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Abstract 

BACKGROUND: A variety of recent evidence exists about the clinical implication of low level of Pregnancy-
associated plasma protein A (PAPP-A) in pregnancy. This glycoprotein is a protease, which releases the Insulin-
like growth factor from IGFBP 4. Its role is a trophoblastic invasion of decidua, stimulation of cell mitosis and 
differentiation. It has an immunosuppressive effect in the placenta, inhibition of coagulation and complex role for 
integration of all these processes in the placenta. Level of PAPP-A (under 0.4 MoM-Multiple of Medians) in first-
trimester screening in chromosomally and morphologically normal fetuses, could influence fetal weight, 
preeclampsia, premature birth and stillbirth. As a result of the complications as mentioned earlier, there is 
implication on timing, mode of delivery and condition of the newborn. 

AIM: The study aims to evaluate the influence of low PAPP-A, measured in the first trimester on the outcome of 
pregnancy, with accent disorders, which are the result of placental insufficiency. Also, gestational week, mode of 
delivery and condition of newborn secondary underlying conditions will be evaluated. 

MATERIAL AND METHODS: After given information and consultation about the expectation from the screening, 
pregnant women with a singleton pregnancy were tested for First Trimester Screening to estimate the risk for 
Trisomy 21, 13, 18- the most frequent chromosomopathies. After exclusion of chromosomopathies and congenital 
malformations, one hundred and fourteen patients enrolled in the study. The target group (n = 64) with PAPP-A 
below 0.4 MoM and control group (n = 50) with PAPP-A equal and above 0.4 MoM. An assessment of mode and 
time of delivery and presence of small for gestational age newborns, preeclampsia, premature birth and newborn 
condition at delivery was made. 

RESULTS: The percentage of the patients delivered in term was similar between the target group (n = 64) and 

the control group (n = 50), 82.81% vs 82.0% respectively. The rate of cesarean section was 29.7 % in the target 
group vs 32% in the control group. A significant difference was found about elective vs urgent cesarean section in 
favour of the target group. The difference was present about the complication in pregnancy before delivery, 56% 
vs 22%, p = 0.023, which were the main indication for cesarean section. The difference in newborn outcome was 
not significant. 

CONCLUSION: There is a difference in frequency of complications, in the cases with PAPP-A under 0.4 MoM, 
such as premature birth, preeclampsia compound with SGA fetuses versus the control group. The difference for 
SGA newborn and premature birth among the groups has statistical significance. The patients delivered with 
cesarean section were with the main indications SGA or elevated blood pressure, often occurred combined with 
prematurity. Apgar score and birth weight were similar in target and control group, but the newborns with a birth 
weight under 2500 g. were more frequent in the target group. Because these results did not show another 
significance among two groups, probably lower cut-off is needed, combining with another test (Doppler of uterine 
arteries in the first trimester, biochemical test). Presence of other diseases which could hurt placental function 
should be emphasised. 

 
 
 

Introduction 

 

Term pregnancy generally lasts 37 to 40 
weeks or 259 to 280 days counted from the first day of 

the last menstrual periods. Postdate pregnancy 
occurs within a period of > 40 weeks to 42 weeks. The 
post-term pregnancy lasts more or equal to 42 weeks 
or 294 days, since the menstrual period followed by 
two weeks later ovulation [1]. The incidence of post-



Basic Science 
_______________________________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________________________ 

1730                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

term pregnancy in the world ranges from 4-19% [2], 
around 6% of the 4 million babies born in the United 
States during 2006 were born at 42 weeks of 
gestation or older [3]. In Indonesia, the incidence of 
post-term pregnancy is approximately 10% [4]. 

Post-term pregnancy is often associated with 
an increased risk of perinatal morbidity and mortality 
and effected on the development of fetal [5], like 
perinatal mortality associated with meconium 
aspiration and asphyxia [6]. Furthermore, labour is 
one of the triggers of post-term pregnancy caused 
cephalo-pelvic disproportion and shoulder dystocia 
[2]. The study in Norway reported that the rate of 
cerebral palsy in post-term infants is 144 per births [7]. 
Generally, the post-term pregnancy occurs because of 
the disruption to the onset of labour, while the onset of 
labour itself is not yet known clearly [8]. 

The progesterone decrease causes the 
release of nitric oxide (NO) in the endometrium and 
cervix, as well as cytokine activation [9]. Activation of 
cytokines via the pathway of cyclo-oxygenase (COX) 
II will lead to an increase in prostaglandin E2 (PGE2) 
is cause to release of NO and will increase PGE2 to 
lead the degeneration of cervical collagen and cervical 
tissue remodelling resulting in cervical ripening [10]. 

The NF-κB is a protein complex that controls 
the process of DNA transcription 17, 18. High NF-κB 
activation decreases insulin and antioxidant capacity 
and increases endothelial platelet interactions, 
neutrophil transport and LDL oxidation, which is one 
of the inflammatory processes [11]. Increased the 
phosphorylation of A2 will be increasing the 
arachidonate to convert a prostaglandin by activation 
of high COX-2. The high COX-2 will lead to the 
functional withdrawal of progesterone through 
interaction with progesterone receptors [12]. The NF-
κB reported to decrease the insulin and antioxidant 
and increases endothelial platelet interactions, 
neutrophil transport and LDL oxidation, which is one 
of the inflammatory processes [13]. 

Many theories were to explain the labour of 
pregnant women, example oxytocin, progesterone 
theory, fetal cortisol, prostaglandin, uteri structure, 
nutrition, circulation of blood and nerve, and 
decreased of the fetal head. All of the theories can be 
the indicator of expression the progesterone, NO, and 
NF-κB in term and post-term pregnancy. This study to 
analyse the level of progesterone, NO, and NF-κB 
after reactive with the serum of pregnancy. 

 

 

Material and Method 

 

The model of this study was approached the 
observational analytic study with cross-sectional study 
design in July 2017-2018 and was carried out in the 

maternity clinic, primary health care and Type C 
Hospital, Padang and reactivity assay were conducted 
by Laboratory of Biomedical, Faculty of Medicine, 
Andalas University, Padang-Indonesia. The study 
population was pregnant women with 37-38 weeks 
gestation research site. The sample in this study was 
taken by consecutive sampling in the research period 
divided into term pregnancy (36 subjects) and post-
term pregnancy (36 subjects).  

 

Reactivity Assay  

The ELISA Assay was referred to as Gani 
(2009) [14]. The serum of subjects inserted 10 ml into 
the vacutainer tubes to measure the levels of 
progesterone, nitric oxide, and NF-κB was detected by 
the ELISA method (Biorad, USA). The examination of 
progesterone, nitric oxide, and NF-κB began with the 
preparation of each reagent (Progesterone and Nitric 
Oxide, Colorimetric Assay Kit (R & D Systems, USA) 
as well as the reagent of Human NF-κB (My 
Biosource). Then 50 μL, blank and samples were 
added to 96-well plate also 100 μL HRP conjugate 
progesterone, nitrate reductase mixture, and NF-κB 
mixture. In each well added 50 μL of biotinylated 
antibodies then covered with a plate sealer and 
incubated for 60 min at 37°C, after that washed with 
350 μL of wash buffer solution (three times). Then 
added 50 μL Substrate A and B and covered with a 
plate sealer and incubated for 15 min at 37°C. Then 
add 50 μL stop solution to each well. The colour will 
change from blue to yellow as the reactivity indicator 
and read by ELISA reader wavelengths at 450 nm. 

 

Research Ethics 

This study was approved the ethical 
clearance by the Faculty of Medicine, Andalas 
University, Padang-Indonesia. 

 

Statistical Analysis 

The reactivity levels of progesterone, NO, and 
NF-κB were analysed by bivariate and multivariate 
with the probability is p < 0,05. 

 

 

Results 

 

The term and post-term pregnancy are not 
significant (p > 0.05) as well as the leukocyte profile (p 
> 0.05) (Table 1). It has no influence on the subjects 
during the pregnant phase. Based on the leukocyte 
profile, the second groups have to exhibit the peak 
conditions or stress during childbirth. The most 
subjects with first births reached 41.7% within term 
pregnancy cases and 61% Post-term pregnancy.  
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Table 1: Distribution of Subjects of Term and Post-term 
Pregnancy 

Characteristics Term Pregnancy Posterm Pregnancy p-value 

Mother’s Age mean ± SD (year) 28.05 ± 4.08 28.69 ± 4.94 0.552 
Leukocyte mean ± SD (mm

3
) 10776.97 ± 1334.89 10450.75 ± 1319.03 0.301 

Parity (%)    
1

st 
parity 15 (41.7) 22 (61.1)  

2
nd

 parity 12 (33.3) 9 (25.0)  
3

rd
 parity 8 (22.2) 3 (8.3)  

4
th
 parity 1 (2.8) 2 (5.6)  

Body Mass Index (%)    
Normal 7 (19.4) 9 (25.0)  
Overweight 23 (63.9) 20 (55.6)  
Obese 6 (16.7) 7 (19.4)  

 

The profiles of the progesterone, NO, and NF-
κB detected in blood serum groups term and post-
term pregnancy (Table 2). Our study showed (Table 
2) the rate of progesterone in the post-term pregnancy 
phase is much higher than term pregnancy. This data 
becomes a reference for controlling post-term 
pregnancy; also, it can reduce the incidence of post-
term pregnancy in the mother and fetus. The NO term 
pregnancy levels are higher than the post-term 
pregnancy (p > 0.05) as related as the NO levels 
serum will increase when pregnancy until some 
postpartum (Table 2). 

Table 2: Profile of Progesterone, NO and NF-κBon the serum of Term and Post-term 
Pregnancy 

Variables 
Term Pregnancy 

n = 36 
Post-term Pregnancy 

n = 36 
p-value 

Progesterone (ng/mL) mean ± SD 26.15 ± 13.04 106.73 ± 124.76 0.001 

NO ( mol/L) mean ± SD 7.20 ± 5.93 6.24 ± 4.41 0.440 

NF-κB (ng/mL) mean ± SD 8.16 ± 2.64 7.97 ± 2.67 0.766 

 

Based on the multivariate analysis show the 
odd ratio of NO was more dominant than 
progesterone (Table 3) in the post-term pregnancy is 
strongly correlated (p < 0.05). It assumes the 
presence of both when pregnancy in the post 
pregnancy has a connection, so the content of NO 
levels becomes an indicator of post-term pregnancy. 

Table 3: Analysis Results of Multivariate Factors Associated 
with Post-term Pregnancy 

Variables B Standard 
Deviation 

Wald p-value OR 

Progesteron Level (ng/ ml) -0.270 0.078 11.933 0.001 0.763 
NO Level ( mol/L) 0.706 0.249 8.075 0.004 2.026 

 

The NF-κB level in term pregnancy is better 
than a post-term pregnancy (p > 0.05).  

 

 

Discussion 

 

The leukocyte indicators are < 6000/µL (lower 
limit); 15000/µL (upper limit); and 9000-25000/µL 
(stress conditions) [15]. These results can be the early 
detection of that possibility of the post-term pregnancy 
as well as Body Mass Index (BMI) commonly shows 
weight gain. Based on recommended of Institute of 
Medicine BMI < 19.8 kg/m

2 
(gain 12.5 -18 kg), BMI = 

19.8-26.0 kg/m
2 

(gain 11.5-16 kg), BMI > 26.0- 29.0 

kg/m
2 

(gain 7.0-11.5 kg), and BMI > 29.0 kg/m
2 

(gain 
of 7.0 kg) [16]. 

In this study, progesterone was higher than 
NO and NFκB. Verhaegen (2012) reported that the 
progesterone is an indicator of the development of 
pregnancy and its production decreases nearing the 
birth [17]. 

Kumar (2012) suggested that the 
progesterone levels also have the variance at the 
stage of pregnancy 9-47 ng/ml (first trimester), 12-20 
ng/ml (first 5-6 weeks). The produce of progesterone 
in pregnant phase is higher than normal as well as 
related to the estrogen produced mainly in the first 
trimester. The second trimester has milk duct 
development and enlarges of breasts [18]. Bhattarai 
(2014) reported that progesterone might help to avoid 
the loss of embryo [19]. Statistically analysed by 
Slattengren (2013) shown that the cutoff value of 
progesterone decrease; it has the probability of a 
survive pregnancy increased to 99.2% [20]. 

Furthermore, the synthase of NO has 
progressively during term pregnancy [21]. The 
increase of NO will cause the cervical ripening as the 
signs to decrease of progesterone-B receptors in 
myometrial cells [22]. The NO works to ripen the 
cervix by increasing vascular permeability, cytokine 
secretion, and inducing cervical apoptosis [23]. 
Biochemically, the NO was synthesised by L-Arginine 
with the help of NO synthase (NOS) and co-factors 
[24]. Biologically, the NO causes smooth muscle 
relaxation, inhibits platelet aggregation and adhesion, 
and inhibits cell proliferation [25] also the significance 
of NO as the modulator of uterine blood flow by the 
pathway of cyclic guanosine monophosphate (cGMP) 
[26]. 

