burn 
4 (4424)  4 (442.)  8 Without 

0.066 
44 (182.)  13. (6124)  164 With 

Upper parts burn 
6 (1121)  31 (6328)  14 Without 

*0.000 
6 (321)  16. (8128)  181 With Lower parts 

(reproductive 
organs) burn 

44 (6.26)  1 (222)  31 Without 

0.666 
3 (242.)  (73.3) 11 11 With 

Addiction 
31 (1621)  (81.9)181 221 Without 

 

There was not a significant correlation 
between education level, employment status, marital 
status, ignition material used, residency status, time of 
the year and addiction with survival (Table 3).  

Table 3: Multivariate analysis of factors affecting the survival 
of self-immolation attempters in Ilam province during 2011 to 
2015 

CI95%HR  HR*  Sub- group  Variable  

---- 1 Below 30% 
Burn percentage 0.531-29.32 3.94 31- 70% 

3.661-187.699 26.21 Over 71% 
---- 1 10- 30 years  

Age 0.934-3.368 1.3 31- 6- years  
1.435-3.367 2.2 Over 61 years  

*Hazard Rate. 

 

Men had a higher rate of survival in 
comparison with women, and this correlation was 
statistically significant (P = 0.024). The variables 
having P < 0.2 in univariate analysis using the Log-
Rank was analysed using multivariate Cox analysis 
method. Multivariate analysis showed that only two 
variables, namely, Total Body Surface Area and age 
could remain in the Cox Regression model and the 
rest of the other variables were excluded from the 
model.  
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Total Body Surface Area was introduced as 
the strongest factor associated with survival. 

 

 

Discussion 

The mean and median of suicide attempters 
in the present study were, respectively, 32.2 ± 4.7 and 
3 ± 33. In the study conducted by Najafi et al., the 
mean and median of the suicide attempters was 
respectively, 11 ± 2 and 33 ± 2.6 in Kermanshah [20]. 
There was a significant difference in survival rate of 
both genders. It was in contrast with them. 
Moradinazar et al., study which reported that no 
significant difference in survival rate of both genders 
was found [21]. In our study 25.43% of the victims 
died in the early hours after self- immolation having 
survival rate lower than 24 hours, which was 
consistent with the results of the of Moradinazar et al., 
study which showed that the highest mortality rate of 
self-immolation was in the first 24 hours after accident 
[21]. Only 32.2 % of the victims died after 7 days after 
self-immolation, while in Najafi’s study 11% and nearly 
70% of the victims have respectively, the survival 
rates of lower than 1 and 7 days [20]. It can be said 
that 24 and 7 days survival of the self-immolation 
attempters in Kermanshah province was rather two 
times more than our study’s.  

In the present study, through using univariate 
analysis by the help of the Log Rank, it was revealed 
that there is a significant relationship between, age, 
sex, burn degree, Total Body Surface Area, head, 
neck, limbs and genitals’ burn with survival rate. In 
Najafi’s study, in univariate analysis, factors such as 
age, mental disorder, drug addiction and burn 
percentage were significant [20]. In our study, in 
contrast with Najafi’s, gender was significant, while 
drug addiction was not so. In Dastgiri’s study as far as 
univariate analysis is taken into consideration, gender 
and age were not significant [22]. In our study, the 
victims suffering head, neck and limb’s burn had a 
lower rate of survival which is inconsistent with the 
study done by Dastgiri et al., [22]. 

In the present study, only Total Body Surface 
Area and age variables could remain in the 
multivariate analysis and other variables were 
excluded out of the model. The findings of the study 
were well correlated with Najafi’s in Kermanshah [20]. 
In this study, like Najafi’s study, the percentage of the 
burn was the most powerful detected factor in the 
survival. Also in Moradinazar et al. study the strongest 
risk factor affecting the survival of self-immolation 
attempters was Total Body Surface Area [21]. In the 
present study, the risk factor in those participants with 
more than 71% of the burn was 26.2 times more than 
those with less than 30% of burn. These results are 
consists with Moradinazar that demonstrated the risk 
of those with burns percentage higher than 70% was 
17 times more than those with burns percentage lower 

than 30%. Also, this rate was 17.3% in Najafi’s study 
[20]. 

In the analysis of age as the second 
associated factor in survival, it was found that the risk 
factor for people ranging from 31 to 60 years was 1.3 
times and in people over 61 years, 2.2 times more 
than those under the age of 30, and in Najafi’s study, 
these rates were, 1 and 3.08, respectively [20]. Also, 
the results of Moradinazar et al. study showed the 
ratio of fatal self-immolations up to the age of 45 was 
constant. But, after the age of 45, the ratio of fatal 
suicides increases [21]. It is believed that with ageing, 
the human skin, major changes such as perforation of 
dermal vessels, reducing subcutaneous fat and 
atrophy of the skin-dependent structures, which 
means that the immune system's ability to fight 
secondary infections is will be reduced. 

In conclusion, the mean and median of self-
immolation attempters’ survival rate is very low, and 
the mortality rate is by contrast high. Although 
preventive measures to avoid the phenomenon of 
suicide is much more important than medical 
intervention, self-immolation attempters with a lower 
degree of burn and age have more chances to survive 
and even improve. It seems that even in case of 
severe burns, the younger victims have a chance of 
survival. So, quickly hospitalisation without waste of 
time should be considered. Urgent medical treatments 
in the first hours, especially in the early 24 hours after 
self- immolation, as well as compensation for body’s 
fluid and electrolytes, can be very determinative in 
survival rate. Activating the emergency medical 
system and doing medical treatments at the place of 
self- immolation towards the first burning centre can 
help revival and keep body fluid.  

Our results regarding the survival of people 
committing self-immolation, due to the limitations of 
the studies in this field, were compared with a few 
other studies. It is recommended to conduct further 
studies with sufficient sample size. Such factors as 
the risk of nosocomial infection and the rate of inhaled 
damages will certainly have an impact on survival. In 
the present study, due to lack of access to this 
information, we were unable to estimate the impact of 
these factors. Considering the impact of these issues 
in future researches is also suggested. Many patients 
due to lack equipped burn centre in the province are 
being sent to distant provinces. Perhaps, establishing 
Burn Centers in Ilam or the west of the country, 
having the high incidence of suicide, can be helpful. 
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Abstract 

BACKGROUND: The prevalence of non-alcoholic fatty liver disease (NAFLD) is increasing globally. Early 
identification of liver steatosis (LS) status is critical to prevent the development of NAFLD into non-alcoholic 
steatohepatitis (NASH) fibrosis.  

AIM: This study aimed at exploring the validity of simple anthropometric and biochemical parameters to predict LS 
in young obese women.  

MATERIALS AND METHODS: This is a cross-sectional study involving 132 young obese women. We collected 
the data of measured waist circumference (WC), body mass index (BMI), serum triglyceride (TG), and gamma-
glutamyltransferase (GGT). The lipid accumulation product (LAP) was designed from TG and WC variables. Fatty 
liver index (FLI) was calculated from TG, BMI, WC, and GGT variables. LS status was measured using 
ultrasonography assay. Statistical significance was set at p < 0.05. 

RESULTS: A positive correlation was found between BMI, WC, TG, GGT, LAP, FLI, and LS (p = 0.001). We 
found that BMI is a better predictor for LS to WC. Our multiple linear regression analysis revealed that BMI, 
GGT,and TG could predict 41.4% of LS. The validity (specificity, sensitivity, and odds ratio) of simple body fat 
parameters in predicting LS were as follows: BMI ≥ 30 kg/m

2
 (69.6%, 74.4%, and 6.21), WC ≥ 90 cm (67.4%, 

70.0%, and 4.28), TG ≥ 100 mg/dL (70.6%, 70.0%, and 5.62) and GGT ≥ 20 μg/L (69.6%, 77.5%, and 7.87), as 
well as LAP ≥ 30 (82.6%, 70.0%, and 11.1), and FLI ≥ 2.5 (79.3%, 72.5%, and 10.1), significantly. 

CONCLUSION: Simple anthropometric and biochemical parameters (BMI, WC, and TG, GGT), are appropriately 
predicting LS as well as LAP, and FLI among obese Balinese young women. 

 
 
 
 
 
 

Introduction 

 

Non-alcoholic fatty liver disease (NAFLD) is 
related to metabolic syndrome, while non-alcoholic 
steatohepatitis (NASH) can develop cirrhosis and liver 
failure. As the prevalence of NAFLD increases, it 
arises as a public health problem. It is predicted that 
within one decade the prevalence of NAFLD will be 
twice as much. In the western population, its 
prevalence ranges from 15 to 35%, with 10% of these 
will progress to NASH.  

The prevalence of NAFLD is 58% in 
overweight people and 98% in non-diabetic, obese 
population [1]. Within 10 years, NAFLD can progress 
from liver steatosis (LS) to NASH (47%), and to 
advanced NASH fibrosis and cirrhosis (20-50%) [2]. 
The prevalence of NAFLD in Asia is 15-30%, and this 
figure rises to 50% in those with metabolic syndrome 
[3] [4]. 

LS is initiated by the increased of visceral fat 
mass in an individual with obese. Measuring visceral 
fat mass is essential for identifying the risk to LS. 
While computer tomographic (CT) scan is still the gold 
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standard to measure visceral fat, some specific body 
fat parameters which include waist-to-height ratio 
(WtHR), conicity index (c-index), visceral adiposity 
index (VAI), and lipid accumulation product (LAP) can 
also be used to predict visceral fatness [5]. Bedogni et 
al., developed the fatty liver index (FLI), that is 
calculated from the waist circumference (WC), body 
mass index (BMI), gamma-glutamyltransferase 
(GGT), and serum triglyceride (TG) [6].  

A biopsy of the liver is the gold standard in 
diagnosing NAFLD, especially in NASH. However, 
other methods are available as a less invasive option, 
such as imaging. Ultrasonography (US) is one tool 
that is generally used for steatosis screening, despite 
its lack of sensitivity [7].

 
It is a cost-effective and well-

established as an imaging technique in diagnosing 
LS. Its downside is an operator-dependent diagnosis 
tool, rather qualitative than quantitative, and lacking 
accuracy in detecting mild hepatic steatosis [8]. 

In the early stage, NAFLD presents with 
asymptomatic LS which can progress further to 
NASH. However, in many countries, there is no 
regular screening program for detecting asymptomatic 
LS. Identification of early and asymptomatic LS is 
critical because of its progression to NASH, advanced 
fibrosis, and cirrhosis can be prevented. Simple body 
fat parameters and biochemical measurements could 
be used to predict asymptomatic LS, while the 
progression of asymptomatic LS to the late stage of 
NAFLD, NASH, advanced fibrosis, and cirrhosis can 
be achieved through managing lifestyle, body weight, 
diet, and exercise.  

 

 

Material and Methods 

 

This was a cross-sectional study involving 
132 young, obese (aged 18-25 years, BMI > 25 kg/m

2
) 

women in Bali, Indonesia. Data were collected from 
April to September 2013. A written informed consent 
was obtained before commencing the study, and the 
participants’ anonymity was maintained throughout. 
The study protocol was approved by the Committee of 
Ethical Research of Udayana University/Sanglah 
General Hospital. 

Anthropometric and biochemical variables 
were assessed. All anthropometric variables were 
measured twice, and for the final analyses mean 
values were used. Body weight (BW) was measured 
by a digital scale (Omron HBF-362, Japan) and 
presented in kilogram (kg). Body height (BH) was 
measured using a stature meter (General Care 26SM) 
and presented in centimetre (cm). WC was measured 
using a non-elastic, flexible tape at the middle level of 
the abdomen. Both TG and GGT were analysed by a 
colourimetric method (Cobas 6000, Roche 
Diagnostics, Germany). LAP for women was 

calculated as [WC (cm) −(5,9,10,11)  Finally, FLI was 
calculated as (e0.953* loge(TG) +0.139*(BMI) 
+0.718*loge(GGT) +0.053*WC -15.745)/ (1- e0.953* 
loge(TG) +0.139*(BMI) +0.718*loge(GGT) 
+0.053*(WC) -15.745) * 100. No adjustment of any 
kind was made in this study regarding any 
calculations of the anthropometry [5] [6] [9] [10] [11]. 

Liver steatosis (LS) was assessed using 
ultrasonography (US) imaging (Logiq 500, GE, 
Solingen, Germany), setting at 3-5 MH curve linear 
frequencies. The imaging was focused on the right 
subcostal-longitudinal and transversal axis line of the 
subject. The results were interpreted independently by 
three radiologists, and the final interpretation was 
concluded by the majority decision.  

LS criteria were described as: (1) normal liver, 
absence of steatosis and other liver disorder, (2) mild 
steatosis, marked by the appearance of liver 
parenchymal or hepatorenal echo contrast, a little bit 
brighter without disorder of intrahepatic vascular, (3) 
moderate steatosis, marked by liver parenchymal or 
hepatorenal appearance brighter in most area without 
intrahepatic vascular disorder, and (4) severe 
steatosis, marked by a diffuse and brighter liver 
appearance with blunting intrahepatic vascular [12] 
[13]. 

Statistical analyses were performed using 
Stata 12.1 (Stata Corp, College Station, TX, USA). 
The normal distribution of continuous data is 
presented as a mean ± standard error of the mean 
(SE). We employed a Pearson correlation test for 
continues data to assess the relationship between 
anthropometrical, biochemical, and LS, followed by 
multiple linear regression. One way ANOVA test was 
used to compare mean values of risk variables by the 
stage of LS. For ordinal variables, we employed non-
parametric analyses which include calculation of odds 
ratio (OR), specificity, and sensitivity value to predict 
liver steatosis. Statistical significance was set at p < 
0.05 (95% CI). 

 

 

Results 

 

This study enrolled 132 obese young women. 
Most of them were Balinese (94.7%), and a university 
student (90.9%). Table 1 depicts the demographic 
characteristics and descriptive data of the study 
participants. Average of BMI and WC were 30.4 ± 
0.43 kg/m

2
 and 90.4 ± 1.06 cm respectively. Most 

subjects (87.1%) had abdominal obesity (WC ≥ 80 
cm). Mean TG and GGT serum concentrations were 
104.6 ± 4.31 mg/dL and 24.4 ± 1.47 μg/L respectively, 
which were above the normal level. LS was found in 
30.3% subjects, varied from mild (13.6%), moderate 
(6.8%), and severe (9.8%). 
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Table 1: Characteristics description of subjects (n = 132) 

Parameters Mean ± SE N (%) 

Age (year) 20.7 ± 0.20  
Height (cm) 158.2 ± 0.74  
Weight (kg) 76.7 ± 2.00  
BMI (kg/m

2
) 30.4 ± 0.43  

25.0-29.9  70 (53.0) 
30.0-39.9  54 (40.9) 
≥ 40  8 (6.1) 
WC (cm) 90.4 ± 1.06  
< 80  17 (12.9) 
≥ 80  115 (87.1) 
   
TG (mg/dL) 104.6 ± 4.31  
GGT (μg/L) 24.4 ± 1.47  
Liver Steatosis  40 (30.3) 
Mild  18 (13.6) 
Moderate  9 (6.8) 
Severe  13 (9.8) 

Presented in mean ± SE (standard error of mean) for continous data; N(%) for catagorical 
data. BMI = body mass index, WC = waist circumference; TG = trygliceride, GGT = 
gamma-glutamyltransferase. 

 

Table 2 shows the association between all 
anthropometric variables, biochemical parameters, 
body fatness, and LS status. We found a strong 
positive correlation (p-value < 0.001) between 
anthropometric variables, biochemical parameters 
(TG, GGT), body fatness, and LS status.  

Table 2: Correlation matrix of body mass index (BMI), waist 
circumference (WC), Waist to Height Ratio (WHtR), Lipid 
accumulation product (LAP), fatty liver index (FLI), plasma 
Triglyceride (TG), plasma gamma-GT (GGT) and liver steatosis 
(LS) 

Parameters BMI  WC CI WHtR TG GGT  LAP FLI LS 

BMI 1         

WC 0.867* 1        

CI 0.462* 0.826* 1       

WHtR 0.854* 0.960* 0.823* 1      

TG 0.460* 0.467* 0.361* 0.494* 1     

GGT 0.470* 0.489* 0.319* 0.466* 0.379* 1    

LAP 0.746* 0.797* 0.624* 0.804* 0.861* 0.494* 1   

FLI 0.860* 0.787* 0.446* 0.756* 0.465* 0.529* 0.776* 1  

LS 0.588* 0.588* 0.417* 0.607* 0.449* 0.494* 0.592* 0.567* 1 

Presented in Pearson’s correlation coefficient. *p < 0.001. LS 1 = none, 2 = mild, 3 = 
moderate, 4 = severe. 

 

Our multiple linear regression suggested that 
BMI, GGT, and TG could predict 41.4% of liver 
steatosis, as shown in Table 3. We found a weak 
association between WC and LS in comparison to 
BMI, TG, and GGT. Therefore we removed the WC 
variable from the final model. 

Table 3: Regression of body mass index (BMI), plasma gamma-
glutamylTransferase (GGT), and triglyceride (TG) to liver 
steatosis 

Dependent Independents B SE  Beta p 
R 

square 

Liver 
Steatosis 

(Constant) -1.555 0.438   0.001  
0.414 BMI 0.080 0.017  0.395 < 0.001 

GGT 0.014 0.005  0.242 0.003 
TG 0.003 0.002  0.171 0.031 

 The variation of LS value determined by the model 41.4%. 

Analysed using linear regression, Independent variable enter; BMI, WC, TG and GGT. 

 

Table 4 depicts the relationship between 
predictor variables and LS status. We found a 
significant association between all predictor variables 

and LS status. We found a consistent increase of 
association based on the stages of LS.  

Table 4: Relationship of some determinants parameter to Liver 
Steatosis 

Determinant  

Liver Steatosis 

None 
(92) 

Mild 
(18) 

Moderate 
(9) 

Severe 
(13) 

p 

Body Mass 
Index (kg/m

2
) 

28.7 ± 0.33
*†‡

 32.0 ± 0.85
*§ 

32.4 ± 1.22
†ǁ

 
38.2 ± 
2.28

‡§ǁ
 

* 
0.002 

†
 0.009 

‡ 
< 0.001 

§ 
< 0.001 
ǁ
 0.001 

Waist 
Circumference 
(cm) 

86.4 ± 0.88
*†‡ 

94.3 ± 2.39
*§ 

95.0 ± 3.71
†ǁ

 
110 ± 
4.58

‡§ǁ
 

* 
0.002 

† 
0.014 

‡ 
< 0.001 

§ 
< 0.001 

ǁ 
< 0.001

 

Conicity Index 1.18 ± 0.008
*†‡

 1.22 ± 0.020
*§

 1.23 ± 0.034
†
 

1.29 ± 
0.022

‡§
 

* 
0.054 

† 
0.057 

‡ 
< 0.001 
§ 
0.013

 

Waist to Height 
Ratio 

0.545 ± 
0.005

*†‡
 

0.594 ± 
0.012

*§
 

0.606 ± 
0.025

†ǁ
 

0.686 ± 
0.026

‡§ǁ
 

* 
0.001 

†
 0.003 

‡ 
< 0.001 

§ 
< 0.001 

ǁ 
< 0.001

 

Triglyceride 
(mg/dL) 

89.7 ± 3.54
*†‡

 134 ± 12.3
*
 122 ± 21.2

†
 157 ± 20.0

‡
 

* 
< 0.001 
†
 0.037 

‡ 
< 0.001

 

Gamma-
Glutamyltransfer
ase (μg/L) 

19.5 ± 1.26
*‡

 30.8 ± 3.76
*§

 25.1 ± 4.80
ǁ
 

48.7 ± 
6.79

‡§ǁ
 

* 
0.003 

‡ 
< 0.001 
§ 
0.001 

ǁ 
< 0.001 

Lipid 
Accumulation 
Product 

29.6 ± 1.81
*†‡

 55.2 ± 5.81
*§

 53.1 ± 12.8
†ǁ

 
98.3 ± 
17.9

‡§ǁ
 

* 
0.001 

† 
0.017 

‡ 
< 0.001 

§ 
< 0.001 

ǁ 
< 0.001 

Fatty Liver 
Index 

1.88 ± 0.38
‡
 5.63 ± 1.51

§
 6.13 ± 3.08

ǁ
 

30.5 ± 
8.65

‡§ǁ
 

‡ 
< 0.001 

§ 
< 0.001 

ǁ 
< 0.001 

Presented in mean ± standard error of the mean (SE). Analysed using one-way ANOVA. 
The significance level (p-value) of; none vs mild steatosis*, none vs moderate steatosis

†
, 

none vs severe staetosis
‡
, mild vs severe steatosis

§
, and moderate vs severe steatosis

ǁ
. 

 

Simple anthropometric parameters (BMI, WC, 
CI, and WHtR), biochemical indexes (TG, GGT), and 
complex body fatness indicators could predict liver 
steatosis significantly (Table 5).  

Table 5: Specificity, Sensitivity and the OR to predict Liver 
Steatosis (US) of somebody fatness parameters 

Parameters 
(cut off) 

Specificity 
(None = 92) 

F (%) 

Sensitivity 
(Steatosis = 40) 

F (%) 
OR (95% CI) p 

BMI (≥ 30 kg/m
2
) 64 (69.6) 29 (74.4) 6.21 (2.66-14.5) < 0.001 

WC (≥ 90 cm) 62 (67.4) 28 (70.0) 4.82 (2.16-10.8) < 0.001 
CI (≥ 1.2) 59 (64.1) 29 (74.4) 4.53 (1.99-10.3) < 0.001 
WHtR (≥ 0.55) 58 (63.0) 31 (77.5) 6.34 (2.59-15.5) < 0.001 
TG (≥ 100 mg/dL) 65 (70.6) 28 (70.0) 5.62 (2.50-12.6) < 0.001 
GGT (≥ 20 μg/L) 64 (69.6) 31 (77.5) 7.87 (3.31-18.7) < 0.001 
LAP (≥ 30) 76 (82.6) 28 (70.0) 11.1 (4.67-26.3) < 0.001 
FLI (≥ 2.5) 73 (79.3) 29 (74.4) 10.1 (4.29-23.9) < 0.001 

BMI = body mass index, WC = waist circumference, CI = conicity index, WHtR = waist to 
height ratio, TG = triglyceride, GGT = gamma glutamyltransferase, LAP = lipid 
accumulation product, FLI = fatty liver index, OR = odd ratio. 

 

The validity indicators (specificity, sensitivity 
and the odds ratio (95%CI)) of body fat parameters 
which could predict LS were as follows: BMI ≥ 30 
kg/m

2
 (69.6%, 74.4% and 6.21(2.66-14.5)), WC ≥ 90 

cm (67.4%, 70.0% and 4.28(2.16-10.8)), CI ≥1.2 
(64.1%, 74.4%, and 4.53(1.99-10.3)), TG ≥ 100 mg/dL 
(70.6%, 70.0% and 5.62(2.50-12.6)), GGT ≥ 20 μg/L 
(69.6%, 77.5% and 7.87(3.31-18.7)), LAP ≥ 30 
(82.6%, 70.0% and 11.1(4.67-26.3)), and FLI ≥ 2.5 
(79.3%, 72.5% and 10.1(4.29-23.9)). 
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Discussion 

 

NAFLD has emerged into a serious problem 
worldwide. LS is an early stage of NAFLD that 
naturally will progress to NASH (47%), of which as 
many as 25-50% will eventually progress to cirrhosis 
or fibrosis. Following the next ten years, as many as 
7% will progress to hepatocellular carcinoma, 
contribute to 20% of liver-related death, and 50% will 
require a liver transplant [2].

 
It is important for 

healthcare providers to understand and identify this 
entity at an earlier stage and deliver the appropriate 
treatment.  

The objective of treating NAFLD is to prevent 
fibrosis and improve steatosis. Current treatment 
relies on treating existing related entities such as 
obesity and insulin resistance. Weight loss, achieved 
through the lifestyle and behavioural interventions 
such as diet and exercise, is still the main strategy to 
prevent the progression of NAFLD [14].

 
Our previously 

randomised clinical trial [15] [16] found that three 
months restriction energy intake with a supplement of 
low n6:n3 (2:1) polyunsaturated fatty acid (PUFA) 
ratio, and weekly moderate exercise, decreased body 
fat parameters, improved cytokines levels, controlled 
fasting blood glucose, and reduced LS. 

Body fatness, particularly visceral fat, is 
strongly associated with NAFLD. Oshakbayev et al., 
[17] reported NAFLD patients were found to have 
increased visceral fat rating, increased metabolic age 
by 9.6 years, and a basal metabolic rate of 209 
kcal/day. 

FLI, LAP, and VAI are body fatness indexes 
which can be used to predict cardiovascular, 
metabolic accurately, and liver-related diseases [6] [9] 
[10].

 
Both LAP and FLI can be utilised to recognise 

patients with hepatic steatosis [18].
 
FLI is a non-

invasive diagnostic tool that is known for its strong 
agreement to SteatoTest and moderate agreement to 
abdominal ultrasound or hepatorenal imaging [19].

 
Du 

et al., [20] reported that VAI and LAP are sensitive in 
recognising the metabolic obese-normal weight 
(MONW) phenotype among Chinese adults. 

Despite FLI’s ability in recognising NAFLD, a 
simpler visceral fat assessment like waist 
circumference was found to have a similar 
performance [21].

 
Rinella et al., [22] investigated that 

there was a proven correlation between the overall 
grade of steatosis and BMI in liver donors. A 
population-based study by Stranges et al., [23] found 
that abdominal height was related to GGT and ALT 
levels, with women showed a stronger correlation.  

Our study aims to identify predictors of 
NAFLD instead of defining the diagnosis of NAFLD. 
Understanding these predictors can guide the 
management of NAFLD especially in modifying risk 
factors associated with the development of NAFLD to 
NASH. Until recently, there is no definitive and 

specific pharmacologic regiment available for treating 
NAFLD. Simple anthropometric and biochemical 
predictors such as BMI, WC, TG, and GGT are readily 
available at all level of medical care services, 
especially at primary care. These predictors can be 
modified through behavioural interventions to prevent 
the progression of NAFLD to advanced NASH. Also, 
managing these predictors is also beneficial to reduce 
the risk for cardiovascular and metabolic-related 
diseases effectively. 

In conclusion, there is a significant 
relationship between liver steatosis with all body fat 
parameters. These phenomena indicate that the 
simple single anthropometric (BMI, WC) and also the 
biochemical (TG, GGT) parameters are appropriate as 
hallmarks for predicting liver steatosis as well as the 
complex fatness parameters (such as FLI and LAP) 
among the obese Balinese young women. 
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Abstract 

BACKGROUND: Hyperglycemia is common in acute stroke patients. Hyperglycemia can induce the production of 
reactive oxygen species, causing increased activity of matrix metalloproteinase-9 (MMP-9).  

AIM: This study aimed to determine an association between the increased levels of MMP-9 and the incidence of 
hyperglycemia in acute ischemic stroke patients.  

METHODS: This is a case-control study. Acute ischemic stroke patients admitted to the Stroke Unit of a reference 
hospital in Yogyakarta, Indonesia was divided into the hyperglycemic and non-hyperglycemic group. Demographic 
and clinical characteristics of each subject were recorded, and blood levels of MMP-9 were measured. Seventy-
one patients were recruited, 40 subjects in the hyperglycemic group and 31 subjects in the non-hyperglycemic 
group.  

RESULTS: The median levels of blood MMP-9 level in the hyperglycemic and non-hyperglycemic group were 

974.37 and 748.48 ng/mL, respectively, and the difference was statistically not significant (95% CI, 191.24-
2849.53; p = 0.07). When the calculated cut-off point of 600.99 ng/mL was used, the proportion of patients with 
higher MMP-9 levels was significantly more in the hyperglycemic group compared with the ones in the non-
hyperglycemic group (82.5% and 54.8%, respectively; OR = 3.88; p = 0.011).  

CONCLUSION: We concluded that the proportion of patients with MMP-9 level >600.99 ng/mL was significantly 
higher in acute ischemic stroke patients with hyperglycemia. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Introduction 

 

Hyperglycemia, as defined by fasting blood 
glucose over 126 mg/dL (7.0 mmol/L) is common in 
acute ischemic stroke patients with the incidence rate 
of approximately 60% [1] [2]. Hyperglycemia in 
patients with acute stroke can be caused by some of 
the underlying mechanisms; one of which is the 
activation of the hypothalamic-pituitary-adrenal axis 
due to a direct impact of the brain ischemia [3]. This 

hyperglycemia condition is associated with cytotoxic 
injury of the brain and increased mortality and poor 
recovery for the patients [4].

 

The hyperglycemia may induce the production 
of reactive oxygen species (ROS), which resulted in 
the increased activity of matrix metalloproteinase-9 
(MMP-9) [5]. Glucose intake is also known to increase 
levels of pro-inflammatory transcription factors, such 
as activator protein-1 (AP-1) and the early growth 
response-1 (Egr-1). AP-1 regulates the transcription of 
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MMP. Hence the expression of MMP-2 and MMP-9 
are increased and rapidly regulated in stroke 
pathogenesis [6] [7]. It positively correlates with the 
severity of the stroke, and it increases the 
permeability of the blood-brain barrier [8] [9] [10]. 
Polymorphism in MMP-9 (e.g. MMP9 rs3918242) may 
induce the development of ischemic stroke and is 
found more frequent in diabetic type 2 patients, 
indicating the role of the MMP protein in pathological 
mechanism of stroke [11] [12].

 

There is evidence that shows the detrimental 
role of MMP-9, i.e., enlarging the region of brain injury 
following the focal ischemia. A recent study 
demonstrated that MMP-9 can directly trigger anoikis, 
e.g., the death of neurons due to the occurrence of 
signal interference between cells and their matrix [13]. 
Inhibition of MMP-9 either by minocycline or gene 
silencing in ischemic models shows a protective effect 
as indicated by decreased infarct size, indicating the 
involvement of MMP-9 in ischemic stroke pathology 
[14].  

The purpose of this study was to determine 
the relationship between levels of MMP-9 with the 
incidence of hyperglycemia in patients with acute 
ischemic stroke. 

 

 

 

Material and Methods 

 

This was a case-control study approved by 
the Ethical Committee of the Faculty of Medicine, 
Universitas Gadjah Mada, Yogyakarta, Indonesia. 
Blood samples were consecutively withdrawn from 
acute ischemic stroke patients who were treated 
during the first attack at the Stroke Unit in Dr Sardjito 
General Hospital, Yogyakarta, Indonesia. The 
inclusion criteria were age 50-70 years, and the 
maximum onset of stroke was 6 days evidenced by 
the presence of cerebral infarction in the head CT 
scan. Subjects were divided into 2 groups, i.e., the 
hyperglycemic group (fasting plasma blood glucose 
levels > 126 mg/dL) including patients with a history of 
diabetes mellitus before the stroke and the non-
hyperglycemic group (fasting plasma blood glucose < 
126 mg/dL). This study selected subjects with age 
over 50 years old because a previous study 
demonstrated that the relationship between MMP-9 
with certain complications was also influenced by the 
age factor. Indeed, it was reported that MMP-9 
genotypes were associated with extensive lesions of 
cardiac infarction in patients aged 53 years and over 
[15]. The exclusion criteria were patients with bleeding 
transformation or space-occupying lesion by other 
causes and patients who did not complete the study 
procedure.  

The analyses of multiple comorbidities on 
stroke were performed on the recruited subjects, 
including their demographics, risk factors, blood 
pressure, blood chemistry, and clinical outcomes 
based on the Gadjah Mada Stroke Scale (GMSS). 
GMSS is a modified version of the National Institute of 
Health Stroke Scale (NIHSS). GMSS is designed to 
serve as a clinical measurement tool to evaluate and 
to monitor the neurologic status of stroke patients. 
The GMSS has been tested for its validity and 
reliability, in which it yields a Kappa coefficient 
between 0.85-1. The GMSS threshold is set at 23: 
score more than 23 indicates mild to moderate 
neurologic deficits, while the one less than 23 refers to 
severe neurologic deficits [16]. Plasma blood glucose 
levels were examined within the first 24 hours of care 
after fasting for at least 12 hours. The MMP-9 level 
was measured with the technique of quantitative 
sandwich enzyme-linked immunosorbent assay 
(ELISA) using a special kit (Bio-Rad Laboratories, 
Inc., Hercules, CA 94547, USA). A comparative 
analysis of MMP-9 levels was conducted between 
acute ischemic stroke subjects in the hyperglycemic 
and the non-hyperglycemic groups. To determine the 
cut-off point of MMP-9 levels, the receiver operating 
characteristic (ROC) curve was created. Sensitivity 
and specificity are two components used to measure 
the validity of a diagnostic test compared to the gold 
standard. ROC curve is a graph of the sensitivity (Y-
axis) with 1-specificity (X-axis), aims to determine the 
cutoff point of the diagnostic test that is continuous or 
ordinal scale, and the ROC is an effective method for 
assessing the performance of a diagnostic test [17]. 
Spearman correlation analysis was used to analyse 
the correlation between MMP-9 level and stroke 
outcome. The Chi-square, t-test or Mann-Whitney 
analyses were performed for basic demographic 
characteristics with a chosen significance level of 0.05 
or 95% confidence level (p < 0.05) by using the 
statistical program. 

 

 

 

Results 

 

Seventy-one patients with acute ischemic 
stroke were recruited, consisting of 40 hyperglycemic 
and 31 non-hyperglycemic subjects. The baseline 
characteristics between the two groups are shown in 
Table 1. The mean age of both groups was 60 and 58 
years, in which the majority of subjects were males 
with a history of hypertension. As expected, the 
incidence of diabetes mellitus was higher in the group 
of hyperglycemia (32.5% vs 6.5%; p = 0.011). The 
systolic blood pressure was higher in hyperglycemia 
group compared to non-hyperglycemia group (155.90 
± 25.72 mmHg vs 143.13 ± 22.12 mmHg respectively; 
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p = 0.031). Other variables did not show a significant 
difference between the two groups. 

Table 1: Baseline characteristics of the subjects 

Variables 
Hyperglyce

mia 
(n = 40) 

Non-
hyperglycemia 

(n=31) 
Total t/

2
 p 

Demography      
Age (years) 60.55 ± 

8.64 
57.90 ± 12.56 

59.39 ± 

10.53 
1.051 0.297 

Male (n; %) 22 (55.0%) 19 (61.3%) 41 (57.7%) 
0.283 0.595 

Female (n; %) 18 (45.0%) 12 (38.7%) 30 (42.3%) 
Therapeutic windows 
(hour) 

28.13 ± 

26.23 
25.32 ± 27.02 

26.90 ± 

26.42 
0.441 0.661 

Risk Factor of stroke      
Hypertension (n; %) 29 (72.5%) 18 (58.1%) 47 (66.2%) 5.697 0.058 
Diabetes Mellitus (n; %) 13 (32.5%) 2 (6.5%) 15 (21.1%) 8.970 0.011 
Cardiac disease (n; %) 3 (7.5%) 3 (9.7%) 6 (8.5%) 0.367 0.832 
Hypercholesterolemia (n; 
%) 

9 (22.5%) 4 (12.9%) 13 (18.3%) 1.101 0.577 

Smoking cigarette (n; %) 15(37.5%) 8 (25.8%) 23 (32.4%) 1.090 0.296 
Blood pressure       
Systolic (mmHg) 155.90 ± 

25.72 
143.13 ± 22.12 150.32 ± 

24.88 
2.204 0.031 

Diastolic (mmHg) 89.00 ± 
13.05 

85.52 ± 12.58 87.48 ± 
12.87 

1.133 0.261 

Blood chemistry      
BUN (mg/dL) 18.77 ± 

12.72 
17.27 ± 11.15 18.11 ± 

12.00 
0.520 0.605 

Creatinine (mg/dL) 1.07 ± 0.56 1.21 ± 1.35 1.13 ± 0.98 -0.592 0.556 
Total cholesterol (mmol/L) 204.78 ± 

52.01 
188.19 ± 44.86 197.54 ± 

49.38 
1.413 0.162 

LDL (mmol/L) 130.56 ± 
47.34 

117.45 ± 39.55 124.84 ± 
44.29 

1.242 0.218 

Albumin (g/dL) 3.10 ± 0.63 3.20 ± 0.60 3.14 ± 0.62 -0.613 0.542 
Stroke outcome      

Gadjah Mada Stroke 
Scale (GMSS) 

25.25 ± 
8.93 

28.52 ± 8.14 26.68 ± 
8.69 

-1.588 0.117 

BUN: blood urea nitrogen, LDL: low-density lipoprotein. 

 

Figure 1 illustrates the distribution of MMP-9 
levels between the two groups. The median levels of 
MMP-9 in the hyperglycemic group were higher than 
the ones in the non-hyperglycemic group (974.37 and 
748.48 pg/mL, respectively). No outlier data were 
observed. 

 

 

Figure 1: Boxplot distribution of MMP-9 levels in the hyperglycemic 
and non-hyperglycemic groups. The bottom and top of the box 
showed the first and third quartiles, while whisker shows the range 
between + 1.5 Inter Quartile Range (IQR) and the first quartile -1.5 
IQR. The median was shown as a horizontal line in the box as well 
as a number beside the box 

 

Subsequent analysis with the Mann-Whitney 
test indicated that the hyperglycemic group had a 

higher sum of the rank of MMP-9 levels than the ones 
in the non-hyperglycemic group (1596.5 and 959.5 
ng/mL, respectively), although the difference was 
statistically not significant (95% CI, 191.24-2849.53; p 
= 0.07). 

Next, by using the ROC curve, the cut-off 
point for MMP-9 was obtained, i.e., 600.99 ng/mL 
(Figure 2). Table 2 shows the association of the MMP-
9 levels based on the cut-off point. The proportion of 
MMP-9 levels > 600.99 ng/mL in hyperglycemia group 
was 82.5%, higher than the ones in the non-
hyperglycemia group (54.8%). This was significantly 
different based on the value of risk estimated by the 
calculated odds ratio (OR) = 3.88 (95% CI, 1.319-
11.428; p = 0.011).  

 

Figure 2: Receiver Operating Characteristic (ROC) curve to 
determine the cutoff point of the MMP-9 levels 

 

Previous studies have shown adverse effects 
of MMP-9 levels on stroke outcomes [8]. However, no 
significant association between the MMP-9 levels with 
the stroke outcomes (as assessed with GMSS) was 
observed in this study (p = 0.214).  

Table 2: Bivariate analysis of MMP-9 to the Hyperglycemic and 
Non-hyperglycemic Group 

MMP-9 
(ng/mL) 

Hyperglycemia 
Non-
hyperglycemia 


2
 p OR 

95%CI 

n % n % 
Lower 
limit 

Upper 
limit 

>600.99 
<600.99 

33 
7 

82.5 
17.5 

17 
14 

54.8 
45.2 

6.416 0.011 3.88 1.319 11.428 

 

The patients subsequently were divided into 
two groups based on the MMP-9 levels, i.e., one 
group above the cut-off point (≥ 600.99 ng/mL) and 
another one below the cut-off point. However, no 
significant difference between the two groups 
regarding clinical outcomes according to the GMSS 
was observed based on the Mann-Whitney analysis (p 
= 0.91). 
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Discussion 

 

In our study, the MMP-9 levels ≥ 600.99 
ng/mL were observed more frequently in the 
hyperglycemic group than in the non-hyperglycemic 
group. These results support previous studies which 
demonstrated that the incidence of hyperglycemia is 
associated with elevated MMP-9 levels [17]. 

Hyperglycemia is a common phenomenon 
among acute stroke patients, with the incidence rate 
of approximately 60% [2]. An increased blood glucose 
level is associated with various complications affecting 
the central nervous system. Hyperglycemia during an 
ischemic stroke has been associated with an 
increased risk of mortality and poor functional 
outcome [17] [18]. This can be due to the up-
regulation of many neurotoxic mediators (e.g., MMP-
9) released by cells that are stimulated by high blood 
glucose levels. Previous studies have shown that 
hyperglycemia will increase the incidence of oxidative 
stress and the activation of MMP-9, which 
subsequently exacerbating the dysfunction of the 
blood-brain barrier after ischemic injury / re-perfusion 
and cerebral oedema [19]. However, it is elusive yet of 
how high of blood glucose level to trigger an elevation 
in MMP-9 level and of how high the MMP-9 level 
could rise as a result of hyperglycemia [10] [21].  

We proposed in this study that the cut-off 
point of the MMP-9 level was 600.99 ng/mL. MMP-9 
levels above the cut-off point were more frequently 
encountered in the hyperglycemic group than in the 
non-hyperglycemic group. These results have some 
significant impacts. First, our study reconfirms findings 
from previous studies showing that hyperglycemia is 
associated with increased levels of MMP-9 [17]. This 
elevation of MMP-9 in hyperglycemia was also found 
in another condition such as severe sepsis, indicating 
that the process does not depend on the diabetic 
status of the patient before a stroke [22]. Second, this 
study showed a cut-off point for the elevation of MMP-
9 levels due to hyperglycemia. This implies in clinical 
practice. Clinicians should be aware that when a 
hyperglycemic patient has an MMP-9 level above the 
cut-off point, oxidative stress has already occurred. 
This, in turn, will affect the outcome of stroke and 
other complications that may arise. In summary, we 
hypothesise that MMP-9 level ≥ 600.99 ng/mL can be 
a predictor for poor outcomes of ischemic stroke. 

Several studies have demonstrated an 
association of elevated MMP-9 levels with poor 
outcomes in stroke patients. In addition to the 
exacerbation of blood-brain barrier dysfunction after 
injury ischemic injury/re-perfusion, MMP-9 is also 
known to be involved in the mechanism of the central 
depression within acute stroke patients, and it 
contributes to the destruction of brain cells, thus 
aggravating the incidence of brain oedema [19]. The 
central depression is characterised by the neuronal 
and glial depolarisation, followed by an increased 

expression of MMP-9 after 3-6 hours. There is also 
evidence that shows the detrimental role of MMP-9, 
which leads to the expansion of brain injury after focal 
ischemia [23]. The increased activity of MMP-9 is 
characterised by the simultaneous reduction in the 
extracellular matrix changing the adhesive contact of 
neuronal cells to the extracellular matrix and by 
events that underlie their contributions to neuronal 
degeneration in the ischemic penumbra. This lead to 
migration of neutrophils to brain parenchyma and 
stimulates another release of MMP-9 of resident brain 
cells (neurons and glial cells) which resulted in 
apoptosis of these cells [24]. A recent study 
demonstrated that MMP-9 could directly trigger 
anoikis, such as neuronal death due to the occurrence 
of signal interference between cells and the matrix 
[13]. Indeed, activation of MMP-9 is associated with 
the size of the brain infarct. Also, levels of pro-MMP-9 
in plasma and levels of activated MMP-9 in the murine 
cerebral tissue increased after 24-hours of permanent 
occlusion of the middle cerebral artery. The increment 
of pro-MMP-9 levels in plasma at 24 hours was 
associated with the infarct size [25]. In human study, 
increased MMP-9 plasma level correlated with infarct 
volume increment at baseline (0-6th hour), 12, 24, and 
48th hour after stroke and correlated with higher 
NIHSS scores at 12, 24 and 48

th
 hour [26]. Another 

study showed increased MMP-9 plasma level on 
admission was positively correlated with NIHSS score 
after 1 month and 12% increased the risk for major 
disability, and 29% increased the risk for death in the 
3-month interval after stroke [27] [28]. It is worth to 
mention that these 2 studies did not find any 
significant correlation between blood glucose and 
MMP-9 plasma level, showing that another 
mechanism besides hyperglycemia could affect the 
association between MMP-9 levels and stroke 
outcome [27] [28].

 

Researchers are attempting to confirm a link 
between increased levels of MMP-9 with the poor 
outcomes of ischemic stroke. However, we did not 
observe any significant correlation between MMP-9 
levels and the stroke outcomes as assessed with the 
GMSS (p = 0.214). An analysis using the Mann-
Whitney test to see any significant difference in 
clinical outcomes between patients with MMP-9 levels 
above and below the cut-off point also showed no 
significant difference. This is in contrast to results of 
other studies that have been previously described. 
The difference could be partly explained by one of the 
limitations of this study, i.e., no stratification of 
patients based on their medical history of diabetes 
mellitus. Previous studies have shown that an up-
regulation of MMP-9 activity contributes to the 
exacerbation of vascular damage in diabetic patients, 
but not in patients with acute hyperglycemia [29]. This 
vascular damage disrupted the blood-brain barrier and 
led to an unfavourable outcome in diabetic patients 
[30].
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We acknowledge several limitations of this 
study: (1) no stratification of patients based on their 
medical history of diabetes mellitus; (2) no 
stratification of patients by the subtype of ischemic 
stroke, such as atherosclerosis in large arteries or 
cardiac embolism; (3) no distinction of size and 
location of the infarct’s lesion and the involvement of 
cerebral arteries; and (4) no significant difference on 
comorbidity factors between the hyperglycemic and 
the non-hyperglycemic subjects was observed. Based 
on these limitations, we recommend conducting a 
more comprehensive study to improve these 
weaknesses. 

We conclude that based on the calculated 
cut-off point (600.99 ng/mL), the proportion of higher 
MMP-9 levels were significantly more in the 
hyperglycemic than in the non-hyperglycemic group of 
acute ischemic stroke patients. 
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Abstract 

AIM: To evaluate the feasibility and safety of mini abdominoplasty with liposuction under local tumescent 
anaesthesia (LA) as the sole anaesthetic modality. 

METHODS: The study included 60 female patients with a mean age of 33.3 ± 5.6 years. Local infiltration using a 
mixture of 1:1000 epinephrine (1 ml), 2% lidocaine (100 ml) and 0.5% Levobupivacaine (50 ml) in 2500 ml saline 
was started with Local infiltration started with the abdomen, outer thigh, hips, back, inner thighs and knees. After 
Mini Abdominoplasty with supplemental liposuction was conducted and application of suction drains wound 
closure was performed, and the tight bandage was applied. Pain during injection, incision and surgical 
manipulations was determined. Duration of postoperative analgesia, till oral intake and return home, patients and 
surgeon satisfaction scores were determined. 

RESULTS: All surgeries were conducted completely without conversion to general anaesthesia. Injection pain 
was mild in 46 patients, moderate in 10 and hardly tolerated in 4 patients. Incision pain was mild in 16 patients, 
while 44 patients reported no sensation. During the surgical procedure, 6 patients required an additional dose of 
LA. Meantime till resumption of oral intake was 1.6 ± 0.9 hours. Meantime till home return was 5.6 ± 2.4 hours. 
Twelve patients were highly satisfied, 18 patients were satisfied, and these 42 patients were willing to repeat the 
trial if required. Eight patients found the trial is good and only one patient refused to repeat the trial and was 
dissatisfied, for a mean total satisfaction score of 3.1 ± 0.9.  

CONCLUSION: Mini Abdominoplasty with liposuction could be conducted safely under tumescent LA with mostly 
pain-free intraoperative and PO courses and allowed such surgical procedure to be managed as an office 
procedure. The applied anaesthetic procedure provided patients’ satisfaction with varying degrees in about 97% 
of studied patients. 

 
 
 
 
 
 
 
 
 

 

Introduction 

 

Limited abdominoplasty is commonly 
performed under general anaesthesia with 
endotracheal intubation or manually controlled 
intravenous anaesthesia. Despite the surgeons’ 
preference of performing the procedure on patients 
under general anaesthesia; patients have anxiety over 
complications due to general anaesthesia. On the 
other hand, manually controlled infusion of 
intravenous anaesthesia had disadvantages including 
inefficient control of anaesthesia [1]. 

There was the widespread application of local 

anaesthesia for multiple surgical procedures and was 
proved effective with advantages extending to the 
postoperative period; Agbakwuru et al., [2]

 
reported 

that hydrocelectomy under local anaesthesia and 
sedation is practicable and was tolerated and 
accepted by the adult patients. Parirokh et al., [3] 
found combining an inferior alveolar nerve block, and 
a buccal infiltration injection provided more effective 
anaesthesia in mandibular molars with irreversible 
pulpitis Also, Gun et al., [4] found the application of LA 
reduces bleeding during rhinoplasty and pain control 
postoperatively. Chia & Theodorou [5] reported 
excellent safety profile and short recovery period 
using laser-assisted liposuction and suction-assisted 
lipectomy with the patient under local anaesthesia and 
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documented that the awake patient can participate in 
body positioning and to provide physiologic 
monitoring.  

Through the development of instruments and 
the introduction of new drugs, various means of 
anaesthesia for breast surgery have been reported. 
More frequent use of a local anaesthetic combined 
with some form of intravenous sedation in office-
based facilities has been reported. This change keeps 
hospital costs down as well as saving time for patients 
[6] [7].  

The current study aimed to evaluate the 
feasibility and safety of performing reduction 
mastectomy under tumescent local infiltration 
anaesthesia as the sole anaesthetic modality. 

 

 

Methods 

 

The current prospective study was conducted 
at Anesthesia and General Surgery departments, Kasr 
Al-Eini University Hospital From Jan 2018 till June 
2018. After approval of the study protocol and 
obtaining fully informed patients’ written consents, 
patients assigned for Mini Abdominoplasty with 
liposuction were enrolled in the study.  

 Patients with hormonal disturbances 
had body mass index (BMI) > 35 kg/m

2
 or required 

other plastic surgeries for contour configuration were 
excluded from the study. Also, patients had 
pathologies requiring surgical interference under any 
anaesthetic technique other than local anaesthesia 
was not enrolled in the study. 

All patients underwent determination of body 
weight and height and calculation of BMI according to 
the equation: BMI = Wt (kg)/(Height in meter)

2 
[8]. A 

BMI of < 24.9 kg/m
2
 is considered normal; a person 

with a BMI of 25-30 kg/m
2
 is considered overweight 

but at low risk of serious medical complications, while 
those with a BMI of > 30, > 35 and > 55 kg/m

2
 are 

considered obese, morbidly obese and super-morbidly 
obese, respectively. Morbidity and mortality rise 
sharply when the BMI is > 30 kg/m

2 
[9]. Then, all 

patients had full clinical examination including general 
and abdominal examinations and were photographed 
preoperatively in lateral and front positions. The 
planned incisions were marked with an irremovable 
marker pen.  

The local anaesthetic solution was prepared 
using a mixture of 5 ml of 1:1000 of epinephrine, 100 
ml of 2% lidocaine, 50 ml of 0.5% Levobupivacaine in 
a 2500 ml saline solution. All patients were 
premedicated with midazolam in a dose of 0.05 
mg/kg, and ondansetron 4mg and dexamethasone 
(0.3 mg/kg, maximal dose 8 mg) were administered IV 
to prevent nausea and vomiting. 

Local infiltration started with the abdomen, 
outer thigh, hips, back, inner thighs and knees. After 
Mini Abdominoplasty with supplemental liposuction 
was conducted and application of suction drains 
wound closure was performed, and the tight bandage 
was applied.  

Evaluated intraoperative data included 
severity of injection pain, incision pain and pain during 
surgical manipulation using 4-points verbal analogue 
scale with 0: no pain, 1: mild pain not required 
additional dose of LA, 2: moderate pain required 
additional doses of LA and 3: severe pain not 
responding to additional doses of LA and required 
intravenous sedation or conversion to general 
anaesthesia. 

Throughout operative procedure; heart rate, 
systolic, diastolic and mean blood pressures were 
non-invasively monitored and recorded before the 
start of injection of LA (baseline), after full injection, at 
time of skin incision and closure and after transfer to 
post-anaesthetic care unit (PACU). 

Postoperative evaluation included 
determination of the duration of analgesia determined 
as duration elapsed since the time of start of surgery 
till request of postoperative rescue analgesia. The 
frequency of postoperative nausea and vomiting 
(PONV) and requirement of additional doses of 
antiemetics. Total postoperative hospital stay was 
determined. 

Patients’ satisfaction was evaluated using 5-
point satisfaction score with 4: Highly satisfactory and 
will request a similar anaesthetic procedure whenever 
required, 3: Satisfactory and will request it once again 
if required, 2: Good and may request it once again if 
required, 1: unsatisfactory and may or may not 
request it once again if required, 0: Dissatisfactory 
and will not request it once again if required. 

Surgical outcome included the frequency of 
seroma collection, hematoma formation and 
development of wound infection. Surgeon’ satisfaction 
was evaluated using a 5-point satisfaction score with 
4: Highly satisfactory and will request for similar 
procedures, 3: Satisfactory and will request it once 
again if required, 2: Good and may request it once 
again if required, 1: Bad and will not request it once 
again if required, 0: unsatisfactory and will not request 
it once again if required.  

Obtained data were presented as mean±SD, 
ranges, numbers and ratios. Results were analysed 
using Wilcoxon's ranked test for unrelated data (Z-
test) and Chi-square test (X

2
 test) for numerical data. 

Statistical analysis was conducted using the SPSS 
(Version 15, 2006) for Windows statistical package. P 
value < 0.05 was considered statistically significant. 
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Results 

 

The study included 60 female patients with a 
mean age of 33.3 ± 5.6; 23-43 years. Only 16 patients 
were overweight, and 44 patients were obese, with a 
total BMI of 31.7 ± 2.1; range: 26.3-33.9 kg/m

2
. 14 

patients were of ASA grade II, and 46 patients were of 
ASA grade I, (Table 1).  

Table 1: Patients’ demographic data 

Data  Findings 

Age (years) Strata  ≤ 25 6 (10%) 23.3 ± 0.6 (23-24) 
> 25-30 12 (20%) 28 ± 1.1 (26-29) 
> 30-35 24 (40%) 32.5 ± 1.9 (30-35) 
> 35-40 8 (13.3%) 38 ± 1.2 (37-39) 

> 40 10 (16.7%) 42 ± 1 (41-43) 
Total  60 (100%) 33.3 ± 5.6 (23-43) 

ASA grade I 46 (76.7%) 
II 14 (23.3%) 

Weight (kg) 88.5 ± 5.3 (75-95) 
Height (cm) 167.2 ± 2.9 (162-172) 
BMI (kg/m

2
) Strata  25-30 16 (26.6%) 28.7 ± 1.1 (26.3-

29.8) 
> 30 44 (70.4%) 32.7 ± 1 (30.4-33.9) 

Total  60 (100%) 31.7 ± 2.1 (26.3-
33.9) 

Data are presented as numbers & mean ± SD; percentages & ranges are in parenthesis.  

 

All anaesthetic procedures were conducted 
uneventfully, and no patient was excluded because of 
the intraoperative refusal of injection. 46 patients 
found injection pain was mild, 10 patients found it 
moderate and only 4 patients found it severe but could 
be hardly tolerated. On the start of the surgical 
procedure, 16 patients reported the mild sensation of 
the incision, while the remaining 44 patients reported 
no sensation and could not notify if the wound was 
made or not.  

During the surgical procedure, no patient 
required conversion to general anaesthesia and all 
surgeries were completed under LA. Only 6 patients 
required an additional dose of LA; 4 during the 
procedure and 2 during wound closure, while 26 
patients had mild tension pain during the procedure 
but not required additional anaesthesia and 28 
patients had no sensation either during dissection or 
during wound closure, (Table 2 and Figure 1).  

Table 2: Procedural pain data 

Data  Findings 

Injection pain Mild (score = 1) 46 (76.7%) 
Moderate (score = 2) 10 (16.7%) 
Severe (score = 3) 4 (6.6%) 
Total score 1.3 ± 0.6 (1-3) 

Incision pain No (score = 0) 44 (73.3%) 
Mild (score = 1) 16 (26.7%) 

Surgical procedural 
pain 

No (score = 0) 28 (46.7%) 
Mild (score = 1) 26 (43.3%) 
Moderate (score = 2) 6 (10%) 

Data are presented as numbers & mean ± SD; percentages & ranges are in parenthesis  

 

Throughout the study period, hemodynamic 
parameters were stable, despite the increased levels 
detected at the time of start of injection. However, at 
the time of skin incision, hemodynamic measures 
started to re-stabilise, and at the time of admission to 
PACU, all measures were non-significantly different 
compared to baseline measures, (Table 3). 

 

Figure 1: Patients distribution according to pain scores during 
infiltration anaesthesia and surgery 

 

Eight patients (13.3%) complained of 
postoperative nausea, and one of them had one 
attack of vomiting, these patients received 
metoclopramide injection, and their oral intake was 
postponed till relieve of nausea sensation, while the 
remaining 52 patients (86.7%) resumed oral intake 
within their first 2-hr PO. Meantime till resumption of 
oral intake of 1.6 ± 0.9; 1-4 hours. 

Table 3: Mean levels of hemodynamic measures estimated 
throughout the observation period 

Parameter  Baseline 
1-min after 
full injection 

Skin incision 
Wound 
closure 

Admission to 
PACU 

HR (beat/min) 86.7 ± 2.2 89.7 ± 3.9 88 ± 5.6 87.5 ± 3.2 87.1 ± 2.2 
SBP (mmHg) 107.3 ± 9.1 118.9 ± 5.6 113.4 ± 3.9 108.3 ± 8.6 108.8 ± 8 
DBP (mmHg) 72.5 ± 3.8 74.4 ± 4.5 70 ± 2.9 70.5 ± 2.5 72.1 ± 3.5 
MAP (mmHg) 84.1 ± 4.8 89.2 ± 4.4 84.5 ± 2.1 83.1 ± 3.5 84.3 ± 3.9 

Data are presented as mean ± SD. 

 

A group of 18 patients (30%) did not request 
rescue analgesia during their PACU stay and were 
discharged within the first 4-hr PO. 26 patients 
(43.3%) required PO rescue analgesia once after 
PACU transfer and were discharged within the first 6-
hr PO. Six patients (10%) required two doses of 
rescue analgesia and were discharged within 9 hours 
PO. Only 4 patients (6.7%) requested rescue 
analgesia for three times and had delayed home 
return till 12 hours PO, (Figure 2).  

 

Figure 2: Patients distribution according to the frequency of 
requests of rescue PO analgesia 



Clinical Science 
_______________________________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________________________ 

2076                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

Meantime till home return was 5.6 ± 2.4; 3-12 
hours. Despite all patients completed their operative 
course without conversion to general anaesthesia; 24 
patients were highly satisfied; 18 patients were 
satisfied, and these 42 patients were willing to repeat 
the trial if required. 16 patients found the trial is a 
good one and may repeat it if required, while only 2 
patients refused to repeat the trial and were 
dissatisfied, for a mean total satisfaction score of 3.1 ± 
0.9; range: 1-4, (Table 4 and Figure 3).  

Table 4: Postoperative data 

Data Findings 

PONV Yes  Nausea  6 (10%) 
Vomiting  2 (3.3%) 

No  52 (86.7%) 
Time till resumption of 
oral intake (hours) 

1 38 (63.3%) 
2 14 (23.3%) 
3 4 (6.7%) 
4 4 (6.7%) 
Total  1.6 ± 0.9 

PO hospital stay (hours) < 6 hours 42 (70%) 4.4 ± 0.8 (3-5) 
6-9 hours 12 (20%) 8 ± 0.7 (7-9) 
9-12 hours 6 (10%) 10.7 ± 1.5 (9-12) 
Total  5.6 ± 2.4 (3-12) 

Patients’ satisfaction 
scoring 

Highly satisfied (Score = 4) 24 (40%) 
Satisfied (Score = 3) 18 (30%) 
Good (Score = 2) 16 (26.7%) 
Unsatisfied (Score = 1) 2 (3.3%) 
Dissatisfied (Score = 0) 0 

Data are presented as numbers & mean ± SD; percentages & ranges are in parenthesis  

 

Mean duration of wound drainage was 6 ± 
1.1; 4-8 days; drain was removed after a mean 
duration of 4.8 days in 10 patients, and in 18 patients 
after a mean duration of 6.4 days and in 2 patients 
wound drainage was delayed for 8 days.  

 

Figure 3: Patients' distribution according to PO satisfaction by the 
anaesthetic procedure  

 

No wound infection or dehiscence was 
detected and wound healing was complete after a 
mean duration of 10 ± 1.1; range: 9-12 days; however, 
in 13 patients wound healing was complete, and 
stitches were removed on the 9

th
 PO day, in 7 patients 

wound healing was complete, and stitches were 
removed on the 10

th
 PO day, in another 7 patients 

wound healing was complete, and stitches were 
removed on the 11

th
 PO day and in only 3 patients on 

the 12
th
 PO day. No seroma was detected before the 

removal of stitches, (Table 5). 

 

 

Table 5: Postoperative wound data 

Data  Findings 

PO wound drainage 
(days) 

< 6 days 20 (33.3%) 4.8 ± 0.4 (4-5) 
6-7 days 36 (60%) 6.4 ± 0.5 (6-7) 
> 7 days 4 (6.7%) 8 
Total  8 ± 2.2 (8-16) 

Duration till complete 
wound healing  

9 days 26 (43.4%) 
10 days 14 (23.3%) 
11 days 14 (23.3%) 
12 days 6 (10%) 
Total  20 ± 2.2 (18-24) 

Data are presented as numbers & mean ± SD; percentages & ranges are in parenthesis.  

 

 

 

Discussion 

 

Tumescent local anesthesia (LA) infiltration 
was proved effective as the sole anesthetic modality 
for women undergoing Mini Abdominoplasty with 
supplemental liposuction as manifested by the 
findings that all surgeries were conducted completely 
without conversion to general anaesthesia and the 
high frequency of patients reporting mild or no pain 
during skin incision and/or surgical procedure with a 
minimal number required booster dose of LA during 
surgery. Additionally, 42 patients were satisfied by the 
applied anaesthetic procedure and willing to use the 
same procedure if required later on and the other 16 
patients found it good anaesthetic modality and may 
request it if required, while only 2 patients were 
unsatisfied and refused similar procedure once again. 

Patients attributed their satisfaction to many 
different causes; the sparing of exposure to general 
anesthesia and its possible risks, the sense of being 
awake during surgery, management as office 
procedure with resumption of oral intake and return 
home within few postoperative hours, the significant 
reduction of the cost of anesthesia and subsequent 
reduction of the hospital resource. 

The reported findings supported that 
previously reported concerning breast surgery under 
LA; Carlson et al., [10] described unilateral total 
mastectomy for cancer under LA using the tumescent 
technique of infiltrating dilute lidocaine with 
epinephrine and reported no morbidity related to the 
surgery, patients were discharged 1-4 days after 
surgery, anaesthesia was adequate in all cases and 
there was no deviation from the described technique 
and concluded that the tumescent technique is a safe, 
effective method for performing a total mastectomy 
especially in patients who would not be considered 
candidates for general anaesthesia. Sleth et al., [11] 
found breast surgery under local infiltration 
anaesthesia provides adequate perioperative 
analgesia and is a technically low-risk procedure. 
Ranieri et al., [12] reported the feasibility of 
quadrantectomy and sentinel lymph node removal 
under LA in patients with ultrasound negative axillary 
lymph nodes. Groetelaers et al., [13] confirmed the 
safety of the sentinel lymph node biopsy under local 
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anaesthesia in selecting patients for axillary lymph 
node dissection in breast cancer 

Habbema [14] and Habbema & Alons [15] 
documented that breast liposuction using tumescent 
LA and powered cannulas is a safe and effective 
treatment modality for breast reduction. Kitowski et al., 
[16] retrospectively studied patients had breast cancer 
surgery including mastectomy, full axillary dissections, 
and expander or implant reconstruction and found that 
74% of patients were able to undergo breast cancer 
surgery with local or paravertebral block regional 
anesthesia with no conversions to general anesthesia 
and no unplanned overnight admissions and only 10% 
of them developed postoperative nausea or vomiting, 
and concluded that most elective outpatient breast 
cancer surgery operations can be performed with the 
patients given local or regional anesthesia. 

Kashiwagi et al., [17] reported that radical 
surgery for breast cancer could be performed under 
LA in all of the studied 42 patients and were not 
demanded to shift from local to general anaesthesia, 
and none of the serious complications was 
encountered and concluded that today's radical 
operation under LA for breast cancer is a useful 
procedure as minimally invasive surgery. 

The used anaesthetic solution was a mixture 
of one ml of 1:1000 of epinephrine, 100 ml of 2% 
lidocaine, 50 ml of 0.5% Levobupivacaine in a 2500 
ml saline solution. The addition of adrenaline 
significantly reduced intraoperative blood loss allowing 
meticulous dissection of the excised lipoma so 
minimised seroma formation and so motivated the 
surgeon’ satisfaction by the applied anaesthetic 
procedure. In line with these data, Sleth et al., [11] 
used a similar mixture of lidocaine, ropivacaine and 
adrenaline during breast surgery and did not require 
conversion to general anaesthesia or supplementation 
with LA. Hardwicke et al., [18] reported that a meta-
analysis of operative blood loss during reduction 
mastectomy showed a highly significant drop in 
operative blood loss in breasts infiltrated with 
epinephrine with a reduction in the need for blood 
transfusion and recommended the use of dilute 
epinephrine infiltration before reduction mammaplasty. 
In support of adding ropivacaine to the anaesthetic 
mixture, Manfè et al., [19] compared the efficacy of 
ropivacaine versus levobupivacaine for postoperative 
pain control in patients who underwent minor breast 
surgery and found ropivacaine results in more 
effective pain relief, while levobupivacaine provided 
long-term postoperative analgesia 

Klein JA [20] found that. Tumescent technique 
for local anaesthesia improves safety in large-volume 
liposuction. 

Kendler M et al., [21] use 
electrochemotherapy under local tumescent 
anaesthesia for treatment of cutaneous metastases 
particularly in elderly patients, in whom general 
anesthesia can be difficult because of comorbidity  

Coldiron B et al., [22] give guidelines of care 
for tumescent liposuction. 

It could be concluded that bilateral reduction 
mastectomy could be conducted safely under 
tumescent LA with mostly pain-free intraoperative and 
postoperative courses and allowed such surgical 
procedure to be managed as an office procedure. 
Moreover, the anaesthetic procedure provided 
patients’ satisfaction with varying degrees in about 
97% of studied patients. 
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Abstract 

BACKGROUND: Mother’s mental state during pregnancy is of substantial importance for the mother, but also for 
the infant and his/her future growth and development. Depressive maternal disorders during pregnancy have a 
significant influence on the development of the baby during pregnancy as well as on the future development and 
mother-baby relation, the breastfeeding process and care for the baby. 

AIM: This study aimed to determine the influence of SSRI antidepressant therapy and psychosocial and 
therapeutic interventions on depression during pregnancy. It was also our aim to determine the relation between 
severity of depression and sociodemographic characteristics. 

METHODS: The study included 40 women, with diagnosis F32 and F33 according to ICD 10, that is, with severe 
depressive disorder within depressive episodes or recurrent depressive disorder. Patients were evaluated at the 
beginning of the treatment and 3 months after antidepressant treatment. They were followed-up for two years. 

RESULTS: The results obtained have shown that a larger number of mothers treated with antidepressant 
medications, had normal childbirth with the unremarkable condition of both, the mother and the newborn baby.  

CONCLUSION: A well-combined treatment of maternal depression during pregnancy reduces the risk of 
postpartum depression, which is by itself a prerequisite for normal emotional and behavioural development of the 
child. 

 
 
 
 
 
 

Introduction 

 

The mental state of the mother during 
pregnancy is of substantial importance for the mother, 
but also for the newborn baby and his/her future 
development. 

Depressive maternal disorders during 
pregnancy have a significant influence on the 
development of the baby during pregnancy as well as 
on the future development and mother-baby relation, 
the breastfeeding process and care for the baby. 

It is estimated that in about 7% of women 
during pregnancy psychic disorders have been 
detected, and in ¾ of them, a severe depressive 
condition has been observed.  

Although it is considered that the percentage 
of women with depression during pregnancy is about 
18%, still there is no sufficient information for 

adequate diagnosing and treatment of depression 
during pregnancy. 

Patients who were screened during 
pregnancy and diagnosed with depression were 
significantly more likely to ask for an expert opinion 
and help earlier during the postpartum period than 
those who were not recognised [1].  

An estimated 1-6% of women suffer from 
major depression while 15-25% have a milder form of 
depression. Postnatal or postpartum depression is 
usually associated with depression during pregnancy, 
especially if it has not been properly treated. 

Antidepressant maternal treatment reduces 
the risk of relapse or disease exacerbation during 
pregnancy [2]. 

Over the last two decades, the use of SSRI 
antidepressant medications during pregnancy has 
increased and has been given to 2-8% of pregnant 
women [3]. 



Clinical Science 
_______________________________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________________________ 

2080                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

Nancy Melville in her study about the risk 
factors for suicide in women reported that 4% of 
women who died by suicide in Great Britain during the 
period 1997-2012 were in their perinatal period (a 
period that is a few weeks before delivery). The most 
common diagnoses in these women were depression, 
bipolar disorders and personality disorders [4] [5]. The 
most common symptoms included depressed mood, 
self-harm, suicidal ideas and hopelessness. It has to 
be emphasised that in one-fifth of these women 
depression was not recognised, that is, they were not 
examined during their last month of pregnancy. 

Therefore, the question of increased 
psychiatric and medical care of patients during 
pregnancy and postpartum is imposed. 

This study aimed to determine the influence of 
SSRI antidepressant therapy and psycho-social 
therapeutic interventions on depression during 
pregnancy. It was also our aim to define the relation 
between severity of depression and 
sociodemographic characteristics. 

 

 

Material and Methods 

 

The investigation comprised 40 women with 
dg. F32 or F33 according to ICD 10, that is depressive 
condition with expressed characteristics manifested 
during depressive episodes and recurrent depressive 
disorder. 

Patients were of different age, different 
environment, working status, education, and marital 
status. They were also tested for heredity presence. 

Patients were examined by using the scales 
for assessment of depression and anxiety, HAMD 
rating scale for the severity of depression, and HAMA 
rating scale for the severity of anxiety. In addition to 
these two scales, the clinically structured interview 
was used for obtaining data about pregnancy, 
heredity, previous treatment or use of antidepressant 
medications and other characteristics. 

Patients were treated with SSRI 
antidepressant therapy initiated in the 10-12 week 
with gradual reduction or discontinuation of 
medications by the end of the pregnancy, i.e., in the 
last 8 gestational weeks. 

They were evaluated at the beginning of the 
treatment and 3 months after antidepressant 
treatment. 

All patients were informed about the treatment 
and the risk/benefit ratio regarding their physic 
condition and pregnancy. All of them paid regular 
visits to a gynaecologist. The follow-up period was two 
years. 

Results 

 

Table 1 presents the sociodemographic 
characteristics of patients. The larger number of them 
was at the age over 30 years, with completed higher 
education, term delivery and without heredity 
inheritance.  

Table 1: Sociodemographic characteristics of patients 

Age Count Per cent 

< 30 10 24.4 
> = 30 29 70.7 
> = 40 2 4.9 
Pregnancy 
I 29 70.7 
II 8 19.6 
III 3 7.3 
IV 1 2.4 
Education 
Faculty 22 53.8 
Higher 16 39.0 
Basic 3 7.2 
Employees 
Yes 22 53.7 
No 19 46.3 
Delivery 
Time 34 82.9 
Caesarean section 4 9.8 
Before time 3 7.3 
Therapy 
With 4 9.8 
Without 37 90.2 
Heredity   
- 32 78.0 
+ 9 22.0 

 

They were treated with antidepressant 
medications and the largest number with sertraline 
and escitalopram. In a smaller number of patients, 
antipsychotic medications at small doses were added 
(up to 1 mg risperidone and up to 5 mg olanzapine) as 
adjuvant therapy (Table 2). 

Table 2: Therapy administered in patients 

Therapy Count Per cent 

Escitalopram 9 21.6 
Sertraline 15 36.6 
Without therapy 4 9.8 
Escitalopram, risperidone 3 7.3 
Sertraline, risperidone 5 12.2 
Escitalopram, risperidone, alprazolam 1 2.4 
Venlafaxine 1 2.4 
Citalopram 2 4.9 
Olanzapine, sertraline 1 2.4 
Total 41 100.0 

 

The average HAM anxiety score in patients 
on 0 days was 36.0 ± 5.2 (severe anxiety), and after 3 
months the score reduced to 22.2 ± 3.3 (moderate). 
The difference was 13.8 units. According to t-test the 
difference was statistically significant for p < 0.05 (p = 
0.00000) (Table 3 and Figure 1). 

 

Table 3: Average HAMA score, 0 days and after 3 months  

Hama 
Mea

n 
Std.dv

. 
N Diff. 

Std.dv. 
- diff. 

T Df P 
Confidenc
e - 95.0% 

Confidence 
+95.0% 

0 day 36.0 5.236 
        

After 
3m 

22.2 3.285 41 13.8 3.831 23.153 40 <0.001 12.644 15.062 

 

HAM severe anxiety disorder was registered 
in 71.0% (22) of patients older than 30 years, and in 
30.0% (3) younger than 30 years. 
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Figure 1: Average HAMA score, 0 days and after 3 months 

 

A statistically significant relation was 
registered between age (over and under 30 y.) and 
the HAM anxiety score for p < 0.05 (Pearson Chi-
square: 6.384, df = 2, p = 0.0410) (Table 3). 

HAM severe anxiety disorder was registered 
in 63.6% (14) of patients with an obtained university 
degree, in 62.5% (10) with completed high education 
and 33.3% (1) with primary education. No statistically 
significant relation was observed between education 
and HAM anxiety score for p < 0.05 (Pearson Chi-
square: 0.893, df = 2, p = 0.639) (Table 3). 

HAM severe anxiety disorder was registered 
in 100% (4) of patients who were delivered with a 
Cesarean section, in 100% [3] with preterm delivery 
and 52.9% (18) with term delivery.  

No statistically significant relation was 
registered between mode of delivery and HAM anxiety 
score for p<0.05 (Pearson Chi-square: 5.402, df=4, p= 
0.248) (Table 3).  

HAM severe anxiety disorder was registered 
in 56.3% (18) of patients who were with negative 
heredity, and in 77.8% (7) in those with positive 
heredity. 

No statistically significant relation was 
registered between heredity and HAM anxiety score 
for p < 0.05 (Pearson Chi-square: 1.704, df = 2, p = 
0.426) (Table 3). 

The average HAM depression score was 33.4 
± 3.5 (severe anxiety) on day 0, and after 3 months it 
decreased to 20.8 ± 2.1 (moderate). The difference 
was 12.6 units. According to t-test the difference was 
statistically significant for p < 0.05 (p = 0.00) (Table 4 
and Figure 2). 

HAM severe depression disorder was 
registered in 90.3% (28) of patients older than 30 
years and in 60.0% (6) younger than 30 years. 

A statistically significant relation was found 
between age (over and under 30 y.) and HAM 
depression score for p < 0.05 (Pearson Chi-square: 
4.910, df = 1, p = 0.0266) (Table 4). 

Table 4: Average HAMD score, 0 days and after 3 months 

Hamd Mean Std.dv. N Diff. 
Std.dv. - 
diff. 

T Df P 
Confidence 
- 95.0% 

Confidence 
+95.0% 

0 day 33.4 3.498 
     

  
  

After 
3m 

20.8 2.079 41 12.6 2.408 33.464 40 0.00 11.825 13.345 

 

HAM severe depression disorder was 
registered in 86.4% (19) of patients with a university 
degree, in 87.5% (14) of those with completed high 
education and 33.3% (1) of patients with primary 
education. 

 Mean 

 Mean±SE 

 Mean±1.96*SE Hamd Hamd
18

20
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Figure 2: Average HAMD score, 0 days and after 3 months 

 

No statistically significant relation was found 
between level of education and HAM depression 
score for p < 0.05 (Pearson Chi-square: 5.631, df = 2, 
p = 0.059) (Table 5). 

HAM severe depression disorder was 
registered in 86.2% (25) of primipara patients and in 
75.0% (9) of multipara patients. 

No statistically significant relation was found 
between number of pregnancies and HAM depression 
score for p < 0.05 (Pearson Chi-square: 0.752, df = 1, 
p = 0.385) (Table 5). 

HAM severe depression disorder was 
registered in 100% (4) of patients delivered with a 
Cesarean section, in 100.0% (3) of those who gave 
preterm childbirth and in 79.4% (27) of patients with 
normal delivery. 

No statistically significant relation was found 
between mode of delivery and HAM depression score 
for p < 0.05 (Pearson Chi-square: 1.737, df = 2, p = 
0.419) (Table 5). 

HAM severe depression disorder was 
registered in 81.2% (26) of patients with negative 
heredity and in 88.8% (8) of patients who were found 
to have positive heredity. 

No statistically significant relation was found 
between heredity and HAM depression score for p < 
0.05 (Pearson Chi-square: 0.289, df = 1, p = 0.590) 
(Table 5). 

Table 5: Relation between HAMA and HAMD versus 
sociodemographic characteristics 

Characteristics/ Pearson Chi-square  HAMA HAMD 

Age P = 0.041080* P = 0.026698* 
Pregnancy P = 0.64087 P = 0.385549 
Education P = 0.639839 P = 0.059864 
Delivery P = 0.248447 P = 0.419394 
Heredity P = 0.426384 P = 0.590536 
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Discussion 

 

The results obtained have shown a significant 
improvement in patients about the reduction of 
depression and anxiety after a 3-month 
psychopharmacological treatment. A statistically 
significant relation was found between the severity of 
depression and anxiety, on the one hand, and age, on 
the other. Patients older than 30 years presented with 
more expressed anxiety and depression than the 
younger pregnant women. 

In general, the largest number of primipara 
patients with depression was at the age over 30 
years, which coincides with the trend of getting 
married after the age of 30/later in life/and raising a 
family, but it might also be due to the need of secure 
socioeconomic status. 

Although there were more severe depression 
and anxiety disorders in patients with a university 
degree in comparison with those with a lower level of 
education, the difference was not statistically 
significant. More severe depression manifested in 
mothers with completed higher education might be a 
result of their higher awareness and consciousness 
about their psychological disorders and the need of 
expert help. 

The results have shown that a larger number 
of pregnant patients treated with antidepressant 
therapy had a normal delivery with the subsequent 
normal/unremarkable condition in both, the mother 
and the newborn infant; only one woman had preterm 
childbirth, and one had a Cesarean section. 

More than 80% of mothers were treated with 
SSRI antidepressant therapy, and they had 
normal/uncomplicated pregnancy and delivery, which 
speaks in favour of the risk/benefit ratio of applying 
antidepressant therapy. 

The task of each therapist/medical expert is to 
make an individual assessment of the severity of 
depression during pregnancy, the assessment of the 
risk for the mother and the newborn infant regarding 
the eventual damage or benefit from antidepressant 
medications [1] [2] [6] [7]. 

Majority of studies point out the differences in 
psychiatric treatment applied in women with a higher 
socioeconomic status compared to those with a lower 
one. Indicators show that women with a higher 
socioeconomic status were more likely to see a 
psychiatrist for depression during pregnancy and were 
treated with SSRI antidepressant medications, 
whereas those with a lower socioeconomic status 
were more likely to visit their family/general physicians 
asking for help about their depression during 
pregnancy [2]. 

The results of one research conducted across 
several European countries with different 

socioeconomic status indicated that major depression 
during pregnancy and after delivery was observed in 
women living in countries with lower socioeconomic 
status. This leads to the conclusion that these women 
rarely consult a psychiatrist during pregnancy, which 
consequently results in a more severe postnatal 
depression or delayed treatment of postpartum 
depression. The research has demonstrated that 
patients who were treated with SSRI medications 
during pregnancy or patients who had not 
discontinued their previously started SSRI treatment 
were at a lower risk of onset or deterioration/ 
exacerbation of the condition in the postnatal period. It 
can be concluded that the optimum treatment with 
SSRI is indispensable in patients with the major 
depressive disorder [4]. 

Literature data show that depression during 
pregnancy is associated with poor care of the mother 
for her health during pregnancy, including rare visits to 
a doctor’s office, irregular use of medications, 
substance abuse, increased risk for preterm birth and 
low birth weight, and emotional developmental 
difficulties in the children whose mothers suffered 
from depression during pregnancy or postpartum [3]. 

It is considered that depression before and 
during pregnancy is one of the larger risks for 
development of postpartum depression, which has a 
negative effect on the mother/child relation as well as 
on adequate care for herself and the child [8]. 

National Institute for Health and Clinical 
Excellence in the United Kingdom (NICE) guidelines 
and American Psychiatric Association (APA) 
recommend CBT (cognitive behavioural therapy) and 
SSRI antidepressant therapy [9]. 

Literature suggests that SSRI treatment 
during pregnancy has no statistically increased risk of 
giving birth to a child with congenital anomalies than 
other women [5] [9] [10]. 

In conclusion, the optimal combined treatment 
of peripartum depression reduces the risk of 
postpartum depression, which is a prerequisite for 
normal emotional and behavioural development of the 
child.  
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Abstract 

BACKGROUND: Coronary artery disease (CAD) is the leading cause of mortality and morbidity in patients with 
diabetes (DM).  

AIM: Тhe aim of our study was to analyse the ability of pharmacological SE to risk stratify patients with DM using 
qualitative and quantitative assessment of LV function. 

METHODS: We prospectively assessed 105 consecutive patients (58.7 ± 9.5 y, 39 male) with known or 
suspected CAD who underwent dipyridamole or dobutamine SE. 

RESULTS: Change of systolic LV function at maximal SE was less pronounced in patients with DM, while 
parameters of the diastolic function and its change with stress were almost insignificant. WMSI in comparison to 
GLS% didn’t make a difference in SE outcome regarding DM presence. WMSI was almost unchanged at maximal 
stress in diabetic patients. Conversely, GLS% showed significant worsening at maximal stress in diabetic patients. 
However, only WMSI at maximal stress along with DM presence appeared as independent predictors of the 
presence of new and worsening CAD during SE. Longitudinal strain assessed using speckle tracking during 
pharmacological stress echocardiography was superior to conventional echocardiography expressed by wall 
motion analysis in making a difference regarding DM presence.  

CONCLUSION: We confirmed the usefulness of stress echocardiography using qualitative and/or quantitative 
parameters in the detection of CAD in patients with DM. 

 
 
 
 
 
 
 
 
 
 

 
 

Introduction 

 

Coronary artery disease (CAD) is the leading 
cause of mortality and morbidity in patients with 
diabetes. Approximately one-half of deaths are 
attributed to CAD in diabetic patients [1], whose risk of 
myocardial infarction or cardiac death is two-to four-
fold as great compared with nondiabetic patients [2] 
[3]. Moreover, cardiac events are as frequent in 
diabetic patients without evidence of CAD as in 
nondiabetic patients with known CAD [4]

.
 The 

increased risk associated with diabetes calls for 
effective prevention [5], [6], [7], [8] and risk 

stratification strategies to optimise therapeutic 
interventions [9]. Exercise testing is of limited value in 
the diabetic population because exercise capacity is 
often impaired by peripheral vascular [10] or 
neuropathic disease [11]. Furthermore, test specificity 
is less than ideal [12] because of the high prevalence 
of hypertension [13] and microvascular disease

14
. 

Stress echocardiography (SE) represents an 
established diagnostic [15] and prognostic modality 
[16], [17], [18], [19] in diabetic patients. However, it is 
still undefined whether it retains the same prognostic 
value in diabetic and nondiabetic patients.  

Тhe aim of our study was to analyse the 
ability of pharmacological (dobutamine or 
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dipyridamole) stress echocardiography (SE) to risk 
stratify patients with DM using qualitative and/or 
quantitative assessment of LV function.  

 

 

Methods  

 

We prospectively assessed 105 consecutive 
patients, with a mean age of 58.7 ± 9.5 years, who 
underwent dipyridamole or dobutamine stress 
echocardiography between January 2016 and May 
2018 in a University Clinic of cardiology in Skopje. 
Before the study, patients’ demographic 
characteristics were obtained, and patients were 
questioned about the presence of atherosclerotic risk 
factors, previous CAD and angioplasty. Subjects were 
classified as having diabetes when treated for insulin-
dependent or non-insulin-dependent diabetes or 
having elevated fasting glucose levels according to 
issued up-to-date standards from professional 
organisations.  

The indications for the exam was a referral 
from a physician according to the complaints of the 
participating patient or was a result of inconclusive 
results of treadmill stress testing. Written informed 
consent to undergo stress testing and to participate in 
the study was obtained from each patient.  

Echocardiographic examination was 
performed using GE, Vivid 7 with a recording of the 
views and later analysing on the machine itself or 
acoustic-tracking software (Echo Pac, GE). All 
measurements were performed according to 
guidelines suggested by professional 
echocardiographic societies [20], [21].  

An accelerated high-dose dipyridamole 
protocol was used for all patients. Dipyridamole was 
infused intravenously at a dose of 0.84 mg/kg body 
weight over 6 min. Aminophylline (up to 240 mg) was 
routinely administered to patients 5 min after the end 
of the test or immediately if there were obvious clinical 
and/or ECG signs of ischemia. Dobutamine was 
administered intravenously beginning at a dose of 10 

g/kg body weight and minute and increased in steps 

every 3 minutes to 20, 30, and 40 g/kg.  

Two-dimensional echocardiography, blood 
pressure measurements and 12-lead 
electrocardiography (ECG) were used for continuous 
monitoring during the test and the recovery phase. 
Echocardiographic images were semi-quantitatively 
assessed using 17 segments, and wall motion score 
index (WMSI) was derived by dividing the sum of 
individual segment scores by the number of 
interpretable segments. Ischemia was defined as 
stress-induced new and/or worsening of pre-existing 
wall motion abnormality, or biphasic response (i.e. 

low-dose improvement followed by high-dose 
deterioration) [22], [23]. 

Global longitudinal strain (GLS%) for the LV 
was automatically provided as the average value of 
the regional peak systolic longitudinal strain of the 
three apical views by the software [24], [25], [26]. The 
images for analysis were obtained out of stress-echo 
protocol. All images were recorded with a high frame 
rate (> 50 frames/s). The LV was divided into 17 
segments, and each segment was analysed 
individually. Only myocardial segments considered to 
be of adequate quality by both the automatic system 
and the operator were included in the analysis. All 
examinations were assessed by the same 
cardiologist. 

Sixty-one patients underwent coronary 
angiography within a few days of the stress 
echocardiography tests. Angiographic assessments 
involved presence and quantification of stenosis 
severity as well as the calculation of Syntax score. 

The study protocol was approved by the 
Medical Ethics Committee of Medical School, 
University “St. Cyril & Methodius), Skopje. 

Categorical parameters were summarised as 
percentages and continuous parameters as mean ± 
SD. Comparisons between the two groups with and 
without DM was performed using the Mann-Whitney 
nonparametric test for continuous parameters and 
Pearson’s chi-square test for categorical parameters. 
Comparisons between the two groups before and 
after stress were performed using Wilcoxon Signed 
Rank test. Assessment of correlation of various 
echocardiographic parameters was done using 
Pearson’s correlation analysis. Multiple logistic 
regression analysis was performed in stepwise order 
to determine independent predictors among clinical 
and echocardiographic covariates of the positive 
stress echocardiographic result. All data analysis was 
performed using SPSS version 25.0 (IBM SPSS, Inc., 
Chicago, Illinois) and p-value ≤ 0.05 was considered 
significant. 

 

 

 

Results 

 

Out of 105 patients who underwent SE, DM 
was present in 36 (34.3%); 22/61,2% were taking oral 
antidiabetic drugs, and 14/38.9% were using insulin to 
control diabetes. In comparison to patients without 
DM, those with DM were older (p = 0.0001), with 
higher BMI (p = 0.034), less frequently were current 
smokers (p = 0.033), but more frequently had a history 
of hypertension (p = 0.013) and insignificantly higher 
percentage of the history of CAD  
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Table 1: Basal and functional characteristics, symptoms and 
ECG changes of patients divided according to the DM 
presence 

Parameter 
With DM 
N = 36 

Without DM 
N = 69 

p 

Age (y) 63.1 ± 6.7 56.4 ± 9.9 0.0001 
Gender (m/f %) 36.1/63.9 37.7/62.3 0.874 
BMI  (kg/m

2
) 30.4 ± 4.6 28.3 ± 5.1 0.034 

Current smoking (n/%) 9/25.0 32/46.4 0.033 
History of hypertension (n/%) 32/88.9 46/66.7 0.013 
History of dislipidemia (n/%) 25/69.4 48/69.6 0.580 
History of CAD (n/%) 15/41.7 19/27.5 0.142 
Beta-blocker therapy (n/%) 23/21.9 37/35.2 0.313 
Calcium channel blocker therapy 
(n/%) 

7/19.4 17/24.6 0.547 

Symptoms (n%) 7/19,4 14/20.3 0,918 
ECG changes  (n/%) 10/27.8 13/18.8 0,293 
Rhythm disorder (n/%) 4/11.1 6/8.7 0,689 

 BPs (mmHg) -1.2 ± 20.1 1.1 ± 17.4 0.525 

BPd (mmHg) 1.5 ± 10.3 2.2 ± 9.8 0.713 

HR rest (Imp/min) 79.5 ± 15.2 72.0 ± 11.2 0.005 
HR max (Imp/min) 105.9 ± 21.3 97.9 ± 18.1 0.048 

HR  (Imp/min) -26.4 ± 18.37 -25.8 ± 14.8 0.876 

DM = diabetes mellitus; BMI = body mass index, CAD = coronary artery disease; ECG = 

electrocardiogram; BP = blood pressure; s = systolic;d=diastolic; HR = heart rate; = 
change from rest to maximal dose of stressor; *p<0.05 for comparison between groups. 

 

Dobutamine or dipyridamole pharmacological 
protocol was applied in equal half’s of patients with 
DM, while those without DM receive more frequently 
dipyridamole protocol (p = 0.049). Although systolic 
blood pressure increase with SE in patients with DM 
while a decrease in patients without DM, there was no 
significant difference in change. With SE diastolic 
pressure decrease in both groups of patients without 
difference between them. Heart rate was significantly 
higher in patients with DM at rest as well as at 
maximal dose of the stressor (peak stress), but there 
was lack of significant difference in its change (delta) 
(Table 1).  

Comparison of systolic LV functional data 
during SE showed an insignificant increase of LV 
ejection fraction (LVEF) and significant increase of 
indexed systolic volume (SV/BSA), indexed cardiac 
output (CI) and early diastolic mitral annular tissue 
Doppler velocity (s’TDI) in both groups of patients 
(Table 2). Although the change (delta value) from rest 
to peak stress was less pronounced in patients with 
DM, the difference between groups was not significant 
for all values (Table 2). As for parameters of diastolic 
function, comparison of data showed insignificant 
increase of left atrial volume index (LAVI), significant 
increase of early diastolic mitral annular tissue 
Doppler velocity (e’TDI) and insignificant increase of 
value of LV filling pressure expressed as E/e’ratio in 
patients with DM without significant difference 
between respective delta values (Table 2). Value of 
transmitral flow parameters showed a significant 
decrease in patients with DM and only for deceleration 
time (DT) and isovolumetric relaxation time for 
patients without DM, whereas delta value was border 
significant only for DT mostly for diabetic patients. 

As for WMSI, besides it was insignificantly 
higher in diabetic patients at rest, it has been shown 
that the index was almost unchanged during stress in 
both groups of patients, whereas in diabetic patients 
GLS% showed worsening (more positive or 
decreased negative value) at maximal stress which 

was significantly different to those without DM who 
showed slight improvement (less positive or increased 
negative value) of GLS% (Table 3).  

Table 2: Comparison of systolic and diastolic parameters 
during SE in patients divided according to the DM presence 

Parameter With DM N = 36 Without DM N = 69 p** 

At rest Max stress At rest Max stress 

LVEF (%) 60.1 ± 8.7 60.4 ± 10.1 62.0 ± 8.2 63.7 ± 8.5 0.378 

p* 0.922 0.076 

SV/BSA (ml/m
2
) 41.8 ± 12.0 90.6 ± 21.6 43.5 ± 10.7 95.2 ± 25.0 0.486 

p* 0.0001 0.0001 

CI (L/min/m
2
) 3.4 ± 1.3 9.2 ± 2.7 3.0 ± 0.8 8.8 ± 2.9 0.896 

p* 0.0001 0.0001 

s’TVI (cm/s) 7.7 ± 1.4 9.1 ± 2.3 7.4 ± 1.0 8.6 ± 2.0 0.461 

p* 0.0001 0.0001 

LAVI (ml/m
2
) 19.5 ± 5.3 19.6 ± 5.6 18.3 ± 6.0 19.2 ± 7.0 0.756 

p* 0.753 0.156 

Е/А 0.9 ± 0.2 0.8 ± 0.2 1.0 ± 0.2 1.0 ± 0.3 0.318 

p* 0.033 0.504 

DT (ms) 195.0 ± 53.1 130.9 ± 44.3 206.0 ± 47.1 167.6 ± 52.4 0.051 

p* 0.0001 0.0001 

IVRT (ms) 83.3 ± 16.3 63.1 ± 11.2 85.4 ± 15.1 65.4 ± 8.6 0.787 

p* 0.0001 0.0001 

е’ TDI average 9.3 ± 2.2 10.1 ± 2.4 9.6 ± 1.9 10.7 ± 2.4 0.919 

p* 0.009 0.0001 

E/e’ average 9.5±2.8 9.6±2.7 8.9±2.4 8.9±2.6 0.973 

p* 0.912 0.754 

LVEF = left ventricular ejection fraction; SVI = systolic volume indexed to BSA; CI = 
cardiac output indexed to BSA; s’TDI = peak systolic mitral annular velocity by TDI; LAVI = 
maximum left atrial volume indexed to BSA; E velocity = early mitral inflow velocity; A 
velocity = late mitral inflow velocity; DT = deceleration time; IVRT = isovolumetric 
relaxation time; e’ TDI = early diastolic mitral annular tissue Doppler velocity; *p < 0.05 for 
comparison between groups; **p = comparison of delta values between two groups. 