The NF-κB reported a regulator of cytokine of 
pro-inflammatory that implicated as substances that 
trigger the initiation and process of parturition in 
humans [27]. The results of this study are consistent 
with previous studies, where the serum NF-κB levels 
at post-term pregnancy were lower than NF-κB levels 
in term pregnancy [28]. The Bivariate analyses to 
explained the progesterone and NO levels were 
significant (p < 0.25) and NF-κB is no significant (p > 
0.25) it's not included in multivariate analysis. Both 
progesterone and NF-κB were correlated. Tan (2012) 
suggested who the progesterone becomes to maintain 
the chorionic cells from oxidative stress and apoptosis 
of the cell. Moreover, this hormone possesses anti-
inflammatory and inhibits the transcription of NF-κB 
[29]. 

This study concluded that The NO would 
signify used to the variable predictor for detecting of 
post-term pregnancy (OR 2.026) if linked with the 
progesterone level in serum of pregnant women (p < 
0.05). 
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Abstract 

BACKGROUND: Chronic rhinosinusitis with nasal polyps (CRSwNP) remains a challenging clinical entity with its 
propensity for recurrence. This disease decreases the patients’ quality of life and creates a high economic burden. 
An effort to investigate the aetiology of recurrent polyps has to be more alert. 

AIM: This study aims to prove the differences in expression of IL-5, IL-8, IL-17A and TGF-β1 in mucosal and 
polyp tissue between CRSwNP and recurrent CRSwNP and also to determine which expression of cytokines that 
have the main role in mucosal and polyp tissue in recurrent CRSwNP. 

MATERIAL AND METHODS: An observational study was conducted with a comparative cross-sectional design 
of CRS patients with 15 recurrent CRSwNP and CRSwNP who had never undergone surgery for as many as 15 
polyps. Mucosal specimens of nasal polyps are taken by brushing, and polyp tissue specimens are taken during 

surgical removal of nasal polyps. Specimens from the polyp mucosa were examined by ELISA while the polyp 
tissue specimens were carried out immunohistochemistry (IHC). 

RESULTS: The result showed that there is a significant difference in IL-5 expression in the polyp mucosal 
between CRSwNP with recurrent CRSwNP, where expression is higher in recurrent CRSwNP. The expression of 
IL-8, IL-17 and TGF-β1 were lower in recurrent CRSwNP, but the difference was not significant. In nasal polyp 
tissue, there is a significant difference in TGF-β1 and IL-8 expression between CRSwNP and recurrent CRSwNP, 
where the expression of both cytokines is lower in recurrent CRSwNP. Interleukin-5 expression was higher in 
recurrent CRSwNP than CRSwNP, but the difference was not significant. In the polyps mucosal, IL-5 has the 
main role in recurrent CRSwNP polyp, whereas TGF-β has the main role in polyp tissue.  

CONCLUSION: This study concluded that the expression of IL-5 in the mucosa could be examined with simple 
techniques like brushing before polypectomy or FESS was performed to determine the possibility of polyps 
recurrencies. 

 
 
 
 
 

Introduction 

 

Chronic rhinosinusitis (CRS) is one of the 
chronic diseases that is often encountered in the 
community. This disease decreases the quality of life 
of patients, besides causing economic burdens due to 
the high cost of treatment [1], [2], [3]. Rinia et al. 
(2007) stated that the prevalence of nasal polyps in 
the general population reached 0.5-4.3%. Therefore 
polyps become one of the most common cases in 

chronic upper respiratory tract infections [4]. The 
prevalence of chronic rhinosinusitis in Europe reaches 
19.7% [2]. Rhinosinusitis with polyps often recurrence. 
Polyps often grow back after surgery, so patients have 
to experience repeated surgeries. According to 
Kosem et al., (2010), the rate of recurrence in nasal 
polyps reaches 10% [5]. Until now, there has been no 
benchmark for predicting cases that will experience 
recurrence after polypectomy [6]. 

Some factors that are thought to underlie the 
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occurrence of nasal polyps are genetic factors, 
allergic factors, irritants and pollutants, the role of 
bacterial and fungal infections, and anatomical 
variations in the lateral nasal wall and local 
immunological balance disorders that cause chronic 
inflammation [2]. The differences in inflammatory 
patterns in CRS with polyps (CRSwNP) are, the 
eosinophilic Th2 inflammation pattern is commonly 
found in Caucasian races while neutrophilic Th1/Th17 
inflammation pattern is found in Asian races [1], [7]. 

Various factors involved in the pathogenesis 
of CRSwNP make it challenging in determining the 
immunological phenotype and management of CRS 
with polyps where the tendency for recurrence is high. 
The difficulties in identifying trends in recurrence of 
CRSwNP occurred due to complex problems and the 
number of factors involved in CRSwNP. It is 
necessary to look for markers to be used as predictors 
in monitoring the possibility of CRSwNP being 
recurrent and efforts to find methods that are easy 
and not invasive for taking nasal polyp specimens. 
This study aimed to prove the differences in 
expression of IL-5, IL-8, IL-17A and TGF-β1 in 
mucosal and polyp tissue between CRSwNP and 
recurrent CRSwNP and also to determine which 
expression of cytokines that have the main role in 
mucosal and polyp tissue in recurrent CRSwNP. 

 

 

Material and Methods 

 

Sample 

Samples were obtained from CRSwNP 
patients who visited the Ear, Nose and Throat (ENT) 
clinic in the Public Central Hospital Dr M Djamil 
Padang and several hospitals in West Sumatera on 
August 2016 until September 2018. There was 15 
patient CRSwNP dan 15 patient with recurrent 
CRSwNP. Before the study, approval of the study was 
asked of respondents before the operation. Samples 
were taken from CRSwNP patients aged 18 to 55 
years who did not use anti-allergic drugs during the 
washout period before brushing (chlorpheniramine 3 
days, cetirizine, fexofenadine, loratadine, respectively 
5 days and 2 weeks for corticosteroids). 

 

Sampling 

Brushing was performed on nasal polyps 
mucosa with the nasoendoscopy in a circular motion 
by using a modified gynecologic cytology brush. 
Before brushing the polyp, a cotton tampon containing 
lidocaine and adrenaline installed with a ratio of 4:1 
for 10 minutes on the nasal cavity. Brushing was done 
on the mucosa of the polyp in a circular motion ten 
times clockwise. Samples obtained from brushing 
were inserted into a sterile bottle containing PBS 

liquid and immediately taken to the Biomedical 
laboratory in the Faculty of Medicine, Andalas 
University and stored at a temperature of -80°C. 

Retrieval of nasal polyp tissue is performed 
during surgical removal of the polyp by FESS 
(Functional Endoscopy Sinus Surgery). When FESS 
was performed, polyp tissue samples were put into 
neutral formalin liquid and immediately taken to the 
Anatomy Pathology Laboratory of the Andalas 
University Medical School to make paraffin blocks.  

 

ELISA 

In this research, human IL-5, IL-17 and TGF-
β1 were used from R&D and human IL-8 from BT lab 
to examining nasal mucous polyps. 

 

IHC 

Immunohistochemical staining techniques 
using the Labeled Streptavidin-Biotin Complex (LSAB) 
method were carried out by manual procedure. The 
staining results of the preparations were measured 
and calculated using a microscope to assess the 
expression of IL-5, IL-8, IL-17, and TGF- β1. Positive 
values are the results of assessments of the brown 
intensity of epithelium and stroma seen in the light 
microscope. 

 

Statistical Analysis 

We use SPSS program version 17.0.0.0.  

 

 

Results 

 

Characteristic 

In this study, the percentage of males in 
recurrent CRSwNP was higher than CRSwNP, which 
was 80%:66.7%, while the percentage of female in 
CRSwNP was higher than recurrent CRSwNP at 
33.3%:20% and statistically the difference was not 
significant (p > 0.05). The percentage of the male is 
higher than female, which is 66.7%:33.3% in 
CRSwNP and 80%:20% in recurrent CRSwNP. The 
mean age was higher in the recurrent CRSwNP group 
(41.40 ± 10.23 years) than in the CRSwNP (36.20 ± 
11.61 years) and was not significant (p > 0.05). 

Table 1: Characteristics of respondents based on gender and 
age 

Characteristics CRSwNP (n = 15) recurrent CRSwNP (n = 15) p 

Sex 
Male 

 
10 (66.7 %) 

 
12 (80%) 

 
0.682 

Female 5 (33.3 %) 3 (20%)  
Age 36.20 ± 11.61 41.40 ± 10.23 0.204 
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In this study, the mean mucosal IL-5 
expression was higher in recurrent CRSwNP (2.75 ± 
2.02) than CRSwNP (0.86 ± 0.13), and a statistically 
significant difference was found (p < 0.05). The mean 
interleukin-8 mucosal expression was higher in 
CRSwNP (327.51 ± 33.16) than recurrent CRSwNP 
(304.35 ± 34.86), but the difference was not 
statistically significant (p > 0.05). Similar to IL-8, the 
mean IL-17 expression in the CRSwNP mucosa 
(26.56 ± 22.07) is higher than the recurrent CRSwNP 
(20.13 ± 16.78), and statistically, the difference was 
not significant between CRSwNP and recurrent 
CRSwNP (p > 0.05). The mean TGF-β1 expression in 
the polyps mucosa was also higher in CRSwNP 
(32.40 ± 33.84) than recurrent CRSwNP (24.51 ± 
17.03), and the difference was also not significant 
between the two groups (p > 0.05) (Table 2). 

Table 2: Expression of IL-5, IL-8, IL-17, and TGF-β1 in mucosa 
between CRSwNP and recurrent CRSwNP 

Cytokine n CRSwNP recurrent CRSwNP p 

Mean ± SD (pg/dl) Mean ± SD (pg/dl) 

IL-5 15 0.86 ± 0.13 2.75 ± 2.02 0.003 
IL-8 15 327.51 ± 33.16 304.35 ± 34.86 0.073 
IL-17 15 26.56 ± 22.07 20.13 ± 16.78 0.418 
TGF-β1 15 32.40 ± 33.84 24.51 ± 17.03 0.427 

 

In Table 3, the mean of IL-5 expression in 
polyp tissue was higher in recurrent CRSwNP (78.80 
± 15.01) than CRSwNP (63.46 ± 27.28), and the 
difference was not statistically significant (p > 0.05). 
The mean of IL-8 expression in polyp tissue was 
found higher in CRSwNP 90.20 ± 14.78) than 
recurrent CRSwNP (78.33 ± 18.79) and there were 
significant differences between the two groups (p > 
0.05).  

Table 3: Differences in the expression of IL-5 IL-8, IL-17, and 
TGF- β1 tissue between CRSwNP with recurrent CRSwNP 

Cytokine n CRSwNP recurrent CRSwNP p 

Mean ± SD (per 100 cells) Mean ± SD (per 100 cells) 

IL-5 15 63.46 ± 27.28 78.80 ± 15.01 0.067 
IL-8 15 90.20 ± 14.78 78.33 ± 18.79 0.014 
IL-17 15 89.40 ± 16.48 77.13 ± 29.64 0.274 
TGF-β1 15 93.66 ± 7.37 85.33 ± 12.38 0.035 

 

The mean of IL-17 expression in CRSwNP 
tissue (89.40 ± 16.48) was also higher than recurrent 
CRSwNP (77.13 ± 29.64) but did not have a 
significant difference between the two groups (p > 
0,05). On tissue, similar to IL-8, the mean TGF-β1 
expression was higher in CRSwNP (93.66 ± 7.37) 
than recurrent CRSwNP (85.33 ± 12.38) and also 
there were significant differences between CRSwNP 
and recurrent CRSwNP (p > 0.05). 

Table 4: Multivariate cytokine test on the mucosa of recurrent 
CRSwNP 

Cytokine P Exp(B) 

Step 1 
IL-5 
IL-8 
IL-17 
TGF-β1 

 
0.051 
0.091 
0.423 
0.284 

 
0.000 
1.046 
1.042 
1.032 

Step 2 
IL-5 
IL-8 
TGF-β1 

 
0.040 
0.102 
0.226 

 
0.000 
1.044 
1.044 

Cytokines that have the most role in 
 recurrent CRSwNP 

The results of the mucosal analysis found that 
the cytokine that had the main role in the polyps 
mucosa in the recurrent CRSwNP was IL-5 (Table 4). 
Whereas in tissues, based on the analysis, TGF-β1 
was the main role in polyp tissue in recurrent 
CRSwNP was (Table 5). 