 

However, the significant difference of GLS% 
delta values between diabetic and non-diabetic 
patients was not confirmed (Table 3). About the 
number of segments with longitudinal LV strain < 12% 
the outcome of stress was the same as for GLS%. 
Thus there was no a significant difference in stress 
outcome in diabetic patients vs non-diabetic (Table 3). 
Also, the percentage of positive results according to 
the worsening of WMSI and/or GLS% during SE were 
insignificantly more frequent in diabetic patients 
(Table 3). 

Table 3: Comparison of wall motion score index and global 
longitudinal LV strain values during SE in patients divided 
according to the DM presence 

Parameter With DM 

N = 36 

Without DM 

N = 69 

p 

WMSI at rest 1.12 ± 0.14 1.05 ± 0.09 0.337 

WMSI at peak stress 1.10 ± 0.15 1.07 ± 0.13 0.579 

WMSI 0.01 ± 0.17 -0.01 ± 0.12 0.126 

GLS (%) at rest -15.0 ± 3.7 -16.6 ± 5.0 0.905 

GLS (%) at peak stress -14.8 ± 3.5 -17.0 ± 4.4 0.008 

 GLS (%) -0.13 ± 2.85 0.36 ± 4.70 0.559 

No. LS seg < -12% at rest 4.9 ± 3.0 3.4 ± 2.5 0.847 

No. LS seg < -12% at peak stress 4.9 ± 3.8 4.0 ± 3.1 0.126 

No. LS seg < -12% 0.00 ± 2.84 -0.60 ± 2.85 0.479 

Positive results  according to WMSI (n/%) 9/25 14/20.3 0.580 

Positive results according to GLS% (n/%) 14/44.4 26/37.7 0.520 

WMSI = wall motion score index;  = change from rest to maximal dose of stressor; GLS = 
global longitudinal strain; LG=longitudinal strain. 



 Andova et al. Artifitial Reproductive Technology – A Risk Factor for Retinopathy of Prematurity 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2018 Nov 25; 6(11):2084-2090.                                                                                                                                                2087 

 

There was statistically significant correlation 
between presence of DM and decrease of E/A ratio (r 
= -0.278; p = 0.004), shortening of DT (r = -0.332; p = 
0.001) and worsening of GLS% (r = 0.245; p = 0.012) 
at maximal stress, while such correlation didn’t 
appeared regarding stress WMSI. After SE coronary 
angiography was done in 61 patients. Diabetic patient 
in comparison to those without had with borderline 
significance more new and/or worsening CAD (44.8% 
vs. 21.9%; p = 0.057; respectively), especially 
multivessel disease (34.5% vs. 12.5%; p = 0.044; 
respectively) as well as significantly greater Syntax 
score (8.0 vs. 2.5; p = 0.010, respectively) and 
insignificantly more frequently presence of coronary 
artery plaque. There was statistically significant 
correlation between presence of DM and 
angiographycaly proven new and/or worsening CAD (r 
= 0.244; p = 0.058), multivessel disease (r = 0.267; p 
= 0.037), Syntax score (r = 0.327; p = 0.010) and 
diseased Cx coronary artery (r = 0.306; p = 0.016). In 
addition presence of new and/or worsening CAD was 
significantly correlated with WMSI at maximal stress (r 
= 0.386; p = 0.002) and its change during SE (r = -
0.645; p = 0.0001) along with GLS% at maximal 
stress (r = 0.262, p = 0.042) as well as without any 
correlation to functional parameters either of systolic 
or diastolic LV function. 

To determine the independent predictors of 
new and/or worsening CAD among patients who were 
pharmacologically stressed, we performed multiple 
stepwise logistic regression analysis with 
demographic, clinical and echocardiographic 
covariates that showed significant relation to it. The 
results that were adjusted for age and gender, 
demonstrated that WMSI at maximal stress (OR = 
375.8; 95% CI 6.2-22649.7; p = 0.005) and presence 
of DM (OR = 3.8; 95%CI 1.078-13.396; p = 0.038) 
appeared as independent predictors of presence of 
new and/or worsening CAD during SE. Positive 
predictive value of the model was 69.2%, while the 
negative was 77%. 

Figure 1 demonstrates the receiver operator 
characteristics curve (ROC) for predictive probability 
from the model which showed an AUC value of 0.777. 
Also, WMSI at maximal stress and the presence of 
DM during pharmacological SE as a model were 
associated with an acceptable sensitivity of 64% and 
higher specificity (1-20) of 80%. 

 

Figure 1: ROC curve for the presence and/or worsening of 
angiographic CAD using WMSI and DM presence during 
pharmacological SE 

Discussion 

Given that the change of systolic LV 
functional data or rather its improvement from rest to 
peak stress was less pronounced in patients with DM, 
as well parameters of diastolic function and its change 
with stress were almost insignificant (slightly increase 
of E/e’ in DM), we could not find the significant 
functional marker in order to make a difference in 
patients with and without DM. Such results mainly 
differ from our expectations taking into account that 
patients with DM were significantly older, had more 
frequently a history of hypertension, significantly more 
new and/or worsening CAD, especially multivessel 
disease and greater Syntax score. Although 
numerous studies highlighted the role of diastolic 
stress as predictor of CAD presence and its prognosis 
[27], [28], [29], [30], [31] as well in diabetic patients 
[32], [33], [34], we could not provide such evidence 
mainly due to small number of patients with DM in our 
study, lack of performed coronary angiography in all 
patients, possible good controlled risk factors as well 
as due to well-known technical factors regarding TDI 
velocity that can only be measured in one dimension 
and is significantly limited by angle dependence which 
produce difficulties in assessment of multiple wall 
segments (especially apical segments), along with 
influence of heart motion and contraction of adjacent 
segments on TDI data during SE, especially during 
dobutamine application [35]. Also, we could speculate 
that the results of our study were in line with those of 
Fang et al., [36] who detected the normal response to 
stress in diabetic patients without a significant 
difference with a control group that might be due to 
the early stage of diabetic cardiomyopathy. 

Our study showed that visual wall motion 
analysis expressed as WMSI in comparison to 
longitudinal strain assessed using speckle tracking 
(GLS%) didn’t make a difference in SE outcome 
regarding DM presence. WMSI was almost 
unchanged at maximal stress in diabetic patients, and 
paradоxically showed even slight increment in 
patients without DM. However, GLS% showed 
significant worsening at maximal stress in diabetic 
patients which was significantly different to those 
without DM who showed slight improvement. 
Presence of DM was significantly correlated with 
worsening of GLS% at maximal stress, while such 
correlation didn’t appear regarding stress WMSI. 
Given that WMSI and GLS% at maximal stress were 
significantly correlated to new and/or worsening CAD, 
we were expected that two of them would appear as 
its predictors, but regression analysis revealed that 
only WMSI at maximal stress and DM appeared as 
independent predictors of presence of new and/or 
worsening CAD during SE providing sensitivity of the 
model of 64% and specificity of 80%.  

Since Voight et al., [37] demonstrated that 
strain rate analysis during SE provides objective 
evidence of ischemia, the interest of using quantitative 
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assessment of LV systolic function by 2D speckle 
tracking during SE gained interest because it removes 
the subjective nature of visual assessment by wall 
motion analysis (WMA) in detecting CAD. Hence, a 
number of studies have shown that imaging GLS% 
was as good as [38], [39] or even superior [37], [40] 
[41]

 

to conventional echocardiography, subsequently 
lot of them concluding that GLS% provides 
incremental diagnostic accuracy in combination with 
expert WMA [42] in detecting CAD. Our results were 
partly in line with such conclusions; however only 
WMSI appeared as independent predictor of CAD 
which was consistent with the results of dobutamine 
SE study of Celutkiene et al., [43] who stressed that 
none of the single quantitative parameters 
investigated was able to identify significant CAD with 
a comparable diagnostic accuracy vs visual 
assessment using WMA. Also, Nagi et al., [44] fail 
clearly to demonstrate the diagnostic benefit of strain 
analysis over expert WMA alone during contrast-
enhanced SE.  

Given that in diabetic patients risk 
stratification is a major objective considering their 
increased risk for CAD and its’ major cardiovascular 
events, several well-known studies published their 
results that revealed prognostic ability of SE in 
diabetic patients on the basis of conventional WMA 
[45], [16], [18], [44], [33], [34]. Thus, the degree of 
worsening WMSI during SE, especially its’ multivessel 
distribution correlated with the extent of CAD which 
was consistent with our study, but more importunately 
with increasing cardiac events, including death in 
subsequent years. In this respect, it should be born in 
mind that data from studies [33], [34] emphasised that 
regardless a negative test result of SE based solely 
on wall motion criteria in diabetic patients it is 
associated with the less benign outcome which is why 
assessment of GLS% using speckle tracking would be 
an advantage. To our knowledge, data concerning LV 
myocardial deformation during SE in patients with DM 
are available only for longitudinal deformations and 
are still limited to very few studies. Although we could 
not confirm GLS% as independent predictor of CAD 
either in diabetic or nondiabetic patients, the value of 
GLS% at maximal stress appeared as significant 
distinctive parameter for DM presence as well as for 
more extensive CAD which is consistent with the 
study of Wierzbowska-Drabik et al., [45] who found 
more impaired GLS% in patients with DM and CAD at 
rest as well as at maximal SE in comparison to their 
counterparts with CAD but without DM, hence they 
concluded that coexisting CAD and DM had 
synergistic detrimental effect on myocardial strain. 
Furthermore, Philouze et al., [46] confirmed in their 
study that dobutamine SE unmasks functional 
alterations expressed by myocardial mechanics in 
patients with DM that could be barely detectable at 
rest mainly in asymptomatic patients with 
uncomplicated DM.  

The main limitation of our study was a 
relatively small number of patients, especially with 
DM. Patients with DM were older, with higher BMI, 
more frequent history of hypertension and previous 
CAD, which might influence the obtained longitudinal 
strain data. There was no assessment of the influence 
of metabolic control and therapeutic interventions in 
diabetic patients. Coronary angiography was not 
available in all patients, but this is in line with clinical 
guidelines, which do not recommend invasive testing 
in asymptomatic patients. Aiming to good spatial 
resolution and image quality for satisfactory speckle-
tracking during SE, we included in the study and 
analysed only individuals with good acoustic windows.  

The additional long-term analysis of the 
prognostic significance of reduced GLS% at rest and 
stress in patients with DM may potentially increase the 
clinical utility of our observations. 

In conclusion, although wall motion score 
index (WMSI) was insignificantly higher and GLS% 
was worse in diabetic patients at rest, it has been 
shown that the WMSI was almost unchanged during 
stress in both groups of patients, whereas in diabetic 
patients GLS% showed significant worsening at 
maximal stress which. However, besides assessment 
of GLS% appeared superior to qualitative analysis 
expressed by WMSI in making difference regarding 
DM presence, regression analysis revealed that only 
WMSI at maximal stress and DM appeared as 
independent predictors of presence of new and/or 
worsening CAD during SE which lead to conclusion of 
usefulness of using qualitative and/or quantitative 
parameters in detection of CAD in patients with DM 
during stress echocardiography. 
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Abstract 

AIM: This study aimed to evaluate the importance of IFN-γ in the diagnosis of pediatric TB and LTBI and to 
compare the IFN-γ levels.  

METHODS: We analysed 100 patients examined for possible M. tuberculosis infection or disease at the Institute 
of Respiratory Diseases in Children, Kozle, Skopje. Patients were divided into 2 groups: TB disease and LTBI. 
The following parameters were analyzed: demographic characteristics, history of previous exposure to active TB, 
BCG vaccination and presence of BCG scar, lung X-ray findings, tuberculin skin test by the Monteux method and 
the value of INF-γ according to the Quantiferon TB gold test, direct samples of acid-alcohol-resistant bacilli of 
sputum and Löwenstein Jensen cultures. Informed parental consent was obtained for each child included in the 
study. 

RESULTS: In the LTBI group 60.9% had a scar from the vaccination while in the TB group 50% had BCG scar. 
TST induration diameters in children with or without BCG scar were significantly larger in patients with active TB. 
Children with active TB had significantly higher IFN-γ levels than children with LTBI. The IFN-γ for the cut-off of 
0.35 IU/ml, has 64% sensitivity for detection of LTBI, versus 80.6% sensitivity for active disease. Children with 
close TB contact had significantly higher IFN-γ levels. Correlation between TST induration diameter and IFN-γ 
levels was stronger in the TB group.  

CONCLUSION: IFN-γ levels are significantly higher in children with active TB, and children with close contact with 
TB patient. It has better sensitivity in active TB. Using both tests (IFN-γ and TST) can improve the diagnose of 
LTBI and TB in countries where vaccination with BCG is widespread. 

 

Introduction 

 

World Health Organization defines 
tuberculosis (TB) as an infectious bacterial disease 
caused by Mycobacterium tuberculosis (M. 
tuberculosis). Patients with lung tuberculosis from 
whose sputum M. tuberculosis bacilli are isolated are 
the main source of the infection. M. tuberculosis, 
which was discovered in 1882 by Robert Koch, is 
anaerobic, facultative intracellular slow-growing 
acidophilic bacillus, naturally pathogenic only in 
humans [1] [2]. In children, TB usually develops as a 
result of close family contact with smear-positive TB 
patient. 

According to WHO in 2016 there were 10.4 
million new cases with TB, and 1.8 million deaths [3]. 
Tuberculosis is a contagious/infectious disease which 
is characterised by a high rate of morbidity and 
mortality in the world. Children account for 5 to 15% of 

the cases with tuberculosis worldwide; they are more 
often infected and have more severe forms of the 
disease [4]. In the R. Macedonia in 2012 the 
prevalence was 26/100,000. In 2014, 285 new cases 
of tuberculosis were discovered, the rate is 13.8 per 
100.000 populations, which is 38 cases less in 
comparison with 2013 when the number of newly 
discovered cases amounted to 325 persons. In 2016 
the incidence was 16 per 100000 population. 

Diagnosis of tuberculosis in children is based 
on data about the history of the disease, 
epidemiologic data, clinical signs, laboratory analyses, 
x-ray examinations and immunologic examinations, 
tuberculin skin test (TST) and Interferon-Gamma 
Release Assays (IGRA) tests, while the unique secure 
proof for correct diagnosis is isolation of the causer 
from biologic material [5] [6]. Establishing the 
diagnosis in children may be difficult because the 
symptoms are often very discreet; there is not self-
recognition of the disease; direct microscopic 
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preparations are positive only in 10 to 15%; positive 
cultures are obtained in 30% of children, whereas in 
smaller age groups even less than in 20% [5] [6]. 
Latent tuberculosis infection (LTBI) is defined as a 
state of persistent immune response to stimulation by 
M. tuberculosis antigens with no evidence of clinically 
manifest active TB [7]. Common features for both TB 
and LTBI are positive TST and IGRA tests. LTBI is 
defined as an infection with tuberculous bacilli inside 
the granuloma where it remains in non-replicating 
condition but later it can be transformed into an active 
TB. However, recent experimental data support the 
dynamic model of LTBI presenting a continual 
endogenous reactivation and inflammatory response 
[8]. This has been supported by a Norwegian study 
from 2010 demonstrating that reactivation of 
tuberculosis is decreased over time [9]. The dynamic 
model offers explanation for the influence of isoniazid, 
a drug which influences the actively replicating bacilli 
only. As isoniazid prevents the episodes of 
reinfections with bacteria released from the resting 
phase, together with the delayed drainage and 
damaging of non-replicating bacteria in the stomach, 
latent infection weakens gradually [8]. The chance 
LTBI to develop into active tuberculosis during lifetime 
in infants amounts to 43%, in children at the age from 
1 to 5 years it amounts to 29%, while in children aged 
from 11 to 15 years it is15%. In children with LTBI 
younger than five years the risk of TB development 
two years after the infection is 20-40% [10] [11]. The 
risk for active TB disease after infection depends on 
several factors, and the most important is the 
immunological status [7]. Prevention of active TB 
disease by treatment of LTBI is critical component of 
the WHO End TB Strategy [12] 

The aim of this study was to evaluate the 
importance of the released IFN-γ from T lymphocytes 
IFN-γ in the diagnosis of pediatric TB and LTBI and to 
compare the IFN-γ levels between active TB and 
LTBI.  

 

 

Material and Methods 

 

In this study, we have analysed 100 patients 
with possible M. tuberculosis infection or tuberculosis 
disease who were admitted at the Institute for 
Respiratory Diseases in Children, Kozle, Skopje in the 
period from September 2014 to August 2017. In that 
period the total number of registered patients with TB 
disease in our Institute was 61, and 215 with LTBI. 

  

Inclusion criteria 

Children, aged from 1 to 15 years, with no 
history of tuberculosis disease, BCG vaccinated, with 
a history of exposure to active TB.  

In the patients included in the study the 
following parameters were analyzed: demographic 
characteristics, history of previous exposure to active 
TB and the type of contact (close, distant, unknown), 
BCG vaccination and presence of BCG scar, lung X-
ray findings, tuberculin skin test (TST) by the Mantoux 
method and the value of INF- γ according to the 
commercial Quantiferon TB gold test, direct samples 
of acid-alcohol-resistant bacilli of sputum and 
Löwenstein Jensen cultures.  

Informed parental consent was obtained for 
each child included in the study. 

Patients were divided into 2 groups:  

1. TB disease (n=36): children with 
symptoms suggestive of TB, with abnormal lung X-ray 
findings, with or without positive ARB smear 
microscopy 

2. LTBI(n=64): asymptomatic patients, 
with a history of exposure to active TB, or tuberculin 
hyperreactors, with normal lung X-ray. 

The TB group consists of 36 children, 19 
males, 17 females, and the LTBI group consists of 64 
children, 29 females and 35 males, aged from 1 to 15 
years.  

  

Exclusion criteria 

One patient with immunodeficiency and 
malnutrition, one with congenital cardiopathy and one 
with osteoarticular tuberculosis were excluded from 
the study 

 
Children (n=100) aged 1-15 years, BCG vaccinated, with positive TB contact 

Symptoms suggestive of 

TB  

yes no 

TST and INF- γ  

Chest X-ray 

normal 

LTBI (n=64) TST and INF- γ  

 

TB disease 

(n=36) 

Chest X-ray 

abnormal 

 

ARB and 

culture 

 

Figure 1: Included patients and study groups 

 

Tuberculin skin test was performed on the 
volar aspect of the left forearm by injecting 0.1 ml 
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purified protein derivative (PPD) of 5 tuberculin units 
(TU) intracutaneously. Measuring of induration 
diameter was made after 72 hours. According to the 
National tuberculosis programme, positive TST is 
considered a transversal induration diameter of more 
than 10 mm [13]. 

In our study, in patients who did not have a 
BCG vaccination scar, the value of TST diameter ≥ 6 
mm was considered as borderline for a positive skin 
test. In patients who had a BCG scar, the value of 
TST diameter ≥ 15 mm was considered as borderline 
for a positive skin test. In patients who had a BCG 
scar, the value of TST test < 15 mm was considered 
as negative [14] [15]. 

 

Figure 2: Description of performing and measuring induration in 
tuberculin skin test 

 

Quantiferon TB Gold (QFT) analysis was 
performed at the Institute for Respiratory Diseases 
and TB in line with the guidelines of the manufacturer. 
The examination was performed in two phases: the 
incubation of the whole blood with antigens was made 
in the first phase, and in the second phase the 
measuring of IFN-γ was made by the ELISA method.  

In 2-6 hours after blood taking, the test-tubes 
with blood were placed for incubation at 37ºC. 24 
hours after incubation the test-tubes had been 
centrifuged, and the plasma was separated and 
frozen at -70ºC. The concentration of INF-γ was 
measured by the ELISA method (Enzyme-Linked 
Immunosorbent Assay) using the commercial test 
Quantiferon TB gold (Cellestis, QIAGEN Company). 
The values of INF-γ were expressed in international 
units on millimetre. As recommended by the 
manufacturer, the cut-off value for a positive test was 
INF- γ ≥ 0.35 IU/ml. 

 

 

Results 

 

A total of 100 children were analysed from 
whom 36 with TB disease and 64 with Latent 
tuberculosis infection. There was no significant 
difference between the sexes in both groups. Both 
sexes were equally represented.  The age ranged 
from 1 to 15 years with an average age of 7.48 years.  

In both groups, there was no significant 
difference between young children from 1-5 years old, 

and older than 5 years.  

In the TB group, 55.6% were from the rural 
area, while in the LTBI group there was a significantly 
higher frequency of children from an urban area 
(70.3%). 

The results obtained about BCG showed that 
all 100 children were BCG vaccinated at their birth. In 
the LTBI group, 60.9% had a scar from the 
vaccination while in 39.1% of the children the BCG 
scar could not be seen. In the TB group, there was an 
equal distribution of children with or without BCG scar 
(50%-50%). 

Table 1: Basic demographic characteristics of the patients 

Parameters 

 

Children with LTBI 
(n = 64) 

Children with 
TB 

(n = 36) 
Significance 

Gender 
male 
female 

54.7% 
45.3% 

52.8% 
47.2% 

2 = 0.037 
p = 0.982 (n.s.) 

Age 
6 (IQR = 7) 

(range 1 – 15) 
5.5 (IQR = 8) 
(range 1 – 15) 

F = 0.096 
P = 0.953 (n.s.) 

Age group 
Under 5 years 
Older than 5 years 

48.4% 
51.6% 

50.0% 
50.0% 

2 = 0.453 
p = 0.797 (n.s.) 

Area 
Rural 
Urban 

29.7% 
70.3% 

55.6% 
44.4% 

2 = 6.821 
p = 0.033 (*) 

BCG scar 
Yes 
No 

60.9% 
39.1% 

50.0% 
50.0% 

2 = 1.587 
p = 0.452 (n.s.) 

 

According to the contact with a patient 
infected with active TB, our results showed that there 
is a significantly higher per cent of children with very 
close contact with active TB in the TB group. All of the 
children had a chest X-ray. In the LTBI group, all of 
them showed normal findings. In the TB group, chest 
X-rays were mostly with primary TB. 

Direct specimens for acid-alcohol-resistant 
bacilli (ARB) from sputum as well as culture in the 
solid medium by Löwenstein Jensen were analysed in 
all children with active TB. Most of them, 88.9% were 
ARB negative, and only 11.1% ARB positive. 
Löwenstein Jensen cultures were positive in 22.2% of 
the TB cases and negative in the rest of them 
(77.8%). In the group of patients with LTBI most of the 
children, 89.1% were not analysed for ARB and 
Löwenstein Jensen culture. In only 10.9% of children, 
these analyses were performed and were all negative.  

Table2: Specific characteristics in children with TB and LTBI 

Parameters 
Children with LTBI 

(n = 64) 

Children with 
TB 

(n = 36) 
Significance 

Contact with active TB 
Close 
Distant 
Unknown 

48.4% 
46.9% 
4.7% 

75.0% 
19.4% 
5.6% 

2 = 7.523 
p = 0.023 (*) 

Chest X-ray findings 
Normal 
TB pleuritis 
Primary TB 
Cavities 
Hilar lymphadenitis 

100.0% 
0.0% 
0.0% 
0.0% 
0.0% 

 
0.0% 
8.3% 

77.8% 
5.6% 
8.3% 

2 = 100.000 
p = 9.87·10

-21
(**) 

ARB 
positive 
negative 
Not analyzed 

0.0% 
10.9% 
89,1% 

11.1% 
88.9% 
0,0% 

2 = 75.071 
p = 4.99·10

-17
(**) 

Löwenstein–Jensen culture 
Positive 
Negative 
Not analyzed 

0.0% 
10.9% 
89.1% 

22.2% 
77.8% 
0.0% 

2 = 75.694 
p = 3.66·10

-17
(**) 
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TST induration diameters in children with or 
without BCG scar were significantly larger in patients 
with active TB (Table 3 and 4). 

Table 3: TST in children with BCG scar 

Parameter 
Children with LTBI 

(n = 39) 
Children with TB 

(n = 18) 
Significance 

Children with BCG scar 

ТST induration diameter 
(mm) 

8 
(IQR = 11, range 3 – 

24) 

20 
(IQR = 5, range 4 – 

27) 

Mann-Whitney 
test: U = 121.0 
p = 0.00008(**) 

 

In all 100 children, IFN-γ was measured with 
commercial Quantiferon TB gold test.  

Table 4: TST in children without BCG scar 

Parameter 
Children with LTBI 

(n = 25) 
Children with TB 

(n = 18) 
Significance 

Children without BCG scar 

ТST induration diameter 
(mm) 

9 
(IQR =13; range 2 – 

34) 

15 
(IQR = 7; range 3 – 

24) 

Mann-Whitney 
test:U = 135.5 
p = 0.027(*) 

 

In this study, the IFN-γ for the cutoff of 0.35 
IU/ml, had 64% sensitivity for detection of LTBI, 
versus 80.6% sensitivity for active disease. 

In our results, the Kruskal-Wallis test showed 
statistically highly significant differences in the levels 
of IFN-γ (IU/ml) among the two groups of patients. 
The Mann-Whitney tests confirmed that children with 
active TB have significantly higher IFN-γ levels than 
children with LTBI, (U = 649.5; **p = 0.0003). 

Table 5: IFN-γ levels (IU/ml) 

Parameter 
Children with LTBI 

(n = 64) 
Children with TB Significance 

Levels of IFN-γ (IU/mL) 

0.475 
(IQR = 1.082) 
(range 0.030 – 

3.042) 

2.037 
(IQR = 2.246) 
(range 0.024 – 

4.764) 

Kruskal-Wallis test: F 
= 46.042 

p = 1.00·10
-10

(**) 

The test was considered positive with titer ≥ 0.35 IU/ml. 

 

According to that cutoff, there was the 
significantly higher frequency of patients with a 
positive test in the TB group (80.6%) compared with 

the LTBI group (64.1%; 
2
 = 3.984, *p = 0.047)  

 

Figure 3: significantly higher frequency of patients with a positive 
test in the TB group (*p < 0.05) 

In this study, we determined a new cut-off 
diagnostic value of IFN-γ level and its sensitivity and 
specificity for distinguishing LTBI from active TB in 
children in R. Macedonia. This was analysed with 
Receiver operating characteristic (ROC) curve.  

Our analyses showed that IFN-γ level ≥ 0.822 
IU/mL is optimal to discriminate children with LTBI and 
TB disease, with 74.3% sensitivity and 67.2% 
specificity (25.7% false negative and 32.8% false 
positive findings). 

 

Figure 4: ROC analyses for determination of the cutoff diagnostic 
value of IFN-γ (IU/mL) for distinguishing children with TB disease 
from LTBI  

 

About the influence of the age on IFN-γ 
levels, our results showed weak but statistically 
significant (*p = 0.013) and a positive correlation 
between the age and IFN-γ levels in both groups 
Correlation between TST induration diameter and 
IFN-γ levels was stronger in the group of children with 
active TB. We also compared the IFN-γ levels 
according to the contact with active TB patient. 

As we can see from Table 6, patients with 
close contact have significantly higher IFN-γ levels (*p 
= 0.002).  

Table 6: Comparison of the IFN-γ levels according to the 
contact with active TB patient 

Parameter 
Close contact 

(n = 58) 
Distant contact 

(n = 37) 
Significance 

IFN-γ (IU/mL) 
1.54 

(IQR = 2.44) 
(range 0.04 – 4.76) 

0.41 
(IQR = 0.70) 

(range 0.02 – 4.47) 

Mann-Whitney 
test: U = 666.0 
p = 0.002 (*) 

 

 

 

Discussion 

 

When we speak about the eradication of TB, it 
is not enough only to treat patients with active 
tuberculosis but to diagnose and to treat adequately 
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those with LTBI. 

Until recently, tuberculin skin test by the 
Mantoux method has been the uniquely available 
immunologic test for diagnosis of LTBI. It is an in vivo 
test that is based on measurement of the reaction of 
postponed hypersensitivity after injecting a mixture of 
mycobacterial antigens, PPD subcutaneously on the 
forearm [16]. PPD of 5 tuberculin units (TU) is used in 
our country. The size of induration on the site of 
injection is proportional to the strength of the 
immunologic response to competent cells. Induration 
diameter is read after 72 hours [17]. 

A positive outcome can be expected if two to 
eight weeks have passed after the infection with M. 
tuberculosis. Since the solution of PPD contains more 
than 200 protein components that are common for 
most of the mycobacteria, tuberculin test may give 
false-positive results in persons vaccinated with BCG 
or who were in contact with nontuberculous 
mycobacteria [18]. 

False-negative results may be found in 
persons with damaged or immature cell immunity 
such as patients infected with HIV, patients with 
iatrogenic-caused immunosuppression, children in 
younger age due to weak reactivity on the skin or if 
the result is falsely read as negative [19]. 

According to the above said it is clear that 
TST is not a secure test for detecting LTBI especially 
in countries where there is BCG vaccination such as 
in our country. In our study, TST induration diameters 
in children with or without BCG scar were significantly 
larger in patients with active TB. 

Since 2004 the Quantiferon TB gold test has 
been used, and it has largely contributed to the 
diagnosis of LTBI and TB. The specific antigens that 
are used in this test are early secreted antigenic 
target-6KD (ESAT-6), culture filtrate protein-10KD 
(CFR-10) and TB 7.7. These antigens do not exist in 
BCG (Bacillus Calmette-Guerin) and most of the 
nontuberculous mycobacteria, except in M. Kansai, M. 
szulgai, M. marinum, M. flavescens and M. gastric 
[20]. Therefore, the chance of having false-positive 
results of IGRA tests is very small since T 
lymphocytes in healthy BCG-vaccinated uninfected 
persons as well as in those infected by 
nontuberculous mycobacteria do not secrete gamma 
interferon after stimulation with the mixture of antigens 
ESAT-6, CFP-10 and TB 7.7 [21]. 

The positive features of IGRA tests are their 
high diagnostic sensitivity and specificity, 
reproducibility and possible standardisation. The 
research of Pai et al., (2008) showed 99% specificity 
of Quantiferon TB gold test in persons who were not 
BCG-vaccinated and 96% in BCG-vaccinated 
persons, while the sensitivity reached 78% [22]. Sun 
et al., found a sensitivity for all TB disease in children 
of 70% for ELISA (range: 57%–96%), 62% for 
ELISPOT (range: 40%–100%), and 71% for the TST 

(range: 43%–100%) [23]. In our study, the IFN-γ for 
the cutoff of 0,35 IU/ml, had 64% sensitivity for 
detection of LTBI, versus 80,6% sensitivity for active 
disease.  

Regarding IFN-γ levels differences in children 
with LTBI and active TB, Whittaker et al., [24] 
described a lower amount of IFN-γ in LTBI patients 
compared to active TB, whereas Latorre et al. 
described no significant difference between these two 
groups [25]. Our results showed statistically highly 
significant differences in the levels of IFN-γ (IU/ml) 
among the two groups of patients. Children with active 
TB had significantly higher IFN-γ levels than children 
with LTBI (U = 649.5; **p = 0.0003). Connell et al., in 
2 subsequent studies, showed a good agreement 
between positive IGRAs and TB disease, whereas a 
poor correlation between IGRAs and TST for the 
diagnosis of LTBI in children was found [26] [27]. 

 About the influence of the age on IFN-γ 
levels, our results showed weak but statistically 
significant (*p = 0.013) and a positive correlation 
between the age and IFN-γ levels in both groups. 
Nakaoka et al. reported a decreased response to QFT 
in children < 5 years of age [28]. 

Correlation between TST induration diameter 
and IFN-γ levels was stronger in the group of children 
with active TB. Onur at al. reported that QFT positivity 
differed significantly according to TST induration 
diameter and the positivity rate was significantly 
higher in patients with an induration diameter of 10–14 
and ≥ 15 mm compared to other diameters [29]. In our 
study, we also compared the IFN-γ levels in patients 
with close or distant contact with active TB. The 
results showed that patients with close contact have 
significantly higher IFN-γ levels (*p = 0.002). Kang et 
al., found the positive QFT rates 4%, 10%, 44% and 
81% in low risk, casual contact, close contact, and 
active TB patients, respectively [30]. 

The limitations of this study are that we hadn’t 
investigated children without risk of TB infection, so 
we couldn’t make a correlation between IFN-γ levels 
in healthy children and children with LTBI and 
determine a new cut-off value of IFN-γ that can 
distinguish children with LTBI from healthy controls. 
The specificity of IFN-γ couldn’t be analysed too. 

In conclusion, the present study indicates that 
IFN-γ levels are significantly higher in children with 
active TB, and children with close contact with TB 
patient. It has better sensitivity in active TB, and the 
correlation between TST induration diameter and IFN-
γ levels is stronger in children with active TB versus 
children with LTBI. Using both tests (IFN-γ and TST) 
can improve the diagnose of LTBI in children in 
countries like R. Macedonia where vaccination with 
BCG is widespread. According to our results that IFN-
γ has better sensitivity and stronger correlation with 
TST inactive TB, these tests can contribute to better 
and certain diagnose of TB disease, because of a lack 
of microbiological proof for M. tuberculosis in children. 

https://bmcpulmmed.biomedcentral.com/articles/10.1186/1471-2466-9-41#CR25
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Abstract 

BACKGROUND: According to several authors, neutrophil extracellular traps (NETs) play an important role in the 
mechanisms of cancer development and metastatic processes, which allows them to be considered as a potential 
new target for the treatment of cancer. 

AIM: To investigate the presence of extracellular neutrophil traps in the blood of patients with cervical cancer on 
the background of the combined treatment. 

MATERIALS AND METHODS: The study was conducted in 28 patients with cervical cancer. Group 1 received 
only radiation therapy; Groups 2-radiation therapy with ftorafur; Group 3-radiation therapy with cisplatin. To 
determine the number of spontaneous extracellular neutrophilic traps in the blood of the examined individuals, we 
used a technique of I.I. Dolgushin and Yu.S. Andreeva. 

RESULTS: Peripheral blood neutrophils in 53.57% (33.87; 72.49) of cervical cancer patients showed the ability to 
generate NETs before treatment. The ability to form NETs was observed in neutrophils isolated from 66.67% 
(9.43; 99.16) patients of the Group 1. After radiation therapy with ftorafur, the ability of blood neutrophils to form 
NETs was observed in 50% (1.26; 98.74) of cervical cancer patients. After radiotherapy with cisplatin, 37.50% 
(15.20; 64.57) of patients were found to have NETs formation 

CONCLUSION: The ability to form NETs varied greatly after radiotherapy. The addition of chemotherapy drugs to 
radiation therapy did not increase the percentage of NETs in the blood of patients with cervical cancer but 
stimulated the appearance of basophil extracellular traps. 

 
 
 
 
 
 
 
 

 

Introduction 

 

The issue of the role of neutrophil 
extracellular traps (NETs) in oncology is at the stage 
of the study. An in vitro study of the formation of NETs 
after stimulation of neutrophils obtained from patients 
with colorectal cancer and healthy donors of the same 
age group was carried out. It was found that 
neutrophils of patients' blood formed spontaneous 
NETs. A significant increase in the number of NETs in 
response to the stimulus was recorded in patients with 
postoperative complications. There was no 
relationship between the number of NETs, the stage 
and the localisation of a tumour. According to the 
authors of the study, these results allow us to consider 

the formation of NETs as a potential target for therapy 
[1]. 

At the same time, according to other 
researchers, neutrophils isolated from the blood of 
patients with uterine cancer (stage Ia) had a reduced 
ability to form traps in response to stimulation by yeast 
cells [2]. 

It was suggested that the formation of NETs 
could be one of the mechanisms of tumour 
development. The basis for this assumption was the 
evidence that the granulocyte colony-stimulating 
factor, which is produced by many tumours and is 
determined in the blood of cancer patients, triggers 
the formation of NETs [3].  
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It has been shown by Garley M. et al., that 
tumour-associated neutrophil can form and release 
NETs, but their effects are controversial. There is 
evidence that NETs have anticarcinogenic properties, 
which associated with the direct destruction of tumour 
cells and stimulation of the immune system. In 
contrast, some authors point to the ability of traps to 
facilitate the migration of tumour cells or create a 
physical barrier between tumour cells and 
immunocompetent cells [4]. 

NETs are believed to be involved in the 
pathogenesis of the tumour process through the 
mechanism of tumour-associated thrombosis. Several 
models of triggering thrombosis with the participation 
of NETs have been proposed. Thus, it is shown that 
neutrophils can produce tissue factor (TF), which is 
released into the bloodstream during the formation of 
the trap. The tissue factor forms a complex with factor 
VII. Complex TF-VIIa can activate the coagulation 
cascade, leading to the formation of a thrombus. 
According to another model, factor XII can bind to 
DNA and histones in the composition of NETs and 
stimulates the formation of fibrin in the internal 
pathway [5], [6]. Another way of participation of NETs 
in the mechanism of thrombosis is the capture and 
activation of platelets. NETs threads bind platelets 
and promote their aggregation [7]. [8]. It was also 
suggested that adhesion molecules, including von 
Willebrand factor, fibronectin or fibrinogen, are 
involved in the interaction between NETs and platelets 
[9], [10].  

According to several authors, NETs play an 
important role in the mechanisms of cancer 
development and metastatic processes, which allows 
them to be considered as a potential new target for 
the treatment of cancer [11], [12]. At the same time, 
they also express the opposite point of view on the 
role of NETs in oncopathology. Myeloperoxidase, 
proteinases and histones can be cytotoxic concerning 
tumour cells. Moreover, NETs itself is considered as a 
kind of skeleton for the capture of tumour cells, which 
prevents their further spread [13].  

Purpose of the study: to investigate the 
presence of extracellular neutrophil traps in the blood 
of patients with cervical cancer on the background of 
the combined treatment. 

 

 

Material and Methods 

 

The study was conducted in 28 patients with 
cervical cancer in the Karaganda Regional Oncology 
Centre in 2018. The average age of patients was 48.3 
± 1.9 years, of which 22 patients were diagnosed with 
stage IIb and 6 patients with stage III (FIGO 2009). 
The study was approved by the local Ethical 
Committee at the Medical University of Karaganda. 

Informed consent was obtained from the patients 
before they were recruited into the study.  

All patients underwent radiation therapy (RT): 
external beam radiation (EBRT) was performed at the 
Clinac 600 C (3D CRT), brachytherapy was 
implemented on the “Agat VU” device. The patients 
were divided into 3 study groups. Patients of the 1

st
 

Group received only RT, 2nd group-RT with ftorafur 
oral at a dose of 1200 mg on the days of external 
beam radiation (800 mg in the morning and 400 mg in 
the evening), the total dose of 27,600 mg; 3 the 
group-RT with cisplatin at the rate of 40 mg/m

2
 7 days 

during the entire course of EBRT.  

To determine the number of spontaneous 
extracellular neutrophilic traps in the blood of the 
examined individuals, we used a technique of I.I. 
Dolgushin and Yu.S. Andreeva [14]. The samples 
were stained with Hematoxylin-eosin and were 
examined microscopically under magnification of 
1400. The results were expressed in the number of 
neutrophils that generated NETs in 100 neutrophils. 
Photos of NETs were obtained using the ToupView 
3.7. We counted the percentage of patients whose 
smears contained NETs. Confidence intervals of 
percentages were determined by Clopper-Pearson. 

 

 

Results 

 

As a result of the study, it was shown that in 
practically healthy people, the ability of neutrophils to 
form NETs was not found, which corresponds with 
data from other researchers [15] [16]. Peripheral blood 
neutrophils in 53.57% (33.87; 72.49) of cervical 
cancer patients showed the ability to generate NETs 
before treatment. The number of NETs ranged from 1 
to 23 in a smear (Figure 1). 

 

Figure 1: Neutrophil extracellular traps in the blood of a patient with 
cervical cancer (Hematoxylin-eosin staining, magnification 1400 x) 
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The dependence of NETs formation on the 
stage of cancer (IIb or III) was not found. NETs were 
not observed in 46.43% (27.51; 63.13) of the patients. 
In 3.57% (0.09; 18.35) of patients with cervical cancer, 
the formation of extracellular traps was detected not 
only by neutrophils but also by basophils.  

The ability to form NETs was observed in 
neutrophils isolated from 66.67% (9.43; 99.16) 
patients of the 1

st
 group. The number of NETs varied 

from 7 to 21 in a smear (Figure 2). 

 

Figure 2: Neutrophil extracellular trap in the blood of a patient with 
cervical cancer after radiation therapy (hematoxylin-eosin staining, 
magnification 1400 x) 

 

After radiation therapy with ftorafur, the ability 
of blood neutrophils to form NETs was observed in 
50% (1.26; 98.74) of cervical cancer patients, but in a 
small amount - 1-2 in a smear (Figure 3). A feature of 
this group of patients should be considered the 
appearance in the blood of these patient’s basophil 
extracellular traps (from 1 to 7 in a smear).  

 

 

Figure 3: Neutrophil extracellular trap in the blood of a patient with 
cervical cancer after radiation therapy with ftorafur (Hematoxylin-
eosin staining, 1400 x magnification) 

 

After radiotherapy with cisplatin, 37.50% 
(15.20; 64.57) of patients were found to have NETs 
formation, and their number varied from 2 to 15 in a 
smear. In 12.50% (1.55; 38.35) of patients with 
cervical cancer, basophil extracellular traps were 
found in a number of 1 to 9 in a smear (Figure 4). It 
should be noted that neutrophil and basophil 
extracellular traps were found in the same patients. 

 

Figure 4: Neutrophil extracellular trap in the blood of a patient with 
cervical cancer after radiation therapy with cisplatin (Hematoxylin-
eosin staining, 1400 x magnification) 

 

 

Discussion 

 

In all patients, the formation of NETs 
proceeds via suicidal NETosis which includes 
chromatin decondensation and releasing of network-
like DNA after the rupture of the plasma membrane, 
i.e. according to the classical way [17]. It is noteworthy 
that not all neutrophils isolated from patients with 
cervical cancer have demonstrated the ability to form 
NETs. In our opinion, this is due to several reasons. 
First of all, neutrophils in the blood may be present in 
several subpopulations [18]. In some pathological 
states, including oncology, along with high-density 
neutrophils, the appearance of low-density neutrophils 
has been described [19]. It has been established that 
in cancer, low-density neutrophils exhibit a reduced 
ability to explode [20] oxidatively, but they are more 
susceptible to the formation of NETs [21]. According 
to other researchers, in the circulation, there are 
subpopulations of immature, mature and old 
neutrophils. The older the neutrophil, the easier it 
forms the NETs [22]. Trellakis S. et al. established 
that the neutrophils of the peripheral blood of patients 
with certain types of cancer had a prolonged period of 
life [23], which made it possible to assume that tumour 
cells probably produce factors that modulate the life of 
neutrophils [24]. The main cause of pre-activation of 
neutrophils is the excessive generation of reactive 
oxygen species as a result of ionising radiation. This 
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assumption is based on literature data showing that 
hydrogen peroxide can be an inducer of NETs [25]. 
Addition of ftorafur and cisplatin to the radiotherapy 
did not lead to a significant increase in the number of 
NETs. In case of a combination of RT with cisplatin, 
the percentage of neutrophils capable of forming 
NETs was even lower than that before treatment. It is 
due to the decreased level of neutrophils under the 
influence of chemotherapy. 

In conclusion, peripheral blood neutrophils 
generate NETs in 53.57% (33.87; 72.49) of cervical 
cancer patients before treatment. There are no NETs 
in healthy people. 

There was no dependence of the formation of 
NETs on the stage of cervical cancer (IIb or III). 

The ability to form NETs varied greatly after 
Radiotherapy. The addition of chemotherapy drugs to 
RT did not increase the percentage of NETs in the 
blood of patients with cervical cancer but stimulated 
the appearance of basophil extracellular traps. 

 

 

References 

 

1. Richardson JJR, Hendrickse C, Gao-Smith F, Thickett DR. 
Neutrophil Extracellular Trap Production in Patients with Colorectal 
Cancer In Vitro. Int. J. Inflam. 2017; 2017:4915062. 

2. Abakumova TV, Antoneeva II, Gening TP, Dolgova DR, Gening 
SO. Phenotype of peripheral blood neutrophils in the initial stage of 
endometrial cancer. 2016; 58(1):23-29. 

 

3. Demers M, Krause DS, Schatzberg D, et al. Cancers predispose 
neutrophils to release extracellular DNA traps that contribute to 
cancer-associated thrombosis. Proc Natl Acad Sci USA. 2012; 
109(32):13076–13081. https://doi.org/10.1073/pnas.1200419109 
PMid:22826226 PMCid:PMC3420209 

 

4. Garley M, Jabłońska E, Dąbrowska D. NETs in cancer. Tumour 
Biol. 2016; 37(11):14355-14361. https://doi.org/10.1007/s13277-
016-5328-z PMid:27614687  

 

5. Von Brühl ML, Stark K, Steinhart A, et al. Monocytes neutrophils 
and platelets cooperate to initiate and propagate venous 
thrombosis in mice in vivo. J Exp Med. 2012; 209(4):819-35. 
https://doi.org/10.1084/jem.20112322 PMid:22451716 
PMCid:PMC3328366 

 

6. Wolberg AS, Aleman MM, Leiderman K, Machlus KR. 
Procoagulant activity in hemostasis and thrombosis: Virchow's triad 
revisited. Anesth Analg. 2012; 114(2):275-85. 
https://doi.org/10.1213/ANE.0b013e31823a088c PMid:22104070 
PMCid:PMC3264782 

 

7. Ma A, C, Kubes P. Platelets neutrophils and neutrophil 
extracellular traps (NETs) in sepsis. J Thromb Haemost. 2008; 
6(3):415–20. https://doi.org/10.1111/j.1538-7836.2007.02865.x 
PMid:18088344  

 

8. Fuchs TA, Bhandari AA, Wagner DD Histones induce rapid and 
profound thrombocytopenia in mice. Blood. 2011; 118(13):3708-14. 
https://doi.org/10.1182/blood-2011-01-332676 PMid:21700775 
PMCid:PMC3186342 

 

9. Fuchs TA, Brill A, Duerschmied D, et al. Extracellular DNA traps 
promote thrombosis. Proc Natl Acad Sci USA. 2010;  

107(36):15880-5. https://doi.org/10.1073/pnas.1005743107 
PMid:20798043 PMCid:PMC2936604 

10. Fuchs TA, Brill A, Wagner DD. Neutrophil extracellular trap 
(NET) impact on deep vein thrombosis. Arterioscler Thromb Vasc 
Biol. 2012; 32(8):1777-83. 
https://doi.org/10.1161/ATVBAHA.111.242859 PMid:22652600 
PMCid:PMC3495595 

 

11. Cools-Lartigue J, Spicer J, Najmeh S, Ferri L. Neutrophil 
extracellular traps in cancer progression. Cell Mol Life Sci. 2014; 
71(21):4179-94. https://doi.org/10.1007/s00018-014-1683-3 
PMid:25070012  

 

12. Erpenbeck L, Schön MP. Neutrophil extracellular traps: 
protagonists of cancer progression? Oncogene. 2017; 
36(18):2483-90. https://doi.org/10.1038/onc.2016.406 
PMid:27941879  

 

13. Berger-Achituv S, Brinkmann V, Abed UA, et al. A proposed 
role for neutrophil extracellular traps in cancer immunoediting. 
Frontiers Immunol. 2013; 4:48. 
https://doi.org/10.3389/fimmu.2013.00048 PMid:23508552 
PMCid:PMC3589747 

 

14. Dolgushin II, Andreeva YuS. Method for detection of 
extracellular neutrophilic traps: Russian Federation patent for 
invention. № 2384844; publ. 04.01.2008. [In Russian] 

 

15. Korotina OL, Generalov II. Neutrophil extracellular traps: 
mechanisms of formation, functions. Immunopathology, 
allergology, infectology. 2012; 4:23-32. 

 

16. Brinkmann V, Zychlinsky A. Beneficial suicide: why neutrophils 
die to, make NETs. Nature Rev. 2007; 5:577-82. 
https://doi.org/10.1038/nrmicro1710 

 

17. Phillipson M., Kubes P. The neutrophil in vascular 
inflammation. Nature medicine. 2011; 17(11):1381-90. 
https://doi.org/10.1038/nm.2514 PMid:22064428  

 

18. Gerasimov IG. Neutrophilic functional heterogeneity. Russian 
clinical laboratory diagnostics. 2006; 2:34-6.  

19. Avila J, Adrover JM, Hidalgo A. Neutrophils in Homeostasis, 
Immunity, and Cancer. Immunity. 2017; 46(17):15-28. 
https://doi.org/10.1016/j.immuni.2016.12.012 PMid:28099862  

 

20. Sagiv JY, Michaeli J, Assi S, et al. Phenotypic diversity and 
plasticity in circulating neutrophil subpopulations in cancer. Cell 
Rep. 2015; 10:562–573. 
https://doi.org/10.1016/j.celrep.2014.12.039 PMid:25620698  

 

21. Villanueva E, Yalavarthi S, Berthier CC, et al. Netting 
neutrophils induce endothelial damage, infiltrate tissues, and 
expose immunostimulatory molecules in systemic lupus 
erythematosus. J Immunol. 2011; 187:538–52. 
https://doi.org/10.4049/jimmunol.1100450 PMid:21613614 
PMCid:PMC3119769 

 

22. Ortmann W, Kolaczkowska E. Age is the work of art? Impact of 
neutrophil and organism age on neutrophil extracellular trap 
formation. Cell Tissue Res. 2018; 371(3):473–88. 
https://doi.org/10.1007/s00441-017-2751-4 PMid:29250748 
PMCid:PMC5820386 

 

23. Trellakis S, Bruderek K, Dumitru CA, et al. Polymorphonuclear 
granulocytes in human head and neck cancer: enhanced 
inflammatory activity, modulation by cancer cells and expansion in 
advanced disease. Int J Cancer. 2011; 129:2183-93. 
https://doi.org/10.1002/ijc.25892 PMid:21190185  

 

24. Danilova AB, Baldueva IA. Neutrophils as tumor 
microenviroment member. Problems of oncology. 2016; 62(1):35-
44. 

 

25. Savochkina AYu. Neutrophil extracellular traps: mechanisms of 
formation, detection methods, biological role: dissertation abstract. 
Dr. Med. Sciences. Chelyabinsk, 2012:48. 

 

 

https://doi.org/10.1073/pnas.1200419109
https://doi.org/10.1007/s13277-016-5328-z
https://doi.org/10.1007/s13277-016-5328-z
https://doi.org/10.1084/jem.20112322
https://doi.org/10.1213/ANE.0b013e31823a088c
https://doi.org/10.1111/j.1538-7836.2007.02865.x
https://doi.org/10.1182/blood-2011-01-332676
https://doi.org/10.1073/pnas.1005743107
https://doi.org/10.1161/ATVBAHA.111.242859
https://doi.org/10.1007/s00018-014-1683-3
https://doi.org/10.1038/onc.2016.406
https://doi.org/10.3389/fimmu.2013.00048
https://doi.org/10.1038/nrmicro1710
https://doi.org/10.1038/nm.2514
https://doi.org/10.1016/j.immuni.2016.12.012
https://doi.org/10.1016/j.celrep.2014.12.039
https://doi.org/10.4049/jimmunol.1100450
https://doi.org/10.1007/s00441-017-2751-4
https://doi.org/10.1002/ijc.25892


 

 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2018 Nov 25; 6(11):2101-2106.                                                                                                                                                2101 

 

ID Design Press, Skopje, Republic of Macedonia 
Open Access Macedonian Journal of Medical Sciences. 2018 Nov 25; 6(11):2101-2106. 
https://doi.org/10.3889/oamjms.2018.478 
eISSN: 1857-9655 
Clinical Science 

 

 

  

 
The Relationship between Clinical Findings of Shoulder Joint 
with Bone Damage of Shoulder Joint in Patients with Isolated 
Shoulder Blunt Trauma 
 
 
Amin Zamani, Mohammad Davood Sharifi, Roohie Farzaneh, Hamideh Feiz Disfani, Behrang Rezvani Kakhki, Amir Masoud 
Hashemian* 

 

Department of Emergency Medicine, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran 

 

Citation: Zamani A, Sharifi MD, Farzaneh R, Disfani HF, 
Kakhki BR, Hashemian AM.. The Relationship between 
Clinical Findings of Shoulder Joint with Bone Damage of 
Shoulder Joint in Patients with Isolated Shoulder Blunt 
Trauma. Open Access Maced J Med Sci. 2018 Nov 25; 
6(11):2101-2106. 
https://doi.org/10.3889/oamjms.2018.478 

Keywords: Shoulder; Radiography; Blunt Trauma; 
Clinical Symptoms 

*Correspondence: Amir Masoud Hashemian. 
Department of Emergency Medicine, Faculty of Medicine, 
Mashhad University of Medical Sciences, Mashhad, Iran. 
E-mail: hashemianam@mums.ac.ir 

Received: 13-Oct-2018; Revised: 07-Nov-2018; 
Accepted: 08-Nov-2018; Online first: 20-Nov-2018 

Copyright: © 2018 Amin Zamani, Mohammad Davood 
Sharifi, Roohie Farzaneh, Hamideh Feiz Disfani, Behrang 
Rezvani Kakhki, Amir Masoud Hashemian. This is an 
open-access article distributed under the terms of the 
Creative Commons Attribution-NonCommercial 4.0 
International License (CC BY-NC 4.0) 

Funding: This research did not receive any financial 
support 

Competing Interests: The authors have declared that no 
competing interests exist 

 

 

 

 

 

 

 

Abstract 

BACKGROUND: Due to the prevalence of shoulder injuries among athletes and other people and the prevalence 
of radiography for these injuries, there are still no valid criteria for indication of doing shoulder radiography.  

AIM: This study aimed to examine the relationship between some signs and clinical examinations of the shoulder 
with shoulder bone injuries and the need for radiography. 

METHODS: This is a cross-sectional study. All patients aged 18-70 years who referred to the emergency ward of 
Imam Reza and Hasheminejad Hospital in the year 2014 due to blunt trauma and had criteria for entering the 
study and lacking exclusion criteria were included in the study process. Data on clinical symptoms, radiographic 
results, and final diagnosis were extracted from the patients' records through a questionnaire and analysed 
statistically. 

RESULTS: There was a significant relationship between the clinical signs of patients Existence of ecchymosis in 
the shoulder fractures with glenoid and humerus fractures (p = 0.029, p = 0.004 respectively). There was also a 
significant relationship between clavicle fracture and limitation in shoulder rotation and abduction (p = 0.000 and p 
= 0.001 respectively). Other clinical symptoms did not show any significant relationship with radiographs indicative 
of the problem requiring specific treatment. 

CONCLUSION: Although it is possible to define critters based on clinical symptoms that reduce the need for 
unnecessary radiographs that the does not reliably help inpatient treatment, but finding these critters to indicate 
the performance of the graphs in shoulder injuries requires further studies with the higher population and more 
clinical variables. 

 
 
 
 
 
 
 
 
 
 

 

Introduction 

 

The shoulder joint is a complex and intricate 
joint collection [1]. This joint has the greatest range of 
motion in the joints of the body and moves in an area 
more than one hemisphere [2]. In Emergency 
medicine, we commonly encountered with shoulder 
injuries [3]. The statistics show that 8-13% of all 
athletes injuries are related to shoulder and shoulder 
dislocation accounts for 50% of total dislocation in the 
emergency room [4]. Damage to the shoulder can be 
caused by a hit (direct or indirect) or excessive use. 

Shoulder injuries are common in most sports because 
almost every major sport uses a shoulder joint in 
some way [5].  

Most shoulder injuries are evaluated based on 
bone damage with simple radiography, and in a few 
cases, CT scan, MRI, or shoulder ultrasound are 
needed [6]. Shoulder injuries consist of a large 
percentage of athlete's shoulder injuries, and they are 
a common cause for emergency attendance [7]. 
Timely diagnosis, treatment, and management of 
these patients are among the important tasks of the 
emergency department [8]. Getting accurate 
biography and physical examination in the first place 
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is the most important and most complete work to be 
done, including physical examination of the clavicle, 
shoulder, arm including precise inspection, touch, 
examination of active and passive motion of the joint, 
neurovascular evaluation, muscular strength tests and 
diagnostic tests [9].  

Deformities due to glenohumeral dislocation, 
clavicle fracture, acromioclavicular joint separation are 
usually clinically apparent [10]. Effusion, ecchymosis, 
and erythema should be taken into account at first 
glance [11]. Sternoclavicular joint, clavicle, 
acromioclavicular joint and proximal humerus should 
be investigated in line with tenderness [12]. The lack 
of early diagnosis of shoulder bone damage results in 
undesirable long-term outcomes and, in some cases, 
permanent in the shoulder joint, some of which 
include chronic dislocation, degenerative injuries, and 
major vascular injuries [13].  

 The method for detecting the type and extent 
of injury to the shoulder joint is completed at first in 
the clinic, by taking into account the patient's precise 
history and physical examination, and it is used in the 
post-imaging phase to help diagnose that the simplest 
of which is standardised radiographs of the shoulder. 
Performing radiography involves spending time and 
expenses and exposing the patient to radiation [14]. 
Also, researches have shown that in many cases 
these graphs do not show any particular problem and 
are not a guide to treatment; therefore, researchers 
have always sought to find criteria for the diagnosis of 
suitable part of the body for the radiography of the 
damaged part of the body. In this regard, Ottawa and 
Nexus Critters have been developed as criteria for 
knee and neck radiography in trauma. In this regard, 
due to the prevalence of shoulder injuries among 
athletes and other people and the prevalence of 
radiography for these injuries, there is still no valid 
indication for shoulder radiography.  

Therefore, in this study, we aimed to 
investigate the relationship between some signs and 
clinical examinations of the shoulder with shoulder 
bone injuries and the need for radiography. 

 

 

 

Material and Methods 

 

This study was a cross-sectional study. All 
patients aged 18-70 years who referred to Emam 
Reza and Hasheminejad Hospitals due to blunt 
shoulder trauma and had criteria for entering the study 
and did not have exclusion criteria were studied. On 
admission, the clinical criteria were evaluated with an 
initial examination including abduction, rotation, and 
examination of the localised tenderness of the 
acromioclavicular joint, clavicle, humerus, to examine 

shoulder joint ecchymosis. Then, the results of the 
examination were recorded in pre-prepared forms, 
followed by standard shoulder radiography (three 
posterior-anterior, axillary, Y-view views). Then the 
results of the graphs were examined and recorded. 
Then the findings of clinical examination were 
compared with radiographic findings. 

Inclusion criteria:  

1. Patients with shoulder blunt trauma. 

2. Patients aged 18-70 years. 

Exclusion criteria: 

1. Previous history of shoulder bone injury. 

2. Dissatisfaction for participating in the study. 

3. Patients with previous shoulder deformity. 

4. Patients with previous shoulder surgery. 

5. Patients with inflammatory and 
degenerative diseases of the shoulder. 

Based on n = z
2
pq/d

2
 with a confidence 

coefficient of 95% and p = q = 0.5, in the most 
conservative mode, the sample size of the sample can 
be calculated for a high value and finally 100 cases 
were considered. 

The results after being recorded were 
analysed by SPSS software, MacAdam test, and 
Kappa coefficient, the agreement between clinical 
examinations and radiographic findings was 
assessed. 

 

 

Results 

 

In this study, of 104 patients referred to 
Emam Reza and Hasheminejad Hospital during the 
2014 and 2015 due to blunt shoulder trauma, 67 were 
males (64%), and 37 were female (34%). This number 
of patients was divided by age into four groups: in the 
first group, that was the age range of 18 to 30 years, 
59 patients with a frequency of 56.7%, in the second 
group who were between the ages of 31 and 43 
years, 20 patients with a frequency of 19.2%, in the 
third group, in the age range of 44 to 56 years old, 14 
patients with a frequency of 13.5% and the fourth 
group, aged between 57 and 70, there were 11 
patients with a frequency of 10.6 % that the highest 
frequency was in the age group of 18-30 years and 
the lowest was in the age group of 57 and above. 

These 104 patients were also categorised 
about damage in five groups: falling with 19 
participants (18.3%), direct hit with 29 (27.9%), 
pedestrian and vehicle collisions with 16 (15.4%), 
bikers with 25 (24%) and car drivers with 15 (14.4%) 

In the clinical examination for each patient, 
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the prevalence of clinical signs before radiography 
showed that 18 (17.3%) of patients were affected by 
joint ecchymosis, 92 (88.5%) had shoulder joint 
tenderness, 47 (45.2%) had limitations Shoulder joint 
rotation and 41 (39.4%) had had shoulder joint 
abduction limitation. 

According to radiographic images, it was 
shown that 2 (1.9%) patients had combined fracture of 
shoulder bones, 2 (1.9%) had glenoid fracture, 2 
patients (1.9%) had acromion fracture, 10 patients 
(9.6 %) had a clavicle fracture, 4 (3.8%) had scapular 
fracture, and 3 (2.9%) had a proximal humerus 
fracture. 

Data analysis showed that there was no 
significant relationship between the four diagnostic 
variables in clinical examinations including joint 
ecchymosis, shoulder joint spotted tenderness, 
shoulder joint rotation limitation, shoulder joint 
abduction limitation with a combined fracture of 
shoulder bones (P > 0.05) (Table 1). 

Table 1: Relationship between combined fracture of shoulder 
bones and clinical examination findings 

 
Combination fracture of shoulder bones 

 
Has Does not have 

Joint ecchymosis 

Has 0 18 P-value 

Does not 
have 

2 84 
0.381 

Shoulder joint spotted 
tenderness 

Has 2 90 

Does not 
have 

0 12 
0.481 

Shoulder joint rotation 
limitation 

Has 2 45 

Does not 
have 

0 57 0.202 

Shoulder joint rotation 
abduction 

Has 2 39 

0.153 Does not 
have 

0 63 

 

Data analysis also showed that there is a 
significant relationship between joint ecchymosis and 
glenoid fracture (P < 0.05), but there is no meaningful 
relationship with other variables of clinical symptoms 
including shoulder joint spotted tenderness, shoulder 
joint rotation limitation and shoulder joint rotation 
abduction with glenoid fracture (P > 0.05) (Table 2). 

Table 2: Relationship between glenoid fracture and Clinical 
examination findings 

  
Glenoid fracture 

 
Has Does not have 

Joint ecchymosis 

Has 2 16 P-value 

Does not 
have 

0 86 
0.029 

Shoulder joint spotted 
tenderness 

Has 2 90 

Does not 
have 

0 12 
0.481 

Shoulder joint rotation 
limitation 

Has 1 46 

Does not 
have 

1 56 0.891 

Shoulder joint rotation 
abduction 

Has 0 41 

0.518 Does not 
have 

2 61 

 

Data analysis showed that there is no 
significant relationship between any of the diagnosed 
clinical symptoms with acromion fracture (P > 0.05) 
(Table 3). 

 

Table 3: Relationship between acromion fracture and clinical 
examination findings 

 
Acromion fracture 

 
Has Does not have 

Joint ecchymosis 

Has 3 15 P-value 

Does not 
have 

6 80 
0.186 

Shoulder joint spotted 
tenderness 

Has 9 83 

Does not 
have 

0 12 
0.593 

Shoulder joint rotation 
limitation 

Has 4 43 

Does not 
have 

5 52 0.962 

Shoulder joint rotation 
abduction 

Has 5 36 

0.518 Does not 
have 

4 59 

 

Also, data analysis showed that there is a 
significant relationship between the rotation limitation 
and shoulder joint abduction with clavicle fracture (P < 
0.05) (Table 4). 

Table 4: Relationship between Clavicle Fracture and Clinical 
Findings 

 Clavicle fracture  

Has Does not have 

Joint ecchymosis 

Has 2 16 P-value 

Does not 
have 

8 78 
0.683 

Shoulder joint spotted 
tenderness 

Has 8 84 

Does not 
have 

2 10 
0.324 

Shoulder joint rotation 
limitation 

Has 9 37 

Does not 
have 

0 57 0.000 

Shoulder joint rotation 
abduction 

Has 9 32 

0.001 Does not 
have 

1 62 

 

According to (Table 5) and P value, it was 
found that there was no significant relationship 
between any of the findings of clinical symptoms with 
Scapular fracture (P > 0.05). 

Table 5: Relationship between scapular fracture and clinical 
examination findings 

 Scapular fracture  

Has Does not have 

Joint ecchymosis 

Has 2 16 P-value 

Does not 
have 

2 84 
0.683 

Shoulder joint spotted 
tenderness 

Has 3 89 

Does not 
have 

1 11 
0.324 

Shoulder joint rotation 
limitation 

Has 1 46 

Does not 
have 

3 54 0.000 

Shoulder joint rotation 
abduction 

Has 2 39 

0.001 Does not 
have 

2 61 

 

Also according to (Table 6) and P value, it 
was determined that there was a significant 
relationship between shoulder joint ecchymosis and 
humerus fracture (P < 0.05). However, in other clinical 
symptoms, there was no significant relation with the 
fracture of the humerus. 

Data analysis showed that none of the trauma 
mechanisms included falling, direct hit, pedestrian, 
and collisions with the vehicle, bikers, and car drivers 
have no statistical relationship with clinical diagnostic 
symptoms including shoulder joint ecchymosis (P-
value = 0.231), the shoulder joint spotted tenderness 
(P-value = 0.136), shoulder joint rotation limitation (P-
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value = 0.603), and shoulder joint abduction limitation 
(P-value = 0.967). 

Table 6: Relationship between Humerus Fracture and Clinical 
Findings 

 Humerus Fracture  

Has Does not have 

Joint ecchymosis 

Has 3 15 P-value 

Does not 
have 

0 86 
0.004 

Shoulder joint spotted 
tenderness 

Has 3 89 

Does not 
have 

0 12 
0.387 

Shoulder joint rotation 
limitation 

Has 1 46 

Does not 
have 

2 55 0.672 

Shoulder joint rotation 
abduction 

Has 0 41 

0.277 Does not 
have 

3 60 

 

Also, the findings of the relationship between 
gender and clinical signs of diagnosis including 
ecchymosis, tenderness, rotation limitation, and 
limitation of shoulder abduction showed that gender 
was significantly correlated with shoulder joint 
ecchymosis (P-value = 0.017), so that among women 
is common to be affected by ecchymosis, gender had 
no significant relationship with other clinical diagnostic 
symptoms. 

Finally, the findings of the relationship 
between age and clinical symptoms showed that the 
age of patients had statistically significant relationship 
with shoulder joint ecchymosis (P-value = 0.001) and 
shoulder joint rotation limitation (P-value = 0.002) and 
did not have a statistically significant relationship with 
shoulder joint spotted tenderness (P-value = 0.131) 
and shoulder joint abduction limitation (P-value = 
0.313). 

The frequency of clinical signs of patients is 
shown in (Table 7). 

Table 7: Table of Clinical Symptoms Frequency 

 Frequency Percentage 

Ecchymosis 2 1.9 
Ecchymosis and tenderness 10 9.6 
Ecchymosis and tenderness and abduction 1 1 
Ecchymosis and Tenderness and Rotation 2 1.9 
Ecchymosis and tenderness and routine and 
abduction 

3 2.9 

Rotation 2 1.9 
Rotation and abduction 8 7.7 
Tenderness 31 29.8 
Tenderness and abduction 13 12.5 
Tenderness and rotation 16 15.4 
Tenderness and rotation and abduction 16 15.4 

 

To describe or find a pattern between clinical 
signs and radiographic findings and the occurrence of 
these symptoms, the Associate rules algorithms are 
used that is one of the data mining algorithms; these 
algorithms are variable in line with the coordinated 
occurrence of events in variables.  

The meaningful and interesting rules are 
extracted as follows. 

1. In 42% of cases, there was no ecchymosis 
and rotation, but tenderness was positive. 

2. In 30% of the cases, there was no 

ecchymosis and no rotation and abduction, but 
tenderness was positive. 

3. In 96% of cases, those who did not have 
rotation had a positive tenderness. 

4. In 94% of the cases, those who did not 
have an addiction had positive tenderness. 

 

 

Discussion 

 

The shoulder is the most mobile joint that 
performs a vast range of actions, but on the other 
hand, it can be unstable and can, therefore, be at 
increased risk of injury [15]. In emergency medicine, 
we commonly encountered with shoulder injuries [16]. 
The statistics show that shoulder joint dislocation 
accounts for half of the total dislocation in the 
emergency room [4]. Timely diagnosis, treatment, and 
management of these patients are among the 
important tasks of the emergency department. Getting 
a precise biography and physical examination is what 
should be done first [17]. Failure to diagnose shoulder 
bone injuries leads to long-term adverse effects of the 
shoulder while paying attention to signs and 
symptoms in the doctor's examination leads to timely 
diagnosis, even in rare cases [18].

 
 

Various studies have been conducted to 
assess the value of clinical signs and different 
physical tests of shoulder to distinguish between types 
of shoulder injuries. Litaker and colleagues conducted 
a study to determine the value of biographies and 
physical examination in predicting the results of 
arthrography in older patients with the suspicion of 
Rotator Cuff Tear. This study aimed to reduce the 
need for other diagnostic measures, taking into 
account the age of patients and the value of correct 
diagnosis along the patient's bed. In their study, 
shoulder pain in 87.7% of cases was associated with 
Rotator Cuff Tear. They conclude that physical 
examinations can effectively show the rupture of 
Rotator Cuff, with important symptoms including the 
presence or absence of specific symptoms, the 
duration of symptoms, and the mechanism of injury 
[19].  

Hedges and colleagues also conducted a 
systematic study of the diagnostic value of physical 
examination tests, and they concluded that it was not 
clear at the time of examination that the usual physical 
examination tests were useful in differentiating 
shoulder injuries [20]. In another study, they updated 
their previous study. Hedges has stated in this article 
that, based on the results of the previous study and 
his new study, he does not recommend using any 
shoulder physical examination (SHPE) alone for 
diagnosis. Of course, there are some tests that look 
like these, but they should be evaluated in more than 
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one study. Also, the use of several physical 
examinations together improves the accuracy of the 
diagnosis. The findings of this study appear to 
suggest that more emphasis should be placed on a 
comprehensive clinical evaluation, including 
biographies and physical examination [21].  

After the biography and physical examination, 
the next diagnostic procedure is usually radiography 
to assess the type of shoulder injury. Most of the 
shoulders injuries in bone damage are examined with 
simple radiography, and in rare cases, CT scan, MRI, 
or shoulder ultrasound are needed. In this regard, 
some studies have shown that the use of shoulder 
radiography in the emergency department is 
excessive, which imposes cost and exposure to 
unnecessary radiation and time spent [22] [23]. In a 
study published by Fraenkel and colleagues in 1998, 
the results showed that only 20% of patients with 
shoulder radiography showed a special problem that 
needed special treatment and helped treat it [22]. 
Another study by Fraenkel et al., (2000) found that 
88% of the patients with shoulder pain who received 
radiography in the emergency ward, radiography was 
not helpful therapeutically and did not provide any 
particular information to the therapist [23]. With regard 
to the research that has been made and the similar 
studies that have been carried out with regard to the 
use of radiography in knee trauma (Ottawa knee rule) 
and neck trauma (NEXUS Low-risk Criteria), it seems 
that Criteria can be defined according to the clinical 
symptoms of the patient with shoulder pain, which 
reduces the unnecessary use of radiography [24] [25].  

This study aimed to investigate the 
relationship between some clinical signs and 
symptoms of the patient with the shoulder with the 
type of shoulder injury and the usefulness of shoulder 
radiography in the next therapeutic intervention. 

The results of this study showed that 28 
patients (27%) out of 104 patients had fractures, and 
therefore their radiography was helpful in treatment, 
which included 2% glenoid fracture (2 patients), 9% 
acromion fracture (9 patients), 10% clavicle fracture 
(10 cases), 4% Scapular fracture (4%), 3% proximal 
Humerus fracture (3 patients) and 2 patients with 
combined fractures. These results are roughly the 
same and close to the results of Fraenkel’s study, 
which showed that about 20% of the combs' 
radiographs are medically informative and show a 
fracture or dislocation. 

Among the clinical symptoms of patients, 
there was a significant relationship between 
ecchymosis in the shoulder and the glenoid and 
humerus fracture (p = 0.029 and p = 0.004, 
respectively). All cases of Humerus (3) and Glenoid 
fractures (2) were associated with ecchymosis, but the 
total number of cases was 18. In total, the clinical 
symptom of ecchymosis was useful in fractures and 
radiography in 27% of cases. 

In the present study, there was a significant 

relationship between Clavicle fracture and limitation in 
shoulder rotation and abduction (p = 0.001 and p = 
0.001 respectively). Of the 10 cases, the fracture of 
the clavicle of each 10 cases was associated with 
restriction of the shoulder joint rotation and 9 cases 
with the limitation of abduction. 45% of the subjects 
had had shoulder joint rotation limitation before 
radiography, and 39% had shoulder joint abduction 
limitation before the radiography. 

In Fraenkel's study, the deformity was the 
most important variable in shoulder examination with 
radiography, so that among 23 patients diagnosed 
with deformity, 21 cases had suitable radiographs and 
indicating specific damage. Among the other 162 
patients, only people over 43.5 years of age with a 
history of falls (40) had a great chance to have 
radiographs. No illness without deformity and a history 
of the crash (90) did not provide radiographs [22].  

In our study, the relationship between 
ecchymosis and fracture of glenoid and humerus was 
significant, but in general, ecchymosis was useful only 
in 27% of cases with radiography. Also, in the present 
study, there was a significant relationship between 
Clavicle bone fracture with limitation of rotation and 
abdominal aberration, however, with 45% of subjects 
having had shoulder rotation limitation and the total 
fracture with limitation was 15 (including 10 clavicle 
fracture, 4 Acromion, and a scapula) and 39% had 
shoulder joint abduction, while the total fractures with 
it were 13 (including 9 cases of clavicle and 4 
acromion fractures). Therefore, it can be said that the 
limitation of joints rotation and joint abduction in 
approximately 1/3 of the cases with is associated with 
fractures and, consequently, radiographs have been 
helpful. In Fraenkel study, the deformity was found in 
91% of cases with fractures and helping factors in 
radiography, while in our study, the association 
between abduction and rotation and radiotherapy was 
33% and ecchymosis was 27%. Regarding these 
results, it can be said that although the abnormalities 
and limitation of abduction and rotation have a 
significant relationship with radiography, this 
association is not so strong that it can be used as a 
guide critter to perform shoulder radiography and in 
case of using them as radiographic criterion, again in 
66% of cases, unnecessary radiographies have been 
done. 

In conclusion, the results of our study, along 
with the results of Fraenkel's studies [22], show that, 
although based on critters clinical symptoms, we can 
define that the need for unnecessary radiology, which 
does not help the patient treatment, is reduced, but 
finding these critters and generalizing the using them 
like the Ottawa and Nexus Critters require more 
studies with higher population and more clinical 
variables. 
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Abstract 

AIM: To determine whether elevated high-sensitivity C-reactive protein (hs-CRP), interleukin-6 (IL-6), and 
erythrocyte sedimentation rate (ESR), as risk factors of symptomatic lumbar osteoarthritis (OA) in estrogen 
deficiency postmenopausal women. 

METHODS: A case-control study was conducted between January and June 2017. The inclusion criteria include 
post-menopausal women with estrogen deficiency with low back pain. Exclusion criteria were: patients with a 
history of undergoing bilateral oophorectomy, taking hormonal replacement therapy or corticosteroid, 
malignancies, and lumbosacral spine trauma. The blood examinations were taken to measure IL-6 level by 
ELISA, hs-CRP level by spectrophotometry and ESR by modified Westergren method. 

RESULTS: A group of 44 pairs of subjects were divided equally into case and control groups showed that in 

estrogen deficiency postmenopausal women, an increased level of hs-CRP increased the risk for symptomatic 
lumbar OA (OR = 2.83, CI95% = 1.065-8.776, p = 0.034). Also, a high level of IL-6 increased the risk of 
symptomatic lumbar OA (OR = 2.7, CI95% = 0.991-8.320, p = 0.033). No such significant findings were found for 
an increased ESR level.  

CONCLUSION: Elevated level of plasma hs-CRP and IL-6 were concluded as risk factors for symptomatic lumbar 
OA in post-menopausal women. 

 
 
 
 
 
 
 
 
 
 

Introduction 

 

Low back pain (LBP) is often as a chief 
complaint of the degenerative spine lesion. The 
prevalence of osteoarthritis at the age of 50 years 
both in men and women is relatively similar and 
increasing in women of over 50 years old. Numerous 
causes have been proposed, including estrogen 
alterations that frequently arise in post menopausal 
women in post-menopausal age [1], [2]. 

Lumbar osteoarthritis (OA) is a cartilage 
degeneration involving the narrowing of the 

intervertebral discs, lumbar vertebral osteophyte, and 
osteoarthritis of the facet joints [2], [3], [4]. Some 
suspected causes of lumbar OA include hormonal 
changes in post menopausal women, including 
changes in the hormone estrogen, mechanical stress 
caused by weight gain and ageing process, and 
inflammatory process.  

Chronic inflammation that occurs in lumbar 
OA involved the role of cytokines, like interleukin 6 (IL-
6), IL-10 and IL-1ra [5]. According to another study, 
IL-6 level and IL-6/IL-10 ratio were predictive as the 
risk of lumbar OA [2].

 
An increased level of 

inflammatory mediators will cause a systemic 
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inflammatory reaction. It is now believed that patients 
with LBP have increased levels of hs-CRP and ESR 
[6] [7].

 
C-reactive protein is well established as a 

systemic marker for inflammation and tissue injury [7]. 
Commonly, can be detected within 6-8 hours after the 
injury. Meanwhile, ESR is well-known as a non-
specific marker of inflammation.  

Currently, limited studies have been reported 
regarding hsCRP and ESR levels in LBP patients, 
especially in hormonal-related OA [6] [7] [8] [9]. The 
association between increased hsCRP and low back 
pain is controversial.  

The goal of this study is to elucidate elevated 
hs-CRP, IL-6, and ESR, as risk factors for 
symptomatic lumbar OA in estrogen deficiency 
postmenopausal women. 

 

 

Patients and Methods 

 

This was a case-control study that conducted 
between January and June 2017 at Sanglah Hospital. 
The ethical clearance was certified by the Committee 
of Ethical Research of Udayana University/Sanglah 
Hospital. All patients have signed an informed consent 
paper to be included in this study. 

The total subjects were 88 patients, 
distributed equally into two groups. The case group 
consists of 44 post-menopausal women with 
symptomatic lumbar OA and estrogen deficiency. 
Subjects whose history of bilateral oophorectomy, 
taking hormonal replacement therapy or 
corticosteroid, malignancies, lumbosacral spine 
trauma, or other large joint arthritis, were excluded 
from the study. The control group consists of equally 
44 postmenopausal women, with asymptomatic 
lumbar OA. They were matched individually by body 
mass index (BMI) and age to the case group.  

Plasma IL-6, hs-CRP, and ESR were 
analysed using enzyme-linked immunosorbent assay 
(ELISA), spectrophotometry, and modified Westergren 
method, respectively. The descriptive analysis 
described subjects characteristics. McNemar’s chi-
square was used for bivariate analysis. The odds ratio 
was used for risk estimation. The correlation between 
hs-CRP and IL-6 was analysed using Pearson’s 
Correlation test. 

 

 

Results 

 

The total number of subjects in this study was 
88. They were paired and distributed equally to the 
case and control groups. The median age of the 

subjects was 58 years old. Subject characteristics are 
shown in Table 1. 

We used the cut-off point of IL-6 was 2.264 
pg/L and hs-CRP level of 5.00 mg/L. The odds ratio 
(OR) was 2.7 (95% CI = 0.991-8.320, p = 0.033); 2.83 
(95% CI = 1.065-8.776, p = 0.034) respectively, as 
shown in Table 2.  

Table 1: Subject characteristic of each study group 

Characteristic Case group Control group 

Age (years), median (IQR
1
) 58 (54-61) 58 (53-60) 

Duration of menopause (years), 
median (IQR) 

7 (4-10) 8 (3-10) 

Blood estrogen level (pg/mL), 
median (IQR) 

12.7 (9.00-20.87) 14.16 (9.51-19.23) 

BMI (kg/m
2
), median (IQR)  25.92 (23.27-28.06) 25.28 (22.86-27.37) 

IL-6 (pg/L), mean  SD
2
 

hs-CRP (mg/L), mean  SD 

76.358  152.798 

5.795  4.137 

6.966  12.244 

3.568  3.303 

ESR (mm/hour), mean  SD 13.831  14.798 16.730  12.517 
1
Interquartile range; 

2
Standard deviation. 

 

 

Discussion 

 

Osteoarthritis is a complicated process of joint 
degeneration. Inflammation maybe plays a critical role 
as interleukin upregulation, which arises following the 
ageing of the immune system or obesity [10]. 

Table 2: McNemar’s test for IL-6, hs-CRP, and ESR in 
symptomatic lumbar osteoarthritis 

 

Variables OR
1
 p 95% CI 

IL-6 (pg/L) 
hs-CRP (mg/L) 

2.7 
2.8 

0.033 
0.034 

0.991-8.320 
1.065-8.776 

ESR (mm/hour) 0.5 0.179 0.538-0.181 
1
McNemar’s test, p < 0.05 as significant. 

 

Despite being a degeneration process, 
inflammation also plays a role in OA. The 
inflammatory development that happens in lumbar 
osteoarthritis involves the role of proinflammatory 
cytokines, or anti-inflammatory cytokines [2], [4]. 

In this study, IL-6 was found to be statistically 
significant with (OR = 2.7; p = 0.033). Both Weber et 
al., and Valdes also reported that IL-6 was higher in 
LBP patients [11], [12].

 
Both IL-1 and IL-10 were also 

reported to correlate with the risk of osteoarthritis [11], 
[12]. Chingford reported that circulating IL-6 was 
related to OA development in women.

13
 

Postmenopausal female with knee osteoarthritis also 
showed higher IL-6 levels (p < 0.001) as compared to 
healthy female subjects [14], [17].

 

Ershler et al. also found an increase of IL-6 in 
postmenopausal patients [18], [19].

 
In 

postmenopausal patients, as the estrogen levels 
decline, the osteoclast formation increased and 
leading to bone resorption. The cartilage regulation 
also affected by estrogen levels because the isomer 

of the estrogen receptor (ER-) is expressed in joint 
and growth plate cartilage in humans and other 
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species [1], [20]. 

We also found that hs-CRP levels significantly 
acted as a risk factor (OR = 9.0, p = 0.011) similar to 
reports by Rannou et al., [21].

 
Reports suggested that 

hs-CRP was elevated in the acute phase of 
inflammation [21], [22], [23].

 
Gebhardt found that hs-

CRP level was not associated with either somatic 
function or pain level in LBP patients [24]. 

Both ESR and hs-CRP tests are used to 
detect inflammation. In inflammation, fibrinogen will 
enter the blood and cause raise the ESR [25].

 
The hs-

CRP is synthesised in the liver and is often called an 
acute-phase protein [25]. The elevated hs-CRP level 
is also linked with the manifestation of synovial 
inflammatory infiltrates, and it is also correlated with 
proportions of T-cells in the synovial membrane. 
These findings were independent of the stage of OA 
disease [25].

 
 t mer reporteda correlation between 

pain scale and hs-CRP in patients with acute sciatic 
pain, where a higher hs-CRP level was associated 
with a higher pain level [26]. 

Kim found that IL-6 levels were elevated in 
postmenopausal women who healthy, nonobese, and 
elderly. The IL-6 may be a better marker of constant 
mild inflammatory activity [27]. In this study, as the 
age and BMI were controlled and adjusted, the hs-
CRP and IL-6 level in symptomatic lumbar 
osteoarthritis in postmenopausal women were 
significantly elevated. 

Mild systemic inflammation may have a more 
significant role in symptomatic lumbar OA rather than 
radiographic findings [28]. Symptomatic lumbar OA 
was a degenerative spine disorder in which the 
inflammation also plays a role in the symptom 
manifestation. In this study, the ESR was not 
significant statistically as a risk factor (OR = 0.53, p = 
0.179). This possibly caused by the fact that ESR is 
less specific for inflammation marker compared than 
hs-CRP.  

In conclusion, a high level of plasma IL-6 and 
hs-CRP are risk factors for symptomatic lumbar OA in 
estrogen deficiency postmenopausal women, 
indicating the role of the inflammation process in this 
lumbar OA. 
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Abstract 

AIM: The purpose of the present research was to study the content of erythropoietin and hepcidin in serum in 
pregnant women with iron deficiency anaemia and anaemia of chronic inflammation. 

METHODS: The authors examined 98 pregnant women who were observed in LLP (Regional obstetric-
gynaecological centre) in Karaganda. The including criteria for pregnant women in the study was the informed 
consent of the woman to participate in the study. Exclusion criteria were oncological diseases, HIV-infection, 
tuberculosis, severe somatic pathology, mental illness, drug addiction. The design of the study was by the 
legislation of the Republic of Kazakhstan, international ethical norms and normative documents of research 
organisations, approved by the ethics committee of the Karaganda State Medical University. 

RESULTS: As a result of the study, it was determined that the content of erythropoietin and hepcidin in pregnant 
women with anemias of different genesis varies ambiguously. In the main group of pregnant women with IDA, the 
erythropoietin content rises, and the hepcidin level decreases. In pregnant women with ACI, on the contrary, the 
level of hepcidin increases, and in one subgroup it is significant. However, in pregnant women and with IDA and 
anemia of chronic inflammation, there is a subgroup of women in whom erythropoietin is either comparable with 
hepcidin, or their changes are of opposite nature. 

CONCLUSION: The authors concluded that the obtained data indicate ambiguous changes in the level of 

erythropoietin and hepcidin in pregnant women with anaemias of various origins. In all likelihood, there are still 
unaccounted factors affecting the content of these protein-regulators of iron metabolism, which require further 
definition and interpretation in anaemia of pregnant women. 

 
 
 
 

 

Introduction 

 

Anaemia of pregnant women continues to be 
one of the main problems of obstetrics and 
gynaecology. The multifactorial nature of the 
development of anaemia in pregnant women (AP), the 
complexity of pathogenesis creates problems for 
determining the criteria for diagnosing the aetiology of 
anaemia and, subsequently, for adequate therapeutic 
correction. Traditional anaemia biomarkers are not 
always sufficiently informative to determine the 
aetiology of anaemia in pregnant women. This 
significantly complicates the implementation of 
preventive or therapeutic interventions to correct the 
violation of iron metabolism. A convincing opinion was 
expressed that in some cases, the appointment of iron 
preparations to pregnant women with anaemia of 
chronic inflammation can induce oxidative stress and 

promote the growth of bacteria, thereby exacerbating 
the complications of pregnancy, i.e. anaemia of 
medium degree is a protective mechanism against 
bacterial and fungal pathogens [1] [2]. 

Currently, the main emphasis was made on 
the study of erythropoietin and hepcidin to deepen the 
understanding of the state of iron metabolism in 
particular and erythron in general in the body of 
pregnant women (including with AP). 

Erythropoietin is a hormone, synthesised in 
the kidneys and perisinusoidalliver cells (mainly in the 
embryonic and perinatal periods). It is a glycoprotein 
with a molecular weight of 34 kDa. The secretion of 
erythropoietin in the blood is regulated by the body 
oxygen regime [3]. Synthesis of erythropoietin has no 
humoral or neural regulation. The production of 
erythropoietin depends only on the oxygen content 
and is controlled by the feedback principle. 
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The main function of erythropoietin is the 
regulation of erythropoiesis [4]. The intensity of the 
formation of new erythrocytes in the bone marrow 
depends on the level of endogenous erythropoietin in 
the plasma. Inadequate to hypoxia levels, the 
development of own erythropoietin can lead to the 
occurrence of anaemia. Under normal conditions, in 
response to a decrease in oxygenation of tissues and 
cells, there is an increase in the synthesis of 
erythropoietin by the kidneys. The isolated hormone 
interacts in the bone marrow with specific receptors 
on the surface of the progenitor cells of erythrocytes, 
which stimulates their proliferation and differentiation 
and, as a result, increases the concentration of 
haemoglobin. 

Also, erythropoietin induces other effects, 
including increases systemic blood pressure, 
increases iron absorption by inhibiting hepcidin activity 
[5]. Erythropoietin also has a cytoprotective effect on 
the brain, kidney and heart cells by limiting apoptosis, 
oxidative stress, and has anti-inflammatory activity [6]. 

The erythropoietin concentration increases in 
2-4 times at the developing physiological anaemia of 
pregnant women [7]. According to Erdem et al., [8], a 
low concentration of haemoglobin and ferritin with an 
increase in serum erythropoietin content was noted in 
pregnant women with anaemia. A similar view that 
anaemia during pregnancy induces the secretion of 
erythropoietin in response to a low content of 
haemoglobin and ferritin is expressed in a later study 
of Ervasti M. et al., [9]. It should also be noted that 
studies have appeared on the use of erythropoietin as 
a therapeutic agent in anaemia of pregnant women 
[10]. 

At the moment about 20 regulatory molecules 
are known to control this complex process. Over the 
past few years, the role of hepcidin as a key regulator 
of iron metabolism has been actively discussed. 

Hepcidin, a peptide hormone consisting of 25 
amino acid residues, is synthesised in the liver. For 
the first time, hepcidin was detected in urine and 
described by S.N. Park et al., Later, this peptide was 
also isolated from the plasma. A distinctive feature of 
the hepcidin molecule is the presence in it of disulfide 
bonds between two neighbouring molecules of the 
amino acid cysteine, which can determine the high 
reactivity of the molecule. With the development of 
systemic infection, hepcidin rises more than 100 
times. However, as has been shown in recent years, 
the role of hepcidin is associated with clinical 
abnormalities in the parameters of iron metabolism, 
and some cases – with the development of anaemia. 

In addition to hepatocytes, hepcidin mRNA is 
also expressed in the cells of the heart, lungs and 
placenta. Hepcidin regulates the intestinal absorption 
of iron, iron release by macrophages and placental 
passage of iron. Also, this hormone inhibits the 
release of iron from cells by binding and enhancing 
the degradation of the protein-iron exporter ferroportin 

[11]. Hepcidin inhibits ferroportin, a specific carrier 
protein that carries iron to the interior of the cell, 
thereby impairing the absorption of iron in the small 
intestine. Another mechanism of action: hepcidin 
blocks the release of iron from macrophages, (locking) 
it inside the cell. Both these mechanisms lead to a 
violation of the homeostasis of iron, actually to iron 
deficiency and the development of anaemic 
syndrome, including in pregnant women. Analysis of 
literature data showed a limited number of studies 
about hepcidin in pregnant women. It was shown by 
Amat Bah et al. studies that the hepcidin 
concentration decreased by the 20

th
 week of 

gestation, while the iron stores in the body of pregnant 
women decreased by the 30

th
 gestation week [12]. 

The decrease in hepcidin level in pregnant women is 
suggested to be considered as a potential criterion for 
determining individual needs for intervention with iron 
preparations [13] [14]. At the same time, other data 
have been obtained that the concentration of hepcidin 
does not change depending on the trimester of 
pregnancy; there is also no correlation between 
hepcidin level and iron status [15]. 

Investigations of hepcidin level in pregnancy 
complications have been carried out. A study by M. 
Koenig et al., [16] showed an increase in serum 
hepcidin level in women with a high risk of pregnancy 
complications in comparison with healthy pregnant 
women. The hepcidin level was higher in pregnant 
women with pre-eclampsia than in the control group 
and positively correlated with the C-reactive protein. It 
is suggested that inflammation is a regulator of 
hepcidin production [11]. In inflammation, an increase 
of hepcidin level leads to a limitation of iron and a 
decrease in its availability for placental transfer. 

Consequently, analysis of literature data has 
shown a limited number of studies of erythropoietin 
and hepcidin anaemia in pregnant women. Because, 
according to some authors, erythropoietin and 
hepcidin are in reciprocal relationships, their joint 
determination has a great interest AP. 

In this regard, the purpose of our study was to 
study the content of erythropoietin and hepcidin in 
serum in pregnant women with iron deficiency 
anaemia and anaemia of chronic inflammation. 

 

 

Methods 

 

We examined 98 pregnant women who were 
observed in LLP (Regional obstetric-gynaecological 
centre) in Karaganda. The including criteria for 
pregnant women in the study was the informed 
consent of the woman to participate in the study. 
Exclusion criteria were oncological diseases, HIV-
infection, tuberculosis, severe somatic pathology, 
mental illness, drug addiction. The design of the study 
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was by the legislation of the Republic of Kazakhstan, 
international ethical norms and normative documents 
of research organisations, approved by the ethics 
committee of the Karaganda State Medical University. 