Table 5: The multivariate cytokine test on the tissue of 
recurrent CRSwNP 

Cytokine P Exp (B) 

Step 1 
IL-5 
IL-8 
IL-17 
TGF-β1 

 
0.143 
0.072 
0.819 
0.104 

 
0.964 
1.060 
0.994 
1.097 

Step 2 
IL-5 
IL-8 
TGF-β1 

 
0.136 
0.061 
0.102 

 
0.966 
1.057 
1.097 

Step 3 
IL-8 
TGF-β1 

 
0.073 
0.054 

 
1.048 
1.106 

 

 

 

Discussion 

 

In this study, specimens were taken from 
mucosal in recurrent CRSwNP and CRSwNP polyps 
using the brushing technique. In these specimens, 
cytokine IL-5, IL-8, IL-17 and TGF-β1 expression were 
examined by ELISA technique. It was found that only 
IL-5 expression had a significant difference between 
the mucosal CRSwNP recurrent and CRSwNP (p < 
0.05). Polyp tissue specimens were taken during 
surgical removal of polyps with the FESS technique, 
and then the IHC examination was carried out.  

 

Figure 1: Description of cell expression that produces cytokines in 
CRSwNP tissue with 40 X 10 enlargement: a) description of IL-5 
expression; b) description of IL-8 expression; c) description of IL-17 
expression; d) description of TGF-β1 expression. Red arrows 
indicate cells that contained positive cytokines 
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 The results showed that only TGF-β1 and IL-8 
had significant differences (p < 0.05) between 
CRSwNP and CRSwNP recurrent; both expressions 
were lower in recurrent CRSwNP than CRSwNP. 

 

Figure 2: Description of cell expression that produces cytokines in 
recurrent CRSwNP tissue with 40X10 enlargement: a) description of 
IL-5 expression; b) description of IL-8 expression; c) description of 
IL-17 expression; d) description of TGF-β1 expression. Red arrows 
indicate cells that contained positive cytokines 

 

Expression of IL-5 was found to be higher in 
mucosal CRSwNP recurrent (2.75 ± 2.02) than 
CRSwNP (0.86 ± 0.13) and statistically significant 
differences (p < 0.05). In polyp tissue, IL-5 expression 
in CRSwNP recurrent (78.8 ± 15.01) was also higher 
than CRSwNP (63.46 ± 27.28). Interleukin-5 is a 
cytokine that plays an important role in the 
differentiation, development, maturation and 
chemokine processes of eosinophils [8]. One study 
state that IL-5 and Eosinophil Cationic protein (ECP) 
is eosinophilic type inflammatory biomarkers that can 
be used as predictors and diagnostics in the future [9]. 
Research on the relationship of IL-5 and eosinophils 
with recurrence of nasal polyps has been carried out. 
Wei et al., (2018) conducted a multivariate analysis of 
recurrent CRSwNP in China obtaining IL-5 expression 
in polyp tissue as well as higher recurrence of 
CRSwNP than non-recurrent polyp CRS and was 
statistically significant (p = 0.001) [10]. Van Zele et al., 
(2014) obtained IL-5 expression which was also 
higher in recurrent CRSwNP (482.8pg/ml) than non-
recurrent polyp CRS (144.7 pg/ml) and was 
statistically significant (p < 0.05). Based on their 
studies, it was found that the type of Th2 inflammation 
and eosinophilic inflammation were the main risk 
factors for recurrence [1]. In another study also 
reported that eosinophil counts by histopathological 
examination could be used as an easy method to do 
as a predictor of postoperative nasal polyps 
recurrence [11]. In this study, the expression of tissue 
IL-5 in recurrent CRSwNP was higher than CRSwNP 

because IL-5 is a cytokine that plays an important role 
in the differentiation, development, maturation and 
chemokines of eosinophils where eosinophils are 
closely related to the recurrence of nasal polyps. 

This study found that the mean mucosal IL-8 
expression was higher in CRSwNP (327.51 ± 33.16) 
than recurrent CRSwNP (304.35 ± 34.86), but the 
differences in IL-8 expression were not statistically 
significant (p > 0.05). In the polyp tissue, it was also 
found that the mean IL-8 expression was higher in 
CRSwNP (90.20 ± 14.78) than in the recurrent 
CRSwNP (78.33 ± 18.79) and had a significant 
relationship (p < 0.05).In another study conducted by 
Wei et al., (2018) it was found that the mean IL-8 was 
also higher in CRSwNP (5080.1 pg/ml) than recurrent 
CRSwNP (2481.9 pg/ml) and was statistically 
significant [10]. Interleukin-8 is produced by 
monocytes, lymphocytes, endothelial granulocytes. 
Interleukin-8 is an inflammatory cytokine that has 
strong neutrophil chemotaxis activity and can induce 
degranulation, respiratory burst, adherence, 
deformation, Ca2+ mobilisation and increased 
regulation of neutrophils CD11b/CD18 [12]. 
Interleukin-8 will stimulate deformation and 
degranulation of neutrophils, thus releasing elastase, 
lactoferrin, fibronectin. Also, IL-8 can stimulate 
transendothelial neutrophil migration by increasing 
regulation of α2 integrins [13]. In addition to 
neutrophils, IL-8 is also a very important chemokine 
for eosinophils in all types of CRS and nasal polyps. 
Interleukin-8 is secreted by the ductal cells of the 
glandular and epithelial cells, attracting neutrophils to 
the mucosa [14], [15]. In this study, IL-8 expression in 
CRSwNP was higher than recurrent CRSwNP, and 
the difference was significant because IL-8 is a 
neutrophilic chemoactrant while recurrent CRSwNP is 
more identical to eosinophilic polyps. 

The results of the ELISA examination of the 
polyp mucosa in this study obtained an average 
Interleukin-17 expression in CRSwNP (26.56 ± 22.07) 
was higher than the recurrent CRSwNP (20,13 ± 
16,78), and the difference was not significant (p = 
0.41). In nasal polyp tissue, the mean IL-17 
expression was also higher in CRSwNP (89.40 ± 
16.48) than recurrent CRSwNP (77.13 ± 29.64). Van 
Zele et al. (2014) conducted a cohort study comparing 
the expression of IL-17 between non-recurrent 
CRSwNP and recurrent CRSwNP. The results 
showed that IL-17 expression in CRSwNP was also 
higher than recurrent CRSwNP, and there were no 
significant differences between the two groups (p = 
0.202). Van Zele et al., (2014) explained that induction 
of IL-17 is associated with a decreasing in the 
expression of IL-5 and ECP which means that it 
decreases eosinophilic inflammation while IL-17 can 
modulate life and prolong neutrophil life by decreasing 
neutrophil apoptosis. Th17 cells through IL-17 induce 
secretion of IL-6 and IL-8 in fibroblast, endothelial and 
epithelial cells (1). Jiang et al., (2011) also reported 
that there were no significant differences in 
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expression of IL- 17 between CRSwNP type 
eosinophilic and non-eosinophilic (p > 0.05) and found 
that IL-17 affected the growth of nasal polyps with 
thickening of lamina basal cells and glandular 
hyperplasia [16]. Wei et al., (2018), in their study, also 
found there was no significant difference in IL-17 
expression between CRSwNP and recurrent 
CRSwNP [10]. In this study, it can be concluded that 
IL-17 has no effect on the recurrence of CRSwNP but 
affects the growth of nasal polyps by extending the life 
of neutrophils, thickening of lamina basal cells and 
glandular hyperplasia. 

On the polyps mucosa, the mean TGF-β1 
expression was also higher in CRSwNP (32.40 ± 
33.84) than in recurrent CRSwNP (24.51 ± 17.03), 
and there were no significant differences between 
these two group (p > 0,05). Transforming Growth 
Factor-β1 expression was higher in CRSwNP (93.66 ± 
7.37) than recurrent CRSwNP (85.33 ± 12.38) in nasal 
polyp tissue, and there were statistically significant 
differences between the two groups (p < 0.05). 
Transforming Growth Factor Beta1 is a mediator 
associated with tissue remodelling. Physiologically 
TGF-β1 is a counter-regulatory cytokine against 
inflammation and initiates the process of repair and 
formation of fibrosis [17]. Transforming Growth Factor 
Beta1 is the main regulator of the immune system as 
a basic role in the production and secretion of the 
extra cellular matrix (ECM) and fibrosis molecules 
[18]. Other theories speculate that TGF-β1 reduce the 
effects of the proliferation of growth factors, such as 
platelet-derived growth factor (PDGF) and vascular 
endothelial growth factor (VEGF), which controls the 
proliferation of epithelial cells of nasal polyps, so that 
reduced the expression of TGF-β1 or inactivation of 
receptors of TGF-β1, therefore can explain the 
hyperproliferation abnormalities [19]. Van Zele 
reported there was no significant difference in TGF-β1 
expression between recurrent and non-recurrent 
polyps. This explains that remodelling factors only 
have a role at the beginning of the development of 
nasal polyps but subsequently do not affect the 
occurrence of recurrence and prognosis of the 
disease [1]. In this study, it was found that TGF-β1 
tissue expression in recurrent CRSwNP was lower 
than CRSwNP, and the difference was statistically 
significant. It is explained there is an imbalance 
between fibrinolysis and fibrinogenesis, reduced effect 
of proliferative inhibition by TGF-β1 so that the lower 
expression of TGF-β1 in tissues can predict 
recurrence in nasal polyps. 

 Based on the results of multivariate analysis, 
it was found that the cytokine had the main role in 
CRS polyp recurrence on the ELISA examination 
taken from the mucosal polyp was IL-5 (p < 0.05), 
whereas from the IHC examination was TGF-β1. In 
the mucosa, the cytokine that has the main role in 
recurrence is IL-5, where IL-5 is an interleukin that is 
important for the differentiation, maturation and 
survival of eosinophils. The increasing of IL-5 shows a 

predominant T helper 2 (Th2) response, which 
increases infiltration of inflammatory cells, especially 
eosinophil [20]. Lou (2018), reported that IL-5 is an 
eosinophilic type of inflammatory biomarker that can 
be used as a predictor and diagnostics in the future 
[9]. Eosinophilic inflammation in CRS polyp has been 
widely studied as a positive predictor of nasal polyps 
recurrence [15], [21], [22], [23].  

Thus, it can be concluded that the 
examination of the expression of IL-5 in the mucosa 
with simple techniques such as brushing in this study 
before polypectomy or FESS in CRSwNP can be used 
to determine the possibility of polyps currencies.  
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Abstract 

OBJECTIVE: The current study was designed to determine the hepatoprotective effect of well-known drugs. 
Nitroglycerin, N-acetyl cysteine and Metoprolol in acute liver injury induced by CCL4. The antioxidant effects of b-
blockers, especially carvedilol, have been described by several investigators. However, for metoprolol, the effect 
is a bit query as there is only one in-vitro study showing a little hepatoprotective effect. Thus, it is worthy to re-
study the hepatoprotective effect of metoprolol.  

AIM: To explore the possible hepatoprotective effect of Nitroglycerin, N-acetyl cysteine and Metoprolol Tartrate 

MATERIAL AND METHODS: The normal serum values of ALP, AST, ALT, TSB and TSP were determined in 35 
healthy rabbits allocated to 5 groups before CCL4 induction and at three occasions 24, 72, 120 hrs after induction 
by CCL4 and treatment with the tested drugs: Nitroglycerin, N-acetyl cysteine and Metoprolol for five successive 
days. 

RESULTS: Showed significant decrease in serum levels of ALP, AST, ALT and TSB with a significant increase in 
TSP level of all the tested drugs measured at 120 hrs compared with the control and their levels measured at 24, 
72 hrs. 

CONCLUSION: All the tested drugs proved in having a hepatoprotective effect when they are given orally to 
animals. The histopathological sections of the liver tissue supported the real effect of these drugs in the 
management of ALI. 

 
 
 
 

Introduction 

 

Acute liver injury (ALI), is a clinical state that 
results from severe and extensive damage of liver 
tissue with reduced cell mass and blood flow. It is 
associated with an increase in serum alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase (ALT), and total serum 
bilirubin (TSB) [1], [2], [3].  

It is a serious condition caused by different 
agents toxins, drug intoxication, and other factors [4], 
[5]. It is characterised by rapid deterioration of the liver 
cells function, resulting in hepatic encephalopathy & 
coagulopathy in the liver of normal subjects [6]. 

Carbon tetrachloride (CCL4), is a famous 
hepatotoxic agent that used orally or intraperitoneally 

in animals (especially in rodents) for the induction of 
ALI due to the formation of free radicals mediated lipid 
peroxidation [7].  

Carbon tetrachloride (CCL4) is a well-known 
hepato-toxicant via causing oxidative stress-mediated 
liver injury and has a similar mechanism in animals 
and humans [8].  

CCL4 toxicity results from its bioactivation to 
the highly toxic reactive trichloromethyl peroxyl radical 
that subsequently attack the polyunsaturated fatty 
acids of cell membranes to propagate a chain reaction 
resulting in peroxidative decomposition of cytoplasmic 
membrane lipids [9], leading to progression of liver 
damage with subsequent hepatocellular carcinoma 
[10]. 

A single dose of CCL4 causes centrizonal 
necrosis and steatosis [11], while prolonged 
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administration causes liver fibrosis, cirrhosis, and 
hepatocellular carcinoma [12]. CCL4 affects 
hepatocytes directly by altering the permeability of the 
plasma, mitochondrial, and lysosomal membranes. 
Highly reactive free radicals are also produced by the 
mixed function oxidase system of CYP2E1 in 
hepatocytes, causing severe centrilobular necrosis 
[13], [14]. This model has been used extensively to 
examine the pathogenesis of cirrhosis. Liver fibrosis is 
the pathologic result of ongoing chronic inflammatory 
liver diseases that is characterised by hepatic stellate 
cell (HSC) proliferation and differentiation to 
myofibroblast-like cells, which deposit collagen and 
extracellular matrix [15].  

Several familiar drugs had been proved in 
having hepatoprotective activity against CCL4 induced 
model of ALI [16]. It is interesting to explore the 
possible hepatoprotective effect of Nitroglycerin, N-
acetyl cysteine and Metoprolol Tartrate in the current 
study. 

 

 

Material and Methods 

 

Chemicals 

All chemicals used are of analytic grades. 
CCL4 was supplied by Merck-Germany as a pause 
liquid. Nitroglycerin by Amrit medical center-Syria, N-
acetyl cysteine powder from Cimex AG Ltd-
Switzerland, Metoprolol tartrate from Al Parma, Barn- 
staple. The UK. The kits for the estimation of ALP, 
AST, ALT was purchased from BioMérieux- France 
while that for TSB & TSP from Randox-England. 

 

Animals 

Thirty-five healthy domestic rabbits weighing 
700-800 gm were used in the present study. They 
were supplied by the animal house of Pharmacy 
College. Animals were housed in separated cages 
under good conditions of 28°C with 12 hrs of the 
light/dark cycle. They were fed standard oxoid pellets 
and were given water ad libitum. 

The study was conducted according to the 
animal ethics committee of Al-Nahrain College of 
Medicine (approval number: 2016/24156). The rabbits 
were normally allocated to five groups. They were 
given a single daily dose of the following drugs for five 
successive days at 8.00 am.  

Group-1: (control), received 3 ml of distilled 
water orally and without CCL4 administration.  

Group-2: (drug control), received 3 ml of 
distilled water orally. 

Group-3: received Nitroglycerin 1 mg/kg 
orally. 

Group-4: received N-acetyl cysteine 275 
mg/kg orally.  

Group-5: received Metoprolol 7 mg/kg orally.  

The doses of Nitroglycerin, N-acetyl cysteine 
and Metoprolol tartrate had been chosen after many 
trials in a pilot study.  

At 9.00 a.m. on the first day, CCL4 was given 
to animals of groups 2, 3, 4 and 5 in a dose of 1 
mg/kg orally for induction of ALI. Blood samples were 
collected from marginal ear vein of the rabbits of all 
groups for biochemical analysis of serum AST, ALT, 
ALP, TSB and TSP at three occasions, 24, 72, 120 
hrs using spectrophotometer method [17] for 
comparison between the value of these results.  

Later on, all the rabbits were sacrificed under 
light anaesthesia of Diethyl ether (ether) to take 
specimens of the liver. The histopathological 
examination was carried out to check the microscopic 
changes in the liver tissue, using a polarised 
microscope after fixating the sections in 10% formalin 
for 48 hrs & staining with hematoxylin & eosin [18]. 

 

Statistical analysis 

The obtained results were expressed as 
means ± SEM. The difference among means has 
been analysed by students t-test using SPSS version 
12. P values < 0.05 were considered to be significant.  

 

 

Results  

 

Administration of CCL4 to the rabbits in the 
group -2 produced a marked increase in serum AST, 
ALT, ALP &TSB levels with a decrease in TSP level 
compared with normal control (group-1). Both 
nitroglycerine (group-3) & N-acetylcysteine (group-4) 
revealed significant reduction in serum ALP, AST, 
ALT & TSB levels with significant elevation of TSP 
level when compared with the control (group-2) & their 
levels at 24, 72, 120 hrs. N-acetyl cysteine (NAC) was 
more potent than nitroglycerine in improving hepatic 
function test significantly especially ALT, AST & TSP 
with values 30.17 ± 3.46 , 29.67 ± 3.51 and 30.83 ± 
2.41 and 5.03 ± 0.16 respectively for nitroglycerin 
while nitroglycerin was more potent in changing ALP 
and TSB significantly than NAC with values 44.45 ± 
3.3 ,11.3 ± 0.28 respectively versus 48.17 ± 4.05, 11.6 
± 0.21 for NAC respectively measured at 120 hr. 
Metoprolol showed a significant decrease of AST at 
different occasions in comparison with the drug 
control while serum ALT, ALP levels significantly 
decreased at 24 hr p < 0.05 in comparison with 72, 
and 120 hr. 
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Table-1 Serum levels of ALT, AST, ALP with TSB & TSP of 
tested drugs: nitroglycerine, NAC, metoprolol tartrate after 
induction of ALI by CCL4 measured at 24, 72 & 120 hrs 

Group Dose 
Duration 

(hr) 
S. ALT U/L S. AST U/L S. ALP U/L TSB Umol/ L TSP g/dl 

Normal 
control 

  23.72±0.94 23.38±1.38 49.03±3.23 11.27±0.61 5.58±0.11 

CCL4 
alone 

1ml/K
g 

24hr 133.32±2.72a 208.45±3.73a 206.35±3.3a 30.57±1.21a 4.3±0.23a 

72hr 115.12±4.76 b 194.38±5.15 a  204.05±4.25a 26.70±1.57ab 4.60±0.17a 

120hr 97.83±3.97b 146.52±6.15b 189.98±5.21a 20.13±1.56a 4.58±0.16a 

Nitro-
glycerine 

1ml/K
g 

24hr 92.17±1.17a 144.17±2.21a 126.83±2.80a 14.38±0.35a 4.45±0.57a 

72hr 78.50±4.02b 108.50±6.84b 44±3.87b 13.38±0.25b 5.03±0.08b 

120hr 40.42±3.10c 30.83±2.41c 44.45±3.30b 11.30±0.28c 5.03±0.16b 

N-acetyl 
cysteine 

275m
g/kg 

24hr 82.17±4.47a 118.17±4.94a 109.17±7.35a 13.73±0.40a 4.85±0.89a 

72hr 65.67±2.62b 84.67±4.41b 62.83±4.05b 11.77±0.30b 5.12±0.79ab 

120hr 30.17±3.46c 29.67±3.51c 48.17±4.05c 11.60±0.31b 5.28±0.13b 

Metoprolol 
tartrate 

7mg/k
g 

24hr 84.76±4.70a 102.53±2.12a 132.78±7.71a 13.62±0.68a 4.70±0.97a 

72hr 64.47±2.90b 93.87±1.83b 105.77±3.48b 12.30±0.38a 4.87±0.72a 

120hr 64.40±2.27b 85.70±2.45c 96.30±4b 11.58±0.49a 4.83±0.13a 

Same letters mean non-significant lowering effect at (P> 0.05); -Different letters mean 
significant lowering effect at (P< 0.05).  
 

 

Histopathological studies of liver sections 
supported the results obtained from serum enzymes 
assays, which demonstrated the normal architecture 
in rabbits of Group-1 (Figure 1). 

 

Figure 1: Normal rabbit liver section showing hepatocyte 
architecture with normal lobular appearance (40X, H&E stain) 

 

Whereas the liver sections of rabbits in group-
2 showed a total loss of hepatic architecture with 
massive fatty changes, intense necrosis, congestion 
and infiltration of the lymphocytes around the central 
vein (Figure 2).  

 

Figure 2: Liver section after administration of CCL4 showing 
massive necrosis, fatty changes, congestion and lymphocyte 
infiltration (40X, H&E stain) 

 

The liver sections in rabbits of Group 3, 4 and 
5 showed a more or less normal lobular pattern with a 
mild degree of congestion, fatty changes and mild 
lymphocytes infiltration with minimal necrosis or no 
necrosis indicating the hepatoprotective effect of 
nitroglycerin NAC & metoprolol tartrate (Figures 3A, 

3B, and 3C). 

A)

 

B)

 

C)

 

Figure 3: 3A) Liver section after CCL4 and nitroglycerine 
administration showing mild to moderate fatty changes, congestion 
& minimal necrosis (40X, H&E stain); 3B) Liver section after CCL4 
and N-acetyl cysteine administration showing very minimal fatty 
changes with congestion and minimal necrosis (40X, H&E stain); 
3C) Liver section after CCL4 and metoprolol tartrate administration 
showing severe fatty changes, mild congestion with multifocal 
hepatocellular necrosis (40X, H&E stain) 

 

 

 

Discussion 

 

The hepatotoxicity of CCL4 is well known for 
the induction of ALI in the experimental animal model. 
CCL4 is biotransformed in the cytochrome P-450 
system to its metabolite trichloro-methyl free radical 
(ccl3) which in the presence of O2 forms trichloro- 
methyl-peroxyl free radical (ccl3O2 that attacks lipid of 
endoplasmic reticulum, eliciting lipid peroxidation with 
the leakage of hepatocellular enzymes AST, ALT and 
ALP in the serum causing a significant increase in 
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TSB and a decrease in TSP [18]. The results of the 
drug control (Group-2) in the current study are 
compatible with the results of others [19], [20] who 
demonstrated that changes of CCL4 at day one might 
correspond to liver intoxication then the changes 
decrease at day four due to the normal physiology of 
liver regeneration [21].  

Administration of nitroglycerin, which is an 
effective vasodilator drug in the treatment of angina 
pectoris (Group-3) produced significant positive 
results in improving ALI induced by CCL4. The results 
were more evident when given in a dose-dependent 
manner [22]. Nitroglycerin is a member of organic 
nitrate with antioxidant activity [23]. It causes the 
release of nitric oxide (NO), thus the hepatoprotective 
effect of the drug attributed to the effect of NO 
inactivation of guanylyl cyclase leading to the 
synthesis of CAMP (T3) [24]. Nitric oxide proved in 
having antiapoptotic activity in the hepatocytes. It has 
been shown in the following study to ameliorate the 
rise of ALT, AST and improve the histopathological 
changes that were induced by CCL4 administration 
[25], [26]. 

N-acetyl cysteine (NAC) is a mucolytic agent 
that reduces the viscosity of secretions & used in 
paracetamol poisoning (Group-4) [27]. NAC has an 
antioxidant and anti-inflammatory effect [28] when 
used in vivo & in vitro. It is a source of sulfhydryl 
group that indirectly increase GSH supply for 
glutathione peroxidase & directly reacts with reactive 
oxygen species [29]. 

The results of NAC in the current study were 
similar to the results of others [30] who used NAC 
against liver damage induced by methotrexate 
causing a decrease in GSH level & superoxide 
dismutase and catalase activity & increase in 
malondialdehyde level. Moreover, N-acetyl cysteine 
has been shown in previous studies to improve the 
paracetamol and phenacetin induced hepatic and 
blood, biochemical, and histopathological 
disturbances. It has an antioxidant and 
hepatoprotective efficacy against the drug-induced 
liver injury [31]. 

Metoprolol tartrate is a selective B1 
adrenoceptor blocking drug (Group-5) produces a 
negative chronotropic & inotropic effect and can lower 
HDL level used in prophylaxis of hypertension and 
angina pectoris [32]. The antioxidant effect of 
metoprolol in vitro has been studied and described 
previously [1]. The antioxidant properties of metoprolol 
in vivo are a little bit query as there is only one study 
showing a little hepatoprotective effect [2]. Many 
drugs with putative antioxidant effects require high 
concentration or show antioxidant effects only under 
in vitro conditions. Thus, the real contribution of the 
putative antioxidant effects of metoprolol to its 

efficacy as a hepatoprotective agent was explored in 
our study. This is a very important issue because this 
may provide a valuable contribution for the final 

healing outcome. 

In conclusion, nitroglycerine, N-acetyl 
cysteine & metoprolol tartrate had proved in having a 
hepatoprotective effect by increasing the normal 
hepatic function & enhancing the biodefense of the 
liver tissue against the oxidative damage produced by 
CCL4 administration.  
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Abstract 

BACKGROUND: Hospital-acquired (nosocomial) infection is a common serious health problem worldwide, 
especially in pediatric intensive care units and is associated with high mortality and morbidity, prolonged hospital 
stays and high cost. 

AIM: To determine the types of organisms involved in hospital-acquired an infection in two pediatric intensive care 
units during the one-year study and its anti-microbial susceptibility. 

MATERIAL AND METHODS: This study was carried out in the pediatric intensive care units (PICU) of Ain Shams 
& Cairo Universities, where 86 pediatric patients were recruited. Their age ranged from 1 month to 156 months 
with mean 20.7 ± 25.8 months. Male to female ratio was 37:29. Four samples were collected from each child for 
culture and sensitivity: blood, endotracheal aspirate, urine and skin swab. 

RESULTS: The most common microorganism was staphylococcus while Gram-negative bacteria were the 
commonest group. Amikacin and imipenem are the most sensitive antibiotics. Risk estimate for different risk 
factors among studied patients revealed no significance. 