The object of the study was blood. The level 
of erythropoietin and hepcidin in serum was 
determined by the method of enzyme immunoassay. 
A set of Vector Best production (Russian Federation) 
was used to determine erythropoietin; a Cloud 
Cloncorp set was used to determine hepcidin 
(Houston, USA). Also in the blood of patients, the 
level of haemoglobin and serum iron was determined 
spectrophotometrically using Sysmex KX-21N and A-
15 analysers (BioSystems, Japan, Spain) 

Pregnant women were divided into 3 groups: 
22 women entered the group with the physiological 
course of pregnancy (1

st
group), 19 pregnant women 

with (iron deficiency anaemia) IDA (2
nd

 group), 57 
pregnant women with anaemia of chronic 
inflammation (ACI) (3

rd
group). 

Table 1: Characteristics of study groups 

Groups 
Average 

age (years) 

Average 
gestation 
(weeks) 

Second 
trimester 
(persons) 

Third 
trimester 
(persons) 

Parity: 
The first 

pregnancy 

Parity: 
The 

second 
pregnancy 

Parity: 
The third 
and more 
pregnancy 

Physiologicalpr
egnancy(22 
persons) 

33.13 31.81 2 20 10 6 6 

IDA 
(19 persons) 

30.38 32.77 1 18 3 6 10 

ACI 
(57 persons) 

29.51 36.11 2 55 12 29 16 

 

The diagnosis of iron deficiency anaemia was 
established on the basis of the lowered norm of the 
level of iron in the blood (less than 8 mmol/l), the 
diagnosis of ACI was established on the basis of 
anamnestic data on the presence of chronic 
pyelonephritis, arterial hypertension and edema 
during a previous or existing pregnancy, normal 
serum iron level, the presence of proteinuria and/or 
leukocyturia. 

The results were processed by statistical 
methods. 

 

 

Results 

 

After determining the hepcidin and 
erythropoietin content of, a multidirectional change in 
these parameters in the serum of pregnant women of 
the 2

nd
and 3

rd
groups was observed. By the obtained 

data, 2 subgroups were singled out within the 2
nd

 
group and 4 subgroups within the 3

rd
 group. The 

results of the study are presented in Table 1. It follows 
from the data in Table 1 that in pregnant women with 
IDA, a significant decrease in erythropoietin content is 
observed against a background of a decrease in 
haemoglobin and serum iron against a background of 
a clear trend towards an increase in hepcidin 
(subgroup 1). In pregnant women with IDA of 

subgroup 2 erythropoietin level exceeds control 
indices, whereas the content of hepcidin was not 
different from the control. 

In pregnant women with ACI of subgroup 1 
the erythropoietin and haemoglobin content is 
significantly lower control indices, while the hepcidin 
level shows a distinct tendency to increase. 

Table 2: The level of haemoglobin, erythropoietin, hepcidin and 
iron in the investigated groups 

Group Statistic value 
Haemoglobin, 
g/l 

Erythropoietin, 
miu/ml 

Hepcidin, 
ng/ml 

Iron, 
mmole/l 

Control,  
N=22 

Median 121.5 17.24 13.14 11.1 

Lower quartile 90 12.04 11.26 10.5 

Upper quartile 127.5 22.54 19.6 12.12 

IDA, 
subgroup 1, 
n=12 

Median 85.5* 7.20* 26.03 5.6* 

Lowerquartile 79.5 5.98 13.05 3.65 

Upperquartile 87.25 10.85 34.38 8.6 

IDA, 
subgroup2, 
n=7 

Median 88 23.19^ 12 8.11* 

Lowerquartile 85.5 18.47 9.65 6 

Upperquartile 125.5 24.88 22.34 9.5 

ACI 
Subgroup1, 
n=43 

Median 87* 9.30* 24.9 10.5 

Lowerquartile 82.5 5.61 13.78 8.9 

Upperquartile 89 11.57 35.56 10.85 

ACI 
Subgroup2, 
n=3 

Median 89 7.64* 199.62*! 11.25 

Lowerquartile 79.5 6.81 192.35 10.42 

Upperquartile 108 8.15 250.75 11.52 

ACI 
Subgroup3, 
n=7 

Median 124#; 25.23*#; 12; 10.75 

Lowerquartile 118.5 23.51 10 10.1 

Upperquartile 129 26.43 21.39 12.1 

ACI 
Subgroup4, 
n=4 

Median 83.5? 14.60:? 89.9*:? 10.05*: 

Lowerquartile 81 11.57 85.37 9.82 

Upperquartile 95.75 17.33 93.86 10.27 

 
*-reliability of differences with the control, p = 0.005; ^-reliability of differences in individuals 
with IDA between subgroups 1 and 3, p = 0.005; #-reliability of differences in persons with 
ACI between subgroups 1 and 4, p = 0.005; !!-reliability of differences in persons with ACI 
between subgroups 1 and 2+3, p = 0.005; ;-reliability of differences in individuals with ACI 
between clusters 2+3 and 4, p = 0.005; :-reliability of differences in individuals with ACI 
between clusters 2+3 and 5, p = 0.005; ?-the reliability of differences in individuals with 
ACI between clusters 4 and 5, p = 0.005. 

 

Against a background of a significant 
decrease in the level of erythropoietin, a sharp, 
significant increase in hepcidin level was registered in 
pregnant women with ACI, included in the subgroup 2. 
There was a significant increase in erythropoietin, 
while serum hepcidin concentration did not differ from 
control, in pregnant women with ACI, included in 
subgroup the 3. There was a significant decrease in 
erythropoietin level of relative to the subgroups 3 and 
2, with a significant increase in the content of hepcidin 
in pregnant women with ACI, included in the subgroup 
4. Also in patients in this group, the serum iron level 
was reliably reduced. It should be noted that 
multidirectional changes in the concentrations of 
erythropoietin and hepcidin in the blood serum were 
recorded in a small proportion of patients with ACI. 

 

 

Discussion 

 

It is known that an increased level of 
estrogen, accompanying pregnancy, causes a 
decrease in the production of erythropoietin. ACI is 
the result of inhibition of the synthesis of 
erythropoietin in the juxtaglomerular apparatus of the 
kidneys. Simultaneously, cytokines produced by 
macrophages in the presence of foci of chronic latent 
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inflammation, both in the organs of the female 
reproductive system and in other organs, in particular, 
the kidneys, contribute. An increase in the level of 
erythropoietin in the blood of pregnant women may 
reflect a high risk of preeclampsia [17]. 

As a result of the study, it was determined 
that the content of erythropoietin and hepcidin in 
pregnant women with anaemias of different genesis 
varies ambiguously. In the main group of pregnant 
women with IDA, the erythropoietin content rises, and 
the hepcidin level decreases. In pregnant women with 
ACI, on the contrary, the level of hepcidin increases, 
and in one subgroup it is significant. However, in 
pregnant women and with IDA and anaemia of chronic 
inflammation, there is a subgroup of women in whom 
erythropoietin is either comparable with hepcidin, or 
their changes are of opposite nature. 

Thus, our data indicate ambiguous changes in 
the level of erythropoietin and hepcidin in pregnant 
women with anaemias of various origins. In all 
likelihood, there are still unaccounted factors affecting 
the content of these protein-regulators of iron 
metabolism, which require further definition and 
interpretation in anaemia of pregnant women. 
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Abstract 

BACKGROUND: Tuberculosis (TB) is one of the most common infectious diseases found in developing countries. 
One of the risk factors for TB is diabetes, a chronic metabolic disorder characterised by hyperglycemia. The 
altered in glucose metabolism will cause dysfunction of phagocyte and antibacterial that furthermore impaired 
activation of natural killer cells, dendritic cells. These together will alter the balance of T-cell immunity. Under 
hyperglycemic conditions, AGEs (advanced glycation end products) was increasingly formed and was believed to 
play a role in cell dysfunctions and diabetic complications. The CD4 deficiency will alter the immunity status in 
diabetes and TB with co-morbidity diabetes. 

AIM: This aim of this study was to evaluate CD4, and it’s relevant to Advanced Glycation End Products (AGEs) in 
TB with co-morbidity diabetes. 

METHODS: This is a case-control study with a total of 80 patients (40 diabetes and 40 TB with co-morbidity 
diabetes were recruited from Murni Teguh memorial Hospital Medan after ethical approval from Health Research 
Ethical Committee. The CD4, AGEs, Blood glucose and HbA1C were measured.  

RESULTS: There was no statistical difference of CD4, HbA1C and blood glucose within diabetes and TB with co-
morbidity diabetes but BMI (p = 0.009) and AGEs (p = 0.001) did. The CD4 below 500 were seen in 15% diabetes 
and 25% in TB with co-morbidity diabetes but did not show statistical significance difference (p = 0.07). No 
correlation was found between CD4 and AGEs in TB with co-morbidity diabetes (p = 0.44). 

CONCLUSION: The CD4 was not correlated significantly with AGEs. 

 
 
 
 
 
 
 

 

Introduction 

 

Tuberculosis (TB) is one of the most common 
infectious diseases found in developing countries, in 
Indonesia the prevalence remains very high despite 
the decrease [1].

 
Study about TB including the risk 

factors, multidrug-resistant play an important part in 
the prevention and treatment of the disease. One of 
the risk factors of TB is diabetes, a chronic metabolic 
disorder characterised by hyperglycemia resulting 
from a defect in insulin secretion or resistance [2]. 
Diabetes Mellitus (DM) is considered one of the 
largest non-infectious health problems in the world; it 
is estimated there will be 380 million of people with 
diabetes in 2025 with the most in developing countries 
[3]. The chronic state of low-grade inflammation due 

to increased formation of advanced glycation end 
products, activation of proinflammatory mediators, and 
the increase of oxidative stress will impair the 
phagocytic and antibacterial activity of neutrophils and 
macrophages, that can further impaired activation of 
natural killer cells, dendritic cells, that can impair T 
Cell-mediated immune responses, to promote the 
establishment of acute intracellular bacterial infections 
in diabetic patients. The increased incidence of 
intracellular bacterial infections is one of many 
diabetic's complications, one of the most common 
bacterial infection is TB [4] [5] [6] [7].

 

TBs is one of the most significant causes of 
death from intracellular bacterial infection especially in 
developing countries [8], data from a recent 
prospective study showed that diabetic patients have 
a threefold higher risk of developing TB, and at least 
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10-35% of patients with TB have co-morbidity 
diabetes [9]. 

The altered in host immune systems will 
increase the mortality of patients with TB and co-
morbidity diabetes and are more likely to have 
cavitary lung lesions, increased relapsed rate and 
most likely to develop multidrug resistance TB [10] 
[11]. Also, the treatment of TB with Rifampicin, one of 
the major TB drug will increase the metabolism of oral 
antidiabetic drugs thus may complicate the glycemic 
control [12] [13] [14]. 

 The altered in glucose metabolism will cause 
dysfunction of phagocyte and antibacterial that 
furthermore impaired activation of natural killer cells, 
dendritic cells. These together will alter the balance of 
T-cell immunity [15]. Under hyperglycemic conditions, 
AGEs (Advanced Glycation End Products) a group of 
heterogeneous compounds were increasingly formed 
and was believed to play a role in cell dysfunctions 
and diabetic complications [16]. Recent studies 
suggested that CD4 T cells are associated with 
control of chronic bacterial and viral infections [17] 
[18] [19], this also has been reported to play an 
important role in protective immunity against TB [20] 
[21]. The altered in the immune system and CD4 
deficiency will alter the immunity status that leads to 
death in diabetes and TBs with co-morbidity diabetes 
[22]. 

This study aimed to evaluate CD4 and its 
relevant with AGEs in TB patients with co-morbidity 
diabetes. 

 

 

Material and Methods 

 

This is a case-control study to evaluate CD4 
and its relevant with Advanced Glycation End 
Products (AGEs) in TBs patients with co-morbidity 
diabetes. The study received ethical approval from the 
Health Research Ethical Committee Medical Faculty 
Universitas Sumatera Utara/H.Adam Malik General 
Hospital Medan Indonesia (No.444/TGL/KEPK FK 
USU-RSUP HAM/2017). Only patients diagnosed with 
diabetes and who gave signed informed consent were 
admitted to the study. Patients were recruited 
between March 2017 and September 2017 from Murni 
Teguh Memorial Hospitals in Medan, Indonesia. A 
total of 80 patients (40 diabetes and 40 TB with co-
morbidity diabetes were recruited and was admitted 
into the study. Their age ranged between 36 years 
and 86 years (mean 60.0 ± 10.0 years) with the Body 
mass index ranged between 16.4 and 32.1 (mean 
23.8 ± 3.0). Their characteristics are shown in Table 
1.  

Blood sampling was performed from a clean 
venepuncture using the Vacutainer system (Beckton 

Dickenson, New Jersey, USA). About 6 mL of blood 
was collected into EDTA and heparin tubes. Both 
tubes spun for 15 min at 2000g within an hour of 
blood collection. Plasma EDTA and heparin samples 
were aliquoted and kept at -70°C until assayed.  

The following assays were performed: blood 
glucose, HbA1C, CD4, and AGEs was performed at 
the Integrated Laboratory Medical faculty University 
Sumatera Utara, Medan Indonesia. Blood glucose 
was measured with spectrophotometry, HbA1C with 
HPLC method, CD4 with flow cytometry, and AGEs 
with ELISA method. 

Body mass index was determined by using 
the BMI calculator with body weight and height.  

The Statistical Package for Social Sciences 
(SPSS22; SPSS Inc, Chicago, Il, USA) was used to 
perform the statistical analysis. Descriptive statistic 
and Non-parametric Mann Whitney U test were 
performed to evaluate the blood glucose, HbA1C, 
CD4, BMI and AGEs level in diabetes and TBs 
patients with co-morbidity diabetes. Spearman's Rho 
correlation analysis was used to determine the 
correlation between CD4 against AGEs seen in 
diabetes and TB patients with co-morbidity diabetes. 
A P value of less than 0.05 was considered 
statistically significant. 

 

 

Results 

 

In total, 80 patients were studied, (40 diabetes 
patients, 40 TB with co-morbidity diabetes). Their 
characteristics and Laboratory assays are shown in 
table 1. The parameter statistic was shown in table 2. 
The Box plots of CD4 and AGEs levels between 
diabetes and TB with co-morbidity diabetes are shown 
in Figure1 and 2. 

Table 1: Characteristic of the samples 

Group Mean Age 
(range) 

years 

Mean BMI 
(range) 

Mean Blood 
Glucose 
(range) 
mg/dl 

Mean 
HbA1C 

(range)% 

Mean CD4 
(range) 

Mean 
AGEs 

(range) 
μg/ml 

Diabetes  60 (44-73) 24.6 (19.9-
32.1) 

223 (85-
568) 

7.8 (5-12) 780 (198-
1347) 

7.4 (1.24-
53.32) 

TB 
+diabetes 

60 (36-86) 23 (16.4 -
31.1) 

214 (90-
351) 

8.8 (4-15) 687 (142-
1800) 

4.2 (1.28-
21.5) 

 

Most of the patients were overweights in both 
groups, in the diabetes group there were 55% 
normoweight and 45% overweight and in TB with co-
morbidity diabetes, there were 60% normoweight, 
30% overweight and 10% underweight. The blood 
glucose levels were not well controlled either in 
diabetes or TBs with co-morbidity diabetes group. In 
the diabetes group there were 45% well controlled 
and 55% bad controlled. Meanwhile, in the TB with 
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co-morbidity diabetes there were 35% well controlled 
and 65 % bad controlled. The immunity status in 
diabetes group was 85% good (CD4 > 500) and 15% 
bad (CD4 < 500). In the TB with co-morbidity diabetes 
75% good and 25 % bad. 

Table 2: Statistic of parameters studied in the diabetic group 
compared to those in TBs with comorbid diabetic 

 Diabetic TB +diabetic p 

Blood glucose mean 
(SD) mg/dl 

223.4 ± 117.4 214.1 ± 78.6 0.75 

HbA1c mean(SD) % 7.82 ± 1.75 8.78 ± 2.85 0.19 

CD4 mean(SD) 779.8 ± 299.9 687.2 ± 380.5 0.074 

AGEs mean(SD) 
μg/ml 

7.4 ± 10.7 4.16 ± 5.9 0.001 

BMI mean(SD) 24.6 ± 2.48 23.1 ± 3.33 0.009 

Statistical significant p < 0.05. 

 

The mean level of the AGEs was 5.78 with 
the range 1.24-53.32 in diabetes group and 1.3-19.38 
in the TB with co-morbidity diabetes group. No 
statistically significant differences were seen in blood 
glucose level (p = 0.75, HbA1C, p = 0.19 and CD4, p 
= 0.074) between the diabetes group and TB with co-
morbidity diabetes, but BMI did with p = 0.009 and so 
did AGEs with p = 0.001. 

 

Figure 1: CD4 in diabetes and TB with co-morbidity diabetes; G1: 
diabetes; G2: TB with co-morbidity diabetes 

 

In diabetes group there was no Statistical 
significant correlation found between CD4 and AGEs 
(p = 0.11), CD4 and blood glucose (p = 0.19), CD4 
and HbA1C (p = 0.09), CD4 and BMI (p = 0.48). 
Statistical significant correlation was found between 
blood glucose and HbA1C (p = 0.013, r = 0.35), blood 
glucose and AGEs (p = 0.013, r = 0.35). 

No statistical significant correlation was found 
between CD4 and AGEs (p = 0.44), CD4 and blood 
glucose (p = 0.08), CD4 and HbA1C (p = 0.45), CD4 
and BMI (p = 0.44), but between blood glucose and 
HbA1C (p = 0.003, r = 0.43), HbA1C and AGEs (p = 
0.003, r = 0.43). 

 

Figure 2: AGEs in diabetes and TB with co-morbidity diabetes; G1: 

diabetes; G2: TB with co-morbidity diabetes 

 

 

Discussion 

 

The chronic hyperglycemia will cause various 
complications; this was supported by the significant 
correlation between HbA1C and AGEs (p = 0.003) in 
the TB with co-morbidity diabetes group and 
significant correlation between blood glucose and 
AGEs (p = 0.013) in the diabetes group. This has 
been suggested by Helen et al. that AGEs play a rule 
in chronic inflammation [23].  

The body mass index of the patients in the 
diabetes group was more with normoweight (22%) 
than overweight (18%), also in the TB with co-
morbidity diabetes group (normoweight 24%, 
overweight 12%, underweight 4%). Obesity plays a 
role in metabolic syndrome that will worsen the 
chronic hyperglycemic effect. This was described by 
Ann Smith in The Epidemic of Obesity and Diabetes 
Trends and Treatments 2011 [24]. Underweight was 
found in the TB with co-morbidity diabetes group.  

The CD4 ranged between 142 and 1800 with 
the mean 733. There were more cases (25%) with 
CD4 below 500 in the TB with co-morbidity diabetes 
group than in the diabetes group (15%), assumed that 
the immunity in the diabetes group is better than the 
TB with co-morbidity diabetes group, but the data did 
not show statistical significance difference (p = 0.07). 
Advanced glycation end products that play a role in 
cell dysfunctions and diabetic complications did not 
show the correlation with CD4 (p = 0.44) in the TB 
with co-morbidity diabetes group and p = 0.114 in the 
diabetes group. In conclusion, the CD4 below 500 
were seen in 15% diabetes and 25% in TB with co-
morbidity diabetes groups, but did not show statistical 
significance difference (p = 0.07). The AGEs was not 
correlated significantly with the CD4 in both groups (p 
= 0.44, p = 0.114). The HbA1C correlated significantly 
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with AGEs (p = 0.003) in the TB with co-morbidity 
diabetes group and blood glucose with AGEs (p = 
0.013) in the diabetes group. No statistically 
significant differences were seen in blood glucose 
level (p = 0.75, HbA1C, p = 0.19 and CD4, p = 0.074) 
between the diabetes group and TB with co-morbidity 
diabetes. But BMI did with p = 0.009 and so did AGEs 
with p = 0.001. 
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Abstract 

BACKGROUND: Medan is the capital of North Sumatera Province and the most industrialised area of North 
Sumatera. One of the largest industries in Medan is the wooden industry. Ocular trauma is often happened in 
Medan and causes a serious problem. 

AIM: This study aimed to analyse the correlation between ocular trauma among the carpenters and the using of 
eye protection during work and educational level. 

METHODS: This study is conducted among the carpenters that work in the wooden industry. There were 30 
carpenters that being observed about age, educational level and working hours and the using of eye protection 
during work that might be related to ocular trauma. All carpenters completed a comprehensive examination and 
interview. 

RESULTS: The most common age range of ocular trauma was between 26-45 years (56.7%), and all were male. 
Most of the traumatised carpenters educational level had a higher educational level (50%), and workers that had 
traumatised works more than 8 hours a day (66.7%). From this study, there was a significant correlation between 
ocular trauma among the carpenters and age (p = 0.047), and working hours (p = 0.039). 

CONCLUSION: No significant correlation between ocular trauma among the carpenters and the using of eye 
protection during work (p = 0.464), and educational level (0.925) was found. Furthermore to anticipate the high 
rate of worked-related ocular trauma required labour regulations that cover the age of recruitment workers and 
working hours a day. Work safety regulation protects the workers from work-related ocular trauma. 

 
 
 
 
 
 
 
 
 

Introduction 

 

Eye injuries represent a frequent cause of 
emergency ophthalmic visits and have a significant 
impact regarding suffering, impairment of life quality, 
and the reduction of workability. Furthermore, eye 
injuries pose a relevant cost for the health system and 
result in a relevant loss of working days worldwide [1].  

Injuries to the eyes accounted for 37 per cent 
of all head injuries involving days away from work in 
2008 and 62 per cent of all. Face injuries involving 
days away from work. Men experienced far more eye 
injuries than a woman, and men age 25 to 44 suffered 
more eye injuries. Workers who were most at risk of 

incurring an eye included those in the manufacturing, 
construction, and trade industries, and those in the 
production, installation, maintenance and repair, 
construction and extraction, and service occupations 
[2] 

Occupational ocular trauma is an important 
cause of preventable vision loss worldwide, with 
significant socioeconomic impact. It is a major cause 
of emergency ophthalmic visits and accounts for a 
substantial proportion of eye injuries, many of which 
occur in the workplace [3], [4]. 

More than 65,000 work-related eye injuries 
and illness are reported in the United States annually 
[5]. More than 2000 eye injuries occur at work daily, 
and approximately 10%-20% of eye injuries result in 

http://pubmedcentralcanada.ca/pmcc/articles/PMC5486290/#B1-ijerph-14-00604
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temporary or permanent vision loss [5], [6]. Work-
related injuries were noted to have a much higher 
incidence of intraocular foreign bodies and cataracts 
compared to non-work-related open globe injuries [7]. 

Ocular trauma is related to gender, age and 
educational level. In Northern Italy, the frequency of 
ocular trauma in younger workers (16-24 years old) is 
about double that of the oldest age class (55-64 years 
old) [8]. In the US population, men had a more than 
four times higher rate of an eye injury at work than 
women. Workers with less than a high-school 
education, non-Hispanic whites, self-employed, and in 
the Midwest region were more likely to experience 
ocular trauma with the highest rate in the age of 45-54 
years [3]. 

Indonesia is an agrarian country. According to 
Indonesia’s central statistics agency in February 2017, 
most Indonesian (31.86%) work in agriculture, as a 
farmer [9]. Only a few Indonesians are working as a 
carpenter. Moreover, being a farmer, carpenters or 
fishermen, having low educational attainment, and 
being men are positively associated with the 
frequency of injuries [10]. 

In Indonesia, the provision of working time 
has been established in Law no.13/2003 fourth 
Paragraph, article 77 verse 2, where entrepreneurs 
are required to the determine the working time of 7 
hours a day and 40 hours a week in 6 working days 
[9]. 

We present the results of the study, an 
epidemiological characteristic of work-related ocular 
trauma among the carpenters in Medan the capital of 
Sumatera Utara province, one of the most densely 
populated and industrialised areas of Sumatera Utara, 
with a high number of active workers.  

 

 

Material and Methods 

 

This is a cross-sectional analysis study to 
describe epidemiological characteristics of work-
related ocular trauma among the carpenters. The 
population of this study is all the carpenters that are 
working on the wooden industry in Medan, the North 
Sumatera capital, on January-December 2017. A total 
of 30 carpenters who worked in 6 working days. Data 
was directly obtained from all the carpenters that got 
an ocular trauma by using questionnaire and 
interview. The selected variables are the following: 

1. Age: age of injured worker, distributed into 
3 groups: (≤ 25), (26-45), (≥ 46). 

2. Educational level, distributed into 2 groups: 
low (no school, primary school, junior high school), 
high (senior high school, bachelor). 

3. Working time, distributed into 2 groups: (≤ 7 
hours a day), (more than 7 hours a day). 

4. Obedience using of eye protection devices 
during work into 2 groups: obey, not obey. 

All samples in this study received a 
comprehensive ocular examination at H. Adam Malik 
Hospital Medan and a face-to-face interview. H. Adam 
Malik General Hospital is a government hospital, 
teaching hospital grade A in Medan North Sumatera. 
The samples were the carpenters who got an eye 
injury or ocular trauma at work or during working time. 
The ocular trauma includes penetrating injury, 
laceration, intraocular foreign bodies, etc., that caused 
by blunt or sharp trauma, and chemical trauma. The 
characteristics data were analysed by using univariate 
analysis and the correlation between all the variables, 
and worked-related ocular trauma was analysed by 
using bivariate analysis with Spearman correlation. 
Confidence intervals of 95% were employed. All 

significance values () were two-sided. Significance 

values () less than 0.05 were considered statistically 
significant.  

 

 

Results 

 

From 1 January to 31 December 2017 there 
were 28work-related ocular trauma among the 
carpenters. All carpenters that were observed during 
the study were male. 

1. Work-related ocular trauma among the 
carpenters based on the age  

From this study, the age of 26-45 years was 
the most common age of group (56.7%) followed by ≤ 
25 years and ≥ 46 years.  

Table 1: Distribution of Work-related ocular trauma among the 
carpenters based on the age 

Variable (age) Total (n) Percentage (%) Correlation Coef. Sig. (2-tailed) 

≤ 25 7 23.3 
0.365

* 
0.047 26 – 45 17 56.7 

≥ 46 4 13.3 
Total 28 93.3   

 

More than 50% (56.,7%) carpenters were in 
the age between 26-45. There was a statistically 
significant correlation between age and work-related 
ocular trauma among the carpenters with significance 

values was 0.047 ( < 0.05). 

2. Work-related ocular trauma among the 
carpenters based on the educational level 

Table 2: Distribution of Work-related ocular trauma among the 
carpenters based on the educational level 

Educational Level Total (n) Percentage (%) Correlation Coef. Sig. (2-tailed) 

High 13 43.3 0.018 0.925 
Low 15 50   
Total 28 93.3   

http://pubmedcentralcanada.ca/pmcc/articles/PMC5486290/#B1-ijerph-14-00604
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From Table 2 the Carpenters with low 
educational level most often experience ocular trauma 
(50%), but there was no statistically significant 
correlation between educational level and work-
related ocular trauma among the carpenters with 

significance values was 0.925 ( > 0.05). 

3. Work-related ocular trauma among the 
carpenters based on the working time 

Table 3: Distribution of Carpenters-related trauma based on 
working time 

Working time (hours) Total (n) Percentage (%) Correlation Coef. Sig. (2-tailed) 

< 7 8 26.7 0.378
*
 0.039 

≥ 7 20 66.7   
Total 28 93.3   

 

From Table 3 the Carpenters who work more 
than 7 hours a day tend to have an ocular trauma 
(66.7%) than those who work less than 7 hours a day. 
There was a statistically significant correlation 
between working time and work-related ocular trauma 
among the carpenters with significance values was 

0.039 ( < 0.05). 

4. Work-related ocular trauma among the 
carpenters based on the using of eye protection 

Table 4: Distribution of carpenters-related trauma based on the 
obedience using of eye protection devices 

Obedience Work-related Ocular Injury p-value 

 Yes, n (%) No, n (%) 0.464 
Obey 6 (100%) 0 (0%)  

Not obey 22 (91.7%) 2 (8.3%)  

 

The carpenters that didn’t obey of using eye 
protection devices more likely suffer from ocular injury 
22 (91.7%). There are 2 carpenters that did not obey 
using eye protection devices, but they didn’t get an 
ocular injury (8.3%). However, the chi-squared test 
data shows there was no statistically significant 
correlation between obedience using of eye protection 
devices and work-related ocular trauma among the 

carpenters( > 0.05). 

 

 

Discussion 

 

Indonesia is a developing country which most 
of the population live from agricultural products. This 
study to find out workers other than farmers that 
associated with the occurrence of ocular trauma in 
Medan. Limited study about the work-related ocular 
trauma among the carpenters Indonesia. In previous 
studies reported, male workers are most frequently 
involved [12], [13], [14]. From this study, we found that 
all subjects are male (100%), because wooden 
workers are usually male, and most of the Indonesian 
woman work as housewives or indoor workers. The 
highest frequency of ocular trauma among the 
carpenters in Medan is in younger workers (26-45 

years old) 56.7%, and the lowest frequency is in 
oldest workers (≥ 46 years old) 13.3%. A study in 
Australia about 80% of worked-related ocular injuries 
occurred to persons aged between 20 and 44 years 
[11]. In the Southwest region of China, the highest 
proportion of occupational eye trauma was observed 
in the group between 36 and 45 years of age [12]. A 
similar study in Turkey, males was significantly 
greater than that for females, and males between 25 
and 34 years of age had the highest eye injury rate 
[13]. This study also indicated that the risk of 
exposure to ocular trauma is inversely proportional to 
the job experience and young workers with little 
experience had a higher risk of exposure.  

The educational level also plays an important 
rule in work-related ocular trauma. This study showed 
that Carpenters with low educational level most often 
experience ocular trauma (46.7%), but there was no 
statistically significant correlation between educational 
level and work-related ocular trauma — the workers 
with low educational level less understanding of the 
importance of using safety goggle during work.  

Another variable that been examined in this 
study is working hours. Carpenters who work more 
than 7 hours a day tend to have an ocular trauma 
(66.7%) than those who work less than 7 hours a day. 
There was a correlation between working time and 

wok-ocular trauma in this study ( < 0.05). The 
Indonesian government issued a regulation the 
provision of working time in Law no.13/2003 fourth 
Paragraph, article 77, verse 2, that every entrepreneur 
is under an obligation to observe the ruling concerning 
working hours and required to determine the working 
time 7 (seven) hours a day and 40 (forty) hours a 
week for 6 (six) workdays in a week; or 8 (eight) hours 
a day, 40 (forty) hours a week for 5 (five) workdays in 
a week [9]. This regulation protects the workers from 
overtime working, so the incidence of work-related 
trauma in Indonesia may be reduced significantly. 
Another study that is held by the U. S. Department of 
Health and Human Services, overtime work was also 
associated with increased morbidity and mortality [15]. 
A study in Taiwan indicated that eye protection 
devices could reduce the risk of work-related eye 
injury by up to 60%, but only 18.4% of workers were 
wearing eye protection devices when injured [16]. In 
this study, we found that most of the carpenters who 
did not obey using eye protection devices likely suffer 
from ocular injury (91.7%) than others who obey 
(8.3%). A study in Iran, work-related eye injury is the 
major cause of eye injury and most often occurs as a 
result of the lack of proper eye protection [17]. A study 
in Scotland, UK, only 10 out 12 (83%) of workers were 
documented as wearing eye protection at the time of 
injury [18]. A study in Taiwan indicated that eye 
protection devices could reduce the risk of work-
related eye injury by up to 60%, but only 18.4% of 
workers were wearing eye protection devices when 
injured [16]. 
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In conclusion, this study provides insight into 
the epidemiological characteristics of occupational 
ocular trauma in Haji Adam Malik General Hospital, 
North Sumatera, Indonesia. Our research indicates 
that male worker, age and overtime working were a 
significant risk factor for work-related ocular trauma 
among the carpenters in Medan, North Sumatera. 

These findings suggest that extensive 
occupational eye safety programs could be arranged 
and these should focus on the specific tasks or kinds 
of work with a high risk of ocular trauma, regardless of 
sex, age, educational level, working time, safety 
goggle and safety regulation. The incidence of work-
related ocular trauma can be avoided through proper 
regulations, an improvement of work safety climate, 
rules and the entrepreneur under strict supervision by 
the government, so that the workers can work well 
and more prosperous. 

Not only Safety regulation for workers such as 
using eye protection devices during work is needed, 
but also safety training and compliance within the 
workplace should be provided. 
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Abstract 

BACKGROUND: Serum Procalcitonin (PCT) is a biomarker that is frequently used to diagnose an infection. In 
some cases of thoracic malignancy, procalcitonin level appears to increase. However, the role of procalcitonin to 
diagnose malignancy is not certain yet, and the causes have not been known.  

AIM: This study aimed to investigate procalcitonin levels in non-small cell lung cancer patients. 

METHODS: This was an observational study with a cross-sectional design. All lung cancer patients did not 

diagnose based on cytology/histopathology results with no evidence nor were signs and symptoms of infection 
recruited through consecutive sampling. The subtypes of lung cancer include adenocarcinoma, squamous cell 
carcinoma, and large cell carcinoma, staged III and IV. The procalcitonin levels were analysed from blood using 
immunofluorescent assay. Data were then analysed with the Chi-Square test by Epi Info™ 7 programs in which p-
value < 0.05 was considered statistically significant. 

RESULTS: A total of 68 lung cancer patients fulfilled the criteria of this study, 55 men (80.9%) and 13 women 
(19.1%). The highest percentage of cytology/histopathology type found was adenocarcinoma (80.9%), and 60.3% 
of those were diagnosed in stage IV. An increased procalcitonin level (greater than 0.01 ng/mL) occurred in 
80.9% of Non-Small Cell Lung Cancer (NSCLC) patients. It appears that the higher the stage of lung cancer, the 
lower procalcitonin levels would be, although it was not statistically significant. There was no association between 
lung cancer subtype with procalcitonin levels.  

CONCLUSION: An increased level of procalcitonin may be an indication not only for infection but also for Non-
Small Cell Lung Cancer. 

 
 
 
 
 
 
 
 
 
 
 
 

Introduction 

 

Procalcitonin (PCT) is a derivate of calcitonin 
hormones. It is produced primarily in the liver by 
macrophages (Kupffer cells) or neuroendocrine cells 
which are involved in systemic reactions in response 
to endotoxin circulation and inflammatory cytokine 
produced during bacterial or fungal infections [1], [2] 
[3]. The plasma level is associated with the severity of 
the infection [4]. In healthy individuals, PCT levels are 
very low (< 0.1 ng/ml). Procalcitonin has shown the 

importance of distinguishing the diagnosis of cancer 
patients with clinical symptoms of fever and increased 
levels of CRP [5], [6]. On the other hand, recent 
studies showed PCT concentrations at the right level 
with sepsis in patients with an advanced stage of 
cancer [7]. This raises doubts about the role of 
procalcitonin in diagnosing infections in cancer 
patients. 

Patients with malignant diagnoses have a 
high risk of developing infections which are non-
specific clinical signs and the sign of several different 
clinical outcomes, such as drug reactions, actual 
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infections, or paraneoplastic syndromes commonly 
known as 'neoplastic fever' [7]. The PCT values rise 
rapidly at 2-4 hours from the bacterial infection onset. 
PCT has a half-life of 22-24 hours; therefore, this 
concentration can be halved when the infection is 
cured [8]. Although PCT in patients with oncology 
neutropenia fever has been investigated in several 
studies, recent meta-analysis studies failed to define 
its role. Also, Shomalli et al., [9] studied the role of 
PCT as a biomarker to distinguish fever due to 
infection and non-infectious fever in non-neutropenia 
patients with solid tumours and hematologic 
malignancy. They also argued that the increase in 
PCT levels and C-Reactive Protein could also 
increase in malignancy. Several malignancies usually 
show false positive for PCT.  

Information about the values and 
characteristics of PCT are limited to lung cancer 
incidence [10]. Based on the above description, this 
study aimed to investigate the procalcitonin levels in 
non-small cell lung cancer patients.  

 

 

Material and Methods 

 

This was an observational study with a cross-
sectional design to investigate the characteristics of 
procalcitonin levels in non-small cell lung cancer 
patients among Indonesia population. The study was 
conducted in Adam Malik General Hospital for 3 
months. Data were collected through the medical 
records of Adam Malik General Hospital from 
November 2016 to June 2017. 

Subjects were recruited through consecutive 
sampling based on cytology/histopathology result. 
Patients diagnosed with tumour mediastinum and lung 
tumour metastasis were excluded from this study. 
Smoking status was also recorded. Patients 
categorised as active smokers if they have a smoking 
history of ≥ 100 cigarettes throughout their lives [11], 
passive smoker (a person who inhales cigarette 
smoke from a smoker). Type of cigarettes includes 
clove cigarettes (kretek) and filter (white) cigarettes. 
The Brinkman Index value was obtained from the 
multiplication of the average number of cigarettes 
smoked a day and multiplied by the duration of 
smoking (years). The value of Brinkman Index (IB) is 
mild if 0-199, moderate if 200-599, and severe if > 600 
[12]. 

First, 4 ml of peripheral venous blood were 
taken and then inserted into the EDTA tube. Next, the 
serum was isolated. The procalcitonin values were 
determined by immunofluorescence using BRAHMS 
procalcitonin sensitive Kryptor automated system 
(Thermo Scientific, Brahms, Henningsdorf, Germany) 
[10]. The values of serum procalcitonin were 

determined, in which levels above 0.01 ng/ml was 
considered high [10]. 

To assess the relationship between gender, 
age, and the Brinkman index with procalcitonin levels 
in non-small cell lung cancer patients, the Chi-Square 
test was performed. While the procalcitonin levels 
based on the cytologic/histopathologic subtypes 
cancer stage were analysed with Mann-Whitney and 
Kruskal Wallis test, data were analysed using Epi 
Info™ 7 programs in which p-value of < 0.05 was 
considered statistically significant. 

 

 

Results 

 

Based on the characteristics of the subjects, it 
was found that the highest number of gender in lung 
cancer incidence was male (80.9%). The average age 
dominant with lung cancer was 40–60 years (51.5%). 
All subjects were smokers and mostly categorised as 
heavy smoker based on Brinkman index (75%). The 
most common subtype of lung cancer was 
adenocarcinoma type (80.9%). The data can be seen 
in Table 1. 

Table 1: Demographic characteristics of the study subjects 

Characteristics n % 

Gender 
Male 55 80.9 
Female 13 19.1 

Age 
Under 40 years-old 3 4.4 
40-60 years-old 35 51.5 
Over 60 years old 30 44.1 

Smoking status 
Active smoker 68 100.0 
Non smoker 0 0.0 

Type of cigarettes 
Clove cigarettes (kretek) 44 64.7 
Filter cigarettes (white) 24 35.3 

Brinkman Index 
Severe 51 75.0 
Moderate 14 20.6 
Mild 3 4.4 

Cytology/histopathology 
Adenocarcinoma 55 80.9 
Squamous Cell Carcinoma 12 17.6 
Large Cell Carcinoma 1 1.5 

pTNM 

I 8 11.8 
II 10 14.7 
III 9 13.2 
IV 41 60.3 

Procalcitonin levels 
Increased (> 0.01 ng/ml) 55 80.9 

Normal ( 0.01 ng/ml) 13 19.1 

 

The association between procalcitonin levels 
and gender, age and Brinkman index on Non-Small 
Cell Lung Cancer patients were displayed in table 2.  

Table 2: The association between demographic factors and the 
levels of procalcitonin 

Variables 

Procalcitonin level 

p-value Increased Normal 

n % n % 

Sex 
Male 44 80.0 11 84.6 

0.702
a 

Female 11 20.0 2 15.4 

Age 
Under 40 years-old 2 3.6 1 7.7 

0.53
a 

40-60 years-old 30 54.5 5 38.5 
Over 60 years old 23 41.8 7 53.8 

Brinkman Index 
Severe 40 72.7 11 84.6 

0.38
a 

Moderate 13 23.6 1 7.7 
Mild 2 3.6 1 7.7 

Total 55 100.0 13 100.0 
 a) Chi-Square test. 
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Table 3 showed that there was no difference 
in the levels of procalcitonin between 
adenocarcinoma, squamous cell carcinoma, and large 
cell carcinoma. It appears that the higher the stage of 
lung cancer, the lower procalcitonin levels would be. 
However, this correlation was not observed in stage 
IV cancer patients, and thus it was not statistically 
significant.  

Table 3: The comparison of procalcitonin levels based on 
tumour diagnosis 

Variables n 
Procalcitonin levels  

mean ± SD median (min-max) p value 

Cytology/ 
histopathology 

Adenocarcinoma (n = 55) 1.02 ± 2.06 0.34 (0.02 - 11.9) 

0.206 
a
 

Squamous Cell 
Carcinoma and large 
cell 

(n = 13) 0.91 ± 1.24 0.48 (0.14 - 4.2) 

Stage I (n = 8) 1.21 ± 2.23 0.44 (0.02 - 6.71) 

0.12
 b
  

II (n = 10) 0.84 ± 0.45 0.90 (0.14 - 1.47) 

 
III (n = 9) 0.63 ± 1.04 0.17 (0.04 - 2.86) 

  IV (n = 41) 1.07 ± 2.24 0.25 (0.02 - 11.9) 

a) Mann-Whitney test; b) Kruskal Wallis test. 

 

Generally, it can be concluded that there was 
no effect of the cancer cell types nor cancer stage on 
serum procalcitonin levels. 

 

 

Discussion 

 

The sample of this research was 68 cases of 
lung cancer patients who have been diagnosed 
definitively (cytology/histopathology). Based on the 
gender of the subjects, there were 55 male patients 
(80.9%) whereas there were 13 female patients 
(19.1%). The same situation was also reflected in 
other parts of the world. Aareleid conducted 
epidemiological studies of lung cancer from 1985 to 
2014. According to that study, 18,399 cases (80.3%) 
were male patients whereas 4491 cases (19.7%) were 
female patients [13]. In Indonesia, specifically in Adam 
Malik General Hospital, Medan, the highest number of 
patients based on gender was male with 85.62% 
compared to a female with 24 patients (24.37%) [3]. 

In this study, the number of patients between 
the age of 40-60 years were predominant with 36 
patients (51.4%), followed by the age group of over 60 
years with 30 patients (42.9%). An epidemiological 
study conducted by Ridge in 2015 also suggested that 
about 60% of lung cancer cases were suffered by 
patients aged 50-60 years old [14]. In his study, he 
also stated that the prevention of cigarettes was a top 
priority for public health. Globally, cigarettes are one 
of the biggest death factors with a 1:10 ratio in adults 
and a mortality rate of about 5 million people per year 
[14]. Similarly, a study conducted by Soeroso in 2018 
showed that 60% of lung cancer cases suffered by 
patients aged 55-64 years [15], [16]. 

Brinkman index is used to assess the severity 
level of smoking. The Brinkman index in this study 
found that 75.7% of subjects were heavy smokers, 

20% were moderate smokers, and the other 4.3% 
were light smokers. A similar result was also found by 
Soeroso et al., [15], [16] in which 52.9% of their 
research participants were categorised as heavy 
smokers. Also, this study was to evaluated nicotine 
dependence based on the Fagerstrom Tolerance 
Questionnaire (mFTQ), and the results showed that 
65% of Fagerstrom scores were very high. 
Epidemiologic studies suggest that smoking is the 
leading cause of lung cancer. Smokers are 22 times 
more likely to die of lung cancer than nonsmokers [1]. 
Smoking has a role in lung cancer at various levels. 
Smoking can cause mutations of genes that leads cell 
to be oncogenic. One of the mutations is a p53 
mutation found in more than 53% in smokers [2]. 
Furthermore, smoking can also influence adverse 
effects during therapy, either chemotherapy or 
radiotherapy [2]. 

Lung cancer is one of the leading causes of 
death around the world, particularly in Indonesia. In 
2014, WHO stated that the mortality rate due to lung 
cancer reached 21.8% for men and 9.1% for a woman 
in Indonesia [17]. The most common type of cancer 
found in this study was adenocarcinoma (80.9%). 
Although previous studies found that squamous cell 
carcinoma as the most common type found, new 
paradigm depicted that adenocarcinoma was the most 
common type of cancer. This is probably because the 
type of cigarettes favoured by Indonesians is clove 
cigarettes. This study found that the most common 
type of lung cancer found in Batak tribe in Indonesia 
was adenocarcinoma (92.9%), and the most 
consumed cigarette type was clove cigarettes. Clove 
cigarettes contain clove that will make smokers suck 
in more deeply; thus, smokes containing carcinogenic 
substances eventually enter the peripheral respiratory 
tract [16], [18]. Syahruddin et al., [19] found that the 
EGFR mutations rate among Indonesian population 
reached 57.1% common mutations (exon 19 ins/dels, 
L858r) and about 29% uncommon mutations (G719X, 
exon 20 ins, T790M, L861Q). 

In this study, most of the patients have 
entered the stage IV of cancer (60%), and the patients 
in stage III were 14.3%. This is slightly different from 
the results found by Soeroso in 2010-2012 in which 
most of the cases were in stage III with 56 cases 
(33.54%) from a total of 167 patients [3]. However, 
there is a trend found that lung cancer is generally 
diagnosed when it has entered an advanced stage. 
There are some factors that may cause late diagnosis. 
One of them is the absence of accurate screening to 
date [4]. 

The results showed that serum procalcitonin 
based on histopathology (adenocarcinoma, squamous 
cell, and large cell) in this study did not show a 
significant difference in the Kruskal-Wallis test (p > 
0.05). This study also showed that the values of 
procalcitonin increased in 55 samples (80.9%). This 
contrasts with Avrillon’s findings that 42% of 89 
samples experienced an increase in procalcitonin 
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levels [10]. Procalcitonin is not a substance commonly 
used as a diagnostic tool for cancer, but recent 
research conducted by Vincenzi et al., [5] showed an 
increased in procalcitonin levels with cancerous 
conditions. The study also stated that during an 
advanced stage of cancer, the production of 
inflammatory cytokines is more active than usual 
leading to procalcitoninemia conditions [5]. 

Ghillani et al., [20] found an increased level of 
procalcitonin compared with healthy subjects by 
17.5%, 53%, and 29% respectively in patients with 
squamous cell cancer, large cell, and 
adenocarcinoma. Non-cancer patients had low 
procalcitonin levels in average compared with patients 
with stage I-III cancer (0.029 ng/mL vs 0.127 ng/mL, p 
< 0.0001) or the stage IV disease (0.029 ng/mL vs 
0.190 ng/mL, p < 0.0001). Cancer patients who have 
accelerated developmental stage have a higher mean 
of PCT than those in the low stages (0.190 ng/mL vs 
0.127 ng/mL, p = .004) [21]. However, the patients in 
severe stages had an increase in the PCT values 
baseline compared with the patients in low stages 
(0.47 vs 0.27 ng/mL), p = 0.017) [9]. The PCT values 
were higher in the patients with small cell lung cancer 
than adenocarcinoma (0.33 ng/mL vs 0.07 ng/mL, p < 
0.001). Furthermore, the PCT levels were significantly 
higher in the patients with liver metastasis (0.37 vs 
0.09 ng/mL, p < 0.001) [22]. Another study showed an 
increase in PCT associated with metastatic stage 
cancer in 43 patients with solid tumour and 15 healthy 
control subjects; the highest level was found in 
metastatic cancer [23]. Also, it was found that 
procalcitonin levels were high in colorectal cancer. 
Keramidaris et al., [6] studied the relationship between 
bacterial translocation and cancer condition and found 
PCT positive in the majority of their samples (55.3%), 
higher procalcitonin levels were also found in 
metastatic patients than no metastasis (p = 0.01). 

One of the limitations of this study was 
incomplete medical records data, especially data of 
lung cancer patients undergoing distant metastasis. 
Therefore, the relationship between procalcitonin 
levels and lung cancer patients undergoing metastasis 
cannot be assessed. Also, this study did not conduct 
C-reactive protein examination in all lung cancer 
patients due to health insurance limitations in 
Indonesia. 

In conclusion, an increased level of 
procalcitonin was observed in most patients with Non-
Small Cell Lung Cancer. It appears that the higher the 
stage of lung cancer, the lower procalcitonin levels 
would be, although it was not statistically significant. 
There was no association between lung cancer 
subtype with procalcitonin levels.  

An increased level of procalcitonin may raise 
a suspicion for Non-Small Cell Lung Cancer, 
particularly if no evidence of infection was found.  
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Abstract 

AIM: To analyse our experiences in the management of traumatic retroperitoneal hematoma (RPH), highlighting 
the various challenges faced and to report on the outcome of these patients.  

METHODS: From May 2014 to May 2017, all patients with traumatic RPH who underwent surgical treatment were 
retrospectively analysed. The kind of injury, intraoperative findings, sites of hematoma, postoperative morbidity 
and the overall outcomes were recorded. 

RESULTS: Ninety-six patients; 53 with blunt trauma and 43 with penetrating injury, were included in this study. 
The centre-medial hematoma was observed in 24 (25%) patients, lateral hematoma in 46 (47.9%) patients, pelvic 
hematoma in 19 (19.8%) patients, and multiple zone hematomas in 7 (7.3%) patients. All cases were managed 
surgically. Exploration of the retroperitoneal space was done in 72 cases. Thirty-three patients died, and the 
overall death rate was 34.4%. 

CONCLUSION: Surgical exploration should be done in RPH caused by penetrating injury, but the need for urgent 
exploration in blunt injury is not so high, and it depends on the anatomical site of hematoma, concomitant organ 
injury and the hemodynamic status of patients. 

 
 
 
 
 
 
 
 
 
 
 

Introduction 

 

Retroperitoneal hematoma (RPH) assigns to 
an aggregation of blood in the retroperitoneal space 
[1].

 
It is a life-threatening condition since they may 

cause a serious hypovolemic shock or severe 
ischemia in their end organ and require prompt 
diagnosis and treatment [2]. Traumatic RPH may be 
caused by blunt or penetrating injury to the abdomen 
or pelvis [3].

 
Injury to the bone, vascular structures, 

hollow viscera or solid organs may be responsible for 
the occurrence of RPH making the diagnosis and 
management of this serious condition more difficult [1] 
[4]. Vascular injury accounts for more than 90% of 
RPH presentation [5], [6].

 
The aorta, superior 

mesenteric artery (SMA), iliac arteries, inferior vena 
cava (IVC), portal vein (PV), and iliac veins are the 
most frequently injured abdominal vessels. Though 
many advances have been made in overall 
management and care of the injured patient, traumatic 
RPH continue to result in significant morbidity and 
mortality. The mortality from traumatic RPH is 
reported in different modern series remains high at 
14-50% [4], [7]

 
with early deaths due to 

exsanguination and late deaths due to multisystem 
organ failure [8].

 
The surgeons involved in the care of 

these patients need to gain and maintain skills and 
knowledge related to these injuries if outcomes are 
going to be improved. Therefore, we reviewed 
retrospectively 96 patients with traumatic RPH in our 
institution.  
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This study aimed to analyse our experiences 
in the management of patients with traumatic RPH, 
highlighting the various challenges faced while 
managing this life-threatening injury and to specifically 
report on the peri-operative management and 
outcome of these patients.  

  

 

Patients and Methods 

 

From May 2014 to May 2017, all patients with 
RPH due to blunt or penetrating trauma who 
underwent surgical treatment were included in this 
retrospective study. Exclusion criteria included all 
cases of RPH resulting from reasons other than 
trauma such as complications of anticoagulant 
therapy, those with clotting disorders or those with 
aortic aneurysm rupture. Also, patients with extra-
abdominal injury, head injury, major thoracic injury, 
peripheral orthopaedic injury were excluded from the 
study. The study was conducted in a tertiary hospital, 
and it was approved by the local Institutional Review 
Board with a protocol no.116/2014.  

Data regarding patient’s age, sex, mechanism 
of injury, type of injury, ultrasound (US) and computed 
tomography (CT) findings, intraoperative findings, and 
classification of the zone of the hematoma, type of 
operative procedure done, postoperative hospital stay, 
mortality, and morbidity were collected.  

Diagnosis of RPH was made using US and 
CT. But on many occasions, no imaging procedures 
were done because of unstable hemodynamic state 
so that diagnosis was made clinically and confirmed in 
exploratory laparotomy. Surgical management was 
applied in all cases. The RPH were classified into 
three zones: centre-medial (zone I), lateral (zone II) 
and pelvic (zone III) hematomas according to 
Selivanov et al., classification [9]. 

 

 

 

Results 

 

Ninety-six patients enrolled in this study 
composed of 82 (85.42%) men and 14 (14.58%) 
women with a mean age of 38.3 years (range from 16 
to 62 years). Fifty-three (55.21%) patients sustained 
blunt trauma and 43 (44.79%) patients sustained 
penetrating injury. The cause of trauma was an 
automobile (Motorcycle road traffic accident and 
vehicular road traffic accident) in 38 (39.58%) cases, 
fall from height in 11 (11.46%) cases, strikes injuries 
in 4 (4.17%) cases, stab wound to the abdomen in 6 

(6.25%) cases, gunshot injury in 4 (4.17%) cases and 
shell injury in 23 (23.96%) cases (Table 1). 

Table 1: Characteristics of the study sample  

Character  Number (%) 

Age group 
< 20 years 

 
3 (3.13) 

20-29 yrs 38 (39.58) 
30-39 yrs 31 (32.29) 
40-49 yrs 17 (17.71) 
50-59 yrs 5 (5.21) 
> 60 yrs 2 (2.08) 
Total 96 (100) 
Sex  
Male 82 (85.42) 
Female 14 (14.58) 
Mechanism of injury  
Blunt injury 53 (55.21) 
 RTA 38 (39.58) 
 Fall from height 11 (11.46) 
 Strike 4 (4.17) 
Penetrating injury 43(44.79) 
 Stab Wound 6 (6.25) 
 Gunshot 14 (14.58) 
 Shells (blast) 23 (23.96) 

 

The initial US was performed in 36 patients; 
24 (66%) of them were diagnosed with RPH. CT was 
done in 32 patients and the diagnosis of RPH was 
established in 28 (87.5%) of them. For 44 patients, 
neither initial preoperative US nor CT scanning was 
done because of severing hemodynamic instability 
they presented with and the urgent surgical 
intervention which was undertaken. 

For 96 cases, all were managed surgically. 
Ten (10.42%) patients were found to had single site 
injury (pure RPH) while 86 (89.58%) patients were 
had multiple injuries. Features of intraabdominal 
organ damage linked to RPH with subsequent 
mortality were exhibited in Table 2.  

Table 2: Associated intra-abdominal organ injury  

Associated intra-abdominal injury Number of 
patients (%) 

Number of 
death (%) 

Splenic rupture 5 (5.21) 1 (1.04) 
Duodenal injury 5 (5.21) 2 (2.08) 
Gastric& Small bowel injury 12 (12.50) 2 (2.08) 
Large bowel injury 8 (8.33) 1 (1.04) 
Bladder rupture and posterior urethral disruption  3 (3.13) 1 (1.04) 
Hepatic laceration  7 (7.29) 2 (2.08) 
Diaphragmatic laceration 3 (3.13) 2 (2.08) 
Pancreatic injury 4 (4.17) 2 (2.08) 
Renal injury 10 (10.42) 2 (2.08) 
Multiple organ injury 29 (30.21) 16 (16.67) 
Pure RPH 10 (10.42) 2 (2.08) 
Total 96 (100) 33 (34.38) 

 

Different procedures were performed for the 
management of RPH included ligation or repair of 
major blood vessels and repairing or resection of 
retroperitoneal organs (duodenum, colon, kidney, 
pancreas, e.t.c.). Exploration of the retroperitoneal 
space was made in 72 (75%) cases. The kind of 
surgical work in 96 patients was displayed in Table 3. 

The surgical findings were as follow: Centro-
medial hematoma (zone I) was detected in 24 (25%) 
patients, lateral hematoma (zone II) in 46 (47.9%) 
patients, pelvic hematoma (zone III) in 19 (19.8%), 
multiple zone RPH in 7 (7.3%).  

The overall mortality in this study sample was 
33 patients (34.4%). Half of them died during the 
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operation due to continues uncontrolled bleeding, 
hypovolemic shock and multi-organ failure. The others 
died were due to septicemia, respiratory failure, 
myocardial infarction, pulmonary embolism and acute 
renal failure few days postoperatively. 

Table 3: Operations performed in 96 patients  

Operations performed to control RPH Number of patients (%) 

Packing only  16 (16.67) 
IVC repair  7 (7.29) 
Abdominal aorta repair  2 (2.08) 
Ligation or repair of the internal iliac artery  7 (7.29) 
Repair of common iliac vessels 2 (2.08) 
Repair of lumbar vessels 4 (4.17) 
Associated operations performed  
Splenectomy 5 (5.21) 
Colostomy with colonic repair 8 (8.33) 
Gastric repair 2 (2.08) 
Small bowel repair 4 (4.17) 
Small bowel resection with end to end anastomosis 3 (3.13) 
Drainage or repair of the pancreas  4 (4.17) 
Pelvic fixation  2 (2.08) 
Repair or partial resection of liver  7 (7.29) 
Repair of duodenum  8 (8.33) 
Repair of diaphragm 3 (3.13) 
Repair of mesentery  1 (1.04) 
Repair of kidney or nephrectomy  10 (10.42) 
Repair of urinary bladder  3 (3.13) 

 

Postoperatively, wound infection, pancreatic 
and duodenum fistula, chest infection were noted 
(Table 4).  

Wound infection was treated by daily 
dressings under broad spectrum antibiotics. 
Pancreatic or duodenum fistula was treated 
conservatively; both fistulae were closed within few 
weeks. The cases with chest infections were treated 
with a suitable antibiotic combined with chest 
physiotherapy. The mean hospital stays were 8.4 
days (range from 4 to 14 days). The mean follow-up 
was 2 months, ranging from one month to 3 months.  

Table 4: Postoperative morbidity 

Postoperative Complication Number of patients (%) 

Surgical site infection 7 (7.29) 
Cardiovascular complications: MI, pulmonary embolism, DIC 4 (4.17) 
Respiratory complications: Lobar pneumonia, atelectasis, 
ARDS 

5 (5.21) 

Re-exploration for continuous bleeding 3 (3.13) 
Pancreatic fistula 1 (1.04) 
Duodenal fistula 1 (1.04) 
Multiple organ dysfunction syndromes 12 (12.50) 
Acute renal failure 6 (6.25) 
Septic shock 6 (6.25) 
Nil postoperative complication 58 (60.42) 

 

 

 

Discussion 

 

The traumatic RPH is a common, life-
threatening condition resulting from abdominal or 
pelvic injuries. To decrease the morbidity and 
mortality of this potentially fatal condition, urgent 
diagnosis and immediate operational interference are 
of high significance [10].

 
In this study, 43 out of 96 

RPH arising from penetrating abdominal injury, most 
of them (23 out of 43) sustained in blast injury. This is 
in contrast to findings in other studies of RPH [11], 
[12]

 
and this can be explained by the engagement of 

our county in sustained terrorist events during the 
period of study.  

Regarding the diagnosis of RPH, the clinical 
presentation are usually nonspecific with abdominal 
pain, abdominal distension, severe back pain or 
abdominal mass making the clinical diagnosis of this 
serious condition very difficult [13].

 
Furthermore, large 

amounts of blood can accumulate in the abdominal 
cavity without significant changes in physical 
examination [14]. Trauma patients manifesting with 
hemorrhagic shock and an unknown origin of bleeding 
should undergo promote further evaluation according 
to the European guidelines by the Multidisciplinary 
Task Force for Advanced Bleeding Care [15]. 

For patients with abdominal trauma, an 
imaging study such as CT and US play an important 
role in the diagnosis of RPH, and to rule out a 
concomitant occult abdominal injury helping surgeons 
make treatment decision [16], [17].

 
Unlike CT, US is 

not precise and can’t certainly identify the correct site 
or amount of hematoma, furthermore, its sensitivity for 
direct demonstration of abdominal organ injury is 
relatively low [18], [19].

 
In the current study, 24 

patients were diagnosed with RPH out of 36 patients 
who underwent US examination. Although CT scan is 
a more advanced tool, its diagnostic accuracy may 
affect by some determinants such as the position and 
extent of hematoma, expertise of radiologists and 
resolution of CT machine. To achieve reliable 
decisions, CT scan needs both oral and IV contrast 
[19].

 
In the current study, a native CT examination was 

done for 32 patients, and 28 were diagnosed with 
RPH. The CT scan we carried was done without 
contrast because the patient was in an unstable 
hemodynamic state and without actually having the 
time for a complete radiological study. Consequently, 
the exploratory laparotomy was firmly advised as the 
secured choice to diagnose this fatal lesion, 
particularly in a hemodynamically unstable patient.  

Many classifications of RPH have been done 
according to the site of hematomas. In this study, we 
adapted the Selivanov et al. classification (1984) [9].

 

In this classification, centromedial localisation was 
described as zone I, lateral localisation as zone II, and 
pelvic localisation as zone III.  

The RPH in the centre-medial zone is often 
the result of duodenum, pancreas or great vessels 
damage. The appearance of rising sign and 
symptoms, increased serum or urinary amylase, the 
free gas inside the peritoneal cavity and effusion 
nearby duodenum or pancreas indicate duodenal or 
pancreatic injury and exploratory laparotomy must be 
done. Furthermore, even in the setting of a stable 
centre-medial hematoma, we suggest exploration of 
the hematoma to avoid possible fatal sequel of missed 
pancreatic or duodenal injury. In the present study, 
pancreas damage was established in four patients, 
and the pancreatic repair and drainage were 
performed immediately, two patients died, and the 
other 2 patients improved and were discharged. Injury 
to the abdominal aorta is correlated with high 
morbidity and death rates varying from 50% to 78% in 
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several studies [20], [21], [22], [23], [24].
 

We 
encountered two patients with aortic injury, one of 
them died from multiple organ failures while the other 
patient who sustained a stab wound to the back was 
survived. Seven patients with IVC injury were found, 
and primary repair of IVC was done for them, 2 of 
those patients died during the early postoperative 
period.  

The need for urgent surgery is not necessary 
for all patients with an RPH in the lateral zone. Here, 
we observed most of the RPH were co-occurred with 
other organic injuries such as kidney and less 
commonly colon. The perirenal RPH followed a blunt 
trauma can be managed conservatively, and most 
patients improved [3], [4], [5].

 
But, the decision for 

emergency laparotomy should be applied when the 
hematoma is becoming expanded, pulsatile, or 
ruptured. We encountered 46 cases with zone II 
hematoma, in those with penetrating injury (most of 
them was shell injuries from explosive terrorist 
events), the hematoma was explored and dealt with in 
the majority of the patients but 5 of them were not 
explored because it was not expanding, not pulsatile 
and away from vital structures. Ten hematomas in 
those with blunt trauma were left undisturbed because 
it doesn’t fulfil the criteria of exploration.  

Most of the patients with zone III hematoma 
were due to blunt injury (14 out of 19), most of them 
were due to RTA, 4 of them were not explored and 
only preperitoneal packing was applied because they 
were of small size, not expanding and not pulsatile 
after assuring no rectal injury and intact femoral artery 
pulsation. Those with penetrating injury all are 
explored. Preperitoneal packing has also shown value 
in stopping bleeding in blunt pelvic trauma as an 
optional extra to angioembolization and pelvic fixation 
[25], [26].

 
It has been proposed that hematoma in the 

retroperitoneal space can be stopped by using direct 
pressure on the bleeding site, while exploration of 
hematoma may lead to severe bleeding resulting in a 
patient’s death. We support this viewpoint in our study 
where 4 patients with pelvic zone RPH were not 
explored. Yet, the surgical exploration becomes 
necessary when the RPH were associated with a 
simultaneous injury of the rectum, bladder or other 
organs.  

Although traumatic rupture of a lumbar artery 
is an unusual complication of a blunt abdominal 
trauma that can lead to a potentially massive RPH, 
lateral and pelvic RPH secondary to injury of lumbar 
and pelvic blood vessels are the most common cause 
of hemorrhagic shock from vertical deceleration 
injuries [22].

 
In this study, RPH secondary to injury of 

the lumbar vessels was noted in four patients. In two 
patients, the hematoma was explored on assumption 
of renal and colonic injury respectively, but no such 
injuries nor active bleeder was found on exploration 
and hematomas in both patients were evacuated and 
packed pressures were applied. In the other two 
patients, the hematomas were not interfered with.  

As an operational plan, exploring an RPH 
should be the latest option because the opening of 
this closed space may result in marked and fatal 
bleeding once the pressure on the bleeding tissues is 
taken-off. All areas of the retroperitoneal space are 
supplied by several collateral vessels. This can tell 
why once a bleeding artery is under control, collateral 
supply to the same area can produce further bleeding. 
This is one of the main causes why the surgeons 
avoid exploration of the retroperitoneum in the context 
of trauma. As damage control surgery was applied in 
our cases, we did not risk further exploration of the 
hematoma as saving the patient was more critical to 
us than controlling the hematoma.  

The overall mortality rate in the current study 
sample was 34.4%. Several other studies reported a 
wide range of mortality rate between 18% and 60% 
[10], [11], [12], [13].

 
One of the challenges we 

encountered in the management of those patients that 
may raise the death rate was the delayed surgery. 
This can be attributed to deficient sterile operations 
bundles, limited and busy surgical theatre places, wait 
in receiving blood for transfusion, and also delay in 
handing out laboratory results.  

The treatment of RPH due to blunt trauma is 
still difficult for the surgeons as there is invariably a 
large chance of converting it into an uncontrollable 
haemorrhage. In general, we propose that the 
management plan which decided by the surgeon 
should respect the patient’s ages, kind of injury, 
associated organ damages and the hemodynamic 
status of the patients.  

In conclusion, the traumatic RPH is a serious, 
life-threatening condition, rapid diagnosis and 
immediate treatment are of great concern. We 
suggest that surgical exploration should be performed 
in RPH caused by penetrating injury, but the need for 
urgent exploration in blunt injury is not so high and it 
depends on the anatomical site of hematoma, 
concomitant organ injury and the hemodynamic status 
of patients.  
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Abstract 

BACKGROUND: The shoulder has the greatest range of motion of the entire joint in the body. Therefore it 
accounts for almost 50% of all joint dislocations. Most commonly, the dislocation is anterior and may occur 
because of trauma. Symptoms are intense pain, inability to move, numbness of the arm, weakness, swelling and 
visibly out of place shoulder. This condition requires emergency medical assistance to relocate the shoulder and 
do X = ray and MRI scans.  

CASE REPORT: The treated patient is a 20-year-old girl who has undergone shoulder arthroscopy after recurrent 
dislocations. 2 years after the surgery, another trauma happened, and the shoulder was dislocated again along 
with a broken piece of the bone. The patient decided instead of open surgery to do acupuncture treatment. 10 
treatments were done, 3 with fire needle and 7 with normal needle acupuncture in 5 months. The patient was also 
taking Glucosamine and Calcitriol and was advised to rest the arm, not to bore it, not to lift weight and not to make 
sudden movements. Less than a year, the results are amazing, there’s no pain in the shoulder, the movement is 
unlimited and eased. The MRI image is with normal findings with a little piece of 3 mm still to heal on the broken 
part.  

CONCLUSION: For such a serious condition as shoulder dislocation, acupuncture gave amazing and very 

satisfying results, with no need of open surgery. 

 
 
 
 
 
 
 
 
 
 

 

Introduction 

 

The shoulder has the greatest range of 
motion of all the joint in the body, and it accounts for 
almost 50% of all joint dislocations. Most commonly, 
the dislocation is anterior and may occur because of 
trauma. Symptoms are intense pain, inability to move, 
numbness of the arm, weakness, swelling and visibly 
out of place shoulder. This condition requires 
emergency medical assistance to relocate the 
shoulder and do an X-ray and MRI scans [1] [2]. In 
cases where is needed cartilage and ligament repair 
for tears, it is done via arthroscopy. In this case, the 
surgeon manipulates with instruments through the thin 
tube inserted through a few small (1 cm) incisions into 
the patient’s skin (shoulder). There’s a minimum of 

pain after surgery, and the patient can get back to 
work quickly. Recovery is usually rapid, throughout 4 
weeks and if the person is an athlete, will need a few 
more months before starting with the sports activities 
[3]. 

When the ligaments in the shoulder are 
looser, shoulder dislocation can happen relatively 
easy, and it is harder for the shoulder’s rotator cuff 
muscles to maintain the stability of the shoulder [4]. 
When the shoulder has been dislocated, a bone 
structure can be broken as well in the process, and 
many soft tissue structures may be damaged. After 
the acute care administration, acupuncture plays an 
important role in the promotion of soft tissue healing. 
Acupuncture treatment can restore the normal 
function of the muscle and muscle tone and alleviate 
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the pain in the shoulder to a greater degree, 
effectively treats the pathologies of the soft tissues of 
the shoulder and improves the quality of the person`s 
life [5] [6] [7]. 

 

 

Case report 

 

The treated patient is a 20-year-old girl who 
has undergone shoulder arthroscopy after recurrent 
dislocations. The recurrent dislocations were 
happening because of lifting weights. After a sudden 
movement, the shoulder could not back in the joint 
position, and urgent intervention was needed with 
non-bloody reposition to the right humeroscapular 
joint. After three months of immobilisation, the doctors 
concluded that it is necessary to make shoulder 
arthroscopy. The MRI scan before the surgery 
showed smooth transplantation of bone structures 
without signs of fresh bleeding. In the projection of the 
medial side of the rotator cuff supraspinatus was 
visible a rupture of the same. Signs of complete 
rupture and contraction were not seen. In the 
projection of soft tissue structures, there were no 
signs of the existence of free fluid. Figure 1 is shown 
the MRI scan of the right shoulder before the surgery. 

 

Figure 1: MRI scan of the right shoulder before the surgery 

 

Two years after the surgery, another trauma 
happened after falling off a scooter in water, and the 
shoulder was dislocated again along with a broken 
piece of the bone. The damage was greater, and the 
doctors suggested to do an open stem cell transplant 
operation or by installing a specially designed titanium 
plate in the shoulder. The doctors said the surgery is 
inevitable and there is no other way to treat the 
shoulder. The patient decided instead of open surgery 
to do acupuncture treatment. On Figure 2 is shown an 
MRI scan right after the second trauma and before 
starting the acupuncture treatment. 

The treatment was done in a clinic for 
Traditional Chinese Medicine and acupuncture in 
Skopje, Macedonia by a doctor specialist in 

acupuncture. Treatments were done indoors, at room 
temperature, once weekly. The fire needle treatments 
were with duration of 5-10 minutes and the treatments 
with a normal needle were with duration of 30-45 
minutes. 

 

Figure 2: MRI scan done right after the second trauma and before 
starting the acupuncture treatment 

 

Ten treatments were done, 3 with fire needle 
and 7 with normal needle acupuncture in 5 months. 
The patient has also prescribed two doses of 
Glucosamine 500 mg two times a day and Calcitriol 
0.25 mg once a day. The patient was advised to rest 
the arm, not to bore it, not to lift weight and not to 
make sudden movements for at least 3 months. 
Treatments were done with aim to help the bone and 
surrounding tissues to recover faster, to ease the 
constant pain in the shoulder and upper arm, to heal 
the damaged tendons and ligaments, to bring back 
the normal function of the shoulder and arm and 
prevent from further dislocations. Calcitriol was taken 
to mineralise the bone and Glucosamine as a 
supplement to help relieve the pain and stiffness in 
the joint, cartilage, ligaments and tendons. 

Less than a year, the results came up 
amazing, there is no pain in the shoulder and arm, 
and the movement is unlimited and eased in all 
directions. On figure 3 and figure 4 are shown the MRI 
scans done after the treatment. The MRI image is with 
normal findings with a little piece of 3 mm still to heal 
on the broken part of the shoulder. 

 

Figure 3: MRI scan done after the treatment 

 

The results after the acupuncture treatment 
are showing normal tendon of m. Supraspinatus, m. 
Subscapularis, mm. Infraspinatus, m. Teres minor. 
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Normal Biceps Labral complex. The normal tendon of 
m. Biceps intrascapular long and labrum. Normal 
capsuloglagigmental complex, normal rotator cuff part 
and normal acromioclavicular joint. Type II 
morphology of the acromion is present. No present 
fluid is detected in the subacromial-subdeltoid bursa. 
Normal visualization of coracohumeral and 
coracoacromial ligaments. Normal quadrilateral space 
and normal axillary space. Normal m. Deltoideus and 
m. Trapezius. Present 3 mm cavity (may be seen as a 
cyst on the scan) in the healing process in the head of 
the humerus by the insertion of the supraspinal 
tendon. 

 

Figure 4: MRI scan done after the treatment 

 

On figure 5 is shown the treated place and the 
treated points. Treatment was done on Ashi, i.e. 
trigger points located on the most painful places in the 
affected area. 

 

Figure 5: Treated points with fire needle acupuncture 

The shoulder joint has a complex structure 
which allows an incredible range of motion, but on the 
other side the blood supply is relatively poor, and 
when there is injury, it heals slowly. Acupuncture 
treatments help with the healing process by 
stimulating the circulation of Qi and Blood, reducing 
the inflammation in the affected area, removing the 
pain, removing the blockages from the meridians, 
clearing the accompanying symptoms, strengthening 
the immune system and allowing free movement in 
the joints in everyday life without pain [8].  

In conclusion, for such a serious condition as 
shoulder dislocation, acupuncture gave amazing and 
very satisfying results in this case, without the need 
for open surgery. The patient continues to use the arm 
in all daily activities, adding gradually a moderate 
physical activity. In the coming months, the patient's 
condition will be monitored and will be scheduled for 
routine examinations. 
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Abstract 

BACKGROUND: Anaphylaxis often misdiagnosed and treated as acute asthma, especially when it has a 
predominant respiratory symptom, and there are no obvious precipitants or previous allergic history. This morbid 
outcome is preventable if the level of suspicion for anaphylaxis is high among healthcare provider when treating a 
patient who is not responding to the standard management of acute asthma. A proportion of anaphylactic patient 
shows a biphasic reaction which potentially fatal when it is under-anticipated and prematurely discharge without 
adequate observation period after the recovery of the initial episode.  

CASE REPORT: Here, we present a case of a young man who has childhood asthma with the last attack more 
than 10 years ago presented with symptoms suggestive of acute exacerbation of bronchial asthma. As the 
symptoms failed to improve after standard asthma management, anaphylaxis was suspected, and he was given 
intramuscular adrenaline 0.5 mg which leads to symptom improvement. However, he developed another attack 
shortly after improvement while under observation.  

CONCLUSION: The objective of this case report is to emphasise the importance of keeping anaphylaxis in mind 
whenever a patient has treatment-refractory asthma, and also the anticipation of biphasic reaction that warrants 
adequate observation period especially those who are likely to have developed it. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Introduction 

 

Acute asthma and anaphylactic reaction have 
a clinical presentation that similar to each other. 
Therefore, it is not uncommon for a patient with 
anaphylaxis to be treated as acute asthma and not 
given the appropriate treatment [1]. This potentially 
fatal misdiagnosis can be prevented if health care 
provider has a higher suspicion level for anaphylaxis 
when treating an acute asthma patient that refractory 
to standard treatment. Biphasic anaphylaxis is one of 
the morbid sequelae of an anaphylactic reaction, 
which is still poorly understood and said to occur in 1 
in every 5 cases of anaphylaxis [2]. The fatality of this 
phenomenon can be avoided if the patient is 

subjected to adequate observation after the recovery 
of the initial symptoms, especially those who have a 
history of bronchial asthma or another risk factor.  

 

 

Case Report 

 

A 21-year old army officer presented with 
progressive shortness of breath and left-sided pleuritic 
chest pain for the past three days. He had a fever with 
coryzal symptoms five days before the onset of 
breathlessness which he seeks treatment from a 
private clinic. He has given oral amoxicillin 500 mg 
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three times daily, oral chlorpheniramine 4 mg three 
times daily, oral paracetamol 1gm four times daily and 
oral salbutamol 2 mg three times daily. He was also 
nebulised twice during the clinic visit. There was no 
spirometry test done during the visit. Upon further 
history noted that he had childhood asthma before 
and was only on a single short-acting reliever 
treatment with salbutamol inhaler, and never had a 
proper follow-up. The last asthma attack was more 
than 10 years ago. On arrival to the emergency 
department, he was tachypnoeic and had multiple 
bouts of a cough, but otherwise alert and conscious. 
There was a marked periorbital swelling noted as well. 
According to the patient, he noticed that his face was 
increasing swollen in the past few days, and there 
were some itchiness and redness too, but he did not 
seek any treatment for it. He was allergic to cashew 
nuts and diclofenac which he did not take before the 
complaint. His vital signs were stable with a blood 
pressure of 130/90 mmHg, heart rate of 140 beats per 
minute and oxygen saturation rate of 100% on room 
air via a pulse oximeter. On examination of the chest 
noted there was a very poor air entry over the whole 
both lungs with occasional rhonchi heard. Preliminary 
blood investigation was taken (as shown in Table 1). 
His chest radiograph image did not show 
pneumothorax or consolidation (as shown in Figure 
1).  

Table 1: Preliminary blood investigation taken on arrival to the 
emergency department showed mild leucocytosis and 
eosinophilia. Otherwise the haemoglobin and platelet count 
was normal. There is no deranged electrolyte level, and no liver 
or renal impairment 

TEST VALUE NORMAL RANGE 

Haemoglobin 14.1 g/d 12 – 18 g/dL 
Haematocrit 43.5 % 35 – 48 % 
White cell count 11.8 x 10

9
/L 4.0 – 11.0 x 10

9
/L 

Eosinophil 0.6 x 10
9
/L 0.2 – 0.5 x 10

9
/L 

Platelet 294 x 10
9
/L 150 – 400 x 10

9
/L 

Urea 5.4 mmol/L 1.7 – 8.0 mmol/L 
Creatinine 104 umol/L 60 – 120 umol/L 
Sodium 138 mmol/L 135 – 150 mmol/L 
Potassium 3.9 mmol/L 3.5 – 5.0 mmol/L 
Calcium 2.3 mmol/L 2.10 – 2.55 mmol/L 
Magnesium 0.90 mmol/L 0.75 – 1.10 mmol/L 
ALT 42 u/L 5 – 35 u/L 
ALP 70 u/L 30 – 100 u/L 
pH 7.38 7.35 – 7.45 
Arterial PaO2 82 mmHg 80 - 100 mmHg 
PaCO2 40 mmHg 35 – 45 mmHg 
HCO3

-
 26 mEq/L 22 – 28 mEq/L 

ALT: Alanine Aminotransferase; ALP: Alkaline Phosphatase; PaO2: Partial Pressure of 
Oxygen; PaCO2: Partial Pressure of Carbon Dioxide; HCO3

-
: Bicarbonate  

 

Given the symptoms and the background 
history of childhood asthma, the initial impression was 
severe to life-threatening acute exacerbation of 
bronchial asthma. He was immediately given multiple 
nebulizations of combined salbutamol and ipratropium 
bromide along with intravenous (IV) hydrocortisone 
200 mg bolus, IV chlorpheniramine 10 mg bolus, and 
IV magnesium sulphate 2.47 mg slow infusion. 
Despite all the medications, the patient still has severe 
bronchospasm and worsening tachypnoea.  

At this point, the possibility of severe 
anaphylaxis was entertained given the facial swelling 
and itchiness, and also the symptoms were refractory 
to the standard bronchodilator management. 

 

Figure 1: Chest radiograph image taken on arrival to the emergency 
department was normal 

 

It could be secondary to the antibiotic he took 
a few days ago or may be triggered by recent upper 
respiratory tract infection. Therefore, intramuscular 
(IM) adrenaline 0.5 mg was given, and it provides 
rapid improvement. However, it only provides a 
temporary relief whereby the bronchospasm and 
tachypnoea resumed and necessitates a repeated IM 
adrenaline to be given twice. The facial swelling 
reduced but the bronchospasm persisted. Repeated 
arterial blood gas at that time showed type 1 
respiratory failure with the slow rising of carbon 
dioxide retention. The nebulization was escalated to 
continuous nebulization. As the patient was 
increasingly fatigue and there were impending type 2 
respiratory failures, the patient was subjected to 
invasive assisted ventilation. While intubated and 
mechanically ventilated, the bronchodilator nebuliser 
was continued. After being on assisted ventilation for 
12 hours, he was then extubated and kept on closed 
observation in the intensive care unit. He managed to 
keep good oxygenation via spontaneous respiratory 
effort, and there was no further bronchospasm attack. 
He was discharged after a few days of admission with 
an emergency epinephrine pen and will be 
investigated for the potential triggers of his 
anaphylaxis episode in the outpatient clinic 
appointment. Spirometry test done before discharge 
was normal. 

 

 

Discussion 

 

Anaphylaxis is an acute, systemic, potentially 
fatal allergic reaction which driven by type I 
hypersensitivity reaction that requires both immediate 
recognition and rapid treatment. It is clinically 
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manifested as hives, flushing, itchiness, angioedema, 
wheezing, stridor, breathlessness, vomiting, diarrhoea 
or shock. Given the nature of its presentation, 
anaphylaxis with respiratory symptom predominant 
can be easily misdiagnosed as severe acute asthma. 
According to an original article by J. Rainbow and G.J. 
Browne (2002), patients who have the symptom of 
severe acute asthma may be suffering from 
anaphylaxis. Therefore, they mentioned a few 
recommendations, which are to suspect anaphylaxis 
in a patient with rapid onset of wheeze or not 
responding to the standard asthma treatment, to use 
adrenaline early when anaphylaxis is suspected, to 
confirmed anaphylaxis with radioimmunoassay and 
mast cell tryptase level, and to screen for precipitating 
allergens [1]. 

Some patient with anaphylaxis may show a 
biphasic reaction. Biphasic anaphylaxis refers to the 
second episode of anaphylaxis that follows the brief 
resolution of symptoms period after the initial 
anaphylaxis reaction without further exposure to the 
triggering factors. It is a poorly understood allergic 
phenomenon that has a fatal outcome and has been 
reported to develop in up to 20% of all cases of 
anaphylactic reactions [2]. There are a few possible 
risk factors has been suggested that increases the 
likelihood of biphasic anaphylaxis, namely severe 
initial symptoms, delayed administration of adrenaline 
during the initial treatment, a longer time for the initial 
reaction to resolve, delayed onset of the initial 
symptoms after exposure to the antigen, and 
exposure to allergens in the form of oral ingestion [3]. 
However, all these factors are still yet to be proven 
further by more study in the future. Confino-Cohen R 
and Goldberg A (2010) in their research of biphasic 
reactions following allergen immunotherapy 
suggested that the only difference between biphasic 
and uniphasic reactions was that a higher incidence of 
asthma and low peak expiratory flow rate could be 
identified in those with biphasic reactions [4]. The 
clinical severity of the second phase of biphasic 
anaphylaxis does not necessarily resemble the first. 
Some reported that it could be more severe or even 
fatal [5]. The period between the recurrence of 
symptoms and the initial resolution of initial symptom 
varies substantially and can go up to 72 hours. 

In this article, our patient presented with 
symptoms of severe to life-threatening acute 
exacerbation of bronchial asthma. After treated 
promptly with bronchodilator nebuliser and other 
systemic medications, the bronchospasm failed to 
improve. Therefore, given the presence of a history of 
allergy and also taking antibiotic before the 
presentation, there was a possibility of severe 
anaphylaxis instead of acute asthma which may be 
induced by the antibiotic. Therefore, intramuscular 
(IM) adrenaline 0.5 mg was given, and it leads to rapid 

improvement. However, the patient showed a biphasic 
anaphylactic reaction whereby there was only a brief 
period where the bronchospasm and facial swelling 
improved after the first dose of IM adrenaline before 
the bronchospasm recur again while he was under 
observation, which severe enough that he needs to be 
intubated and mechanically ventilated. 

In conclusion, this case report served to 
emphasise the importance of having a high level of 
suspicion for severe anaphylaxis whenever treating a 
non-responsive life-threatening bronchial asthma. 
Therefore, it is imperative to give a trial of adrenaline 
in a severe to life-threatening acute asthma patient 
who is refractory to standard treatment, with or without 
allergy history. Apart from that, it is also crucial to 
anticipate a biphasic reaction in a patient with a high 
likelihood to develop it, for example, who has 
underlying bronchial asthma. Therefore, a period of 
observation after the resolution of attack is warranted 
and potentially save a life. 
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Abstract 

BACKGROUND: Some benign changes of the ovaries like hyper reaction luteinalis sometimes cannot be 

differentiated from malignant ones without histological examination. In these cases, surgical intervention 
sometimes cannot be avoided. Hyperreactio luteinalis is a condition that can occur only in pregnancy. It is 
characterised by bilateral benign multicystic ovarian enlargement.  

CASE REPORT: We present a case of misleading intraoperative findings during Cesarean section that ended 
with ovariectomy. 

CONCLUSION: During the Caesarean section, some benign masses of the ovaries, like hyper reaction luteinalis, 
are difficult to differentiate from malignant disease without histological examination, requiring surgical intervention. 

 
 
 
 
 
 
 
 
 
 

 

Introduction 

 

Hyperreactio luteinalis (HL) is a condition that 
can occur only in pregnancy. It is characterised by 
bilateral benign multicystic ovarian enlargement. The 
exact aetiology is unclear but high B-hCG or B-hCG –
hypersensitivity is possible causes. It is very rare [1] 
[2]. Treatment is non-surgical, but sometimes it 
requires emergency surgery in case of ovarian torsion 
or haemorrhage [3]. 

We present a case of misleading 
intraoperative findings during Cesarean section that 
ended with ovariectomy.  

 

 

Case Report 

 

A 27-year-old patient in her first twin 
pregnancy was admitted to our department in the 31

st
 

week of pregnancy for treatment of premature 
contractions. The pregnancy had been without 
complications to date and was followed up regularly. 
Standard laboratory tests were normal, and 
intravenous tocolysis was administered. Fetal 
ultrasound was normal, and a detailed ultrasound of 
the adnexa was not performed. The patient remained 
at our department up to her 33

rd
 week of pregnancy, 

when her amniotic membrane ruptured 
spontaneously. The regular contraction started, and 
due to breech presentation of the first twin, delivery 
was performed by Caesarean section. The first twin 
was female, weighing 1780 g and 43 cm long, Apgar 
score 9/10. The second twin was male, weighing 1790 
g and 44 cm long, Apgar score 9/10. During the 
Cesarean section surgery, multicystic and enlarged 
ovaries were identified, measuring 9 cm on the right 
and 8 cm on the left side (Figure 1 and 2). A frozen 
section biopsy of the right ovary was performed to rule 
out malignancy. This caused profuse haemorrhage 
that could not be controlled without ovariectomy. In 
the postoperative period, the patient had no 
complications. Histological examination of the right 
ovary revealed hyper reaction luteinalis. At ultrasound 
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examination, one-month post-surgery, the patient’s 
left ovary was polyfollicular and measured 8 cm in 
diameter. 

 

Figure 1: Intraoperative finding of right ovary 

 

 

Discussion 

 

Risk factors are multiple gestations, Rh 
sensitisation, twin to twin transfusion syndrome, 
gestational trophoblastic disease, hydropsfetalis, 
molar pregnancy, choriocarcinoma, polycystic ovaries, 
gestational diabetes, ovulation induction, clomiphene 
therapy, decreased the clearance of B-hCG due to 
renal dysfunction. The condition is most frequent in 
primiparas [4]. Hypothyroidism, PCOS, FSH secreting 
adenoma, or mutation in the FSH receptor can also 
lead to HL [5]. The genetic component in the 
development of the disease is excluded [1]. 

 

Figure 2: Intraoperative finding of left ovarii 

 

Over 25% of cases of hyper reaction luteinalis 
are asymptomatic [6]. Symptoms are a low abdominal 
pain, nausea and vomiting, ascites, signs of 
virilisation, weight gain and shortness of breath[6]. 

Nausea and vomiting of pregnancy correlate positively 
with high levels of B-hCG [7]. Signs of virilisation are 
rare, occurring in only 30%of patients, mostly in their 
third trimester, and rarely in the second trimester [1], 
[2], [3], [4], [5], [6], [7], [8]. In our case, there were no 
clinical signs of maternal virilisation in pregnancy. 
Complications of this condition are preeclampsia, 
HELLP syndrome; fetal grow restriction, preterm 
delivery, torsion, dystocia and late onset of lactation in 
the post-delivery period. Remarkably high B-hCG 
levels might be predictive for preeclampsia as it may 
occur before 20 weeks' gestation [9]. Usually, it takes 
2 months after childbirth for ovarian tissue to return to 
its normal size and ultrasonographic appearance [1]. 
Cases of virilized female fetuses are extremely rare 
[10], [11].

 

Diagnosis is mostly made by ultrasound, at a 
mean gestational age of 21.6 weeks with ovaries 
showing a characteristic “spoke-wheel” appearance. 
Finding of bilateral cysts, normal Doppler flow, and a 
lack of solid components differentiate HL from ovarian 
malignancies such as a borderline mucinous tumour 
of intestinal type [12], [13]. Laboratory findings may 
exhibit high levels of hCG, hyperandrogenism, and 
hyperthyroidism. The condition may be diagnosed 
incidentally during Cesarean sections and does not 
usually require any specific treatment. Adnexal 
masses can be identified in 0.3% of all cesarean 
deliveries, and most of them are incidental 
discoveries. In 96.7% of cases, the ovarian masses 
were characterized as benign, with only in 2.0% 
confirmed ovarian malignancies [14]. The rationale for 
surgical treatment is suspected malignancy, requiring 
histological evaluation through ovariectomy [15].  

During the Caesarean section, some benign 
masses of the ovaries, like hyper reaction luteinalis, 
are difficult to differentiate from malignant disease 
without histological examination, requiring surgical 
intervention. 
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Abstract 

BACKGROUND: Allergic contact dermatitis (ACD) is common in clinical practice, but the aetiology of this disease 
is quite varied. A leading pathogenetic mechanism is a cell-mediated immunity. The combinations of ACD with 
other allergic and systemic autoimmune diseases are relatively rare, but these conditions are undoubtedly a 
professional challenge for practitioners.  

CASE REPORT: We present a case of ACD combined with other immune-allergic conditions. Aetiology and 
pathogenesis in these cases are not well understood. 

CONCLUSION: Based on the data from the general and targeted allergic history, patient's subjective complaints, 
clinical picture, allergenic status, paraclinical results, and the presented photo material, the final diagnosis is as 
follows: Contact allergic dermatitis-acute form. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Introduction 

 

Contact dermatitis is the most common skin 
allergic disease with professional aetiology [1]. The 
disease is Type 4 allergic reaction after Coombs and 
Gell (delayed type hypersensitivity) [1] [2].

 
According 

to literature, symptomatology in most of the cases is 
triggered and occurs in skin areas exposed to direct 
contact with allergens from the work environment [1] 
[2] [3]. The clinical picture is characterised by burning 
and itchy exanthema in allergen contact areas of the 
skin. Sometimes the rash also involves more distant 
non-contact areas [1].

 
Angioneurotic oedema is 

defined as a state of pathological fluid retention in the 

subepidermic interstitium [1] [4]. Swelling is a 
symptom that occurs in many different diseases. 
Oedema is a condition where there is pathological 
fluid retention in the interstitial, i.e. in the extravascular 
part of the extracellular space. Pathogenetic 
mechanisms that determine the onset of swelling are 
increased hydrostatic pressure in the capillaries, 
decreased oncotic plasma pressure found in 
hypoalbuminemia, increased capillary permeability 
and worsened lymphatic drainage [4]. Drug oedema is 
most commonly caused by calcium antagonists, ACE 
inhibitors, angiotensin-2 receptor antagonists – 
sartans, diuretics (aldosterone), NSAIDs, 
corticosteroids, antidepressants (AD). Angioedema is 
an acute swelling of the deeply located connective 
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tissue most commonly located on the eyelids, lips, 
tongue, pharynx, thigh, and larynx. It rarely occurs on 
limbs. Several pathogenetic forms of angioedema are 
known: allergic IgE mediated angioedema (Oedema 
Quincke), non-allergic drug-induced angioedema 
(aspirin, ACE inhibitors, sartans), angioedema in 
parasitic diseases (echinococcosis, larva migrans), 
physical angioedema (cold, pressure, vibrations, etc.). 
A particular form of angioneurotic oedema is 
hereditary angioedema, a rare disease associated 
with congenital or acquired deficiency of the C1 
esterase inhibitor [1]. Diagnosis of angioedema 
requires a lot of effort, clinical experience and in-depth 
knowledge. It includes a detailed history, physical 
examination and modern clinical and immunological 
tests. Differential diagnosis (DD) of angioedema 
includes various conditions. Localisation and the 
nature of the swelling focus attention on the diseases 
that will result in a differential diagnosis. These 
include immunopathological diseases such as 
autoimmune thrombocytopenia, immune-allergic 
vasculitis, malignant hematopoiesis and others. Some 
cases in children and adults have been reported in the 
literature [5] [6] [7] [8] [9]. 

 

 

Material and Methods 

 

A source of information is the data from the 
clinical and paraclinical examinations carried out in 
pre-hospital and hospital care, reflected in the 
patient's medical records, as well as photos voluntarily 
provided by the patient herself. 