CONCLUSION: Staphylococcus was the commonest micro-organism while Gram-negative infections were the 
commonest group among PICU with a predominance of Acinetobacter and Klebsiella. Respiratory infections were 
the most common, followed by blood-borne infection. Risk factors for mortality were not significant. 

 
 
 
 

Introduction 

 

Hospital-acquired (nosocomial) infection is a 
common serious health problem worldwide especially 
in pediatric intensive care units and is associated with 
high mortality and morbidity, prolonged hospital stays 
and high cost [1], [2].  

As regard hospital-acquired infections in 
pediatric intensive care, few data are available from a 
developing country where the majority of studies were 
done in adults and developed countries. The risk 
factors for these infections that common to vulnerable 
pediatric patients include age, primary disease, and 
intensive procedures commonly used in pediatric 
intensive care units [3], [4], [5]. 

The incidence of HAI ranged from 3% to 37%, 
where it is higher in developing countries than in 
developed countries. Pathogens and antibiotic 
sensitivity patterns vary significantly among countries 
and institutions and vary within an institution over 
years [6], [7], [8], [9], 10], [11], [12], [13], [14], [15], 
[16]. This study aimed to report the prevalence of 
hospital-acquired infection in the pediatric intensive 
care units, risk factors, and its anti-microbial 
susceptibility.  

 

 

Subjects and Methods 

 

This study was carried out in the pediatric ICU 
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of Ain Shams & Cairo Universities over one-year 
periods (2014-2015), where 86 pediatric patients were 
recruited but 20 patients were excluded for insufficient 
data (15.6% of total PICU admission). The pediatric 
ICU of Cairo University is 10 beds while that of Ain 
Shams University is 14 beds. Their age ranged from 1 
month to 156 months with mean 20.7 ± 25.8 months. 
Male to female ratio was 37:29. The following 
variables were analysed including age, sex, 
underlying disease, mechanical ventilation, invasive 
manoeuvres, a period of hospital stays, outcome, 
infection screening including CBC, CRP, cultures 
(blood, endotracheal, urine, skin swab), liver and 
kidney functions, and anti-microbial therapy. Patients 
admitted less than 24 hours in PICU were excluded 
were hospital-acquired infection is considered after 48 
hours of admission to ICU [17]. 

The study was approved by the Ethical 
Committee of the National Research Centre. Written 
consent was taken from the parents of the studied 
patients. 

Four samples (Blood, throat swab or 
endotracheal aspirate, urine samples, skin swabs) 
were obtained for microbiological assay. The samples 
were collected in a sterile container and sent to the 
lab for assessment and study as follows: 

1. Blood culture technique: All of the 
phlebotomies were performed with peripheral sticks, 
and the blood samples were drawn by a clinician by 
the bedside after cleansing the skin with 70% 
isopropyl alcohol and applying 10% povidone-iodine 
for 1 min. The blood samples were inoculated at a 
volume of 1 to 5 ml into BACTEC Peds Plus/F and 
were placed in the BACTEC 9050 blood culture 
instrument. Anaerobic blood cultures were not 
prepared. All study bottles were incubated for 7 days. 
Whenever there was a sign of microbial growth, the 
detection time was documented. The bottles that had 
a positive signal were smeared and stained with Gram 
stain. Subcultures on blood. Mac Conkey and 
chocolate agar plates were done. Subcultures were 
incubated at 35°C for a duration of 48 h. Instrument-
negative bottles were Gram stained and subcultured 
at the end of the 7-day protocol to confirm negativity. 
False-positive cultures were defined as those that 
were indicated by the instrument to be positive but 
had revealed no microorganisms by Gram staining 
and subculture. All isolates were considered to be 
clinically significant. 

2. Throat swabs and endotracheal aspirate: A 
Gram stain was performed on all swabs and aspirates 
for the identification of bacteria and measurement of 
the white blood cell count. White cells were counted 
from 20 high power fields, and the average was taken. 
All samples were plated immediately onto blood, 
chocolate, and Mac Conkey agars. 

3. Urine samples: Routine urine cultures were 
done by plating the specimens on blood agar and 
MacConkey's agar using calibrated loops for the 

semiquantitative method. Colony counts of 10
2
 or 

10
3
 CFU/mL were used to define probable infection 

[18], [19]. 

4. Skin swabs: Dry sterile cotton-tip swab was 
rubbed on the skin, collected in a sterile container and 
sent to the lab. All samples were plated immediately 
onto blood, chocolate, and Mac Conkey agars. 

Identification of isolated bacteria: The isolated 
microorganisms were identified by standard 
microbiological techniques, including Gram staining, 
colony characteristics, and biochemical properties. 
[20], [21]. gram-negative bacilli, which are oxidase 
negative, were identified using API 20 E (biomerieux) 
and API (20 NE) kit for identification of non-
fermenters.  

Antimicrobial susceptibility testing (AST): 
Kirby performed AST – Bauer disc diffusion method 
according to Clinical and Laboratory Standards 
Institute (CLSI) guidelines [22]. All isolates were 
tested by the standard disk diffusion method against 
β-lactam and non-β-lactam agents, including 
ampicillin, amoxicillin-clavulanic, piperacillin, third-
generation cephalosporins (cefoperazone – 
sulbactam, cefepime), carbapenems (Imipenem), 
amikacin, gentamicin, ciprofloxacin and the results 
were also interpreted based on the CLSI guidelines. 
All antimicrobial disks used for susceptibility testing 
were obtained from BD BBL Sensi-Disc (Becton 
Dickinson, Sparks, Maryland, USA). 

 

Statistical analysis 

Standard computer program SPSS for 
Windows, release 13.0 (SPSS Inc, Tulsa, USA) (23) 
was used for data entry and analysis. All qualitative 
variables were expressed as count and per cent. Chi-

square (
2
) test was used to compare the frequency of 

qualitative variables among the different groups. 
Continuous variables were evaluated using the Mann-
Whitney test. Risk analysis was calculated as odds 
ratio and confidence intervals. For all tests, a 
probability (p) less than 0.05 was considered 
significant. 

 

 

 

Results  

 

Table one shows clinical laboratory 
descriptive data. The prevalence of HAIs in this study 
was 15.6% of PICUs admission. Thirty-one patients 
(47%) were suffering from anaemia (Hb less than 

10gm/dl). Leucocytosis (￪11.000) was present in 45 

patients (68%), while leucopenia (↓4000) was in 4 
patients (6%). Twenty-one patients (32%) were 
suffering from thrombocytopenia (platelets less than 
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150.000). Renal impairment occurred in 4 patients 
(6%). SGOT and SGPT were elevated in 12 (18%) 
and 15 (23%) patients respectively. CRP was positive 
in all patients. 

Table 1: Descriptive data of patients under study 

Characteristic PICU patients 

Age (months) 
Sex (M/F)  
Hb (gm/l) 
WBCs (x1000) 
Platelets (x1000) 
Urea (mg/dl) 
Creatinine (mg/dl) 
SGOT (mg/dl) 
SGPT (mg/dl) 
CRP 
Period of PICU stay 

20.7 ± 25.8 
37/29 

9.94 ± 1.65 
13.28 ± 5.85 

241.4 ± 143.18 
27.3 ± 24.5 
0.5 ± 0.69 

135.64 ± 524.68 
95.52 ± 329.3 

Positive for all patients 
15.2 ± 13.94 

 
 

The prevalence rate of nosocomial infection 
was 24% among blood cultures, 33% among 
endobronchial cultures, 12% among urine cultures, 
and 16.5% among skin cultures (Table 2). 

Table 2: Culture results among studied patients 

Culture/Organism Blood 
No % 

Endobronchial 
No % 

Urine 
No % 

Skin 
No % 

Total 
No infection % 

No growth 
Gram +ve cocci 
 Staph 
 Strept 
Gram -ve bacilli 
 Klebsiella 
 Acinetobacter 
 E. coli 
 Yersinia 
 Serratia 
 Enterobacter 
Candida 
Mixed 

50 76 
 

8  12 
0  0 

 
2   3 
4   6 

1   1.5 
0    0 
0    0 

1    1.5 
0    0 
0    0 

44 67 
 

3   4.5 
1   1.5 

 
8   12 
4    6 
2    3 

1   1.5 
1   1.5 
1   1.5 
0   0 

1   1.5 

58 88 
 

0   0 
1 1.5 

 
1 1.5 
4   6 
0   0 
0   0 
0   0 
0   0 
2   3 
0   0 

55 83.5 
 

4   6 
0   0 

 
1  1.5 
2   3 
0   0 
0   0 
2   3 
2   3 
0   0 
0   0 

 
 

       15  
26.3 
2 3.5 

 
12 21 

14 24.6 
3 5.3 
1 1.7 
3 5.3 
4 7 

2 3.5 
1 1.7 

Total 66  100 66 100 66 100 66 100  

 

The most common microorganism group was 
Gram-negative bacteria. The commonest micro-
organisms isolated from infected patients were 
Staphylococcus aureus, Acinetobacter, and Klebsiella; 
each caused about a fifth of the infections with 
positive microbiological results (Table 3). According to 
cultural sensitivity, amikacin and imipenem are the 
most sensitive antibiotics whatever the type of the 
organism (Table 3). 

Table 3: Antibiotic Sensitivity Among Studied Patients 

Organism/Antibioti
c 

Staph 
No: 15 

Strep 
No: 2 

Kleb 
No: 12 

Acinet-
obacter 
No: 14 

E. coli 
No: 3 

Serratia 
No: 3 

Yersenia 
No: 1 

Entero 
No: 4 

Candida 
No: 2 

Amoxaclav 
Amikacin 
Imipenam 
Cephalosporin 
Ciprofloxacillin 
Gentamycin 
Piperacillin 
Tobramycin 
Vancomycin 

0 
11 
9 
1 
3 
1 
0 
1 
3 

0 
0 
0 
0 
1 
0 
1 
0 
0 

0 
6 
2 
1 
5 
1 
0 
4 
0 

3 
6 
6 
1 
3 
1 
0 
2 
0 

0 
0 
0 
0 
0 
0 
1 
1 
0 

0 
0 
1 
1 
1 
0 
0 
0 
0 

0 
1 
1 
0 
0 
1 
0 
0 
0 

0 
3 
3 
1 
2 
0 
0 
1 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

 

As regards the common invasive procedure 
used among our patients, mechanical ventilation was 
used for 91% of patients (60 patients of them 24 died), 
a central venous catheter for 6% (4 patients), and 
nasogastric tube for 53% (35 patients). The mortality 
rate was 36% (24 patients). Considering seasonal 
variation, winter was the commonest season for 
infection (Table 4). 

Table 4: Seasonal variation of infectious organisms in studied 
patients 

Season No of patients Blood culture +ve Endobronchial 
culture +ve 

Urine culture 
+ve 

Skin culture +ve 

Spring 
Summer 
Autumn 
Winter 

16 
15 
11 
24 

2 
5 
1 
8 

5 
6 
4 
7 

4 
0 
1 
3 

3 
5 
2 
1 

Total 66 16 22 8 11 

 

Risk estimate for infection as a risk factor for 
death revealed that it is not as regard type of 
organism, nosocomial infections, and pneumonia 
(Table 5). 

Table 5: Risk estimate for infections among studied patients 

Infections Survival N (%) Non-Survival N 
(%) 

Fisher’s exact test p-
value 

Staph  Negative 
Positive 

34 (81%) 8 
(19%) 

18 (75%) 6 
(25%) 

0.755 NS 

Klebsiella Negative 
Positive 

34 (81%) 8 
(19%) 

22 (91.7%) 2 
(8.3%) 

0.306 NS 

Nosocomial 
infection 

Negative 
Positive 

18 (42.9%) 24 
(57.1) 

8 (33.3%) 16 
(66.7%) 

0.601 NS 

Pneumonia and 
Sepsis 

Negative 
Positive 

24 (57.1%) 18 
(42.9%) 

11 (54.2%) 13 
(45.8%) 

0.448 NS 

 

Risk estimate for other different risk factors 
among studied patients including age, a period of 
stay, invasive techniques revealed no significance 
where P value for age, a period of stay estimated by 
Mann-Whitney test were 0.7 and 0.19 respectively. 
Risk estimate for the other risk factors and invasive 
technique revealed no significance P-value < 0.05 
(Table 6). By dividing the patients into two groups; 
group 1: pneumonia and septicemia (31 patients), 
group 2: others (35 patients); risk estimate for different 
risk factors using Odds ratio revealed no significance 
as regard anaemia, thrombocytopenia, renal 
impairment, and invasive techniques including CVP, 
urinary catheter, and mechanical ventilation (Table 6). 

Table 6: Risk estimate for other risk factors including labs and 
invasive techniques among studied patients as a whole and in 
both groups 

Risk Factors All patients (66) Group 1 (31) Group 2 (35) 

Odds 
ratio 

95% CI Odds ratio 95% CI Odds ratio 95% CI 

Anemia 2.059 0.743-5.703 3.536 0.78-16.032 1.167 0.277-4.913 
Thrombocytopenia 1.5 0.518-4.345 0.471 0.095-2.337 4.56 0.975-21.322 
Renal impairment 5.857 0.574-59.808 0.379 0.238-0.604 2.3 0.130-40.545 
CVP 1.667 0.599-4.641 1.018 0.235-4.407 2.45 0.562-10.68 
Urinary Catheter 1.273 0.462-3.503 0.429 0.099-1.857 3.733 0.788-17.684 
Mechanical 
ventilation 

8.726 0.4698-162.064     

CI = Confidence Interval; CVP = Central Venous Line. 

 

 

 

Discussion 

 

Infection control and proper anti-microbial 
therapy in PICUs is a challenge for medical staffs 
working in it. This study was carried out in two 
pediatric intensive care units in Egypt to report the 
prevalence of HAIs. The prevalence of HAIs in this 
study was 15.6% of PICUs admission. The prevalence 
of HAIs varies in different PICUs from country to 
country, from institution to institution, and from season 
to season in the same institution according to age, 
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underlying disease, and other risk factors. The 
prevalence in other studies ranged from 3% to 27% 
where it is higher in developing countries than 
developed countries [6], [7], [9], [10], [11], [12], [13], 
[14], [15], [16]. A Turkish study in 50 PICUs to assess 
a national point-prevalence survey of PICUs HAIs 
reported the overall HAI rate as 37% [8]. 

 The rate in our study is different from other 
studies wherein American study in 35 PICUs; the HAI 
rate was 11.9% [24]. A prevalence rate of HAI from 17 
European PICUs was 23.6% [25]; while in a Spanish 
PICU study, the rate was 29.8% [26]. The incidence in 
developing countries was over 20% [27]. The 
prevalence was not high in our study compared to 
another Egyptian study done by El-Nawawy and his 
colleagues [6] because this study was conducted in 
two university hospitals with improved infection control 
programs.  

In this study, the most common types of HAI 
in PICU were respiratory followed by blood borne 
infection, UTI, and skin. Similar to our study, many 
studied revealed that the most common infection was 
respiratory followed by blood [8], [13], [25], [28], [29], 
[30], [31], [32], [33], [34], [35], [36], [37], [38], [39], 
[40]. In other studies, the most frequent sites of 
infection were bloodstream, lower respiratory tract, or 
urinary tract [7], [9], [41], [42], [43], [44], [45]. Only one 
study revealed that UTI was the commonest followed 
by blood borne and lower respiratory tract infections 
[39]. 

The most common microorganisms in this 
study were Gram-negative bacteria. Although there 
was a controversy between studies as to regard 
causative organisms, many studies including this 
study reported that gram-negative organisms were 
more commonly isolated [5], [13], [39], [42], [44], [46]. 
The commonest micro-organisms isolated from our 
infected patients were Staphylococcus aureus, 
Acinetobacter, and Klebsiella. Many studies also 
revealed that Staphylococcus aureus was the 
commonest [5], [44], [46]. Lee et al., the study 
revealed that Staphylococcus aureus was the most 
common Gram-positive organism, while 
Pseudomonas aeruginosa, Escherichia coli, and 
Klebsiella pneumoniae were the commonest Gram-
negative organisms [39]. In Becerra et al., study, 
Candida was the commonest bloodstream infection 
[7]. In Atıcı study, the most common organisms were 
Klebsiella spp. (19.4%), followed by Pseudomonas 
aeruginosa (13.8%), and Acinetobacter baumanii 
(12%) [9]. Vincent et al., study (2009) reported that S 
aureus was the most common organism, followed by 
Acinetobacter, and Klebsiella. Acinetobacter was 
found in high incidence (24% of all infected patients) 
[40]. One study found an increased incidence of gram-
positive organisms [47] while the Sepsis Occurrence 
in Acutely Ill Patients (SOAP) study reported an equal 
frequency of gram-positive and gram-negative 
organisms [28]. In a study done by Vincent et al., 
2006 [28], Acinetobacter was involved in 9% of all 

infected patients, which was similar to the rate 
reported in EPIC study 1996 [48]. Similar to our study, 
Acinetobacter was observed to be an increased 
incidence in recent studies [40]. Alotaibi et al., the 
study concluded that

 
Klebsiella was the commonest 

organism isolated from respiratory infection and UTI, 
while Klebsiella and Candida were the most common 
organisms that affect the bloodstream [14].  

 The hospital-acquired infection has 
commonly been used to guide empirical antibiotic 
treatment based on the different pathogens circulating 
in the hospital environment. In our study, amikacin 
and imipenem are the most sensitive antibiotics 
whatever the type of the organism which is similar to 
Mireya study [49]. 

 The mortality rate in our study was 36%, 
which is nearly the same as reported in developing 
countries and higher than that reported in developed 
counties. In developing counties, the mortality rate 
ranged from 20 to 38% [3], [7], [44], [50] while in 
developed countries it was 7.7 to 10% [25], [51].  

In this study, we found that sepsis was not a 
risk factor for death. Studying different risk factors for 
mortality among the studied patients, including age, a 
period of stay, type of organism, invasive techniques 
including CVP, urinary catheter, and mechanical 
ventilation revealed no significance. The risk factors 
for HAI in PICU differ between studies according to 
the method of comparison where some studies 
compare between the patient in ICU and patients in 
the pediatric ward, number of patients in the study that 
use invasive devices. The limitation of this study was 
a small number of patients. The viral infection is 
underdiagnosis. Mireya et al., the study revealed that 
age under 1 year, the severity of the disease, and 
mechanical ventilation were significant risk factors 
[49]. Rasslan et al., the study found that device 
associated infection rates in PICU in Egypt was higher 
than in developed countries and was considered as a 
risk factor for HAI (52). Aktar et al., the study revealed 
that only mechanical ventilation was found to be a risk 
factor for mortality in multiple logistic regression 
analysis [44]. Also, María et al., the study showed that 
disease severity and candida infection were the main 
risk factor for mortality [7]. Few studies showed that 
type of organism is a risk factor as Ashkenazi et al., 
the study reported mortality rate of 60% in 
Acinetobacter sp. bacteremia and 42% yeast 
associated infection [53]. 

As regard seasonal variation, winter was the 
commonest season for nosocomial infection in this 
study. Few studies demonstrated the impact of 
seasonal variation on different organisms. Caldeira et 
al., [54] and Fortaleza et al., [55] studies revealed an 
increased incidence of Gram-negative bacilli in warm 
weather. This controversy may be referred to that 
most of our patients were suffering from a respiratory 
infection. 

 In conclusion, Staphylococcus was the 
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commonest micro-organism while Gram-negative 
infections were the commonest group among PICU 
with a predominance of Acinetobacter and Klebsiella. 
Respiratory infections were the most common, 
followed by blood-borne infection. Risk factors for 
mortality were not significant. The empirical antibiotic 
choice was made according to culture and sensitivity. 
Respiratory infections were the most common, 
followed by blood-borne infection. Risk factors for 
mortality were not significant. Infection control 
programs are required repetitively and periodically for 
proper choice of antibiotics and infection control. 
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Abstract 

BACKGROUND: Haramonting leaves have a large antioxidant activity as inhibitors oxidation and form non-free 
radical compounds that are not reactive and relatively stable. Electronic smoking is a choice who slowly want to 
quit conventional smoking. 

AIM: This research aimed to determine the effect of ethanol extract on hard mounting leaves on leukocyte counts 
and histology Pulmo on male mice exposed to an electronic cigarette. 

METHODS: The samples used in this study were healthy male mice aged 8-11 weeks and weight of 25-30 g as 

many as 25 individuals and ethanol extracts of hard mounting leaves with a dose of 100 mg/kgBW, 200 mg/kgBW 
and 300 mg/kgBW. Blood tests were carried out at the Health Laboratory of North Sumatra Office, and the 
preparation of Pulmo histology was carried out at the Pathology and Anatomy Laboratory of Adam Malik General 
Hospital Medan 

RESULT: There were significant differences between the control group and all of the treatment groups in the 
number of lymphocytes, neutrophils, basophils and eosinophils. There was a tendency that electronic cigarette 
smoke could cause damage to pulmo tissue. 

CONCLUSION: The results of this study indicate that the ethanol extract of hard mounting leaves could help the 
immune system in mice exposed to an electronic cigarette. 

 

 

 

 

 

 
 
 

Introduction 

 

One source of pollutants in the air is cigarette 
smoke which has toxic properties for the lungs, 
especially clove cigarettes (without filters). These toxic 
substances enter the lungs increasing free radicals 
that affect the imbalance of antioxidant levels in the 
lungs to fight oxidants. This situation is called 
oxidative stress. These gases include 2-nitropropane, 
acrylonitrile, acrolein, ammonia, acetaldehyde, 
dimethylnitrosamine, formaldehyde, hydrazine, 

hydrogen cyanide, carbon monoxide, nitrogen oxides, 
pyridine, urethane, vinyl chloride, and various other 
nitrosamines [1]. 

 Electronic smoking is a choice for active 
smokers who slowly want to quit conventional 
smoking. Electronic cigarettes are considered as 
healthy cigarettes with lower nicotine content and do 
not contain tobacco smoke compared to conventional 
cigarettes. Smoking is a major cause of lung cancer, 
as well as other lung diseases that are chronic and 
obstructive, such as bronchitis and emphysema. 
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About 85% of people with this disease are caused by 
cigarettes — symptoms caused by chronic cough, 
phlegm, and respiratory problems. If a lung function 
test is carried out, then the test results on smokers are 
worse than those of nonsmokers. Smoking is also 
associated with influenza and other pneumonia [2]. 

Death is generally not due to difficulty 
breathing because of enlarged cancer, but the 
position of the lungs in the circulatory system that 
makes cancer spread easily throughout the body. 
Exposure to secondhand smoke causes the body's 
natural antioxidants to no longer force the production 
of Reactive Oxygen Species (ROS). This results in the 
production of ROS as a reactive molecule that 
continues to be excessive and causes damage in 
various places. Excess ROS will damage the 
respiratory tract epithelial cells and surrounding cell 
membranes so that an inflammatory response occurs. 
The inflammatory response due to increased ROS 
from exposure to cigarette smoke will increase blood 
leukocyte levels. One parameter to assess the 
increase in leukocyte levels is to count the type of 
leukocytes [3]. 

According to [4] haramounting leaf extract has 
a large antioxidant activity. Antioxidants are defined 
as inhibitors that work to inhibit oxidation by reacting 
with reactive free radicals to form non-free radical 
compounds that are not reactive and relatively stable 
[5]. Haramonting stems and twigs have large 
antioxidant activity, and weak toxicity [6], [7] explained 
that ethanol extract of hard mounting leaves has anti-
bacterial and anti-inflammatory activity. Haramounting 
leaves (Rhodomyrtus tomentosa) contain flavonoids, 
saponins, tannins and triterpenoids. Flavonoid content 
is a powerful antioxidant that can reduce lipid 
peroxidation, increase epithelialization speed, and is 
anti-microbial [8]. 

This research aimed to determine the effect of 
ethanol extract on hard mounting leaves on leukocyte 
counts and histology Pulmo on male mice exposed to 
an electronic cigarette. 

 

 

Material and Methods 

  

The material used is male mice (Mus 
musculus L) strain DDW, Haramonting leaves 
obtained from plantation residents in Tapanuli North 
Sumatera, Feed the mice no. PB 551, staining 
Hematoxylin and Eosin. This research used the 
Completely Randomized Design (CRD) using 30 male 
mice with an average weight of 20-25 g aged 12-18 
weeks. Male mice are kept in Animal Cages Biological 
Laboratory, Faculty Mathematics and Natural Science, 
Universitas Sumatera Utara, Medan Indonesia. 
Experimental animal handling is done ethically 
(Ethical Clearance).  

 Rhodomyrtus tomentosa leaves are washed 
then dried by the requirements of water content. The 
treatment consisted of 5 groups consisting of 5 male 
mice positive Control (K

+)
, Negative Control (K

-
) in 

given exprouse smoke cigarettes and treatment 
groups extract ethanol harmonising at a dosage of 
(100, 200, 300) mg/KgBW in 30 days. All mice killed 
by the method of disclasio cervicalis to take the tests. 
Furthermore, the parameters are leukocyte count, 
morphological observation and pulmonary histology. 
Pulmo is taken to make histology preparations using 
paraffin method. The histology study was carried out 
under a microscope with a magnification of 10 x 40. 
The method used in pulmonary histology observation 
was a scoring method using the microanatomy 
structure of the lung tissue of mice analysed 
qualitatively and made a score of degree of damage. 
In each field of view counted 20 cells at random and 
then the data processed with SPSS 22 program with 
Kruskal Wallis test. 