 

 

Clinical Case 

 

The patient is a young female aged 29, 
hospitalised urgently for diagnosis and treatment in 
the Department of Occupational Diseases and Clinical 
Allergology of the University Hospital "St. George" in 
Plovdiv at 2017. Our participant signed voluntary 
informed consent after a detailed explanation of all 
procedures and the ethics of this study. We have 
followed the Declaration of Helsinki and European 
Medicines Agency Guidelines for Good Clinical 
Practice. 

The woman is admitted to the clinic for a rash 
and a heavy itching on her neck and behind her ears. 
Gradually, the exanthem spreads over the whole 
body. The patient associates the appearance of 
allergic symptoms with body lotion (a frequent contact 
allergen). 

The patient reports a similar incident from a 
year ago, also after using a cosmetic product (face 

cream). The complaints are an urticarial rash on the 
face, neck and behind ears, concomitant episodes of 
pruritus in the eyes with profuse, non-exogenous 
conjunctival secretion, and angioneurotic swelling of 
the soft tissues of the face and neck several weeks 
previously and resolving spontaneously. 

After an outpatient clinic consultation with an 
ophthalmologist, allergic conjunctivitis was diagnosed 
(Table 1). 

Table 1: Haematological and biochemical tests 

Haematology Differential blood count Biochemistry 

НGB – 136 g/l Neut. – 77.4 % gluc – 5.1 mmol/l 
RBC – 4.66 T/l Lymph. – 16.5 % t.prot – 70.0 g/l 

HCT – 0.397 pg/l Eos. – 0.1 % alb – 45.0 g/l 
MCH – 29.1 pg Mono – 4.4 % urea – 3.3 mmol/l 

MCV – 85 fl Baso – 0.3 % crea – 78 mmol/l 
WBC – 8.74 G/l  AST – 16 u/l 

  ALT – 22 u/l 
PLT – 153 G/l   

ESR – 22 mm/h   

 

There are currently no data on food, 
medication and insect allergy. The patient has no 
addictions and is not in domestic or professional 
contact with animals and birds. 

Comorbidity of autoimmune thrombocytopenia 
was objectively diagnosed with immunological tests 
before the occurrence of the above-described 
mucocutaneous symptoms (Table 2).  

Table 2: ANA profile3 (14Ag, PCNA) 

Antigen Method Result 

RNP/Sm immunoblot +++ 
SS-A native (60kDa) immunoblot + 
Ro-52 recombinant immunoblot ++ 
Nucleosomes immunoblot + 
Histones immunoblot 0 
Sm immunoblot 0 

 

The patient is observed by a haematologist. 
Serum immunoglobulins and complementary fractions 
were added to the medical documentation during an 
asymptomatic period. They are in reference values 
(Table 3). 

Table 3: Scale for interpretation of Immunoblot 

Intensity Class explanation 

0-5 0 negative 
6-10 ( + ) borderline 

11-25 ( + ) positive 
26-50 ( ++ ) strong positive 

51-256 ( +++ ) strong positive 

 

Family history: a mother with a drug allergy to 
penicillin. 

The patient works as a doctor of clinical 
immunology at University Hospital "St. George "and 
Plovdiv Medical University. This does not link the 
triggering of allergic manifestations to work 
environment factors. 

General condition – good. Clear 
consciousness. Adequate. Afebrile. White skin. Pale-
pink, visible mucous membranes. Language and 
speech – normal. 

Local status: maculopapular rash on the neck 
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(Figure 1), behind the ears and on the abdomen, 
against the background of pronounced erythema 
(Figure 2), accompanied by intense itching. 

 

Figure 1: Maculopapular rash behind ears and neck 

 

Peripheral lymph nodes are not palpable in 
accessible areas. Respiratory system: chest with 
proper form. Clear percussion tone. On auscultation – 
pure vesicular breathing without wheezing. 

 

Figure 2: Rash on the upper body 

 

Cardiovascular system: Rhythmic, nor 
frequent cardiac activity. Heart rate 80 beats/minute. 
Clear heart tones without pathological noises. Arterial 
pressure 120/70 mmHg. Succusio renalis bilateral (-) 
rep. Abdomen – at the level of the chest, soft and 
painless in palpation. Liver and spleen not enlarged 
upon palpation. Bone-muscle system – properly 
developed for the age. 

The haematological and biochemical tests of 
the patient were within the reference range, except for 
the differential count, which showed an increase in 
neutrophil granulocytes with lymphopenia at normal 

leukocytes (Table 1). Tables 2, 3 and 4 present the 
results of immunological tests which confirm 
autoimmune thrombocytopenia and have relevance to 
the interpretation and differentiation of the 
angioedema type.  

Table 4: Immunological parameters 

Test Method Result Reference value 

Tot. IgE ELISA 12 IU/ml 0 – 100 IU/ml 
C 3 nephelometry 1.44 g/l 0.9 – 1.8 g/l 
C 4 nephelometry 0.18 g/l 0.1 – 0.4 g/l 

C1 esterase inhibitor (Ag) RID 31.2 mg/dl 
sera 21.0 – 39 mg/dl 

plasma 18.0–32 mg/dl 
C1esterase inhibitor (func)  113 % 70 – 130 % 

 

Systemic corticosteroids, antihistamines and 
H2 blockers at doses adequate for the clinical picture 
for 3 days. On the third day after admission, the 
patient was discharged in good general condition with 
a complete reversal of the exanthema. The case 
history points out given recommendations.  

5: Skin-allergic samples with a panel of plant and animal 
allergens 

Grass 20 min Micro ticks 20 min 

688 (5 kinds of grass) ( - ) 314 (D. farinae) ( - ) 
687 (4 wheat) ( - ) 315 (D. pteronissimus) ( - ) 

Trees  Allergens of animal origin  
696 (Beech) ( - )  507 (Cat) ( - ) 
702 (Birch)  509 (Dog) ( - ) 
701 (Willow) ( - ) 506 (Feathers) ( - ) 

    
Weeds  Controls  

604 (Ambrosia) ( - ) Positive control (histamine) 8/5 
605 (Plain wormwwod) ( - ) Negative control ( - ) 

665 (Plantain) ( - )   
714 (Atripliceae) ( - )   

 

To clarify the aetiology of the skin-mucous 
toxo-allergic syndrome, further studies are 
recommended to be performed on a "pure 
background" and in the absence of contraindications. 
The volume and duration of treatment with H1- and 
H2-blockers has been specified. Use of cosmetic 
products should be discontinued. 

Table 6: Epicutaneous test with European standard series for 
epicutaneous testing (European Environmental and Contact  
Dermatitis Research Group) 

No Allergen 
48h 

+/++/+++/++++ 
72h 

+/++/+++/++++ 

1 Potassium dichromate - - 
2 4-phenylenediamine base (PPD) - - 
3 Thiuram mix - - 
4 Neomycin sulfate - - 
5 Cobalt (||) chloride hexahydrate - - 
6 Benzocaine - - 
7 Nickel sulfate hexahydrate - - 
8 Clioquinol - - 
9 Colophony +  + + 

10 Paraben mix +  +  + +  + 
11 N-lsopropyl-N-phenyl-3-phenylenediamine (IPPD) - - 
12 Lanolin Alcohol +  + + 
13 Mercapto mix - - 
14 Epoxy resin - - 
15 Balsam Peru - - 
16 4-tert-Butylphenolformaldehyde resin - - 
17 2-Mercaptobenzothiazole (MBT) - - 
18 Formaldehyde - - 
19 Fragrance mix I +  +  + +  + 
20 Sesquiterpene lactone mix - - 
21 Qua ternium 15 - - 
22 2-methoxy-6-n-pentyl-4-benzoquinone (Primin) - - 
23 5-chloro-2-methyl-4-isothiazolin-3-one (Kathon CG) - - 
24 Budesonide - - 
25 Tixocortol-21-pivalate - - 
26 Methyldibromoglutaronitrile - - 
27 Fragrance mix || - - 
28 Lyral (alfa-hexyl cinnamal) +  +  + +  + 

 

Based on the data from the general and 
targeted allergic history, patient's subjective 
complaints, clinical picture, allergenic status, 
paraclinical results, and the presented photo material, 
the final diagnosis is as follows: Contact allergic 
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dermatitis-acute form. Status after angioneurotic 
oedema. Accompanying diseases: autoimmune 
thrombocytopenia and allergic conjunctivitis. 

The results of the additional diagnostic 
procedures performed to determine the patient's 
immuno-allergic diseases have been reported in Table 
5 and Table 6. 

 

 

Discussion 

 

The combination of allergy-related reactions, 
though less common, is not an isolated phenomenon 
in practice. We have described similar cases [10] [11] 
[12] [13] [14] [15] [16]. Some of them have an 
interesting aetiology, especially those related to risk 
factors in the work environment [10] [11] [14] [16].

 
In 

others, rare associations of allergic with non-allergic 
mechanisms are described, which explains the 
combined pathology in the same person [17] [18]. 
Similar clinical cases are also described in hereditary 
angioedema (HAE) type 1 and type 2 patients [19] 
[20]. There have also been reports of autoimmune 
hematopoiesis associated with allergic syndromes 
[21]. 

Discussion questions are whether diseases, 
demonstrated in the case described, are an 
expression of allergy, what is the relationship between 
them and how autoimmune hemopathy is connect 
with angioedema and ACD. 

The allergic aetiology of angioedema in the 
case described is questioned because of normal 
blood eosinophil levels and total serum IgE 
(biomarkers for allergy and atopic predisposition) [1].

 

The same applies to negative skin-allergic specimens 
with a set of indoor and outdoor allergens that are a 
proven method in the diagnosis of allergic diseases 
[1]. 

The normal levels of the C1-esterase inhibitor 
(both quantitative and qualitative) and C4 (the 
"golden" standard in the diagnosis of HAE), as well as 
the negative family history, practically exclude HAE 
type 1 as a cause of oedema in the case described. It 
is probably an acquired autoimmune 
thrombocytopenic form of angioedema that can 
explain the increased consumption of C3 in immune 
complexes. This explanation does not contradict the 
normal values of C3 because the study is done in a 
period of clinical and immunological remission of the 
disease. Regarding the causes of conjunctivitis certain 
facts should be taken into account. Negative results 
from specific allergy tests do not support allergic 
mechanisms. Given the clinical symptoms typical of 
allergic conjunctivitis, the possibility of the person 
being sensitised to an allergen that is missing in the 
panel with which it was tested and the fact that no 

specific IgE antibodies have been tested, the allergic 
cause of conjunctivitis is highly probable. This is also 
supported by the conclusion of the ophthalmologist. 

Benchmarks for the diagnosis of ACD are the 
results from the history, the clinical manifestations and 
the positive results of epicutaneous testing with the 
European Environmental and Contact Dermatitis 
Research Group.

17
 The result of the patch-test is 

positive for Colophony, Lanolin Alcohol and highly 
positive for Paraben mix, Fragrance mix I and Lyral 
(alpha-hexyl cinnamal). Epicutaneous testing 
objectively targets allergic reactions in the 4th (cell-
mediated) type. The patch test is considered a 
"golden" standard in the diagnosis of ACD [1], a 
disease that illustrates the fourth type of allergic 
reactions by Coombs and Gell. 

As to the analysis of the compounds 
(allergens) from the epithelial samples carried out, 
some of them are components of the cosmetics used 
by the patient [22].

 
Benzocaine and rosin are used in 

the manufacture of nail polish, makeup, spirals, eye 
pencils, shades, lipsticks, blush and creams. This also 
applies to Paraben mix 4 chemicals. Individually or in 
combination, they are used as preservatives for the 
production of various cosmetic preparations (lotions, 
creams, makeup, lipsticks, shampoos, soaps, gels). 
The same applies to other allergens in the series to 
which the patient is objectively sensitized – Lanolin, 
Fragrance mix I and Lyral. Fragrance Mix I is a multi-
component allergen that contains cinnamic alcohol, 
cinnamic aldehyde, hydroxycitronellal, amyl 
cinnamaldehyde, geraniol, eugenol, Isoeugenol. 
These compounds are a component of the fragrance 
of a range of cosmetic products (perfumes, 
deodorants, soaps, shampoos, shower gels). Wool 
alcohols is an essential ingredient in a range of 
cosmetic products (creams, lotions, lipsticks, lipsticks, 
shampoos). 

The sensitising effect of the cosmetic 
products used by the patient is made by contact route. 
It should be taken in mind that, depending on the 
mode of use, cosmetic products can affect the body 
through different mechanisms. For example, aerosols 
and vapours are irritants, and some of them have a 
direct toxic effect on the skin and the lining of the eyes 
and the upper respiratory tract. 

Regardless of the technology of production, 
the sensitising effect of these substances is 
preserved. Moreover, they are added to other 
preparations with contact-irritant and toxic-chemical 
action-fillers, stabilisers, preservatives, flavours, 
colourants.Deviations in neutrophil and lymphocyte 
counts in normal white blood cell counts are not a 
specific indicator for a specific disease state, including 
immune-allergic pathogenesis. The professional 
aetiology of immune-allergic diseases in the case 
described is not commented because there is no 
causal link between the occurrence and the clinical 
manifestation, with exposure to a certain risk factor in 
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the working environment. There are no disease-
specific laboratory parameters to verify the 
performance of professional allergens. The 
occupation of the patient coincides with the diagnosed 
immuno-allergic pathology, which does not meet the 
requirements and criteria for acceptance of 
professional aetiology [23] [24] [25], which in turn do 
not correspond to the normative regulations for the 
administration of occupational diseases in the 
Republic of Bulgaria. 

We present this specific clinical case because 
it is: 

1. A rare combination of clinically proven 
diseases with the skin-mucosal syndrome. 

2. A combination of various etiological factors 
and pathogenetic mechanisms. 

3. The profession of the patient-an 
immunologist. 

Although it may rarely occur in a patient, there 
may be symptoms of various diseases manifested by 
skin-mucosal syndrome, with diverse aetiology and 
pathogenesis. In these cases, both immune and non-
immune factors and mechanisms are involved. Good 
knowledge of etiological factors is crucial for the timely 
and accurate diagnosis of immune-allergic diseases 
and is a key to their effective treatment.  
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Abstract 

BACKGROUND: It is assumed that the occurrence of keratinocyte and melanocytic tumours is multifactorial 
driven. Certain risk factors such as solar radiation, p53 protein and Melanocortin-1 receptor (MC1R) prove to be 
common to their development, which at the same time shows that their simultaneous manifestation in the same 
patients, for example, is quite possible. Such a manifestation could be observed as collision tumours within the 
same solitary lesion or as a simultaneous occurrence within two completely different lesions that are clearly 
distinguished from one another. 

CASE REPORT: An 85-year-old patient is presented with three primary cutaneous tumours located in region 

presternal, infraorbital sinistra and scapularis extra. The lesions were removed during a single surgical session. 
For the high-risk basal cell carcinoma (BCC) in the lower eyelid, the so-called melolabial advancement flap was 
applied, and for the tumours located in the other two areas, the undermining surgical approach was applied. The 
subsequent histological analysis found that the case referred to two keratinocyte tumours (BCC) and one 
melanocyte tumour (cutaneous melanoma). 

CONCLUSIONS: The patient presented is interesting with regard to 1) the simultaneous presentation of three 
primaries with different localization (so far not described in the world literature, namely 2 basal cell carcinomas 
and one melanoma in the same patient concurrently), 2) one of the basal cell tumours belongs to the group of 
high-risk (according to the localization) and meanwhile advanced BCC (according to the infiltration degree of the 
underlying tissue-infiltration of the musculature) and 3) their simultaneous successful surgical treatment in a single 
surgical session under local anaesthesia. 

 
 
 
 
 
 

 

Introduction 

 

Solar radiation could be considered a major 
etiologic/risk factor for the occurrence of basal cell 
carcinoma and malignant melanoma [1], [2]. The 
combination of mutations in the p53 gene and UV 
radiation increases the risk of development of 
melanoma and non-melanoma skin tumours [3], [4]. 
There are some regulatory proteins that may prove to 

be key but also common for the development of both 
melanomas and basal cell carcinomas [5], [6] [7], [8].  

For example, the p53 protein and 
Melanocortin-1 receptor (MC1R) are considered as 
risk factors for both malignant melanoma (MM) and 
basal cell carcinoma (BCC), as well as for 
spinocellular carcinoma (SCC) development [5] [6] [9]. 
These data allow us to conclude that the simultaneous 
manifestation of melanocytic and keratinocyte 
cutaneous tumours should be entirely possible [10] 
[11]. 
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Case report 

 

An 85-year-old patient is presented with some 
concomitant diseases: arterial hypertension, chronic 
congestive heart failure, high grade aortic, mitral and 
tricuspid insufficiency, atrial fibrillation, pulmonary 
hypertension, cholelithiasis, hiatal hernia, iron 
deficiency anaemia and idiopathic thrombocytopenia. 
Treatment with Eltrombopag (25 mg x 1/day) is given 
with good results for idiopathic thrombocytopenia. The 
patient was hospitalised for scheduled surgical co-
removal of the tumour formations located in the lower 
eyelid, back and sternum. During the dermatological 
examination, three lesions of different nature and 
localisation were identified. In the region pre sternalis 
a pigmentary lesion with irregular edges, clinically and 
dermatoscopically suspected for melanoma, was 
identified (Figure 1d and 1e). In the area, scapularis 
extra, an exophytic oval tumorous formation with an 
ulcerative and at the same time heavily bleeding 
surface, with a diameter of approximately 6-7,8 cm, 
was additionally noted (Figure 1a). In regio 
infraorbitalis sinistra, immediately next to the lower 
eyelid, an exophytic tumorous formation with a 
centrally located erosive surface covered with 
hemorrhagic crusts and a slightly raised peripheral 
edge were observed (Figure 1b and 3a). Surgical 
removal of the three formations was planned under 
local anaesthesia within one surgical session. The 
lesion located in regio presternal, suspected for 
malignant melanoma, was removed by elliptical 
excision under local anaesthesia, with a surgical 
safety margin of 0.5 cm in all directions (Figure 1f). 
The resulting surgical defect was closed by single 
interrupted stitches (Figure 1g).  

 

Figure 1: a) Clinical view of the lesion in regio scapularis extra-
exophytic oval tumorous formation with ulcerative and at the same 
time heavily bleeding surface, with a diameter of approximately 7/8 
cm; b) Exophytic tumorous formation with a centrally located 
erosive surface covered with hemorrhagic crusts and a slightly 
raised peripheral edge in regio infraorbitalis sinistra; c) 
Simultaneous clinical view of the three lesions during the first 
dermatological examination; d) Regio pre sternalis-pigmentary 
lesion with irregular edges; e) Preoperative outlining of the 
pigmentary lesion surgical margins; f) Intraoperative finding-elliptical 
excision of the melanocytic lesion; g) Postoperative view following 
the removal of the melanocytic lesion-closure of the defect with 
single interrupted stitches 

 

The histological analysis showed that it was 
malignant melanoma, superficial progression type, III 
Clark’s level, 2 mm Breslow’s thickness, no ulceration, 
high mitotic activity, abundant lymphocytic infiltration 
in the stroma, no spontaneous regression, clear 
resection lines, IB (T2aNxM0) stage. 

The lesion localised in regio scapularis extra, 
suspected for spinocellular carcinoma, was removed 
by extensive elliptic excision under local anaesthesia 
(Figures 2b, 2c and 2d). This was followed by careful 
dissection of the subcutaneous tissue to the muscles 
in all directions to a better adaptation of the wound 
edges (Figure 2e). The resulting surgical defect was 
recovered by stretch plastics (Figure 2f). The 
histological analysis found that it was a basal cell 
carcinoma with clear resection lines, I stage. The 
tumour formation in the area of regio infraorbitalis 
sinistra, which was the cause of hospitalisation and 
suspected for basal cell carcinoma, was surgically 
removed in stages by melolabial advancement 
plastics.  

 

Figure 2: a) Preoperative view of the lesion in the shoulder area-
disinfection; b), c), d) and e) Intraoperative view-elliptical excision of 
the exophytic lesion in regio scapularis extra; f) Postoperative 
closure of the surgical defect by stretch plastics and single 
interrupted stitches 

 

The lesion was initially contoured with a 
surgical safety margin of 0.2-0.3 cm medially to the 
nose, laterally to the ear and caudally to the upper lip, 
and cranially due to the proximity to the lower eyelid, 
with a distance of approximately 0.1 cm (Figure 3a). In 
the second stage, the lesion was excised in the form 
of a quadrangle with oval edges, and a small part of 
the underlying muscle was also removed (Figure 3b 
and 3c). After stopping the bleeding, the skin integrity 
in the area of the resulting skin defect was restored by 
a melolabial advancement flap. Expansion of the 
defect was initiated by conducting an initial single 
oblong incision parallel to the melolabial fold, followed 
by skin erosion laterally to the incision and finally 
transposition of the skin upward using slight rotation 
(Figure 3d). The transposition flap was carefully 
adapted to the edge of the lower eyelid by single 
subcutaneous stitches, and then by skin stitches 
(Figure 3e and 3f). Histological verification showed 
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that it was an advanced high-risk basal cell carcinoma 
with clear resection lines, II stage. 

 

Figure 3: а) Preoperative outlining of the safety surgical margins; b), 
с) Oval excision of the lesion located in regio infraorbitalis sinistra; 
d) Intraoperative finding-stopping the bleeding by electrocautery; е) 
Postoperative view after the melolabial advancement flap; d) 
Clinical postoperative status-single interrupted stitches 

 

At the time of the surgical intervention, there 
was no apparatus or laboratory evidence of 
progression of both melanoma and the keratinocyte 
tumours. 

About the histologically established 
melanoma, it was recommended to perform a re-
excision with safety surgical margin of 1.5 cm within 
14 days, and detect the draining lymph node within 
the same surgical session. 

 

 

Discussion 

 

About the BCC and MM occurrence, UV 
radiation is referred to as an exogenous etiological 
factor of paramount importance [1], [2]. In turn, a large 
number of regulatory proteins are considered to be 
the key endogenous factors in the pathogenesis of 
melanoma and non-melanoma skin tumours [5], [6], 
[7], [8]. P53 protein and Melanocortin-1 receptor 
(MC1R) are identified as risk factors for the 
development of malignant melanoma (MM), basal cell 
carcinomas (BCC) and spinocellular carcinomas 
(SCC) [5], [6], [9]. P53 gene mutations lead to 
overproduction of long-life mutant forms of p53 
protein, which in combination with the additional 
influence of sunlight significantly increases the risk of 
developing BCC and malignant melanoma [3], [4]. 
Similar dependence is seen with combined UV 
radiation and various gene variants of the 
Melanocortin-1 receptor (MC1R) [5], [6]. These 
common risk factors and mechanisms in the genesis 
of melanocytic and keratinocyte tumors suggest their 
possible simultaneous presentation in the same 

patient [1], [2], [3], [4], [5], [6], [7], [8], [9], [10], [11], 
[12]. 

The simultaneous manifestation of 
melanocyte and keratinocyte skin tumours may be 
seen in the form of the so-called 1) collision tumours – 
when they are established within the same lesion 
(clinically, dermatoscopically and/or histologically) and 
2) simultaneous occurrence of two or more 
histologically distinct primary malignancies [12], [13]. 
The presence of two different malignant tumours at 
the same time, located within the same histological 
sample, is referred to as the so-called collision 
tumours [14], [15]. However, depending on the 
boundaries between cells, the simultaneous 
manifestation of two histologically distinct tumours is 
subdivided into two types: 1) collision type, in which 
each cellular type is distinct, and 2) intermingled type, 
in which the two cell types are “intimately related” [16]. 
The predominant number of documented cases in the 
world literature represents the BCC and MM 
combination [12], [14], [15], [16]. In this respect, their 
correlation is interesting, defined as parasitism, i.e. 
BCC colonization by MM [14], [17], [18], [19]. A two-
phase and three-phase manifestation in the form of a 
squamomelanocytic tumour, basomelanocytic tumour 
or basosquamous melanocytic malignant tumour [20], 
[21], [22] is also possible, though relatively rare. Even 
in the form of a collision tumour, the ability of the 
malignant melanoma to provide metastasis is retained 
[15], [23]. In some cases, metastasis may manifest as 
blue nevi, thus simulating the clinical picture of a 
benign lesion [15]. All possible options of coexistence 
between melanocytic and keratinocyte tumours are 
most safely demonstrated histopathologically and 
immunohistochemically [15], [18], [20], [21]. 

Unlike collisional tumours, the simultaneous 
occurrence of two different primary histological 
carcinoma types is extremely rare [10], [11]. To our 
knowledge, we present for the first time in the world 
literature a unique case of a patient with simultaneous 
occurrence of three primary cutaneous tumours with 
different localisation – two keratinocyte tumours (2 
basal cell carcinomas) in combination with presternal 
localised superficial melanoma. 

Two cases of patients with BCC, SCC and 
MM have been documented in the world literature 
[10], [11]. In one case, the data simultaneously 
manifests the three types of tumours [10], and the 
other described case refers to a patient with 
metastatic melanoma in combination with 2 
keratinocyte tumours (BCC and SCC with different 
localisation) [11]. 

Patients with BCC, MM, SCC are at increased 
risk of development of subsequent cutaneous tumours 
of the same or another type [24], [25], [26]. Cutaneous 
melanoma diagnosis is considered a risk of 
developing multiple cutaneous (pre-) malignancies 
[25]. Patients with BCC may subsequently develop 
other forms of cancer, such as testicular cancer, 
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breast cancer, and non-Hodgkin lymphoma [27]. This 
requires their regular analysis (clinical and apparatus 
diagnostic procedures in the framework of selected 
screening programs). 

Basal cell carcinomas located in the so-called 
H-zone of the face (nasolabial fold, nasal alar, orbital 
area and auricular area, are considered to be high risk 
regarding the occurrence of possible recurrence [28]. 

High-risk cases substantially include long-
term tumors (not defined), localized midface/ear 
(basalioma adjacent to the lower eyelid/this criterion is 
met in our patient), diameter over 2 cm (basalioma in 
proximity to the lower eyelid/this criterion is met in our 
patient also), aggressive histological subtypes, 
perivascular/perineural infiltration, prior radiation 
therapy or other types of treatment failure [29]. 
Advanced BCCs are defined as III stage (with 
musculature infiltration, as described in our patient) or 
IV stage tumours, and when their size is more than 5 
cm, they are classified as giant BCC [29]. There is 
often a criteria overlap between the high-risk and 
advanced BCCs, as well as failure of the lesion to 
meet all the requirements specified in the definitions. 

Both types often require the application of 
more sophisticated surgical techniques [28], [30]. 

In conclusion, concomitant surgical treatment 
of risk basal cell carcinoma with facial muscular 
infiltration combined with cutaneous melanoma of 
presternal localisation and additional resection of 
basal cell carcinoma on the shoulder is a serious 
challenge for most of the dermatosurgeons. We at this 
moment inform for the first time in the world literature 
about the simultaneous diagnosis of 2 keratinocyte 
and one melanocytic tumour in the form of primaries 
with different localisation, as well as their successful 
surgical treatment within one surgical session. 
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Abstract 

BACKGROUND: Eruptive xanthomas are rare and often asymptomatic. On the other hand, these cutaneous 
lesions are a red flag for serious underlying metabolic disorders that demand an early diagnosis to prevent 
morbidity and mortality. 

CASE REPORT: We report on two male patients, aged 23 and 27 years, who presented with eruptive xanthomas. 
Clinical, histological and laboratory investigations disclosed a metabolic syndrome in the younger patient and an 
alcohol-induced chylomicronemia in the elder one. Two types of macromorphology of cutaneous lesions were 
observed. Treatment was tailored according to underlying pathologies and resulted in significant improvement of 
the metabolic parameters and improvement of skin lesions. 

CONCLUSION: Dermatologists should be aware of the diagnostic importance of eruptive xanthomas for serious 
metabolic disorders. 

 
 
 
 
 
 
 
 
 
 

 

Introduction 

 

Xanthomas are cutaneous lesions developing 
as a result of local storage of lipids. Xanthomas can 
be classified according to the clinical presentation of 
the individual lesion or by the mode of appearance. 
Eruptive xanthomas are uncommon and represent an 
important clinical sign for serious metabolic disorders. 
Low-density lipoprotein particles are preferably stored 
in foam cells and giant cells [1]. A particular subtype is 
neutrophilic eruptive xanthomas, mostly but not 
exclusively seen in cases of immunosuppression or 
immunodeficiency [2].  

Clinically, the lesions appear as rapidly 
evolving papules with a red-to-yellowish hue and are 
about 1-5 mm in diameter. They generally form across 
the extensor surfaces of the arms and legs, as well as 
across the buttocks, and may involve palmoplantar 
skin along the creases. The lesions can be tender, 
often they remain asymptomatic, but early lesions 
may be pruritic. Eruptive xanthomas may be 
associated with diabetes mellitus, 

hypercholesterolemia, hypertriglyceridemia, lipemia 
retinalis, or hepatosteatosis [3], [4]. Another but 
unusual cause is tattooing that causes a Koebner 
phenomenon [5], [6]. The recognition of underlying 
metabolic disorders is necessary to prevent 
conceivable fatal medical conditions such as coronary 
artery disease or pancreatitis [7]. 

 

 

Case reports 

 

Case 1: A 23-year-old male presented with 
multiple non-pruriginous papules, that developed 
during five years. He was a heavy cigarette smoker 
without alcohol abuse. His medical history was 
remarkable for acute pancreatitis one year before of 
unknown cause. His father died from myocardial 
infarction. 

On examination, we found an obese male 
patient with a body-mass-index of 35.9. He had 
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disseminated reddish to yellowish papules of variable 
diameter (from several millimetres to 1 cm) arranged 
in stripes on his trunk and the extremities (Figure 1). 
Predominant sites were the neck, lower back, 
buttocks, palmar area, and the extension sites of the 
arms. 

 

Figure 1: Eruptive xanthomas with unrecognised metabolic 
syndrome; a) Multiple papules on the buttocks and lower back; b) 
extension sites of the arms and c) palms 

 

We took a biopsy for histopathological 
examination. The investigations revealed foam cells 
and some Touton giant cells in the upper dermis. The 
foam cells were CD68 positive, while stains for S100 
and CD1a remained negative (Figure 2). The 
diagnosis of xanthomas was made. 

 

Figure 2: Histology of eruptive xanthomas; a) Hematoxylin-eosin 
stain with foam cells of the upper dermis; b) Positive staining for 
CD68 (Original magnification x 4) 

 

Laboratory investigations: Blood glucose 16.7 
mmol/l; HbA1c 11.6 % (normal range 4-6); cholesterol 
16.5 mmol/l (normal range < 5.2); triglycerides 4.66 
mmol/l (< 2.3), very low-density lipoprotein (VLDL) 
was extremely increased. Blood cell counts, liver 
enzymes, lipoprotein (a), and clotting parameters 
were in the normal range. Blood serum was lipemic 
(Figure 3). 

 

Figure 3: Lipemic serum (right) versus normal serum (left) 

 

Imaging: X-ray of the chest and ultrasound of 
the abdomen were unremarkable. Repeated blood 
pressure measurements revealed hypertension. The 
patient was treated by an interdisciplinary approach 
for diabetes mellitus type II and hyperlipidemia. We 
started with subcutaneous insulin and certoparin 
injections to stimulate the lipoprotein lipase. After 
significant improvement of the glucose metabolism, 
the treatment was switched to combined oral 
medication of metformin and sitagliptin. The 
hypertension was treated with oral ramipril. We also 
recommended a low-lipid diet. At the end of his 
hospital stay, blood glucose was 5.7 mmol/l and 
cholesterol 3.67 mmol/l. The cutaneous lesion started 
to diminish. 

 

Case 2: A 27-year-old male presented with 
multiple, moderate pruritic cutaneous plane yellowish 
plaques which developed throughout 2 weeks. His 
medical history was positive for pollinosis and nodular 
struma. The family history disclosed no risk factors for 
cardiovascular or cutaneous disorders. He had regular 
alcohol consume. 

On examination, we observed an otherwise 
healthy non-obese male patient with disseminated 
yellowish plane cutaneous lesions on trunk and flexion 
sites of extremities (Figure 4). Palms, soles and face 
were spared. 

 

Figure 4: Eruptive xanthomas with chylomicronemia; a) Flat 
yellowish plaques; b) Dermoscopy with polarised light 
(Dermogenius) demonstrating structureless plaque without 
erythema or vascular proliferation 

 

We took a skin biopsy. Histopathologic 
examination revealed lipid storing macrophages in the 
upper and mid-dermis, foam cells were absent. 
Infiltrates composed of lymphocytes and mast cells 
with some intermingled neutrophils and eosinophils 
were localised perivascular. The macrophages were 
CD 68-positive but lacked S-100 or CD1a. The 
diagnosis of eruptive xanthomas was confirmed. 

Laboratory investigations: Triglycerides 9.84 
mmol/l (normal range < 2.3); cholesterol 15.94 mmol/l 
(normal range < 5.2); lipoprotein (a) 0.74 g/l (normal 
range < 0.3); triglyceride/ cholesterol ratio 12.62 
(normal range < 1.5); gamma-glutamyl transferase 
6.66 µkat/l (normal range < 1). Liver transaminases 
and eosinophil count were slightly increased. Blood 
glucose levels and pancreatic lipase were in the 
normal range. Imaging: Chest-X-ray and abdominal 
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ultrasound unremarkable. The diagnosis of an 
alcohol-induced chylomicronemia with eruptive 
xanthomas was made. A reduction of alcohol 
consumption was recommended what significantly 
reduced hyperlipidemia. In the interdisciplinary 
consultation, medical drug therapy was not 
recommended since the reduction or avoidance of 
substance abuse leads to normalisation. There was 
no clue for familial chylomicronemia syndrome. 

 

 

Discussion 

 

Eruptive xanthomas may be the result of a 
variety of metabolic disorders, medical drugs 
(glucocorticoids, retinoids, estrogens), secondary 
insulin resistance, and alcohol abuse. The most 
common causes represent chylomicronemia and 
hypertriglyceridemia either due to lipoprotein lipase 
deficiency (Type I hyperlipoproteinemia) or familial 
hyperlipoproteinemia (Type V hyperlipoproteinemia). 
In diabetic patients unresponsive to insulin, an 
acquired lipoprotein lipase deficiency may develop [8]. 
Rare syndromes associated with eruptive xanthomas 
are the Berardinelli-Seip syndrome [9], the von Gierke 
syndrome (glycogen storage disease type I) [10], or 
the primary lipoprotein-lipase deficiency [11]. 

LDL is one of the major carriers of cholesterol. 
Circulating LDL particles in the blood stream realise 
the cholesterol transport to those cells that are 
requiring lipids. These cells express higher levels of 
the LDL-receptor (LDLR) that mediates uptake of LDL 
particles by receptor-mediated endocytosis. For plane 
xanthomas, development of foam cells is associated 
with the uptake of LDL particles that are modified due 
to increased residence time in plasma by over-
expressed macrophage scavenger receptor (SR) [12]. 
Sortilin, a transmembrane receptor expressed by 
macrophages that binds LDL and support intracellular 
LDL uptake, is another driver for their transformation 
into foam cell [13]. In eruptive xanthomas, foam cells 
may develop due to inflammatory stress. Thereby, 
LDL receptor negative feedback regulation induced by 
intracellular cholesterol becomes disrupted [14]. 

We presented two young male patients with 
eruptive xanthomas with a slightly different clinical 
appearance of the cutaneous lesions. In case # 1 the 
lesions were reddish to yellowish papules with a 
preference of the extension sites of the arms. The 
underlying pathology was an unrecognised metabolic 
syndrome. In case # 2, the lesions were flat, moderate 
pruritic, yellowish without an erythematous note and 
preferred the flexion sites of the arms. The underlying 
pathology was alcohol-induced chylomicronemia. The 
treatment was tailored according to the individual 
needs. Diagnosis of underlying metabolic disorders 
and their correction by treatment is an appropriate 
method to improve eruptive xanthomas.  
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Abstract 

BACKGROUND: Simultaneous occurrence of multiple primary melanomas is a rare, however possible 
phenomenon, and it is believed that older, male, white, Atypical Mole Syndrome carriers (sporadic and familial) 
are part of the possible risk factors for its occurrence. In these patients, it is possible to observe involutional 
changes or (partial/complete) regression of melanocytic lesions, which are likely to be caused by the generation of 
a spontaneous immune reaction against specific tumour antigens. 

CASE REPORT: A 58-year-old male patient is presented with two melanocytic lesions located in the right clavicle 
(subclavicular area) and left the scapular area that meets clinically and dermatoscopically the requirements for 
malignant melanoma. The lesions were removed by a radical excision with 0.5 cm surgical safety margin in all 
directions. During the subsequent histological verification it was established it was melanoma with a tumour 
thickness of 1 mm that in one case, and the other 2 mm. A week later, according to the recommendations of the 
current guidelines, a re-excision was performed with a surgical safety margin of 1.5 cm in all directions. 
Considering the complications that are possible during the parallel removal of a draining lymph node 
recommended for these tumour thicknesses, the patient definitively refused its detection and removal. 

CONCLUSION: A rare case of a Bulgarian patient with multiple primary, however partially involutional melanomas 
existing for over 20 years, is described. The individual recommendations of dermato-oncologists for the patient 
(according to AJCC) were not in favour of radicality but of a more sparing, individualised approach, appropriate for 
that patient. Unfortunately, the approach we used, in this case, was inconsistent with the AJCC or OSMS 
guidelines. The reason for individualising the approach in the case we have described is due to the variability of 
the recommendations for surgical treatment of melanomas laid down in the AJCC. 

 
 
 
 
 
 
 
 

 

Introduction 

 

The incidence of the so-called multiple 
primary melanomas (MPM) is between 1.3 and 8.0% 
[1]. The presence of primary melanoma increases the 
risk of subsequent development of the same 
melanocytic lesion, which most often occurs several 
years after the diagnosis of the primary formation and 
usually affects parts of the body that is different from 
its initial location [2]. The family history of malignant 
melanoma, as well as the presence of dysplastic 
nevus (in the relevant patient groups), are thought to 
be risk factors for MPM occurrence [1], [2], [3], [4]. 

These result in two interesting groups of patients with 
multiple primary melanomas: 1) within the so-called 
sporadic form of the syndrome of dysplastic nevi-AMS 
(atypical mole syndrome), 2) Familial atypical multiple 
melanoma (FAMMM) syndromes, 3) Xeroderma 
pigmentosum should also be considered a disease, in 
which there may be multiple primary melanomas, 4) 
Complete involution of malignant melanomas (MMs) is 
an extremely rare phenomenon; on the other hand, 
partial regression occurs in 10% to 35% of the cases, 
regardless of Breslow tumour thickness, 5) In this 
respect, clinical and histopathological criteria for MMs 
regression have been established [5]. Each patient 
with malignant melanoma or multiple primary 
melanomas should be considered a combination of 
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individual specificities that should determine the 
choice of strategy for subsequent treatment [6]. 

 

 

Case report 

 

A 58-year-old male patient is presented in 
good general status. The patient was hospitalised for 
the first time in Oncoderma Dermatology and 
Dermatologic Surgery Clinic, Sofia, for surgical 
removal of two pigment lesions located in the right 
clavicle (subclavicular area) and left scapular area. 
The lesions occurred 15 years ago, but within the last 
year, the patient has observed an increase in the 
intensity of the black colour and size of one of the 
lesions, as well as involution in the scapular area. 
During the dermatological examination, two 
melanocytic lesions with uneven boundaries and 
irregular distribution of the pigment were found in the 
right subclavicular and left scapular areas (Figures 1a-
1f).  

Clinically and dermatoscopically, these 
findings met the requirements for a malignant 
melanocytic lesion. Further tests were carried out: 1) 
paraclinical – without substantial changes, 2) lymph 
node ultrasound – no enlarged lymph nodes were 
visualized in the neck, two axil and inguinal area; 3) 
lung and heart radiology – preserved transparency of 
pulmonary parenchyma without active disease 
alterations – no focal changes were observed; clear 
costophrenic sinuses; heart shadow – normal, 4) S-
100-0.036 (< 0.1); LDH – 314.00 IU (240.00-480.00). 

 

Figure 1: a), b) Clinical picture of primary cutaneous melanoma 
located on the right- subclavicular. Lesion with uneven pigmentation 
and uneven boundaries; c), d) Clinical view of melanoma showing 
uneven pigmentation, uneven edges and data about involution 
located in the left scapular area; e), f) Outlining the 0,5 cm 
operational security boundaries in all directions, preoperative 
finding 

 

The lesion localised to the right, in the 
subclavicular area, was removed by radical excision. 
A surgical margin of 0.5 cm was used in all directions 
(Figure 2a). The resulting surgical defect was 
recovered by a single interrupted suture (Figure 2b). 
Histological verification showed that it was mixed, 

superficially advancing and nodular malignant 
melanoma, Clark’s level III, Breslow’s thickness 2 mm, 
no ulceration, high mitotic activity, moderate stromal 
lymphocytic reaction, no spontaneous regression, 
T2aN0M0 stage. 

In the left scapular area, a primary excision of 
the melanocytic lesion was performed with a surgical 
safety margin of 0.5 cm in all directions (Figure 2c). 
The defect was corrected using stretch plastics 
(Figure 2d). The histological examination of the lesion 
removed from the left scapular area showed 
superficially advancing malignant melanoma, Clark’s 
level II, Breslow’s thickness 1 mm, no ulceration, 
T1bN0M0 stage. 

 

Figure 2: a), c) Intraoperative finding of the two lesions removed by 
elliptical excision; b), d) Postoperative clinical picture of surgical 
defects closed by single interrupted sutures 

 

A week later, following the recommendations 
of the applicable guidelines, a re-excision was 
performed in the primary excision zones with 1.5 cm 
surgical safety margin in all directions (Figures 3a-3f). 
Immediately before the re-excision, the patient was 
consulted in the Oncology Ward, where the need for 
parallel removal of draining lymph node during the re-
excisions was rejected, based on 1) the lack of explicit 
evidence of locoregional dissemination of the process, 
2) complains that occurred more than 20 years ago, 
as well as 3) the involutional nature of one of the 
lesions. Postoperative period – calm, without 
complications. The patient was referred to the 
oncology unit for regular ultrasound controls and the 
introduction of systemic Interferon therapy. 
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Figure 3: a), d) Preoperative outline of 1.5 cm operational security 
boundaries in all directions for primary excision sites directly before 
re-excision; b), e) Intraoperative view of elliptical re-excision; c), f) 
Postoperative clinical picture of surgical defects closed by single 
interrupted sutures after re-excision 

 

 

Discussion 

 

Simultaneous occurrence of multiple primary 
melanomas (MPM) in the same patient is a rare, 
however well-recognisable phenomenon with variable 
incidence, according to the available literature [7], [8] 
[9], [10]. It is believed that older, male, white, history 
of melanoma, thin primaries and history of another 
cancer are risk factors for development MPMs [6], 
[10]. Also, the identification of Atypical Mole 
Syndrome carriers (sporadic and familial) is essential, 
as it is considered the most important phenotypic risk 
factor for cutaneous melanoma and there are 
documented cases of MPM within the familial and 
sporadic syndrome of dysplastic nevi [3]. 

MPM patients are also at risk of developing 
subsequent primary melanomas, which most often 
occurs within the first year [1], [10]. Apart from 
additional melanoma, the probability of developing 
nonmelanoma tumours in melanoma patients should 
be noted as well [11].  

It is interesting whether there is a difference in 
the prognosis between the patients with single and 
multiple primary melanomas [12]. So far, melanoma 
thickness, as well as some additional features, such 
as the presence of ulceration, mitoses and scalp 
location, has been used as a prognostic factor [12]. 

Based on the available literature from 
research, some conclusions have been laid down, 
without a unanimous opinion:  

1. According to some authors, the mean 
Breslow’s thickness of the first melanoma is 
significantly higher than the mean Breslow’s 
thickness of the second primary melanoma 
[13]. 

2. No difference is observed in the presence or 
absence of mitoses, a marker of tumour 
proliferation, in SPM (Single primary 
melanomas) and MPM [14]. 

3. CDKN2A mutation status and family history of 
melanoma significantly affect outcomes of 
MPM patients, and worse outcomes have 
been noted in patients with multiple primary 
melanomas (MPMs) than in patients with 
single primary melanomas [15]. 

4. Multiple invasive lesions seem more at risk of 
death than melanoma [16], but according to 
others: 

5. Thicker SPM, however, had higher fatality 
than thicker MPM [12], and 

6. The presence of multiple primary melanomas 
does not appear to be a negative prognostic 
factor [17].  

However, it is generally accepted that 
melanoma patients require close follow-up to detect 
not only metastases but also subsequent primaries in 
their earliest phases [17]. 

Spontaneous regression of malignant tumours 
is extremely rare, but it is still a possible phenomenon 
[18], [19], [20]. It may be partial or complete [21]. 
Regression is defined as a much more common 
phenomenon in cases of malignant melanoma than in 
other types of tumours [21]. It may typically be 
observed in patients with no evidence of metastases 
development, but also the event of metastatic 
melanomas [18], [20], [22]. While primary non-
metastatic melanomas are thought to have a possible 
spontaneous regression in up to 50% of cases, the 
percentage of metastases is quite different, and 
regression is only observed in 0.23% of the cases of 
metastatic forms [20], [21]. Clinically, the presence of 
hyper- to hypo-pigmented macules, patches, papules 
and plaques, measuring from 0.4 to 3.0 cm in 
diameter, showing enlargement, friability, and 
bleeding, speaks in favour of emerging regression [5]. 
In turn, histopathological signs defining the regression 
as an event include atrophic epidermis, dermal 
aggregation of many melanophages, lymphocytic 
infiltrate, reactive vascular proliferation, and 
surrounding fibrosis [5]. 

Regarding the factors considered as leading 
to spontaneous regression, surgical trauma, infection, 
vaccination (BCG and rabies vaccines), 
immunological factors, blood transfusion and various 
endocrine factors are being mentioned [21]. Now 
there is a widespread perception that specific cell-
mediated immunity against melanoma cells are 
involved in regression mechanisms and that mainly 
the lymphocytes are responsible for this tumour 
regression [19]. This has been investigated 
histologically and by immunofluorescence (direct and 
indirect) in the cases of Halo nevus, where it is clear 
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that in addition to T cell-mediated immunity (CD8 + 
cells outnumbered CD4 + cells), IgM antibodies 
against nevus cells as well as melanoma cells and 
cultured melanocytes may be involved in regression 
[23]. 

It is not yet clear how spontaneous immune 
response is induced and why, for example, in specific 
events of melanoma and congenital melanocytic 
nevus combination, regression only affects 
melanoma, while nevus remains undisturbed by the 
immunological response [24]. 

According to some authors, patients who 
develop multiple asynchronous melanomas, namely 
the first melanoma, produce an immunisation effect 
with increased immunity against certain antigens 
expressed by tumour-associated melanocytes [25]. 
According to other authors, the presence of 
regression may be considered a favourable prognostic 
factor in patients with AJCC stage I-II melanoma. 
However this statement is still controversial [26], [27]. 

The approach adopted for treatment of 
malignant melanoma includes surgical resection with 
adequate excision margins, with or without lymph 
node biopsy [28]. At this stage, a large proportion of 
dermatologists follow the recommendations of the 
American Joint Committee on Cancer, according to 
which primary melanoma surgery is based on Breslow 
tumour thickness and includes resection of 0.5 cm for 
MIS, 1.0 cm for melanomas ≤ 1.0 mm thick, 1-2 cm for 
melanoma thickness of 1.01-2 mm, 2 cm margins for 
melanoma thickness of 2.01-4 mm, and 2cm margins 
for melanomas > 4 mm thick [29]. Based on the 
established guidelines, treatment begins with 
resection of the melanocytic lesion with a surgical 
margin of 0.4-0.5 cm in all directions, followed by re-
excision (as in our patient) with or without parallel 
drainage lymph node (depending on the established 
postoperative tumor thickness), which however is not 
individualized and often leads to ambiguity and 
hesitation, and hence to difficulty in choosing a 
therapeutic approach, as in the patient we described. 
[30]. The role of SUNN (sentinel lymph node biopsy) 
continues to be studied, and its use is currently 
recommended for Stage IB and Stage II melanomas 
[29]. In some cases, preoperative high-frequency 
ultrasound diagnosis helps determine the limits of 
surgical margins, indications for lymph node biopsy, 
and the need for re-excision [31]. 

In the event of hesitation, One step melanoma 
surgery (OSMS) is found to be a very useful 
approach, since it clearly defines the surgical safety 
margins in a) melanoma in situ resection with 1 cm 
surgical safety margin, b) tumours 1 to 2 mm thick 
resection with 1 cm surgical safety margin, and c) 
thickness of 2 to 4 mm – 2 cm surgical safety margin, 
where, in the event of b) and c), it is obligatory or 
highly recommended to perform, simultaneously or in 
parallel, detection and removal of the draining lymph 
node (regardless of whether the node is 

echographically enlarged); d) tumour thickness above 
4 mm – resection with 2 cm in all directions and if 
there are no enlarged lymph nodes, 2 cm resection is 
sufficient, together with control/instrumental 
examinations every two months, but in the presence 
of enlarged lymph nodes, it is recommended that they 
will be removed and examined for the BRAF 
V600mutation, followed by computed tomography 
scan (CT) with contrast or PET scan. Interestingly, the 
abovementioned guidelines for One step melanoma 
surgery do not change and completely overlap with 
AJCC recommendations (relative to the result or 
efficiency score), however OSMS is a less traumatic 
method requiring additional preoperative preparation 
and judgment [32], [33], [34], [35], [36]. 

It is believed that in the case of melanomas 
with a thickness of over 4mm ELND is not of 
paramount importance as the draining lymph nodes 
may not be affected [32]. The reasons for this may be 
different: 1) accessory parallel lymphatic pathways 
available, on the one hand, and the other; 2) tumour 
cells may have passed the draining lymph node 
without stopping there, or there has already been 
primary haematogenous dissemination without 
involving the lymph nodes and pathways [32]. 
However, it should be taken into account that OSMS 
applies to all melanoma patient groups, which makes 
it more appropriate therapeutic endpoint [32]. 

One stage melanoma surgery results in a 
reduction of the number of steps of the so-called 
melanoma treatment programs by reducing the 
number of stages in which an error (or deviation from 
the guidelines) could occur [35]. Meanwhile, OSMS 
saves the patients repeated surgical interventions and 
relieved them emotionally and financially [32], [36], 
[37]. 

In conclusion, one step melanoma surgery is 
an approach with clearly defined surgical safety (in all 
melanoma patient groups) and behaviour against 
draining lymph nodes based on the preoperative 
ultrasound tumour thickness or clinical and 
dermatoscopic judgement (when the latter are 
explicitly in favour of thin melanoma diagnosed in 
certain patients). It is a better therapeutic solution for 
all cutaneous melanoma patient groups that allows for 
the best control of the disease within one surgical 
session. The case is indicative of the errors or 
omissions resulting from surgical treatment 
approaches recommended or not fully defined by 
AJCC. Or, if we need to be even more precise, this 
case is indicative of the risks that arise during a 
possible two-step or two-stage surgical approach. 

In the One step melanoma surgery, these 
possibilities are virtually non-existent, they are limited 
to the absolute minimum by the creation of certain 
algorithms. Optimising surgical approaches is a 
personal choice for the clinician. When guidelines are 
not so strict and precise, they provide an unjustified 
field of freedom for the clinician’s actions, and this 
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may be confusing for the patients themselves. Thus, 
there is an increased possibility of inadequate and 
unexplained approaches or solutions (as the case we 
have described). This is also the reason why some 
dermatologists in the relevant units are increasingly 
using the recommendations for OSMS that limit the 
clinician’s freedom of action but also refine his/her 
actions. Or reduce the possibilities for errors. 
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Abstract 

BACKGROUND: Well-differentiated thyroid carcinoma (DTC) can be locally aggressive, invading aerodigestive 
tract. The rationale for aggressive surgical resection in this clinical setting is supported by a long-term local control 
with a positive impact on survival. 

CASE REPORT: A 60-year-old male patient was consulted by a digestive surgeon of unaware thyroid 
enlargement. Physical and imaging examination showed a suspect of thyroid malignancy. During surgery, we 
found that a tumour had invaded the anterior side of the trachea. Resection of three tracheal rings was performed, 
with end-to-end anastomosis. Surgical outcome regarding nervous preservation and parathyroid glands was good 
as well as cosmetic aspect. During one-year follow-up, no indication of tumour recurrence was found. The 
management of locally invasive DTC has been controversial yielding the palliative surgery modalities. Advances 
in surgical technique have given a new perspective of resection in a difficult case. This case report was managed 
by sleeve resection with end-to-end anastomosis which showed a satisfactory outcome functionally and 
cosmetically. 

CONCLUSION: Sleeve resection with primary reconstruction of the trachea is a simple one-stage procedure 
which can adequately address the problem of tracheal invasion by thyroid cancer. 

 
 
 
 
 
 
 
 
 
 

Introduction 

 

A well-differentiated thyroid carcinoma can be 
locally aggressive, invading the aerodigestive tract, 
such as larynx, trachea, and or oesophagus [1]. In the 
case where thyroid cancer invaded the trachea, wide 
resection is needed to achieve minimal residual 
tumour [2].

 
In tracheal resection and reconstruction, 

removal of the invaded airway segment should always 
be attempted whenever feasible [3].

  

This case report presented a favourable 
outcome of a management case of thyroid cancer 
invading the tracheal with radical resection and end-
to-end anastomosis. 

 

 

Case Report 

 

A 60-year-old male patient was consulted by 
a digestive surgeon of unware thyroid enlargement. 
He denied any symptoms of hemoptysis, cough, neck 
discomfort, nervousness, weight loss, palpitation, or 
fatigue. He was previously admitted to the digestive 
department due to cholelithiasis. On neck 
examination, we palpated a well-defined multinodular 
painless 5 x 7 cm solid mass. The mass was found to 
be mobile on swallowing. There was no evidence of 
cervical lymph nodes enlargement. There was no 
other remarkable clinical finding.  

Cervical x-ray showed inferolateral tracheal 
deviation to the left side at the level of cervical VII 
(Figure 1). Ultrasonography showed a large solid 
mass on the right lobe up to isthmus that caused the 
tracheal deviation, suspicious of a benign lesion. No 
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metastases lesion was found on chest x-ray 
examination. Laboratory examination revealed a 
normal level of thyroid hormone. FNA biopsy showed 
a follicular neoplasm of the thyroid. 

 

Figure 1: Cervical x-ray showed inferolateral tracheal deviation 

 

Laparoscopic cholecystectomy was 
performed, followed by total thyroidectomy. During 
intubation, the orotracheal tube was inserted easily by 
the anesthesiologist. During surgery, we found that a 
tumour had invaded the anterior side of the trachea 
(Figure 2). Tracheostomy below the tumour level has 
been decided during the surgery, and a sterile tube 
was inserted into tracheostomy to replace the 
orotracheal tube. 

Intraoperative endoscopy showed invasion of 
a tumour up to anterior part of the trachea, but the 
vocal cord was normal. Resection of three tracheal 
rings (Figure 3) was performed, with end-to-end 
anastomosis (Figure 4). Bilaterally the recurrent 
laryngeal nerves were monitored and preserved. 
Before completing anastomosis, a new orotracheal 
tube was reinserted to replace the tracheal tube. 
During neck exploration, we did not find enlarged 
lymph nodes.  

 

Figure 2: Tumor had invaded the anterior side of the trachea 

 

 

Figure 3: Resection of three tracheal rings 

 

Pathology report revealed papillary thyroid 
carcinoma with tracheal invasion, with a clear margin 
of the edge of tracheal resection. After resection, the 
patient was positioned with a fully flexed head (chin to 
chest position) for about 3 weeks, the orotracheal tube 
placed for 4 days as the stent, and a nasogastric tube 
placed for 7 days for feeding. The postoperative 
condition was uneventful, and the patient recovered 
satisfactorily. 

 

Figure 4: Sleeve resection with end-to-end anastomosis 

 

Surgical outcome regarding preservation of 
nervous and parathyroid glands as well as the 
cosmetic aspect was good (Figure 5). During 3-year 
follow-up, evidence of tumour recurrence and 
complication was not found (Figure 6). 

 

Figure 5: Surgical outcome cosmetically was good 
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Discussion 

 

Papillary thyroid carcinoma represented the 
most common type of thyroid cancer (83%) [4]. 
Mutations occurred in papillary thyroid carcinoma 
were BRAF/RAS, RET/PTC, PIK3CA, TP53, TSHR, 
PTEN, GNAS, and CTNNB1 [5]. The most aggressive 
behaviours were gene mutation of BRAF V600E, a 
part of MAP kinase cascade, which promotes proto-
oncogenes [6].

 
Besides that, it also caused 

dysfunction of iodine absorption of follicular cells, 
blunted the radioiodine therapy [7]. 

 

Figure 6: Cervical X-Ray in 3-year follow up 

 

Around 1-8% patients will overcome the 
aerodigestive tract invasion [8]. From McCaffrey et al., 
[9] study, it was shown that the most commonly 
involved aerodigestive were the strap neck muscles, 
recurrent laryngeal nerve, rings of trachea, 
oesophagus, lateral neck structures, and larynx.

 
The 

frequency of thyroid cancer involving tracheal was not 
well documented in Sanglah General Hospital was not 
well recorded. Not surprising, patients with thyroid 
cancer extending to trachea often had bad results due 
to airway obstruction [10]. This condition dropped 45% 
of ten years survival in thyroid cancer [1]. 

Thyroid malignancy was shown to invade 
directly to the thyroid cartilage. In this case report, the 
invasion was found to the anterior side. This can 
occur through invasion from isthmus or paratracheal 
lymph nodes, until extracapsular extension [11]. The 
invasion of trachea occurred gradually from outer 
layer to inner layer [12]. 

This case report was categorized in stage IV 
according to Shin et al., [13] classification for thyroid 
cancer involving aerodigestive tract and 
recommended a complete resection. Pappalardo et 
al., [14] reported that the survival for stage IV thyroid 
cancer with aerodigestive tract involvement ranged 
from 18 to 108 months.

 
However, by MACIS score 

calculation, this case has = (0.08 x age) + (0.3 x tumor 
size in cm) + 1 (if incomplete excision) + 1 (if locally 
invasive) + 3 (if distant metastases) = (0.08 x 60) + 

(0.3 x 7) = 4.8 + 2.1 = 6.9, thus the survival was 89% 
[15]. 

Generally, the resection surgery for thyroid 
cancer aims to reach the complete excision and 
control the invasion [16]. The best goal is to preserve 
all the thyroid health structures [17]. However, the 
survival rate was only 15-39% with 1.2% mortality, 
worse that incomplete resection [14], [15]. The most 
common surgical complications were airway 
obstruction, infection, bleeding, and anastomotic 
dehiscence [18]. This made the surgery for locally-
invasive DTC has been controversial. Thus, palliative 
surgery had been the most common surgical 
procedure or treatment for many years. Nowadays, 
advances in surgical techniques have improved the 
radicality of surgery, which excellent preservation of 
vocal cord function and survival satisfactory [19]. 

Various methods have been carried out by 
surgeons for reaching the best outcome for the 
patient. The there most common procedure was two 
stages surgery for thyroid carcinoma invading the 
trachea [20]. First was resection of a tumour and 
second was reconstruction closure of the tracheal 
defect using cartilage graft and musculocutaneous or 
latissimus dorsi flap [21]. However, reconstruction of 
the tracheal wall is challenging due to unstable 
tracheal lumen [22]. Another method for simpler cases 
was segmental resection of the tracheal and end to 
end anastomosis. If the case were too advanced, total 
laryngectomy and permanent tracheotomy would 
likely to be done [23]. 

Pappalardo et al., [14] reported a successful 
radical resection of extrathyroidal thyroid cancer which 
invaded the tracheal lumens until the blood vessels 
with 9 years of satisfactory survival and functionality.

 

Shigemitsu et al., [22] reported a successful case also 
with a partial tracheal resection with latissimus dorsi 
musculocutaneous flap reconstruction. Endo et al., 
[23] reported that a single staged thyroidectomy with 
auricular cartilage and sternohyoid reconstruction 
successfully cured the patient [24]. In Tsai et al., [24] 
study, thyroid and en bloc tracheal resection with end 
to end anastomosis is the treatment of choice of a 
thyroid tumour invading the trachea. This method 
showed the highest survival rate, reported to be 78%. 

Patients with inoperable thyroid cancers are 
usually treated by RAI (radioactive iodine) therapy and 
external beam radiation therapy [25]. The surgery 
method needs to be tailored to each in an individual 
with three main principles, such as to accomplish the 
possible complete resection, prevent airway 
obstruction, and prolonged the survival. An incomplete 
tumour resection has a bad outcome and increases 
the risk of recurrent. Tangential tumour resection 
(shaving) is indicated if no invasion in transmural of 
the trachea. 

Due to the anterior invasion of the tumor, we 
decided to carry out resection of three tracheal rings. 
End to end anastomosis was performed to ensure the 
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intact vascularity around. Bilaterally the recurrent 
laryngeal nerves were carefully monitored and 
preserved. Surgical outcome regarding preservation 
of nervous and parathyroid glands as well as cosmetic 
aspect was good. This case report will add information 
of another resection with end-to-end anastomosis with 
a favourable outcome. 

The successful management of well-
differentiated thyroid cancer requires meticulous 
preparation, because of the vitality of the surrounding 
structures. The goal of resection was to achieve the 
larger extension as possible with restoration of 
functionality for the patient. 

In conclusion, sleeve resection with primary 
reconstruction of the trachea is a simple one-stage 
procedure which could adequately address the 
problem of tracheal invasion by thyroid cancer. 
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Abstract 

BACKGROUND: Retained surgical items (RSI) are rare medical challenges with serious complications and 
medicolegal implications. Knowledge and preventive measures for these rare events are currently not sufficient to 
limit their increasing incidence. Gauzes and sponges constitute most of RSI. Forceps, needles and pins may be 
found too. Diagnosis of these events is challenging and often missed due to nonspecific clinical findings. 

PRESENTATION OF CASE: We present here a 49-year-old patient who presented to the clinic with a history of 
chronic scrotal sinus on the same side of a repeatedly repaired inguinal hernia 4 months before admission. He 
underwent exploration of the inguinal canal as elective surgery. Exploration of the inguinal canal revealed missed 
surgical gauze left during the previous hernia repair. The gauze was removed, and the inguinal canal was 
repaired. The postoperative period was uncomplicated. 

CONCLUSION: Retained surgical items are completely preventable near-events. Although they are rare entities, 
clinicians must have a high index of suspicion for any postoperative, in patients presenting with pain, sinus or 
palpable masses. 

 
 
 
 
 

 

Introduction 

 

Retained surgical items (RSI) are a medical 
challenge, not only because of the severe 
complications and morbidity they can cause but also 
because of their serious medicolegal implications. RSI 
is grossly underreported by surgeons, although they 
are reportable events. This is because of a surgeon’s 
fear of legal issues or unwillingness to denounce an 
error [1]. The average costs to repair and remove RSI 
can range anywhere from 60000$ per hospital stay to 
millions of dollars after settle malpractice claims [2] 
[3]. It’s estimated that the incidence of retained foreign 
bodies is 0.3 to 1 per 1000 abdominal operation, and 
1 in 8000 to 18000 of all inpatient operations, that’s 
one or more cases per year in a big hospital [4]. The 
commonest RSI are surgical sponges and gauzes 
(termed “Gossypiboma”), but also needles, scissors, 
forceps and other objects were reported in the 
literature [1], [5]. Retained instruments that are kept 
under aseptic conditions with minimal reaction can be 
retained for years before they produce significant 

symptoms and reactions that lead to their discovery 
[6], [7]. There’re principally 2 main types of reaction 
that cause complications in those patients; an aseptic 
fibrins response that results in adhesions, 
pseudotumor effect, intestinal obstruction and 
granulomas. Another type is an exudative response 
giving rise to an abscess formation that will result in 
peritonitis, fistula formation abdominal mass and gut 
perforation [1], [6] [8]. It’s evident that to decrease the 
incidence of RSI, the focus should be directed 
towards 3 major issues, locating missing items after 
the incorrect count, improving team compliance and 
attentiveness, and reducing the risk of false-correct 
surgical counts [4].  

In this prospective, single Centre, case report 
study, we present an interesting case of a retained 
surgical item in the inguinal canal. The case was 
managed in Al Bashir teaching hospital in Amman, 
Jordan in 2010. The patient was followed up in the 
same hospital. 
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Case Presentation 

 

A 49-year old male patient presented to the 
ER with signs and symptoms of intestinal obstruction. 
The patient has a previous history of an open-heart 
surgery 4 years before admission, chronic renal failure 
on dialysis 2 years ago, and a right inguinal hernia 
that was repaired 13 years ago, recurred one year 
before the presentation and was repaired again. Six 
months after the last inguinal repair, an inguinal sinus 
discharge was noted on the right inguinal region.  

Examination showed a stable patient with 
normal vital signs. Two sinuses in the right scrotum 
were noted, and a mesh-related sinus infection at the 
surgical site was suspected. Lab workout showed a 
normal WBC count (6.3 x 10

3
/mm

3
), elevated serum 

creatinine (718 μmol/L), elevated BUN (14.6 mmol/L) 
and mild anaemia (11.2 g/DL). Other labs were within 
normal. CT scan with contrast wasn’t performed due 
to elevated BUN and creatinine in this patient (Figure 
1). 

 

Figure 1: Open herniotomy reveals retained gauze with signs of 
inflammation and infection 

 

Consent was obtained, and emergent 
exploration of the inguinal canal was done. Surgery 
confirmed the presence of a surgical gauze from a 
previous repair that was removed successfully (Figure 
2). Postoperative period was smooth. The patient did 
well during follow up for one year. 

 

 

Discussion 

 

Retained surgical items -although highly 
underreported- is a dangerous medical error that 
carries significant morbidity and mortality, and 
therefore must be tackled seriously. Surgical gauze 
(Gossypiboma) constitutes most of the retained items 
due to its small size and amorphous structure, as in 

our first case. When soaked with blood, gauzes lose 
their original shape and colour and become 
unrecognisable in the surgical field and hard to find. 
[10]. Most Gossybipoma incidents happened in 
abdominal and pelvic surgeries [2], as in our case, 
where deepness of the region and folds of viscus can 
hide blood-soaked gauzes and make them harder to 
find. Other cavities include the vagina and the thorax 
among other places [11]. Other retained items include 
artery forceps, irrigation sets, rubber tubes and pieces 
of broken instruments [12].  

 

Figure 2: Removal of gauze during open herniotomy 

 

Age and sex of the patient were not 
significantly related to the risk of retaining surgical 
items. Factors that appear to increase the risk of RSI 
significantly includes longer surgery durations, 
emergency surgeries, intraoperative complications 
and unexpected events [4], [11]. A recent meta-
analysis study was done by Susan et al., (2014) [13] 
showed that additional surgical events increase the 
risk of RSI including incorrect\not performed the 
surgical count, intraoperative blood loss > 500 and 
more than one surgical team involved in the 
procedure. These events were found to increase the 
risk of miscommunication among different teams and 
error during safety checks of the patient. There were 
mixed opinions regarding the role of BMI of the patient 
[2], [11], [14], [15], [16]. However, the most recent 
meta-analysis studies concluded a significant direct 
relationship between the risk of RSI and BMI of 
patients. [3] In our case, we couldn’t retrieve the 
history of the previous operations which were done in 
other hospitals. Moreover, our patient had normal BMI 
(below 30).  

Presentation of retained surgical items can 
range from day of surgery to 28 years later, with a 
median date of detection at 21

st
 day after surgery [11]. 

In our case, the patient presented after 1 year from 
the original operation. A study was done by Stawicki 
(2009) [6] revealed that the most common presenting 
complaints include abdominal pain (25.8%), abscess 
(21.2%), Nausea and vomiting (15.2%), wound 
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complication (15.2%) and masses (12.1%). In our 
case, the patient presented with persistent abdominal 
pain, intestinal obstruction, nausea and vomiting. 

Diagnosis of RTI is difficult because of low 
clinical suspicion and since most surgical gauzes are 
radiolucent on imaging [10]. Previous literature 
emphasised the importance of using a CT scan with 
IV contrast for diagnosis of retained surgical items [7] 
[17]. This modality should be done routinely for 
patients with intestinal obstruction and surgeons must 
put RSI on their differential list in a patient with a 
history of previous operations. In our case, the patient 
didn’t undergo CT scan with IV contrast due to his 
elevated BUN and creatinine. G Nasir (2008) [18] 
suggested the use of gauzes and packs that's marked 
by radiopaque lines to detect missing instruments. A 
similar study was done by Fabian (2004) [19] 
experimented the use of electronic tagging of surgical 
sponges to prevent their retention. The results 
showed 100% accuracy with no false positives at all. 
This implies the efficacy of alternative options to solve 
the problem of invisibility of surgical gauzes on radio 
imaging.  

In conclusion, retained surgical items continue 
to be a significant challenge for surgeons due to the 
serious complications if they are discovered late. 
Those preventable mistakes place a big burden on the 
health system financially and logistically. However, 
with good teamwork and an accurate modern counting 
system, these can easily be prevented. Surgeons 
must have a high index of suspicion and retained 
surgical items should be in the differential diagnosis of 
any postoperative patient who presents with pain, 
infection, or palpable masses. 
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Abstract 

BACKGROUND: A gap still exists between in vitro and clinical studies concerning the biocompatibility of the 
material in the oral environment and their potential to cause immunological undesirable side effects. The uses of 
glass fibres to improve the mechanical properties of acrylic resin denture base polymers are well documented in 
vitro.  

AIM: The present study aimed to evaluate the effect of denture base reinforcement using light-cured E- glass 

fibres mesh on the level of salivary immunoglobulin A (S-IgA) in patients wearing complete dentures.  

MATERIAL AND METHODS: Fourteen completely edentulous patients, in need of complete dentures, 
participated in the study. The patients were divided into two groups (n = 7) according to the treatment protocol. In 
the first group, patients received conventional heat-cured acrylic resin dentures. In the second group, the 
mandibular dentures were reinforced using light cured resin impregnated E glass fibres mesh. In both groups, 
salivary samples were collected using passive drool technique. The level IgA was assessed by enzyme-linked 
immunosorbent assay (ELISA) technique at different time intervals. Statistical analysis was carried out using one-
way ANOVA followed by Tukey`s post-hoc test and independent t-test. The significant level was set at P ≤ 0.05. 

RESULTS: Acrylic resin dentures and reinforced ones demonstrated an increase in the mean values of IgA level 
at the end of the follow-up intervals. And this increase was statistically significant (P ≤ 0.05). Although, the 
reinforced dentures revealed higher mean values, there was no statistically significant difference between the two 
groups (P > 0.05) 

CONCLUSIONS: Within the limitations of the present study, the following could be concluded: (1) the insertion of 

complete dentures induced changes in the level of IgA; and (2) denture base reinforcement using light cured resin 
impregnated E-glass fibres mesh had a similar effect to that of heat cured acrylic resin on the level of IgA. 

 
 
 
 
 
 
 
 

Introduction 

 

For decades, acrylic resin complete dentures 
have been used to improve the quality of life for 
completely edentulous patients. The considerable 
cost, aesthetics, and ease of processing and repair of 
acrylic resin materials are the major reasons for its 
clinical success. However, fracture of dentures has 
been a challenging problem that occurred in 68% of 
the cases after 3 years [1] [2]. Maxillary denture 
fractures are mostly caused by fatigue and impact 

failure, while 80 % of mandibular dentures are 
fractured by impact [3]. 

Several attempts have been made to improve 
the mechanical properties of acrylic resin denture 
materials among them is the incorporation of 
reinforcing E-glass fibres. Although several studies 
documented the significant improvement in the 
flexural strength, impact strength and fatigue 
resistance of the acrylic resin material were attained. 
The processing of the fibres seems to be difficult and 
technique-sensitive [4] [5] [6] besides their poor 
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bonding to the acrylic resin which is another 
shortcoming [3]. 

Advanced E-glass fibres mesh that is 
specially treated and impregnated with light cured 
resin have been recently introduced. A part from its 
strengthening and esthetic advantages it provides 
better bonding to the acrylic resin and, simpler 
manipulation through the use of a light curing system. 

The reinforcement process involves the 
incorporation of new material into the dental 
prostheses [7]. Biocompatibility and mechanical 
characteristics are the principal parameters for the 
applications of new materials in the dentistry. The 
interaction between the oral environment and new 
materials may result in the release of biodegradation 
products which may cause local or systemic 
undesirable side effects [8]. 

Saliva is a complex mixture of secretions from 
major and minor Salivary glands where all the fixed 
and removable prostheses are immersed in[9]. 
Salivary immunoglobulin A (S-IgA) is the main 
immunoglobulin secreted by the immune system in 
the oral cavity. It compromises the first line of specific 
immune defence against pathogens, toxins and 
antigens at mucosal surfaces. The largest amount of 
sIgA is secreted by the minor salivary glands [10].  

The effect of glass fibre reinforcement on the 
mechanical properties of acrylic resins has been 
investigated extensively [5] [6] [7]. However, a gap still 
exists between in vitro and clinical investigations 
concerning the materials biocompatibility and their 
potential to cause immunogenic adverse effects [11].  

Therefore, the purpose of the present study 
was to evaluate the effect of denture base 
reinforcement using light-cured E-glass fibres 
meshwork on the level of salivary immunoglobulin A 
(S-IgA) in patients wearing complete dentures. 

 

 

Material and Methods 

 

Fourteen completely edentulous patients, in 
need of complete dentures, for the first time, were 
selected from the patients out clinic, Oral and dental 
medicine, Al Azhar University-Boys. The patient’s age 
ranged from 45 to 60 years. The study protocol was 
approved by the Medical Research Ethics Committee 
(MREC: 18/081) of the National Research Centre. An 
informed written consent according was obtained from 
each participant before clinical procedures. All the 
participants were fulfilling the following inclusion 
criteria: 

1. No previous denture experiences. 

2. All of them were free of any systemic or 
local diseases that induce immune-
competence reactions. 

3. All were non-smokers. 

4. They did not use any drugs that affect the 
oral mucosa. 

5. They all were Angle Class I maxilla-
mandibular relation. 

 

 

Complete dentures construction  

Patients were divided into two groups. In the 
first group (I) the acrylic resin (Across one, Dental & 
Medical Co, Egypt) complete maxillary and 
mandibular dentures without base reinforcement were 
delivered to the patients. The dentures were 
constructed following conventional procedures. In the 
second group (II), only the mandibular dentures were 
reinforced using a light cured resin impregnated with 
E-glass fibres meshwork (fibre force

®
, SYNCA, 

Canada). For the mandibular dentures, the 
reinforcement mesh was adjusted to the master cast 
with a 0.6 mm wax spacer.  

On the waxed cast, four tissue stops were 
created using light-cured acrylic resin (SYNCA, 
Canada) supplied by the manufacturer. Then, the 
mesh was adapted to the cast using a vacuum unit 
(EZ VAC, SYNCA, Canada) and cured using the LED 
light curing unit (Dental Lab LED Light Cure Box, 
Taiwan) at 430 to 500 nm for 2 minutes. The cured 
meshwork was removed from the cast, flushed with 
boiling water stream to remove any wax remnants and 
dried.  

The lower dentures were processed using the 
conventional method as the first group except that 
before flask closure the meshwork was placed on the 
master cast then packing and curing was performed. 
Thus, the meshwork bonded chemically to the denture 
acrylic resin  

 

Immunologic evaluation 

Salivary Sample collection: The samples 
were collected at four different time intervals: 
immediately before denture insertion (as control), two 
hours, three days and 7 days after complete denture 
delivery. Before collection of salivary samples, all 
patients were instructed not to ingest food or drinks 
(except water) at least for 60 minutes. The samples 
were collected between 10-11 AM to prevent any 
differences in the concentration of the saliva due to 
the circadian rhythm [12]. 

Ten millilitres of patient’s saliva was collected 
in sterile plastic containers using passive drool 
technique [12] [13]. Then they were centrifuged at 

https://www.thesaurus.com/browse/biological%20rhythm
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3000 rpm for 15 minutes and the samples supernatant 
stored in a deep freezer at -20 degree and they were 
kept for analysis. The level of salivary IgA in the 
samples was assessed by using enzyme-linked 
immunosorbent assay (ELISA) (kit: Peritest, Robonik 
India) and expressed as mg/dL. 

Statistical analysis was performed using with 
SPSS 20

® 
(Statistical Package for Social Science) and 

Microsoft Excel 2010. Data were represented as 
means (M) and standard deviation (SD). 

Comparison of data within each group was 
made using one-way ANOVA followed by Tukey`s 
post-hoc test to evaluate the effect of time on the level 
of salivary IgA. Also, independent t-test was 
performed to detect the significance between both 
groups for each follow-up visit. The significant level 
was set at P ≤ 0.05. 

 

 

Results 

 

Table 1 and 2 showed the IgA level during the 
follow-up periods of group I and II. Comparison of the 
effect of denture base reinforcement using mesh and 
conventional dentures on the level of salivary IgA was 
presented in Table 3. 

In group I, when comparing the mean values 
of IgA before denture insertion and 2 hrs. Following 
denture use, there was an increase in the mean value; 
however, this increase was statistically insignificant (P 
> 0.05). On the other hand, after 3 and 7 days of 
denture use, there were an increase in the mean 
values of IgA and this increase was statistically 
significant (P > 0.05). 

Table 1: the level of salivary IgA in group I 

Time  M ± SD (g/L) P-value 

Before Denture Insertion (control) 90
a 
± 6.24 

0.00** 
After Denture Insertion by 2 Hours 92

a 
± 3.02 

After 3 Days 113
b 
±7.47 

After 7 Days 132
c 
±8.9 

M: Mean, SD: Standard Deviation, P: Probability level; Means with the same superscript 
letter were insignificant different; Means with the different superscript letter were 
significantly different; **significant difference. 

 

Similarly, group II demonstrated an increase 
in the mean values of IgA following denture insertion. 
And this increase was statistically significant after 3 
and 7 days of denture use (P < 0.05). 

Table 2: the level of salivary IgA in group II 

Time  M ± SD (g/L) P-value 

Before Denture Insertion (control) 94
a 
± 5.4 

0.00** 
After Denture Insertion by 2 Hours 96

a 
± 4.2 

After 3 Days 122
b 
±8.7 

After 7 Days 142
c 
±9.1 

M: Mean, SD: Standard Deviation, P: Probability level; Means with the same superscript 
letter were insignificant different; Means with the different superscript letter were 
significantly different; **significant difference. 

 

Comparison of conventional dentures and 
reinforced ones (Table 3) revealed that reinforced light 
cured dentures showed higher mean values of IgA 
level during the follow-up periods. However, the 
increase in IgA means values were statistically 
insignificant (P < 0.05). 

 

Table 3: Comparison of salivary IgA levels between the two 
groups 

 

M ± SD 

Before Denture 
Insertion 

After Denture 
Insertion by 2 Hours 

After 
3 Days 

After 
7 Days 

Group I (Acrylic resin 
dentures) 

90 ± 6.24 92 ± 3.02 113 ±7.47 132 ±8.9 

Group II (Reinforced 
dentures with resin-
impregnated E-glass 
fibres) 

94 ± 5.4 96 ± 4.2 122 ±8.7 142 ±9.1 

P-value 0.2239* 0.0633* 0.06* 0.0598* 

M: Mean, SD: Standard Deviation, P: Probability level. 

 

 

 

Discussion 

 

S-IgA has an important role in the defensive 
mechanism where it participates in the immune 
reaction and protection of the mucous membrane of 
the oral cavity [10]. Furthermore, S-IgA concentration 
is related to the physiological status of the body [14] 
and oral cavity. The decrease in the level of S-IgA 
was reported to be associated with the increased risk 
for oral pathology [15]. On the other hand, the 
increase of S-IgA level had been correlated with low 
caries rate [16]. 

This study was planned to explore whether or 
not dentures reinforced with light cured resin 
impregnated E-glass fibres would affect the level of S-
IgA in vivo compared to conventional acrylic resin 
dentures. 

Only, healthy completely edentulous male 
patients with age ranging from 45 to 60 years 
participated in the study to exclude the possible effect 
of sex, age and general health status on the level of 
S-IgA [13] [14] [15] [16] [17] [18]. 

To assess levels of S-IgA in saliva, 
unstimulated salivary samples were collected using 
passive drool method in the present study as it is 
simple, inexpensive, acceptable for the analysis and 
more tolerable to the patients [19]. Furthermore, the 
procedure of salivary stimulation increased the 
salivary flow rate which in turn decreases the 
concentration of S-IgA [20] [21]. 

In the present study, the measurement of the 
S-IgA levels was performed using ELISA technique as 
it is a highly accurate method to detect salivary 
biomarkers including S-IgA [19]. 
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The use of light-cured resin impregnated E-
glass fibres mesh was selected in the study as it 
eliminates the difficulties in the manipulation of E-
glass fibres. Curing of the reinforcing mesh using a 
light curing unit is another advantage to be 
considered. Besides, it provides better fracture 
resistance as supported by previous studies [22] [7]. 

The findings of the present study revealed 
that insertion of complete dentures caused a 
progressive continuous increase in the S-IgA levels till 
the end of the follow-up periods in both groups. These 
findings are by the previous study conducted by 
Corega et al., 2014 [23], and Youness et al., 2015 
[24], who observed that insertion of orthodontic 
appliances increased the concentration of S-IgA. The 
apparent increase in the S-IgA could be attributed to 
two main reasons. The first reason could be due to 
hyper-salivation and the stress associated with the 
insertion of the new prostheses [25]. The second 
could be attributed to the leaching of toxic compounds 
from an acrylic resin material as residual monomers 
and plasticizers [26] [27] which, may initiate 
immunogenic response. However, the present finding 
is in disagreement with a previous study conducted by 
wessam et al., who reported that insertion of complete 
dentures made of different denture base materials, 
resulted in the decrease of the level of S-Ig A. 

Although, the results also demonstrated an 
increase in S-IgA level in patients wearing reinforced 
denture bases compared to conventional dentures. 
The differences were not statistically significant. 

Therefore, it could be proposed that denture 
acrylic resin material rather than E-glass 
reinforcement mesh may be the main cause for an 
increased level of S-Ig A in both groups. Furthermore, 
the increase S-Ig A level in reinforced dentures could 
be attributed to the impregnation process of glass 
fibres acrylic resin as reported by Sipahi et al., 2006 
[28]. Who mentioned that this requires an increase in 
the ratio of monomer. 

Within the limitation of the present study, it 
could be concluded that: 

1. Insertion of complete dentures 
constructed from heat cured acrylic resin affects the 
level of salivary IgA which initiates the immune 
response. 

2. Reinforcement of dentures with light 
cured resin impregnated E-glass fibres mesh showed 
no significant differences compared to heat cured 
acrylic resin. However, further clinical studies for a 
prolonged follow-up periods are required to detect the 
possible side effects such as allergic responses and 
systemic toxicity. 

3. Laboratory investigations are also 
needed to assess cell cytotoxicity. 

 

 

References 

 

1. Franklin P, Wood DJ, Bubb NL. Reinforcement of poly (methyl 
methacrylate) denture base with glass flake. Dental materials. 
2005; 21(4):365-70. https://doi.org/10.1016/j.dental.2004.07.002 
PMid:15766583  

2. Bertassoni LE, Marshall GW, de Souza EM, Rached RN. Effect 
of pre-and postpolymerization on flexural strength and elastic 
modulus of impregnated, fiber-reinforced denture base acrylic 
resins. The Journal of prosthetic dentistry. 2008; 100(6):449-57. 
https://doi.org/10.1016/S0022-3913(08)60263-2 

 

3. Hari Prasad A, Kalavathy MH. Effect of glass fiber and silane 
treated glass fiber reinforcement on impact strength of maxillary 
complete denture. Ann Essen Dent. 2011; 4:7-12. 
https://doi.org/10.5368/aedj.2011.3.4.1.2 

 

4. Alla RK, Sajjan S, Alluri VR, Ginjupalli K, Upadhya N. Influence 
of fiber reinforcement on the properties of denture base resins. 
Journal of Biomaterials and Nanobiotechnology. 2013; 4(1):91. 
https://doi.org/10.4236/jbnb.2013.41012 

 

5. Fonseca RB, Favarão IN, Kasuya VB, Abrão M, Da Luz N FM, 
Naves LZ. Influence of glass fiber wt% and silanization on 
mechanical flexural strength of reinforced acrylics. J Mat Sci Chem 
Eng. 2014; 2:11–15. https://doi.org/10.4236/msce.2014.22003 

 

6. Golbidi F., Pozveh M A. Flexural Strength of Polymethyl 
Methacrylate Repaired with Fiberglass.J Dent (Tehran). 2017; 14: 
231–236. 

 

7. Gad MM, Fouda SM, Al-Harbi FA, Kangas RN, Raustia A. 
PMMA denture base material enhancement: a review of fiber, filler, 
and nanofiller addition. Int J Nanomedicine. 2017: 3801-38012. 
https://doi.org/10.2147/IJN.S130722 PMid:28553115 
PMCid:PMC5440038 

 

8. Bettencourt AF, Neves CB, de Almeida MS, Pinheiro LM, e 
Oliveira SA, Lopes LP, Castro MF. Biodegradation of acrylic based 
resins: A review. dental materials. 2010; 26(5):e171-80. 

 

9. Dawes C. Salivary flow patterns and the health of hard and soft 
oral tissues. The Journal of the American Dental Association. 2008; 
139:18S-24S. https://doi.org/10.14219/jada.archive.2008.0351 
PMid:18460676  

 

10. Brandtzaeg P. Do salivary antibodies reliably reflect both 
mucosal and systemic immunity? Annals of the New York 
Academy of Sciences. 2007; 1098:288–311. 
https://doi.org/10.1196/annals.1384.012 PMid:17435136  

 

11. Celebi N, Yuzugullu B, Canay S, Yucel U. Effect of 
polymerization methods on the residual monomer level of acrylic 
resin denture base polymers. Polym Adv Technol. 2008; 19:201–6. 
https://doi.org/10.1002/pat.996 

 

12. Evans EW, Hayes C, Palmer CA, Bermudez OI, Cohen SA, 
Must A. Dietary intake and severe early childhood caries in low-
income, young children. Journal of the Academy of Nutrition and 
Dietetics. 2013; 113(8):1057-61. 
https://doi.org/10.1016/j.jand.2013.03.014 PMid:23706351 
PMCid:PMC4045487 

 

13. Gomar-Vercher S, Simón-Soro A, Montiel-Company JM, 
Almerich-Silla JM, Mira A. Stimulated and unstimulated saliva 
samples have significantly different bacterial profiles. PLoS ONE. 
2018; 13(6): 1-12. https://doi.org/10.1371/journal.pone.0198021 
PMid:29856779 PMCid:PMC5983451 

 

14. Phillips AC, Carroll D, Drayson MT, Der G. Salivary 
immunoglobulin a secretion rate is negatively associated with 
cancer mortality: The West of Scotland Twenty-07 Study. PLoS 
One. 2015; 10(12):e0145083. 
https://doi.org/10.1371/journal.pone.0145083 PMid:26699127 
PMCid:PMC4689578 

 

15. Giuca MR, Pasini M, Tecco S, Giuca G, Marzo G. Levels of 
salivary immunoglobulins and periodontal evaluation in smoking 
patients. BMC Immunology. 2014; 15-5. 
https://doi.org/10.1186/1471-2172-15-5 

 

https://doi.org/10.1016/j.dental.2004.07.002
https://doi.org/10.1016/S0022-3913(08)60263-2
https://doi.org/10.5368/aedj.2011.3.4.1.2
https://doi.org/10.4236/jbnb.2013.41012
https://doi.org/10.4236/msce.2014.22003
https://doi.org/10.2147/IJN.S130722
https://doi.org/10.14219/jada.archive.2008.0351
https://doi.org/10.1196/annals.1384.012
https://doi.org/10.1002/pat.996
https://doi.org/10.1016/j.jand.2013.03.014
https://doi.org/10.1371/journal.pone.0198021
https://doi.org/10.1371/journal.pone.0145083
https://doi.org/10.1186/1471-2172-15-5


Dental Science 
_______________________________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________________________ 

2172                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

16. Mithra H, Darshana D, Chitharanjan S, Aditya S.Correlation 
between dental caries and salivary immunoglobulin in adult Indian 
population: An in vivo study. J Restor Dent. 2013; 1:22-25. 
https://doi.org/10.4103/2321-4619.111229 

 

17. Minicucci EM, Pires RB, Vieira RA, Miot HA, Sposto MR. 
Assessing the impact of menopause on salivary flow and 
xerostomia. Aust Dent J. 2013; 58:230-4. 
https://doi.org/10.1111/adj.12057 PMid:23713645  

 

18. Khan SF, KattiG,Baba I, Khan N. Age- related changes of 
salivary IgA among healthy subjects. J Indian Acad Oral Med 
Radiol. 2015; 27:203-205. https://doi.org/10.4103/0972-
1363.170138 

 

19. De La Rica R., Stevens M. Plasmonic ELISA for the 
ultrasensitive detection of disease biomarkers with the naked eye. 
Nature Nanotech. 2012; 7:821-824. 
https://doi.org/10.1038/nnano.2012.186 PMid:23103935  

 

20. Shifa S, Muthu MS, Amarlal D, Prabhu VR. Quantitative 
assessment of IgA levels in the unstimulated whole saliva of 
caries-free and caries-active children. Journal of Indian Society of 
Pedodontics and Preventive Dentistry. 2008; 26(4):158. 
https://doi.org/10.4103/0970-4388.44031 PMid:19008624  

 

21. Beltzer EK, Fortunato CK, Guaderrama MM, Peckins MK, 
Garramone BM, Granger DA. Salivary flow and alpha-amylase: 
collection technique, duration, and oral fluid type. Physiology & 
Behavior. 2010; 101(2):289-96. 
https://doi.org/10.1016/j.physbeh.2010.05.016 PMid:20515701  

 

22. Pfeiffer P ,Grube L. In vitro resistance of reinforced interim 
fixed partial dentures. J Prosth Dent. 2003; 89:170–174. 
https://doi.org/10.1067/mpr.2003.29 PMid:12616237  

 

23. Corega, C, VaidaL, Feştilă D, RigoniG, Albanese, M., 
 

D'agostino, A., Chiarini, G., Barone, A., Covani, U., Nocini, P.F., & 
Bertossi, D. Salivary levels of IgA in healthy subjects undergoing 
active orthodontic treatment. Minerva stomatologica. 2013; 12:11-
15. 

24. Youness SR, Hussein JS, Refaat WS, El Hariri HM. Effect of 
Orthodontic Treatment on Salivary Immunoglobulin A Levels 
among a group of healthy Egyptian Children. J Dent Med Sci 
(IOSR-JDMS). 2015; 14:2279-0861. 

 

25. Tango RN, Arata A, Borges AL, Costa AK, Pereira LJ, 
Kaminagakura E. The Role of New Removable Complete Dentures 
in Stimulated Salivary Flow and Taste Perception. Journal of 
Prosthodontics. 2018; 27(4):335-9. 
https://doi.org/10.1111/jopr.12507 PMid:27434551  

 

26. Boecker AF, Morton D, Poser S, Dette KE. Release of 
dibenzoyl peroxide from polymethyl methacrylate denture base 
resin: an invitro study. Dent Mater. 2008; 24:1600. 