 

 

Results 

 

Based on this research Figure 1 shows that 
the monocytes count value in the negative control 
treatment was 2, the positive control was 1, in the 
treatment of 100 mg/kgBW was 8, in the treatment of 
200 mg/kgBW, and 300 mg kgBW was 4. It was seen 
an increase in the value of monocytes in the blood 
mice after exposure to electronic cigarette smoke and 
given Haramounting ethanol extract. The results 
obtained are differences in monocytes values that 
were not significantly different in each group both in 
the control group and the treatment group. In the P1 
group obtained higher than the control group, this 
occurred because of the influence of hard mounting 
ethanol extract and exposed to electronic cigarette 
smoke. Based on data from the normal monocytes 
count value, monocytes are still at normal levels, 
which is between 2 to 8. This shows that monocytes 
are still in good and normal condition in the blood of 
mice. 

 

Figure 1: Percentage of Mice Blood Monocyte Count Counted by 
Electronic Cigarette Smoke and Haramounting Leaf Extract. Note; p 
> 0.05 

 

The lymphocytes count value in the negative 
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control treatment was 17, the positive control was 10, 
the treatment of 100 mg/kgBW was 78, the treatment 
of 200 mg/kgBW was 83, and the treatment of 300 
mg/kgBW was 74 (Figure 2). The value of mice 
lymphocytes after exposure to electronic cigarette 
smoke and given haramounting ethanol extract. The 
results obtained are differences in basophil values 
that are significantly different between the control 
group and the treatment. The P2 group was higher 
than the other groups due given ethanol extract of 
hard mounting leaves at 200 mg/kgBW, but 
lymphocytes values in the K

+
 group are even lower 

than others.  

 

Figure 2: Percentage of Mice Blood Lymphocytes Count Counted 
by Electronic Cigarette Smoke and Haramounting Leaf Extract. 
Note; p

a, b
 < 0.05 

 

Based on the data of normal lymphocyte 
count values between 20-40, the mice were negative 
and positive control was still in good and normal 
condition while mice treated at 100 mg/kgBW, 200 
mg/kgBW and 300 mg/kgBW increased above normal 
values.  

The neutrophil count value in the negative 
control (K

-
) treatment was 75, the positive control was 

83, the treatment of 100 mg/kgBW was 5, the 
treatment of 200 mg/kgBW was 5, and the treatment 
of 300 mg/kgBW was 11 (Figure 3).  

 

Figure 3: Percentage of Mice Blood Neutrophil Count Counted by 
Electronic Cigarette Smoke and Haramounting Leaf Extract. p

a, b
 < 

0.05 

 

Seen decrease in the neutrophil value of mice 
after exposure to electronic cigarette smoke and given 
haramounting ethanol extract. The results obtained 
were differences in neutrophil values that were 

significantly different between the control group and 
the treatment group. In the K

+
 group, which can be 

higher than the control group, this occurs because of 
the influence of hard mounting ethanol extract and 
exposed to electronic cigarette smoke can increase 
the neutrophil value. But in the group of neutrophil 
values higher than the neutrophil value in the 
treatment group. Based on the data of normal 
neutrophil count values between 50-70. So, the mice 
treated with negative control was still in normal 
neutrophil conditions. The positive control treatment, 
neutrophils experienced a slight increase and in 100 
mg/kgBW, 200 mg/kgBW and 300 mg/kgBW 
decreased neutrophils. 

The value of basophil count in the negative 
control treatment was 2, the positive control was 0, 
the treatment of 100 mg/kgBW was 10, the treatment 
of 200 mg/kgBW was 8, and the treatment of 300 
mg/kgBW was 10 (Figure 4). Seen Basophil values of 
mice after exposure to electronic cigarette smoke and 
given haramounting ethanol extract. The results 
obtained are differences in basophil values that are 
significantly different between the control group and 
the treatment group. The P3 group was higher than 
the other groups by giving 300mg/kgBW of hard 
mounting leaf ethanol extract. However, the basophil 
value in the K

+
 group was 0. Based on the data of the 

normal values of basophil count, i.e. 0 to 1, the mice 
in the positive control were in normal conditions. 
Whereas for mice in negative control and treatment of 
100 mg/kgBW, 200 mg/kgBW and 300 mg/kgBW 
experienced an increase in basophil value. 

 

Figure 4: Percentage of Mice Blood Basophil Count Counted by 
Electronic Cigarette Smoke and Haramounting Leaf Extract. p

a, b
 < 

0.05 

 

The calculated value of the type of 
eosinophils in the negative control treatment was 3, 
the positive control was 1, in the treatment of 100 
mg/kgBW was 0, the treatment of 200 mg/kgBW was 
0, and the treatment of 300 mg/kgBW was 0 (Figure 
5).  

Eosinophil value in blood of mice after 
exposure to electronic cigarette smoke and given 
haramounting ethanol extract. The results obtained 
were differences in eosinophil values, which were 
significantly different between the control group and 
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the treatment group. 

 

Figure 5: Percentage of Mice Blood Eosinophil Count Counted by 
Electronic Cigarette Smoke and Haramounting Leaf Extract. p

a, b
 < 

0.05 

 

The P1, P2 and P3 groups obtained lower 
than the other groups due to exposure to cigarette 
smoke, and hard mounting extracts can reduce 
eosinophil values. Based on the data of normal values 
of eosinophil count, i.e. 1 to 3, the eosinophil levels of 
mice in negative control and positive control were still 
in good and normal condition, while mice treated at 
100 mg/kgBW, 200 mg/kgBW and 300 mg/kgBW 
decreased eosinophils value. 

 The average weight of pulmo mice in the 
negative control group (K

-)
 was 0.33 g, the positive 

control group (K
+
) was 0.37 g, the treatment group 1 

was 0.33 g, the treatment group 2 was 0.36 g and 
treatment group 3 was 0.34 g (Figure 6). It was seen 
that in the positive control group showed the highest 
average weight; this was probably due to the 
continuous use of mouse mice exposed to electronic 
cigarette smoke exposure without being given 
haramounting leaf extract which was thought to be an 
antioxidant. Cigarette smoke that enters the pulmo will 
cause pulmonary tissue damage and respiratory 
disorders so that for a long period, it will cause Pulmo 
smokers to become damaged. 

 

Figure 6: Average Weight of Pulmo Mice Exposed to Electronic 
Cigarette Smoke and Haramounting Leaf Extract. Note: p > 0.05 

 

 From Figure 7, the difference in the colour of 
pulmo mice in each treatment. Where the negative 
control (K

-
) looks pink coloured pulmo, positive control 

(K
+
) looks blackish pulmo, treatment 1 looks pink 

coloured Pulmo with a little black spot, treatment 2 
looks pink coloured pulmo black, and 3 treatment 

looks coloured pulmo pink with black spots that almost 
cover the entire surface of pulmo. Pulmonary 
morphology in the positive control (K

+
) shows that 

there are many black spots on the surface of pulmo, 
this is likely to occur due to the influence of electronic 
cigarette smoke-exposed to mice. While pulmo in 
treatment P1, P2 and P3 were seen to have black 
patches but not as much as pulmo in the positive 
control (K

+
), due to the possibility of the effect of hard 

mounting leaf extract and antioxidant for Pulmo mice. 

 

Figure 7: Pulmo Color of Mice Blood Exposed to Electronic 
Cigarette Smoke and Haramounting Leaf Extract. (Photo After 
Fixation Process) shows black spots on the surface of pulmo mice 

 

The average score of the degree of damage 
from Pulmo tissue (Figure 8). Pulmonary tissue 
damage was done by Kruskal-Wallis test to see the 
differences in the five treatments. From the results of 
statistical analysis tests showed that for membrane 
damage, lumen damage and the relationship between 
alveoli have different scores on negative control, 
positive control and treatment. Based on the graph 
above, it can be seen that the greatest pulmonary 
tissue damage score occurs in positive control with a 
score of 3, in which the condition of the alveolar 
membrane is damaged and not intact with the alveolar 
lumen that is not rounded and the stretching between 
the alveoli. Whereas for all good treatment 100 
mg/kgBW, 200 mg/kgBW and 300 mg/kgBW the 
pulmo tissue damage score was 2 where the condition 
of the alveolar membrane is still intact with the 
surrounding endothelial cells, the alveolar lumen was 
still intact rounded train and the alveolar relationship 
was quite tight. This shows that in positive control, 
pulmo exposed to cigarette smoke is damaged both in 
the alveolar membrane, alveolar lumen and also the 
relationship between the alveoli and it can be seen 
also in the treatment there is an effect of 
haramounting leaf extract on pulmo tissue so that 
damage to the pulmo tissue can be minimized. 

The damage that occurred between the 
negative control group, positive control and the 
treatment was significantly different (Figure 9). This is 
consistent with the results of statistical analysis of 
pulmo tissue damage scores. 
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Figure 8: Scores of Degrees of Damage to Mice Pulmo Exposed to 
Electronic Cigarette Smoke and Haramounting Leaf Extract 

 

For negative controls with a score of 1 where 
the alveolar membrane was intact, nucleated and 
complete with endothelial cells with the rounded 
alveolar lumen and tight interrelated alveolar 
connections. For negative control with a score of 3 
where the alveolar membrane is not intact, it has no 
nucleus, and the surrounding endothelial cells are not 
visible with the alveolar lumen widened, and the 
relationship between the alveoli is stretched. P1, P2 
and P3 groups with a score of 2 where the alveolar 
membrane is relatively intact with the alveolar lumen 
that is still rounded and the relationship between the 
alveoli is relatively tight. 

 

Figure 9: Histology of Pulmo Mice Exposed to Electronic Cigarette 
Smoke and Haramounting Leaf Extract. K- (negative control); K + 
(positive control); P1, P2, P3 (treatment); Healage HE Magnification 
100 x; A) Alveolar membrane; B) Lumen alveolus; C) Relationship 
between alveoli 

 

 

 

Discussions 

 

Alveolar macrophages release cytokines such 
as tumour necrosis factor-a (TNF-α), and TNF-α can 
stimulate the bone marrow to accelerate the 
differentiation, proliferation and maturation of 
granulocyte cells, especially neutrophils and 
monocytes which can increase the amount in the 
blood. Excessive increase in ROS can cause an 
imbalance so oxidative stress will occur. If lipid 

peroxidation occurs, the structure of the monocyte cell 
containing the most lipids is the cell membrane will be 
damaged. Damage to cell membranes results in 
disrupted biochemical activity in cells, so cells are 
unable to sustain their lives, and cell death occurs [2]. 

Antioxidants are compounds that can inhibit 
reactive oxygen species and also free radicals so that 
antioxidants can prevent diseases associated with 
free radicals such as carcinogenesis, cardiovascular 
and ageing [9]. 

Lymphocytes are a type of leukocytes that 
have a role in the immune response. Lymphocytes 
show very high heterogeneity in morphology and 
function because they are active and can change 
shape and size. Lymphocytes can break through soft 
tissues or organs because they provide immune 
substances for the body's defence. Lymphocytes play 
a role in responding to antigens (foreign objects) by 
forming antibodies and developing immunity [10] 
because lymphocytes are immune cells that play an 
important role in response systems humoral and 
cellular invulnerability [11]. 

A neutrophil can phagocyte 5-20 bacteria 
before inactive and dead neutrophils [14]. The number 
of neutrophils can be increased if there is an infection, 
inflammation and in a state of stress. Stressful 
conditions in mice can trigger an increase in the 
production of corticosteroid hormones. Corticosteroids 
are produced by the adrenal cortex, which can 
increase anti-inflammatory, physiological and 
metabolic activity in the body [15]. There was an 
increase in neutrophils in negative controls where 
mice were not given any treatment. The possibility is 
that the mouse is in a stressful condition both with the 
environment outside the cage and inside the cage. 
While the number of neutrophils in the treatment of 
100mg/kgBW, 200mg/kgBW and 300 mg/kgBW 
decreased. This proves that mice do not experience 
any anti-inflammatory activity in which there is no 
tissue injury or infection in the mouse tissue. The 
highest number of leukocyte count results is 
neutrophil leukocytes; this is by the statement of [16] 
that has the potential as an immunomodulator and 
maintain an acute inflammatory response in the body. 
It is suspected that it can increase neutrophil 
production which serves to maintain an acute 
inflammatory response in the body, in this case, non-
specific neutrophils can quickly recognise and 
respond to a pathogen, and are important for 
controlling bacterial infections. The effects of ethanol 
intoxication are measured in other tissues where there 
is a decrease in enzymes in the blood, liver and 
kidneys but not in the heart and lymph. This means 
that the effect of alcohol on the number of leukocytes 
is related to the effects of alcohol in a chronic way that 
affects the bone marrow, which is the place where 
blood cells are produced. With this theory, it can be 
concluded that the effects of alcohol can chronically 
interfere with the production of basophils. An increase 
in the number of basophils indicates a leukocyte 
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response in humoral and cellular ways to overcome 
the presence of substances that enter [17]. 

Basophils have the same function as mast 
cells, which generate acute inflammation in the 
antigen deposition site [18]. When the tissue 
experiences inflammation of the basophils, it releases 
heparin, histamine, a little bradykinin, and serotonin. 
Changes in the number of leukocytes in the blood 
circulation can be interpreted as the emergence of 
disease agents, inflammation, autoimmune diseases 
or allergic reactions [19]. 