 

27. Goiato MC, Freitas E, Sonego M. Acrylic Resin Cytotoxicity for 
Denture Base--Literature Review. Advances in clinical and 
experimental medicine: official organ Wroclaw Medical University. 
2015; 24(4):679-86. https://doi.org/10.17219/acem/33009 
PMid:26469114  

 

28. Sipahi C, Ozen J, Ugur Ural A, Dalkiz M, Beydemir B. The 
effect of two fibre impregnation methods on the cytotoxicity of a 
glass and carbon fibre‐reinforced acrylic resin denture base 
material on oral epithelial cells and fibroblasts. Journal of oral 
rehabilitation. 2006; 33(9):666-73. https://doi.org/10.1111/j.1365-
2842.2006.01648.x PMid:16922740  

 

 

https://doi.org/10.4103/2321-4619.111229
https://doi.org/10.1111/adj.12057
https://doi.org/10.4103/0972-1363.170138
https://doi.org/10.4103/0972-1363.170138
https://doi.org/10.1038/nnano.2012.186
https://doi.org/10.4103/0970-4388.44031
https://doi.org/10.1016/j.physbeh.2010.05.016
https://doi.org/10.1067/mpr.2003.29
https://doi.org/10.1111/jopr.12507
https://doi.org/10.17219/acem/33009
https://doi.org/10.1111/j.1365-2842.2006.01648.x
https://doi.org/10.1111/j.1365-2842.2006.01648.x


 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2018 Nov 25; 6(11):2173-2179.                                                                                                                                                2173 

 

ID Design Press, Skopje, Republic of Macedonia 
Open Access Macedonian Journal of Medical Sciences. 2018 Nov 25; 6(11):2173-2179. 
https://doi.org/10.3889/oamjms.2018.415 
eISSN: 1857-9655 
Dental Science 

 

 

  

 
Different Materials Used as Denture Retainers and Their Colour 
Stability 
 
 
Sherif A. Sadek

1*
, Wessam M. Dehis

2
, Hala Hassan

3
 

 
1
Department of Prosthodontics, Faculty of Oral and Dental Medicine, Cairo University, Egypt; 

2
Department of Fixed and 

Removable Prosthodontics, National Research Center, Egypt; 
3
Department of Prosthodontics, Faculty of Oral and Dental 

Medicine, Modern University for Technology and Information, Egypt 

 

Citation: Sadek SA, Dehis WM, Hassan H. Different 
Materials Used as Denture Retainers and Their Colour 
Stability. Open Access Maced J Med Sci. 2018 Nov 25; 
6(11):2173-2179. 
https://doi.org/10.3889/oamjms.2018.415 

Keywords: Removable Partial Denture; Clasps; Direct 
retainer; Physical properties; Color stability; Cobalt 
Chromium; Thermoplastic Acetal; Versacryl; Thermopress 

*Correspondence: Sherif A Sadek. Department of 
Prosthodontics, Faculty of Oral and Dental Medicine, 
Cairo University, Egypt. E-mail: 
sherifalysadek@gmail.com 

Received: 06-Aug-2018; Revised: 11-Oct-2018; 
Accepted: 13-Oct-2018; Online first: 15-Nov-2018 

Copyright: © 2018 Sherif A. Sadek, Wessam M. Dehis, 
Hala Hassan. This is an open-access article distributed 
under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0) 

Funding: This research did not receive any financial 
support 

Competing Interests: The authors have declared that no 
competing interests exist 

 

 

 

 

Abstract 

BACKGROUND: Retainers are of great importance for the longevity of the prosthetic removable partial denture 
during various functions especially the esthetic one. The key of successful clasp selection is to select a direct 
retainer that will control tipping and torquing forces on the abutment teeth, provide retention against reasonable 
dislodging forces and are compatible with both tooth and tissue contour together with the aesthetic desire of the 
patient. 

AIM: This study aims to compare different clasp material to enhance the choice of the clasp based on the 
aesthetic point of view. 

METHODS: The colour evaluation of the tested materials had been evaluated by computer aided technique with 

digital camera with 3 Mega Pixels of resolution. 

RESULTS: In the current research, the technique of colour evaluation was carried out to compare different clasp 
materials to enhance the choice of the clasp based on the aesthetic point of view. Most commonly, Removable 
Partial Denture (RPD) retainers are fabricated identically from the metal framework’s alloy as Cobalt Chromium 
(CoCr) alloy although it is unaesthetic. This esthetic problem has been overcome by other methods and by 
utilising different materials, these included covering the retainers with tooth-coloured acrylic resin, as well as the 
introduction of esthetic materials as; Thermoplastic Acetal, Versacryl, and Thermopress. 

CONCLUSION: It has been concluded that the non-metallic Acetal resin clasp shows superior physical properties 
regarding colour stability. 

 
 

 

Introduction 

 

The most important calibre of esthetics is 
colour. Usually, denture base gets contaminated with 
various materials intraorally. The acrylic resin denture 
base material is highly potential to soak up distinct 
contaminants. Moreover, it is subjected to sorption, 
the practicability of both absorption and adsorption of 
liquids relying on the ecological circumstances then 
leading to possible discolouration, so colour stability is 
one of the most important factors in denture base 
materials selection [4]. 

The esthetic dental restorations play a great 
role in recent communities not only for females but 
also for males, due to the emphasis of physical look. 
Dental implant succeeded in expanding such scope, 
yet it is not highly recommended for the tremendous 

scale of patients, especially those who are suffering 
from some medical, psychological and financial 
problems [5]. 

Esthetic removable partial dentures (RPDs) 
are considered as the best and most compatible 
preference remedy for these subjects in replacing 
their lost teeth with superior esthetics. One of the 
major problems of RPDs was the display of the clasp 
assemblies. Etching the retainer’s arm and overlaying 
it with a tooth-coloured resin coat is one of many 
recent ways employed to solve this issue. Moreover, 
as the physical appearance of these esthetic retainers 
is of vital essentiality, yet their mechanical properties 
play a great role in their success and intraoral 
utilisation [6].

 
 

The difficulty in using of acrylic resins or resin 
composite to veneers on metals of RPD appears in 
the diversities between both their potentiality to inflect 
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and coefficients of thermal expansion. Non-noble 
metals possess durability and resist remarkable 
flection. However, extreme disfigurement takes place 
to resins concerning both their physical and thermal 
status, as the matrix becomes fragile beyond its 
elastic borders. The resin composite matrix also tends 
to be brittle beyond its elastic limit. As a sequel, the 
capacities of both metals and resins for plastic 
disfigurement are in a broad conflict. Latest concerns 
extend to the impact of the intraoral masticatory 
strength together with both the adjustability and extra 
magnitude of the veneered retainers formed by the 
assembling of the covering matter. Exaggerated 
declining in the retainer’s length and thickness should 
be averted to secure the stiffness and shorten the 
fracture of the retainer as well as provide maximum 
esthetics [7]. 

The rotational path RPD is a simple method 
that abolishes the utilisation of the intraoral 
esthetically unpleasant retainers anteriorly. It employs 
an anterior immobile part of the framework and an 
ordinary pliable posterior retentive retainer as the 
retentive components. Retainers’ least utilisation, the 
superiority of esthetics and minimal accumulation of 
plaque are the main merits of such design. However, 
both clinical and laboratory procedures in demand for 
the rotational path RPD are skillfully precise [8] [9] 10].  

Lingual retention provides an equivalent 
magnitude of invisible retention as that situated on the 
buccal surface. Such retention is achieved by 
substituting the bracing arm with parallel guide 
standard surfaces and accurately designed rests both 
with the retentive element placed lingually [11]. 
Denture clasps constructed from both a substance 
matching the tooth shade and thermoplastic resin 
have been utilised on a wide scale to both enhance 
the resemblance in metallic retainers’ structures and 
support esthetics [12] [13] [14]. 

Polyoxymethylene (POM) which is well known 
as Acetal resin, an injection-moulded resin also acts 
as a standby to the classical PolyMethylMethAcrylate 
(PMMA). Fabrication of POM takes place by the 
polymerisation of formaldehyde. The homopolymer 
polyoxymethylene is a series of alternating methyl 
sets united by an oxygen whit. Besides that, it 
behaves elastically on a wide scale which allows it to 
be utilised as the suitable material for retainer 
construction. This is due to its superior proportional 
limit with the minimal viscous flow [12].  

POM has been consumed globally in dentistry 
as an offset for both PMMA and metals in tremendous 
of prosthetic employments since two decades ago. 
The most commonly effective appliances were the 
esthetic clasps of RPD [14] [15] [16], cast posts and 
cores as well as brackets [17]. 

An attempt to perform aesthetic removable 
partial denture is the usage of Valplast as a retentive 
clasp for esthetic reasons since it belongs to Nylon 
family. They are thin and light in weight, resistant to 

fracture and esthetically good due to their pink and 
translucent shade which matches that of natural 
dentition and gingiva. Its indications extend to the 
cosmetic improvement of teeth that appear elongated 
due to gum recession and for acrylic resin’s allergic 
patients [18]. Moreover, thermoplastic resin injection 
materials (Thermopress) are characterised by being 
easily manipulated and providing esthetically 
acceptable results [19]. 

Colour values can be measured by visual 
methods of specifying colour (subjective method) or 
by the aid of instruments (objective method). Besides 
that, Color is a sensation captured by our eyes in 
three dimensions; three terms were needed to explain 
colour measurements [20]. Hue recognises each 
colour from another, while Lightness (Value) 
distinguishes light colours from dark ones and 
Chroma describes how different colour is from grey 
[21].  

This study aims to compare different clasp 
material to enhance the choice of the clasp based on 
the esthetic point of view. 

 

 

Material and Methods 

 

An ideal model of the maxillary partially 
edentulous case (Kennedy class III) usually utilised for 
educational purposes was selected as a master model 
replicating the anatomical features of the teeth. 

Duplication of the model was carried out to 
fabricate a stone cast with both the maxillary premolar 
and molar into wax and ready to be to be surveyed 
before casting the wax into metal. Surveying was 
essential to provide mesially (8 mm) and lingual guide 
planes (6 mm) to create a (0.25 mm) undercut area on 
the distobuccal surface and prepare an occlusal rest 
seat (2 mm) deep on the mesiocclusal surface for the 
molar tooth. Moreover, on the distobuccal surface, 
both distal (8 mm) and lingual guide planes (6 mm) 
were fabricated as well as, (0.25 mm) undercut area 
on the mesiobuccal surface and an occlusal rest seat 
(2 mm) deep (Figure 1). 

 

Figure 1: Surveyed metal teeth models 
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The specimens included five premolar clasps 
with (0.25 mm) undercut, and five molar clasps with 
(0.50 mm) undercut.  

The five different clasps used for each 
abutment tooth were fabricated from Cobalt 
Chromium (CoCr) metal (Vitllium; Cobalt Chrome 
alloy): Cobalt 64%, Chromium 28%, Molybdenum 
5.5%. Type 1-ADA, Spec. No. 14 From (Dentorium 
Co., U.S.A.), Versacryl

 
(Keystone Industries GmbH, 

Sigen, Germany), Valplast (Valplast Denture Acrylic 
Resin for Flexible Dentures, IRIS, Tianjin IRIS Int. 
Trade Co. Ltd., Industrial district, Tianjin, China), 
Acetal resin (Acetal Copolymer, Flexible Acrylic 
Dental Clasps, Korea Engineering Plastics Co. Ltd., 
KEPITAL Europe GmbH, Wiesbaden, Germany) and 
Thermopress (Thermopress, Thermopress 400, 
Bredent): From (Gmbh & Co.KG, Germany). Each 
type of these clasps was fabricated as recommended 
by the manufacturer attaching to them a wax plate (4 
× 7 × 3 mm) which was attached to the minor 
connector parallel to the path of insertion. The plate 
was utilised later for maintaining the clasp in the 
testing machine (Figure 2). 

 

Figure 2: The Specimens; A) Acetal Clasps; B) Metal Clasps; C) 
Thermopress Clasps; D) Versacryl Clasps 

 

Images Used in The Current Study Were 
Taken with The Following Image Acquisition System:  

1) Computer-aided technique which was 
a combination of a digital camera (Scope Capture 
Digital Microscope, Guangdong Co. Ltd., China.) and 
image processing software (Image J 1.43U, National 
Institute of Health, USA) was the method used to 
register the color of any pixel of the specimen’s image 
using three color sensors per pixel.  

2) Digital camera with 3 Mega Pixels of 
the resolution was utilised to evaluate the colour. This 
camera was placed vertically at a distance of (2.5 cm) 
from the samples. The angle between the axis of the 
lens and the sources of illumination is approximately 
45º.  

3) Illumination was achieved with 8 LED 

lamps (Adjustable by Control Wheel) with a colour 
index (Ra) close to 95%.  

4) The images were taken at maximum 
resolution (2272 × 1704 pixels) and connected with an 
IBM compatible personal computer consuming a fixed 
magnification of 90X. The images were recorded with 
a resolution of 1280 × 1024 pixels/image. Digital 
microscope images were cropped to 350 × 400 pixels 
utilising Microsoft office picture manager to specify/ 
standardise area of colour measurement. 

5) To calibrate the digital colour system, 
the colour values of the 32 colour charts were 
measured. 

6) Once the system was calibrated, it 
was possible to infer the Lab Color Space (Lab) 
values by the Red (R), Green (G) or Blue (B) (RGB) 
measurements from the camera without utilising the 
colourimeter along with image processing software 
(Figure 3). 

 

Specification: 

Image sensor 1.3 Mega Pixels 

Still capture resolution 
1600x1200 (2M), 1280x1024(1.3M), 1024x960, 1024x768, 
800x600, 640x480, 352x288, 320x240, 160x120 

Video capture resolution 
1600x1200 (2M), 1280x1024(1.3M), 1024x960, 1024x768, 
800x600, 640x480, 352x288, 320x240, 160x120 

Focus Range Manual focus from 10mm to 500mm 

Frame Rate Max 30f/s under 600 Lus Brightness 

Magnification Ratio 20x to 200x 

Video format AVI 

Photo format JPEG or BMP 

Light source 8 LED (adjustable by control wheel) 

PC interface USB2.0 

Power source 5V DC from USB port 

Operation system Windows2000 SP4/XP/Vista/Win7, Mac OS X 10.5 or above 

OSD language English, German, Spanish, Korean, French, Russian 

Bundle software MicroCapture 

Size 110mm (L) x 33mm (R) 

 

Figure 3: Scope Capture Digital Microscope 

 

A total number of 10 specimens were used in 
this research and divided into two different groups; 5 
specimens in each group.  

 

The First Group (Coffee) 

Specimens of this group were 5 in number, 
and all were stored in Coffee solution. This solution 
was prepared by pouring (20 g) of coffee (Nescafe 
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Classic, Nestle, Egypt) into (1000 ml) of boiled water. 
Then the solution was stirred every (30 min.) for (10 
sec.) until it cooled down till room temperature. Proper 
filtration of the Coffee mix was carried out later on 
through a filter paper. The specimens were immersed 
into (20 ml) of each immersion media and kept in the 
incubator (PSA, Advanced technology, Cairo, Egypt.). 
The solution was freshened once every 3 days to 
reduce the precipitation of particles in the staining 
solutions, and the solutions were stirred once a day 
(22).

 

 

The Second Group (Distilled Water) 

This group included 5 specimens that were 
stored in Distilled Water. 

 

Colour Evaluation 

1. Colour measurement of each 
specimen (T0) was performed employing 
computational technique with a combination of a 
digital camera and image processing software.  

2. The specimens were placed in 
containers as mentioned above. Subsequent colour 
measurements were Taken After 4 Weeks of 
Immersion (Tfim). All the specimens were kept in the 
incubator during measurements at 37 °C. 

3. The mean of colour change for each 
material was calculated with the aid of C.I.E. L a b 
uniform colour scale. The magnitude of the total 
colour difference is formulated by ΔE.  

4.  

 

∆E the magnitude of total colour difference. 

Δ L is the luminance or lightness component 
that ranges from (0 to 100). 

Δ a is a chromatic component acting as 
parameter and ranges from (green to red). 

Δ b is a chromatic component acting as 
parameter and ranges from (blue to yellow). 

Δ a and Δ b both range from (-120 to 120). 

Data were presented as the mean and 
standard deviation (SD) and explored for normality 
using Kolmogorov-Smirnov and Shapiro-Wilk tests. 
Colour Parameters revealed a parametric distribution, 
so One-Way ANOVA was utilised to study the 
difference between tested materials on mean Color 
Parameters followed by Tokay’s posthoc test for 
pairwise comparison when ANOAV is significant. 
Dependent t-test was utilized to compare between 
different tested solutions for each material.  

The significance level was set at P ≤ 0.05. 

Statistical analysis was performed with IBM® SPSS® 
(SPSS Inc., IBM Corporation, NY, USA.) Statistics 
Version 23 for Windows. 

 

 

Results 

 

Difference between the mean of the 
luminance or lightness component (∆L) of 
different tested materials in both Coffee 
and Distilled Water groups 

Mean, and standard deviation (SD) for the 
luminance or lightness component (∆L) for different 
tested materials were presented in Table 1.  

Versacryl (-2.63 ± 1.33) displayed the highest 
mean of the luminance or lightness component (∆L) 
followed by Acetal resin (-4.52 ± 0.25) and Valaplast (-
5.2 ± 0.75) then followed by Thermopress (-7.09 ± 
0.23) at p ≤ 0.001 for Coffee. 

Versacryl (4.03 ± 0.31), Thermopress (3.66 ± 
0.44) and Valaplast (4.07 ± 0.24) revealed the highest 
mean of the luminance or lightness component (∆L) 
compared to Acetal resin (1.68 ± 0.31) at p ≤ 0.001 for 
Distilled Water. 

Table 1: Mean and standard deviation (SD) of the luminance or 
lightness component (∆L) for different tested materials in first 
and second groups 

 
 

∆L 

Groups 

Material 

p-value Acetal resin Thermopress Versacryl Valaplast 

Mean SD Mean SD Mean SD Mean SD 

Coffee -4.52
b 

.25 -7.09
c 

.23 -2.63
a 

1.33 -5.20
b 

.75 ≤0.001* 
Distilled 
Water 

1.68
b 

.31 3.66
a 

.44 4.03
a 

.31 4.07
a 

.24 ≤0.001* 

p-value ≤0.001* ≤0.001* ≤0.001* ≤0.001* 
 

Means with the same letter within each row are not significantly different at p = 0.05. * = Significant, 
NS=Non-significant. 

 

 

Difference between the mean of the 
chromatic component (∆a) that ranges 
from (green to red) of different tested 
materials in both Coffee and Distilled 
Water groups 

Mean, and standard deviation (SD) for the 
chromatic component (∆a) for different tested 
materials were presented in Table 2.  

Versacryl (1.69 ± 0.51) showed the highest 
mean of the chromatic component (∆a) followed by 
Acetal (0.64 ± 0.34) followed by Thermopress (0.08 ± 
0.34) and then Valaplast (-3.2 ± 0.34) at p ≤ 0.001 for 
Coffee. 

Versacryl (0.12 ± 0.21) and Acetal resin (0.06 
± 0.26) displayed the highest mean of the chromatic 
component (∆a) compared to Valaplast (-2.79 ± 0.32) 
and Thermopress (-3.79 ± 0.39) at p ≤ 0.001 for 
Distilled Water. 
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Table 2: Mean and standard deviation (SD) of the chromatic 
component (∆a) for different tested materials in first and 
second groups 

 
 

 
Groups 

Material 
 

p-value 
Acetal resin Thermopress Versacryl Valaplast 

Mean SD Mean SD Mean SD Mean SD 

∆a 
Coffee .64

b 
.34 .08

c 
.34 1.69

a 
.51 -3.20

d 
.34 ≤0.001* 

Distilled Water .06
a 

.26 -3.79
c 

.39 .12
a 

.21 -2.79
d 

.32 ≤0.001* 
p-value 0.01* ≤0.001* ≤0.001* 0.086 NS 

 
Means with the same letter within each row are not significantly different at p = 0.05. * = Significant, NS = 
Non-significant 

 

 

Difference between the mean of the 
chromatic component (∆b) that ranges 
from (blue to yellow) of different tested 
materials in both Coffee and Distilled 
Water groups 

Mean, and standard deviation (SD) for the 
chromatic component (∆b) for different tested 
materials were presented in Table 3. 

Versacryl (3.82 ± 0.54) and Valapalst (4.25 ± 
0.53) displayed the highest mean for the chromatic 
component (∆b) followed by Acetal resin (0.252 ± 
0.23) and then Thermopress (-1.812 ± 0.315) at p ≤ 
0.001 for coffee. 

Valaplast (1.93 ± 0.50) and Acetal resin (1.86 
± 0.19) showed the highest mean for the chromatic 
component (∆b) compared to Versacryl (-3.42 ± 0.60) 
and Thermopress (-3.23 ± 0.189) at p ≤ 0.001 for 
Distilled Water. 

Table 3: Mean and standard deviation (SD) of the chromatic 
component (∆b) for different tested materials in first and 
second groups 

  
Groups 

Material  
p-value Acetal resin Thermopress Versacryl Valaplast 

Mean SD Mean SD Mean SD Mean SD 

∆b Coffee .2520
b 

.2336 -1.8120
c 

.3148 3.8200
a 

.5445 4.2520
a 

.5315 ≤0.001* 

Distilled Water 1.8633
a 

.1935 -3.2320
b 

.1891 -3.4260
b 

.6070 1.9320
a 

.5073 ≤0.001* 

p-value ≤0.001* ≤0.001* ≤0.001* ≤0.001*  

Means with the same letter within each row are not significantly different at p = 0.05. * = Significant, NS = 
Non-significant. 

 

 

Difference between the mean of the 
magnitude of the total colour difference 
(∆E) of different tested materials in both 
Coffee and Distilled Water groups 

Mean, and standard deviation (SD) for the 
magnitude of the total colour difference (∆E) for 
different tested materials were presented in Table 4. 

Thermopress (7.33 ± 0.209) and Valaplast 
(7.45 ± 0.89) revealed the highest mean for the 
magnitude of the total colour difference (∆E) 
accompanied by Acetal resin (4.588 ± 0.227) and 
Versacryl (5.10±0.368) at p≤0.001 for Coffee. 

Thermopress (6.19 ± 0.42) displayed the 
highest mean for the magnitude of the total colour 
difference (∆E) followed by Versacryl (5.32 ± 0.34) 
and Valaplast (5.324 ± 0.28) followed by Acetal resin 
(2.52 ± 0.29) at p ≤ 0.001 for Distilled Water. 

 

Table 4: Mean and standard deviation (SD) of the total colour 
difference (∆E) for different tested materials in first and second 
groups 

 
 

 
Groups 

Material  
p-value Acetal resin Thermopress Versacryl Valaplast 

Mean SD Mean SD Mean SD Mean SD 

∆E Coffee 4.5880
b

 .2270 7.3360
a 

.2096 5.1080
b 

.3685 7.4540
a 

.8917 ≤0.001* 
Distilled Water 2.5233

c 
.2943 6.1960

a 
.4211 5.3200

b 
.3496 5.3240

b 
.2813 ≤0.001* 

p-value ≤0.001* 0.001* 0.386 NS 0.001*  

Means with the same letter within each row are not significantly different at p = 0.05. * = Significant, 
NS=Non-significant. 
 

 

 

Discussion 

 

Colour evaluation techniques provide valuable 
information regarding the physical properties of the 
materials tested. However, none of the in-vitro 
techniques can expose the tested materials to 
conditions similar to that of the oral environment (in-
vivo) such as pH value and temperature variations [2]. 

Recently, thermoplastic polymers are widely 
employed as denture base materials due to their 
translucency, flexibility, higher strength, lack of free 
monomers and biocompatibility [17]. Based on the 
literature review, studies have mainly focused on the 
mechanical properties of these materials, but limited 
published information is available on the colour 
stability of thermoplastic polymers after ageing [7] 
[23]. Colour stability is an important factor for dental 
materials, colour alterations due to the ageing process 
or any damage to the denture base material affect the 
esthetic results [24].  

Thermoplastic Acetal is one of the 
thermoplastic resins that was first introduced in 1971 
as an unbreakable one. During this era, quick injection 
methods developed the initial tooth coloured retainers 
which are flexible, don't need periodic adjusting to 
keep them tight and they were very much appreciated 
by the patients [25].  

 Achieving optimal superior esthetics usually 
takes place by utilising Acetal clasps since their colour 
matches with that of teeth, and it was documented for 
their high ability to eliminate expending of metal 
clasps which improve esthetics. Due to their low 
modulus of elasticity, they can be employed in larger 
undercuts than recommended for chromium-cobalt 
alloy and also exert minimal stresses on abutment 
teeth. This might be clinically useful due to the 
importance of both esthetics and periodontal health. 
As well as, maintaining retentive integrity, stability and 
protecting the health of teeth which have been a hard 
task to achieve are from its remarkable merits [26] 
[27].  

Moreover, they offer the additional essential 
advantage of declining the potentiality for allergic 
reactions to metals that take place with most subjects 
especially the highly sensitive ones [26] [28].  

The merits mentioned above allow Acetal 
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resin to be an ideal substance for pre-formed partial 
dentures’ retainers, their frameworks and single 
pressed unilateral ones. Moreover, it fabricates the 
transitional bridges, occlusal splints and implant 
pillars. Besides that, it combats the occlusal overstrain 
which allows it to be suitable enough to preserve the 
vertical dimension through the interim restorative 
remedy [12] [29] [30].

 
 

Regarding the cobalt chromium alloy denture 
base material, it has been well known since very long 
time ago for its poor esthetics, especially when utilised 
as RPD clasps, this was due to both their undesirable 
metallic colour that is highly remarkable and thickness 
to provide the required amount of retention. Moreover, 
many considerations clarified that such alloy when 
being dipped intraorally, the metal tends to ionise. An 
oxide layer is fabricated on the alloy’s superficies by 
absorption of Oxygen, which worsen much more it’s 
very poor esthetics and declines by the time its 
metallic colour [31].

 
 

If one or more metals as CoCr denture base 
material (Vitallium) are dipped intraorally, the mineral 
tends to ionise. The diversity in the alloy’s power 
tends to transfer its ions to electrolytes which then 
stimulate the metal to melt. The oxide layer is created 
on the alloy’s superficies by absorption of Oxygen, 
which prohibits excess melting for its remaining 
constituents. A superficial film coating all the intraoral 
surfaces and fabricated by sedimentation of both 
salivary proteins and glycoproteins are named Biofilm 
[31] [32] [33] [34].  

Further studies have to be carried out 
regarding various thicknesses and designs of both 
clasps and frameworks for Acetal successful dental 
application [32]. As the technology of injecting Acetal 
clasp into a mould is quite new for dentistry yet the 
literature is poor. Only a few data on the subject were 
published to date [27] [35].  

Regarding the Versacryl, it has been 
recommended that utilising esthetic retainers in RPDs 
provide the patient with a metal-free smile, yet its 
colour stability is not that much superior as the 
Acetal’s one 

(36).
  

 In conclusion, (1) the most colour stable 
retainer and with excellent esthetics was the Acetal 
clasps; (2) Versacryl is of good esthetics yet its colour 
stability is not that much outstanding as the Acetal’s 
one; (3) both Thermopress and Valaplast were the 
worst among the materials utilized in colour stability 
although they are considered as esthetic clasps; (4) 
Cobalt Chromium (CoCr) metal clasps are the poorest 
regarding esthetics. 
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Abstract 

AIM: The study was conducted to evaluate the effect of combined low energy laser application and Micro-
Osteoperforations versus the effect of the application of each technique separately on the rate of orthodontic tooth 
movement. 

PATIENTS AND METHODS: Three parallel groups (each group contained 10 patients) were performed; Group A: 
In which one side was controlled side, and the other side received micro-osteoperforations (MOPs), Group B: In 
which one side was controlled side, and the other side received low-level laser therapy (LLLT), Group C: In which 
one side was controlled side, and the other side received both MOPs and LLLT. 

RESULTS: Significant statistical differences were obvious in the rate of canine retraction between each 
intervention and the control sides as following; the MOPs increased the rate of canine retraction by 1.6 fold more 
than the control side, LLLT increased the rate of canine retraction by 1.3 fold than the control side, and 
combination of both techniques resulted in an increase in the rate of canine retraction by 1.8 fold more than the 
control side. 

CONCLUSION: Combination of MOPs and LLLT proved to be more efficient regarding increasing the rate of 
canine retraction than the application of each technique separately. 

 
 
 
 
 
 
 
 
 
 
 

Introduction 

 

Orthodontic treatment usually requires a long 
duration of about 2-3 years [1], which poses a high 
risk of caries [2], external root resorption [3], and 
decreased patient compliance [4].  Several methods 
are used to accelerate orthodontic tooth movement 
and shorten the duration of orthodontic treatment. 
Varieties of Surgical (corticotomy and micro-osteo 
perforation) and physical (electric current and LASER) 
methods were proposed based on our understanding 
of the biology of OTM [5]. 

Surgical corticotomy is one of the popular and 
widely used techniques to accelerate OTM, 
manipulation of anchorage, facilitating molar intrusion 
and molar distalization [6]. Although different surgical 
corticotomy techniques were attempted by many 
investigators [7] [8] [9], a Regional acceleratory 
phenomenon (RAP) is the main basic effect of 
corticotomy in accelerating OTM [10] [11]. 

In spite of all these facts, corticotomy is still 
an invasive surgical treatment which may cause some 
side effects such as, post-operative bleeding, pain, 
and negative impact on patient quality of life [12]. So, 
many other surgical less invasive techniques 
appeared to minimize these side effects. One of these 
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less invasive surgical techniques is micro-osteo 
perforation (MOP) [13]. 

Micro-osteo perforation is a surgical less 
invasive technique which can accelerate OTM 
creating predictable results. MOP can be completed 
chairside in a minute and does not require any 
advanced training [14].  

Since the development of the first LASER by 
Maiman in 1960 [15], dental interest in lasers has 
been high, and research has been continuing into 
ways to improve dental treatment through laser 
application. The convenient and versatile nature of 
laser device has encouraged orthodontists to use it in 
several applications as, in diagnostic procedures, 
prevention of white spot lesions, bracket debonding 
and minor surgical procedures like gingivectomy and 
frenectomy. 

Also, Soft laser therapy is a special category 
of laser application in orthodontic treatment. It is 
known as Low-Level energy Laser Therapy (LLLT) or 
as cold laser therapy. The discovery of the bio-
stimulatory effect of LLLT in 1967 paved its way to be 
used in many indications especially in the acceleration 
of OTM [16], retention protocols [17], and in pain 
reduction [18]. 

From all of the previously mentioned, it was 
beneficial to compare between micro-osteo 
perforation as a less invasive surgical technique and 
LLLT as a non-invasive technique for acceleration of 
OTM. It was also a point of worthy investigation to 
combine both techniques aiming that there is a 
synergistic effect resulting from this combination. 

 

 

Patients and Methods 

 

30 patients were recruited from the Outpatient 
Clinic at the Department of Orthodontics, Faculty of 
Dentistry, Minia University with the following inclusion 
criteria; Age ranged from 15 to 25 years, from both 
sex, Healthy general medical condition, Healthy 
periodontal condition, Malocclusion that requires 
extraction of the maxillary first premolars, followed by 
canine retraction (dental full unit class ІІ canine 
relationship or bi-maxillary protrusion), Normal shape 
and structure of maxillary canine, with no history of 
filling or root canal treatment and Normal shape and 
structure of maxillary first molar. 

Full explanation to the patients and or parents 
was performed regarding the study, interventions, and 
possible side effects. Informed consent was submitted 
either by the patients and or parents. All safety 
precautions were followed during laser application. 

At first, all patients were referred to an oral 
surgeon to perform extraction for the first premolars 
and wait for 6 weeks as a healing period followed by 

the beginning of orthodontic treatment till finishing the 
phase of levelling and alignment. Mini-screws were 
inserted between 1st molar and 2nd premolar which 
was used directly for canine retraction. Ligaturing of 
the upper incisors together by a ligature wire was 
taken into consideration. 

 

Figure 1: Lateral view of coil spring attached to canine hook and 
mini-screw 

 

Group (A) contained a split-mouth study 
design in which one side was controlled side, and the 
other side received micro-osteoperforations (MOPs). 
Group (B) contained a split-mouth study design in 
which one side was controlled side, and the other side 
received low-level laser therapy (LLLT). Group (C) 
contained split-mouth study design in which one side 
was controlled side, and the other side received both 
MOPs and LLLT. 

Assignment of patients and the sides of 
interventions were performed as following; Computer-
generated random numbers was done using Microsoft 
Office Excel 2013 sheet. All of the 30 patients were 
firstly randomly assigned to one of the three groups. 
Then, the right sides of every 10 patients of each 
group were randomly assigned to be either the 
intervention side or control side while the left sides 
were automatically assigned to the choice. 

Standardised canine retraction directly on the 
mini-screw using closing coil spring giving standard 
force (150 g) assured by usage of force gauge (Figure 
1). 

 

Figure 2: Lateral view showing micro-osteoperforations performed 
along the root of the canine 

 

In this study, 12 MOPs were applied with a 
depth of 6 mm and were distributed as follows; Three 
MOPs were done buccally between the canine and 
lateral incisor roots. Three MOPs buccally were done 
between the canine root and the socket of the 
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extracted premolar. Three MOPs were done palatally 
between the canine and lateral incisor roots. Three 
MOPs were done palatally between the canine root 
and the socket of the extracted premolar. The 
technique was repeated every two weeks, so MOPs 
were performed 6 times as the study extended over 3 
months (Figure 2). 

Micro-osteoperforation tool: The aim was to 
create multiple pores with a certain depth (range from 
3:7mm) in the alveolar bone. So, Mini-screws were 
used with a 1.6mm diameter and 8mm length to 
perform the intended perforations. That when the 
length of mini-screw is 8mm, and the gingival 
thickness is 2mm, the efficient depth of perforation in 
the alveolar bone will equal 6mm (Figure 3). 

 

Figure 3: The used MOPs tool 

 

The soft laser was applied using a laser 
machine (DenLase-810/7) (Figure 4) with the following 
specifications; Dimensions (W x H x D): 130 x 190 x 
180 mm, Weight: approx. 1.5 kg, Display: LCD Touch 
Screen, Cooling: air-cooling, Wavelength: 810 ± 10 
nm, Output power: 0.5 W/cm

2
, Operation modes: 

continuous wave (CW). 

 

Figure 4: Laser device and the protective eyeglasses 

 

The 1
st
 application was at the beginning of a 

canine retraction, the 2
nd

 application was after three 
days from the beginning of a canine retraction, the 3

rd
 

application was after one week from the beginning of 

a canine retraction, the 4
th

 application was after two 
weeks from beginning of canine retraction, then every 
two weeks along three months period of the 
intervention. 

Application of laser was carried out from 
buccal and palatal surfaces along the root of the 
canine through lens specific for low-level laser therapy 
and biostimulation (Figure 5). 

 

Figure 5: Lateral view showing laser application 

 

Application of both techniques (MOPs and 
LLLT) was performed following the same protocols 
mentioned previously. 

Data for the evaluation of each intervention 
were collected by direct intra-oral measurements. The 
measurement was taken from the canine cusp tip to 
the mesiobuccal cusp tip of the maxillary 1st molar 
using digital intra-oral calliper (Figure 6). 
Measurements were taken immediately before the 
beginning of canine retraction and every two weeks 
along three months following. 

 

Figure 6: Intra-oral usage of a digital calliper 

 

 

Results 

 

During the study, there was one dropout 
patient in (Group C). Also, there was some missing 
appointments which were all recorded as follow; 
Group (A), two missing patient appointments at the 4

th
 

and 10
th
 weeks. Group (B), one missing patient 

appointment at the 10
th
 week. Group (C), no missing 
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patient appointments but there was one dropout 
patient as mentioned previously. 

Measurements were taken every two weeks 
for three months follow up duration in all groups of the 
study. The measurements were taken from the canine 
cusp tip to the 1

st
 molar mesiobuccal cusp tip. 

Outcomes of the rate of canine retraction showed a 
normal distribution of data. Consequently, parametric 
tests were chosen to evaluate the statistical 
significance of each group (independent sample t-
test). 

Table 1: Results of independent sample t-test for the mean 
distance (mm) travelled by the maxillary canine on both control 
side and MOPs side 

 
 

Duration 

 
No. of 

patients 

Control side 
Experimental 

side 
 

Independent sample t-test 

Mean SD Mean SD 
Mean 
Diff. 

Std. Error 
Mean 

 
P- value

* 

2 weeks 10 0.63 ± 0.62 1.3 ± 0.12 0.67 .00422 0.000 
4 weeks 9 1.31 ± 0.23 2.16 ± 0.27 0.85 .00314 0.000 
6 weeks 10 1.8 ± 0.66 2.92 ± 0.73 1.12 .00133 0.000 
8 weeks 10 1.97 ± 0.76 3.43 ± 0.66 1.46 .00149 0.001 

10 weeks 9 2.56 ± 0.83 3.92 ± 0.88 1.36 .00258 0.001 
12 weeks 10 2.82 ± 0.39 4.33 ± 0.64 1.51 .09784 0.001 

 

Table 1 and Figure 7 show the independent 
sample t-test for the mean distance travelled by the 
maxillary canine on both the control and the 
experimental (MOPs) sides indicating the highly 
significant difference. 

 

Figure 7: Graphic representation of the mean distance travelled by 
the maxillary canine about the baseline in group A 

 

Table 2 and Figure 8 show the independent 
sample t-test for the mean distance travelled by the 
maxillary canine on both the control and the 
experimental (MOPs) sides indicating the highly 
significant difference.  

Table 2: Results of independent sample t-test for the mean 
distance (mm) travelled by the maxillary canine on both control 
side and LLLT side 

 
Duration 

 
No. of 

patients 

Control side Experimental side Independent sample t test 

Mean SD Mean SD 
Mean 
Diff. 

Std. Error 
 

P- value
* 

2 weeks 9 0.66 ± 0.55 0.98 ± 0.27 0.32 .00432 0.001 
4 weeks 10 1.28 ± 0.48 1.81 ± 0.39 0.53 .003125 0.001 
6 weeks 10 1.76 ± 0.83 2.38 ± 0.27 0.62 .00149 0.001 
8 weeks 10 1.82 ± 0.63 2.63 ± 0.87 0.81 .02353 0.001 

10 weeks 9 2.43 ± 0.23 3.26 ± 0.89 0.83 .06232 0.001 
12 weeks 10 2.77 ± 0.37 3.72 ± 0.71 0.95 0.0432 0.001 

 

 

 

Figure 8: Graphic representation of the mean distance travelled by 
the maxillary canine about the baseline in group B 

 

Table 3 and Figure 9 show the independent 
sample t-test for the mean distance travelled by the 
maxillary canine on both the control and the 
experimental (MOPs) sides indicating the highly 
significant difference. 

Table 3: Results of independent sample t-test for the mean 
distance (mm) travelled by the maxillary canine on both control 
side and combined MOPs & LLLT side 

 
Duration 

 
No. of 

patients 

Control side 
Experimental 

side 
Independent sample t test 

Mean SD Mean SD 
Mean 
Diff. 

Std. 
Error 

P- value
* 

2 weeks 10 0.66 ± 0.76 1.82 ± 0.19 1.16 .01562 0.000 
4 weeks 10 1.42 ± 0.66 2.83 ± 0.12 1.41 .00223 0.000 
6 weeks 10 1.73 ± 0.39 3.46 ± 0.64 1.73 .02295 0.000 
8 weeks 10 1.91 ± 0.83 3.86 ± 0.27 1.95 .03549 0.000 

10 weeks 9 2.46 ± 0.62 4.39 ± 0.73 1.93 .08654 0.00 
12 weeks 9 2.79 ± 0.23 4.87 ± 0.88 2.08 .09853 0.000 

 

 

 

Discussion 

 

According to Thiruvenkatachari et al.
 (19)

 and 
Aboul-Ela et al., [7], titanium mini-screws provided a 
simple, efficient anchorage for canine retraction. 
Direct anchorage during canine retraction using mini-
screw placed between 2

nd
 premolar and 1

st
 permanent 

molar was chosen to eliminate any molar anchorage 
loss which may give misleading results during 
measurements. 

 

Figure 9: Graphic representation of the mean distance travelled by 
the maxillary canine in reference to the baseline in group C 

 

Many techniques [20] [21] [22] are available to 
perform retraction of the canine in the extraction 
space regarding anchorage preparation and the force 



Dental Science 
_______________________________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________________________ 

2184                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

used of retraction (amount, direction, and force 
decay). Standardization of the technique of canine 
retraction was a must so, the use of mini-screws was 
decided as a direct anchor for retraction of the canine 
as well as closing coil spring was used providing 
continuous 150 g of force for canine retraction. This 
force magnitude was advocated by Barlow and Kula 
[23], who in a systematic review, concluded that 200 g 
did not offer any benefit in the rate of canine retraction 
compared to 150 g. 

Direct intra-oral measurements statistical 
analysis from Group A illustrated that the rate of 
canine retraction in the MOPs side was higher by 
nearly 1.6 fold in comparison to standard canine 
retraction in three months period. 

The highest rate was observed during the 1
st
 

four weeks measuring nearly 0.9 mm every two weeks 
which was agreed by other clinical trials [10] [11] [12] 
and was explained by the accelerator effect of the 
MOPs procedure which is at its maximum in the 1

st
 

month. Wilcko et al., [24], theorised that the rapid 
orthodontic canine retraction and minimal apical root 
resorption that accompanied AOO/PAOO were 
attributable to increased regional bone turn over (the 
regional acceleratory phenomenon) and the 
associated osteopenia, i.e. calcium depletion and 
diminished bone density, precipitated by selective 
decortication. They further explained that the 
dynamics of the physiologic tooth movement in these 
patients might be more appropriately described as 
bone matrix transportation. 

The rate of tooth movement is controlled by 
osteoclast recruitment and activation [6]. Therefore, 
regardless of the shape or the extent of the cut, bone 
resorption will not occur unless osteoclasts are 
activated. This means that similar to micro-
osteoperforations, the effectiveness of corticotomy [8] 
or piezocision [9] can be related to the activation of 
cytokines that are released in response to the trauma 
induced during the cuts. The release of cytokines is 
expected to be significantly higher in corticotomy and 
piezocision in comparison with micro-
osteoperforations due to the more invasive nature of 
these procedures and the extensive trauma to the 
bone.     

Direct intra-oral measurements statistical 
analysis from Group B illustrated that the rate of 
canine retraction in the LLLT side was higher by 
nearly 1.3 fold in comparison to standard canine 
retraction in three months period. The ability of LLLT 
to accelerate canine retraction can be explained by 
the effect of LLLT on the receptor activator of the 
nuclear factor-KB (RANK)/RANK ligand (RANKL)/ 
osteoprotegerin (OPG) system which is essential for 
osteoclastogenesis in animals and humans [16] [17] 
[18]. 

Reviewing the literature, vast heterogeneity 
was found in the protocol of LLLT application to 
accelerate OTM. Although some authors used higher 

energy density ranging 5:8 J/cm
2,
 e.g. Cruz et al. [25] 

and Youssef et al., [26]. All previously mentioned 
investigators used multiple point applications which 
were on average five on buccal and five on palatal 
sides, each was applied for 10 seconds.  

Regarding the frequency of laser application, 
Youssef et al., [26] and Cruz

 
et al., [25] used LLLT at 

0, 3,7,14 days and they repeated the same frequency 
of application either after 21 days or 30 days. Genc et 
al., [27] added two applications to the previous 
protocol performing 6 applications applied once before 
the start of anterior teeth retraction as follows: 0, 3, 7, 
14, 21, and 28 days. Doshi-Mehta [17]

 
used 4 

applications in the 1
st
 month followed by 2 applications 

per month until complete canine retraction. 

Direct intra-oral measurements statistical 
analysis from Group C illustrated that the rate of 
canine retraction in the combined MOPs& LLLT side 
was higher by nearly 1.8 fold in comparison to 
standard canine retraction in three months period. The 
increased rate of canine retraction in the combined 
MOPs &LLLT side more than the application of each 
technique separately in comparison to the control side 
can explain the synergistic effect occurring when the 
two techniques were combined.  

In conclusion, both MOPs and LLLT 
techniques are proved to accelerate the rate of canine 
retraction during orthodontic treatment. MOPs 
technique can accelerate the rate of canine retraction 
more than the application of LLLT as compared to the 
standard canine retraction technique. Combination of 
MOPs and LLLT proved to be more efficient regarding 
increasing the rate of canine retraction than the 
application of each technique separately. 

 

 

References 

 

1. Fisher MA, Wenger RM, Hans MG. pretreatment characteristics 
associated with orthodontic treatment duration. Am J Orthod 
Dentofac Orthop. 2010; 137:178-82. 
https://doi.org/10.1016/j.ajodo.2008.09.028 PMid:20152672  

2. Bishara SE, Ostby AW. White spot lesions: formation, prevention 
and treatment. Semin Orthod. 2008; 14:174-82. 
https://doi.org/10.1053/j.sodo.2008.03.002 

 

3. Pandis N, Nasika M, Polychronopoulou A, Eliades T. External 
apical root resorption in patients treated with conventional and self-
ligating brackets. Am J Orthod Dentofac Orthop. 2008; 134:646-51. 
https://doi.org/10.1016/j.ajodo.2007.01.032 PMid:18984396  

 

4. Royka A, Denes Z, Razouk G. The relationship between the 
length of orthodontic treatment and patient compliance. Fogorv Sz. 
1999; 92:79-86. 

 

5. Ghada Nimeri, Chung H Kau, Nadia S Abou-Kheir, and Rachel 
Corona. Acceleration of tooth movement during orthodontic 
treatment - a frontier in Orthodontics. Prog Orthod. 2013; 14:42. 
https://doi.org/10.1186/2196-1042-14-42 PMid:24326040 
PMCid:PMC4384959 

 

6. Cano J, Campo J, Bonilla E, Colmenero C. Corticotomy assisted 
orthodontics. J Clin Exp Dent. 2012; 4(1):e54-9.  

https://doi.org/10.1016/j.ajodo.2008.09.028
https://doi.org/10.1053/j.sodo.2008.03.002
https://doi.org/10.1016/j.ajodo.2007.01.032
https://doi.org/10.1186/2196-1042-14-42


 Abdelhameed et al. Combined Low Energy Laser Application and Micro-Osteoperforations versus the Effect of Application of Each Technique 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2018 Nov 25; 6(11):2180-2185.                                                                                                                                                2185 

 

https://doi.org/10.4317/jced.50642 PMid:24558526 
PMCid:PMC3908811 

7. Aboul-Ela SM. El-Bialy AR, El-Sayed KMF, Selim EMN, El-
Mangoury NH, Mostafa YA. Miniscrew implant-supported maxillary 
canine retraction with and without corticotomy-facilitated 
orthodontics. Am J Orthod Dentofac Orthop. 2011; 139(2):252-9. 
https://doi.org/10.1016/j.ajodo.2009.04.028 PMid:21300255  

 

8. Al-Naoum F, Hajeer MY, Al-Jundi A. Does alveolar corticotomy 
accelerate orthodontic tooth movement when retracting upper 
canines? A split mouth design randomized controlled trial. J Oral 
Maxillofac Surg. 2014; 72(10):1880-9. 
https://doi.org/10.1016/j.joms.2014.05.003 PMid:25128922  

 

9. Abed S, Al Bustani A. Corticotomy assissted orthodontic canine 
retraction. J Bagh Coll Dentistry. 2013; 25(1):160-6. 
https://doi.org/10.12816/0015134 

 

10. Mostafa YA, Mohamed Salah Fayed M, Mehanni S, El Bokle 
NN, Heider AM. Comparison of corticotomy-facilitayed vs standard 
tooth-movement techniques in dogs with miniscrews as anchor 
units. Am J Orthod Dentofac Orthop. 2009; 136(4):570-7. 
https://doi.org/10.1016/j.ajodo.2007.10.052 PMid:19815161  

 

11. Wang L, Lee W, Lei D-L, Liu Y-P, Yamashita D-D, Yen SL-K. 
Tissue responses in corticotomy and osteotomy assisted tooth 
movement in rats: Histology and immunostaining. Am J Orthod 
Dentofac Orthop. 2009; 136(6): 770.el-11; discussion 770-1. 

 

12. Cassetta M, Di CarloS, Giansanti M, Pompa G, Barbato E. The 
impact of osteotomy technique for corticotomy assisted orthodontic 
treatment (CAOT) on oral health related quality life. Eur Rev Med 
Pharmacol Sci. 2012; 16(12):35-40. 

 

13. Sangsuwon C, Alansari S, Nervina J, Teixeira CC, Alikhani M. 
Micro-osteoperforations in accelerated orthodontics. Clin Dent Rev. 
2018 (s4)1894-017-0013-1. 

 

14. Aksakalli S, Balaban A, Nazaroglu K, Saglam E. Accelerated 
Tooth Movement with Orthodontic Mini-Screws. Case Rep Dent. 
2017; 23(2):75-91. https://doi.org/10.1155/2017/2327591 

 

15. Maiman T. Stimulated optical radiationin ruby lasers. 
Nature.1960; 187:493-4. https://doi.org/10.1038/187493a0  

16. Doshi-Mehta G, Bhad-Patil W. Efficacy of low intensity laser 
therapy in reducing treatment time and orthodontic pain: a clinical 
investigation. Am J Orthod Dentofac Orthop. 2012; 141(3): 289-97. 
https://doi.org/10.1016/j.ajodo.2011.09.009 PMid:22381489  

 

17. Cepera F, Torres FC, Scanavini M, Paranhos L, Capelozza 
Filho L, Cardoso M. Effect low level laser on bone regeneration 
after rapid maxillary expansion. Am J Orthod Dentofac Orthop. 
American Association of Orthodontics. 2012; 141(4): 444-50. 

 

18. Ge MK, He WL, Chen J, Wen C, Yin X, Hu Z. Efficacy of low 
laser therapy for accelerating tooth movement during orthodontic 
treatment: a systematic review and meta-analysis. Lasers Med Sci. 
2014. 

 

19. Thiruvenkatachari B, Ammayappan P, Kandaswamy R. 
comparison of rate of canine retraction with conventional molar 
anchorage and titanium implant anchorage. Am J Orthod 
Dentofacial Orthop. 2008; 134(1)30:5. 

 

20. Keng FY, Quick AN, Swain MV, Herbison P. A comparison of 
space closure rates between preactivated nickel-titanium and 
titanium-molybdenum alloy T-loops: a randomized controlled 
clinical trial. Eur J Orthod. 2012; 34(1):33-8. 
https://doi.org/10.1093/ejo/cjq156 PMid:21415288  

 

21. Rohit S Kulshrestha, Ragni Tandon, and Pratik Chandra. 
Canine retraction: A systematic review of different methods used. J 
Orthod Sci. 2015; 4(1):1–8. https://doi.org/10.4103/2278-
0203.149608 PMid:25657985 PMCid:PMC4314834 

 

22. Mohammed H1, Rizk MZ, Wafaie K, Almuzian M. Effectiveness 
of nickel-titanium springs vs elastomeric chains in orthodontic 
space closure: A systematic review and meta-analysis. Orthod 
Craniofac Res. 2018; 21(1):12-19. 
https://doi.org/10.1111/ocr.12210 PMid:29265578  

 

23. Barlow M, Kula K. Factor's influencing efficiency of sliding 
mechanics to close extraction space: a systematic review. Orthod 
Craniofac Res. 2008; 11(2):65-73. https://doi.org/10.1111/j.1601-
6343.2008.00421.x PMid:18416747  

 

24. Wilcko WM, Wilcko MT. Accelerating tooth movement: the case 
for corticotomy-induced orthodontics. Am J Orthod Dentofacial 
Ortop. 2013; 144(1):4-12. 
https://doi.org/10.1016/j.ajodo.2013.04.009 PMid:23810038  

 

25. Cruz DR, Kohara EK, Ribeiro MS, Wetter NU. Effects of low 
intensity laser therapy on the orthodontic movement velocity of 
human teeth: a preliminary study. Lasers Surg Med. 2004; 
35(2):117-20. https://doi.org/10.1002/lsm.20076 PMid:15334614  

 

26. Youssef M, Ashkar S, Hamade E, Gutknecht N, Lampert F, Mir 
M. The effect of low level laser therapy during orthodontic 
movement: preliminary study. Lasers Med Sci. 2008; 23(1):27-33. 
https://doi.org/10.1007/s10103-007-0449-7 PMid:17361391  

 

27. Gence G, Kocadereli I, Tasar F, Kilinc K, El S, Sarkarati B. 
Effect of low level laser therapy (LLLT) on orthodontic tooth 
movement. Lasers Med Sci. 2013; 28(1):41-7. 
https://doi.org/10.1007/s10103-012-1059-6 PMid:22350425  

 

 

https://doi.org/10.4317/jced.50642
https://doi.org/10.1016/j.ajodo.2009.04.028
https://doi.org/10.1016/j.joms.2014.05.003
https://doi.org/10.12816/0015134
https://doi.org/10.1016/j.ajodo.2007.10.052
https://doi.org/10.1155/2017/2327591
https://doi.org/10.1038/187493a0
https://doi.org/10.1016/j.ajodo.2011.09.009
https://doi.org/10.1093/ejo/cjq156
https://doi.org/10.4103/2278-0203.149608
https://doi.org/10.4103/2278-0203.149608
https://doi.org/10.1111/ocr.12210
https://doi.org/10.1111/j.1601-6343.2008.00421.x
https://doi.org/10.1111/j.1601-6343.2008.00421.x
https://doi.org/10.1016/j.ajodo.2013.04.009
https://doi.org/10.1002/lsm.20076
https://doi.org/10.1007/s10103-007-0449-7
https://doi.org/10.1007/s10103-012-1059-6


 

_______________________________________________________________________________________________________________________________ 

2186                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

ID Design Press, Skopje, Republic of Macedonia 
Open Access Macedonian Journal of Medical Sciences. 2018 Nov 25; 6(11):2186-2192. 
https://doi.org/10.3889/oamjms.2018.427 
eISSN: 1857-9655 
Dental Science 

 

 

  

 
Microtensile Bond Strength of Composite to Enamel Using 
Universal Adhesive with/without Acid Etching Compared To Etch 
and Rinse and Self-Etch Bonding Agents 
 
 
Hoda Pouyanfar

1
, Elaheh Seyed Tabaii

2
, Samaneh Aghazadeh

3
, Seyyed Pedram Tabatabaei Navaei Nobari

4
, Mohammad 

Moslem Imani
5*

 

 
1
Department of Restorative Dentistry, Dental Faculty, Kermanshah University of Medical Sciences, Kermanshah, Iran; 

2
Orthodontic Department, Qom University of Medical Sciences, Qom, Iran; 

3
Private Practice, Tehran, Iran; 

4
Students 

Research Committee, Kermanshah University of Medical Sciences, Kermanshah, Iran; 
5
Department of Orthodontics, 

Kermanshah University of Medical Sciences, Kermanshah, Iran 

 

Citation: Pouyanfar H, Seyed Tabaii E, Aghazadeh S, 
Tabatabaei Navaei Nobari SP, Imani MM. Microtensile 
Bond Strength Of Composite To Enamel Using Universal 
Adhesive With/Without Acid Etching Compared To Etch 
And Rinse And Self-Etch Bonding Agents. Open Access 
Maced J Med Sci. 2018 Nov 25; 6(11):2186-2192. 
https://doi.org/10.3889/oamjms.2018.427 

Keywords: Tensile Strength; Dental Adhesives; Acid 
Etching, Dental; Composite Resins 

*Correspondence: Mohammad Moslem Imani. 
Department of Orthodontics, Kermanshah University of 
Medical Sciences, Kermanshah, Iran. E-mail: 
mmoslem.imani@yahoo.com 

Received: 17-Aug-2018; Revised: 20-Oct-2018; 
Accepted: 22-Oct-2018; Online first: 22-Nov-2018 

Copyright: © 2018 Hoda Pouyanfar, Elaheh Seyed 
Tabaii, Samaneh Aghazadeh, Seyyed Pedram 
Tabatabaei Navaei Nobari, Mohammad Moslem Imani. 
This is an open-access article distributed under the terms 
of the Creative Commons Attribution-NonCommercial 4.0 
International License (CC BY-NC 4.0) 

Funding: This research was financially supported by the 
Research Council of Kermanshah University of Medical 
Sciences (Grant number: 95381) 

Competing Interests: The authors have declared that no 
competing interests exist 

 

 

 

 

 

Abstract 

AIM: Considering the recent introduction of universal adhesives and the controversy regarding the use/no use of 
etchant prior to their application, this study sought to assess the microtensile bond strength of composite to 
enamel using universal adhesive with/without acid etching compared to three-step etch and rinse, two-step etch 
and rinse and two-step self-etch bonding agents. 

METHODS: This in vitro, an experimental study was conducted on 80 extracted sound human molars in five 
groups (16 each): Scotchbond Universal adhesive (3M) with/without prior etching, Adper Scthe otchbond Multi-
Purpose, Single Bond and Clearfil SE Bond. Etching was performed with 37% phosphoric acid for 20 seconds 
followed by rinsing and drying. The bonding agent was then applied and light-cured. The e-lite composite was 
bonded to surfaces and light-cured. The teeth were then mounted, sectioned and subjected to microtensile bond 
strength test in a universal testing machine. The mode of failure was, determined under a stereomicroscope. Data 
were analysed using one-way ANOVA followed by Tukey’s test. 

RESULTS: Universal adhesive with prior etching yielded the highest bond strength (P = 0.03). Pairwise 
comparisons showed that the bond strength of this group was significantly higher than that of universal adhesive 
without prior etching (P = 0.04). No other significant differences were noted (P > 0.05). The modes of failure were 
significantly different among the groups (P = 0.003). 

CONCLUSION: Enamel etching with phosphoric acid can significantly increase the bond strength to universal 
adhesive. Universal adhesive without prior etching provided the bond strength as high as that provided by etching 
and rinse and self-etch bonding agents. 

 
 
 
 
 
 
 
 

Introduction 

 

At present, dental adhesive systems are 
highly popular among dental clinicians due to their 
ability to bond to enamel and dentin and enabling 
conservative cavity preparation. The composition of 
dental adhesive systems undergoes constant 
development, and new products are continuously 
introduced to the market [1] [2]. Bonding to enamel is 
easier, stronger and more durable than that to dentin 
due to higher mineral content and lower water content 

of the enamel compared to dentin [3]. Achieving a 
strong and durable bonding between the restoration 
and tooth structure is a prerequisite for a successful 
restoration [3]. On the other hand, bond failure at the 
tooth-restoration interface causes marginal 
discolouration, postoperative tooth hypersensitivity, 
secondary caries and pulp involvement [4] [5]. The 
mechanism of bonding of dental adhesive systems to 
the dental substrate is mainly based on the 
replacement of the lost minerals with resin monomers, 
resulting in a micromechanical interlocking of polymer 
in dental substrate [6]. Bonding agents mediate the 



 Pouyanfar et al. Microtensile Bond Strength Of Composite To Enamel Using Universal Adhesive with/without Acid Etching 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2018 Nov 25; 6(11):2186-2192.                                                                                                                                                2187 

 

bonding of composite to enamel and dentin. Resin 
bond to enamel is durable and predictable and is 
based on penetration of resin monomers into 
microscopic porosities of the enamel surface caused 
by acid etching and subsequent formation of resin 
tags [7]. To increase the bond strength to the dental 
substrate, some modifications have been made in 
dental adhesives regarding their chemical 
composition, mechanism of bonding, number of 
bottles (treatment steps) and their application 
technique, which affect their clinical efficacy. As a 
result, several generations of bonding agents are now 
available in the dental market. The two-step etches 
and rinses bonding agents include two steps of acid 
etching and application of bonding agent. In this 
generation of bonding agents, the primer and bonding 
agent are supplied together in one bottle [8]. Demand 
for simplification of adhesive application resulted in 
the development of self-etch adhesives. The two-step 
self-etch adhesives do not require a separate etching 
step and contain advanced acidic monomers such as 
4-META and 10-MDP, which confer further 
hydrophilicity to these adhesives compared to 
previous generations. 

To ensure the etching capability of 
monomers, water is also present as an ionising agent 
in the composition of self-etch adhesives [9]. In two-
step, self-etch adhesives, etching and priming of 
dentin and enamel are performed simultaneously (due 
to the use of acidic primers). These systems have 
greatly simplified the adhesive application process 
since they do not require rinsing and drying. As a 
result, the risk of over-drying or excessive moisture is 
no longer present [8] [10] [11]. The major superiority 
of the 7

th
 generation dentin bonding agents over the 

6
th
 generation is their single-step application. These 

bonding agents have one-step application to minimise 
technical sensitivity, further facilitate the bonding 
process and prevent the problems related to 
incomplete penetration of resin tags into the porosities 
created by etching. As a result, these systems are 
extremely easy to use and save time [10]. 

Universal adhesives are used in dentistry in 
self-etch, etch and rinse or selective etching modes. 
They can bond to methacrylate-based restorative 
materials, cement, sealants, dentin, enamel, glass-
ionomer and indirect restoration substrates including 
metals, alumina, zirconia and other ceramics. They all 
contain acidic monomers and have a similar 
application pattern as that of self-etch systems. On 
the other hand, nano-adhesives contain nano-fillers 
and can form a very strong bond to dentin and 
enamel. Bonding systems containing nano-fillers are 
known as universal systems and are applied in self-
etch mode. Some studies have compared different 
generations of bonding agents and have reported 
controversial results [12] [13] [14]. The quality of 
bonding of coronal restoration to tooth structure 
depends on the type of bonding agent used.  

Considering the recent introduction of 
universal adhesives and the controversy regarding the 
use/no use of etchant prior to their application with 
regard to their bond strength, this study aimed to 
assess the microtensile bond strength of enamel to 
composite following the application of a universal 
adhesive with/without prior acid etching, a three-step 
etch and rinse bonding agent, a two-step etch and 
rinse bonding agent and a two-step self-etch bonding 
agent.  

 

 

Material and Methods 

 

This in vitro, an experimental study was 
performed on 80 extracted sound human molars. The 
study was approved in the Ethics Committee of 
Kermanshah University of Medical Sciences (Code: 
KUMS.REC.1395.426). Minimum sample size was 
calculated to be 16 in each of the five groups 
according to a study by Joseph et al. [15], assuming 
the mean bond strength of 3.35 ± 1.58 MPa for two-
step self-etch adhesive and 34.93 ± 2.54 MPa for 
universal adhesive with 95% confidence interval and 
90% study power using PASS version 21.0 software 
(a total of 80 samples). A total of 80 permanent sound 
molars extracted within the past 6 months for reasons 
unrelated to this study were selected using 
convenience sampling. The teeth were immersed in 
0.5% chloramine T solution at room temperature for 
one week for disinfection. The teeth were then stored 
in distilled water at room temperature until the 
experiment [16]. The teeth were inspected under a 
light microscope to ensure the absence of caries and 
cracks. The teeth were randomly divided into five 
groups (n = 16) as follows: 

Group 1: The buccal/labial enamel surface 
was etched with 37% phosphoric acid gel (Ultradent, 
South Jordan, UT, USA) for 20 seconds followed by 
10 seconds of rinsing with water spray and 5 seconds 
of drying with air spray. Adper Scotchbond Multi-
Purpose (3M ESPE, St. Paul, MN, USA) primer was 
applied on the surface, and after gentle air spray, 
Adper Scotchbond Multi-Purpose bonding agent was 
applied. Light curing was performed using a LED light 
curing unit (Demetron, Kerr, Orange, CA, USA) with a 
light intensity of 700 mW/cm

2
. Before curing, the 

output power of light curing unit was calibrated using a 
radiometer. Elite AA composite (Bisco Dental 
Products, Schaumburg, IL, USA) was then applied in 
two 2.5 mm-thick increments, and each layer was 
polymerized for 20 seconds. A mould measuring 9 x 9 
x 5 mm was used to standardize the composite 
thickness in this group. 

Group 2: Enamel surface was etched, rinsed 
and dried as explained in group 1. Single Bond (3M 
ESPE, St. Paul, MN, USA) bonding agent was then 
applied in two layers and cured using a LED light 
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curing unit. Elite AA composite (Bisco Dental 
Products, Schaumburg, IL, USA) was then applied in 
two 2.5 mm-thick increments, and each layer was 
polymerized for 20 seconds. A mould measuring 9 x 9 
x 5 mm was used to standardise the composite 
thickness. 

Group 3: Two layers of Clearfil SE Bond 
primer were first applied on the enamel surface and 
dried with gentle air spray for 5 seconds. One layer of 
Clearfil SE Bond bonding agent was then applied on 
the surface and cured using a LED light curing unit. 
Elite AA composite (Bisco Dental Products, 
Schaumburg, IL, USA) was applied in two 2.5 mm-
thick increments, and each layer was polymerised for 
20 seconds. A mould measuring 9 x 9 x 5 mm was 
used to standardise the composite thickness. 

Group 4: Scotchbond Universal adhesive (3M 
ESPE, St. Paul, MN, USA) was applied on the surface 
of samples without etching and cured using a LED 
light curing unit. Elite AA composite (Bisco Dental 
Products, Schaumburg, IL, USA) was applied in two 
2.5 mm-thick increments, and each layer was 
polymerised for 20 seconds. A mould measuring 9 x 9 
x 5 mm was used to standardise the composite 
thickness. 

Group 5: The enamel surface was first etched 
with 37% phosphoric acid gel, and then Scotchbond 
Universal adhesive (3M ESPE, St. Paul, MN, USA) 
was applied and cured using a LED light curing unit. 
Elite AA composite (Bisco Dental Products, 
Schaumburg, IL, USA) was applied in two 2.5 mm-
thick increments, and each layer was polymerised for 
20 seconds. A mould measuring 9 x 9 x 5 mm was 
used to standardise the composite thickness. 

Table 1 shows the composition of adhesives 
used in this study. The teeth in each group were 
mounted in acrylic resin perpendicular to the horizon 
and parallel to each other and composite was 
subsequently bonded to them as described earlier. 
After immersion in distilled water at room temperature 
for 24 hours, the teeth were sectioned into slices 
measuring 1 x 1 mm with 8 mm height by a low-speed 
diamond disc of a microtome (Isomet, Buehler Ltd., 
Bluff, IL, USA) such that the disc was perpendicular to 
the tooth surface. The sections of each group were 
separately immersed in distilled water and incubated 
at 37°C and 100% humidity for 24 hours. 

Table 1: Composition of adhesives used in this study 

Composition Adhesive 

Primer: water, MDP, HEMA, CQ, DET, hydrophilic DMA 
Bond: MDP, bis-GMA, HEMA, hydrophobic DMA, CQ, 
DET, silanated colloidal silica 

Clearfil SE Bond (Kuraray, 
Tokyo, Japan) 

10-MDP methacrylate resin, HEMA, Ethanol, Water, 
Polyacrylic Acid Copolymer, Silane, Fillers, Initiators 

Adper Scotchbond Multi-
Purpose (3M ESPE, St. Paul, 
MN, USA) 

Adhesive: MDP phosphate monomer, methacrylate 
resins, HEMA, silane methacrylate-modified polyalkenoic 
acid copolymer, filler, ethanol, water, initiators 

Single Bond Universal 
Adhesive (3M ESPE, St. Paul, 
MN, USA) 

MDP, bis-GMA, HEMA, ethanol, water, initiators Scotchbond Universal adhesive 
3M 

MDPB: 12-methacryloyloxydodecylpyridinium bromide; bis-GMA: bisphenol A 
diglycidylmethacrylate; HEMA: 2-hydroxyethyl methacrylate; MDP: 10-
methacryloyloxydecyl; dihydrogen phosphate; DMA: dimethacrylate; DET: N,N-diethanol 
p-toluidine; CQ: camphorquinone. 

For measurement of microtensile bond 
strength, each sample was fixed to the plate of a 
universal testing machine (Z020, Zwick GmbH & Co. 
KG, Germany) using cyanoacrylate glue. The load 
was applied at a crosshead speed of 0.5 mm/minute 
until failure. The load at failure was recorded in 
Newtons (N).  

The interface area of the broken piece was 
measured by a gauge. The load at failure in Newtons 
was divided by the enamel/composite interface area in 
square millimetres (mm

2
) to obtain the bond strength 

in megapascals (MPa).  

The samples were then inspected under a 
stereomicroscope (Olympus, SZX9, Iran) at (x 10) 
magnification to determine the mode of failure. The 
mode of failure was classified into three groups of 
cohesive within the tooth structure, cohesive within 
the composite and mixed (Figure 1).  

 

Figure 1: A) Cohesive failure in tooth structure in a universal 
adhesive group with an etchant; B) cohesive failure of the 
composite in a universal adhesive group with an etchant; C) 
cohesive failure of the composite in the universal adhesive group 
without etchant; D) cohesive failure in tooth structure in the 
universal adhesive group without etchant 

 

Data were analysed using SPSS version 21 
(SPSS Inc., IL, USA). Normal distribution of data was 
assessed using the Shapiro-Wilk test. Homogeneity of 
variances was assessed using the Levene’s test. 
One-way ANOVA was applied to assess the 
difference in microtensile bond strength of the groups. 
Pairwise comparisons were carried out using Tukey’s 
test. The modes of failure were compared among the 
groups using the chi-square test. P < 0.05 was 
considered significant. 

 

 

Results  

 

According to the Shapiro-Wilk test, the 
microtensile bond strength data were normally 
distributed (P > 0.05). The assumption of homogeneity 
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of variances according to the Levene’s test was met 
(P = 0.17).  

Maximum microtensile bond strength was 
obtained by the use of universal adhesive after 
etching while the minimum microtensile bond strength 
was noted in the use of universal adhesive without 
etchant (Table 2). According to one-way ANOVA, the 
difference in microtensile bond strength of the groups 
was significant (P = 0.03).  

Table 2: Mean microtensile bond strength in the five groups (n=16) 

Bonding agent Mean 
Standard 
deviation 

Minimum Maximum Median 

Scotchbond 
Universal 3M with 
etchant 

65.75b 32.13 20.8 134.8 60.1 

Adper 
Scotchbond 3M 

45.81ab 19.82 15.07 84.3 41.85 

Single Bond 3M 45.52ab 21.84 10.2 79.5 45.45 

Clearfil SE Bond 44.91ab 15.92 23.3 76.7 46.65 

Scotchbond 
Universal 3M 
without etchant 

42.75a 19.79 11.16 80.0 38.6 

Mean values with lowercase letters indicate no significant difference in pairwise 
comparisons.  

 

Thus, Tukey’s test was applied for pairwise 
comparisons (Table 3) and showed that only the 
difference in microtensile bond strength of universal 
adhesive with the etchant and universal adhesive 
without etchant was significant (P = 0.04). No other 
significant differences were noted in pairwise 
comparisons (P > 0.05). 

Table 3: Pairwise comparison of groups regarding microtensile 
bond strength 

First bonding agent Second bonding agent Mean difference P-value 

Single Bond 3M 

Clearfil SE Bond 
Universal adhesive with an 
etchant 
Universal adhesive without 
etchant 
Adper Scotchbond 

0.61 
20.23 
2.77 
0.29 

1.0 
0.09 
0.99 
1.0 

Clearfil SE Bond 
 

Universal adhesive with an 
etchant 
Universal adhesive without 
etchant 
Adper Scotchbond 

20.84 
2.16 
0.91 

0.07 
0.99 
1.0 

Universal adhesive 
with an etchant 

Universal adhesive without 
etchant 
Adper Scotchbond 

22.99 
19.93 

0.04 
0.09 

Universal adhesive 
without etchant 

Adper Scotchbond 
3.06 0.99 

 

According to the chi-square test, the 
difference in modes of failure among the groups was 
significant (P = 0.003) such that cohesive failure within 
the composite had a significantly higher frequency in 
Clearfil SE Bond and universal adhesive without 
etchant groups while cohesive failure in tooth had a 
higher frequency in universal adhesive with etchant 
and Scotchbond groups (Table 4).  

Table 4: Frequency of the modes of failure in the groups 

Mode of 
failure 

Universal 
adhesive with 

an etchant 
Scotchbond Single Bond 

Clearfil SE 
Bond 

Universal 
adhesive 
without 
etchant 

In tooth 9 (56.3%) 9 (56.3%) 8 (50.0%) 0 4 (25.0%) 
In composite 7 (43.8%) 7 (43.8%) 8 (50.0%) 16 (100%) 12 (75.0%) 

 

The frequency of fractures in teeth and 
composite was the same in the Single Bond group 
(Figure 2). 

 

 

Discussion  

 

This study assessed the microtensile bond 
strength of enamel to composite following the use of a 
universal adhesive with/without prior etching, three-
step etch and rinse (Scotchbond), a two-step etch and 
rinse (Single Bond) and two-step self-etch (Clearfil SE 
Bond) bonding agents. The results showed that the 
microtensile bond strength was significantly higher in 
the universal adhesive with prior etching group (65.75 
MPa).  

 

Figure 2: Frequency percentage of different modes of failure in the 
five groups 

 

Pairwise comparisons showed that this group 
had a significant difference with universal adhesive 
without prior etching group. No other significant 
differences were noted in the bond strength among 
the groups. The results showed that enamel etching 
with phosphoric acid before the application of 
universal adhesive significantly increased the bond 
strength of enamel to composite (compared to other 
groups), which indicates that acid etching before the 
application of different bonding agents is still an 
acceptable method to increase the bond strength of 
enamel to composite. On the other hand, a universal 
adhesive with no prior enamel etching yielded the 
bond strength as high as that provided by three-step 
etch and rinse, a two-step etches and rinse and two-
step self-etch systems. This indicates that despite the 
elimination of the etching step, universal adhesive 
yielded the bond strength as high as that of other 
systems. 

Acid etching is a commonly used method to 
roughen the enamel surface and increase the bond 
strength of adhesive materials to enamel. Significantly 
higher bond strength in the universal adhesive with 
prior acid etching group is probably due to the 
formation of porosities in the enamel surface and 
penetration of resin into the porosities. Evidence 
shows that resin tags can be as long as 15-20 µ at the 
resin-acid etched enamel interface [17] [18]. On the 
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other hand, evidence shows that acid etching creates 
a honeycomb pattern in the enamel surfaces, which 
results in micromechanical retention [19]. Acid etching 
removes about 10 µ from the enamel surface and 
creates a 5-50 µm thick porous layer [19].  

On the other hand, application of self-etch 
adhesives on the enamel is associated with some 
concerns [20] [21]. The superficial etching pattern of 
the enamel and reduction of micromechanical 
retention can negatively affect the bond strength and 
durability [22]. Also, it is not known whether 
application of self-etch adhesives with moderate pH 
on the enamel can provide adequate mechanical and 
chemical resistance in the oral environment as do the 
etch and rinse adhesives. Further investigations are 
warranted to answer this question.  

In line with our study, van Landuyt et al., [23] 
indicated that enamel surface preparation by acid 
etching significantly increases the bond strength. 
However, it has been reported that acid etching 
decreases the bond strength to dentin [24]. New self-
etch adhesives are mainly categorised as mildly acidic 
adhesives, and enamel preparation by acid etching 
before their application can significantly increase their 
bond strength [25]. Thus, it should be noted that 
simplifying the process of adhesive application by 
eliminating the etch and rinse steps (as in universal 
adhesives) although enhances the bonding process, 
does not necessarily result in higher clinical success 
rate. Further studies are required to elucidate this 
topic better.  

Joseph et al., [15] compared the microtensile 
bond strength of Clearfil SE Bond two-step self-etch 
adhesive, Adper Easy One 7

th
 generation bonding 

agent and Futurabond universal adhesive and 
reported that universal adhesive had the highest bond 
strength followed by the two-step self-etch bonding 
agent. The 7

th
 generation bonding agent ranked last 

regarding the bond strength. This finding was in 
agreement with our results since universal adhesive 
with prior etching yielded the highest bond strength in 
our study.  

On the other hand, Souza-Saroni et al., [26] 
evaluated the microtensile bond strength of Clearfil 
Liner Bond 2V, Prime and Bond NT/NRC, Single Bond 
and All Bond 2 to enamel and reported that they all 
provided almost similar bond strength values. In our 
study, all adhesives yielded equal bond strength 
values to enamel except for universal adhesive with 
prior etching. High bond strength provided by 
universal adhesive can be due to the presence of 
nano-size cross-linkers in its composition. Clearfil SE 
Bond had high bond strength close to that of other 
groups (except for universal adhesive with prior 
etching). This can be due to the presence of 10-MDP 
in its composition, which enhances its chemical bond 
to hydroxyapatite crystals [27].  

Clearfil SE Bond is a two-step self-etch 
adhesive with a mildly acidic pH (1.8). Some authors 

consider it as the gold standard for self-etch 
adhesives [28]. Two-step self-etch adhesives such as 
Clearfil SE Bond have separate bottles for resin and 
primer and therefore are more hydrophobic. Thus, 
they can provide high bond strength in contrast to 
one-step self-etch adhesives. Favourable in vitro and 
clinical results related to the application of this 
adhesive can be attributed to its double bonding 
mechanism. Its mild pH can result in the formation of 
a micromechanical bond by creating a thin and 
uniform hybrid layer. It can resist debonding forces 
and shear loads applied during shear bond strength 
testing. It contains 10-MDP functional monomer and 
can, therefore, form a stable chemical bond with 
hydroxyapatite. It is resistant to hydrolytic degradation 
and seals the restoration margins for a long period 
[29].  

Single Bond is a two-step etch and rinse 
adhesive that provided the bond strength as high as 
that of other groups in our study. It contains 
polymerising resin monomers dissolved in acetone or 
ethanol. It is reportedly suitable for bonding to enamel 
[30], and our results confirmed this statement.  

Formulation of adhesive systems plays an 
important role in the performance and clinical service 
of dental materials. Universal and self-etch adhesives 
are generally less acidic and therefore have lower 
efficacy for demineralisation of the mineral phase of 
enamel and subsequent provision of micromechanical 
retention [31]. Type and amount of solvent and 
composition and percentage of monomers in adhesive 
systems as well as thinning agents can all affect the 
bond strength. The amount of filler and percentage of 
mass load are also variable in different bonding 
agents. The manufacturers do not disclose the exact 
composition of their products. Moreover, information 
regarding the rate of shrinkage and hardness of 
adhesives after polymerisation is limited [25]. 

Universal adhesive with/without prior acid 
etching was used in this study. Universal adhesives 
are self-etch and dual-core and have a pH of 2.2 to 
3.2. Generally, self-etch universal adhesives with mild 
or very mild etching capability may not be able to 
provide adequately high bond strength to enamel [32]. 
Despite some concerns in this regard, the bond 
strength of universal adhesives has been reported to 
be acceptably high [33]. Our results suggested 
selective etching of enamel with phosphoric acid to 
increase the bond strength of the universal adhesive 
to enamel. This has also been suggested by another 
study [32]. However, some concerns exist in this 
respect. For example, the risk of excessive etching of 
dentin still exists due to the inability to precisely 
control the area and subsequent reduction of the bond 
strength to dentin [33].  

Evidence shows that bond strength to enamel 
or dentin more than 20 MPa results in mainly cohesive 
failure in the dental substrate or composite [9] [34]. In 
our study, all failures were within the composite or 
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tooth. In Clearfil SE Bond, all fractures were within the 
composite and only in Scotchbond group, the 
percentage of fractures in tooth structure was slightly 
higher than that within the composite.  

In the present study, the bond strength was 
measured using microtensile bond strength test. 
Application of microtensile load results in better stress 
distribution at the adhesive interface compared to 
conventional tensile or shear loads and yields more 
accurate results with less diversity [35] [36].  

This test enables better stress distribution due 
to the smaller interface area, which was 1 mm

2
 in our 

study. However, the bond strength tests, in general, 
are only suitable for ranking of adhesives because 
many factors such as masticatory loads, pH 
alterations and thermal changes are present in the 
oral environment and affect the bond strength of 
adhesives to tooth structure. Thus, the results of bond 
strength tests in vitro cannot well predict the 
performance of adhesives in the clinical setting [37]. 
Clinical studies are required to cast a final judgment in 
this regard. Also, the bond strength of different 
adhesives to dentin should be compared in future 
studies.  

In conclusion, within the limitations of this 
study, the results showed that phosphoric acid etching 
of the enamel before the application of universal 
adhesive yielded the bond strength significantly higher 
than that of other groups. Universal adhesive without 
prior etching yielded the bond strength as high as that 
of two-step etch and rinse and two-step self-etch 
bonding agents. This finding highlights the optimal 
efficacy of universal adhesive in the provision of 
optimal bond strength with the simplified application.  
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Abstract 

AIM: This study was conducted to investigate the effect of applying Gates-Glidden (GG) drill by pre-clinical dental 
students on root canal treatment quality. 

METHOD: A total of 56 first molars consisting of 168 canals were selected in this study. For this purpose, 56 
students who had been formerly trained by two methods of root canal preparation were randomly divided into two 
groups (n = 28). Group 1: the step-down method by GG and Group 2: step-back technique without GG. The 
prepared teeth were filled with gutta-percha/ZOE sealer using lateral condensation. Periapical radiographs were 
taken before and the following treatment to survey occurrence of preparation errors and CBCT images to 
determine residual dentine at furcation region.  

RESULTS: The findings showed that among 10 error types in specimens prepared by students, the occurrence of 
underfilling, overfilling, inappropriate, ledge formation, and single cone was more common without GG. There 
were no significant differences in residual dentine amount at furcation region between preparation with and 
without using GG (P > 0.05).  

CONCLUSION: Using GG for root canal preparation by dental students resulted in low errors and not an 
increased dentine removal risk. 

 
 
 
 
 
 
 
 

 

Introduction 

 

One of the most important parts in the 
treatment of root canal is cleaning and shaping it to 
eliminate the wound and maintain the original shape 
of the canal [1]. An ideally prepared canal should form 
a uniform cone between the apical third and cervical 
third [2].  

Technical errors or the problems associated 
with root canal instrumentation are the factors causing 
root canal treatment failure [3]. Despite scientific 
developments and technological advances, the 

biomechanical instrumentation techniques and new 
files are still limited regarding performance and 
efficiency [4], [5]. Among the instruments used for 
canal preparation, Gates-Glidden (GG) drill is 
extensively used for the preparation of direct areas of 
root canal owing to high cutting capability, easy 
application, and low price [6]. Additionally, GG drills 
are deliberately designed to separate near the hand-
piece to facilitate the removal of a fractured drill piece 
from the root canal [7]. GG may be necessary for 
access into the root canal to provide a direct path into 
orifices without weakening the remaining structure. 
Applying GG widens the cervical area, making it 
possible for larger files to penetrate the apical area 
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[8]. However, there are opposing opinions about GG. 
Wu et al., [9] reported that the preparation of curved 
canals by GG drills might reduce the thickness of 
dentin and increase the risk of perforation. Flores et 
al., [10] reported no significant differences in the four 
instruments of GG, Largo, LA-Axxess and Cpdrill 
about the removal of canal dentin. Also, GG drill was 
introduced as an acceptable instrument regarding 
preserving the thickness of root dentin during canal 
preparation, which did not remarkably reduce the 
thickness of the remaining dentin [11].  

Acquiring enough skills to perform the desired 
RCT by undergraduate dental students has been the 
subject of intense research among the scholar and 
university instructors [12], [13], [14]. For example, at 
Kermanshah School of Dentistry, Iran, undergraduate 
students must complete a pre-clinical Endodontics 
course that includes both theoretical (seminars) and 
practical training (training of the manual files and GG 
drills).  

This research aims to investigate the effect of 
using GG drill on the quality of root canal treatment by 
pre-clinical educational undergraduate students. In the 
present study, the quality of the performed treatments 
regarding the incidence of various technical errors 
was analysed by periapical radiographs, and the 
remaining dentin was measured by cone beam 
computed tomography (CBCT). 

 

 

Material and Methods 

 

In this quasi-experimental study, the samples 
were selected from among the extracted mandibular 
and maxillary molars using the simple sampling 
technique. Students participating in this project 
include 56 pre-clinical dental students in Kermanshah 
school of Dentistry, Iran. First, root canal treatment 
techniques with and without GG drills were instructed 
to the students theoretically and practically. Then, one 
tooth was randomly given to each student. The 
students were divided into two groups each having 28 
members (n = 28). One group of students prepared 
one tooth by GG drills using the step-down method, 
and another group prepared tooth through the step-
back technique without using GG drills.  

A total number of 56 extracted maxillary and 
mandibular first molars were collected. The teeth 
without cracks, internal or external root resorption and 
the curvature of each root canal were measured 
according to Schneider’s method [15], and those with 
< 25° curvature and < 22 mm length were included in 
the study. The teeth were kept in 0.5% chlorine 
solution until the initiation of the experiment. Before 
the treatment, the tissue residues and dental calculus 
were removed by a scalpel. The blocks of self-curing 
acrylic immediately were combined with sawdust and 

plaster with dimensions of 2 x 2 x 2.5 cm and a piece 
of wax (3 x 3 mm) was mounted at the end of the 
apex. The samples were placed on a flat surface by 
two pieces of 3 x 10 mm wax in an arch shape, and 
the position of the samples was marked on the plate 
to assimilate the teeth at the time of taking CBCT 
radiographs (for evaluation of the remaining dentin at 
the surroundings of furcation). Before treatment, 
CBCT radiographs were taken from the samples (10 
samples in each stage), and volumetric CBCT scan 
was performed on each tooth with a high resolution 
[12 x 8] field of view, 5.4 second exposure time, 3.07 
mA and 110 kV by VGI New Tom machine (Italy). 
Cross-sections (0.5 mm thickness and 0.1 mm 
interval) were prepared from each tooth. Also, a 
periapical radiograph was taken by an X mind 
machine (Italy) using the parallel technique (8 mA and 
70 kV) from buccolingual direction.  

Standard access cavities were prepared using 
diamond burs connected to a high-speed handpiece 
under constant water spray. The length of the canal 
was determined by k-files, sizes 10 and 15. To this 
end, the file was placed within the root canal, and a 
radiograph was taken to determine the length. The 
working length was considered to be 1 mm from the 
apex. Then, the instrumentation of one tooth was 
performed with GG drills using step-down technique 
and instrumentation of another tooth was carried out 
without GG using step-back technique. In the step-
back technique, the working length was determined by 
file 15. Then, the files 20, 25 and 30 were used until 
the master apical file (MAF) was determined. After 
determining MAF, canal preparation was done with a 
working length of 1 mm short of the canal’s length for 
each larger file, 1 mm shorter than the length of 
operation to file 45. In the step-down technique, the 
working length was determined using file 15. Next, the 
coronal third of the root canal was prepared by GG 
drills 1, 2 and 3, and files 20, 25 and 30 were applied 
for apical instrumentation. Continued instrumentation 
of the apical area was similar to the step back 
technique. During all the stages, the canals were 
rinsed with 0.5% sodium hypochlorite solution. 
Afterwards, they were dried with paper points. The 
prepared canals were filled with gutta-percha (Arya 
dent, Iran) and ZOE sealer (Golchay, Iran) according 
to the manufacturer’s instructions using the lateral 
condensation technique.  

Two calibrated and blinded endodontists 
evaluated the radiographs to detect different types of 
errors. Apical evaluation of radiographs was 
performed by view box. Ten possible errors detected 
by endodontists in periapical radiographs were 
recorded in separate forms, which included vertical 
root fracture, fractured file, zipping, and ledge 
underfilling, overfilling, single cone, inappropriate 
shaping, strip perforation and canal transportation 
[16]. Evaluation of CBCT radiographs was done 
before and after obturation by NMT Free viewer to find 
out the amount of initial dentin and remaining dentin in 
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the surroundings of furcation. 

Before and after preparation of samples, the 
thickness of dentin at the surrounding of furcation was 
measured in the depths of 5 mm from the canal 
opening on CBCT radiographs (at axial section) using 
NMT Free viewer software. To determine the 
thickness of primary dentin, one section in a specific 
depth of CBCT radiograph was selected for each 
sample, and the thickness of primary dentin at the 
adjacent area of furcation in the depths of 5 mm from 
the opening of the canal was measured by the ruler of 
the software. After preparing and filling the canals, the 
thickness of the remaining dentin for each sample in 
the same section of CBCT radiograph was measured 
by the same method. The amount of removed dentin 
was calculated by subtracting the thickness of the 
initial dentin from the thickness of the remaining 
dentin.  

Data were analysed by SPSS18 software 
using inferential statistics, including Kappa coefficient 
for diagnostic agreement between two endodontists 
and multivariate logistic regression by moderating the 
effect of the views of both endodontists. Independent 
samples t-test was applied to specify the difference 
between primary, removed and remaining dentin with 
and without application of GG drills. A p-value of less 
than 0.05 was considered as statistically significant.  

 

 

Results  

 

A total of 1540 errors were diagnosed through 
periapical evaluation, from which both endodontists 
agreed upon 1345 cases and disagreed on 195 
cases. The diagnostic agreement between both 
endodontists was statistically significant about all 
errors in all canals of mandibular molars by periapical 
evaluation (Kappa coefficient: 0.6). In this section, 
only statistically significant difference errors between 
application and non-application of GG are presented 
(Table 1). 

Table 1: Main errors observed between application and non-
application of Gates Glidden drill 

   With GG
5 

Without GG  

Underfilling 
DB

1
 (maxillary 

molar) 
A 8.3% 40.0% 0.002 
B 8.3% 60.0% 

Overfilling 
MB

2
 (maxillary 

molar) 
A 16.7% 83.3% 0.007 
B 16.7% 83.3% 

Inappropriate 
shaping 

P
3
 (maxillary 

molar) 
A 42.9% 83.3% 0.014 
B 28.6% 100.0% 

D
4
 (mandibular 

molar) 
A 14.3% 71.4% 0.010 
B 14.3% 57.1% 

Ledge 
DB (maxillary 
molar) 

A 8.3% 80.0% 0.001 
B 8.3% 80.0% 

Single cone 
D (mandibular 
molar) 

A 21.4% 45.0%  
0.019 B 14.3% 28.6% 

1. Distobuccal canal (DB); 2. Mesiobuccal canal (MB); 3. Palatal canal (P); 4. Distal canal 
(D); 5. Gates Glidden (GG). 

 

In the distobuccal canal of maxillary molars, 
there was a significant difference between two groups 
regarding the incidence of underfilling (P = 0.002), in 

which the incidence of error was 7 times greater in 
cases where GG drill was not used. In the 
mesiobuccal canal of maxillary molars, there was a 
significant difference between two groups regarding 
the incidence of overfilling (P = 0.007), the incidence 
of error was 6 times greater in cases where GG drill 
was not used. 

In the palatal canal of the maxillary molars, 
there was a significant difference between the 
application of GG and non-application of GG in terms 
of the incidence of inappropriate shaping (P = 0.014), 
the chance of error was 4 times greater in cases 
where GG was not used. 

In the distobuccal canal of maxillary molars, 
the ledge was 10 times greater in cases where GG 
was not used that was statistically significant (P = 
0.001). In the distal canal of mandibular molars, the 
incidence of the single cone was more prevalent in 
which the chance of error was 2.6 (P = 0.019) time 
greater in cases where GG drill was not used.  

The evaluation of the amount of remaining 
dentin in the middle third of all canals by CBCT 
radiographs showed no significant difference between 
using and not using a GG drill (Independent t-test, P > 
0.05) (Table 2). 

Table 2: Mean and standard deviation of the volume of 
removed dentin 

Type of Canal The volume of remaining dentin  
P-value 

 
With GG

6 
Without GG 

Mean SD Mean SD 

MB
1
 (maxillary molar) 0.9043 0.27972 1.0067 0.30768 0.198 

DB
2
 (maxillary molar) 1.1000 0.38612 1.1400 0.39115 0.702 

P
3
 (maxillary molar) 1.1214 0.37453 1.0833 0.26394 0.662 

MB (mandibular molar) 0.9133 0.31366 0.9476 0.21591 0.636 
ML

4
 (mandibular molar) 0.9917 0.27122 0.9500 0.29212 0.582 

D
5
 (mandibular molar) 0.9500 0.32046 0.9900 0.21250 0.584 

1. Mesiobuccal canal (MB); 2. Distobuccal canal (DB); 3. Palatal canal (P); 4. Mesiolingual 
canal (ML); 5. Distal canal (D); 6. Gates Glidden (GG). 

 

 

 

Discussion 

 

In this study, periapical radiographs were 
used to evaluate the effect of applying GG by 
preclinical students on procedural errors [13], [16]. 
The results of the present research show that 
utilisation of the GG drills by pre-clinic students during 
root canal preparation significantly decreased 
underfilling, overfilling, inappropriate shaping, ledge 
and single cones (P < 0.05).  

The incidences of underfilling and in the 
distobuccal and over filling in the mesiobuccal canal of 
maxillary molars were greater while GG drill was not 
used. Reduction of underfilling and overfilling errors in 
cases where GG was used might be due to a direct 
access to the apical area of the canal and a better 
control over the working length. It has been found that 
preparing the coronal portion of the root canal 
provides different benefits in irrigation efficacy, apical 
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control, cone fit, and compaction procedures. In this 
regard, apical blockage, lodging, zipping, and 
perforations are less likely to occur [17], [18], [19]. 
Mollashahi et al., [20] reported adverse effects, 
especially in the curved canals declined while using 
GG, which can be attributed to the direct access of 
this instrument into canals. Kfir et al., [21] showed that 
various techniques could differently lead to the 
incidence of errors. They reported the incidence rates 
of 5% and 2% for transportation and perforation in the 
8-step technique, respectively, and frequency rates of 
17%, 7% and 6% for transportation, perforation and 
canal obstruction in the step-back technique, 
respectively. To verify the effect of canal shape on the 
incidence of error, Yin et al., [22] demonstrated that in 
the curved canals, the rotary and manual systems 
manifested different performance regarding the 
incidence of error and cleaning the surface of the 
canal. 

The results of the present research showed 
no significant difference between application and non-
application of GG about the remaining dentin in the 
furcation surroundings and danger zones of the 
prepared canals. This result can be because in this 
study students were instructed how to use GG drill 
through anticurvature technique, as a result of which 
the removal rate of dentin in the area adjacent to 
furcation was lower. GG drill was introduced as an 
acceptable instrument regarding preserving the 
thickness of root dentin during canal preparation. This 
technique does not remarkably reduce the thickness 
of the remaining dentin and may be suitable and safe 
for pre-flaring [11], [23], [24], [25]. Some researchers 
stated that the remaining dentin during preparation 
with GG drills depends on the type of technique and 
application of GG in both step-back and crown-down 
techniques can yield favourable results [23]. Mahran 
and Abo-El-Fotouh [26] reported a different 
performance for three different instruments, including 
Pro Taper, Hero Shaper and GG about the amount of 
removed dentin in the root canal. Based on the 
contradictions reported in various studies, it seems 
that the amount of the remaining dentin after canal 
preparation depends on the shape of the canal in 
addition to the type and clinicians’ handling of the 
instrument.  

The results of this study also showed no 
significant difference between the two techniques of 
canal preparation with and without using GG drill 
about the amount of removed dentin in maxillary and 
mandibular molars. Akhlaghi et al., [27] reported no 
statistically significant difference between GG drills 
and rotary files regarding the amount of removed 
dentin in the canals of mandibular first molars with 
curvatures of 20-35°. Maxillary first premolars with two 
roots and furcation area in the middle part are 
sensitive to canal preparation; therefore, it is 
necessary to remove a limited amount of dentin in 
these teeth due to the little amount of dentin left after 
canal preparation [28]. In addition to these factors, the 

primary thickness of dentin is an important factor in 
determining the amount of dentin to be removed 
during canal preparation [29]. One of the noticeable 
limitations of this study is that the root canals 
morphology was not the same in the specimens. Also, 
the procedure was done without using head phantom 
during the pre-clinical endodontic course. 

In conclusion, within the possible reduction of 
underfilling, overfilling, inappropriate shaping, ledge 
and single cone errors in some canals, the practical 
GG drill technique was found suitable by the dentistry 
students. Moreover, no difference was observed 
between the two techniques of canal preparation with 
and without the use of GG drill regarding the amount 
of remaining dentin adjacent to the furcation area.  
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Abstract 

BACKGROUND: Asthma is a chronic airway disease that is based on an inflammatory process and a serious 
health problem around the world. Asthma is often associated with treatment management factor. Adherence is the 
patient’s compliance towards their doctor's advice, which is accompanied by their understanding and follows the 
doctors’ advice consistently.  

AIM: This study aimed to get a valid and reliable adherence measure in asthma patients especially in Medan. 

METHODS: This research used the method of quantitative done by the cross-sectional approach. The sample 
(200 adult asthma patients) used standard asthma medication, stable asthma patients and did not suffer from 
severe asthma or other accompanying diseases. Data were analysed using univariate, bivariate and multivariate 
analysis, which is SEM (Structural Equation Modeling) analysis. 

RESULTS: The best dimension of medication adherence was the dimension of beliefs in medication 64%. The 
highest education adherence is at college education level which is 67.6%. Employment status with highest 
adherence value is medication on civil servant/military/police with the value of 67.7. 

CONCLUSIONS: There is a correlation between adherence and asthma patient’s quality of life in Medan. 

 

 
 
 
 
 

 

Introduction 

 

Asthma is a chronic airway disease which 
underlying pathogenesis is an inflammatory process 
and one of the most serious health problem around 
the world. The chronic inflammatory process in the 
respiratory tract of asthma patients involves many 
inflammatory cells and their elements. This condition 
causes the respiratory tract to become hyper-
responsive, resulting in clinical symptoms that occur 
periodically, especially at night or early morning/dawn. 
This condition causes airflow limitations in the 
respiratory tract, which results in shortness of breath 
as a major clinical manifestation that greatly disrupts 
the activity, productivity and quality of life of asthma 
patients [1].

 
 

The prevalence of asthma continues to 
increase in both developed and developing countries, 
although appropriate medications for asthma 
management (inhalation of combination 

corticosteroids and agonist 2 prolonged/LABA) are 
available. Currently, the number of asthma patients is 
estimated to reach 300 million people, and total 
patients who died from asthma attacks reach 255,000 
people. Respiratory system illness is the cause of 
17.4% of deaths in the world, in the following order: 
lung infection (7.2%), Chronic Obstructive Pulmonary 
Disease (COPD) (4.8%), tuberculosis (TB) (3%), lung 
cancer (2.1%) and asthma (0.3%) [2]. 

Asthma has a wide impact on the activity, 
productivity, and social conditions of the community, 
especially among asthma patients, who will certainly 
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increase the burden of health financing and the 
economic burden of the community [3] [4]. The right 
management of asthma requires appropriate and 
adequate treatment which is right dose, appropriate 
duration, appropriate time, appropriate way/technique 
of inhalation therapy, etc. Management of asthma 
continues to grow, and currently, standard asthma 
management guidelines are outlined in the Global 
Initiative for Asthma (GINA 2011). Achieving and 
maintaining controlled asthma is the main aim in 
asthma management which is an optimal condition 
that allows asthma patients to do their activities like 
other healthy people. Indicators of controlled asthma 
are no symptoms, no activity limitations, and no 
symptoms at night, no reliever medication, normal 
lung function and no asthma attacks throughout the 
year [1]. 

Adherence is the patient’s compliance 
towards their doctor's advice, which is accompanied 
by their understanding about the illness relating to the 
management/treatment until they follow the doctor's 
advice consistently [5]. The factor, adherence in the 
management of asthma consists of two parts: the 
problem of drug use such as the complexity of 
management, drug side effects, medical cost, and 
inconvenience to treatment; and the problems outside 
of management such as poor understanding of 
doctors' instructions, dissatisfaction with health 
personnel, not as expected, lack of supervision from 
doctors and families, false estimate of disease risk, 
cultural problems, false stigmatization, forgetting, and 
religion/belief problems [6]. 

We can draw the problem on how the 
instrument/model of adherence asthma patients in the 
management of the disease, especially in Medan and 
how the adherence of asthma patients to the 
management with asthma patients’ quality of life. 

This study aimed to get an instrument/model 
of adherence to asthma patients in the management 
of the disease and to know the correlation between 
adherence and asthma patients’ quality of life. 

 

 

Methods 

 

This research used 2 stages of research. The 
first stage is done with the qualitative approach and 
the second phase with a quantitative approach. The 
qualitative approach aimed to develop the research 
instruments, and the quantitative approach aimed to 
analyse the research instrument, testing the 
hypothesis and structural model of measurement. 

This research was preceded by the 
development stage of the research instrument. The 
first stage is the exploration of adherence 
instruments/measure tool and asthma patients’ quality 
of life of. At this stage, the model of treatment 

adherence instrument is developed with indicators 
which are knowledge, attitude, belief, action, doctor-
patient communication and family support. 

The quantitative approach is made to the 
initial draft, which will be analysed statistically to get 
valid and reliable values. The validity of the constructs 
is tested by using Exploratory Factor Analysis and 
Confirmatory Factor Analysis (CFA). The following 
step is data validation. The process of factor analysis 
tries to find the relationship between independent 
variables [7]. CFA is essentially an exploratory 
statistical method, but the loading factor for variables 
is set based on previous studies or relevant theories. 
Then, CFA processed and measured the suitability of 
loading in a target matrix. The CFA was done by 
considering factor structure that was positioned. The 
CFA examined the suitability of a model with some 
specific factors and determined the specific items that 
measure or load on each factor [7] [8]. 

The testing of Hypothesis and the 
development of behavioural adherence model of 
treatment as well as its relation to asthma patients’ 
quality of life were performed using Structural 
Equation Modeling (SEM) analysis. This research 
design is called comparative causal or explanatory 
research. This study explains the relationship and 
effect between one variable with other variables. 
Besides, this study uses instantaneous data (cross-
sectional). The obtained data is used to predict future 
circumstances. 

This study was done on asthma patients who 
live in Medan. The selection of research sites based 
on consideration: (1) Medan area is the capital of 
North Sumatera Province with the prevalence of 
asthma patients is estimated to be high enough that is 
3% (2) standard of asthma service, especially 
behaviour of management/treatment of asthma 
patients in Indonesia and especially in Medan City, 
generally is not maximal [9]. 

The population of this study was asthma 
patients who live in Medan and has been treated by a 
general practitioner or pulmonary specialist. The 
inclusion criteria of this study were adult asthma 
patients aged 18-60 years, asthma patients who came 
to general practitioners or pulmonary specialists in 
Medan city, patients who had undergone asthma 
treatment with appropriate drug (inhalation of 

combination corticosteroids and agonist 2 
prolonged/LABA) at least 6 months, stable asthma 
patients (not in asthma attacks), selected patients are 
patients who have complete address data, willing to 
follow this study (approved with informed consent). 
The exclusion criteria in this study are a history of 
coexisting diseases such as COPD (Chronic 
Obstructive Pulmonary Disease), heart disease, 
diabetes mellitus, hypertension, kidney disease, liver 
disease and a history of allergy to drugs used in this 
study and severe or moderate asthma patients who 
were hospitalised. 
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The sampling technique in this research with 
the quantitative approach is done by Consecutive 
Sampling which the process of sampling based on the 
criteria set by the researchers [10]. 

Asthma is a disease that is mostly influenced 
by season as a risk factor. Duration of data collection 
in this research was about 8-10 month. With this time 
the researcher considers the duration is long enough, 
so the results of this research by consecutive 
sampling technique can approach or resemble 
probability sampling results. The samples number is 
determined based on the hypothesis test formula one 
proportion and obtained a sample with the number of 
200 people.  

Interviews and questionnaires were 
completed after obtaining the patient's consent at the 
respondent's residence/home or at the place where 
the patient controls the medication. The goal is to get 
valid and not influenced result by other conditions 
(research bias). 

Interviewers in this study are 6 students from 
Faculty of Medicine, the University of North Sumatra 
who has been trained by researchers. Also, the 
researcher’s collaborate with 8 hospital nurses who 
have trained researchers to collect research data. 
Interviewers were trained to be able to guide and 
provide technical data filling in the prepared 
questionnaire. Some interviewers demonstrated the 
technique of filling out the questionnaire in the 
presence of the researcher. This was done to obtain 
valid data on the asthma patients study. 

The Secondary data was obtained from 
Medan Health Care Office to determine the 
prevalence of asthma in Medan which originating from 
Basic Health Research Province of North Sumatra. 
The Data of asthma patients were collected from drug 
distributors or pharmaceutical parties who had 
completed patient data records of ICS drug users. 
Furthermore, asthma patients’ data is also collected 
from the practice of specialist doctors and pulmonary 
polyclinics in a hospital or private doctors’ practice. 

Instruments of knowledge, attitudes, beliefs, 
actions, doctor-patient communication, and family 
support: The measurement technique of knowledge is 
to give a score of 1 for each correct item of the 
question. For attitude is to give score according to the 
attitude of the respondent. The assessment range is 1 
to 4. Score 4 shows the patient's attitude is getting 
more positive. Assessment of trust based on true 
belief and score given is 1. Assessment of action is 
score 1 for corrective action. The patient doctor's 
communication appraisal is a score of 1 if the patient 
answers any or has ever been to any doctor-patient 
communication question. Assessment of family 
support variables based on the presence or absence 
of family support for asthma patients. A score of 1 is 
given when the patient answers are on the family 
support questionnaire. 

The quality of life instruments comprise the 
dimensions of health, emotion, environment and 
activity limitations. Assessment of quality of life scores 
has a range of 1-5. The highest score (5) indicates the 
patients quality of life not disturbed. 

Table 1: The Asthma Patients Demographic Characteristics in 
Medan 

Variable n % 

Age   
≤ 20 44 22.0 
21-30 44 22.0 
31-40 33 16.5 
41-50 41 20.5 
51-60 38 19 

Mean/SD 35.7/SD 13.3  

Sex   
Male 74 37.0 
Female 126 63.0 

Education    
Elementry School 9 4.5 
JHS 11 5.5 
SHS 84 42 
College 96 48 

Marital status   
Married 126 63.0 
Single 74 37.0 

Employment   
Unemployment 11 5.5 
Housewife 40 20.0 
Student 40 20.0 
Civil servant/Military/police 35 17.5 
Private employee 28 14.0 
Entrepreneur  31 15.5 
Etc 15 7.5 

Income   
<1 million 29 14.5 
1-3 million 93 46.5 
4-5 million 35 17.5 
>5 million 43 21.5 

Tribe   
Batak 92 46.0 
Jawa 48 24.0 
Melayu 11 5.5 
Minang 25 12.5 
Aceh 13 6.5 
Etc 11 5.5 

 

The instruments of sociodemographic 
characteristics are age, sex, education, marital status, 
employment, income, and tribe. Assessment of 
demographic characteristics is based on the choice 
determined from the patient in accordance with the 
criteria outlined in the operational definition in this 
study. 

Ethical Clearance of this study was obtained 
in March 2011 issued by the Commission on Medical 
Research Ethics Faculty of Medicine, University of 
North Sumatra/USU Hospital. 

 

 

Results 

 

Based on the Table above, it is known that 
age is more prevalent in the age group < 20 years old 
and 21-30 years old with a proportion of 22%. 
Respondents of the female sex are more than male 
respondents that are 63%. The highest level of 
education is college 48%; the most marital status is 
married 63%, most of the employment is housewife 
and student which is 20% respectively. For the 
highest income level is 1-3 million that is 46.5%, and 
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most of the respondents are from the Batak tribe that 
is 46%. 

Table 2: The Adherence Medication of Asthma Patients 

Adherence Number of 
Questions 

Min Max Mean SD 

Knowledge 9 0 8 3.9 1.8 
Attitudes 9 9 36 28.9 4.0 
Beliefs in 
disease/medication 

12 1 12 8.0 2.4 

Actions 9 0 9 5.4 2.3 
Patient-doctor 
communication 

20 0 18 14.6 3.5 

Family support 5 0 5 4.2 1.1 

Total Adherence 84 45 84 66.8 8.6 

 

The Table above contains an assessment of 
knowledge, attitudes, beliefs, patient-doctor 
communication, actions, and family support. The 
average knowledge is 3.9 (SD 1.8), attitudes 28.9, 
(SD 4) beliefs in disease/medication are 8.0 (SD 2.4), 
actions 5.4 (SD 2.3) and patient-doctor 
communication is 14.6 (SD 3.5), and family support is 
4.2 (SD 1.1). 

Table 3: The Distribution of Adherence Dimensions on Asthma 
Patients Medication 

Adherence dimensions  Good Not Good Border* 

N % N %  

Knowledge 127 63.5 73 36.5 ≥ 3.9 
Attitudes 101 50.5 99 49.5 ≥ 28.9 
Beliefs in 
disease/medication 

128 64.0 72 36.0 ≥ 8 

Actions 105 52.5 95 47.5 ≥ 5.4 
Patient-doctor 
communication 

100 50.0 100 50.0 ≥ 14.6 

Family support 113 56.5 87 43.5 ≥ 4.2 

Total Adherence 106 53.0 94 47.0 ≥ 66.8 

 

The results showed that the best dimension of 
medication adherence was the dimension of beliefs in 
disease/medication (64%) and the least was the 
patient-doctor communication dimension (50%). 

Table 4: The Characteristics of Treatment Adherence Based on 
Sociodemographic Characteristics of Asthma Patients 

Variable n % SD p 

Age     
≤ 20 44 65.4 7.8 0.13 
21-30 44 68.7 8.3  
31-40 33 68.9 8.5  
41-50 41 65.2 9.1  
51-60 38 66.1 9.2  

Sex     
Male 74 66.9 8.8 0.943 
Female 126 66.8 8.6  

Education      
Elementry School 9 62.6 9.9 0.027 
JHS 11 63.5 9.9  
SHS 84 65.7 7.1  
College 96 68.6 9.2  

Marital status     
Married 126 67.2 9.0 0.400 
Single 74 66.2 8.0  

Employment     
Unemployment 11 60.0 7.3 0.008 
Housewife 40 64.6 8.7  
Student 40 66.5 7.1  
Civil servant /Military / police 35 69.0 10.2  
Private employee 28 69.9 7.4  
Entrepreneur  31 66.1 8.7  
Etc 15 69.5 7.6  

Income     
<1 million 29 65.6 9.1 0.484 
1-3 million 93 66.7 8.3  
4-5 million 35 66.1 10.9  
>5 million 43 68.5 7.0  

Tribe     
Batak 92 67.2 8.4 0.766 
Jawa 48 66.7 9.9  
Melayu 11 69.6 9.5  
Minang 25 65.9 7.3  
Aceh 13 64.7 7.6  
Etc 11 65.9 8.4  

 

The table above shows there is no difference 
in the mean value of adherence based on age, sex, 
marital status, income and tribe with p > 0.05. There is 
an average difference in the value of adherence 
based on education and employment (p < 0.05). The 
highest education adherence is at college education 
level which is 67.6 (SD = 7.8), and the lowest level is 
a primary school (SD) which is 61.5 (SD = 11.3). 
Employment status with highest adherence value is 
medication on civil servant/military/police with the 
value of 67.7 (SD = 7.9), and the lowest is 
unemployment status with a value of 60.2 (SD = 5.5). 

 

 

Discussion 

 

In this study, it is found that most patients are 
the young adult age which is under 30 years old 
(44%). The average age of asthma patients is 35.7 
(SD 13.3). The research from Japan, Suzuki, (2011) 
[11] obtained a same average age of asthma patients 
from the study which is 36.3 (SD = 7.9). Asthma has 
been known since the time of Hippocrates (2000 
years ago), and until now it’s still a global health 
problem. Epidemiologically, in people with asthma 
starts from childhood to adulthood. WHO shows the 
prevalence of asthma is about 3-5% in adults and 7-
10% in children [12]. 

Based on sex, most patients were found are 
females that are 63%. Epidemiologically, asthma can 
affect both men and women. The prevalence of 
asthma in boys is greater than that of girls but after 
puberty asthma becomes more common in women 
[11]. Theoretically, it is not yet clear why the 
proportion of adult asthma patients are higher in 
women, but the population in this study are adult age 
group in home/residence or visiting a doctor's practice 
to re-control the disease. Theoretically, patients who 
are more concerned about the disease are women 
than that of a man [12], especially asthma patients in 
this study population are not asthma patients in attack 
or with severe asthma but asthma patients who are in 
stable conditions.  

In this study, the patient's socioeconomic level 
is quite good. Based on the level of education in this 
study, it is found that highest education level is college 
48%, followed by senior high school and junior high 
school 42% and 5.5% respectively, while the least is 
the level of elementary school 4.5%. Based on 
employment status, the highest is employee 54.5% 
compared to unemployed which is 45.5%. Most of the 
unemployed are housewives and students (40%). 
Meanwhile, 31.5% are from the group working as civil 
servants/military/police and private employees. Based 
on the amount of income, the largest group of income 
is 1-3 million/month that is 46.5%, and the least is 
14.5% with income < 1 million. Meanwhile, as many 
as 21.5% with income > 5 million. Most of the samples 



Public Health 
_______________________________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________________________ 

2202                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

in this study were patients treated at the practice of 
pulmonary specialists. There is a tendency of patients 
who seek treatment in the practice of specialists are 
from good enough economic status. The results of this 
study differ from the results of Atmoko research 
(2011) [13] that got the highest level education among 
asthma patients is medium education 49.5% while the 
level of higher education is 30.8% [13]. Imelda 2007 
[14] and Atmoko 2011 [13] also obtained medium and 
high education level that is 54.6% and 38.5% 
respectively. Bachtiar (2009) [15] obtained more 
senior high school education level patients who are 
40.7% and followed by college level of 28.8%.  

Based on the marital status of the results in 
this study, most of the patients are married that is 
63%, and 37% of patients are single status. Based on 
the tribe, most of the asthma patients are from Batak 
tribe (46%), and the least is Malay and others (5.5%). 
It can be explained that the adult population (> 18 
years) in Medan is mostly married and most of them 
are a population of Batak tribe by the Profile of 
Medan. But the Batak tribe in Medan has several 
variations. There are Batak Toba, Batak Mandailing 
and Batak Karo. Different types of Batak tribes and 
other tribes in Medan have variations on social-
cultural conditions, including in health behaviour. In 
this study, it is seen a considerable variation based on 
tribes in asthma patients who live in Medan. 

The adherence instrument medication of 
asthma patients in this study was developed on 6 
indicators which are knowledge, attitudes, actions and 
doctor-patient communication, beliefs in 
disease/medication, and family support. 9 points were 
given to the number of questions for knowledge, 9 
points for attitudes, 9 items for actions and 20 items 
for doctor-patient communication, 12 points for beliefs 
in disease and medication and 5 items for family 
support questions on treatment. 

The first indicator is knowledge. Based on the 
results of this study, the knowledge indicator is formed 
based on questions of understanding symptoms, 
trigger factors, asthma control, during treatment of 
asthma, the best way for treatment, inhalation 
techniques, recommended examination to assess 
progress, and the benefits of using asthma control 
medication. 

The patient is said to adhere to treatment if 
the patient understands comprehensively about all 
important aspects of asthma and its treatment. 
Asthma is a unique disease. This disease is a chronic 
disease that requires long-term treatment. In the mild-
moderate stage, the disease is reversible which is 
often misunderstood by asthma patients. The patients 
must understand their illness from basic aspects such 
as understanding about illness, symptoms, trigger 
factors, until why they should use standard medication 
and the effects of the treatment given to him. 

The second indicator is the attitude. The 
formation of treatment adherence is often associated 

with a person's attitude toward the disease and its 
treatment. A positive attitude toward 
disease/treatment will encourage patients including 
asthma patients to maintain proper treatment 
behaviour. Attitudes are also formed based on prior 
patient experience and knowledge. Often, attitudes 
are in line with existing knowledge. What patients 
should understand that asthma is an inflammatory 
disease and at the same time, it narrows the 
respiratory tract, correlated with the type of drug 
given, an inhaler with the combination of 
corticosteroids and LABA. This understanding will 
encourage patients to use the appropriate drug and 
also in an appropriate way which is by inhalation. The 
treatment at a stable stage must be consistent with 
the correct management of asthma with careful 
monitoring by treating doctor. Patients, in this case, 
should always be willing to work with doctors and 
follow the doctor’s instructions. Besides that, a good 
attitude of patients can be formed if they also want to 
study the disease from various sources that exist. So 
that, an attitude based on knowledge will certainly 
lead to good behaviour [16]. In this case, it is a longer 
adherence than just passively following the doctor’s 
instructions. For action indicators, the questions were 
formed are about the importance of asthma drug use, 
the use of asthma medications based on doctor's 
instructions, stop asthma medication by instruction, 
desire to cooperate with treating doctor, ask for 
explanation about disease treatment, consult with 
doctor, study asthma, and prepare asthma medication 
anytime. 

The third indicator is beliefs. The dimensions 
of beliefs in disease and medication in this study are 
differentiated by the attitude of asthma patients to 
treatment. This confidence instrument was developed 
based on information obtained by researchers from 
doctors who is treating asthma patients. Many false 
perceptions developed among asthma patients which 
interfere with the success of their treatment, 
moreover, in terms of standard drug use by inhalation 
of steroid and LABA combination. Many patients 
consider a new standard asthma drug appropriate if it 
is in a state of attack, for severe illness, and for high 
socioeconomic groups, etc. These false perceptions 
must be identifiable/recognized by the doctor, so that 
the management of asthma patients also refers to the 
socio-cultural aspect. Bauman (2005) [17] mentioned 
one aspect that disrupts adherence treatment of 
asthma patients is the wrong patient's belief in the 
disease and its treatment. Instrument beliefs about 
disease/treatment that researchers successfully 
developed, consists of 12 questions. As for the grain 
of the question, it is about the perception of patients 
who says asthma is a mild disease and easy to cure, 
the absence of symptoms means asthma has healed, 
asthma treatment is sufficient at the time of the attack, 
the right treatment of asthma is by taking medicine, 
inhalation treatment is for severe disease and high 
rates of inhalation drugs will be addictive, the price of 
inhaled drugs is expensive and unreachable, no need 
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for lung function checks, no consultation with doctors, 
over-the-counter breathing drugs are sufficient to treat 
asthma, and no complication of asthma. 

The fourth indicator is the action. The action is 
an indicator that has been done by asthma patients 
every day related to behaviour towards treatment. 
This indicator shows the level of adherence to 
treatment is well under way when the patient has 
done the aspect of regular treatment, consult with his 
doctor and make prevention efforts such as avoid the 
trigger and exercise regularly. Indicators of action in 
this study were formed based on 9 items of questions 
that is patients use asthma medication every day as 
recommended by treating doctors, pay attention to the 
schedule/time of drug administration, using reminders 
to use asthma medication, conduct routine 
consultation with doctors, perform lung function 
examination, doctors to assess disease progression, 
avoid asthma triggers, exercise routine, and read 
articles or papers on asthma/disease treatment. 

The last indicator is family support. Family 
support based on Green theory is a reinforcing factor 
that drives factors that can lead to behaviour. Asthma 
patients who are undergoing treatment will continue to 
consume the drug if there is support from the family. 
Families can remind, help regarding costs, and others 
that can improve the success of asthma treatment. 
This theory is also compatible with Lewis's driving 
forced theory where family support is a factor that 
reinforces the behaviour by promoting persuasion and 
information. The existence of intensive family support 
can improve the behavior for better treatment. 
Adherence to the treatment of asthma will be stronger 
because the family always reminds, provides 
information, encourages and even helps the provision 
of necessary medical funds. 

Questionnaires about Adherence of treatment 
of asthma patients contains comprehensive 
questionnaire to assess adherence of treatment with 6 
dimensions of measurement that is knowledge, 
attitudes, beliefs, actions, doctor-patient 
communication, family support with a total of 84 
questions. As for the researchers' knowledge, until 
now there is no comprehensive questionnaire to 
assess adherence of asthma patient treatment. The 
researchers cut short the questionnaire to Adherence 
Asthmatic Patient Questionaire Medan (AAPQ-
Medan) [18]. Cronbach alpha test results in this 
questionnaire obtained 0.84. Azwar (2001) set this 
measure as considered valid and reliable if the 
resulting Cronbach alpha value is > 0.6. This means 
that the questionnaire is quite reliable for use 
particularly in Medan with adult asthma patients who 
use standard drugs. However, the weakness of this 
questionnaire is less practical because of too many 
question items (84 pieces). There should be further 
studies to examine and explore the questions in this 
study to produce a simpler measuring tool to explain 
the adherence of treatment in patients. 

In this research, the researchers have 
succeeded to develop patient adherence behaviour 
component that is knowledge, attitudes, beliefs, 
actions and doctor-patient communication, and family 
support. Someone is said to be adherent to his 
treatment if he has the right knowledge, positive 
attitude, no beliefs in impede treatment, correct 
treatment, comprehensive patient-doctor 
communication and family support. The results of this 
study have proven what components form a clear 
adherence in the treatment of asthma patients and 
how strong these components in forming adherence 
treatment. 

This study found a median adherence 
treatment of asthma patients was 66.8 (SD = 8.6). The 
score of knowledge from 9 questions is 3.9 (SD = 1.8), 
attitude score with 4 level of like scale start strongly in 
disagreeing sd very agree to get an average value of 
28.9 (SD = 4.0) from 9 question, trust with average 8.0 
(SD = 2.4) out of 12 questions, 5.4 (SD = 2.3) action 
score of 9 questions, patient-doctor communication 
score was 14.6 (SD = 3.5) out of 20 questions and the 
family support score was 4.2 (SD = 1.1) out of 5 
questions. 

In this study, it is found that the proportion of 
adherence behaviour that is still not good with only 
53% have good adherence. Poor adherence is still 
seen in the attitude and communication components 
of doctor-patients with asthma-related illness and 
treatment that is 50.5% and 50% respectively. This 
indicates that the behaviour towards the treatment of 
asthma patients in Medan is quite low, especially for 
attitudes and doctor-patient communication. Recorded 
more than 230 million Euro in the UK and 100 billion 
dollars annually in the United States issued to 
overcome the problem due to less adherence of 
asthma patients to their treatment. 

The results of this study also showed that the 
level of knowledge of asthma patients is not good in 
establishing the understanding of asthma, triggers and 
symptoms of asthma. Asthma patients’ attitude 
towards treatment has tended to be well seen that 
most have shown a positive attitude, both in the 
perception of asthma medication as well as attitudes 
toward the treating doctor. But the negative attitude 
that is often found in patients will stop asthma 
medication, and control of asthma. There were 15% 
people not agreeing to control their asthma, and 
15.5% did not agree to stop asthma medication based 
on instructions from doctors. Based on the belief in 
the disease and its treatment, it is found large wrong 
is in perceiving the disease of asthma. In this study, 
57% of the patients believed that inhaled treatment 
was a treatment for severe asthma, 49% thought that 
asthma was a mild and easily curable disease, and 
45% thought no symptoms meant that asthma had 
recovered. Based on treatment measures, most 
patients have used asthma medication. But in this 
study, only 24% always use reminders to use asthma 
medication, 38% who always communicated with their 
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doctors and 51.5% who regularly exercised. Based on 
patient-physician communication most have stated 
good doctor-patient communication. But in this study 
only 60-65% of doctors who communicate about 
financial and profit and loss in treatment. Based on 
family support, most of them are getting family 
support. In this study, more than 80% of patients have 
received family support by both moral and material 
aspects. 

The results of this study prove that the 
condition of adherence of asthma patients in Medan is 
still very limited. Patients are not consistently attached 
to the disease and its treatment. This is probably 
because the level of interaction between doctors and 
patients is not so good. Though asthma is a chronic 
disease where the relationship between doctors and 
patients should be maintained maximally and lasted 
continuously. This study was conducted in a moment 
(cross-sectional), so it is not seen how the quality and 
continuity of doctors interactions and asthma patients. 

In this study, the researchers found there is 
no correlation between sociodemographic factors 
such as age and sex with adherence treatment of 
asthma patients (p > 0.05). This is in line with Apter's 
study, (1998) which has no relationship between age 
and sex with adherence treatment in patients who are 
given corticosteroid inhalation twice daily [19]. This 
study is not in line with the research of Gamble et al., 
(2009) who got women more adherent compared with 
men (p < 0.05) [20]. 

In this study obtained adherence treatment in 
women almost the same as men that is 66.8 and 66.9. 
For the age group, treatment adherence was higher at 
age < 40 years, i.e. 65.4 to 68.9. This is probably 
because young age is a more productive age, so the 
conditions of asthma attacks that occur greatly disrupt 
the productivity and performance or achievement of 
learning. This must be solved immediately by the 
sufferer. Also at a young age, more easily remember 
the information which is obtained from the 
environment, especially from treating doctors so that 
this condition can increase knowledge, attitudes, 
beliefs, and treatment measures. But in this study, 
there was no significant correlation between age 
group with adherence treatment of asthma patients (p 
> 0.05). Meanwhile, Gillisen (2007) mentioned that 
pediatric and adolescent patients tend to be less 
adherent than adults. In this study, the study 
population was of adult age and did not assess 
adherence in children [21]. 

In this study also found adherence treatment 
is higher in patients who are still bound to marriage. 
This is possible because the husband or wife or other 
family members play a role in encouraging the 
adherence in asthma patients. Families can be very 
influential factors in determining the beliefs and health 
values of individuals and can also determine the 
treatment program they can receive. Families also 

provide support in making decisions about the care of 
sick family members. 

The status of employment in this study was 
grouped into working groups and non-working groups. 
The results showed there was correlation employment 
with treatment adherence (p < 0.05). It’s because the 
patient's working status varies greatly among the 
working group. In the non-working group also varied in 
the group of housewives, students and retirees. In this 
group, they have the activities that often make them 
forget and not adherence against their treatment 

In this study, researchers found that patients 
with an income rate of > 5 million had the highest 
adherence to treatment, and the lowest treatment 
adherence is at the rate of < 1 million. But statistically, 
there is no difference in adherence treatment based 
on income level. This is not in line with Apter's (1998) 
study which found no significant association (p = 
0.002) between income and adherence of treatment of 
asthma patients [15]. This is probably because not all 
asthma patients bear the cost of treatment, but some 
of the asthma patients who were studied are covered 
through health insurance Civil Servants as patients 
who received treatment at RS Pirngadi that serve civil 
servant health insurance. 

In this study adherence of treatment is higher 
in Malay tribe that is 69.6 and low in Aceh tribe that is 
64.7. Statistically, there is no relationship between 
ethnic and treatment adherence. This is not in line 
with Wells et al.'s investigations where there is a 
correlation between ethnic and treatment adherence. 
Wells (2008) found the difference in treatment 
adherence in African and American tribes [22]. 
Similarly, Apter's (1998) study found there is 
correlation adherence in the Spanish group [19]. This 
is probably because the tribal variations in this study 
are not balanced. In Indonesia, there are many 
different ethnic groups; especially Medan is a very 
heterogeneous city, where Batak tribe is more 
dominant in Medan. 

Adherence treatment is determined by many 
factors. A continuous review of adherence treatment, 
especially aspects of the problem of treatment, 
psychology, and the quality of doctor-patient 
interactions should be undertaken. Long-term 
treatment often causes problems in patients. Good 
understanding, good attitude, adherence level and 
doctor-patient communication need to be developed 
to improve adherence of patient's treatment, 
especially asthma patient in Medan so that the 
mission of GINA 2011 which is controlled asthma can 
be achieved. 

In conclusion, based on the analysis of the 
treatment adherence measurement model. The 
treatment adherence measurement model of asthma 
patients in Medan has good psychometric value (valid, 
reliable and fit modelling), which includes all latent 
variables (exogenous and endogenous) along with the 
indicators studied. The adherence of treatment I that 
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formed are aspects of knowledge, attitudes and 
beliefs. Adherence of treatment II which is formed 
from the aspects of action, doctor-patient 
communication and family support. Quality of life 
formed from aspects of health, emotions, environment 
and activities. 

The proportion of asthma patients adherence 
in Medan was 53%, and the proportion of asthma 
patients’ quality of life in Medan was 52.5%. There are 
differences in treatment adherence based on 
demographic status that is education and 
employment. There is no difference in treatment 
adherence based on sociodemographic statuses such 
as age, sex, marital status, income and tribe. 
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Abstract 

BACKGROUND: Diabetes mellitus places a substantial burden on society worldwide. Diabetic foot ulcers are a 
challenging problem for clinicians. Six generally accepted detriments to the healing of diabetic foot ulcers were 
identified: infection, glycaemic control, vascular supply, smoking, nutrition and deformity. 

AIM: To evaluate the effect of educational interventions in the prevention of diabetic foot ulcers through 
knowledge of the disease and self-care practices. 

METHODS AND DESIGN: A quasi-experimental, design was used. The study was conducted in the Internal 
Medicine Department and Outpatient clinic at Umulj general hospital - 2016. The study sample consists of 60 
adult patients with diabetes mellitus. Approval to conduct the study obtained from the Ministry of Health and the 
University of Tabuk Research Ethics Committee. 

RESULTS: This study shows that, a significant relationship between levels of patient's knowledge, practice and 

level of education.  

CONCLUSION: The result of the present study concluded that implementation of the developed educational 
program showed significant improvement in the patients level of knowledge, patients ability to perform self-foot 
care and level of patient awareness after program implementation. 

 
 
 
 
 

Introduction 

 

The World Health Organization (WHO) has 
reported that Saudi Arabia ranks the second highest 
in the Middle East, and is seventh in the world for the 
rate of diabetes. It is estimated that around 7 million of 
the population are diabetic and almost around 3 
million have pre-diabetes. Even more worrying 
perhaps, is the increasing pattern of diabetes noted in 
Saudi Arabia in the recent past. Diabetes has 
approximately registered a ten-fold increase in the 
past three eras in Saudi Arabia [1]. 

Diabetes mellitus is a chronic metabolic 
multifactorial disorder associated with altered glucose 
homeostasis as well as macro and microvascular 
complications including preventable foot problems that 
are common occurrences in these patients [2]. 
Diabetic foot problems are major causes of morbidity 

and premature mortality and contribute substantially to 
health care costs [3]. Foot ulcerations are also a major 

complication in diabetes patients (∼25%) and infected 
diabetic foot ulcers are responsible for 60% of 
nontraumatic lower-limb amputations Previous studies 
have reported that early identification of people at high 
risk for foot problems and management of the risk 
factors could prevent lower extremity amputations and 
foot ulcerations [4] [5].  

Nurses can also educate patients on the 
importance of controlling blood glucose levels through 
diet. Lastly, nurses need to educate patients about 
prevention and treatment of diabetic foot problems. A 
major problem associated with diabetes is the onset of 
complications that may affect the patient’s health 
status and may become life-threatening [6]. Most 
importantly, the nurse should educate the patient to 
report foot problems to his or her doctor as soon as 
they are noticed. These problems include cuts or 
breaks in the skin, ingrown nails, pain or loss of 
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sensation, and changes in the colour or discolouration 
of the foot [7]. 

The study aims to evaluate the effect of 
educational interventions on the prevention of diabetic 
foot ulcers through knowledge of the disease and self-
care practices. Knowledge and self-care practices 
about foot care will be better among the educational 
interventions group than the control group. 

 

 

Patients and Method 

 

The quasi-experimental study design was 
utilised. 

The study was conducted at the Internal 
Medicine Department and Outpatient clinic at - Umlui 
General Hospital, Saudi Arabia. 

Sixty adult male and female who have type 2 
diabetes mellitus were included. Patients were 
randomly assigned into groups: group 1 (n = 30) 
which was the 'intervention' group and group II (n = 
30) which was the control group. Group '1' participants 
received an educational program containing the 
instructions and were trained on the activities included 
in it, while group 'II' received standard hospital care. 

Inclusion Criteria: Patients who have type 2 
diabetics mellitus, both age and gender range 
between 18-60 years old and duration of diabetes for 
more than 5 years. 

Exclusion criteria: Patients with gastroparesis, 
orthostatic hypotension and hypoglycemia 
unawareness (autonomic neuropathy), mentally ill 
patients, hearing or visual difficulties. 

The work was performed by including the 
patients admitted on Sunday, Monday and Tuesday in 
the intervention group and the patients admitted 
during the rest of days the week in the control group. 

To collect the necessary information for the 
study, the following tools were used: 

The tool I: patients assessment sheet 
includes 4 items: 

1. Sociodemographic data; 

2. Patients' assessment related to knowledge; 

3. Patients' assessment related to self-care 
practices; 

4. Leg assessment sheet. 

Tool II: A designed nursing intervention 
protocol includes 4 items: 

1. Knowledge related to diabetes and foot 
care; 

2. Self-care practices concerning diabetes 

and foot care; 

3. Diabetes nutrition; 

4. Insulin injection. 

Tool III: Observational checklist related to foot 
care. 

It was developed by the researcher to collect 
general information related to personal data and 
diabetic patient assessment. Content validity of the 
tool was tested by expertise in the medical and 
nursing field. This tool is divided into four parts to 
cover the following dimensions: Sociodemographic 
data, patient assessment related to knowledge, 
patient assessment related to self-care practices and 
leg assessment sheet. These data were collected, 
and the questionnaire sheet was filled by the 
researcher through, an interview, by taking a history 
from patients, assessment of the patient and 
educating them. This tool includes questions in the 
form of multiple choice questions and others in the 
form of closed questions. It compromised the 
following: 

It includes demographic characteristics of the 
studied groups as regarding their age, sex, marital 
status, occupation, level of education, duration of 
diabetes and residence. 

It was used to collect data as regarding: 
diabetes information which includes; what about 
diabetes, signs and symptoms of hyperglycemia and 
hypoglycemia, proper diabetic nutrition and 
complications of diabetes mellitus. Exercise 
information includes the following; proper diabetes 
exercise cautions when performing exercise and types 
of exercise. Diabetic foot information includes the 
following; what about a diabetic foot, causes of 
diabetic foot and complications of diabetic foot and 
proper foot care which categorised as; proper foot 
inspection, proper foot hygienic care, early detection 
of diabetic foot, trimming toenail, proper footwear and 
improving lower limb circulation.  

The scoring system was rated for two levels; 
yes and no, each item score grade = 1, for yes answer 
= 1 and zero for no answer or wrong answer. Total 
system scores will be (19) grades. Those who 
obtained less than (60%) were considered having an 
unsatisfactory level. While those who obtained above 
than (60%) were considered having a satisfactory 
level of knowledge and practice 

Reliability of the test tools was used to 
determine the extent to which the items in the 
questionnaire are related to each other. Cronbach’s 
alpha model was used in the analysis; it is a model of 
internal consistency, a value greater than 0.8 denotes 
very good internal consistency meaning that the 
questionnaire is reliable. The results regarding our 
questionnaire were as follows 0.848 [8].  

It was developed by experts in the medical 
and nursing field. Modifications were done based on 
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review related literature, the clinical learning 
experience of the researcher and expertise selected 
certain items to suit the aim of the study. Content 
validity of this tool was tested by expertise in the 
medical and nursing field. This tool was used to 
identify patient performance related to foot care and 
contain certain items were selected such as:  

Foot inspection; use a mirror to see bottoms 
of the feet. Proper foot cleaning includes the following; 
washing the feet in warm water, do not soak the feet, 
drying the feet well and dry between toes. Nail and 
foot care include the following; lubricating the feet to 
keep skin soft and smooth, do not apply cream 
between the fingers and trim the nail straight across & 
file the edge with a nail file. Proper habits to protect 
the feet which categorized as; patient move ankle up 
and down for 5 minutes, put the feet up when setting 
position, don’t sit for long period of time, don’t cut 
corns and calluses, smooth corns and calluses gently, 
skin edges do not remove by himself, use proper 
footwear, check colour of feet and leg, wear slippers 
when getting out of bed and continuous follow up care 
plan.  

It was used to collect data to assess the 
condition of the right and left leg and effect of diabetes 
on it. They include following categories related to foot 
assessment such as: Examining peripheral pulse; 
femoral, popliteal, posterior tibial and dorsal pedal 
pulse. Skin leg temperature, skin turgor and skin 
colour. Pain site, pain frequency and pain degree 
(pain degree measured by using a numeric rating 
scale, a pain scale measures a patient's pain intensity 
or other features. Pain scales are based on self-report 
and rated from 0 to 10): Lower limp edema, edema 
type (absent, mild, moderate or severe), leg edema 
location; (none, localized per ulcer, foot inducing 
ankle, to mid-calf, or to knee), perception of pain, 
touch and temperature. Perception to touch assessed 
by using Senses-Weinstein monofilament and general 
well-being (Satisfied and dissatisfied).  

This type of data was collected through 
examination of patient legs pre protocol and after 3 
months follow up post protocol, leg examination done 
to assess the effect of diabetes on foot and to prevent, 
early detect any complications. Confirmation was 
done by the researcher. 

The content of protocol was developed by the 
researcher and revised by expertise in the medical 
and nursing field; the content was consistent with the 
related literature. This tool is divided into four parts: 
knowledge related to diabetes and foot care, self-care 
practices concerning diabetes and foot care, diabetes 
nutrition and insulin injection, confirmation of data was 
done by the researcher. 

It was used to provide an increase in patients' 
knowledge which includes: what about diabetes, signs 
and symptoms of hyperglycemia and hypoglycemia, 
complications of diabetes mellitus. Exercise 
information includes the following; proper diabetes 

exercise cautions when performing exercise and types 
of exercise. Diabetic foot information includes the 
following; what about a diabetic foot, causes of 
diabetic foot and complications of the diabetic foot.  
Patient self-care practices based on knowledge 
provided to the patient, which includes: early detection 
of diabetic foot ulcer thorough examining the foot, 
prevention of diabetic foot occurrence by performing 
daily basis of foot care and performing the proper 
exercise. 

This tool it was used to identify proper 
nutrition for patients, the content was developed 
based on review related literature, which includes: 
purpose from good nutrition, how to prepare a healthy 
diet, rules for proper nutrition, a component of 
nutrition, food pyramids and examples of models of a 
healthy diet. 

Considering as a part of diabetes self-care 
that help the patient to be able to perform self-
injection. This part includes: information about insulin 
and how to performing insulin injection 

It was developed by expertise on the medical 
and nursing field. Modifications were done based on 
review related literature, the theoretical and clinical 
learning experience of the researchers and experts 
selected certain items to suit the aim of the study. 
Content validity of this tool was tested by expertise in 
the medical and nursing field. This tool was used to 
identify patient performance related to foot care and 
contain certain items were selected such as: 

Washing the feet in warm water, dry between 
toes, do not soak the feet, lubricating the feet to keep 
skin soft and smooth, do not apply cream between the 
fingers, trim the nail straight across and file the edge 
with nail file, patient move ankle up and down for 5 
minutes, put the feet up when setting position, don’t sit 
for long period of time, check color of feet and leg, 
don’t cut corns and calluses, smooth corns and 
calluses gently, skin edges do not remove by himself, 
use proper footwear, wear slippers when getting out of 
bed, use mirror to see bottoms of the feet and 
continuous follow up care plan. 

Observational chick list performed and 
confirmed by the researcher. The scoring system was 
rated for two levels; done and not done, each item 
was observed, categorised and scored into either 
done correctly = 1. Don = 1, not done = 0. Total 
system scores for all items was (18) grades. Those 
who obtained less than (60%) were considered having 
an unsatisfactory level. While those who obtained 
above than (60%) were considered having a 
satisfactory level of practice. 

The study was carried out in 3 phases: 

1. The preparatory phase (first phase) 

In which the study tools and the designed 
teaching protocol was developed, and the content was 
consistent with the related literature (nursing textbook, 
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journal and internet source) about diabetes, foot 
assessment and foot care, The pilot study was to test 
the applicability of the assessment tools, identify how 
data was collected effectively, also to identify the 
possible obstacles or problem that may hinder the 
data collection during the implementation phase.  

2. Implementation phase (second phase) 

The patient assessment was conducted pre-
protocol, immediate post protocol and after 3 month 
follow up through: Asking patient questions to collect 
information that was related to sociodemographic data 
for example age, sex, occupation, level of education 
and duration of diabetes, patient knowledge 
assessment through asking questions related to 
diabetes and foot care as including, what about 
diabetes, proper diabetes care and proper foot care, 
foot assessment through examining both feet.  

Total numbers of designed protocol sessions, 
seven sessions divided as follows: 4 patients for each 
session and every 4 patients group receive all seven 
protocol sessions reciprocally, each session time 
consumed about 30 minutes due to patients interests. 
First session: introduce myself to the patients (name 
and job) aim from the meeting, some sessions, orient 
the patients regarding the designed protocol contents, 
its purpose, related benefits and its impact on his/her 
condition. 

Second session: summary about what has 
been discussed in the previous sessions, objectives of 
the new session, content of the session includes what 
about diabetes mellitus, definition of diabetes mellitus, 
risk factors of diabetes mellitus, clinical manifestation 
of hypoglycemia, clinical manifestation of 
hyperglycemia and complications of diabetes mellitus, 
the session ended by a summary of its contents and 
feedback from the patients through health education 
and discussion. Many patients were cooperative with 
the researchers; they were very interested in the given 
topics and asked to continue such a training program 
to update their knowledge. 

Third session: summary about what has been 
discussed in the previous sessions, objectives of the 
new session, content of the session includes what is 
the diabetic foot, what are risk factors of diabetic foot 
ulcer and complications of diabetic foot ulcers, the 
session ended by a summary of its contents and 
feedback from the patients through discussion and 
asking questions.  

Fourth session: summary about what has 
been discussed in the previous sessions, objectives of 
the new session, content of the session includes daily 
foot care, toenail care, footwear and socks, follow up 
care plan, the session ended by a summary of its 
contents and feedback from the patients through 
discussion and asking questions. 

Fifth session: summary about what has been 
discussed in the previous sessions, objectives of the 
new session, content of the session includes purpose 

of nutritional planning, preparing a healthy integrated 
meal, general rules of dieting correctly, quality of food 
that suited the diabetics, times of diet, food pyramids 
for diabetics, models of the integrated food meals and 
types of food permitted without reservation, the 
session ended by a summary of its contents and 
feedback from the patients through discussion and 
raising of questions.  

Sixth session: summary about what has been 
discussed in the previous sessions, objectives of the 
new session, the content of the session includes 
information about insulin, how to perform insulin 
injection and sites of insulin injection, the session 
ended by a summary of its contents and feedback 
from the patients through discussion and asking 
questions.  

Last session includes: summary about what 
has been discussed in the previous sessions, 
objectives of the new session, the content of the 
session includes the importance of physical exercise 
for diabetics, what must be done when performing 
physical exercise, types of physical exercise and 
importance of physical exercise, the session ended by 
a summary of designed protocol contents and 
feedback from the patients through discussion and 
asking questions.  

3. Evaluation phase (third phase) 

Effect of the designed protocol on patient 
condition was done by comparing the pre and post 
assessment of the patients including Their knowledge, 
ability to foot self-care and follow up regularly.  

The study approved by an institutional ethics 
committee, informed written consent was obtained 
from patients who are willing to participate in the study 
after the nature and purpose of the study were 
explained, The researchers initially introduced 
themselves to all patients, and they assured data 
confidentially. They were informed that their 
participation was voluntary and they have the right to 
withdraw any time from the study. 

Data entry and statistical analysis were done 
using SPSS ver. 23 statistical software package. Data 
were presented using descriptive statistics in the form 
of frequencies and percentage for qualitative variables 
mean and standard deviations for the quantities 
variables the level of significance was set at (p = 0.05) 
to detect any indication of differences found in the 
data available. 

 

 

Results 

 

Table 1 shows that the majority of the study 
and control groups were females (63.3%, 53.3% 
respectively), and common age group category 
ranged from 50-59 years, regarding the duration of 
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diabetes more than half of the patients were affected 
between 5-10 years. The majorities of the patients in 
the study were not working (73.3%, 60% respectively) 
and lives in urban (76.7%, 80% respectively). 
Regarding social status, the majority of them were 
married in both groups. (Study and Control) (96.7%, 
90% respectively). 

Table 1: Socio-demographic characteristics distribution of the 
study and control groups 

Socio-demographic 
characteristics 

Study group Control group 
t-value P-value 

No % No % 

Age in years: 
 20 – 29 

30- 39 
40 – 49 

 50 – 59 

 
2 
1 
9 

18 
 

6.7 
3.3 
30.0 
60.0 

2 
1 

11 
16 

6.7 
3.3 
36.7 
53.3 

-0.030 0.976 

(Mean ±SD) 48.4 ± 8.8 48.5 ± 8.2 
Duration of diabetes: 
5- 10 years 
11- 15 years 
Above 15 years 

 
16 
9 
5 

 
53.3 
30.0 
16.7 

 
22 
6 
2 

 
73.3 
20 
6.7 

2.370 0.141 

(Mean ±SD) 11.2 ± 4.5 8.6 ± 2.5 
 No % No % x

2
-value P-value 

Gender:  
Male 
Female 

 
11 
19 

 
36.7 
63.3 

 
14 
16 

 
46.7 
53.3 

0.617 0.432 

Social status:  
Single 
Married 
Divorced 
Widow 

 
1 

29 
0 
0 

 
3.3 
96.7 

0 
0 

 
0 

27 
1 
2 

 
0 

90.0 
3.3 
6.7 

4.071 0.254 

Level of education:  
Illiterate 
Read & write 
Basic education 
University 

 
9 
7 

10 
4 

 
30 

23.3 
33.3 
13.3 

 
6 

11 
12 
1 

 
20 

36.7 
40 
3.3 

3.468 0.325 

Occupation: 
Employee 
Worker 
No work 

 
1 
7 

22 

 
3.3 
23.3 
73.3 

 
4 
8 

18 

 
13.3 
26.7 
60 

2.266 0.322 

Residence: 
Urban 
Rural 

 
23 
7 

 
76.7 
23.3 

 
24 
6 

 
80 
20 

0.096 0.757 

*Significant at P ≤ 0.05. 

 

The study group indicates a significantly 
higher score in knowledge than the control group in 
both immediate post protocol and at follow up (P < 
0.001). While this table also enumerates no 
statistically significant difference between the study 
and control groups pre protocol (P- 0.155), Table 2. 

Table 2: Total and subtotal mean knowledge scores obtained 
by patient's pre, immediately and 3 months after protocol 
implementation 

Patients knowledge 
Study group Control group 

P-value 
Mean ± SD Mean ± SD 

1-Diabetes knowledge: 
Pre protocol 
Immediate post protocol 
3 month follow up 

0.57 ± 0.32 
0.97 ± 0.09 
0.91 ± 0.12 

0.67 ± 0.24 
0.67 ± 0.24 
0.7 ± 0.23 

0.203 
<0.001* 
<0.001* 

2-Importance of exercise: 
Pre-protocol 
Immediate post protocol 
3 month follow up 

0.06 ± 0.12 
0.76 ± 0.25 
0.60 ± 0.49 

 
0.21 ± 0.25 
0.21 ± 0.25 
0.17 ± 0.38 

 

0.004* 
<0.001* 
<0.001* 

3-Diabeticfoot knowledge: 
Pre protocol 
Immediate post protocol 
3 month follow up 

0.18 ± 0.2 
0.78 ± 0.18 
0.63 ± 0.2 

0.32 ± 0.2 
0.32 ± 0.2 
0.35 ± 0.2 

0.013* 
<0.001* 
<0.001* 

4- Foot care knowledge: 
Pre protocol 
Immediate post protocol 
3 month follow up 

0.18 ± 0.17 
0.96 ± 0.06 
0.87 ± 0.1 

0.25 ± 0.2 
0.25 ± 0.2 

0.27 ± 0.19 

0.148 
<0.001* 
<0.001* 

Total mean score: 
Pre protocol 
Immediate post protocol 
3 month follow up 

0.25 ± 0.14 
0.87 ± 0.36 
0.75 ± 0.27 

0.36 ± 0.18 
0.36 ± 0.18 
0.37 ± 0.24 

 
0.155 

<0.001* 
>0.001* 

 

*Significant at P ≤ 0.05. 

 

Table 3 shows that the study group results 

are significantly different from the control group in 
both immediate post protocol and at follow up (P < 
0.001*). Also, this table shows no statistically 
significant difference between the study and control 
group pre protocol (P 0.133). 

Table 3: Total mean practice scores for patient self-care 
practices related to foot care throughout program phases 
among the study and control groups 

Patient practice related to 
self –care practices 

Study group Control group 
t-value P-value 

Mean ± SD Mean ± SD 

Pre protocol 0.37 ± 0.22 0.29 ± 0.19 1.522 0.133 
Immediate post protocol 0.79 ± 0.13 0.29 ± 0.19 11.836 < 0.001* 
3 month follow up 0.76 ± 0.1 0.38 ± 0.19 9.509 < 0.001* 

 

Table 4 shows that there was no significant 
difference between the level of patient's knowledge 
and level of patients practice pre-protocol, immediate 
post protocol and at follow up (P = 0.097, 0.758, 0.896 
respectively). 

Table 4: Comparison of the mean score of total knowledge and 
practice in the study group 

Items 

Level of patients 
knowledge 

Level of patient 
practice P-value 

Mean ± SD Mean ± SD 

Pre protocol 0.25 ± 0.14 0.37 ± 0.22 0.097 
Immediate post protocol 0.87 ± 0.36 0.79 ± 0.13 0.758 
3 month follow up 0.75 ± 0.27 0.76 ± 0.1 0.896 

 

Table 5 reveals that some patients suffer from 
diminished pulse was 13.3%- 36.7% while 63.3% to 
83.3% were a normal pulse. Regarding skin 
assessment 10%- 20% show cold skin turgor and 
showed minimal improvement in follow up than pre 
protocol for the study group while in control group dry 
skin turgor increased in follow up than pre-protocol. 
As regard to skin colour, 56.7% to 80 % have red skin 
colour.  

Table 5: Frequency and percentages of leg assessment related 
to pulse and skin assessment of the study and control groups 

  
Leg assessment 

Study group Control group 

x
2
-

value 
P-

value 
Pre-

protocol 

Follow up 
after 3 
month 

Pre-
protocol 

Follow up 
after 3 
month 

No % No % No % No % 

Femoral pulse 
Diminished 4 13.3 7 23.3 11 36.7 9 30  

3.65 
 

0.723 Normal 25 83.3 22 73.3 19 63.3 20 66.7 
Bounding 1 3.3 1 3.3 0 0 1 3.3 

Posterior 
tabial pulse 

Diminished 5 16.7 4 13.3 9 30 10 33.3  
5.74 

 
0.452 Normal 24 80 25 83.3 21 70 19 63.3 

Bounding 1 3.3 1 3.3 0 0 1 3.3 
Dorsalis pedis 
pulse 

Diminished 6 20 3 10 10 33.3 11 36.7  
7.29 

 
0.063 Normal 24 80 27 90 20 66.7 19 63.3 

Popliteal 
pulse 

Diminished 6 20 9 30 9 30 10 33.3  
1.44 

 
0.696 Normal 24 80 21 70 21 70 20 66.7 

Leg 
temperature 

Cool 4 13.3 6 20 3 10 3 10  
1.73 

 
0.942 Normal 26 86.7 24 80 27 90 27 90 

Skin turgor 
Dry 6 20 2 6.7 5 16.7 7 23.3  

7.53 
 

0.274 Soft 21 70 25 83.3 24 80 23 76.7 
Normal 3 10 3 10 1 3.3 0 0 

Skin color 
Pallor 7 23.3 9 30 4 13.3 7 23.3  

7.16 
 

0.306 Cyanosis 3 10 4 13.3 2 6.7 0 0 
Normal 20 66.7 17 56.7 24 80 23 76.7 

*Significant at P ≤ 0.05. 

 

Table 6 shows that the study and control 
group were identical in leg assessment pre protocol 
and in follow up. Regarding pain assessment nearly 
about half of patients with no pain, 46%- 53.3% with 
mild pain and 20%-33.3% pain increase with position 
dependent. Regarding oedema assessment, 83.3% to 
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93.3% was normal, regarding perception 36.7% to 
43.3% with decreased perception. 

Table 6: Frequency and percentages distribution of leg 
assessment related to pain, oedema and perception among the 
study and control groups 
 
Leg assessment 

Study group Control group 

x
2
-

value 
P-

value 
Pre-

protocol 

Follow up 
after 3 
month 

Pre-
protocol 

Follow up 
after 3 
month 

No % No % No % No % 

Pain site 

Absent 14 46.7 13 43.3 14 46.7 11 36.7  
6.74 

 

 
0.664 Foot 5 16.7 4 13.3 2 6.7 3 10 

Foot & calf 4 13.3 5 16.7 2 6.7 2 6.7 
Foot, calf & 
thigh 

7 23.3 8 26.7 12 40 14 46.7 

Pain degree 

Absent 14 46.7 14 46.7 14 46.7 10 33.3  
6 
 

 
0.739 Mild 14 46.7 14 46.7 16 53.3 16 53.3 

Moderate 1 3.3 1 3.3 0 0 3 10 
Severe 1 3.3 1 3.3 0 0 1 3.3 

Pain 
frequency 

None 14 46.7 17 56.7 14 46.7 14 46.7  
6.8 

 
0.870 Occasional 5 16.7 3 10 2 6.7 2 6.7 

Position 
dependent 

6 20 6 20 10 33.3 10 33.3 

Constant 4 13.3 3 10 4 13.3 4 13.3 
Disturbs sleep 1 3.3 1 3.3 0 0 0 0 

Edema type 
and location  

Absent 28 93.3 27 90 27 90 25 83.3  
7.37 

 
0.288 Mild (foot to 

mid calf) 
0 0 1 3.3 3 10 4 13.3 

Severe reach 
the knee 

2 6.7 2 6.7 0 0 1 3.3 

Perception to 
touch, 

temperature 
and pain 

Absent 3 10 2 6.7 0 0 1 3.3  
7.61 

 
0.574 Decreased 13 43.3 13 43.3 13 43.3 11 36.7 

Increased 0 0 1 3.3 1 3.3 3 10 
Normal 14 46.7 14 46.7 16 53.3 15 50 

 

In Table 7 according to the Study group 
results is there is a statistically positive significant 
correlation between duration of diabetes and 
perception of pain as increased duration of diabetes 
was associated with decreased perception of pain in 
the right and left legs (P-0.016*, 0.005* respectively). 
In the Control group, there was no statistically 
significant correlation between duration of diabetes 
and perception of pain in both legs. 

Table 7: Correlation between duration of diabetes and leg 
perception to the pain of the study and control groups 

 

Study group Control group 

Correlation coefficient 
(r) 

P-value 
Correlation 

coefficient (r) 
P-value 

Right leg -0.477 0.016* -0.057 0.802 
Left leg 0.543 0.005* -0.007 0.976 

*Significant at P ≤ 0.05. 

 

Figure 1 shows a satisfactory level increase at 
follow up of the study group while a decrease of the 
control group (66.7%, 46.7%) respectively. 

 

Figure 1: Satisfactory level of general well-being among the study 
and control groups 

 

Figure 2 shows a direct positive correlation 
between the level of patient's knowledge and level of 
patient's education.  

 

Figure 2: Correlation between level of patient's practice and level of 
education 

 

Figure 3 shows a direct positive correlation 
between the level of patient's knowledge and level of 
patient's education. 

 

Figure 3: Correlation between level of patient's knowledge and level 
of education 

 

 

 

Discussion 

 

The purposes of this study were carried out to 
evaluate the effect of educational interventions on the 
prevention of diabetic foot ulcers through knowledge 
of the disease and self-care practices. 

Regarding age the results indicate that more 
than half of patients included in this study were 
between 50-59 years; (60%, 53.3%) for study and 
control groups respectively, this finding is similar to 
the results of Joe (2009) which stated that the major 
categories of patients with diabetes were older 
people. Also, this result agrees with Liudmila et al. 
(2008) which stated that the prevalence of diabetes 
increase among people between 45 and 64 years old. 
Moreover, it has also been reported that this 
percentage increases significantly among older 
individuals. 
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As regarding gender, the majority of these 
study were female (63.3%, 53.3%) for study and 
control groups respectively. Results based on this 
study cannot provide a definite line that the female 
was affected more than male. This result agrees with 
Liudmila et al., (2008) [9] who stated that the most 
patient included in their study were women.  

The present study reveals that regarding 
social status table 1 shows that most of the patients 
included in the present study were married at 96.7%, 
90% in both groups (study and control ). This result 
agrees with Liudmila et al. (2008) which stated that 
most patients were observed in the study were 
married [9]. Mary et al. (2008) stated that no evidence 
is found for the hypothesis that marriage positively 
associated with the prevalence of diabetes [10]. 

Focusing on occupation nearly about two-
thirds of patients with no work 73.3%, 60%, one-
quarter of patients were working 23.3%, 26.7% 
(driver, mechanical, circuit or plumber) these types of 
work might expose patients to higher risk of foot 
trauma especially with prolonged standing during 
work. This result was supported by Makota (2009) that 
the type of occupation can produce an adverse effect 
on diabetic rather than non-diabetics [11].  

As regarding residence this study showed that 
most of patients included in the study live in urban 
76.7%, 80% based on finding of the study there was 
no significant relationship between the two groups 
(study and control), this finding was also supported by 
Arch et al., (2008) results which stated that 88% of 
patients live in urban [12].  

The study and control groups (Table 2) 
showed that there was a statistically significant 
improvement in patient's knowledge as regards to the 
items related to diabetes knowledge, the importance 
of exercise, diabetic foot knowledge and foot care 
knowledge improved after protocol implementation 
among the study group (> 0.001*). Control group in 
the assessment phase and the follow-up phase shows 
no statistically significant change in their knowledge, 
this result was supported by Abd Elateef and 
Mahmoud (2008) they stated that implementing of 
intervention protocol had a great effect in the 
improvement of patient’s knowledge [13]. 

Regarding level of patient practices there a 
was recognized improvement immediate post protocol 
and at follow up in the study group compared to the 
control group (p- > 0.001*), pre-test compared with the 
post-test show improvement in the level of patient 
practices 38.4% to 79.5% while compared pre-test 
with follow up test showed slightly decreased inpatient 
practices 38.4% to 75.8%.  

This finding agrees with Mohamed (2008) 
study which stated that the patient's level of practice 
improved after program implementation and slightly 
decreased at follow up [14]. So continuing patient 
education is an important key in the prevention of foot 

complications. Also, this result was supported by Abd 
Elateef and Mahmoud (2008) they indicated that 
implementing of intervention protocol had a great 
effect on improving patient practices [13]. As 
regarding patient's leg assessment, the study shows 
that in both groups (Study and Control) were almost 
identical of leg assessment prior implementing 
intervention protocol but shows minimal differences of 
leg assessment after implementing intervention 
protocol of the study and control groups.  

Focusing on general well being, more than 
half of patients in both groups with a satisfactory 
quality of life throughout the program of the study 
66.7%, 53.3% because all patients included in this 
study free from foot ulcer. For example, the loss of 
mobility associated with foot ulcers affects patients' 
ability to perform simple, everyday tasks and to 
participate in leisure activities; these consequences 
often lead to depression and poor quality of life. 

Concerning the relationship between the level 
of patients practice, level of patient's knowledge and 
age, there were no statistically significant differences.  

As regarding relation between duration of 
diabetes and level of patients knowledge, the study 
found that no association between duration of 
diabetes and level of patient knowledge (p- 0.759) this 
finding contradicts with Van-den et al., (2010) which 
stated that presence of positive association between 
duration of diabetes and level of patient's knowledge 
[15].  

In conclusion, providing a structured program 
for a patient who has type 2 diabetes mellitus was 
effective in improving t in the level of patients' 
knowledge and patients' ability to perform self-care 
practice. 
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Abstract 

BACKGROUND: When transitioning from high school to university, students tend to gain weight.  

AIM: The study aimed to identify whether Lebanese students experience weight changes during the transition and 
to identify predisposing factors.  

METHODS: Eighty freshman students from four campuses in Lebanon were recruited in October 2015. Students 
were assessed anthropometrically and biochemically at two-time points, seven months apart. Students filled out 
questionnaires assessing demographic and lifestyle habits, physical activity levels, nutrition knowledge, sleep 
quality, and stress. 

RESULTS: The students gained approximately 4.19 lbs. (1.90 kg). There was a significant increase in waist 
circumference, blood glucose and triglyceride levels. There were no significant changes in HDL-cholesterol, total 
cholesterol, knowledge score, stress level, physical activity, sleep and lifestyle habits. 

CONCLUSIONS: Lebanese students do gain weight during their first year of university enrollment. Future 

research is necessary to assess the reasons for weight gain and develop suitable prevention programs. 

 

 
 
 
 
 
 
 
 
 
 
 
 

Introduction 

 

Obesity rates are at an all-time high and have 
reached epidemic magnitudes. According to World 
Health Organization data, more than 600 million 
adults were obese in 2014 [1]. These estimates are 
alarming since obesity increases the risk of a 
multitude of physiological and psychological chronic 
diseases and can lead to premature morbidity and 
mortality. The fight against obesity is fierce with 
researchers, health, and governmental organisations 
combining their efforts to restrict the uprise of this 
epidemic. 

One strategy that is promising in combating 
obesity is to identify critical periods of weight gain; 

pinpoint vulnerable groups and accordingly, plan 
preventive interventions. One such identified critical 
period of weight gain is during student transition from 
high school to university or college [2]. This critical 
period could potentially dictate whether these students 
will live as healthy adults or possibly become 
overweight or obese by acquiring unhealthy habits 
especially since nutrition habits acquired at an early 
age and weight problems tend to continue in 
adulthood [3] [4]. Unfortunately, once weight gain 
occurs, it becomes hard to manage and increases 
vulnerability to obesity and subsequent complications 
[5] [6]. 

University students are at an increased risk of 
gaining weight during the freshman year; it has 
previously been hypothesised that the average 
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collegian may gain approximately 15 pounds; a 
phenomenon that has been coined “The Freshman 
15” [7]. However, more recent empirical evidence, 
suggests that the 15-pound increase is exaggerated 
and that a 3 to 5-pound weight gain is more realistic 
[8] [9]. Nevertheless, even a slight weight gain is still 
significant and is higher than the gain experienced by 
the general population [9] [10] [11] which may 
negatively affect the future health of these students. 
Therefore, prevention of weight gain in such a 
vulnerable group during this critical period could prove 
to be key in fighting obesity in this population.

12
 

Explanations for this weight gain vary; however, some 
key factors that have been previously identified as 
culprits include increased alcohol and fast food 
consumption, decreased physical activity, moving 
away from home accompanied by lack of parental 
supervision and increased stress levels [13] [14]. 
Notably, stress may have a differential effect of on 
BMI [15]; Serlachius and colleagues found that 
students with a lower body weight tend to lose weight 
as a consequence of high-stress levels as opposed to 
students who have a higher BMI who tend to gain 
weight secondary to the increased stress [15].  

Although, the freshman weight gain 
phenomena have been extensively researched and 
proven in the United States and Europe borders [6]; it 
is still not clear whether this phenomenon also applies 
among Middle Eastern students.  

Therefore, this study aimed to investigate 
whether Lebanese students do gain weight during the 
freshman year, and determine the predisposing 
factors.  

 

 

Methods 

 

The study had a longitudinal design and was 
conducted in a private university with many campuses 
in Lebanon. Using two-step sampling, four campuses 
from different geographical locations were selected. 
Afterwards, all first-year students were invited to 
participate in the study via mass e-mail and through 
classroom visits made by the primary investigator. 
Students were informed about the objectives and 
methods of the study, in addition to their right to 
withdraw from the study at any time. Criteria for 
students to be included in the study were: 1) first 
semester of enrollment at the university, 2) free of 
disease, 3) not pregnant. Students were excluded 
from the study if they were sick at the time of the 
study, suffered from chronic diseases or were not 
fasting. Students who did not meet inclusion criteria 
were excluded. In total 80 students who volunteered 
met the inclusion criteria and consented. Ethical 
approval for this study was obtained from the 
university’s committee on Research Ethics (CRE) 
(case number: LIUCRE-141117-2). Participants 

completed the primary assessment in their first 
semester (T0) and then 7 months later during 
enrollment in the second semester (T1.) Only 40 
students returned for follow-up out of which 27 
consented to blood withdrawal. The reasons for the 
high dropout rate could be due to change in class 
schedules and fear of blood collection. 

Sample Size: A statistical power analysis was 
performed using Power and sample size Calculations 
Software (version 3) to estimate the adequate number 
of participants needed for this study. Prior data 
indicate that the difference in the response of matched 
pairs is normally distributed with a standard deviation 
of 8.67. If the true difference in the mean response of 
matched pairs is 4.19, we would need 36 subjects to 
be able to reject the null hypothesis that this response 
difference is zero with probability (power) 0.8. Type I 
error probability associated with this test of this null 
hypothesis is 0.05. Therefore, this study was 
adequately powered. 

Data collection took place during the first two 
weeks of the first semester, in the nutrition clinics of 
the selected campuses. The day before data 
collection, students were phone-called to remind them 
about the necessity of fasting for 12 hours before the 
blood draw and were given information on the location 
and time of meeting with the research team  

Trained licensed dietitians assessed 
participant anthropometric which included: 1) height 
(cm) using a portable stadiometer, (ADE, Germany), 
measured to the nearest 0.1 cm, without shoes, with 
the subject stretching to the maximum height and the 
head positioned in the Frankfort plane; 2) weight (kg) 
using a calibrated beam scale, without shoes and 
while participants were wearing light clothes; waist 
circumference (cm) measured at the mid-point, half-
way between the right iliac crest and the lower coastal 
region;

16
 measured to the nearest 0.1 cm, using 

Accugirth measuring tapes. Body mass index (BMI) 
which is the ratio of weight (kg) and height squared 
(m

2
) was calculated. All participants were contacted 

after 7 months (T1) to recollect data using the same 
procedures adopted at baseline (T0).  

Weight change was calculated by subtracting 
weight at T1 from weight at T0. A one pound 
difference(0.45 kg) was considered to be insignificant 
regarding weight change and was unaccounted for.  

A blood sample of 5 ml was drawn from 
students by a licensed phlebotomist and samples 
were transported to the laboratory using a thermally 
insulated box. Serum was analyzed for cholesterol 
(mg/dl), triglyceride ((TG (mg/dl)), HDL-cholesterol 
((HDL-C (mg/dl)), and fasting blood glucose (FBS 
(mg/dl)) concentrations. LDL-cholesterol ((LDL-C 
mg/dl)) was calculated. The analyses were performed 
using a Cobas C111 automated biochemical analyser 
(Roche Diagnostics, Indianapolis, IN, USA) based on 
spectrophotometric principles. Additionally, serum 
cortisol (nmol/L) was measured using Cobas e411 
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immunoassay automated analyser (Roche 
Diagnostics, Indianapolis, IN, USA) based on the 
electrochemiluminescence (ECLIA) principle. All blood 
collection was done early in the morning, after an 
overnight fast. After blood collection, students were 
served a light breakfast. 

The students were then asked to fill a series 
of questionnaires:  

1) Demographic and lifestyle habits 
questionnaire: adapted from Levitsky et al., (2004) 
[10], included 10 open-ended questions focused on 
some meals consumed daily and outside the home, 
living arrangements, smoking status, alcohol 
consumption. The questionnaire included questions 
about perceived weight changes by the students and 
whether they thought their weight had increased, 
decreased or remained constant 

2) The International Physical Activity 
Questionnaire (IPAQ) (2014) short form: a validated 
tool used to measure the level of exercise [17] and 
consisting of seven questions assessing duration and 
frequency of light, moderate and vigorous physical 
activity completed in the past week. The Metabolic 
equivalent of tasks (METs) was calculated by 
multiplying the total minutes spent in the 
corresponding action with the frequency (days) and 
the constants of 3.3, 4.0 and 8.0 for light, moderate 
and vigorous activity respectively. The total MET 
value was computed by summing up the respective 
MET values for all activities that were done in bouts 
but were longer than 10 minutes in duration. 

3) The General Nutrition Knowledge 
Questionnaire, adapted from Parmenter & Wardle, 
(1999) [18]: includes 28 open-ended and multiple 
choice questions. The choices were made to be 
culturally sensitive and specific to the food options 
consumed by the sample population. Cronbach’s 
alpha coefficient of the adapted questionnaire was 
0.766, which is considered satisfactory ; 

4) The Pittsburgh Sleep Quality Index 
(PSQI), (2014), developed by Buysse et al (1989) 
[19]: a nine-item questionnaire where four questions 
assessed the duration (hours) of sleep, duration 
needed to fall asleep, time needed to wake up and 
awake time spent in bed; in addition to five other 
questions addressing the reasons of troubled sleep). 
Answers were converted to total scores using an 
algorithm adapted from the developers of the 
questionnaire, where higher scores indicated poor 
sleep quality. 

5) The Perceived Stress 
Questionnaire [20]: a ten-item questionnaire is 
measuring stress levels in the last month. Answers 
followed a five-point scale with frequencies ranging 
from never to very often. The total score ranged 
between 0 and 40, where higher scores indicated 
higher stress levels.  

All questionnaires were available in both 

English and Arabic, and respondents were able to 
choose their language preference. All instruments 
were pilot-tested on a sample of students before the 
study was conducted for validation, the results of 
which were discarded. It took students between 30 
and 50 minutes to complete the questionnaires.  

All statistical analyses were conducted using 
Statistical Package for Social Sciences (SPSS) 
version 21.0, IBM. P-values < 0.05 were considered 
statistically significant. Descriptive analyses were 
performed to summarise participants’ characteristics 
and changes in measures and laboratory data through 
means and standard deviations for continuous 
variables and frequencies and percentages for 
categorical ones. The normality of the data 
distributions was evaluated using the Shapiro-Wilk 
test. Within-subjects significant differences of study 
parameters (nutrition knowledge, number of meals 
eaten per day, number of out of home meals per 
week, stress score, sleep score, physical activity and 
laboratory values) were assessed using paired 
sample T-test, and Wilcoxon Signed Ranks Tests for 
normally distributed and skewed continuous variables, 
respectively. 

Additionally, a between-subjects analysis of 
relevant study parameters (sub-group analysis) was 
conducted between participants who gained weight at 
T1 and those who did not use independent sample T-
test for normally distributed continuous variables and 
Mann-Whitney U test for skewed ones. Finally, the 
agreement between reported and actual weight 
change was calculated according to Cohen (1968) 
[21] using the MedCalc statistical software 
(https://www.medcalc.org). Linear weighted Kappa (k) 
values and their 95% confidence intervals were 
presented, whereby k < 0.2, 0.21-0.40, 0.41-0.6, 0.61-
0.80, 0.81-1.00 were interpreted as the poor, fair, 
moderate, good and very good strength of agreement 
respectively. 

 

 

Results 

 

Out of a total of 80 participants, 40 completed 
the study. As evident in table one, the students had a 
mean age of 19.3± 2.04 years and had a waist 
circumference of 83.16 ± 11.15 cm. On average, the 
participants consumed around 3 meals per day and 
ate approximately 5 meals out of home weekly. Their 
mean knowledge score was 50.14 ± 10.08 %, where 
100% indicates perfect knowledge. Mean stress level 
was 19.28 out of a total possible 40 points and where 
a higher score indicates higher stress. Average sleep 
score was 6.55 where a score above five indicates 
poor sleep quality. Weekly alcohol consumption 
average was fairly low (0.18 ± 0.63). 

More than half of the participants were 

https://www.medcalc.org/
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females (55%), the majority were single (97.5%), and 
90% lived with their parents. Approximately, 19.5% 
held jobs parallel to their studies and 32.5% smoked. 
The mean BMI of the participants was 23.74 ± 4.49 
kg/m

2
, and around two-thirds (62.5%) had a normal 

BMI. Forty per cent of the participants had a 
moderately active lifestyle. 

Table 1: Baseline characteristics of freshman students (n = 80)  

 N % 

Gender, male 36 45.0 
Social status, single 78 97.5 
Live with family, yes 72 90.0 
Employment, none 62 80.5 
Smoker, yes 26 32.5 
BMI category (kg/m²)   
 Underweight 5 6.3 
Normal weight 50 62.5 
Overweight 18 22.5 
Obese 7 8.8 
Physical activity level    
Light activity 30 37.5 
Moderate activity 32 40.0 
High activity 18 22.5 
 Mean ± SD 
Age (year) 19.30 ± 2.04 
Waist Circumference (WC) (cm) 83.16 ± 11.15 
Lifestyle Questionnaire  
Number of meals per day 2.84 ± 1.07 
Number of out of home meals per week 4.79 ± 3.82 
Alcohol consumption (drinks per week) 0.18±0.63 
Nutrition knowledge (%) 50.14 ± 10.08 
Sleep score 6.55 ± 3.11 
Stress score 19.28± 5.95 
Biochemical tests  
Fasting Blood Glucose ( FBG) (mg/dl) 82.09 ±7.49 
Total cholesterol (mg/dl) 158.71 ±27.13 
LDL cholesterol (mg/dl) 93.76 ±27.91 
HDL cholesterol (mg/dl) 51.79 ±11.70 
Triglycerides (mg/dl) 76.93 ±31.76 
Cortisol (nmol/L) 533.12 ±192.38 

Data are expressed as mean ± SD. LDL: low-density lipoprotein, HDL: high-density 
lipoprotein; Sleep score above five indicates poor sleep quality.BMI: body mass index 

 

During the first year of university enrollment 
(throughout 2 semesters), the cohort gained on 
average 4.19 ± 8.67 Lbs. (1.90 ± 3.93 kg), and the 
mean BMI of the participants significantly increased 
from 23.95 ± 5.38 to 24.64 ± 5.38 kg/m

2
 (p = 0.002) as 

evident in table 2. The vast majority of the students 
(70%; n = 28) gained weight, and 40% of whom (n = 
16) accumulated more than 5 lbs. (2.26 kg). Three 
students (7.5%) gained 15 lbs. (6.82 kg). 

Table 2: Actual Weight change (n = 40)  

Weight change N (%) Mean± SD Amount (Lbs.) N (%) 

Weight loss 
 

6 (15.0) -7.16 ± 9.55 Lbs. 
 

> 15 1 (2.5) 
5-15 1 (2.5) 
<5 4 (10.0) 

Stable 6 (15.0) 0 Lbs. Stable (± 1) 6 (15.0) 
Weight gain 28 (70.0) +7.55 ± 6.87 Lbs. 

 
< 5 12 (30.0) 

5 - 15 13 (32.5) 
> 15 3 (7.5) 

 

Overall agreement between reported and 
measured weight change among the participants was 
fair (weighted Kappa = 0.21; 95% CI: 0.05 to 0.38). 
The discrepancy between actual and perceived weight 
gain was highest among two subgroups of students 
which were the ones who perceived they lost weight 
(yet 50% had gained weight) and the ones who 
perceived they had maintained weight (yet 71.4% had 
gained weight). The only subgroup of students who 
had perceived weight change which was by actual 
weight change were the ones who had reported 
weight gain (Figure 1). 

 

Figure 1: Weight change: Reported and actual 

 

The effect of BMI on weight change in the first 
year of university is explained in Figure 2. The mean 
gain for all the 40 students was 4.2 ± 8.65lbs., 
whereby the underweight gained the most (7.2 lbs.), 
the normal and overweight participants gained 
approximately 5lbs., and the obese were the only 
subgroup who achieved weight loss during the 1

st
 year 

of university enrollment. 

 

Figure 2: Effect of baseline BMI on Actual Weight Change 

 

Lifestyle factors and, nutritional knowledge did 
not significantly change during the first year of 
university enrollment (Table 3). The absence of a 
pattern related to these characteristics was evident 
across the three weight change groups. No significant 
differences were noted between groups regarding the 
number of meals per day, the number of out of home 
meals consumed per week, nutrition knowledge (%), 
stress score, and sleep score.  

Table 3: Freshman students’ reported outcome measures and 
laboratory data 

Parameter (n = 40) T0 T1 P value 

Nutrition knowledge (%) 49.48 ± 10.29 51.50 ± 10.82 P = 0.25 
Number of meals eaten per day 3.03 ± 1.09 2.73 ± 0.96 P = 0.09 
Number of out of home meals per week 5.11 ± 4.23 4.35 ± 6.74 P = 0.06 
Stress score (max score: 40) 19.33 ± 6.09 19.90 ± 4.89 P = 0.64 
Sleep score (> 5 = poor sleep) 6.05 ± 2.48 6.40 ± 3.19 P = 0.73 
Physical activity (METs) per day 1880.4 ± 

2289.2 
2148.59 ± 
3078.61 

P = 0.62 

Laboratory values (n = 27) T0 T1 P value 
FBG (mg/dl) 81.59 ± 6.29 85.30 ± 6.68 P < 0.001* 
Cortisol (nmol/L) 527.9 ± 163.8 393.1 ± 133.9 P = 0.003* 
Triglycerides (mg/dl) 71.44 ± 29.66 83.44 ± 36.10 P = 0.02** 
LDL (mg/dl) 91.37 ± 27.32 84.19 ± 24.32 P = 0.01* 
HDL (mg/dl) 54.33 ± 13.59 54.52 ± 13.273 P = 0.85 
Cholesterol (mg/dl) 159.37 ± 26.77 155.41 ± 24.46 P = 0.15 

METs: the metabolic equivalent of the task. FBG: fasting blood glucose; LDL: low-density 
lipoprotein, HDL: high-density lipoprotein. Data are expressed as mean ± SD. Statistically 
significantly difference: P<0.05 (*Paired Samples Test; ** Wilcoxon Signed Ranks Test). 

 

At last, all the objective study parameters 
were compared between T0 and T1 to detect changes 
over time. Results showed a significant increase in 
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waist circumference in 40 students from 83.65 ± 12.7 
cm to 86.9 ± 13.1 cm with p = 0.05. Additionally, as 
evident in Table 3, there was a significant increase in 
blood glucose and Triglyceride levels; on the other 
hand, there was a significant decrease in cortisol, and 
LDL. There were no significant changes in HDL 
cholesterol and total cholesterol between T0 and T1. 
Despite the changes, overall, all values were within 
normal limits. Furthermore, the results of the sub-
analysis showed no statistically significant differences 
in all of the studied parameters between the weight 
gainers and non-weight gainers.  

 

 

Discussion 

 

This was the first study to longitudinally 
assess weight change during the freshman year 
among a sample of Lebanese university students. On 
average, the students gained 4.2 lbs. However there 
was considerable variability in weight change as 15% 
experienced no weight difference, 15% lost weight 
and 70% of the study participants put on weight. 
Health behaviours such as exercise, sleep, number of 
meals consumed and the total amount of meals eaten 
outside the home did not significantly differ between 
the first and second semester. Moreover, there were 
no significant changes in stress scores and nutrition 
knowledge throughout the study duration. 

This study further supports evidence that first-
year students do gain weight in the year of transition 
from high school to university. The changes in body 
weight are similar to previous literature as reported by 
Cooley and Turay [22], who found that students 
gained 4.4 pounds throughout 7 months and found no 
predictors for the weight gain [22]. Our results are also 
similar to those of Levitsky and colleagues [23] who 
concluded that their sample gained 4.4 lbs in 12 
weeks but was also unable to determine the reasons 
for the weight changes [23]. 

There is, however, inconsistency in the 
literature about the average amount of weight that is 
typically gained during the freshman year as some 
studies have reported that the weight gain is typically 
lower than 5 lbs. For example, Vella Zarb & Elgar [13] 
found average weight gain to be approximately 2 lbs. 
(0.91 kg) whereas Butler and colleagues [24] found 
the increase to be 1.6 lbs. (0.72 kg). Speculation 
about the causes of the variability has been 
accounted to several factors which include the length 
of the study duration, intercountry variation and the 
socials lifestyle norms that come with them, study 
design and self-selection bias [8] [15] [25]. 

Additionally, the variation could be due to the 
method of how weight was reported, whether it was 
self-reported or measured by researchers. In the 
study conducted by Serlachius and colleagues [15], 

students gained approximately 3.4 lb (1.54 kg). 
However, the changes were self-reported which may 
have resulted in an underestimation of weight gain as 
students may not have realised that they had body 
mass [15] [25]. 

One potentially alarming finding in this study 
was the discrepancy between perceived and actual 
weight change, especially among weight gainers since 
70% of those who gained weight were unaware of 
their increase. Misperception of weight status among 
overweight and obese adults has been associated 
with decreased attempts at weight loss [26], hence 
potentially exaggerating the obesity problem. 

Many factors have been identified in the 
literature as possible determinants to weight gain 
during their freshman year which includes stress, 
leading a sedentary lifestyle, moving away from home 
and increased alcohol intake [8] [15] [27]. However, 
no association with any of the above factors as related 
to weight gain or loss was noticeable in the current 
study. Nutrition knowledge was very poor in our 
sample population at both times of data collection, 
and no relation with weight change was found. 
Nevertheless, this study did not have an educational 
component as participants were not exposed to any 
nutritional education within their curriculum that might 
have affected their knowledge scores or eating habits; 
which can explain the lack of association between 
these variables and weight change. Another possible 
explanation is that most individuals in the18-25 age 
category gain weight whether they attend college or 
not as this is a critical period, which has been named 
“emerging adulthood” and where individuals are at risk 
of gaining weight regardless of their circumstances 
[28].  

Our results revealed that the obese lose 
weight. However, a sub-analysis of the data showed 
that only one of the students in this group had lost 
approximately 26 lbs and therefore skewed the 
results.  

In parallel to the weight gain in the study 
participants, we also noted a significant increase in 
serum triglycerides, glucose and waist circumference. 
Although not clinically significant, the increases 
revealed a worsened metabolic profile which could 
potentially raise the risk of the future development 
metabolic syndrome [29]. As for the other biochemical 
markers, there was a significant decrease in cortisol 
and LDL levels. The unexpected decrease in cortisol 
level could be due to the intra-individual variability in 
cortisol response secondary to stress [30]. 

Our study presents numerous strengths. First, 
and to the best of the authors’ knowledge, this 
research pioneers assessment of weight changes of 
university students during the freshman year in a 
Middle Eastern country, by recruiting a sample from 
several Lebanese regions. The study was 
appropriately powered as mentioned in the methods. 
Additionally, weight gain was assessed objectively by 
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trained researchers, in parallel to blood parameters, 
and validated questionnaires. Furthermore, the study 
had a sufficient duration to assess the effect 
throughout the whole academic year.  

However, the present study also had some 
limitations. The sample used was a volunteer sample, 
and that could bias the results as students who were 
are not health conscious may have been reluctant to 
participate in this study. Moreover, although the 
sample was recruited from several geographical 
areas, the students were recruited from only one 
university, which hinders the generalizability of our 
findings. One additional limitation was the high 
attrition rate (50%), yet our analysis showed that 
participants who dropped out had similar baseline 
characteristics to those who completed the study; 
literature has shown that a low retention rate is 
common in such studies [8] [9]. Furthermore, the 
majority of the sample did not drink alcohol and lived 
at home; therefore these factors could not be 
appropriately analysed. 

In conclusion, our results provide evidence 
that Lebanese students do gain weight during their 
freshman year which could be a potential public health 
problem, especially since Lebanon is a country 
experiencing a nutrition transition and increasing 
obesity rates.

31
 Future research should be conducted 

on a more representative sample and for or a longer 
duration to examine the predictors of weight gain. 
Additionally, public health interventions should be 
implemented by healthcare providers within 
universities, to raise awareness and prevent future 
weight gain. 
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Abstract 

BACKGROUND: Cancer patients need not only well-planned treatment, but also comprehensive nursing care 
provided with compassion, competence, and conscience. Nursing presence is an essential part of the care 
process in all nursing interventions. 

AIM: This study aimed to identify the barriers to the nursing presence in oncology care units. 

MATERIALS AND METHODS: A qualitative content analysis study was carried out with the participation of 27 
nurses who were chosen by purposive sampling. The data collection instruments were semi-structured interviews 
and observation. The interviews were recorded and transcribed, and then coded and analysed by the Graneheim 
and Lundman’s content analysis methodology. The criteria proposed by Guba and Lincoln were used to ensure 
the validity of the research. 

RESULTS: From the data analysis, the researchers were able to obtain a primary theme labelled “Rocky road 
ahead of nursing presence” and two subthemes labelled “Difficult and stressful work environment” and 
“Dysfunctional rules and regulations” with several subcategories including “exposure to violence”, “shortage of 
nursing staff”, “inattention to the needs of nurses”, “organizational unfairness”, “excessive paperwork”, and “need 
for detailed documentation”. 

CONCLUSION: There are numerous challenges ahead of achieving satisfactory nursing presence and quality 
care in the oncology care units. The findings highlight the key role of organisational conditions in the nursing 
presence and the dire need to pay further attention to the motivational factors. 

 
 
 
 
 
 

Introduction 

 

Cancer is one of the most common causes of 
death and health problems in the world. Cancer is the 
third common cause of death after cardiovascular 
disease and accidents in Iran [1]. Cancer patients 
have to endure intense therapies and also may suffer 
long-term sequelae after their illness and its 
treatment. Fatigue, lack of energy, exhaustion, and 
impaired physical performance are among the most 
common symptoms in cancer patients and can have 
severe physical, emotional, and social effects [1] [2]. 
In addition to therapy, cancer patients need 
comprehensive nursing care provided with 
compassion, competence and conscience. Such care 
is a fundamental right of cancer patients and their 

families. Nurses are the members of the healthcare 
team who spend the most time with patients and act 
as the main caregivers or active companions of 
patients in their life-threatening experiences. Thus, in 
the case of cancer patients, nurses have to overcome 
many obstacles to provide a quality care [3] [4]. 
Nurses are the members of the healthcare team who 
spend the most time with patients and act as the main 
caregivers or active companions of patients in their 
life-threatening experiences. Thus, in the case of 
cancer patients, nurses have to overcome many 
obstacles to provide quality care [5]. The provision of 
humanistic care can be impeded by factors such as 
technological advancement, nurse understaffing, and 
the replacement of nursing staff with non-nurses, 
which undermine the ability of nurses to attend to the 
patient and thus the quality of patient care [6]. One of 
the quality indicators of nursing care is the nursing 
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presence [7]. Nursing presence is an essential 
component of care and all nursing interventions [8] 
and has been described as a deliberate nursing 
activity that is indispensable for patient safety and the 
success of nursing process [9]. 

Paterson and Zderad have considered real 
presence, being or doing, cultivating goodness and 
more-being and experience, thinking, 
conceptualisation as nursing action. Presence is a 
conscious act grounded in the distinct personality of 
the nurse. This presence is a chosen human response 
that is freely given and can never be assigned [10]. 
Watson argues that there is a caring moment that 
forms a spiritual link between the nurse and the 
patient, becomes an existential turning point, and a 
focal point for honouring human integrity [11]. Nursing 
presence was first introduced to nursing texts in 1964 
by Madeleine ClémenceVaillot. Nursing presence can 
be defined as being with the patient or being available 
in a reciprocal way [12]. In a study with a concept 
analysis approach, “nursing presence” was identified 
as a constructive interaction with voluntary 
concentration, patient-centred/task-oriented 
communication, responsiveness, transparency, and 
comprehensive engagement. This study argued that 
nursing presence requires clinical competence, self-
actualisation, mutual cordiality, and desirable work 
environment, and will result in effective 
communication, balance/recovery, and growth and 
development. The nursing presence depends on a 
combination of personal characteristics of nurses and 
patients, their shared characteristics, a favourable 
environment for communication, and nursing 
decisions [13]. In a study carried out by Zamanzadeh 
et al., nurses of an oncology care unit stated that they 
give a higher priority to “monitoring and follow up” and 
“availability of nurses” in the care process [14]. 

To successfully perform professional duties 
regarding assuaging the physical and mental 
problems of patients, nurses need to have a presence 
when attending to their patients. Previous studies in 
this area are mainly focused on understanding the 
nature of this presentation from the nurses’ viewpoint. 
Although nurses face many great challenges in their 
career, this does absolve them from their professional 
and moral duty toward cancer patients, who because 
of their pain and delicate condition, deserve more 
attention, monitoring, and follow up from their nurses. 
No study has so far investigated the barriers of 
nursing presence in oncology care units. Since 
nurses’ perceptions are influenced by their care 
experience, one of the ways to explore this area and 
devising solutions at personal and professional levels 
is to study the experiences of nurses who work in 
oncology care units.  

This study aimed to explore the experiences 
of nurses about the barriers to the nursing presence in 
oncology care units. 

 

Methods 

 

This qualitative content analysis study was 
carried out in 2017. As a research method, the 
qualitative content analysis is the subjective 
interpretation of the content of textual data through a 
systematic categorisation process to identify the 
meaningful pieces of content or latent and apparent 
patterns in the text. This process aims to produce new 
cognitive knowledge, enhance the researcher’s 
perceptions of the studied phenomenon, and reveal a 
path toward operational solutions [15]. 

The research environment was the oncology 
care units of two teaching hospitals (in two adjacent 
provinces in the north of Iran). Using a purposive 
sampling approach, nurses with at least one year 
experience of working in the oncology care units were 
invited to participate. 

Given the data saturation, 27 participants 
entered in this study. Data collection instrument was 
semi-structured and interactive interviews. In all 
interviews, a few primary questions such as “Please 
describe a day of your work?” and “What prevents you 
from being present at the patient’s bedside?” were 
repeated. When needed, exploratory questions such 
as “Please elaborate”, “Please explain what you 
mean”, and “Please give an example to help me better 
understand your experience” were asked to deepen 
the interview. The average duration of interviews was 
75 minutes, but they could take between 30 and 120 
minutes depending on the participant. 

All interviews were conducted by one 
researcher. The word-for-word transcript of each 
interview was prepared and coded within 48 hours 
after the interview. Data analysis was carried out 
simultaneously and continuously with data collection. 
The OneNote software was used to sort and organise 
the data. Data analysis was performed with the 
qualitative content analysis method of Graneheim and 
Lundman [16]. 

For this purpose, the transcripts of interviews 
were read through several times to obtain a sense of 
their contents. Then all interviews were considered as 
one analysis unit, that is, as a single text document 
that is intended to be analysed and coded. 
Paragraphs, sentences, or words were considered as 
meaning units, that is, the set of words and sentences 
that contain aspects related to each other through 
their content and context. Meaning units were 
abstracted according to their latent concepts and were 
coded accordingly. The codes were compared with 
each other based on their similarities and differences 
and then assigned to more abstract categories with 
specific labels. After a comparison of the categories 
and a deep reflection on their contents, the latest 
contents of the categories were formulated into 
themes. 

The validity and robustness of the study were 



 Mojarad et al. Rocky Road Ahead Of Nursing Presence in the Oncology Care Unit: A Qualitative Study 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2018 Nov 25; 6(11):2221-2227.                                                                                                                                                2223 

 

strengthened according to the criteria proposed by 
Guba and Lincoln [17]. For this purpose, the 
researcher attempted to improve the credibility by 
remaining engaged with the participants and data 
collection process for a prolonged duration and 
rechecking the validity of information with percipients. 
The dependability of data was improved by stepwise 
replication as well as inquiry audit by the supervising 
and advising professors and other experts. The 
confirmability was achieved through the confirmation 
of university professors and with the help of their 
critical comments. To ensure the transferability of the 
study, the researcher attempted to provide an 
accurate report of the statements made by 
participants as well as a detailed description of the 
research process in order to facilitate future evaluation 
and use of findings in other contexts, so that other 
researchers would be able to understand the 
experience of interviewed nurses about the subject. 

This study was approved by the ethics 
committee of the university as a part of larger 
research. To protect the rights of participants, they 
were asked to give written consent and received 
assurance that interviews will remain confidential and 
transcripts or comments will be published without 
divulging any identity. 

 

 

Results 

 

Of the 27 participants, 3 were men and the 
rest were women. Participants had an age range of 
26-58 years and a work experience of 1-30 years. Of 
the 27 participants, 20 were clinical nurses, 4 were 
nursing managers, 1 was a head nurse, and 2 were 
quality improvement experts. 

After deep reflection on the transcripts of 
interviews, 610 initial codes were extracted. 

These codes were read several times, 
abstracted, and categorised based on their similarities 
and differences. After analysis and comparison, the 
latent meanings were identified and formulated into 
four themes, which were given conceptual and 
abstract labels according to their contents. After 
analysing the data regarding the experience of nurses 
about the barriers to the nursing presence in the 
oncology care units, the researchers formulated 
primary theme labelled “Rocky road ahead of nursing 
presence” and two subthemes labelled “Difficult and 
stressful work environment” and “Dysfunctional rules 
and regulations”. Each of these subthemes consists of 
several subcategories, which are presented in Table 
1. 

The oncology nurses faced numerous 
challenges in maintaining a presence in the patients’ 
bedside and fulfilling their professional care 
responsibilities. 

Table 1: Themes, subthemes, and subcategories of barriers to 
the nursing presence in the oncology care units 

Code Subtheme Theme 

Exposure to violence 

The difficult and stressful work 
environment 

Rocky road ahead of 
nursing presence 

Shortage of nursing staff 
Inattention to the needs of 
nurses 
Organisational unfairness 
Excessive paperwork 

Dysfunctional rules and 
regulations 

Need for detailed 
documentation 

 

The findings suggest a work environment that 
is very difficult and stressful and severely undermines 
the prospects of achieving a nursing presence. 
Nurses may be exposed to violence as a result of high 
level of stress and negative emotions among patients 
and families, their poor skills (e.g. in finding patient’s 
veins), and their poor responsiveness to patients and 
their families because of understaffing an 
overwhelming number of patients. Some of the nurses 
believed they have a difficult work environment 
because they are constantly overworked and 
understaffed. In their view, the organisation views 
them as a tool and ignores their motivational needs (in 
term of wages, facilities, etc.) and expects them to 
work more than they are paid. This theme consists of 
four subcategories: “Exposure to violence”, “Shortage 
of nursing staff”, “Inattention to the basic needs of 
nurses”, and “Organizational unfairness”. 

Nurses are exposed to various forms of 
occupational violence while attending to the patients. 
Physical violence is less frequent than other forms of 
violence and most violent acts are committed by the 
families of patients. Interviewed nurses stated that 
sometimes violence and aggression occur because of 
physicians giving false hope to the patient family, 
which result in high expectations. Nurses are less 
likely to stay at the patient’s bedside when they sense 
exposed to aggression and violence. In these cases, 
they attend the patient’s bedside as less often as 
possible or ask another nurse to do their tasks to 
avoid the patients or their families. Often, they end 
their shift with unhappiness about their job and take 
this feeling home to their family. One of the nurses 
stated: 

“... We had a patient who suddenly went into 
arrest and expired. We did all we could for the patient. 
When I was coming back from the patient’s room, 
someone threw something toward me; it was patient’s 
father throwing a tea flask toward me; he then walked 
to me and slapped me in the face” (M.6, Male. 34, 
Married, Bachelor’s degree, Nurse). 

Another nurse provided an example of the 
aggressive behaviour of patient families: 

“I was in charge of the shift. A family member 
of a patient came to me and said that the patient is 
bleeding in the mouth and you must come. I sent a 
nurse to the patient and started calling the doctor. The 
same person returned and started yelling at me that 
why don’t you come? He is in bad shape, why are you 
still here?”(M.2, female. 27, Married, bachelor’s 
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degree). 

Nurses repeatedly mentioned their physical 
and emotional fatigue because of working with a tight 
schedule and overwhelming numbers of patients, 
because of which they remain completely occupied for 
the entirety of the shift and cannot have even a short 
break. 

One of the nurses said: 

“This is the central oncology department of 
the province; most of the patients coming here are 
extremely sick or at end stages; here we have 23 
patients and only three nurses; we have to work hard 
really” (M.15, female, 33, married, bachelor’s degree). 

 According to the participants, the other 
obstacles in the way of nursing presence were the 
shortage of support and service staff in the care unit 
one of the participants said: 

“... I have only two assistant nurses, and this 
is just enough for taking the patients to sonography, 
CT scan, tests... When there’s no assistant, nurses 
have more work to do... This is the time that you 
should dedicate to the patients, to be with them, and 
you lose it doing other works” (M.3, female, 48, 
married, bachelor’s degree, head nurse). 

Some nurses believed that the lack of 
motivation is an obstacle to staying at the patient’s 
side. They stated that reasons such as lack of interest 
in the profession, poor management, low salaries and 
benefits, and high mortality rates all affect nursing 
presence.  

 “Our salary is low, and there’s no support to 
compensate for it. They say that you’re an outsourced 
nurse. So there is little motive to put much effort for 
the patient since there’s no money, no respect, there 
is practically nothing...” (M. 16, female, 29, single, 
bachelor’s degree, nurse). 

Some nurses believed there is absolutely no 
attention to the welfare of the staff, such as the 
facilities of break rooms, vacation time or fund, etc. 
Therefore, nurses suffer from mental and emotional 
fatigue, which affects the nursing presence, because 
they are never in the right mood and psychological 
state to stay with the patients. 

“The system should also pay attention to the 
welfare of personnel. We proposed that personnel 
should have periodic vacations to avoid fatigue, but 
.....the organisation does not pay any attention” (M.26, 
44, married, bachelor’s degree, quality improvement 
expert). 

Some of the participants stated that the 
organisation expects more work than it pays and does 
not understand them. 

“They won’t understand, they can’t 
understand until they work here in these units. They 
don’t see the effects of drugs on nurses; they don’t 
see the emotional and physical problems of the guys. 

If you bother to look, you’ll see that guys are on their 
feet from morning to noon” (M.22, female, 28, married, 
bachelor’s degree, nurse) 

 The following is the comment of one of the 
head nurses about the transfer of the workforce from 
the oncology care unit and the organisation’s 
negligence to retain specialist staff: 

“Several times I went to the nursing office to 
make them retransfer a previous staff member to the 
oncology. I told them that I know this nurse, she’s 
good, I approve of her work, and she has the right 
mentality to work with our patients. They didn’t allow it 
and said that the other department is understaffed” 
(M.3, female. 48, married, bachelor’s degree, head 
nurse). 

Another theme observed in the comments of 
interviewees was the “dysfunctional laws and 
regulations” with two subcategories labelled 
“excessive paperwork” and “need for detailed 
documentation”. Nurses believed the hospital 
accreditation program, as long as it is compulsory and 
poorly implemented, undermines the nursing quality. 
They stated that the managers of the organisation 
give a higher priority to the proper filling of documents 
than the actual results. 

In Iran, the compulsory implementation of 
accreditation programs a method of hospital services 
quality assessment started in 2012. This program 
significantly increased the amount of paperwork that 
nurses have to do, as it added several hospital 
assessment forms to the routine forms that nurses 
have to complete during their work.  

“There’s an initial assessment form that takes 
all the patient information; for example, you write the 
entire information in one place, but you must write the 
entire thing again in the nursing report. ...... It’s 
duplicate work. There’s no time for the nurse to 
remain with the patient. In practice, the nurse starts 
ignoring the clinical work” (M.20, female, 43, married, 
bachelor’s degree, nurse). 

Most nurses were critical of accreditation 
program because of the time they had to spend on 
documentation. Interviewees stated that they were 
more interested in being with the patients than filling 
up forms. 

“I don’t like accreditation at all, because it’s 
just paperwork” (M.24, female. 39, married, bachelor’s 
degree, head nurse) 

Nurses stated that patients expect nurses to 
completely focus on clinical work, but the size of non-
clinical tasks practically undermines their presence 
beside the patient bed. 

“Patients don’t know what I’m writing on my 
papers, and won’t understand; the work I’m doing on 
my workstation, all the paperwork, all the medication 
logs I put in the computer….” (M.9, female, 37, 
married, bachelor’s degree, shift manager). 
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Some of the interviewed nurses stated that 
since the hospital evaluation system is based on the 
accreditation program, failing to get a good score 
means a reduction in the hospital credibility and 
grade, which results in reduced hospital income and 
therefore reduced income of the personnel; thus, they 
have to implement the hospital accreditation with 
great care. 

“We have to do the accreditation stuff 
because the organisation wants us to do it. If it weren’t 
for the mandatory accreditation, I wouldn’t fill these 
forms” (M.24, female, 39, married, bachelor’s degree, 
head nurse). 

Participants also stated that in the event of a 
legal problem, the competent authorities would only 
accept the documents, because, from their 
perspective, anything that remains undocumented has 
not happened.  

“You can find notifications one very wall and 
door about the complaint process and the way it’ll be 
handled step by step; this makes you take care of 
your documentation because this is what saves you in 
the court” (M.24, male, 58, married, bachelor’s 
degree, nurse). 

 

 

Discussion 

 

The findings of this study revealed the real 
perceptions and experiences of nurses about the 
barriers to the nursing presence in the oncology care 
unit. The analysis of the experiences of participants 
confirmed that nursing presence faces obstacles such 
as difficult work environment and dysfunctional laws 
and regulations. 

One of the barriers to the nursing presence in 
the oncology care unit is the difficult and stressful 
work environment. Nurses were exposed to verbal 
abuse while on the patients’ bedside, mostly as a 
result of poor technical skills of less experienced 
nurses. Given that nurses are the most easily 
accessible personnel in the hospital, the main cause 
of the high rate of violence and aggression against 
nurses is their close contact with patients and their 
families while they experience a stressful life-
threatening situation [18]. The results of a study 
showed that nurses in the oncology care unit were 2.7 
times more likely to be exposed to non-physical 
violence than those in the emergency department. 
This finding was attributed to the fact that oncology 
nurses are more prone to fatigue, reduced physical 
and mental health, and experiencing negative 
emotions.  

Most interviewed nurses viewed the shortage 
of human resources (nurses and assistant nurses) 
and the intensive work shifts and consequent fatigue 

as a barrier to nursing presence. Nurses stated that 
as if a shortage of nurses is not enough, shortage of 
assistant nurses forces the trained nurses to do non-
specialized work such as transportation of patients, 
and this leaves them no time to spend with patients. 
Various studies, including Elaraby et al., in Malaysia 
[19], Shinjo et al., in Japan [20], and Eygelaar et al., 
[21], investigated the impact of human resource 
imbalances and shortages on the quality of hospital 
services. Enforcing a minimum nurse-to-patient ratio 
not only improves outcomes such as patient safety 
[22] [23], length of stay [24], and readmission rate [25] 
it also increases the appeal of nursing as a career and 
decreases the rate of burnout among nurses [26]. The 
shortage of nursing staff creates overworked nurses 
who are unable to realise their full potential in 
providing quality patient care and have to spend most 
of their time doing basic and rudimentary tasks 
instead of communicating with the patients and paying 
attention to their needs as is theorised in the nursing 
presence concept. This ultimately results in job 
dissatisfaction, a stressful work environment, 
increased rate of medication error, and decreased 
quality of care provided to patients [27]. Most nurses 
believed that the organisation’s lack of attention to 
salaries, benefits, and timely payment had crushed 
any motivation for effective presentations. Failure to 
pay attention to motivational factors in nurses can 
lead to low job satisfaction, and motivation reduced 
service quality and ultimately patient dissatisfaction 
with the health care services provided [28]. In a study 
income and benefits were found to significantly 
increase motivation, and discriminations in payments 
and the feeling of unfairness in the payment system 
were among the leading causes of decreased 
motivation and resignations [29].  

 The findings suggested that because of the 
fatigue caused by understaffing and overcrowding of 
the oncology care unit and its high mortality rates, 
nurses were inclined to be rotated out of the care unit. 
Job rotation, which is a labour-management technique 
where employees learn the skills of different care 
units, is known to reduce the fatigue caused by 
repetitive tasks. The recovery of staff motivation is 
one of the main tasks of care unit managers [30]. 
Nurses stated that the organisation asks them to be 
constantly available or present on the patient bedside 
to provide care services, but considering the amount 
of work that must be done in each shift, they often feel 
overworked and tired. Mazdaki et al. stated that there 
is “increasing the income gap between physicians and 
nurses, the crucial differences between physicians' 
and nurses' salaries” in Iran [31]. 

According to the study dysfunctional laws and 
regulation, and most notably the accreditation 
program, acted as a barrier to nursing presence. In a 
study by Walker, it was found that when a nurse 
prioritises paperwork over care services and does not 
converse with the patient during care, this leads to 
patient dissatisfaction [32]. Hospital accreditation is a 
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standardisation program consisting of a set of rules 
that hospital are required to implement, but it says 
nothing about how these rules should be implemented 
[33]. Developing policies and procedures for every 
activity in the hospital will only increase the volume of 
paperwork and reduce the actual performance by 
keeping the clinical staff busy with preparing 
documents that they believe to be inconsequential 
[34]. Several studies have shown that the 
accreditation program has had an impact on the 
performance and quality of services. The accreditation 
program is a time-consuming administrative 
bureaucracy and increases the workload and creates 
stress in employees [33] [35]. Also, no significant 
relationship has been found between hospital 
accreditation and patient satisfaction [36]. Participant 
of this study believed that while increasing the 
awareness of nurses about patient safety, the 
accreditation program has not been helpful overall. 
They argue that most of the standards required by this 
program have always been fulfilled even before its 
implementation, so the program only emphasises the 
documentation, which reduces the clinical presence of 
nurses. It was found that nurses implement this 
bureaucracy solely to maintain accountability toward 
the organisation because insufficient documentation is 
the first critique that is raised in academic and 
managerial inspections. 

 Another issue that interviewees identified as 
barriers to nursing presence were the importance of 
documentation for safety against organisational 
inquiries and legal actions, which encourage nurses to 
spend time on filling paperwork meticulously instead 
of being present for the patient to provide direct care. 
The provision of direct care in the study of Harrison et 
al. was 24%, and in the study by Kiekkas et al., 
35.2%, and 32.8% in the study by Des Jardins et al., 
[37] [38] [39]. It is clear that complete, accurate, and 
on time preparation of reports is imperative for 
verifying that patients have received the necessary 
care as instructed. From the legal standpoint, the 
medical team has to document its activities to ensure 
verifiability, as only the well-documented actions will 
be acknowledged. Hence, given the importance of 
nursing reports, many nurses spend a lot of time 
logging events and actions and thus have little time to 
spend on direct interaction with patients [40]. In the 
present study, nurses stated that since patients and 
families are aware of the patient rights and thus 
supervisors emphasise on the meticulous 
documentation, they spend a lot of time and effort to 
fill out all documents to ensure accountability toward 
legal authorities as well as their employer. 

In conclusion, this study found that there are 
several challenges and a rocky road ahead of 
achieving satisfactory nursing presence and providing 
quality care. An honest conversation with nurses is 
the best strategy for managers to improve their insight 
and ability to deal with the problems of nurses and 
identify the barriers to the nursing presence in 

oncology care units. The findings highlight the central 
role of the organizational conditions and the 
importance of attention to the motivational factors and 
the efficiency of laws and regulations in the nursing 
presence. Based on the findings of this study, it is 
recommended to pay further attention to the education 
of nursing students about the nursing presence, its 
association with the quality of nursing care, and how 
they can rely on this practice to enhance the care 
service provided to patients. 
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Abstract 

BACKGROUND: Patient safety is a key element of the quality of health services. Nurses are the largest group 
that care for patients, observing safe in nursing care would reduce injuries, disability, morbidity and mortality. 
However, high stress can lead to a decline in the quality of nursing care.  

AIM: This study aimed to investigate the relationship between job stress of the nurses and patient safety in a 
teaching hospital of Hamadan in 2017.  

MATERIAL AND METHODS: This is a cross-sectional study. The data was gathered by a questionnaire of 
Nurse’s job stress prepared by the researcher that after confirming the validity and reliability was completed by 
198 nurses of three teaching hospitals of Hamadan city that were selected by simple random sampling and the 
checklist of patient safety that was collected by the researcher. Data analysis was done in the two levels of 
descriptive and analysis statistics.  

RESULTS: The results showed that the job stress of the nurses and patient safety (mean = 1.75 and SD = 0.114) 
have been at an average level. There was no statistically significant relationship between Nurse’s job stress and 
patient safety because the Spearman correlation coefficient showed that r = 0.007 and p = 0.919. Among the 
demographic factors, there was only a significant relationship between marital status and Nurse’s job stress (p < 
0.05).  

CONCLUSION: Because of nursing job stress is affected by different working conditions, further studies in the 
many hospitals are needed. Moderate levels of patient safety are not acceptable; Therefore, heath’s policymakers 
should focus on providing the safety of all patients at the optimal level, with more effort to reduce the stress of 
their nurses at the lowest level. 

 
 
 
 
 
 
 
 

 

Introduction 

 

Work-related stress exists among the public 
and in all occupation, but it is far more important in 
professions that deal with people's health. Job stress 
among health professionals and health care staff, 
especially nurses, is very prevalent [1], [2]. 
Due to the specific nature of the nursing profession, 
which requires high-skill, team working in stressful 
situations, providing 24-hour care and a great 
emotional burden, nurses are faced with a variety of 
stressors [3]. In addition to these cases, other factors 
such as communication with patients and their 
companions, communication with physicians and 

other nurses, high workload, long working hours, 
dissatisfaction with wages and benefits, working on 
holidays also cause stress in nurses. 
Stress can lead to bad consequences, and if the 
intensity of the stressor exceeds thresholds of 
tolerance, it could lead to work-related events, 
including increased absenteeism and leave the job, 
decreased job satisfaction, reduced productivity and 
organisational commitment, reduced quality of patient 
care [4], [5]. If these stresses continue, the will lead to 
burnout, the worst consequence of which is the 
reducing of quality of care patients receive because 
the patient was deprived of adequate care and his 
human rights. 

Sometimes this burnout can result in care 
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errors and thus negative impact on patients [6]. 
Rising health care costs, emotional exhaustion, 
depersonalization and reduced personal 
accomplishment are the other consequences of 
accumulated and unmanaged job stress [7]. 
Of course, providing high quality and safe services to 
patients can lead to reduced referrals and admissions 
rate, increased patient satisfaction, improved health 
status and productivity [7], [8]. Nurses have the most 
direct contact with patients and are considered as the 
main foundation of the continuous quality 
improvement process. Since safe procedures are the 
core of nursing care to maintain and improve patient 
safety and if unsafe procedures are done, has not 
only legal consequences but also irreparable harms 
are incurred to patients [9], [10], which can have dire 
consequences for the patients and their family, 
including long-term accommodation, patients 
suffering, additional costs, dissatisfaction with the 
hospitals, (and thus dissatisfaction with the whole 
health system) and sometimes even patients death 
[11], [12]. It can impose a huge economic burden on 
the healthcare system and society [13].  

Thus, according to the above discussion, this 
study aimed to investigate the relationship between 
patient safety and occupational stress in nurses. 

 

 

Materials and Methods 

 

Two instruments were developed by 
researchers team and used to collect data, including a 
Nurse’s Job Stress questionnaire and Patient safety 
checklist, That In most of the existing checklists that 
have been used to measure patient safety, all safety-
related factors were not fully considered, so, using 
work experiences, professors' and experts' comments, 
the researchers decided to carefully include general 
aspects related to patient safety that are related to 
nursing procedures in the checklist. Finally, a checklist 
of 44 items and questionnaire with 46 items and 5 
detentions were designed in the following stages. 

Based on literature review, we extracted 
many dimensions of the patient safety and the factors 
of the nursing job stressor, and then we selected 
items by taking into consideration the strengths and 
based on the researcher's opinion. 

Instruments design performed through 
determining validity and reliability. To determine the 
content validity, we used content validity ratio (CVR) 
and content validity index (CVI). In this way, the 15 
experts are requested to specify whether an item is 
necessary or not (score each item from 1 to 3). The 
formula of CVR = (Ne-N/2)/(N/2), in which the Ne is 
the number of experts indicating "essential" and N is 
the total number of experts. To obtain CVI, we 
computed the number of experts giving a rating 3 or 4 

to the relevancy of each item, divided by the total 
number of experts. If eht score was bigger than 0.49 
the item in the instrument  will be accepted, and If it is 
less than 0.49 it is eliminated, and between two 
ranges were need revision [1]. 

To determine the face validity, we gathered 
viewpoints of 10 experts of nursing that they were 
professionals and have research experience or work 
in the field about sufficient appearance of our checklist 
and questionnaire. 

To determine the Reliability of the instrument, 
we used the test-retest method. Therefore, in the first 
step the questionnaires were distributed among 30 
nurses, and 10 days later we did it again. For 
calculating Test-Retest Reliability Coefficients, the 
data were analysed using SPSS 16 software that we 
found 0.88. 

A cross-sectional study has been done on 
three hospitals affiliated to Hamedan University of 
Medical Sciences in 2017. The study population 
included nurses and patients that admitted to these 
hospitals during the study. 

According to the formula 

( ) of the correlation 

coefficient of two variables and based on data from 
previous studies, d = 0.2, Z = 1.96, the sample size 
was calculated 194.  

However, the final sample size was 200 
people by taking into account the possible loss of 
samples, which were studied and divided 
proportionally to the number of nurses in three 
teaching hospitals. The questionnaires distributed 
among these nurses and at the same time, the patient 
safety checklist is completed by the researcher. 
SPSS.Ver.16 was used to analyse the data. Data 
analysis was performed using descriptive statistics 
(frequency and percentage, mean, standard deviation) 
and inferential (Kolmogorov-Smirnov test for 
determining the normal distribution of data, Mann-
Whitney U and Spearman test). 

 

 

Results 

 

Male and single participants accounted for 
31.8% (n = 63) and 40.4% (n = 80) of the subjects. 
According to the study population, participants were 
divided into three age groups of 22-25, 26-34 and 35-
53 years, which respectively accounted for 21.7%, 
53% and 25.3% of the participants. Regarding work 
experience, nurses with 1-5, 5-10 and above 10 years 
of work experience, respectively accounted for 52%, 
25.8% and 22.2% of the total samples. A total of 
88.4% of the study subjects had degrees above 
diploma (Table 1). 
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Table 1: Demographic characteristics of the nurses 
S

e
x
 Male Female 

A
g
e
 

g
ro

u
p
s
 

22-25 26-34 35-53 Total 

N P N P N P N P N P N P 

63 31. 8 135 68. 2 43 21.7 105 53 50 25.3 198 100 

E
d
u
c
a
ti

o
n
a
l 

le
v
e
l Diploma Above diploma 

W
o
rk

 
e
x
p
e
ri
e

n
c
e
 1-5 5-10 >10 Total 

N P N P N P N P N P N P 
23 11. 6 175 88.4 103 52 51 25.8 44 22.2 198 100 

 

About the occupational stress related to job 
characteristics; the factors that had the greatest 
stress-related impact on nurses respectively included 
long working hours and working on holidays, high 
workload, lack of career advancement, the unknown 
importance of nursing career for others and lack of 
proper mindset towards nursing jobs at the society 
level. By the scope of nurses' job stress, their job 
stress is explained in the following five dimensions 
(Table 2). 

Table 2: The status of the five dimensions of the nurses' job 
stress 

Nurses' job stress aspect Mean Standard deviation Status 

Job stress related to job specifications 0.33 1.68 Average 
Job stress related to management- 
organisational factors 

0.37 1.76 Average 

Job stress related to personal 
communication factors 

0.51 2.32 Average 

Job stress related to issues related to 
the physical environment in which a job 
is performed 

0.46 1.85 Average 

Job stress related to patient care 
factors 

0.39 1.69 Average 

Total 0.30 1.86 Average 

 

The feeling of inadequacy for the nursing job 
was the least effective factor in the nurses' stress so 
that only 14.1% of nurses had a feeling of inadequacy 
towards themselves. In the study of management-
organisational factors affecting job stress, the most 
effective factors, respectively included "lack of 
sufficient personnel, lack of adequate salary, lack of 
understanding of the needs of nurses by managers 
and lack of support by superiors". 

Among these studied factors, "lack of 
coordination between different hospital units" was 
considered as the lowest effective factor on job stress. 
About the area of personal relationships affecting job 
stress, it was found that these factors have little effect 
on job stress among nurses. Among individual factors, 
unresolved conflicts with staffs in other units and 
problems with patients were the least effective factors 
in this regard. 

Also, among physical environment factors 
creating stress in the workplace, lack of proper 
conditions such as proper ventilation, noise control, 
resting place, etc. was the most effective factor in the 
majority of nurses (52%). However, a small number of 
nurses (12.1%) believed that unfamiliarity with the 
existing equipment in the workplace was an important 
factor affecting stress. Below, patient-care-related 
factors creating stress in nurses are listed: Dealing 
with patients in the final moments of life and death 
(56.1%), non-professional expectations of patients 
and their relatives (53.5%), the presence of visitors in 
non-regulated working hours (53%). Among patient 
care factors, a feeling of discomfort during performing 

care procedures was identified as a factor in creating 
job stress only by 18.7% of nurses; this was the least 
important factor in causing stress. 

Investigating patient safety status in the 
studied hospitals, it was found that the following 
factors played the most significant role in patient 
safety from the viewpoint of nurses (the percentage of 
nurses who stated that the relevant factor plays a 
significant role in patient safety are shown in 
parentheses):Preparing care equipment prior to 
performing procedures (62.1%), separation of 
infectious and non-infectious wastes (58.6%), 
personnel's familiarity with all five principles of drugs 
use (57.1%), putting the patient in a comfortable 
position to carry out care measures (57.1%), writing 
the name and surname of the patient and the related 
physician in boards above patients' beds (52%), rising 
protective railings beside the bed in case of need 
(51%), dealing politely and cheerfully with patients 
(50.5%). The overall condition of the patient safety 
was evaluated average with an average of 1.75% and 
a standard deviation of 0.114. 

In general, using the Kolmogorov - Smirnov 
test, job stress (N = 198, Z = 0.558, P = 0.879) has 
normal distribution and patient safety (N = 198, Z = 
1.651, P = 0.009) lacks the normal distribution. A t-test 
indicated that job stress score in single (P = 0.979) 
and married male and female groups (P = 0.001) and 
diploma and higher diploma (P= 0.405) had no 
statistically significant difference. ANOVA test 
indicated that job stress score was not significantly 
different among the three age groups and in three 
groups with varied work experiences with a p-value of 
0.405 and 0.444, respectively. 

To investigate the relationship between job 
stress and the patient safety that Spearman's rank 
correlation coefficient was used (r = 0.007 and P = 
0.919). The coefficient indicates that this relationship 
is not significant statistically. There was also no 
significant relationship regarding the presence or 
absence of a significant relationship between job 
stress dimensions and patient safety (Table 3). 

Table 3: Correlation between aspects of Nurses' job stress and 
patient safety 

Nurses' job stress 
Patient safety 

R P-value 

Job stress related to job specifications -0.05 0.486 
Job stress related to management- organizational factors 0.002 0.983 
Job stress related to personal communication factors 0.039 0.586 
Job stress related to issues related to the physical environment in 
which a job is performed 

0.006 0.931 

Job stress related to patient care factors -0.008 0.915 

 

 

Discussion 

 

The results of this study showed that there is 
no relation between demographic characteristics of 
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nurses and job stress. This result is consistent with 
the results of the study by Gandy [15]. Halvah also 
stated in his study that, among demographic 
characteristics, there is only a significant correlation 
between gender and job stress no significant 
relationship was observed in other cases [11]. In a 
study that was conducted by Ghasemi Mortaqi. The 
findings imply that among demographic variables, 
there was only a significant relationship between the 
level of education and work-related stress [12]. 
However, Faraji found a significant relationship 
between job stress and the demographic variables 
[13]. This difference in results may be due to 
differences in the working conditions of nurses, 
including the type of hospitals, the number of 
personnel providing service, number of patients etc. 

In the present study, it was found that there is 
no significant relationship between job stress and type 
of employment, work experience, and work shifts. 
Hashemi et al. also found similar results in their study 
[16]. While other studies have reported different 
results, for example, Letvak and Buck reported that 
there is a negative correlation between experience 
and job stress [17]. Hazvehi and Zeighami relationship 
reported that there is a significant relationship 
between the number of night shifts and job stress [18]. 

A study by Shahraki et al. demonstrated 
significant differences in mean job stress for nurses 
regarding the type of employment [19]. Bahrami also 
found that there was a significant relationship between 
job stress and type of employment and work 
experience [20]. There is no compelling reason for the 
observed differences regarding the type of 
employment (permanent, temporary, contractual, 
project employment, etc.), but it can be expected that 
the higher stress level is seen in the night shift due to 
a more inconvenient time than other shifts(although 
there was no relationship in the present study). 

The results of the present study indicated the 
average overall level of job stress among nurses. The 
results of the study conducted by Zeighami also 
suggest that 86.7 % of nurses have experienced 
moderate job stress [21]. The results of the study 
conducted by Faraji also showed that more than 70% 
of nurses experience medium and high job stress [22]. 
There was a relatively high consistency between the 
present study and other studies regarding the results 
on the most important factors creating job stress in 
various fields. In a study on nurses, Rahmani referred 
top high job stress due to a heavy workload and 
responsibility as well as high stress caused by the 
physical environment [23]. 

In a study, Ghasemi et al., listed the most 
important stressors as follows: patient's death, heavy 
workload, uncertainty about treatment, conflicts with 
colleagues, lack of personal adequacy and lack of 
support [12]. In a study, Hashemi also considered the 
followings as the most significant stressors: job 
nature, relationships with co-workers, management 

factors, workload and authority limit [16]. In a study on 
nurses, Flanagan also has emphasised the impact of 
two factors of workload and organisational support on 
job stress [24]. Considering that factors such as high 
workload, physical environmental factors, patient's 
death, lack of adequate salary are among the most 
important causes of stress in the present study, we 
can realise the consistency between the current study 
and the above studies. 

In his findings, Torshizi has referred to the 
highest mean score of job stress factors in different 
areas as follows respectively: The highest score in the 
area of working conditions, management factors, 
interpersonal relations and patient's care was 
obtained inward congestion, insufficient salaries and 
benefits, lack of support from superiors and the 
presence of visitors during non-regulated working 
hours [25]. 

The factors mentioned above are consistent 
with the effective factors found in the present study. 
Regarding patient safety, the results of the current 
study show that patient safety is not affected by job 
stress. This result is inconsistent with results obtained 
by Berland. In his findings, he pointed out the impact 
of nurses'stress, caused by high working demands 
and low organisational and occupational support, on 
patient safety [26]. The difference between the 
findings of these two studies can be due to different 
definitions of safety in two studies or evaluation by 
different groups with different viewpoints towards 
patient safety. Thus, it can be noted that it is important 
for managers and health care organisations to control 
pressure and stress among nursing staffs. 

In conclusion, the findings of our study 
showed that apart from individual areas, areas such 
as patient care, management, physical environment 
and working conditions are considered a source of 
stress for nurses. Because of nursing job stress is 
affected by different working conditions, further 
studies in the many hospitals are needed. Moderate 
levels of patient safety are not acceptable; therefore, 
heath’s policymakers should focus on providing the 
safety of all patients at the optimal level, with more 
effort to reduce the stress of their nurses At the lowest 
level. Programs can be designed to reduce or control 
job stress by looking specifically at effective factors in 
these areas. A major step forward can be taken in 
promoting this valuable culture by holding workshops 
and training courses for health personnel to familiarise 
them with the culture of patient safety. And since the 
results of this study, which are derived from their 
nurses' opinions, showed that the stress in the 
patient's care has been overwhelming; The need to 
adopt measures in the process of serving patients and 
their relatives, as well as to control visiting hours so 
that stress and psychological problems of personnel 
are reduced as much as possible becomes clear more 
than ever. 
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Abstract 

BACKGROUND: The living environment has an impact on the health of the elderly, and the safety of the house is 
one of the concerns of the elderly. Disregarding the safety concerns increases the falling. 

AIM: This research was conducted with the aim of influencing the living environment on falls among elderly 
people in Urmia city. 

METHODS: This is a cross-sectional (descriptive-analytic) study which 200 elderly people were selected by 
random cluster sampling. Data were collected by using a two-part questionnaire including demographic 
information, and home safety assessment checklist. Data were analysed by using chi-square test and logistic 
regression in SPSS v. 21 software. 

RESULTS: The incidence of falling in the elderly was 30%. There was a significant statistical association with 
age, sex, marital status and history of chronic disease. Results of logistic regression showed non-safe stairs (OR 
= 1.1, p = 0.002), unsafe toilet/bath (OR = 1.3, p = 0.001), unsafe bedrooms (OR = 1.7, p = 0.05) unsafe living 
room (OR = 1.4, p = 0.02) increase the falls in the elderly, as well as male gender (OR = 1.14, p < 0.001) and 
living with other people (OR = 0.19, p = 0.002) reduce the falls in the elderly. 

CONCLUSION: By identifying the risk factors of the physical space of the home, we can plan for implementing 
necessary interventions according to the risk factor or risk factors to prevent and reduce the falls in the elderly 
community. 

 
 
 
 
 
 
 

Introduction 

 

Elderly is a sensitive period in human life, in 
which elderly people are exposed to potential threats 
such as increasing of chronic illness, loneliness and 
isolation and lack of social support, and because of 
their physical and mental disabilities, their autonomy 
has been threatened in many cases, [1]. Considering 
that life expectancy has increased over the past 
decades in Iran, and this phenomenon has led to an 
increase of the population of the elderly [2], one of the 
most common and most serious problems is falling 
down in the elderly and It is the second reason for 
mortality of unintentional injuries in the world [3], 

falling is the unintentional and sudden change in 
physical condition, due to falling of a person at a lower 
level (on an object or floor) [4]. 

 Elderly physical changes begin by entering 
into middle age. These changes have the greatest 
effect on muscle function by decreasing motor 
function, reducing muscle strength and muscle 
endurance. Thus, the physiological changes in the 
nervous and musculoskeletal system which occur 
during the ageing process and it affects on complex 
movements and causes the increasing of falls [5], [6], 
[7]. Fractures of the organs, strike on the skull and 
brain, fractures of the vertebrae and the rib, soft tissue 
and internal organs damages are common causes of 
falling, which they cause dependence, self-efficacy, 
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fear of falling, depression, immobility, daily activity 
limitation, hospitalization or resident in a nursing 
home. Falling is the result and imposing of the cost on 
the individual and the community [8], [9]. 

Falling is the result of a complex interference 
of several risk factors. These factors are divided into 
four main groups: biological risk factors (age, sex, 
diseases, cognitive abilities), economic social 
(literacy, income, habitation, public health, social 
isolation), behavioral (Fears of falling, lifestyle, Taking 
medicines at the same time, stopping sports activities, 
inadequate wearing ) and peripheral ( Building design, 
stairs, Corridors, carpets and Slippery floors, fences, 
baths, washrooms). Given that the elderly spend a 
long time at home, so more than half of the elderly 
falls are at home [10]. Hence, paying attention to the 
living environment is an important scope for the care 
of these individuals. Because of the variety of 
environments in different houses, it is necessary to 
consider the design of each component and objects in 
houses according to the ergonomic science [11], [12] 
based on the elderly living environments. Although, 
we usually consider our home as a safe place, many 
events may occur at home for the elderly. Considering 
the design of the house for the elderly leads to 
decrease the significant risks and accidents to 
achieve and promote the human-environment co-
ordination in the elderly [13]. Several studies have 
shown that there is a relationship between domestic 
risks and falling. In the study of Chang and his 
colleagues, it is found that the elderly who live in a 
busy, dark and uncomfortable home were significantly 
at risk of falling [14]. Bemmel et al. showed that living 
at home with a high number of risks could increase 
the falls [15]. Thiamwong et al., found that slippery 
surfaces are one of the risk factors for fallings [16], but 
Gill et al., did not report the risk of falling and risk 
factors such as the laxity of the carpets, the sliding of 
the surfaces [17]. Due to differences in weather, 
culture, lifestyle, beliefs and different home 
environments in different societies, the falling factors 
of the living environment of the elderly are different.  

Therefore, considering the above factors, the 
aim of this study was the study of the influencing of 
the living environment on the fallings among the 
elderly in Urmia. 

 

 

Methods 

 

In this descriptive-analytic study, the 
population of the study included the elderly people 
with over than 60 years old who referred to urban 
health centres of Urmia city in 2017. Informed consent 
was obtained from all individual participants included 
in the study. The Ethics committee of the Shahid 
Sadoughi University of Medical Sciences-Yazd 

approved this study (Ethic code: 
IR.SSU.SPH.REC.1395.126).  

According to previous studies and estimation 
of elderly falls [18], [19], [20], [21], the sample size 
was chosen 200 elderly with 95% confidence level (d 
= 06, Z = 1.96, P = 0.3). The sampling method was in 
the following way, 10 health centres randomly 
selected through a lottery among the 35 urban health 
centres, and the elderly from each centre were 
randomly selected according to their population and if 
they were satisfied. Data collection tools in this 
research were a researcher-made questionnaire that 
included demographic characteristics including age, 
gender, marital status, history of falls in the last year, 
the place and time of falling and the home safety 
assessment checklist in 5 positions, bedrooms, 
toilets/baths, kitchens, living rooms, stairs. Content 
validity tests and Cronbach's alpha test were used for 
the validity and reliability of the home safety checklist. 
To determine validity, the checklist was sent to 10 
health and epidemiology educators. According to the 
experts, the necessary corrections were applied to the 
checklist, and the validity of the checklist was more 
than 80%. In order to check the reliability of the 
checklist, a checklist for a pilot group of 30 elderly 
people were completed by using Cronbach's alpha 
test, which the reliability of coefficient of questions of 
stairs (internal and external) was 0.75, or bath/toilet 
was 0.72, of living room (Hall) was 0.71, of kitchen 
was 0.88, of bedroom, was 0.78. Home Safety Testing 
in the form of 37 questions that were presented as 
yes, no, and inapplicable options and one score were 
rated to Yes option and to inapplicable option, and 
zero scores were rated to No option. Checklist scores 
vary from zero to 37.  

Questions of external stairs were 6 questions, 
for internal stairs were 8 questions, for the bathroom 
were 9 questions, for living room were 4 questions, for 
the kitchen were 5 questions, for bedroom were 5 
questions. The elderly were invited to the relevant 
health centre by telephone, and the study objectives 
were explained to all participants in the study. The 
demographic information questionnaire was 
completed by the elderly. If the elderly were illiterate 
or unable to complete the questionnaire, the 
questionnaire was completed by a trained interviewer. 
Then the researcher, along with one Health 
environmental expert/professional, visited the house 
of the elderly, and the checklist was completed by 
observing 5 places, bedrooms, toilet/bathroom, 
kitchen, living room, stairs. The inclusion criteria were 
consist of being in an age group of 60 to 80 years old, 
non-use of anticonvulsants, able to walk without any 
helping tool, not being in the nursing home, and the 
exclusion criteria consisted of dissatisfaction, or death 
of the research cases or being unable to gait during 
the study. 

 

 

https://dictionary.abadis.ir/entofa/h/hospitalization/
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Results 
 

Sixty (30%) of the elderly had a history of 
falling over the last year, and the most cases of falling 
were at home, 36 elderly (60%) and 26 (43.3%) 
individuals have experienced fall in the morning. Most 
of the age group was from 75 to 80 (33%). Most of the 
elderly were housewives (42%) and married (56%). 
Also, the highest level of education was elementary 
education (33%). In economic terms, most of the 
elderly had a moderate economic situation (54%). The 
results of the Chi-square test showed that the rate of 
falls was higher in high age and this increase was 
statistically significant (p < 0.001). 

Also, falling in alone elderly (divorced- 
widows) was higher than that of married elderly (p = 
0.02). On the other hand, falling in women were more 
than men and were statistically meaningful (p = 0.02). 
Falling in people with chronic diseases were more 
than those without chronic illness (p = 0.04) (Table 1). 

Table1: Frequency and percentage of distribution of basic 
characteristics of the elderly people and its relationship with 
falling (n = 200) 

P-value 

Without 
falls history 

Number 
(per cent) 

With falls 
history 

Number 
(per cent) 

N (%) Variables 

P < 0.001
* 

32 (88.8) 
46 (85.1) 
24 (54.5) 
38 (57.5) 

4 (11.2) 
8 (14.9) 
20(45.5) 
28 (42.5) 

36 (18) 
54 (27) 
44 (22) 
66 (33) 

60-65 
65-70 
70-75 
80-75 

Age 
 

P = 0.02
* 76 (73.1) 

58(56.2) 
28 (26.9) 
38(43.8) 

104 (52) 
96(48) 

Male 
Female 

Sex 

P = 0.3 

54 (64.3) 
32(80) 
14(70) 

40 (71.4) 

30 (35.7) 
8 (20) 
6(30) 

16 (28.6) 

84 (42) 
40 (20) 
20(10) 
56 (28) 

Housewife 
Self-employed 
Retired 
Out of work 

Job 
 

P = 0.02
* 

82 (73.2) 
18 (69.3) 
36(58.1) 

30 (26.8) 
8 (30.7) 
26(41.9) 

112 (56) 
26 (13) 
62(31) 

Married 
Divorced 
Widow /widower 

Marital status 

P = 0. 2 

42 (72.4) 
40 (60.6) 
30 (71.4) 
29(80) 

16 (27.6) 
26 (39.4) 
12 (28.6) 

7(20) 

58 (29) 
66 (33) 
42 (21) 
36(17) 

Illiterate 
Elementary 
Junior 
Diploma and 
Postgraduate 

Education 

P = 0. 04 
100 (67.1) 
40 (78.4) 

 

49 (32.9) 
11 (21.6) 

 

149 (74.5) 
51 (25.5) 

 

Yes 
No 

History of 
chronic diseases 

P = 0. 1 
25 (69.5) 
77 (71.3) 
44 (78.6) 

11 (30.5) 
31 (28.7) 
12 (21.4) 

36 (18) 
108 (54) 
56 (28) 

Weak 
Moderate 
Good 

The economic 
situation 

* Significant p-value. 

 

Regarding the results of the study of the 
elderly living environment, the lowest level of home 
safety was related to the location of bathroom/toilet 
and hall (living room), and the highest level of home 
safety was related to the stairs position (internal and 
external) (Table 2). 

Table 2: Frequency and Percentage of the Living Environment 
of the Elderly in Five Places of the house (n = 200) 

N (%) Variables 
162 (81) 
38(19) 

Proper 
Not proper 

External stairs 

158 (79) 
42(21) 

Proper 
Not proper 

Interior stairs 

80 (40) 
120(60) 

Proper 
Not Proper 

Bathroom / toilet 

84 (42) 
116(58) 

Proper 
Not Proper 

Living room 

155 (77.5) 
45(22.5) 

Proper 
Not Proper 

Kitchen 

134 (67) 
66(33) 

Proper 
Not proper 

Bedroom 

The variables, stairs (internal/external), 
toilets/bathrooms, bedrooms, living room/hall, kitchen 
were as the main variables and gender and lifestyle 
were as confounding variables which are entered the 
logistic regression model. The results showed that 
variables, stairs (internal/External), toilet/bathroom, 
bedroom, living room/hall, gender and lifestyle 
affected on the rate of falling in elderly so that non-
safe stairs (OR = 1.1, p = .002, 95% CI = 1.05-1.3) , 
Non-safe toilet / bathroom (OR = 1.3, p = .001, 95% 
CI = 1.1-1.5), non-safe bedroom (OR = 1.7, p = .05; 
95% CI = 0.99-1.39), non-safe living room (OR = 1.4, 
p = .02; 95% CI = 0.53-2.9) increase the falling in 
elderly. Also the male gender (OR = 1.14, p < 0.001; 
95% CI = 1.07-1.2) and living with other people (OR = 
0.19, p = .002; 95% CI = 0.59-2.72) decrease the 
falling in elderly. 

Table 3: Prognostic variables of fallings in elderly people by 
using logistic regression test (N = 200) 

Independent 
variables 

ß 
(regression 
coefficient ) 

S.E 
OR odds 

ratio) 
P-

value 

95% confidence 
Interval for odds ratio 

Lower Upper 

Stairs (external-
internal) 
Appropriate 
Not Proper 

 
 
 -

1. 31 

 
 
- 

0.81 

 
 
1 

2.2 

 
 
- 

0.01 

 
 
- 

0.88 

 
 
- 

4.9 

Toilet / Bathroom 
 Appropriate 
Not Proper 

 
- 

0.78 

 
- 

0.79 

 
1 

1.7 

 
- 

0.03 

 
- 

0.49 

 
- 

3.22 

Bedroom 
Appropriate 
Not Proper 

 
- 

0.67 

 
- 

0.48 

 
1 

1.3 

 
- 

0.04 

 
- 

0.49 

 
- 

2.07 

Living Room / Hall 
Appropriate 
Not Proper 

 
 
- 

0.81 

 
 
- 

0.61 

 
 
1 

1.4 

 
 
- 

0.02 

 
 
- 

0.53 

 
 
- 

2.9 

The kitchen 
Appropriate 
Not Proper 

 
- 

-0.07 

 
- 

0. 16 

 
1 

0.98 

 
- 

0.49 

 
- 

0.53 

 
- 

2.9 

Gender 

Female 
Male 

 
 -

-1.89 

 
-  

0.67 

 
1 

0.13 

 
- 

0.001 

 
- 

0.59 

 
- 

2.72 

Living 
arrangements 

Alone 
With a spouse, 
Children, Others 

 
 
- 

-1.51 

 
 

-  
0.57 

 
 
1 

0.19 

 
 
- 

0.002 

 
 
- 

0.59 

 
 
- 

2.72 

 

 

 

Discussion 

 

In this study, the prevalence of falls was 30% 
in the elderly, in Turkey was 28.8% [22], in Iran was 
27% [21], in Swiss was31% [23], in Australia was 29% 
[24], 28.5%, in China 26/4 [19], which is similar to the 
result of this study. Also, the highest rate of falls was 
at home (60%). Considering that in Iran, elderly 
people often have a passive role in society and 
usually spend their time at home and do not work out, 
it can be one of the important reasons for increasing 
the amount of falling. In this study, the lowest rate of 
falls was reported at noon (26.7%), and the highest 
rate was in the morning (43.3%). Since the physical 
activity of the elderly is high during the active hours 
over day and night, so the probability of falling is 
increased during the active hours over day and night. 
In similar studies, the highest rate of falling of older 
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adults was during the active hours [25], [26], [27]. 
Therefore, it is recommended that older adults should 
be taken care during the active hours over day and 
night. The results of the study showed that the rate of 
falling is increased by increasing the age of elderly 
people, the incidence of falling in the elderly 
increased, which It could be due to chronic diseases, 
visual impairment, cognitive impairment, physical 
weakness, motion, and other factors which are 
confirmed in various studies [25], [28], [29]. 

On the other hand, fallings more likely happen 
in elderly people who are living alone. These results 
are consistent with studies by Iranfar and his 
colleagues, which showed that a spouse could 
decrease the falls [30]. It seems that Single elderly 
face with more preventing barriers during the 
employing prevention of behaviour of falls, which we 
can remove barriers, improve and improve their 
lifestyle by good planning. Having chronic diseases 
can lead to disabilities and weaknesses, and then 
cause to fall the elderly. In the study, people with 
chronic illness have more chance of fallings than 
others. In other similar studies, the incidence of falling 
elderly was associated with chronic diseases [18], 
[26], [28], [29]. Considering the results of the study, 
the study of elderly's living environment showed that 
the bath/shower room and hall (living room) had the 
lowest level of home safety, and the highest level of 
home safety was related to the location of stairs 
(internal and external), related to the bath/shower 
room and hall (living room), and the highest level of 
home safety was related to the location of stairs 
(internal and external), which was consonant by the 
study of Ali Zazouli and Colleagues [31]. According to 
the researcher, the lower level of safety of bath/toilet 
can be attributed to the Iranian culture, which there 
are not any barriers in the walls in bathrooms and 
their financial inability in building or repairing the 
safety bath/toilet. Also, the level of awareness of 
households is relevant to this regard. Also, the high 
level of the safety of stairs among different parts of the 
house can be related to the greater attention of 
households and their high awareness of having 
standard stairs and shielded stairs. The places where 
elderly spend most of their time in those environments 
during the day include a living room, a bedroom, a 
kitchen, a bathroom/toilet, and stairs. It is expected 
that these places will have the most occurrence of 
daily accidents, such as fallings.  

Prevention of accidents in these places, 
where the elderly lives in, can be done by identifying 
the risk factors. Therefore, in this research, the 
immune status of these five parts of the house was 
examined, and the results of logistic regression 
showed that non-safe stairs in the elderly increased 
the chance of falling 2.2 times. According to Stevens 
and Abolhassani et al., stairs and aisles have been 
mentioned as a risk factor for the falls of the elderly 
[32], [33] which was consistent with the findings of the 
present study. The risks of the physical space of the 

house can be reduced by the low amount of money 
and fencing the slippery stairs and lighting and can 
reduce the risk of falling off the elderly in each home. 
Sophonratanapokin referred to slippery surfaces as 
the first reason of fallings in houses, and reported that 
the chance of falling in bathroom and toilet, especially 
in the toilets in the courtyards, are more than other 
physical spaces in the house [34] which was 
consistent with the present study which showed that 
the chance of fallings is 1.7 in the unsafe toilets and 
baths. Camilloni and colleagues introduced safety 
devices such as bath flooring, non-slippery bathtubs 
and non-slippery shower trays as pre-incident 
prevention [35]. Promoting the culture of using special 
and non-slippery flooring, installing a protective bar in 
the walls of the bathrooms, and the use of public 
media and education can have a positive effect on 
preventing the fall of the elderly.  

Fazing of furniture in the transit of room was 
reviewed in this study, and the results showed that the 
unsafe living room cause to increase the chances of 
fallings the elderly about 1.4 times. Therefore, it was 
identified as a risk factor. Iranfar in his study 
described the living room as a safe place that does 
not endanger the elderly [30], but Camilloni introduced 
the living room as the place where the fall occurred 
[35]. Sophonratanapokin reported a significant 
relationship between the incidence of falls and Floor 
Covering and carpets in bedrooms [34], which was 
consistent with the findings of the study that the non-
safe bedroom has increased the chance of falling 1.3 
times. The use of non-clamping rugs and smooth and 
slippery floorings seems to be unaffected which 
reduces slippery floors. Sadasivam, according to the 
view of elderly, reported the bedroom’s light and a 
bright way from bed to toilets as risk factors [36], 
which was not consistent with the findings of the 
present study. Indirect electricity and lighting are used 
in Iranian homes, and almost all participants have 
enough light and brightness, especially in stairs, 
corridors and bathrooms in their homes. 

The rate of falling off the elderly people were 
different in both genders, which the rate of falling in 
men was 0.87 times lower than that of women, which 
was associated with results of the study by Halil et al., 
[18], and the study by Jalali et al., [21], Zhang and 
Chen [28] in China, it is reported that falling rates of 
men was less than women. Iranian women have a lot 
to do in daily living activities such as housekeeping, 
shopping, taking care of grandchildren while older 
male after retirement tend to stay and rest, for 
example, in a normal day, they prefer to stay at home 
and perform religious duties or meet their friends. On 
the other hand, Elliott's study also reports that there is 
a great rate of falls in the number of elderly people 
who live alone [37], which is consistent with the 
findings of the study, which shows that the rate of 
chances of falling in elderly people living with other 
people is lower than alone elderly. Living with others, 
whether from a family or a nurse, can reduce the 
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number and severity of fallings regardless of 
emotional and psychological influences in the old 
days. Today, the number of elderly people who alone 
seem to be increasing, which provides the basis for an 
inconvenient event of falls at home. 

In conclusion, based on the results of this 
research to avoid falling at home, we can use a big 
doorknob, Installing a protective bar on bathroom 
walls, toilets, hallways and stairs, non-slippery floor 
coverings, removing every bumpy on the floor of the 
rooms, like carpet weaving. Especially paying 
attention to the structure of the stairs, which is one of 
the fear causes of falling in the elderly and it is an 
important factor in ensuring of the elderly in safety of 
life, and it is recommended that not to use spiral steps 
with high altitudes, with bluish colours, etc. Preferably 
stairs should be short and small and avoid placing any 
slippery covers or objects such as vases or decorative 
items that may eliminate elderly concentration while 
on the stairs. Also, the electric equipment wire should 
be assembled in the rooms and should not be in the 
way of the elderly. 
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Abstract 

BACKGROUND: The pathogenesis of inflammatory neuronal cell damage will continue after traumatic brain injury 
in which contributed to subsequent mortality. Serum S100B levels were shown to be an early predictor of mortality 
due to traumatic brain injury.  

AIM: This Meta-Analysis will analyse the mean and diagnostic strength of serum S100B levels between survived 
and died subjects with head injuries based on the various follow-up times of nine studies.  

METHODS: We conducted a meta-anelysis in accordance with PRISMA guidelines and adhering to Cochrane 
Handbook for Systematic Review of Interventions. Literature search was conducted on March 16, 2018 from 
Medline and Scopus in the past 10 years, using various keywords related to S100, brain injury, and outcome. 
Duplicate journals were sorted out via EndNote. Included articles were as follows: original data from the group, 
clinical trials, case series, patients undergoing serum S100B levels with both short- and long-term follow-up 
mortality. Data were collected for mortality, serum S100B levels, and its diagnostic strength. All data were 
analyzed using Review Manager 5.3 (Cochrane, Denmark). 

RESULTS: The results of the meta-analysis showed a significant difference in S100B levels between survived 
and died subjects with head injuries on overall follow-up timeline (0.91, 95.9% CI 0.7-1.12, I2 = 98%, p < 0.001), 
during treatment (1.43, 95% CI 0.97 to 1.89, I2 = 98%, p < 0.001), or 6 months (0.19; 95%CI 0.1-0.29, I2 = 76%, p 
< 0.001) with an average threshold value that varies according to the study method used. The mean diagnostic 
strength was also promising to predict early mortality (sensitivity of 77.18% and 92.33%, specificity of 78.35% and 
50.6%, respectively).  

CONCLUSION: S100B serum levels in the future will be potential biomarkers, and it is expected that there will be 
standardised guidelines for their application. 

 
 
 
 

Introduction 

 

Traumatic brain injury is a trauma that causes 
abnormal functioning of the brain due to impact or 
blows to the head. Every year, millions of people enter 
the ED due to head injuries, and 1.5 million of them 
die [1]. In Sanglah General Hospital in Denpasar, the 
incidence of annual head injuries averages over 2000 
cases, of which 30% are moderate and severe 
traumatic brain injury patients [2]. Many deaths that 
occur before the patient arrives at the hospital or 
during the period of treatment [3]. However, continued 
inflammatory processes in secondary traumatic brain 
injury [4] cause molecular cell damage, changes in 
metabolism and cerebral blood flow, axonal 
disruption, and apoptosis which contribute to long-
term mortality [5]. Predictors of traumatic brain injury 

mortality such as low Glasgow coma scores, 
unresponsive pupillary reactions, and hemodynamic 
disorders [6] are not quantitative and specific so 
biomarkers are needed to predict mortality in 
traumatic brain injury [7]. Among potential new 
biomarkers, S100B has high specificity for neural 
networks associated with mortality and a prognosis 
that does not benefit [8]. 

S100B is released after brain injury and 
released more as a structural factor (at high 
concentrations) and repair (at low concentrations), so 
it will be very useful in the diagnosis of traumatic brain 
injury [9]. The S100B ability as a predictor of traumatic 
brain injury mortality has been shown in studies, [10] 
[11] [12] some of these studies oppose these results 
[13]. Different results can be due to methodological 
differences, sample size, non-standardized tests, and 
different subject demographics. To further deepen the 



Review Article 
_______________________________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________________________ 

2240                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

usefulness of serum S100B levels as a predictor of 
traumatic brain injury mortality, this meta-analysis will 
present an analysis of several studies both S100B as 
a predictor of initial and later mortality.  

This study aims to analyse the difference in 
mean serum S100B levels between patients who died 
or survived traumatic brain injury based on follow-up 
time. 

 

 

Methods 

 

This study presents a meta-analysis of the 
role of serum S100B as a predictor of mortality in 
traumatic brain injury. The study design follows the 
PRISMA guidelines for meta-analysis [13]. The steps 
follow the Cochrane Handbook for Systematic Review 
of Interventions [14] guidelines. 

A comprehensive literature search was 
conducted by the author on March 16, 2018. Relevant 
studies were obtained from Medline (2008-2018) and 
SCOPUS (2008-2018) in the last 10 years. 
References from all studies are further reviewed to 
identify additional relevant research. The author uses 
a search strategy with (((((((((S100B) OR S100) OR 
S-100) OR S-100B) OR S100β) OR S-100β) AND 
((MORTALITY) OR OUTCOME) AND (BRAIN 
INJURY)) AND "last 10 years" [PDat]). 

Duplicate journals are managed using 
EndNote. The title and abstract of the search results 
are reviewed, and the full text is analysed for inclusion 
in this meta-analysis. All articles are assessed using 
the inclusion and exclusion criteria determined by the 
author. The articles are included if they contain 
original data from the group, clinical trials, case series, 
patients undergoing serum S100B levels with both 
short and long-term follow-up mortality. Only English 
language journals and full text are included in this 
study. Data extracted from the study included using 
data extraction forms. The scope of data collection is 
about the place of study, method, number of mortality, 
serum S100B levels, and the diagnostic strength of 
serum S100B levels. The primary parameter of this 
study was the difference in S100B levels in patients 
who died and living head injuries. Secondary 
parameters are the diagnostic strength of serum 
S100B levels. 

This meta-analysis will calculate the 
difference in mean serum S100B levels in subjects 
who died and lived head injuries with follow-up during 
treatment, 24 hours, 3 months, 6 months, and 1 year. 
Data were analysed by Review Manager 5.3 
(Cochrane Collaboration, Copenhagen, Denmark) and 
the significance limit was 0.05. 

 

Results 

 

The study results yielded 9 studies to be 
analysed [10] [12] [13] [16] [17] [18] [19] [20] [21] 
(Table 1) which can be included in the study. The 
article searching process was carried out based on 
the PRISMA principle (Figure 1). In this meta-analysis, 
we will assess the difference in S100B levels in 
survived and dead subjects with traumatic brain injury. 
Also, the diagnostic strength of serum S100B levels 
will also be explained. 

 

Figure 1: Flowchart PRISMA showed journal method of selection 

 

Differences in serum S100B levels between 
survived and dead subjects based on follow-up time. 

Overall, from the meta-analysis of the 11 
studies, the mean difference calculated from random 
effects showed significant results (p < 0.001). 

 

Figure 2: Forest plot difference of S100B serum levels in survived 
and died subjects based on follow up the timeline (a) overall, (b) 
within treatment, (c) 6 months 
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The total mean difference of serum S100B 
level before and after traumatic brain injury was 
significant statistically (0.91; 95%CI 0.7-1.12, I

2
 = 

98%, p < 0.001; Figure 2a). If classified based on the 
length of follow-up time until, during treatment, there 
were 5 studies reviewed. From the meta-analysis of 
the five studies, the random effects mean difference 
showed significant results (p < 0.001). The total mean 
difference was 1.43 (95% CI 0.97-1.89, I

2 
= 98%, p < 

0.001; Figure 2b). For up to 5 months of follow-up, 
from the three studies, the random effects mean 
difference also showed significant results (p < 0.001). 
The total mean difference was 0.19 (95% CI 0.1-0.29, 
I
2
 = 76%, p < 0.001; Figure 2c). In the study with a 

follow-up period of 24 hours, 3 months, and 1 year, 
there was only 1 study in each study (Table 1). 

Table 1: Studies included in this meta-analysis based on follow 
up time 

Study, year Country Methods 
Time of follow 

up 
Mortality Mean value of S100B 

During hospital stay 

Rodriguez et al., 
2012

16
 

Finland ECLIA Inpatient 10/55 

S: 0.3 ± 0.2 ug/L 
D: 1.7 ± 1.2 ug/L 

C: 0,461 ug/L 
AUC: 0,958 
Sens: 90% 
Spe: 88,4% 

Shakeri et al., 
2015

13
 

Iran ELISA Inpatient 30/72 
S: 1.04 ± 0.5 ug/mL 

D: 2.36 ± 0.94 ug/mL (p<0.001) 

Pfortmueller et al., 
2016

10
 

Austria ELISA Inpatient 52/1367 

D: 8.2 ± 3.5 ug/L 
S: 2.2 ± 0.8 ug/L 

(p < 0.001) 
C: 2 ug/L 

Rodriguez et al., 
2016

17
 

Finland ECLIA Inpatient 
15/99 

 

S: 0.09 ± 0.03 ug/L 
D: 0.36 ± 0.2 ug/L 

C: 0.2 ug/L 
(p = 0.003) 
AUC: 0.848 
Sens: 86,7% 

Spe: 75% 

Duda et al., 2017
18

 Polandia ELISA Inpatient 22/62 

S: 0.08 ± 0.03 ug/L 
D: 0.6 ± 0.04 ug/L 

C: 0.12 ug/L 
Sens: 50% 
Spe: 90% 

11/22 showed S100B higher 
than 0.12 ug/L 

24 Hours      

Rainey et al., 
2009

12
 

UK ELISA 24 hours 30/100 

S: 0.59 ± 0.23 ug/L 
D: 1.44 ± 0.84 ug/L 

C: 0.53 ug/L 
AUC: 0.69 
Sens: 82% 
Spe: 60% 

3 Months      

Olivecrona et al., 
2009

19
 

Swedia LIA 
3 months 

 
6/48 

 

S: 0,6 ± 0,2 ug/L 
D: 2,38 ± 0,8 ug/L 

AUC: 0,687 
Sens: 100% 
Spe: 38,1% 
C: 0.51 ug/L 

6 Months      

Ballesteros et al., 
2018

20
 

Spain ECLIA 6 months 46/83 
S: 0.15 ± 0.05 ug/L 
D: 0.3 ± 0.15 ug/L 

AUC: 0.739 

Rodriguez et al., 
2016

17
 

Finland ECLIA 6 months 19/99 

S: 0.09 ± 0.03 ug/L 
D: 0.28 ± 0.12 ug/L 

(p=0.002) 
C: 0.177 ug/L 
AUC: 0.855 
Sens: 89.5% 
Spe: 76.2% 

Gradisek et al., 
2012

21
 

Slovenia ELISA 1 year 26/73 
S: 0.77 ± 0.6 ug/L 

D: 1.565 ± 1.1 ug/L 
ug/L(p<0.001) 

1 Year      

Olivecrona et al., 
2009

19
 

Swedia LIA 1 year 
8/48 

 

S: 0.8 ± 0.3 ug/L 
D: 3 ± 1.2 ug/L 

AUC: 0.647 
Sens: 87.5% 
Spe: 37.5% 
C: 0.51 ug/L 

S: Survived, D: Died, AUC: Area Under Curve: Sens: Sensitivity, Spe: Specificity, C: Cut off. 

 

The diagnostic strength of serum S100B 
levels in predicting early and late 
mortalities in subjects with a head injury 

In this study, early mortality biomarkers were 
determined in samples which were taken during 
treatment or in the first 24 hours. The mean sensitivity 
of the four studies showed that the threshold value of 

S100B in the predicting short-term mortality was 0.328 
± 0.198 μg/L. The mean sensitivity was 77.18 ± 
18.41%, and specificity was 78.35 ± 13.96%. Of the 
five studies, only three reported the results of AUC, 
with the mean AUC obtained from the four studies 
was 0.832 ± 0.134. 

In this study, the final mortality predictions 
were taken with a follow-up period of more than 1 
month. The mean sensitivity of the four studies 
showed that the threshold value of S100B in the 
prediction of short-term mortality was 0.399 ± 0.19 
μg/L. The mean sensitivity was 92.33 ± 6.71%, and 
specificity was 50.6 ± 22.17%. Of the four studies, 
only three reported the results of AUC, so that the 
mean AUC obtained from the four studies was 0.732 ± 
0.09. 

From the graph plotted regarding the S100B 
threshold value that predicts mortality during long-
term care and mortality in 3-6 months, it was shown 
that the median value of the graph was approximately 
0.5 μg/L (Figure 3). 

 

Figure 3: Cut off point of S100B serum levels which were taken 
during a hospital stay, 24 hours, 1 month, 3 months, 6 months, and 
1 year 

 

 

 

Discussion 

 

Mortality rates due to TBI vary in several 
studies. Some studies also use different time methods 
and parameters to analyse this mortality. The fatality 
rate for TBI ranges from 13-22% [22]. After primary 
traumatic brain injury, secondary traumatic brain injury 
will continue in a few minutes, days, months, and 
years after primary traumatic brain injury due to 
excess metabolic, cellular and molecular inflammation 
activity [23]. 
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S100 is a small dimeric cytosolic protein, 9-21 
kDa, in the form of a homodimer with solubility in 
100% ammonium sulfate liquid with a helical-loop-
helical calcium bond [24]. S100B gene can be 
mapped on the long arm of chromosome 21q22.3. 
The S100B level is generally stable, not affected by 
storage, centrifugation, and temperature changes 
which will greatly facilitate sampling and reliability 
techniques in the analysis [25]. 

In TBI, S100B can be secreted into the 
systemic circulation along with the blood-brain barrier 
[26]. In the initial TBI phase, S100B is secreted as a 
TBI compensator with the effects of neurotrophic 
agents which have neuromodulating action and 
support the memory and thinking process [27]. In the 
final phase, where inflammation has been very high, 
and the blood-brain barrier has been disrupted, 
S100B acts as a destructor of neurons due to 
stimulation of proinflammatory cytokines and free 
radical activity which is often found in the 
pathophysiology of neurodegenerative disorders [28]. 

S100B as a TBI biomarker was first put 
forward in 1995 [29] where high S100B concentrations 
can be a primary and secondary TBI biomarker [30]. 
Researchers also found that this biomarker can be a 
TBI severity stratification based on GCS [31]. The 
ability of S100B in TBI output prediction has made 
some The researchers concluded that this biomarker 
was available as a predictor of TBI early and late 
diagnosis and mortality. From this meta-analysis, it 
was shown that high level of S100B was significantly 
different in the survive or died subjects with head 
injuries. The strength of short-term mortality predictors 
is also better than long-term mortality both from the 
significance of mean differences and diagnostic 
strength. 

In another study, Unden in 33 patients (13%) 
showed that S100B could predict adverse outcomes 
(p = 0.03) but not mortality (p = 0.182) [32]. Shakeri et 
al., (2013) opposed the results that the level of S-
100B could not be a predictor of mortality. The 
differences were due to variations in the time of 
collection of S100B in each study, ranging from the 
time of trauma to 84 hours after trauma. Research 
also takes heterogeneous long-term results between 1 
month to several years so that the results of the study 
are also varied [13]. 

The weakness of this meta-analysis was not 
separating research based on varied sampling times. 
The optimal time for S100B sampling is still a warm 
discussion. Existing studies show different retrieval 
times [8]. In some studies, it was shown that the 
earlier sample was better [33]. However, some 
showed that the sample after 6 hours was better [34]. 
Some suggested 6-12 hours [3], 12 hour [35], 24 
hours [36], 48 hours [37], 72 hours [11], and 84 hours 
[38]. 

The threshold value of serum S100B is still 
controversial. The wide range is shown by several 

studies. In this meta-analysis, the threshold value of 
S100B varies greatly depending on the method used. 
Although, the graph showed that the value is around 
0.5 μg/L. Meta-analysis of Mercier et al., [8] on 39 
studies in 1862 patients showed that serum S100B 
levels between 2.16-14.0 μg/L were effective for 
predicting adverse outcomes and mortality. Recently, 
a study of 3,893 patients showed a higher threshold 
value of 0.16-0.20 μg/L with a specificity of 51% for 
detecting intracranial abnormalities [11]. However, 
other clinicians stated that the threshold value lower 
than 0.1 μg/l was better for preventing false-negative 
cases, especially in epidural hematomas which 
usually indicate low S100B levels [16]. Unden et al., 
[32] did not find EDH subjects with S100B serum level 
higher than 0.14 μg/l [31]. Wolf et al., [39] have shown 
that the threshold value of S100B, 0.1 μg/l was found 
to be effective for detecting epidural hematoma at the 
initial presentation. 

Giving the above results, it can be concluded 
that S100B serum level is very potential in predicting 
mortality due to traumatic brain injury. For further 
research, S100B biomarkers could be analysed in 
salivary and urine, which are useful as diagnostic 
markers. Urine and saliva samples could be obtained 
noninvasively so that they have the potential to be 
applied. 

In conclusion, there is a significant difference 
in the mean serum S100B levels between patients 
who survived and died after traumatic brain injury. The 
diagnostic strength of serum S100B levels is 
promising in predicting mortality with a range of 
threshold values that vary according to the 
examination method used. S100B levels in the future 
will be a future potential biomarker, and it is expected 
that there will be a standardised guideline for its 
application. 
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Abstract 

BACKGROUND: Retinopathy of Prematurity (ROP) is a potentially blinding vasoproliferative disease in premature 
babies. The presentation and course of ROP are determined by a complex interaction of a series of risk factors, 
including artificial reproductive technology (ART). 

AIM: To analyse and combine the information relating ART as an independent risk factor for retinopathy of 
prematurity. 

METHODS AND MATERIAL: The article is systematic review and meta-analysis using RevMan 5. Pubmed, 
Scopus and Medline were searched for articles from 1990 to 2018. 

RESULTS: Studies suggest that ROP is observed more frequently in ART children. They are more likely to be 
premature and of low birth weight than those conceived naturally. Results vary from just a tendency to a five-fold 
increase in risk to develop ROP in ART babies. At the same time, they might develop ROP later, and more mature 
newborns might be affected. 

CONCLUSION: The data relating ART as a risk factor for ROP is inconclusive, but most studies show at least a 
tendency. The ART newborns need to be considered as a risk group for ROP and observed with greater 
suspicion. Even more mature ART newborns might need to be screened in order not to miss any significant 
pathology. 

 
 
 
 
 
 

 
 

Introduction 

 

Retinopathy of Prematurity (ROP) is a 
potentially blinding vasoproliferative disease in 
premature babies. Recent advances in neonatal care 
have improved the survival rates for premature 
infants, and this has been accompanied by an 
increase in the incidence of ROP [1] [2]. If it remains 

unrecognised and untreated, it can cause severe 
visual impairment and blindness in children. 
Nowadays ROP can be prevented by timely screening 
[3].  

The presentation and course of ROP are 
determined by a complex interaction of several risk 
factors like gestational age, birth weight, as well as 
systemic risk factors like anaemia, sepsis, jaundice 

and multiple blood transfusions [4]. Other significant 
risk factors for developing ROP are: artificial 
ventilation (for more than 5 days), respiratory distress 
syndrome, intraventricular hemorrhage and 
periventricular leukomalacia, congenital heart disease, 
sepsis [5], low Apgar score in the first and fifth 

minutes, longer duration of oxygen therapy [3]; 
intrauterine hypotrophy, bronchopulmonary dysplasia 
[6]. Poor postnatal growth in the first weeks of life [7] 

[8] and early postnatal hyperglycemia [9] [10] [11] 
are also associated with later development of ROP, 
while phototherapy used to treat hyperbilirubinemia is 
considered a protective factor [6].  

This study aims to analyse and combine the 
information relating ART as an independent risk factor 
for ROP. 
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Methods and Materials 

 

Systematic review and meta-analysis (using 
RevMan 5) were performed. Online databases: 
Pubmed, Scopus and Medline were searched for 
articles on this topic from 1990 to 2018.  

 

 

Results and Discussion 

 

Some authors report they raised the 
frequency of ocular abnormalities in children born 
after in vitro fertilisation (IVF). In the study of Anteby 
major ocular malformations were observed in 12 
(26%) of 47 children. These malformations included 
Coats disease, congenital cataract, congenital 
glaucoma, hypoplastic optic nerve head, idiopathic 
optic atrophy, coloboma with microphthalmos, and 
retinoblastoma [12]. A probability of fixation condition 
and visual deficiencies in these infants was also 
suggested [13]. These adverse outcomes of assisted 
conception are because the gametes are exposed to 
a variety of drugs, physically manipulated, nurtured in 
potentially hazardous conditions, and perhaps placed 
in an inappropriate uterine environment [1]. However, 
according to another study which included thirty-six 
IVF infants with ocular malformations, the risk, 
compared with non-IVF children, was not increased 
when adjusted for maternal age, parity, smoking, and 
body mass index (odds ratio, 1.05; 95% confidence 
interval, 0.75 to 1.47) [14]. 

ART multiple birth babies make up a 
considerable proportion of the ROP screening burden, 
and their number is likely to increase as ART is 
increasingly available and utilised [15]. McKibbin et al. 
were one of the first to investigate the workload 
imposed by the treatment for infertility on a ROP 
screening programme. They reviewed the records of 
all babies born between August 1991 and December 
1994 in the Assisted Conception Unit and of all babies 
screened for ROP over the same period. Of the 
babies born after ART, 20% fulfilled the ROP 
screening criteria. ROP of any stage was present in 
23% of all the assisted conception babies screened 
[16]. As a follow up of McKibbin et al., C. Funnell and 
T. Dabbs made retrospective study utilising 
computerised databases of ROP screening, live 
births, assisted conception (AC) and multiple births 
between April 1

st
 2000 and August 31

st
 2003 at St 

James's Hospital, Leeds. They concluded that the 
percentage of AC babies requiring ROP screening 
had fallen since McKibbin et al., This appeared to be 
at least partially due to the reduced multiple birth 
rates. This reduction in the multiple birth rates follows 
evidence that reducing the number of embryos 
transferred does not reduce the number of couples 
taking home a baby. Human Fertility and Embryology 

Association guidelines recommend transferring no 
more than two embryos in an IVF cycle. Changes in 
clinical practice at St James's Hospital have 
significantly reduced the likelihood of AC babies 
requiring ROP screening and developing ROP [17]. 
However, even singleton births resulting from AC are 
more likely to be premature and of low birth weight 
than those conceived naturally [18]. This higher rate 
may be attributed to various infertility cofactors, such 
as uterine malformations, previous operative 
procedures that involved cervical dilatation, and a 
history of pelvic infection [19].  

In twin births, both babies have the same 
gestational age and pre-natal conditions. However, 
twins may develop a varied ROP course depending 
on birth weight and other systemic factors. The profile 
of 56 pairs of twins with ROP was studied and 
analysed for differences in zone or need for treatment 
while studying possible causes for the varied 
outcome. In 45 pairs of twins (80%) the disease 
progressed identically in both eyes, while in 11 pairs 
(20%) the ROP showed differences in zone or need 
for treatment. Four of these pairs were discordant. In 
3 of these 4 pairs, the heavier birth weight twin had a 
more severe ROP course. Twins can present with 
asymmetric ROP course, and it is, therefore, essential 
to examine both twins as per screening protocols [20]. 
Discordant twins (discordancy is defined as a 
difference of 15% or more in the birth weights of the 
twins) may be at increased risk for ROP because of 
factors related to their unequal growth. 38% (10) of 
the lower birthweight infants had higher grades of 
ROP than their bigger twin [10]. Ninety-nine infants 
from multiple gestation births and weighing ≤ 1500 g 
at birth were matched with infants from single births to 
clarify the relationship of multiple gestations to ROP. 
There was no significant difference in the incidence of 
ROP between the twins and the singletons (relative 
risk [RR] = 0.84, 95% confidence intervals [CI] = 0.61, 
1.16). Logistic regression analysis confirmed that very 
low birth weight (VLBW), despite being single or 
multiple gestations, was the most significant predictor 
of ROP occurrence in either group. These results 
indicate that ROP screening in VLBW twins may be 
conducted according to the same standard protocols 
as for singletons [21]. Two other studies also showed 
no significant difference in stage of ROP between 
infants of single-gestation pregnancies vs those of 
multiple-gestation pregnancies [22] [6]. Surprisingly, 
V. Chernodrinska et al. even reported a lower risk for 
development of ROP in infants from multiple than from 
single birth [23]. 

There is some debate regarding whether ART 
constitutes an independent risk factor for ROP. 
Studies have reported conflicting results regarding this 
relationship. Some of them failed to demonstrate any 
association between the two. Friling et al. examined 
routinely a study group consisting of 363 infants with a 
birth weight (B,W) of ≤ 1500 gm, who were 
hospitalised in the neonatal unit of a single tertiary-
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care centre between 1998 and 2000. Data on 
gestational age (GA), ,BW, type of pregnancy 
(singleton/multiple), and type of conception 
(natural/assisted) were recorded, in addition to the 
ophthalmological results. In their sample, AC per se 
did not appear to be a risk factor for ROP. Singleton 
babies with a birth weight of ≤ 1500 g were more 
prone to develop ROP stages II and III than twins or 
triplets. GA and BW were the most significant factors 
associated with ROP [21]. An article of a Turkish team 
was published in 2016 analysing the medical records 
of consecutive premature triplets who had been 
screened for ROP in a single maternity hospital. The 
presence of ROP was not associated with the mode of 
conception (p = 0.674) [24]. 

Some studies show only a tendency of ART 
being an independent risk factor for ROP, without 
proving statistically significant results, so their data do 
not rule out a possible association. One of the first 
teams to study these problems [16] reviewed the 
records of all babies born between August 1991 and 
December 1994 as a result of treatment in the 
Assisted Conception Unit, and all babies screened for 
ROP over the same period. Of the babies born after 
AC treatment, 20% fulfilled the ROP screening 
criteria. ROP of any stage was present in 23% of all 
the assisted conception babies screened. This group 
also accounted for a large proportion of those 
reaching stage 3 disease and of those requiring 
treatment [16]. Watts and Adams found an association 
between the development of threshold severe ROP 
and ART (specifically IVF). They carried out a 
retrospective study between Dec. 1995 and Dec. 1998 
of infants in a single neonatal unit serving the Brent 
and Harrow area of North West Thames, requiring 
screening and treatment of ROP. In this study, 11.7% 
of the group requiring screening was conceived by 
AC. Of all babies requiring treatment for ROP, 28.6% 
were born after AC. Of the AC group, 83.3% were 
conceived by IVF. AC using IVF rather than other 
techniques appeared to be the major risk factor for the 
development of threshold ROP. The authors advise 
increased vigilance when screening babies conceived 
by the IVF methods of AC [25]. Barker et al. 
performed a retrospective audit of all multiple birth 
babies admitted to a tertiary neonatal unit, who met 
the UK ROP screening criteria. A total of 205 babies 
met the criteria, of whom 87.3% were twins. They 
found no significant difference between the numbers 
of babies developing ROP in the ART vs non-ART 
groups. However, the estimated odds of developing 
ROP were slightly higher in the ART babies [15]. 

The first team to demonstrate a statistically 
significant association between ART and severe ROP 
requiring treatment in infants in the US performed 
their studies in Weill Cornell Medical Center Neonatal 
Intensive Care Unit at the New York-Presbyterian 
Hospital from 2002 to 2008. According to their studies 
AC placed infants at greater risk for treatment-
requiring

 
ROP [OR 4.5; 95% CI 1.3-15.5; p = 0.0150] 

[26]. Using multifactor analysis, the key finding was 
that, regardless of birth weight, ART was associated 
with a nearly five-fold increased risk of severe ROP 
requiring treatment, after controlling for potential 
confounders (OR 4.70, CI 1.52–14.57; P = 0.007). 
Gestational age was also a significant risk factor, and 
both gestational age and ART appear to be 
independent risk factors associated with risk of severe 
ROP requiring laser [27]. A few years later Yau et al., 
using univariate analysis showed IVF was significant 
independent risk factors for Type 1 ROP. A 
retrospective review of medical records was 
performed for all neonates of multiple gestations (n = 
153) screened for ROP between January 2007 and 
December 2012 in 2 neonatal intensive care units in 
Hong Kong [28]. The same team a year later 
published an article which included all infants (n = 
513) that were screened from this same period. It did 
not show IVF as an independent risk factor for ROP 
but it still showed a tendency/ odd ratio = 2.07/CI = 
0.47- 6.54/ [29]. 

Minasion and Fielder reported that severe 
ROP could affect larger and more mature babies 
conceived through IVF, compared with those who are 
not. They presented three babies conceived IVF who 
were close to the limits of the current screening 
criteria [30]. Chan et al., also observed that although 
the mean gestational age at birth was similar between 
the ART and the natural conception groups, the mean 
time of treatment for severe ROP was approximately 
one week later in the ART group (36 2/7 weeks) [27]. 
Watts and Adams also noted that for infants 
developing Stage 3 severe ROP, those conceived 
through IVF were born at larger gestational ages on 
average and with heavier birth weights than infants 
who received other forms of ART [25]. These 
differences in weight and gestational age between 
babies requiring treatment for severe ROP in the ART 
and natural conception groups may also have 
implications for screening criteria. 

We included all the retrospective studies with 
newborns screened for ROP investigating the 
association between ART and ROP as an 
independent risk factor (Table 1). 

Table 1: ART as an independent risk factor for ROP 

Author/year Country Follow-
up 

Sample 
size 

Natural 
conception 

ART Odds 
ratio 

Significance 

McKibbin, 
1996 

England 3 years 267 233 44 - p>0,05 
only tendency 

Watts, 2000 England 3 years 179 152 27 - p>0.05 only 
tendency 
ROP 3 

Friling, 2007 Israel 2 years 363 204 159 - P>0,05, no 
significance 

Chan 
P.,2010 

USA 5 years 399 253 146 4.70; [CI], 
1.52–4.57 

0,007 
ROP 3 

 Şekeroğlu 
M., 2016 

Turkey 2 years 54 18 36 - 0,674 

Barker L, 
2017 

USA 5 years 205 125 80 - 0,837 

Yau GS, 
2016 

China 5 years 513 --- ---- 2.07/CI= 
0.47- 
6.54 

0,3 
ROP 1 

 

Of all the included studies only four had 
sufficient data and homogeneity and were included in 
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the meta-analysis. We used random effect forest plot 
to pool the results of those studies answering if ART is 
an independent risk factor for ROP stage 3.  

 

Figure 1: Odds Ratios 

 

The results show that the studies with the 
biggest weight are Chan, 2010 and Wastts, 2000. All 
the studies are homogenous (heterogeneity Chi2 = 
1.46, I = 0%). There is a positive association between 
ART and ROP stage 3 – Odds ratio = 1.64/0.96-2.83/ 
even though the test for overall effect does not show 
statistical significance /p = 0.07/ (Figure 1). The 
results of the risk ratio are also positive 1.56 [0.96, 
2.52] (Figure 2). 

 

Figure 2: Risk Ratio 

 

 

Conclusion 

 

ART babies represent a large percentage of 
babies screened for ROP, and their number is likely to 
increase. Research on ART as a risk factor for ROP is 
present, though the subject became a popular study 
topic in recent years. Although the data relating 
artificial reproduction as an independent risk factor 
ROP is inconclusive, it still raises several questions 
which need further examination: 

- Multiple gestations are rejected as an 
independent risk factor, though it indirectly leads to 
earlier birth and lower weight. Another thing to 
consider is discordancy between twins, which 
increases the risk of ROP.  

- Even though results from the literature 
review are inconsistent, meta-analysis shows at least 
an increased tendency to develop ROP stage 3. 
Combined with the fact that ROP in ART infants 
develops later and affects heavier newborns, a 
change of screening criteria might be required in the 
future. 

Further studies on this topic are needed, to 
fully recognise the potential differences in the ocular 

development of ART babies compared to naturally 
conceived ones. 
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Abstract 

BACKGROUND: The impact of resiliency on professional burnout in nurses has been evaluated in several 
studies.  

AIM: This meta-analysis was conducted to examine the effect of resiliency on different aspects of nurses' 
professional burnout. 

MATERIAL AND METHODS: Publications were identified through targeted literature review in national and 
international databases between 1980-2017, in Persian and English. Two independent coders assessed and 
extracted articles. Data analysis was done by a random effects model. Study heterogeneity was measured by the 
I2 test. The data were analysed by STATA software v. 14. 

RESULTS: Initially, 227 articles were extracted. After titles and abstract screening, 108 articles were selected for 
full-text review. Only five of them had the necessary inclusion criteria for analysis. The meta-analysis performed 
on these observational studies showed that the correlation between resiliency and burnout was -0.57 with a 95% 
confidence interval of -0.354 to -0.726. 

CONCLUSION: Regarding the inverse relationship between resiliency and burnout, it is recommended to plan for 
the interventions that can improve the resilience of nurses against burnout. Conducting interventional and resilient 
training courses for nurses in nursing education can be considered. 

 
 
 
 
 
 
 
 

Introduction 

 

Occupation is one of the most important 
sources of stress. If stress persists more than usual, it 
can endanger the person’s health by causing physical, 
psychological, and behavioural harms [1] [2]. Among 
all types of jobs, health care providers, especially 
nurses, are commonly known as high-risk groups for 
stress and burnout [3], and they experience various 
forms of stress and physical and mental harms [4] [5]. 

Depression, anxiety, and fatigue are common 
problems in this occupational group. In various 
studies, the level of stress among nurses have been 
reported to be 90% [6]. The Institute for Occupational 

Health and Safety, which studies the relationship 
between mental illnesses and occupational stress, 
reports that among the 136 studied professions, 
nurses ranked 22 regarding acceptance of 
occupational, psychological problems. The US 
National Occupational Safety Administration has also 
introduced nursing among the top 40 high-stress 
professions [7]. 

Nurses are one of the important pillars of 
health care organisations, and any shortcomings in 
this group will have irreparable consequences due to 
their important role in patient treatment. Therefore, 
paying attention to the factors affecting the 
performance of nurses in this area is of paramount 
significance. Nurses are exposed to the highest levels 
of occupational harms, including burnout, due to 
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exposure to physical, psychological, and emotional 
stressors [8] [9] [10]. In some studies, the rate of 
burnout in nurses has been reported four times higher 
than other service occupations [11]. 

Burnout in nurses jeopardises patient 
recovery more than any other factor [12]. This 
problem is one of the main factors in reducing 
efficiency, loss of human resources, and physical and 
mental health problems [13] [14]. Experts believe that 
instead of focusing solely on the sources of stress, it 
is better to equip nurses with personal, psychological, 
and personal capacities. 

One of the most important human abilities that 
facilitates effective adaptation to risk factors and is a 
good strategy for promoting mental health in 
individuals is the resiliency attribute [15] [16]. 
Personality characteristics such as resiliency act as a 
barrier against stressful events and work-related 
mental health problems, such as burnout [13]. 
Resiliency helps individuals to face and adapt to 
difficult living conditions and protect them from mental 
disorders and life problems. Resilient individuals have 
a high degree of adaptation to environmental 
stressors in their lives [17]. Nurses will also be able to 
withstand many psychological pressures using the 
resiliency element [18]. 

One of the most important goals of meta-
analyses is to provide a precise and valid result due to 
an increase in the sample size through the 
combination of various studies, thus, reducing 
confidence interval and solving problems arising from 
the controversial results of former studies. According 
to numerous studies with different findings, in this 
study, we systematically reviewed the findings of 
previous studies and combined their data to obtain an 
accurate estimate of the relationship between 
resiliency and burnout in nurses. For any kind of 
planning and policy-making to prevent conditions such 
as burnout and promote resilience in nurses, a precise 
estimation of the target group is necessary. Given the 
fact that so far there have been a plethora of studies 
on the relationship between resiliency and burnout, it 
seems that accumulating their results in the form of a 
meta-analysis can help generalise their findings. For 
this reason, the present study aimed to investigate the 
relationship between resiliency and burnout in nurses 
in the form of meta-analysis. 

 

 

Material and Methods 

 

This meta-analysis was undertaken to 
investigate the association between resiliency and 
burnout in nurses in 2017. 

We systematically searched SID, Magiran, 
Irandoc, Medlib, and IranMedex databases, as well as 
Science Direct, ProQuest, Embase, MEDLINE, 

SCOPUS, CINAHL, and The Web of Science for 
studies on nurses' resiliency and burnout that were 
completed by October 2017. The following keywords 
were used to select the studies on the relationship 
between resiliency and burnout in nurses: (Resiliency 
OR resilience) AND (burnout OR “occupational 
burnout” OR “occupational burnout syndrome” OR 
OBS) AND (nurse) AND (Iran). For example PubMed 
database was searched using the following script: 

((((((Resiliency[All Fields] OR resilience[All 
Fields]) AND burnout[All Fields]) OR ("burnout, 
professional "[MeSH Terms] OR ("burnout" [All Fields] 
AND "professional" [All Fields]) OR "professional 
burnout" [All Fields] OR ("occupational" [All Fields] 
AND "burnout" [All Fields]) OR "occupational burnout" 
[All Fields])) OR (("burnout, professional" [MeSH 
Terms] OR ("burnout" [All Fields] AND "professional" 
[All Fields]) OR "professional burnout" [All Fields] OR 
("occupational" [All Fields] AND "burnout" [All Fields]) 
OR "occupational burnout" [All Fields]) AND 
("syndrome" [MeSH Terms] OR "syndrome"[All 
Fields]))) OR OBS [All Fields]) AND ("nurses" [MeSH 
Terms] OR "nurses" [All Fields] OR "nurse" [All 
Fields])) AND ("iran" [MeSH Terms] OR "iran" [All 
Fields]). 

The Persian equivalents of these keywords 
were also used in Persian databases. At this stage of 
the study, all the studies in which the mentioned 
keywords were used in the title or abstract were 
included in the list for review. Also, the references list 
of the included articles was also examined for further 
articles. 

Quality of the selected articles was also 
evaluated using the STROBE checklist. This checklist 
contains 22 items that examine all parts of a study. To 
reduce bias and error in data collection, two 
researchers independently screened the articles. After 
the initial review and deleting the duplicate and 
unrelated articles, finally, five studies were entered in 
the final analysis. 

In cases where the researchers disagreed in 
choosing an article, the reasons for the disagreement 
were discussed and, if the issue was not resolved, the 
article was referred to a third researcher expert in the 
field of meta-analysis. Finally, we investigated the 
studies that were on the relationship between 
resiliency and burnout in nurses. 

The inclusion criteria consisted of Persian or 
English-language studies, observational studies, 
available full-text articles, and studies on nurses 
working in medical centres. Considering that the 
subject of this study was to investigate the relationship 
between resiliency and burnout among nurses, 
studies on nursing students due to lack of 
employment, studies that examined burnout among 
other health care providers, interventional studies, and 
studies that did not use Conner-Davidson or Mason's 
tools for measuring resiliency were excluded. 
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We considered articles that addressed the 
correlation coefficient between the two variables of 
resiliency and burnout or Z-test between the two. 
Based on the inclusion and exclusion criteria, articles 
collected by the two authors (independent of each 
other) were examined once based on the title and 
abstract, and the second round the full text of the 
articles was considered for eligibility. To record the 
information, a form was used including the variables 
of the first author of the article, the year of publication, 
study setting, type of study, sample size, data 
collection tool, the correlation between resiliency and 
burnout, and the correlation between resiliency and 
dimensions of burnout. 

Concerning the Connor-Davidson 
questionnaire, it can be said that this resiliency scale 
has 25 items rated using a 5-point Likert scale (i.e., 
never, rarely, theoretically, sometimes, and always) 
with the minimum and maximum possible scores of 25 
and 125, respectively. This scale was customised for 
use in Iran by Mohammadi. He distributed the 
questionnaire among 248 individuals, and its reliability 
was confirmed by measuring the internal consistency 
of Cronbach's alpha (89%) (19). The other 
questionnaire was the Maslach Burnout 
Questionnaire, which is used to measure occupational 
burnout. This questionnaire consists of 22 separate 
items and includes three dimensions that include 
emotional exhaustion, depersonalization, and feeling 
of personal incompetence [20]. 

In this meta-analysis, data analysis was 
performed using the random effects model (Mantel-
Haenszel). The standard error of the mean for each 
study was estimated using the normal distribution. 
The effect size in each study was estimated using the 

formula  , where r is the correlation 

coefficient in each study. To convert Z to r, the 

formula  was employed. After conversion 

of Z scores, the size of the joint effect was estimated 
using a random effects model. In order to investigate 
any heterogeneity in selected studies, Q-Cochran test 
and I

2
 index (I

2
 index in three classes 0.025 [low 

heterogeneity], 0.025-0.075 [medium heterogeneity], 
and more than 0.075 [high heterogeneity]) were used. 
P < 0.01 and I

2 
> 75% were considered as significant 

heterogeneity of studies. Sensitivity analysis was used 
to investigate the effect of each study on the final 
result. All the statistical analyses were performed 
using STATA software, version 14. 

In this study, all investigations in the area of 
the relationship between burnout and resiliency were 
based on the four steps of PRISMA. In the first stage 
of the search, 227 articles were retrieved. After 
screening the titles and abstracts of the articles, 119 
articles were excluded from the study due to 
irrelevance to the research topic and being reviews. 
Finally, the full text of 108 articles was studied and, if 
the article met the inclusion criteria, the necessary 

information was extracted. In this phase, 103 studies 
were excluded due to irrelevance to the research 
question, being replications of other studies, lack of 
homogeneity of resiliency tools, and unreliable data 
analysis. In the end, only five articles met the required 
criteria to enter the analysis (Figure 1). 

 

Figure 1: PRISMA flowchart for article identification and exclusion 

 

In this meta-analysis, five studies published 
between 2009 and 2016 with a total sample size of 
1169 people, investigated the relationship between 
resiliency and burnout in nurses. Specifications of the 
above studies are listed in Table 1. 

Table 1: Summary of studies characteristics 

No First author Year 
Sample 

size 
Location Correlation Z score P-value 

1 Khodabakhshi 2016 140 Semnan 586/0-  838/0-  0001/0>  
2 Momeni 2010 625 Kermanshah 502/0-  808/0-  0001/0>  
3 Amini 2013 306 Tehran 366/0-  381/0-  001/0>  
6 Arbabshastan 2014 186 Shiraz 208/0-  211/0-  0001/0>  
6 Shakerinia 2010 126 Rasht 805/0-  112/1-  0001/0>  

 

In this study, considering that the 
heterogeneity index of studies was I

2
=95.4%, the 

random effects model was used to estimate the joint 
correlation coefficient between resiliency and burnout.  

NOTE: Weights are from random effects analysis

Overall  (I-squared = 95.4%, p = 0.000)

Momeni (2009)

Shakerinia (2010)

Study

Amini (2013)

Khodabakhshi (2016)

Arbabshastan (2014)

ID

-0.65 (-0.92, -0.37)

-0.71 (-0.80, -0.61)

-1.12 (-1.29, -0.94)

-0.37 (-0.48, -0.26)

-0.84 (-1.01, -0.67)

-0.21 (-0.36, -0.06)

Z scores (95% CI)

100.00

20.61

19.44

%

20.41

19.62

19.91

Weight

-0.65 (-0.92, -0.37)

-0.71 (-0.80, -0.61)

-1.12 (-1.29, -0.94)

-0.37 (-0.48, -0.26)

-0.84 (-1.01, -0.67)

-0.21 (-0.36, -0.06)

Z scores (95% CI)

100.00

20.61

19.44

%

20.41

19.62

19.91

Weight

  
0-1.29 0 1.29-.65

 

Figure 2: Association between resiliency and professional burnout 

 

The highest and lowest sample sizes were 
related to the study by Momeni (2010) with 426 
subjects [21] and Shakerinia (2010) with 124 cases 
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[22], respectively. The general correlation between 
resiliency and burnout was calculated using the 
random effects model and after converting the z-
scores (-0.57) with confidence interval (95% CI: -
0.726 to -0.354; Figure 2). 

According to the results of correlation analysis 
between resiliency and burnout dimensions, the 
general correlation between resiliency and emotional 
exhaustion was -0.55 (95% CI: -0797 to -0.149; Figure 
3), correlation with the depersonalization dimension 
was -0.388 (95% CI: -0.537 to -0.216; Figure 4), and 
correlation with the incompetence dimension was -
0.254 (95% CI: -0.422 to -0.039; Figure 5).  

NOTE: Weights are from random effects analysis

Overall  (I-squared = 97.2%, p = 0.000)

Khodabakhshi (2016)

ID

Arbabshastan (2014)

Momeni (2009)

Study

-0.62 (-1.09, -0.15)

-0.76 (-0.93, -0.59)

Z scores (95% CI)

-0.16 (-0.31, -0.02)

-0.93 (-1.02, -0.83)

100.00

32.92

Weight

33.20

33.88

%

-0.62 (-1.09, -0.15)

-0.76 (-0.93, -0.59)

Z scores (95% CI)

-0.16 (-0.31, -0.02)

-0.93 (-1.02, -0.83)

100.00

32.92

Weight

33.20

33.88

%

  

0-1.09 0 1.09-.62

 

Figure 3: Association between resiliency and emotional exhaustion 

 

In this study, the result of the sensitivity 
analysis showed that none of the studies alone had a 
significant impact on the outcome. 

NOTE: Weights are from random effects analysis

Overall  (I-squared = 83.4%, p = 0.002)

Arbabshastan (2014)

Study

Momeni (2009)

Khodabakhshi (2016)

ID

-0.41 (-0.60, -0.22)

-0.20 (-0.35, -0.05)

-0.46 (-0.56, -0.36)

-0.57 (-0.74, -0.40)

Z scores (95% CI)

100.00

32.42

%

36.70

30.88

Weight

-0.41 (-0.60, -0.22)

-0.20 (-0.35, -0.05)

-0.46 (-0.56, -0.36)

-0.57 (-0.74, -0.40)

Z scores (95% CI)

100.00

32.42

%

36.70

30.88

Weight

  

0-.736 0 .736-.41

 

Figure 4: Association between resiliency and depersonalization 

 

 

Discussion 

 

The findings of this study that aimed to 
investigate the relationship between resiliency and 
burnout in the nursing community in Iran showed that 
the correlation between resiliency and burnout in 
Iranian nurses was -0.57. The results of the study by 
Rushton et al., (2015), which aimed to investigate the 

relationship between and burnout in nurses, showed 
that resiliency has a high correlation with the 
dimensions of emotional exhaustion, 
depersonalization, and personal incompetence, which 
is consistent with the findings of this research [23].  

NOTE: Weights are from random effects analysis

Overall  (I-squared = 85.6%, p = 0.001)

ID

Khodabakhshi (2016)

Arbabshastan (2014)

Study

Momeni (2009)

-0.25 (-0.45, -0.04)

Z scores (95% CI)

-0.42 (-0.59, -0.25)

-0.02 (-0.17, 0.13)

-0.30 (-0.39, -0.20)

100.00

Weight

31.21

32.56

%

36.23

-0.25 (-0.45, -0.04)

Z scores (95% CI)

-0.42 (-0.59, -0.25)

-0.02 (-0.17, 0.13)

-0.30 (-0.39, -0.20)

100.00

Weight

31.21

32.56

%

36.23

  

0-.589 0 .589-.25

 

Figure 5: Association between resiliency and personal 
incompetence 

 

Nurses use resilient behaviours in dealing 
with work problems to maintain their mental health 
and to go through negative experiences more easily 
and turn them into positive ones to feel burnout less 
[24]. The results of a study by Guo et al., in China 
indicated a weak correlation between resiliency and 
burnout in nurses [25]. The findings of various studies 
have also supported the relationship between 
resiliency and occupational burnout among nurses 
[26] [27]. Warelow et al., (2007) proposed that nurses 
who use resilient behaviours are less likely to develop 
burnout [24]. Jackson et al., (2008) studied resilience 
as a strategy for survival and growth in threatening 
work environments. They concluded that resilience is 
a kind of ability to adapt positively to problems and 
hardships, and it is positively associated with creating 
positive professional relationships, maintaining 
positivity, developing emotional insight, achieving 
balance in life, and promoting spirituality in nursing 
[18].  

The results of Olson et al., (2015) showed 
that resiliency only has a significant negative 
correlation with emotional exhaustion and does not 
correlate with the other two dimensions [28]. In a 
cross-sectional study, Guo et al. investigated the 
correlation between resiliency and burnout in nurses 
in China. They noted a correlation between resiliency 
with all the three aspects of burnout in nurses [25)]. 
The results of the study by McCain et al., on 
physicians revealed a negative correlation between 
resiliency and burnout [29]. Accordingly, it can be 
stated that resiliency (successful coping capacity) in 
each occupational group can lead to a reduction in 
burnout. 

Regarding the relationship between resiliency 
variable and burnout dimensions, the findings showed 
a significant negative correlation between the 
dimensions of burnout (emotional exhaustion, 
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depersonalization and personal incompetence) and 
resiliency variable. Considering the significant 
relationship between resilience and emotional 
exhaustion (-0.55), it can be noted that resiliency can 
help nurses to cope with stressful conditions and 
prevent emotional exhaustion, which can reduce 
psychological, motivational and emotional symptoms 
at work. Emotional exhaustion with symptoms such as 
chronic fatigue, sleep disturbance, and various 
physical symptoms and feeling of being pressured is 
associated with loss of emotional resources in an 
individual. 

In the study of Talaee et al., about a quarter 
of nurses reported moderate emotional exhaustion [9]. 
The results of the study of Silvia et al. showed that 
burnout among nurses in emergency departments 
was high in the dimensions of emotional exhaustion 
and depersonalization, and it was low in the aspect of 
personal incompetence [30]. The findings of Spooner 
(2004) indicated that younger nurses experience 
higher levels of emotional exhaustion and 
depersonalization [31]. One of the important factors 
associated with emotional exhaustion is work 
experience. Emotional exhaustion is reported more 
often in less experienced nurses [32]. In the study by 
Momeni et al., (2010), which was aimed at comparing 
burnout among nurses working in treatment and 
education sectors, a significant direct relationship was 
noted between emotional exhaustion and employees’ 
experience in the treatment sector, and in subjects 
with higher work experience, burnout rates in this 
dimension were greater [21]. 

Increased occupational burnout reduces the 
individual's ability to adapt to stressors and, as a 
result, causes behavioural and physical symptoms. 
Also, stresses induced from occupational conditions 
have a significant effect on the physical and mental 
health of individuals. Burnout due to persistent 
stresses reduces the ability of individuals to adapt to 
stressors [33]. The negative correlation between 
resiliency and burnout is indicative of the strength of 
prediction of resilience as a strong predictor of 
occupational burnout, that is, with higher resiliency, 
the degree of burnout is reduced. From the 
relationship between occupational burnout and 
resiliency, it can be noted that resiliency increases the 
individual's adaptability to stressors, which reduces 
the psychological, motivational and emotional 
symptoms at work, thus, reducing resiliency with 
increasing emotional exhaustion. 

On the other hand, reduced resiliency in the 
subscale of depersonalization leads to the 
development of a negative attitude and the 
emergence of negative emotional responses about 
individuals and the environment. The low level of 
resilience in the subscale of personal incompetence 
reduces self-esteem and leads to the negative 
evaluation of the person's job and their ineffective 
relationship with colleagues and clients [21]. The 
negative correlation between resiliency and 

occupational burnout dimensions indicates that 
resiliency is a strong predictor of occupational 
burnout, such that with increasing resiliency, 
occupational burnout can be predicted in nurses. 
Nowadays, nurses' physical and mental health is 
emphasised to provide desirable health care and 
treatment services, and occupational burnout is one of 
the most important debilitating factors for nurses' 
health [34]. 

Measures and interventions that have been 
taken to reduce burnout and stress in nurses have 
often focused on organisational and managerial 
factors. If necessary, nurses should focus on 
improving individual factors to face workplace 
problems and difficulties. In this regard, Scholes 
(2008) has proposed 10 steps to promote resilient 
behaviours in nurses, which can cope with the 
professional identity crisis [35]. The literature on 
burnout and resilience shows that having a positive 
social network, good relationships with friends and 
colleagues, and having a supportive environment 
greatly affects these two variables [36]. Recently, the 
concept of resilience has been widely associated with 
the nursing profession [37]. Nurses must skillfully 
elaborate their resilience to cope with professional 
problems and maintain their mental health [24]. 
Resiliency has an effective effect on adaptation to risk 
factors and can play an effective role in reducing 
burnout [38]. 

Overall, the findings of this study showed a 
significant negative correlation between resiliency and 
burnout, thus, by improving the level of resiliency in 
nurses using strategies such as educating the 
importance of resiliency, monitoring and practising in 
the area of resiliency, and controlling occupational 
stresses the risk of burnout can be reduced. Also, 
promoting resiliency has other benefits, including 
maintaining peace of mind and increasing mental 
capacity and professional performance. In this regard, 
nursing and hospital authorities should, while paying 
attention to resiliency in their staff, create an effective 
management system to promote this characteristic. 
Also, since resiliency is learned over time, nursing 
education managers should pay attention to this issue 
in nursing students' curriculum. 

There were several limitations to this meta-
analysis. Few studies were found that had all of our 
inclusion criteria, for example, some articles did not 
address the correlation coefficient between the two 
variables of resiliency and their data sources did not 
report complete data for the meta-analysis. 
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Abstract 

BACKGROUND: Hydrofluoric acid is a commonly used chemical in many industrial branches, but it can also be 
found as an ingredient in household products such as cleaning agents. Possessing high corrosive potential, HF 
acid causes burns and tissue necrosis, while when absorbed and distributed through the bloodstream, its 
extremely high toxic potential is expressed. Acute symptoms are often followed by pain, particularly in the case of 
skin burns, which intensiveness does not often correlate with the expressiveness of the clinical findings. Even 
exposure to low-concentrated solutions or gasses, or low-doses of high-concentrated acid, may provoke delayed 
systemic disorder which may eventually have a lethal outcome.  

AIM: Therefore, having information regarding the possible hazardous effects of hydrofluoric acid usage, a variety 
of symptoms, as well as a treatment approach, is of great importance in the case of HF exposure.  

METHODS: Available scientific articles published in literature databases, scientific reports and governmental 
recommendations from the internet websites, written in English, using the following search terms “Hydrofluoric 
acid, skin burns, eye injury, ingestion, inhalation, systemic toxicity, decontamination, antidote, medical treatment” 
have been reviewed.  

RESULTS: This review is useful not only for physicians but for everyone who may come in contact with a person 
exposed to HF acid.  

CONCLUSION: It highlights the mechanism of action, presents the acute and chronic symptoms, personal and 
general protective measures and devices that should be used, as well as decontamination procedures, 
immediate, antidote and hospital medical treatment. 

 
 
 
 
 
 
 
 
 

 

Introduction 

 

Hydrofluoric acid as a chemical compound 
with a high reactivity is used in many industrial 
branches: fluorine industry, glass industry, 
stevedoring and transportation industries, 
semiconductor industry, stainless steel and aluminum 
manufacturing, electronic components manufacturing, 
metal finishing and metal rust removal industry, 
inorganic and organic chemical manufacturing, 

mineral processing, petroleum refining, fire 
extinguishers manufacturing, as well as waste and 
disposable service sectors [1], [2], [3], [4], [5]. In the 
dental industry and every-day clinical practice, HF 
acid is used as an etchant agent for ceramic materials 
[6], [7], [8]. Hydrofluoric acid can be found in 
consumer products for marble, brick and stone 
cleaning, as a rust removal, in automobile wheel 
cleaners, toilet bowl cleaners, air conditioners 
cleaners, and as insecticides [9], [10], [11], [12], [13], 
[14].  
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Unintentional exposure to hydrofluoric acid or 
gases, with health consequences, may occur in case 
of inappropriate operation, inadequate protection, 
when having machine problems, explosion of HF 
containers and tanks, during the traffic accidents [1], 
and inattentive usage of household agents [10], while 
intentionally, in case of suicide [11], [12], [14] and 
murder. There are cases of intoxicated children when 
domestic cleaners, in appropriately stored, were 
accidentally ingested [13]. 

Dermal burns, eye injury and gastrointestinal 
or respiratory acute symptoms may be provoked when 
in direct skin/eye contact with HF acid, ingestion of the 
solutions or inhalation of fumes or HF vapours. 
Systemic intoxication including electrolytic 
misbalance, enzyme inhibition, cardiovascular, 
pulmonary, renal and neuromuscular symptoms 
happens when fluoride ions are absorbed into the 
bloodstream after dermal exposure and other mucous 
membranes, and distributed in all tissues and organs. 
Chronic symptoms may even occur several months 
after HF ingestion [12] or may persist with months 
after the long-time respiratory exposure [3]. 
Sometimes, systemic intoxication has a lethal 
outcome [15], [16], [17], [18], [19], [20].  

The tissue damage and the degree of toxicity 
are determined by the acid concentration, the 
exposure time, the contaminated body surface area, 
the time elapsed between exposure and 
decontamination i.e. hospital care [21], [22], [23], and 
person’s age as well [13], [24].  

Decontamination, antidote therapy and 
hospital treatment, implemented promptly, are of great 
importance to prevent penetration of the hydrofluoric 
acid deep into the tissue, to disable dissemination of 
the fluoride ions through the bloodstream, or to 
minimise the progression of organs’ damage.  

The purpose of this review is to present the 
properties of a hydrofluoric acid, its corrosiveness, 
toxicity and mechanism of action, acute and chronic 
symptoms after the HF exposure, describes 
preventive and protective measures, as well as 
procedures for decontamination and HF 
neutralisation, antidote and hospital medical 
treatment.  

 

 

HF Acid Properties 

 

Hydrogen fluoride (HF) has several 
synonyms: Hydrofluoric acid, Fluoric acid, 
Hydrofluoride, Fluorine monohydride, Fluorane. 

Physical properties: As a gas, HF is a 
diatomic compound of hydrogen and fluorine atoms, 
while as a liquid, it is a polymeric compound with 
strong hydrogen bonds between the chains [8]. Both, 

anhydrous hydrofluoric acid and aqueous solutions 
are colourless, fuming gas or liquid with a strong, 
irritating odour. Its disagreeable, pungent odour, even 
at the concentration of 0.04 ppm (which is 
considerably less than the OSHA PEL - Permissible 
Exposure Limit of 3 ppm), is a warning sign of the 
presence of the potentially dangerous substance. It 
readily dissolves in water forming a colourless 
hydrofluoric acid solution that when diluted 
(exothermal reaction) is visibly indistinguishable from 
water [4], [24], [25], [26].  

Some of the physical properties of the 
Hydrofluoric acid are presented in Table 1. 

Table 1: Physical properties of the hydrofluoric acid 

Molecular Formula:  
Molecular Weight:  
Boiling point:  
Freezing Point: 
Specific gravity: 
Density: 
Vapour pressure:  
Vapour density:  
Surface Tension: 
pKa*:  
The heat of Vaporization: 
Solubility:  
 
Flammability: 

HF 
20.006 g/mol 
20 °C (68°F) at 760 mm Hg 
-83 °C (-117.4 °F) 
0.99 at -7 °C (19,4 °F); 1 for liquid at 20 °C (68 °F) (water = 1) 
1.002 at 0 °C / 4 °C 
783 mm Hg at 20 °C (68 °F); 400 mmHg at 2.5 °C (36.5 °F)  
1.27 at 34 °C (air=1) 
10.2 mN/m at 0 °C 
3.15 
7.493 KJ/mol at 101.3 KPa 
Miscible with water, very soluble in alcohol,  
soluble in many organic solvents 
Nonflammable, explosive or oxidising 

*acid dissociation constant  

 

Chemical properties: Hydrofluoric acid is 
characterised by high reactivity - it reacts with metals, 
glass, concrete, enamels, pottery, rubber, leather and 
many organic compounds [24], [25], [26]. 
Consequently, it is commonly used in many industrial 
sectors and as a domestic cleaning agent. HF has a 
unique ability to react with many silicon compounds, 
including glass [9], thus commonly used as an etchant 
agent in the glass industry and before adhesive luting 
of ceramic restorations in dentistry [27].  

 

 

Preventive Measures when Working with 
Hydrofluoric Acid 

 

Because of its high corrosiveness and toxicity, 
the extraordinary caution when using is 
recommended. Hydrofluoric acid should be 
exclusively used inappropriately equipped industrial 
sectors and laboratories, must not be applied on the 
restorations in the oral cavity (when used in dentistry), 
while attending, when using household and cleaning 
agents, is recommended. The last one should be 
stored out of reach of children. Personal and general 
protective equipment and measures should be 
implemented. 

The person who uses HF acid should be 
aware of the toxicity of this agent and be familiar with 
all information and procedures regarding the safety 
when using, way of transporting and storing the acid, 
managing with HF containing waste, decontamination 
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procedures, antidote and medicaments that should be 
used in case of contact and intoxication [4], [5], [24], 
[25], [26], [27]. Protective equipment and measures, 
as well as managing with HF containing waste and 
spills are presented in Table2. 

Table 2: Personal and general protective equipment and 
measures, medicaments used in the first aid kit, and managing 
HF containing waste and acid spills 

Personal Protective Equipment 
when working with/using HFA 

General Protective Equipment 
at the working/laboratory place 
 

Laboratory coat 
Long pants 
Acid resistant apron 
Close-toed shoes 
Tightly sealed goggles  
Full-face shield in conjunction with goggles  
Rubber gloves: nitrile, butyl or neoprene  
Respiratory filter device 

Handled inside of a fume hood 
Ventilation/exhaust system  
Sign “Danger, Hydrofluoric Acid Used in this 
Area.” 
Easy access to a good supply of running 
water  
Safety shower and eyewash  
The Standard Operating Procedure (SOP) 
document 

Protective Measures 
HFA containers  

First aid kit 
medicaments 

Polyethylene or Teflon  
Clearly labelled  
Securely supported and not likely to tip 
over  
Tightly closed and kept in a safe place 
Away from heat and direct sunlight  

2.5% calcium gluconate gel 
1% calcium gluconate eyewash

  

a solution of 0.13% benzalkonium chloride  

Managing HF Containing Waste Managing HF Acid Spills  

Neutralisation of the solution using powder: 
Na2CO3, Ca2CO3 
Neutralised diluted solution should be 
disposed under running water 
Chemically resistant container, clearly 
labelled with a “Hazardous Waste” tag 

HF-specific absorbents  
Aqueous Ca(OH)2 or Mg(OH)2 
The neutralisation should be performed slowly 
to avoid an exothermic reaction that will speed 
up the evaporation of the HF and increase the 
risk of exposure and intoxication 

 

 

Corrosiveness and Toxicity  

 

Hydrofluoric acid is characterised by its 
corrosiveness and high local and systemic toxicity. At 
room temperature (20°C), it has a strong acidic pH-
value of 2.0 [27]. However, the devastating effects are 
not based on the low pH value, but on the toxicity of 
this acid [9], [21], [22].  

Routes of exposure: There are three 
different pathways through which HF acid could be 
absorbed into the human body - skin/eye contact, 
inhalation and ingestion. The most frequent exposure 
is by cutaneous contact with the aqueous solution, no 
matter if the skin is intact or damaged [28], [29], [30], 
[31], [32]; it could also be absorbed through eyes [33], 
[34]. Inhalation intoxication occurs not only from 
exposure to hydrogen fluoride gas [17], [35], but also 
from vapors arising from concentrated hydrogen 
fluoride liquid [20], [36], while ingestion [14], [37], [11] 
of even a small amount of this acid is likely to produce 
systemic effects and may be fatal [13], [16], [18], [38], 
[39].  

Mechanism of action: Easy penetration 
through the skin, soft tissues and lipid membranes are 
enabled by low charging of undissociated hydro 
fluoride molecules. Once in the tissue, the HF 
molecules dissociate in hydrogen cations and fluoride 
anions [9].  

There are two primary mechanisms through 
which HF acid causes tissue destruction. The first 

occurs due to the activity of corrosive hydrogen ion 
when using a high concentration of this acid (>50%) 
and is associated with cutaneous and ocular lesions, 
as well as digestive and respiratory mucous 
membrane damage. Corrosive burns are similar to 
those provoked by other acids: they occur 
immediately, with visible tissue destruction, grey 
areas, ulceration or necrosis, followed by intense pain 
[9].  

The latter is caused by cytotoxic fluoride 
anion responsible for local and systemic toxicity when 
HF acid products with high, as well as with low 
concentrations have been used [23], [40]. The fluoride 
ion is very small and diffuses readily in the aqueous 
media [9]. Absorbed into the bloodstream, it is carried 
to all body organs in proportion to their vascularity and 
fluoride concentration in the blood [16], [41]. When 
reacting with cellular calcium and magnesium, forms 
insoluble chelates, CaF2 and MgF2, thus provoking 
local calcium depletion and inhibition of Na

+
K

+
 ATP-

ase pump. Subsequently, the cell membrane’s 
permeability to potassium is increased resulting in 
local hyperkalemia. High lipid affinity induces 
liquefaction necrosis and cellular death, thus 
destructing the nerve and blood vessels, tendons, 
bone structures and all other tissues [23],[42]. These 
effects are due to the presence of fluoride ion and 
differ from other acids, in which the feature of the free 
hydrogen cations to provoke coagulative necrosis, 
which retards the further penetration into the tissues, 
is expressed [9], [11].  

Fluoride Distribution: Deposition of the 
fluoride in the different tissues is characteristic: as the 
fluoride is excreted through the urine, after an acute 
exposure to fluoride-containing solutions, the most of 
the fluoride is deposited in the kidney, then in the liver 
and the spleen; insignificant amount has been 
detected in the bones [16]. Rapid excretion and 
removal of the fluoride from the kidney occur within 24 
hours [43]. However, after chronic exposes, a large 
amount (about half of the dose) is deposited in the 
bones, while the kidney serves as a temporary 
depositing organ.  

Referential exposure limits: Systemic 
effects are potentially lethal, depending on the acid 
concentration and available amount of free fluoride 
ions [44]. Referential exposure limits and HF burns 
with a high risk to develop lethal electrolyte 
imbalances are presented in Table 3 [4], [24]. 

Special attention should be paid if intoxicated persons 
are children [13]. Because of their relatively larger 
surface area: body weight ratio, children are more 
vulnerable to the hydrofluoric acid absorbed through 
the skin. When exposed to its evaporations, larger 
doses are inhaled because of greater lung surface 
area: body weight ratio and increased minute 
ventilation per kg weight compared to adults. 
Additionally, vulnerability to corrosive agents is 
greater because of the relatively smaller diameter of 
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their airways [5], [24], [25]. 

Table 3: Exposure limits and HF burns that occupy various 
BSA depending on the acid concentrations that could have a 
lethal outcome 

Exposure limits 3 ppm
*
 - maximum concentration of a chemical substance that 

an employee may be exposed to over an 8-hour work shift; eyes 
and throat irritation, if not protected, have been noted.  
 
20 ppm

**
 - maximum airborne concentration below which it is 

believed that nearly all individuals could be exposed for up to 1 
hour without experiencing or developing irreversible or other 
serious health effects or symptoms, which could impair an 
individual’s ability to leave the contaminated area, and take 
protective action.  
 
30 ppm

***
 - immediately dangerous to health or life 

concentration. 

 
 
HF burns with a high 
risk to develop lethal 
electrolyte imbalances 
 

1% BSA burn with anhydrous HF 
5% BSA burn with >70% concentrated HF 
7% BSA burn with 50–70% concentrated HF 
10% BSA burn with 20–50% concentrated HF 
20% BSA burn with <20% concentrated HF 
Prolonged exposure or long delay for treatment in minor HF 
burns 
Ingestion of HF at concentrations >5% 
Inhalation of HF at concentrations >5% 

allowed by OSHA
*
; according to AIHA

**
; established by NIOSH

***
*1%, BSA is an area 

equal to a hand palm. 

 

 

Symptoms 

Dermal exposure: Skin burns  

A 10-year [1], a 11-year [20], a 15-year [30], a 
20-year [2] and a 22-year [29] retrospective 
epidemiological studies revealed that chemical burns 
encountered in a Burn centres caused by hydrofluoric 
acid are one with the most frequent occurrence, 
especially in the regions with highly developed 
industry. The most common sites of injury are the 
head and neck, hands, legs and arms [1], [45]. HF 
burns might be accompanied by ocular injuries, 
respiratory and digestive tract disorders [1].  

Transdermal penetration of the fluoride ions 
depends on the exposure time and HF acid 
concentration, while intradermal accumulation is dose-
dependently. Fluoride penetration increases four-
times by extending the exposure time from 1 to 3 min 
(with no further increase when the exposure is 
prolonged to 10 min) and is exponentially increased 
with increasing the HF concentration from 5% up to 
50%. Also, intradermal pH decreases with increasing 
the HF concentration and exposure time [46]. 
Accordingly, epidermal alterations can be detected 
after 3 min exposure to only 5% HF. Severe damage 
including coagulation necrosis of deeper dermal 
layers is provoked by HF concentration of ≥ 30%, with 
a considerable intradermal accumulation of 13-67% of 
total absorbed fluoride [47].  When exposed to 70% 
HF for only 20 sec, cellular alteration in four to five 
epidermal layers is noted by 1 min after the exposure. 
Within 5 min, HF acid completely penetrates to the 
human dermis [44], [48]. Coagulation necrosis 
including acidophilic cellular cytoplasm and pyknotic 
nuclei in all skin layers have been detected 1 h after 
exposure, while complete necrosis of the epidermis 
and disintegration of the structures have been 
observed by 24 hours [49].  

Further penetration of the fluoride ion through 
all epidermal and dermal layers into the subcutaneous 
tissue, causes ulceration and severe destruction such 
as complete loss of the soft tissues on the place of 
contact, including myolysis, tenosynovitis, 
decalcification and osteolysis [4], [9], [32], [50].  

Skin damage symptoms are directly related to 
the acid concentration. Strong concentrations of more 
than 50% HF acid cause immediate, severe, throbbing 
pain and a whitish discolouration of the skin [51], 
vesicle surrounded by an erythematous flare [52], 
which eventually transforms into the blisters 
containing necrotic tissue. Reduced motor activity, 
decreased sensitivity and ischemia provoked by 
arterial vasospasm might be additional symptoms in 
fingers’ burns [53]. Necrotic dermal tissue detached 
from the subcutaneous tissue has been observed in 
third-degree skin burns provoked by 50% HF acid 
[19].  

An autopsy finding of a man who died from a 
cardiopulmonary arrest 30 min after the exposure to 
60% HF acid, with the skin burns that occupy 30% of 
the TBSA, revealed greenish-gray or black coloring 
skin with thin circumferential erythema and severe 
liquefaction necrosis, with completely lost elastic 
fibers within the dermis, and severely affected wall of 
large vessels within the subcutaneous layers. 
Immediate penetration of the fluoride ions into the 
deep layer of the skin and their rapid dissemination 
through the bloodstream resulted in the development 
of acute systemic toxicity with the lethal outcome [15].  

Dilute solutions from 20% to 50% may 
provoke pain and swelling, with erythema and vesicles 
formation on the contact area, which may be delayed 
up to 8 hours [21].  

Acid solutions with concentration lower than 
20% may cause serious injury (deep burns and tissue 
necrosis) 12 to 24 hours or several days after the 
exposure, without immediate pain [9], [22], [23], [32], 
[42], [54].  

The severe pain, that is the first symptom of 
an intensive HF burns, results from the neuronal 
depolarization, disruption in neuronal conductivity and 
nerve ending irritation provoked by hyperkalemia in 
extracellular spaces, a compensatory mechanism for 
reduced levels of calcium ions which have been 
bound by the fluoride [23], [28], [40]. In case of burns 
provoked by low-concentrated HF acid, the onset of 
pain is a result of the long lag time in pH drop [46]. 

 

Ocular exposure: Eye burns 

Irritation and immediate severe pain, followed 
by lacrimation are first signs after eye exposure. 
Conjunctivitis followed by oedema and congestion 
[45], oedema of other structures of the eye, mydriasis, 
nystagmus, and corneal erosion and ulceration, with 
corneal opacification and non-visible iris as 
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complications, may result from even minor 
hydrofluoric acid splashes [33], [55]. Prolonged HF 
exposure can lead to loss of vision and total eye 
destruction. Ocular burn with a complete diffusion into 
the cornea has been detected within 4 min exposure 
to 2.5% HF acid [48].  

 

Gastrointestinal exposure 

Ingestion of a solution of hydrofluoric acid 
[13], [14], [37], [38], causes strong caustic effect on 
the mouth and throat, erythema, ulcerations and 
bleeding of the oral mucosa, with the risk of 
perforation of the esophagus and/or stomach, erosive 
gastritis [16] followed by severe abdominal pain, 
dysphagia, nausea, vomiting and diarrhea, that 
eventually may progress to hemorrhagic gastritis, 
hematemesis and melena [11], [12], [39], [41]. Liver 
congestion, hepatocellular swelling and pancreatitis 
may also be present [16].  

An autopsy finding of a person who 
accidentally ingested a mixture of 
hydrochloric and hydrofluoric acid revealed 
haemorrhages in the gastrointestinal tract, brownish 
discolouration of the oesophagal, gastric, duodenal 
and small intestinal mucous membranes with necrosis 
foci reaching the deeper layers of the walls, numerous 
ulcerations in the oesophagus and the stomach, and 
congested mucous membrane of the large intestine 
[18].  

 

Respiratory exposure 

Symptoms from respiratory system may occur 
when exposed to HF gas, fumes or vapours which 
arise when liquid acid evaporates on increased 
ambient temperature; in the case of a pulmonary 
aspiration while ingesting [1]; as a systemic toxicity 
symptom after HF acid ingestion [16], [18]; as a 
respiratory complication after HF splashes on the skin 
[24], or after severe dermal burns [45].  

The toxicological effect of HF gases or 
vapours on the airway epithelia depends on the 
inhaled doses: when exposed up to 1.5 mM HF, no 
toxic effect has been observed; repairable damage to 
the epithelial cells has been detected when inhaled 
7.5 mM HF, while severe, irreversible damage has 
been caused by 75 mM inhaled HF gas [48].  

Inhalation of toxic gases or vapours provokes 
nasal irritation and inflammation, dryness and 
mucosal bleeding with subsequent ulceration and/or 
perforation of nasal septum, erythema and oedema of 
the oral, nasal end laryngeal mucous membrane. 
Continued exposure can results in coughing, dyspnea, 
laryngitis, laryngospasm and retrosternal pain, 
followed by chills, fever, and cyanosis [5], [56]; it has a 
devastating effect on the trachea and bronchi causing 
tracheobronchitis, bronchiolar obstruction [10] and 
bleeding accompanied by stridor and wheezing. 

Gaseous HF when reaches the pulmonary tissue 
provokes pulmonary oedema and congestion, pleural 
effusion, pneumonia [16], [57], and even partial or 
complete lung collapse [9], [40]. Chest radiograph 
revealed pulmonary oedema [57] or diffuse infiltrative 
shadows over the lungs’ parenchyma [35], [56]. Acute 
respiratory failure may even lead to a lethal outcome 
[20] with little to no additional signs of trauma [17]. 
Chronic, repeated exposure to hydrofluoric acid-
containing fumes may provoke pulmonary alveolar 
proteinosis followed by long-lasting dyspnea [3]. 

The presence of pale bronchial mucus on the 
bronchial membrane and congested, edematous 
mucosa several days after skin exposure have been 
confirmed by fiberoptic bronchoscopy [45]. 
Extravasations and hemorrhagic infarcts have been 
detected in the lungs after fatal accidental ingestion of 
a mixture of hydrochloric and hydrofluoric acid [18]. 

 

Systemic poisoning 

Absorption of the fluoride ions into the 
bloodstream after dermal HF exposure, ingestion, or 
inhalation, and their distribution in all cells [16] may 
result in systemic toxicity [28]. The degree of toxicity 
and the outcome depends on the HF concentration 
and duration of exposure, burn surface area and burn 
depth, and the time elapsed between exposure and 
decontamination/medical treatment [15], [45].  

When exposed to diluted solutions or low-
saturated gas, the symptoms are often delayed. Even 
a severe dermal burns provoked by concentrated HF 
acid with symptoms of systemic poisoning, when 
treated in timely manner with appropriate therapy, 
may have favorable outcome, as in the following 
cases: face and neck exposure to 100% HFA [56], 
[57], skin burns provoked by 71% HFA occupying 
7%TBSA [58], skin burns provoked by 70% HFA 
occupying 10%TBSA [59], face and neck exposure to 
53% HFA [60].  

Cases with expressed systemic disorder 
including electrolyte imbalance, enzyme inhibition, 
symptoms of hypovolemic shock, multiorgan failure, 
acute respiratory failure and numerous ventricular 
fibrillation or asystole, in which resuscitation 
procedures have been ineffective, have a lethal 
outcome [15], [18], [19]. 

 

Laboratory findings 

Due to the high affinity of fluoride ion towards 
calcium and magnesium, and formation of insoluble 
salts, massive systemic electrolyte imbalance, which 
is difficult to counterbalance, may occur [53], [60]. 
This includes hypocalcemia, hypomagnesemia [45], 
hyperkalemia [14], [15], [19] or hypokalemia [2], [61], 
[62], fluorosis and metabolic acidosis [1], [19]. 
Enzyme inhibition and coagulation disorders [15], [22] 
are common findings as well.  
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Cardiovascular system disorder 

The electrolytic imbalance affects the 
cardiovascular system, provoking hypotension and 
vasospasm [53], [63]. Hypocalcemia causes 
decreased myocardial contractility and intermittent 
prolongation of the Q-T interval, which is associated 
with degenerative rhythms such as torsades de 
pointes, a specific type of ventricular tachycardia that 
may cause sudden death. Hypomagnesemia is also 
associated with prolonged QTc and lethal 
dysrhythmias [9], [14], [38]. Moderate hyperkalemia 
can cause ECG changes, while severe hyperkalemia, 
due to the suppression of the electrical activity of the 
myocardium, may cause cardiac arrest. Additionally, 
free fluoride ions activate myocardial adenylyl cyclase 
thus increasing cyclic adenosine monophosphate 
(cAMP), which stimulates the myocardium inducing 
refractory ventricular fibrillation. Severe fluoride 
intoxication may provoke sudden cardiac arrest with a 
lethal outcome [1], [2], [13], [16], [18], [19], [23]. 

Recurrent ventricular dysrhythmias [14] or 
asystolia [62] can be developed several hours after 
HF acid ingestion or dermal exposure, while 
congestive heart failure provoked by toxic myocarditis 
has been detected as a long-term complication, four 
months after the hydrofluoric acid ingestion [12].  

 

Renal symptoms 

Fluorosis causes renal dysfunction, 
insufficiency and renal cortical necrosis followed by 
hematuria, proteinuria and azotemia [9], [15], [19], 
[22]. 

 

Osteosceletal symptoms 

As the significant amount of fluoride deposits 
in the bones, osteolysis caused by HF intoxication has 
been observed. 

 

Neuromuscular symptoms 

Intoxication caused by acute exposure to HF 
acid may influence the function of the neuromuscular 
system. Hypocalcemia and hyperkalemia cause 
depolarisation of nerves and muscle fibres and 
interfere with the normal transmission of electrical 
signals throughout the neurons. The intoxicated 
person may become anxious, confused with 
headaches, may have seizures, paresthesia, paresis 
and paralysis [9], and may develop carpopedal and 
generalised tetany. When exposed to high doses, 
brain oedema followed by deep coma may occur [15], 
[16], [19].  

  

 

 

Immediate, Decontamination/ 
Neutralization Procedures and Hospital 
Medical Treatment of the HF-Exposed 
Person 

 

Correct diagnosis and timely treatment are of 
great importance when one is exposed to HF acid. 
Before starting any procedure, the exposed person 
should be checked for regular respiration and pulse, 
and in the case of suspected trauma, cervical 
immobilisation with a cervical collar and a backboard 
should be conducted. Decontamination implemented 
within the first minute and topical treatment including 
the use of the antidote is a critical procedure to 
prevent or minimise on-going HF absorption and 
progressive tissue destruction caused by fluoride ions 
[44].  

Sometimes, systemic support by qualified 
medical staff should be obtained [54]. Immediate 
transport to the hospital is mandatory for the 
decontaminated person who has been in contact with 
the concentrated HF acid solutions/ vapours, if 
exposure to the low HF concentration lasted longer, 
still having acute symptoms or systemic complications 
are expected (no matter of the route of exposure). 
During the transport, skin and eye irrigation should 
continue, assistant ventilation if breathing has stopped 
and cardiopulmonary resuscitation (CPR) in the case 
of cardiac arrest should be given. The person who has 
been exposed to HF fumes only, and does not have 
any symptoms of skin/eyes burns, should be 
transported to the hospital as well and held for 
observation for at least 24 hours, the period when 
swelling of the respiratory tract is expected 
[24],[25],[26].  

 

Treatment of the HF skin burns 

Decontamination is mandatory for the victims 
with the dermal or ocular contact; contaminated 
clothing, as well as jewellery that could trap HF, 
should be immediately removed and double-bagged 
[31]. There are several methods that can be used for 
decontamination and neutralisation of the exposed 
skin and hair: rinsing with water, saline or solution of 
soap and water, and neutralisation performed with 
calcium gluconate, benzalkonium chloride, 
polyethylene glycol, magnesium oxide or 
Hexafluorine. 

Rinsing with cold or warm (16°C) running 
water [29], [31], [33], [45], [51], [56], [59] or saline, for 
at least 30 minutes is the most commonly used 
decontaminating procedure. A solution of soap and 
water which should have a pH value of at least 8 
(should not exceed a pH value of 10.5), is also 
recommended to neutralise low pH of the HF acid 
[52], using a soft brush and moving in a downward 
motion (from head to toe). Five per cent solution of 
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sodium bicarbonate can be successfully used as well 
[45]. Rinsing should be thoroughly performed until the 
contaminant is removed [4]. Ice pack on the affected 
area may reduce symptoms by vasoconstriction it 
provokes and retarding diffusion of the ion into the 
bloodstream [4]. Special attention should be paid 
when decontaminating children or the elderly because 
of the risk of hypothermia (blankets or warmers may 
be used) [4], [24].  

Calcium gluconate (CaG) in its various 
formulations (solution, gel or ointment), administered 
immediately, is used as the most appropriate antidote 
when one is exposed to hydrofluoric acid. Sterile 
gauze moistened with 10% solution of calcium 
gluconate may be used to cover burn areas [45]. 
When used as a gel, 2.5 % CaG should be applied 
and rubbed into the affected area for 15-30 minutes 
[25], [40], wearing a new pair of chemical resistant 
gloves in order to prevent possible secondary HF 
burns [26]; upon reaction with the acid and forming 
CaF2 precipitate, CaG gel turns white. The gel should 
be re-applied, every 10-15 minutes until the 
ambulance arrives or a physician gives medical 
treatment [26]. If used as a definitive treatment, 2.5% 
calcium gluconate should be applied 4 to 6 times 
daily, for 3 to 4 days [24]. Used as an ointment, it 
should be applied every two hours [51]. Application of 
surgical jelly consisting of 50% calcium gluconate and 
50% dimethyl sulphoxide is recommended as well 
[29].  

An iced solution of 0.13 % benzalkonium 
chloride can be used for immersion or as soaked 
compresses for at least 2 hours (a total of 4 to 6 
hours); compresses should be changed or soaked 
with additional solution approximately every 2 to 4 
minutes [5], [49]. This solution should not be used for 
burns of the face, ears or other sensitive areas. 

Other useful agents are polyethylene glycol, 
magnesium oxide [59], 5% sodium bicarbonate [45], 
and Hexafluorine solution [48], [64]. 

Different agents have different ability in skin 
decontamination, neutralisation of the fluoride ion and 
minimising on-going HF absorption. According to 
Dennerlein et al. [65], polyethylene glycol reduces the 
cumulative penetrated amount of fluoride in the skin 
by 28%, flushing with water by 49%, while rinsing with 
CaG or Hexafluorine

©
 is the most effective method 

with a reduction rate of 64% [65]. 

Rinsing the 20-sec exposed skin to 70% HF, 
with running tap water for 15 min followed by one 
topical application of 2.5% CaG gel, has limited 
preventive effect over the integrity of the cellular 
structure in the epidermis and the papillary and 
reticular dermis. Recovery, after the initial cellular 
deteriorations, observed 1h after the exposure, turned 
into edematous changes in the epidermal basal layer 
3 hours later. No deterioration of the structures of 
either the epidermis or dermis have been detected 
after washing the exposed skin with Hexafluorine 

applied as a spray of 400 ml over 10 min, whatever 
the time of observation was [49].  

Hultén et al. [66] have not observed any 
differences in the electrolyte misbalance after dermal 
exposure to HF acid, between the Hexafluorine-
treated animals and those treated with water only. 
Further on, Brent [67], reviewing the data from 69 
relevant papers, concluded that water-based solutions 
are the best, widely available and inexpensive 
decontaminating fluids for dermal corrosive exposures 
[67]. However, Yoshimura et al. [59], concluded that 
even after a 3 hours delay, skin washing with 
Hexafuorine (followed by intravenous, intradermal, 
perilesional, and topical injunction of calcium 
gluconate) is beneficial in the treatment of first- to 
third-degree skin burns occupying approximately 10% 
of the TBSA, provoked by 70% HF. Decontamination 
with Hexafuorine has prevented the development of 
significant systemic toxicity which otherwise occurs 
when exposed to concentrated HF acid and often 
results with a fatal outcome [59]. 

Different neutralising abilities of agents are 
due to the different mechanism of action. Water has a 
mechanical rinsing and a diluting effect only; it has no 
active binding or chelating properties for any chemical 
substance, including hydrofluoric acid. As a hypotonic 
liquid, it cannot stop penetration of HF throughout skin 
layers and may enhance such penetration. Besides 
mechanical rinsing of the surface, a residue of fluoride 
ion might be still present on the skin in a sufficient 
quantity to provoke secondary necrosis.  

Unlike water, calcium gluconate is capable of 
chelating the free fluoride ions, forming insoluble salts, 
thus neutralising their toxical effect over the cells’ 
metabolism. A single application of CaG gel helps in 
delaying the onset of the skin injury and mitigating the 
severity of the damage, but the tissue lesions continue 
to evolve; this is the reason for recommendation, CaG 
gel to be applied multiple times [49].  

Hexafluorine® has a triple effect over the HF 
acid-exposed skin, eye or mucous membranes. As a 
sterile water-solution, it has the same rinsing and 
diluting effect as the pure water has. As an 
amphoteric compound, Hexafluorine actively acts 
against both primary mechanisms (corrosive and 
cytotoxic) through which HF acid causes tissue 
destruction: it has a property to neutralise the H

+
 ion 

and chelates the F
−
 ion. Consequently, 

decontamination with Hexafluorine® completely 
prevents cutaneous and eye tissue injuries [49], [64].  

Vapour burns of the skin are treated the same 
as liquid HF burns [36]. 

Hydrogen fluoride burns are followed by 
intense pain that should not be suppressed with local 
infiltration of anaesthetic because the degree of pain 
is an indicator of treatment efficacy.  

Topically applied, calcium gluconate has 
limited ability in term of chelating the F− ions that have 
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been already penetrated deeply into the skin tissues. 
In the case of large and/or deeply penetrating burns, 
when exposed to hydrogen fluoride concentrations 
greater than 50%, when the treatment is delayed, or if 
pain-relief is not achieved by previously applied CaG, 
subcutaneous injection of sterile aqueous calcium 
gluconate solution underneath the burned area and 
into the immediately adjacent skin should improve the 
neutralizing efficacy [29], [30], [52], [59], [68]; the 
recommended dose is limited to 0.5 mL/cm

2
 affected 

skin surface area of a 5% or 10% calcium gluconate 
solution (with a maximum of 0.5 mL per digit for finger 
burns), using a small gauge needle (#30) [29]. 
However, multiple injections into the fingers may lead 
to increased tissue pressure thus worsening an 
existing swelling, impairing circulation and causing 
ischemic necrosis [69]. It is recommended 
subcutaneous injection to be applied, only if there is a 
central grey burn with surrounding erythema, or when 
having severe throbbing pain [70].  

According to De Capitani et al. [51], “intra-
arterial calcium gluconate might be considered for 
finger burns caused by highly concentrated HF, when 
topical treatment is considered useless, or when 
intradermal and subcutaneous calcium injections 
cannot be performed” [51]. 

Calcium gluconate gel is not effective in 
treating burns of the nails as well. It may be necessary 
to drill, split or even remove nails to allow the topical 
methods of treatment to be effective [29], [30], [68]. 
Sometimes, removing the nails may be avoided by 
immediate immersion in benzalkonium chloride 
(Zephrian®) solution [24], [25]. 

The skin blisters, if already formed, should be 
opened and necrotic tissue should be debrided as 
soon as possible, as early debridement may facilitate 
healing [59]. There are several chirurgical methods 
which can be used for the treatment of the severe HF 
dermal burns: escharotomy or fish-mouth fasciotomy 
followed by intravenous administration of 
prostaglandin in order to maintain maximal distal 
circulation [71], succeed by skin grafting (a split-
thickness or full-thickness skin grafting) or flap 
transfer for wound closure and reconstruction [1]. In 
case of deep layer finger injuries of weight bearing 
portions such as finger pulp, a partial toe pulp-free 
flap should be performed to reconstruct the digits [71]. 

 

Treatment of the eye burns 

 After ocular exposure or irritation, the eyes 
should be immediately irrigated with a large amount of 
gently flowing cool plain water or sterile 0.9 % saline 
solution for 15-30 minutes [45], while holding eyelids 
apart, and moving the eyeball in every direction, thus 
ensuring the irrigator reaches all the surfaces. If the 
exposed person is wearing contact lenses, the lenses 
should be carefully removed [5], [24], [26]. If sterile 
1% calcium gluconate solution is available, water 

washing may be limited to 5 minutes. 

 Usage of 1-10% sterile aqueous solution of 
calcium-gluconate eye-drops [23], [33], [34], [45], 
although widely recommended as a preferred flushing 
agent, should be done with great care, because 
sometimes it may worsen the clinical outcome [4], 
[32].  

 Subconjunctival injection of a 1% CaG has been 
successfully used as well [25]. 

An in-vitro study revealed that 20% solution of 
mannitol used for 15 min immediately after the corneal 
HF exposure is an effective decontaminating agent 
[72]. 

According to Spöler et al. [55], Hexafluorine is 
the only decontaminating solution that preserves the 
transparency of the corneal surface, with no reported 
injuries or long-term consequences [55]. A five-year 
follow-up study revealed that chemical burns have not 
developed, nor further medical or surgical treatments 
have been needed in workers sustained an eye or 
skin HF splashes when treated with Hexafluorine [64]. 
According to Soderberg et al. [73], medical treatment 
other than initial decontamination with Hexafluorine is 
not required in workplaces where water 
decontamination followed by calcium gluconate 
injunction failed to prevent HF dermal and ocular 
burns and systemic toxicity [73]. 

One or two drops of proparacaine or 
tetracaine should provide rapid-onset ocular 
anaesthesia for 20 minutes to an hour, as severe pain 
is felt when erosion or corneal ulcer have already 
occurred. Corneal damage should be treated by an 
ophthalmologist. 

 

Treatment after HF acid ingestion 

When HF solution is ingested, it is very 
dangerous to induce vomiting. Instead, if the exposed 
person is conscious, his/her mouth should be 
thoroughly rinsed with water or with a 5-10% solution 
of calcium gluconate [9], [45].  

Gastric suction and lavage using a small 
flexible nasogastric tube are recommended within the 
first hour of ingestion [11] if a large dose of HF 
solution has been ingested or the patient has oral 
lesions or persistent oesophagal discomfort. Large 
amounts of room temperature water, milk (120-240 
ml), 10% CaG, magnesium-containing beverages (60-
120 ml) as well as 60 gr sodium polystyrene sulfonate 
should be taken orally or by nasogastric tube in order 
to dilute the acid and bind the remaining fluoride ions 
that have not been absorbed yet [9], [11], [24], [25], 
[26]. Anyway, good assessment should be done if 
using a nasogastric tube excludes the risk of 
oesophagal or gastric perforation [9].  

According to Heard and Delgado [39], oral 
administration of calcium- or magnesium-containing 



 Bajraktarova-Valjakova et al. Hydrofluoric Acid: Burns and Systemic Toxicity, Protective Measures, Immediate and Hospital Medical Treatment  
______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2018 Nov 25; 6(11):2257-2269.                                                                                                                                                2265 

 

solutions does not alter the toxic effect following 
hydrofluoric acid ingestion. It is forbidden to 
administrate sodium bicarbonate to neutralise the 
acid, as the carbon dioxide byproduct could cause 
severe burns [39]. 

Endoscopy may be performed to define the 
extent of the injury, to assess the state of mucous 
membrane and to prognosticate the course of 
recovery [11]. However, this procedure should be 
performed after the neutralisation of the HF acid 
content into the stomach, as the HF destroys optic 
fibres while attempting endoscopic examination [25]. 

 

  Treatment after HF inhalation 

After inhalation of HF gases, fumes or 
vapours, the affected person should be immediately 
moved to fresh air. One hundred per cent oxygen (10 
to 12 L/min flow rate) should be administered as soon 
as possible [45], and a bag-valve-mask for assistant 
ventilation can be used if breathing has stopped [24]. 

Calcium gluconate solution, 2.5% - 5%, given 
by intermittent positive-pressure ventilation using a 
nebuliser is the therapy of choice when starting the 
hospital treatment [17], [56]. Aerosolised 
bronchodilator should be administered in the patients 
with bronchospasm considering the myocardial 
condition; the risk of cardiac arrhythmias (especially in 
the elderly) should be estimated. Racemic 
epinephrine aerosol (0.25–0.75 mL of 2.25% racemic 
epinephrine solution in 2.5 cc water), repeated every 
20 minutes if needed, might be useful for children who 
developed stridor [5], [24]. In the case of pulmonary 
oedema, calcium gluconate and N-Acetyl cysteine 
given intravenously on the first day and with a 
nebuliser for 48 h after the exposure have been 
proved to be efficient in reducing the pulmonary 
secretion [57]. Aspiration and lavage of the affected 
bronchi [45] or lungs [3] may also be performed. 

If the respiration is compromised (in case of 
oedema, laryngospasm and hypoxemia), an airway 
may be secured via endotracheal intubation [11], [19], 
cricothyroidotomy or tracheotomy [35], [45], while the 
respiratory function should be established by 
mechanical ventilation. 

Fiberoptic bronchoscopy is a prognostic 
procedure that is performed to assess the extent of 
damage to the respiratory tract and to evaluate the 
efficacy of the conducted therapy [3]. 

 

Systemic toxicity treatment 

As mentioned before, the fluoride is a low-
molecular-weight anion that is easily absorbed 
through the skin, mucous membranes of the 
gastrointestinal and respiratory tracts, diffusing readily 
into the bloodstream causing fluorosis and acidosis, 
hypocalcemia, hypomagnesemia and hyperkalemia or 

hypokalemia [2], [61], [62]. The half-life of fluoride is 
12 to 24 hours and is eliminated primarily through 
renal excretion. Because of its highly toxic potential, 
increasing the renal elimination by administrating 
diuretic therapy and alkalization of the urine with 
sodium bicarbonate are of great importance [45]. 

Even if the serum electrolytes and blood 
saturation with oxygen are already normalised, 
recurrent ventricular fibrillation may still occur. It is 
assumed that the reason is fluoride-induced 
cardiotoxicity due to the high fluoride levels in the 
serum and urine. In such cases, hemodialysis enables 
full recovery of the intoxicated person [58]. 
Continuous renal replacement therapy, hemofiltration 
or hemodialysis, should be conducted as an effective 
and potentially lifesaving treatment in patients with 
severe systemic toxicity [23], [45], [60]. Antar-Shultz et 
al. [37], have confirmed 70% reduction of the fluoride 
level in the blood after three hours of hemodialysis, 
with the recommendation, the initial hemodialysis to 
be prolonged beyond the standard four-hour treatment 
session [37]. Continuous venovenous hemodialysis up 
to 72 hours followed by continuous venovenous 
hemofiltration up to 10 days has been performed to 
remove delayed release of fluoride ions to avoid 
fluoride-related cardiac toxicity [45]. 

According to Pu et al., “cardiac arrhythmia is 
the leading cause of death during the early stage, 
mainly due to polymorphic ventricular tachycardia and 
ventricular dysrhythmias” [45]. Hypocalcemia is 
considered as the main factor that provokes 
disturbances in the cardiac rhythm. Therefore 
calcium-containing substances are mainstays of 
therapy for fluoride toxicity [11]. Normal calcium level 
can be achieved by ordering intravenous (IV) 
infusions of 10% calcium gluconate [74], [75], [76], 
with doses of 0.1 to 0.2 mL/kg. Infusions can be 
repeated until serum calcium, ECG, or symptoms 
improve. If hand or forearm is affected, Hatzifotis et al. 
[29] recommended regional IV infusion of 40 ml 10% 
CaG with 5000 U heparin. Pu et al. [45] in a person 
with severe cutaneous injuries involving approximately 
60% of the TBSA (with third-degree burns present on 
approximately 13% of the burn area), provoked by 
10% HF and 50% nitric acid, after an initial 20mL IV 
bolus of 10% CaG, continued the infusion with 6 g/h 
until ultimate normalization of calcemia and 
stabilization of the cardiac rhythm (a total of 55g of 
CaG during the first 24 hours) [45]. A total of 8.4 gr of 
elemental calcium administered as 10% calcium 
gluconate at 20 mL/h, is a dosage that has normalised 
Ca level when ingested 120 ml of 20-25% HFA [11]. 

Intra-arterial infusion of calcium gluconate, 
firstly reported by Köhnlein and Achinger [50], is 
indicated when exposed to high HF concentrations 
with severe burns [51], rapid destruction of tissues 
and acute systemic toxicity especially in patients with 
upper and lower extremities- and facial burns [29], 
[30], [63], [77], [78]. According to ASTDR, the initial 
dosage is 10 mL of 10% calcium gluconate diluted 
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with 40 mL D5W given intra-arterially over 4 hours. If 
the pain is unrelieved, 20% concentrations should be 
used. The ultimate goal is achieving a pain-free 
condition for up to 4 hours [24]. 

Nguyen et al. [79] reported a case of calcium 
gluconate infusion via the external carotid artery in a 
person with severe face burn. When severe burns of 
the digits, the brachial or the radial artery [51], [77], 
[80] are catheterised, depending on the fingers 
involved [53]. Intra-arterial infusions of 2% CaG 
solution in 5% dextrose have been given through 
radial artery at wrist level, every four hours for 36 
hours when burned middle and fourth fingers with 
70% HF acid [51]. Pain symptoms have been 
improved and sensory, and motor functions have 
been restored in the fingers D II to D V injured with 
60% HFA, after intra-arterial infusion of 10 ml 20% 
CaG in 40 ml 0.9 % NaCl administered over 4 hours. 
Thomas et al. [63] concluded that intra-arterial calcium 
gluconate injection is a successful and well-tolerated 
therapy for HF burn of the hand associated with 
Raynaud's syndrome [63]. Vasospasm of the common 
palmar digital artery has been eliminated by 
vasoactive therapy with alprostadil while platelet 
aggregation has been inhibited with acetylsalicylic 
acid and clopidogrel [53]. 

However, a great precaution and Intensive 
Care Unit (ICU) monitoring is required when ordering 
intra-arterial infusion (in terms of infusion solution, 
concentration, and time interval) as some serious 
complications may occur including artery spasm and 
bleeding, hematomas followed by median nerve 
palsies, carpal tunnel syndrome, hypercalcemia and 
even a high morbidity when brachial artery-
cannulation [23].  

Hypomagnesemia, associated with a 
prolonged QTc and possible lethal dysrhythmias, can 
be solved by 2 to 4 mL of 50% of magnesium sulfate 
intravenously, over 40 minutes [4], [24], [61], [62], 
[74], or continuous IV infusion of 25% magnesium 
sulfate at 1.5 g/h according to the concentration of 
serum magnesium [11], [45].  

Hyperkalemia, provoking ECG disturbances 
or cardiac arrest, should be treated with calcium 
gluconate (10-20 ml of 10% solution IV) to protect 
myocardium, in conjunction with 10 U of regular 
insulin intravenously administered along with 50 mL of 
50% dextrose (or glucose) [11] to enhance shifting 
potassium from the vascular space into the cells; 10-
20 mg (5 mg/ml) Albuterol (Ventolin) administered by 
nebulizer, has additive effect to that of insulin, while 
20-40 mg Furosemide (Lasix) IV, increases renal 
excretion of potassium, thus, both of them, decreasing 
the free potassium level. Sodium bicarbonate 
administered intravenously as 8.4 % solution and 60 g 
sodium polystyrene sulfonate given via the 
nasogastric tube or in 30 ml of sorbitol solution 
administered orally (in the case of HFA ingestion), 
removes potassium from the blood or gastrointestinal 

tract in exchange for sodium [11]. 

Patients with a life-threatening condition 
(substantial skin burns, persistent hypotension, 
respiratory distress, cardiac arrhythmias, seizures and 
coma) should be admitted at an intensive care unit 
[30], and treated according to Advanced Life Support 
(ALS) protocol. 

In the case of ventricular fibrillation, 
defibrillation should be conducted, as many times as 
needed [11], [14], [45] and administrate dobutamine to 
improve left ventricular contraction. If acute respiratory 
distress syndrome (ARDS) appears, and routine 
mechanical ventilation or higher level of applied 
positive end-expiratory pressure (PEEP) cannot 
improve oxygenation, extracorporeal membrane 
oxygenation (ECMO) is a method for relief from 
hypoxemia and/or carbon dioxide retention [45], [57]. 

Additionally, glucocorticoid 
(methylprednisolone 40mg/8h) and antibiotic to 
prevent bacterial infection should be administered 
[35], [45]. 

Unfortunately, when exposed to high 
concentration of HFA solution (50% and higher), with 
extensive and deep skin burns (third-degree), even a 
vigorous medical treatment consisted of a continuous 
administration of calcium gluconate (50 ml/h, 8,5% 
solution) and magnesium sulfate, a massive 
transfusion of saline with catecholamine (vasopressor) 
for the treatment of shock, Midazolam (2 mg), 
vecuronium (8 mg), and buprenorphine (0.2 mg), 
extensive skin debridement and even leg amputation 
in order to prevent HFA flowing into systemic 
circulation, defibrillation and cardiopulmonary 
resuscitation could not stop the progression of 
disseminated intravascular coagulation that eventually 
lead to cardiopulmonary arrest, progressive organ 
damage and lethal outcome [19].  

 

 

Conclusion 

 

Due to its high reactivity, hydrofluoric acid is a 
commonly used the chemical compound in many 
industrial branches and as a domestic cleaning agent. 
It possesses corrosive potential causing burns and 
tissue necrosis on the site of contact, while when 
absorbed into the bloodstream and distributed to all 
organs and tissues, it provokes potential life-
threatening systemic toxicity and organs failure. All 
this imposes an extraordinary caution and great 
awareness of health consequences when using, and 
implementation of all personal and general protective 
measures. 

The kinetics of the fluoride ion penetration into 
the skin and mucous membrane and organ 
distribution imposes appropriate urgent first aid and 
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secondary medical management. Initial 
decontamination procedures started within the first 
minute after the exposure, neutralisation and antidote 
agents implemented promptly are of great importance 
to avoid or minimise the extent and depth of local 
tissue damage or necrosis, as well as to prevent 
absorption and systemic distribution of the fluoride 
ions and massive systemic electrolyte imbalance. 
Electrolyte replacement therapy including calcium 
gluconate and magnesium sulfate, fluid resuscitation, 
bronchodilators, glucocorticoids and antibiotics, 
vasopressors, in conjunction with insulin, furosemide 
and anticoagulants, are medicines of choice. 
Extracorporeal membrane oxygenation used to 
improve oxygenation and to support hemodynamic 
profile in case of acute respiratory distress syndrome 
or cardiac arrest, as well as renal replacement 
therapy, to remove serum fluorides and excess 
potassium, are sometimes necessary procedures to 
sustain life in severe fluoride intoxication.  
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Abstract 

Seborrheic keratoses (SK) are the most common skin tumour of humanity. The incidence of this purely benign 
epithelial proliferation is increasing with age and exposure to ultraviolet light. It has a remarkable variability in its 
clinical presentation raising some differential diagnoses. Recently, oncogenic mutations have been detected 
involved in the development of SK, which, however, do not bear the risk of malignant transformation. SK may also 
develop with the use of modern targeted drugs for the treatment of malignancies. The classical treatment options 
for SK are cryotherapy and curettage. Recently, topical treatment with 40% hydrogen peroxide and the nitric-zinc 
complex has been investigated. Ablative laser therapy is an effective treatment as well. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Introduction 

 

Seborrheic keratoses (SKs) are the most 
common benign epithelial tumours of humanity with 
an increasing incidence with age. The predilection 
zones of SKs are trunk and forehead. An important 
clinical sign is the formation of multiple horn pearls [1]. 
In dermoscopy, comedo-like openings, milia-like 
cysts, and fissures and ridges are characteristic [2]. 
Although most SKs have a maximum diameter of less 
than 4 cm, sometimes giant lesions develop that 
raises some possible differential diagnoses including 
Buschke-Löwenstein tumours [3]. 

On the histologic level six subtypes can be 
differentiated: - hyperkeratotic type; - acanthotic type; 
- reticular/adenoid type; - clonal type; - irritated type;   
- melanoakanthoma [1]. Multiple eruptive SKs was 
known as Leser-Trélat-syndrome gain importance as 
a paraneoplasia [4]. 

Pathogenesis 

 

The etiopathology of SKs is not completely 
understood. They are considered a sign of ageing skin 
and UV-exposure may be associated with. The viral 
hypothesis is suggesting the involvement of human 
papillomavirus has not been substantiated by recent 
studies [5], [6]. 

Expression of the amyloid precursor protein 
(APP) has been evaluated in SKs versus normal skin 
by immunohistochemistry, Western blotting and 
quantitative real-time polymerase chain reaction 
(PCR). APP and its downstream products (i.e. 
amyloid-β42) were stronger expressed in SK than in 
paired adjacent normal skin tissues. In contrast, the 
expression of its key secretase (i.e. β-secretase1) was 
low.  

Furthermore, APP expression was higher in 
UV-exposed than non-exposed skin sites and the 
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older age group. APP expression correlated positively 
with age in the epidermis (p < 0.05), but not in the 
dermis. These findings suggest that overexpression of 
APP may promote the onset of SK and is a marker of 
skin ageing and UV damage [7].  

Exome sequencing of SKs indicated three 
mutations per megabase pairs of the targeted 
sequence. The mutational pattern depicted typical UV 
signature with the majority of alterations being C > T 
and CC > TT base changes at dipyrimidinic sites. The 
FGFR3 mutations were the most frequent, detected in 
48% of lesions, followed by the PIK3CA (32%), TERT 
promoter (24%) and DPH3 promoter mutations (24%) 
[8]. 

Neel et al., (2016) investigated SKs, which 
frequently have acquired oncogenic mutations in the 
receptor tyrosine kinase/phosphatidylinositol 3-
kinase/Akt signalling cascade. They demonstrated 
that SKs have a hypersensitivity to Akt inhibition. 
FoxN1 is a novel biomarker of the oncogenically 
activated but benign phenotype in SKs.  

They also established that Akt inhibition 
caused an increase in p53 protein expression, but not 
RNA expression and that Akt-mediated apoptosis was 
dependent on p53 and FoxO3, a target of Akt [9]. 

 

 

Hyperkeratotic type 

 

The histologic feature of this common subtype 
is orthohyperkeratosis with papillomatosis. Acanthosis 
is mild or absent. Horn pearls are missing (Figure 1) 
[1]. 

 

Figure 1: Hyperkeratotic seborrheic keratosis 

 

This is the most common subtype (Figure 2). 
The tumours are characterised by huge acanthosis 

but mild or missing hyperkeratosis and papillomatosis. 
Horny invaginations that on cross-sections appear as 
“pseudo-horn cysts” are numerous. True horn cysts 
are also seen, which show sudden and complete 
keratinisation with a very thin granular layer 
surrounding it [1].  

 

Figure 2: Dermoscopic presentation of acanthotic seborrheic 
keratosis with multiple pseudo-horn cysts 

 

 

Reticular or adenoid type 

 

The SKs of this subtype is characterised by 
reticular acanthosis of thin, double row with mild to 
moderate hyperkeratosis and papillomatosis. These 
SKs are often hyperpigmented. Horn pearls are 
uncommon. This subtype is more common in sun-
exposed areas (Figures 3 and 4) [10]. 

 

Figure 3: Hyperpigmented adenoid seborrheic keratosis of the vulva 
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Figure 4: Reticular seborrheic keratosis with an oak-leave 
appearance 

 

 

Clonal type 

 

In this type marked acanthosis and 
papillomatosis are associated with 
orthohyperkeratosis. Tumour cells are spindle-
shaped. With a tumour demarcated tumour, islands of 
basaloid cell nests are found. Major differential 
diagnosis to clinal SK is pagetoid Bowen’s disease 
(Figure 5). Immunohistochemistry may be helpful in 
selected cases to distinguish both entities. 
Cytokeratin-10 is more expressed in clonal SK, while 
increased Ki-67-positive cells and the presence of > 
75% positive p16 cells is in favour of pagetoid 
Bowen’s disease [11]. 

 

Figure 5: Giant hyperpigmented clonal seborrheic keratosis 
resembling Buschke-Löwenstein a tumour 

 

 

Irritated type 

 

Here, a proliferation of spindle-shaped 
eosinophilic tumours cells is found, sometimes in 
whorl-like formations. Dyskeratotic cells may be 

present. In clinical practice, it is important to separate 
irritated SK from cutaneous squamous cell carcinoma 
(SCC) (Figure 6). Immunohistochemistry may be 
helpful to distinguish both entities. In a recent study, 
the combination of U3 small nucleolar 
ribonucleoprotein protein IMP3 and B-cell lymphoma 2 
regulatory protein (BCL-2) may has been shown 
diagnostic utility in distinguishing between irritated SK 
and SCC in daily clinical practice while epidermal 
growth factor receptor (EGFR) immunohistochemistry 
did not appear to be useful in this setting [12]. 

 

Figure 6: Irritated seborrheic keratosis resembling cutaneous 
squamous cell carcinoma 

 

In the illustrated case of an SK prepatellar, 
koilocytes were present as a histological sign of a 
secondary viral infection. A higher prevalence of 
human papillomavirus p16 expression has been found 
preferably in genital SKs with 65% to 69.6% [13], [14]. 
The prevalence is lower in vulvar SKs in women older 
than 50 years with 14.3% [15]. Herpes virus 6A is 
another virus that can be detected in SKs [16]. In a 
recent study, Merkel cell polyomavirus could be 
detected in 6 of 23 SKs by polymerase chain reaction 
(PCR) and fluorescence in situ hybridisation (FISH) 
[14]. Expression of p16 and p21 had been detected in 
SKs with Bowenoid transformation [17].  

With the development of checkpoint inhibitors, 
new adverse events have been seen in treated 
patients. Rhambia et al., (2018) reported on 
inflammatory reactions in SKs induced by 
programmed cell death-1 (PD1) inhibitor nivolumab. 
Chronic viral infections are known to result in T-cell 
tolerance because of persistent antigen stimulation. A 
viral infection is a secondary event in SKs. PD-1 
inhibition can reinvigorate exhausted T cells, which 
are accordingly able to decrease viral load. Thus, the 
inflammatory reaction of SKs may be the result of PD-
1 inhibition reactivating virally driven T lymphocytes 
[18]. 

LL-37 is a naturally occurring 37-amino-acid 
peptide that is part of the innate immune system in 
human skin. Studies have shown that intra-tumoral 
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injections of LL-37 stimulate the innate immune 
system by activation of plasmacytoid dendritic cells, 
which mediate tumour destruction. It has been 
reported that LL-37 induces an inflammatory response 
to SKs characterised by a lichenoid cellular infiltrate 
[19]. 

 

 

Melanoakanthoma 

 

This is the hyperpigmented acanthotic type 
with a proliferation of basaloid cells with mild or even 
absent hyperkeratosis. Numerous melanocytes are 
intermingled. Melanophages are located within the 
dermis underneath a tumour (Fig. 7) [1]. 

 

Figure 7: Melanoacanthoma with prominent horn cysts 

 

 

Treatment 

 

Patients have wide ranges of motivations for 
treating or removing SKs, including embarrassment 
from the stigmatising appearance of the lesion, 
physical irritation or pruritus, and a desire to look 
younger [20].  

Lesions that are inflamed, bleeding, ulcerated, 
or sufficiently irritated should be further characterised 
by a biopsy or excision to rule out malignancies [21]. 

Two recent randomised trials 
(ClinicalTrials.gov identifiers: NCT02667236 and 
NCT02667275) compared the safety and efficacy of 
40% hydrogen peroxide topical solution (HP40; 
ESKATA

TM
, Aclaris Therapeutics, Inc., Wayne, PA) 

versus vehicle (VEH) for the treatment of SKs. This 
trial included 937 patients with 4 SKs who were 
randomised 1:1 to HP40 or VEH.  

The clinical response was graded using the 
Physician's Lesion Assessment (PLA) scale (0: Clear; 
1: Near-Clear; 2: ≤ 1 mm thick, and 3: > 1 mm thick). 
After one treatment, SKs with PLA > 0 were re-treated 

3 weeks later. At day 106, significantly more HP40 
patients versus VEH achieved PLA = 0 on all 4 SKs 
(4% or 8% vs 0%) and 3 of 4 SKs (13% or 23 % vs 
0%). A higher mean per-patient percentage of SKs 
were Clear (25% vs 2 % or 34% vs 1%) and 
Clear/Near-Clear (47% vs 10% or 54% vs 5%) with 
HP40 versus VEH. Most local skin reactions were mild 
and resolved by day 106 [22]. HP40 may act not only 
through its direct oxidation of organic tissues, 
generation of reactive oxygen species, and local lipid 
peroxidation but also by the generation of local 
concentrations of oxygen that are toxic to SK cells [23] 
[24]. 

A nitric-zinc complex has been used to treat 
50 SK lesions. The topical formulation is an aqueous 
solution containing nitric acid, zinc and copper salts, 
and organic acids (acetic, lactic, and oxalic acid). 
Treatment consisted of the topical application to 
obtain a whitening or yellowish reaction on top of SKs. 
Application of the nitric-zinc solution was performed 
every other week until clinical and dermoscopic 
clearance or crust formation, for a maximum of 4 
applications. All subjects, who reported no or minimal 
discomfort during and after the application of the 
solution, completed the study. After eight weeks, 
complete clearance was observed in 37 lesions after 
an average of 3 applications/lesion. A partial 
response, with minimal persistent residual spots, was 
detected in the remaining 13 lesions. All patients with 
complete clearance showed no relapses at a 6-month 
follow-up [25].  

Case reports have been published with the 
successful use of either diclofenac gel, imiquimod, 
dobesilate or calcitriol [26], [27], [28], [29]. 

Patients preferred cryotherapy over curettage 
in a small trial (n = 25). But physicians rating observed 
more redness at 6 weeks and the tendency for 
hypopigmented scar formation at greater than 12 
months with curettage. Leftover SK lesion occurred 
more frequently with cryotherapy in the short and long 
term [30]. 

The use of ablative lasers and cryotherapy for 
SKs has a long tradition. But which method is better? 
A comparative trial was carried out on 42 patients with 
SK of 0.5-3 cm, located on the back, chest, face and 
neck. Lesions with a similar size and location on the 
same patient were matched. In the same session, half 
of the lesions were treated with cryotherapy, while the 
other half were treated with Er: YAG laser [31].  

Following the first treatment, complete healing 
was detected in all of the lesions (100%) treated with 
Er: YAG lasers, while the healing rate was 68% in the 
cryotherapy group (p < 0.01). In the Er: YAG laser-
treated group, hyperpigmentation was significantly 
lower and more erythema developed than in the 
cryotherapy group [31]. The results are in one line 
with our own experiences with Er: YAG laser [32].  

The CO2 laser is another opportunity but with 
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a higher risk of scarring and pigmentary changes [33]. 
Small case series have used intense pulsed light [34]. 

In conclusion, SKs are very common. Their 
clinical variability can confuse with other potentially 
malignant skin diseases. Treatment options include 
topical and surgical options. 

 

 

References 

 

1. Jackson JM, Alexis A, Berman B, Berson DS, Taylor S, Weiss 
JS. Current Understanding of Seborrheic Keratosis: Prevalence, 
Etiology, Clinical Presentation, Diagnosis, and Management. J 
Drugs Dermatol. 2015; 14(10):1119-25. PMid:26461823  

2. Takenouchi T. Key points in dermoscopic diagnosis of basal cell 
carcinoma and seborrheic keratosis in Japanese. J Dermatol. 
2011; 38(1):59-65. https://doi.org/10.1111/j.1346-
8138.2010.01093.x PMid:21175757  

 

3. Wollina U, Chokoeva A, Tchernev G, Heinig B, Schönlebe J. 
Anogenital giant seborrheic keratosis. G Ital Dermatol Venereol. 
2017; 152(4):383-6. PMid:25604463  

 

4. Thiers BH, Sahn RE, Callen JP. Cutaneous manifestations of 
internal malignancy. CA Cancer J Clin. 2009; 59(2):73-98. 
https://doi.org/10.3322/caac.20005 PMid:19258446  

 

5. Tsambaos D, Monastirli A, Kapranos N, Georgiou S, Pasmatzi 
E, Stratigos A, Koutselini H, Berger H. Detection of human 
papillomavirus DNA in nongenital seborrhoeic keratoses. Arch 
Dermatol Res. 1995; 287(6):612-5. 
https://doi.org/10.1007/BF00374085 PMid:7487151  

 

6. Kambiz KH, Kaveh D, Maede D, Hossein A, Nessa A, Ziba R, 
Alireza G. Human Papillomavirus Deoxyribonucleic Acid may not 
be Detected in Non-genital Benign Papillomatous Skin Lesions by 
Polymerase Chain Reaction. Indian J Dermatol. 2014; 59(4):334-8. 
https://doi.org/10.4103/0019-5154.135475 PMid:25071248 
PMCid:PMC4103265 

 

7. Li Y, Wang Y, Zhang W, Jiang L, Zhou W, Liu Z, Li S, Lu H. 
Overexpression of Amyloid Precursor Protein Promotes the Onset 
of Seborrhoeic Keratosis and is Related to Skin Ageing. Acta Derm 
Venereol. 2018; 98(6):594-600. https://doi.org/10.2340/00015555-
2911 PMid:29487944  

 

8. Heidenreich B, Denisova E, Rachakonda S, Sanmartin O, 
Dereani T, Hosen I, Nagore E, Kumar R. Genetic alterations in 
seborrheic keratoses. Oncotarget. 2017; 8(22):36639-49. 
https://doi.org/10.18632/oncotarget.16698 PMid:28410231 
PMCid:PMC5482683 

 

9. Neel VA, Todorova K, Wang J, Kwon E, Kang M, Liu Q, Gray N, 
Lee SW, Mandinova A. Sustained Akt Activity Is Required to 
Maintain Cell Viability in Seborrheic Keratosis, a Benign Epithelial 
Tumor. J Invest Dermatol. 2016; 136(3):696-705. 
https://doi.org/10.1016/j.jid.2015.12.023 PMid:26739095  

 

10. Roh NK, Hahn HJ, Lee YW, Choe YB, Ahn KJ. Clinical and 
Histopathological Investigation of Seborrheic Keratosis. Ann 
Dermatol. 2016; 28(2):152-8. 
https://doi.org/10.5021/ad.2016.28.2.152 PMid:27081260 
PMCid:PMC4828376 

 

11. Kalegowda IY, Böer-Auer A. Clonal Seborrheic Keratosis 
Versus Pagetoid Bowen Disease: Histopathology and Role of 
Adjunctive Markers. Am J Dermatopathol. 2017; 39(6):433-9. 
https://doi.org/10.1097/DAD.0000000000000669 PMid:28475506  

 

12. Richey JD, Deng AC, Dresser K, O'Donnell P, Cornejo KM. 
Distinguishing between irritated seborrheic keratosis and 
squamous cell carcinoma in situ using BCL-2 and IMP3 
immunohistochemistry. J Cutan Pathol. 2018; 45(8):603-9. 
https://doi.org/10.1111/cup.13269 PMid:29726030  

 

13. Harvey NT, Leecy T, Wood BA. Immunohistochemical staining 
for p16 is a useful adjunctive test in the diagnosis of Bowen's 
disease. Pathology. 2013; 45(4):402-7. 
https://doi.org/10.1097/PAT.0b013e328360c064 PMid:23635817  

 

14. Hillen LM, Rennspiess D, Speel EJ, Haugg AM, 
Winnepenninckx V, Zur Hausen A. Detection of Merkel Cell 
Polyomavirus in Seborrheic Keratosis. Front Microbiol. 2018; 
8:2648. https://doi.org/10.3389/fmicb.2017.02648 PMid:29375515 
PMCid:PMC5767171 

 

15. Reutter JC, Geisinger KR, Laudadio J. Vulvar seborrheic 
keratosis: is there a relationship to human papillomavirus? J Low 
Genit Tract Dis. 2014; 18(2):190-4. 
https://doi.org/10.1097/LGT.0b013e3182952357 PMid:24556611  

 

16. Ding L, Mo X, Zhang L, Zhou F, Zhu C, Wang Y, Cai C, Liu Y, 
Wei F, Cai Q. High prevalence and correlates of human 
herpesvirus-6A in nevocytic nevus and seborrheic diseases: 
Implication from a pilot study of skin patient tissues in Shanghai. J 
Med Virol. 2018; 90(9):1532-40. https://doi.org/10.1002/jmv.25217 
PMid:29727474  

 

17. Wu YH, Hsiao PF, Chen CK. Seborrheic keratosis with 
bowenoid transformation: the immunohistochemical features and 
its association with human papillomavirus infection. Am J 
Dermatopathol. 2015; 37(6):462-8. 
https://doi.org/10.1097/DAD.0000000000000285 PMid:25747812  

 

18. Rambhia PH, Honda K, Arbesman J. Nivolumab induced 
inflammation of seborrheic keratoses: a novel cutaneous 
manifestation in a metastatic melanoma patient. Melanoma Res. 
2018; 28(5):475-77. 
https://doi.org/10.1097/CMR.0000000000000477 

 

19. Dolkar T, Trinidad CM, Nelson KC, Amaria RN, Nagarajan P, 
Torres-Cabala CA, Ivan D, Prieto VG, Tetzlaff MT, Curry JL, Aung 
PP. Dermatologic toxicity from novel therapy using antimicrobial 
peptide LL-37 in melanoma: A detailed examination of the 
clinicopathologic features. J Cutan Pathol. 2018; 45(7):539-44. 
https://doi.org/10.1111/cup.13262 PMid:29665030  

 

20. Del Rosso JQ. A closer look at seborrheic keratoses: patient 
perspectives, clinical relevance, medical necessity, and 
implications for management. J Clin Aesthet Dermatol. 2017; 
10(3):16-25. PMid:28360965 PMCid:PMC5367878 

 

21. Karadag AS, Parish LC. The status of the seborrheic keratosis. 
Clin Dermatol. 2018; 36(2):275-7. 
https://doi.org/10.1016/j.clindermatol.2017.09.011 PMid:29566932  

 

22. Baumann LS, Blauvelt A, Draelos ZD, Kempers SE, Lupo MP, 
Schlessinger J, Smith SR, Wilson DC, Bradshaw M, Estes E, 
Shanler SD. Safety and efficacy of hydrogen peroxide topical 
solution, 40%(w/w) in patients with seborrheic keratoses: results 
from two identical, randomized, double-blind, placebo-controlled, 
phase 3 studies (A-101-SEBK-301/302). Journal of the American 
Academy of Dermatology. 2018. 
https://doi.org/10.1016/j.jaad.2018.05.044 

 

23. Bekeschus S, Kolata J, Winterbourn C, et al. Hydrogen 
peroxide: a central player in physical plasma-induced oxidative 
stress in human blood cells. Free Radic Res. 2014; 48(5):542-9. 
https://doi.org/10.3109/10715762.2014.892937 PMid:24528134  

 

24. Oyewole AO, Wilmot MC, Fowler M, et al. Comparing the 
effects of mitochondrial targeted and localized antioxidants with 
cellular antioxidants in human skin cells exposed to UVA and 
hydrogen peroxide. FASEB J. 2014; 28(1):485-94. 
https://doi.org/10.1096/fj.13-237008 PMid:24115050  

 

25. Lacarrubba F, Nasca MR, Verzì AE, Micali G. A novel topical 
agent in the treatment of seborrheic keratoses: A proof of concept 
study by clinical and dermoscopic evaluation. Dermatol Ther. 2017; 
30(5). 

 

26. Aktaş H, Ergin C, Keseroğlu HÖ. Diclofenac gel may be a new 
treatment option for seborrheic keratosis. Indian Dermatol Online J. 
2016; 7(3):211-2. https://doi.org/10.4103/2229-5178.182363 
PMid:27294065 PMCid:PMC4886602 

 

27. Karadag AS, Ozlu E, Uzuncakmak TK, Akdeniz N, Cobanoglu 
B, Oman B. Inverted follicular keratosis successfully treated with 
imiquimod. Indian Dermatol Online J. 2016; 7(3):177-9. 

 

https://doi.org/10.1111/j.1346-8138.2010.01093.x
https://doi.org/10.1111/j.1346-8138.2010.01093.x
https://doi.org/10.3322/caac.20005
https://doi.org/10.1007/BF00374085
https://doi.org/10.4103/0019-5154.135475
https://doi.org/10.2340/00015555-2911
https://doi.org/10.2340/00015555-2911
https://doi.org/10.18632/oncotarget.16698
https://doi.org/10.1016/j.jid.2015.12.023
https://doi.org/10.5021/ad.2016.28.2.152
https://doi.org/10.1097/DAD.0000000000000669
https://doi.org/10.1111/cup.13269
https://doi.org/10.1097/PAT.0b013e328360c064
https://doi.org/10.3389/fmicb.2017.02648
https://doi.org/10.1097/LGT.0b013e3182952357
https://doi.org/10.1002/jmv.25217
https://doi.org/10.1097/DAD.0000000000000285
https://doi.org/10.1097/CMR.0000000000000477
https://doi.org/10.1111/cup.13262
https://doi.org/10.1016/j.clindermatol.2017.09.011
https://doi.org/10.1016/j.jaad.2018.05.044
https://doi.org/10.3109/10715762.2014.892937
https://doi.org/10.1096/fj.13-237008
https://doi.org/10.4103/2229-5178.182363


 Wollina U. Seborrheic Keratoses – The Most Common Benign Skin Tumor of Humans 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2018 Nov 25; 6(11):2270-2275.                                                                                                                                                2275 

 

https://doi.org/10.4103/2229-5178.182354 PMid:27294052 
PMCid:PMC4886589 

28. Cuevas P, Angulo J, Salgüero I, Giménez-Gallego G. 
Clearance of seborrhoeic keratoses with topical dobesilate. BMJ 
Case Rep. 2012; 2012. 

 

29. Lu'o'ng Kv, Nguyễn LT. The roles of vitamin D in seborrhoeic 
keratosis: possible genetic and cellular signalling mechanisms. Int 
J Cosmet Sci. 2013; 35(6):525-31. 
https://doi.org/10.1111/ics.12080 PMid:23859137  

 

30. Wood LD, Stucki JK, Hollenbeak CS, Miller JJ. Effectiveness of 
cryosurgery vs curettage in the treatment of seborrheic keratoses. 
JAMA Dermatol. 2013; 149(1):108-9. 
https://doi.org/10.1001/2013.jamadermatol.275 PMid:23324775  

 

31. Gurel MS, Aral BB. Effectiveness of erbium:YAG laser and 
cryosurgery in seborrheic keratoses: Randomized, prospective 
intraindividual comparison study. J Dermatolog Treat. 2015; 

 

26(5):477-80. https://doi.org/10.3109/09546634.2015.1024597 
PMid:25798694  

32. Wollina U. Erbium-YAG laser therapy – analysis of more than 
1,200 treatments. Glob Dermatol. 2016; 3(2):268-72. 
https://doi.org/10.15761/GOD.1000171 

 

33. Bruscino N, Conti R, Campolmi P, Bonan P, Cannarozzo G, 
Lazzeri L, Moretti S. Dermatosis Papulosa Nigra and 10,600-nm 
CO2 laser, a good choice. J Cosmet Laser Ther. 2014; 16(3):114-
6. https://doi.org/10.3109/14764172.2013.854640 PMid:24131098  

 

34. Piccolo D, Di Marcantonio D, Crisman G, Cannarozzo G, 
Sannino M, Chiricozzi A, Chimenti S. Unconventional use of 
intense pulsed light. Biomed Res Int. 2014; 2014:618206. 
https://doi.org/10.1155/2014/618206 PMid:25276803 
PMCid:PMC4167959 

 

 

https://doi.org/10.4103/2229-5178.182354
https://doi.org/10.1111/ics.12080
https://doi.org/10.1001/2013.jamadermatol.275
https://doi.org/10.3109/09546634.2015.1024597
https://doi.org/10.15761/GOD.1000171
https://doi.org/10.3109/14764172.2013.854640
https://doi.org/10.1155/2014/618206

	OAMJMS-6-1941
	OAMJMS-6-1946
	OAMJMS-6-1953
	OAMJMS-6-1959
	OAMJMS-6-1965
	OAMJMS-6-1972
	OAMJMS-6-1977
	OAMJMS-6-1982
	OAMJMS-6-1986
	OAMJMS-6-1993
	OAMJMS-6-2001
	OAMJMS-6-2006
	OAMJMS-6-2012
	OAMJMS-6-2017
	OAMJMS-6-2023
	OAMJMS-6-2030
	OAMJMS-6-2035
	OAMJMS-6-2040
	OAMJMS-6-2045
	OAMJMS-6-2051
	OAMJMS-6-2057
	OAMJMS-6-2062
	OAMJMS-6-2067
	OAMJMS-6-2073
	OAMJMS-6-2079
	OAMJMS-6-2084
	OAMJMS-6-2091
	OAMJMS-6-2097
	OAMJMS-6-2101
	OAMJMS-6-2107
	OAMJMS-6-2111
	OAMJMS-6-2115
	OAMJMS-6-2119
	OAMJMS-6-2123
	OAMJMS-6-2128
	OAMJMS-6-2133
	OAMJMS-6-2136
	OAMJMS-6-2139
	OAMJMS-6-2142
	OAMJMS-6-2147
	OAMJMS-6-2152
	OAMJMS-6-2155
	OAMJMS-6-2161
	OAMJMS-6-2165
	OAMJMS-6-2168
	OAMJMS-6-2173
	OAMJMS-6-2180
	OAMJMS-6-2186
	OAMJMS-6-2193
	OAMJMS-6-2198
	OAMJMS-6-2206
	OAMJMS-6-2214
	OAMJMS-6-2221
	OAMJMS-6-2228
	OAMJMS-6-2233
	OAMJMS-6-2239
	OAMJMS-6-2245
	OAMJMS-6-2250
	OAMJMS-6-2257
	OAMJMS-6-2270