Monocytes in carrying out the function of the 
immune system act as macrophages which swallow 
and destroy cells, microorganisms and foreign objects 
that are pathogenic. Eosinophils perform the function 
of the immune system by lysing as well as chemical 
functions, which are enzymatically [20]. 

Eosinophils function as phagocytes in the 
blood so that the presence of incoming chemicals is 
considered a foreign object. Therefore, eosinophil acts 
to repair damaged networks [15]. 

Eosinophils are present in the blood in small 
amounts, namely 1-3% of the total leukocyte 
population. The mechanism of action of eosinophils 
uses opsonisation with the help of immunoglobulin E 
(IgE), so eosinophils are strongly associated with its 
action with IgE. Eosinophils after being synthesised 
and enter the bloodstream then infiltrate the tissue. In 
this tissue eosinophils work against pathogens. The 
presence of pathogens will trigger an increase in the 
number of eosinophils in the blood. Eosinophils also 
play a role in the inflammatory process. Inflammation 
itself occurs using T helper (Th) cells. Th17 cells that 
are active will express IL-17, and the two cells then 
secrete several chemokines and cytokines such as 
erythropoietin, Transforming Growth Factor (TGF), 
MMP [21]. 

Cigarette smoke that enters the respiratory 
tract can cause airway reflex disturbances, impaired 
ciliary function (ciliototoxic) and increase mucus 
production. When smoking, various chemicals are 
absorbed in, and if it occurs for a long time there will 
be a work inhibition of the lungs, such as carbon 
monoxide, its presence in the lungs will reduce the 
blood's ability to bind oxygen from the lungs. This 
happens because red blood cells have a stronger 
affinity for carbon monoxide compared to oxygen. This 
situation causes shortness of breath and severe 
coughing for a long time [22]. 

The main toxins contained in cigarettes are 
tar, nicotine, and carbon monoxide. Cigarette smoke 
that enters the respiratory tract can cause airway 
reflex disturbances, impaired ciliary function 
(ciliototoxic) and increase mucus production [22]. The 
cough that occurs in smokers is an attempt to remove 
thick mucus that is difficult to be pushed out of the 
airway [23], states [24] that the components of 
cigarette smoke are CO, ammonia, hydroxylic acid 

nitrogen oxides, and formaldehyde. The particles 
consist of tar, indole, nicotine, carbazole and cresol. 
This substance is toxic, irritating, and causes cancer 
(carcinogens). Statement [25] states that the 
additional flavour content in electronic cigarettes also 
contains carcinogens that are harmful to humans, 
including nitrosamines, toxic chemicals such as 
diethylene glycol, and components of anabasine, 
myosmine, and betanicotyrin tobacco specific 
ingredients. People who smoke for a long time have a 
high prevalence of several diseases such as 
atherosclerosis and chronic obstructive pulmonary 
disease (COPD) with significant systemic effects [26]. 
Thus, the sufferer is not only his smoker (active 
smoker) but also people who are in the cigarette 
smoke environment or referred to as passive smoking 
[27]. 

According to [28], the relationship between 
the alveolus that is dense in the group that is not 
exposed to cigarette smoke shows that the 
extracellular matrix which consists of collagen and 
elastin fibres is still intact. Lumen alveolus It seems 
normal not enlarged, which is common when there are 
lung abnormalities.  

According to [29], gas absorption through the 
respiratory tract depends directly on the concentration 
of gas in the air inhaled. Most gases can switch easily 
across the alveolus epithelium into the plasma. Also, 
the respiratory tract can excrete toxins that have been 
absorbed from pulmo or through other pathways and 
with a xenobiotic metabolic enzyme system, 
biotransforming many toxics that can produce oxygen 
radicals and reactive epoxides that can cause cell 
damage in pulmo. According to [30], the length of 
exposure for inhalation poisoning and behavioural 
poisoning tests can be acute, chronic and chronic. But 
acute understanding is more common with inhalation 
toxicology, and chronic understanding is more 
common with behavioural toxicology. 

In conclusion, the effect of giving 
haramounting leaf extract (Rhodomyrtus tomentosa 
(Aiton) Hassk.) to the number of normal values of the 
type of leukocytes mice exposed to electronic 
cigarettes cannot help maintain the normal value of 
leukocyte count. But in statistical analysis, it was seen 
that the change in leukocyte count value did not 
experience an increase or decrease that was too 
significant so that it was still within reasonable limits 
and did not endanger mice. haramounting leaf extract 
(Rhodomyrtus tomentosa (Aiton) Hassk.) as much as 
200mg/kgBW. The effect of giving electronic cigarette 
smoke to mice did not statistically affect the alveolar 
membrane, alveolar lumen and the relationship 
between alveoli. However, in histological observations 
there is a tendency that electronic cigarette smoke 
can cause the alveolar membrane to lose endothelium 
cells in it, the alveolar lumen which is widened and not 
rounded intact and the relationship between the 
alveoli tend to be stretched. 
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Abstract 

BACKGROUND: A new simple, selective and accurate high-performance liquid chromatographic (HPLC) method 
utilising solid-phase extraction for the determination of pantoprazole in human plasma samples has been 
developed.  

AIM: The purpose of this paper was developing a new HPLC method suitable for the determination of 
pantoprazole in plasma samples, which enables simple and rapid isolation and concentration of the analysed 
drug. 

METHODS: The chromatographic separation was accomplished on a LiChroCart LiChrospher 60 RP select B 
column using a mobile phase composed of 0.2 % (V/V) water solution of triethylamine (pH 7) and acetonitrile 
(58:42, V/V) followed by UV detection was at 280 nm. The solid-phase extraction method using LiChrolut RP-18 
(200 mg, 3 ml) was applied to the obtained good separation of investigated drug from endogenous plasma 
components. Best results were achieved when plasma samples were buffered with 0.1 mol/L KH2PO4 (pH 9) 
before extraction, eluted and reconstituted with acetonitrile and 0.001 mol/L NaOH after extraction, respectively.  

RESULTS: The standard calibration curves showed good linearity within the range of 25.0-4000.0 ng/mL with a 
correlation coefficient greater than 0.996. Retention times of pantoprazole and internal standard, lansoprazole 
was 4.1 and 6.0 min respectively. The limit of quantification was 25.0 ng/mL.  For intra- and inter-day precision 
relative standard deviations ranged from 4.2 to 9.3%. The relative errors for stability investigations were ranged 
from 0.12 to -10.5%.  

CONCLUSION: This method has good precision and accuracy and was successfully applied to the 
pharmacokinetic and bioequivalence study of 40 mg pantoprazole in healthy volunteers. 

 

 

 

 
 
 

Introduction 

 

Pantoprazole is a proton pump inhibitor used 
as the first-line treatment for patients with acid-peptic 
disorders, including erosive gastro-oesophageal reflux 
disease, nonerosive reflux disease and duodenal 
gastric ulcers. There are several investigations 
concerning the determination of pantoprazole in 
human plasma samples by high-performance liquid 
chromatography (HPLC). In the published methods, 

liquid-liquid extraction has been used for sample 
preparation [1], [2], [3], [4] using different solvents. 
The disadvantage of these methods employing liquid-
liquid extraction (with grate chemicals consumption) is 
that they involve several steps which can yield poor 
separation from the endogenous plasma 
interferences, these methods are time-consuming 
(usually up to 1 h) regarding multiple steps of 
extraction, drying etc. Some authors proposed 
methods for determination of pantoprazole in human 
plasma using deproteinisation as sample preparation 
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method with acetonitrile or methanol [5], [6], [7], [8], 
single or automated on-line solid-phase extraction 
method [9], [10], [11], [12] or method by direct 
injection [13]. The solid-phase extraction method is 
less labour intensive due to the mechanism which 
allows extraction of the components in a single 
loading step. In comparison with liquid-liquid 
extraction, solid-phase extraction is better suited to 
enriching the concentration of the investigated 
components in plasma samples and not susceptible to 
problematic emulsions. 

In this paper, we describe a new HPLC 
method suitable for the determination of pantoprazole 
in plasma samples employing solid phase extraction 
for sample preparation, which enables simple and 
rapid isolation and concentration of the analysed drug. 
This method is advantageous because of its 
simplicity, efficient clean-up of the complex biological 
matrix and shorter time of analysis, and it is suitable to 
monitor plasma concentrations during clinical 
pharmacokinetic studies in humans.  

 

 

Methods 

 

Chemicals and standards 

Pantoprazole working standard and internal 
standard lansoprazole was supplied by Krka, d.d., 
Novo Mesto, Slovenia. HPLC grade methanol and 
acetonitrile were purchased from Across Organics, 
Belgium. Triethylamine, o-phosphoric acid, sodium 
hydroxide, potassium dihydrogen phosphate and 
columns for solid phase extraction (LiChrolut RP-18, 

40-63 m, 200 mg, 3mL) were obtained from Merck 
(Germany).  

 

Instrumentation and chromatographic 
 conditions 

The method development was performed with 
a High-pressure liquid chromatographic system 
consisting of an autosampler Perkin Elmer LC ISS 
Series 200, an ultraviolet diode array detector (Perkin 
Elmer LC 235 C). The system was controlled, and 
data analysis were performed with the software 
package Turbochrom Version 4.1. Plus, and UV-
spectrometric data were produced by TurboScan 
Version 2.0. The detector was set at 280 nm, and 
peak areas were integrated automatically by using the 
software. Chromatographic separation was carried out 
using LiChroCart LiChrospher 60 RP select B (4.0 mm 
x 250 mm, 5 µm).  

A series of parameters, including composition 
and pH of mobile phase and flow rate, were tested 
concerning the location and shape of the peaks of 
pantoprazole and the internal standard in the 

corresponding chromatograms. The final choice of the 
mobile phase giving satisfying resolution and run time 
was 0.2 % (V/V) triethylamine in water with pH = 7 
and acetonitrile (58:42, V/V). The triethylamine 

solution was prepared by adding 200 L triethylamine 
in 100 mL water and pH of this solution [7] was 
adjusted by concentrated o-phosphoric acid. The 
mobile phase was filtered and degassed with helium 
and delivered at a flow rate of 1.2 mL/min. The 
injection volume was 50 µL. 

 

Preparation of standards 

Stock solutions of 1000 µg/mL of 
pantoprazole and lansoprazole were prepared in 
water and 0.05 mol/L NaOH respectively. These 
solutions were stored at +4°C, and no change in 
stability over 1 month was observed. The working 
solutions were prepared freshly every day by diluting 
appropriate portions of these solutions with water. 

 

Sample preparation  

Human plasma was prepared from 
heparinised whole blood samples. Blood samples 
were collected from healthy volunteers and stored at -
20°C. After thawing, samples were spiked daily with 
stock solutions of pantoprazole and lansoprazole as 
an internal standard.  

A 12 ports solid-phase extraction vacuum 
manifold (Merck) was used for sample preparation. A 

single extraction with LiChrolut RP-18 (40-63 m) 200 
mg, 3 mL standard PP-tubes was used to isolate the 
drug and internal standard from plasma samples. The 
cartridge was conditioned sequentially by elution with 
2 mL methanol and 2 mL water. Spiked plasma 
sample (total volume 1.05 mL, 1 mL spiked plasma 
with pantoprazole and 0.05 mL internal standard) was 
buffered with 1 mL of 0.1 mol/L KH2PO4 (pH 9) and 
was introduced into the cartridge under vacuum at 5 
psi. Water (2 mL) was used to rinse the cartridge. 
Elution was then performed with 0.7 mL of acetonitrile. 
This eluate was collected in a clean tube and was 
evaporated to dryness under N2 for about 20 min at 
40°C. After the reconstitution of the residue with 200 

L of 0.001 mol/L NaOH, a 50 L volume was injected 
into the HPLC system.  

 

Calibration curves 

Typical calibration curves were constructed 
with six blank plasma samples spiked with appropriate 
amounts of the standard solutions. The calibration 
range was 25.0-4000.0 ng/mL of pantoprazole. The 
standard samples were prepared according to the 
procedure as unknown samples. Content of 
pantoprazole in control and unknown samples was 
determined by an internal standard method using 
weighted (1/c) calibration curves obtained by plotting 



Zendelovska et al. A New Solid-Phase Extraction Method for Determination of Pantoprazole in Human Plasma Using HPLC 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2019 Jun 15; 7(11):1757-1761.                                                                                                                                                 1759 

 

peak height ratios of pantoprazole and the internal 
standard against pantoprazole concentration. 

Method validation 

The proposed method was validated by 
evaluating selectivity, precision, accuracy, linearity, 
sensitivity, ruggedness and stability according to 
guidelines for Bioanalytical Method Validation, 
European Medicines Agency, Committee for Medicinal 
Products for Human Use, 2009 [14]. The selectivity of 
the proposed method was determined by comparing 
the chromatograms of diluent, standard solutions, 
blank plasma and spiked plasma samples. Intra-day 
precision values were assessed by calculating the 
relative standard deviation (RSD) for eight replicates 
at three different concentrations spiked into blank. 
Inter-day precision was assessed by measuring two 
individually prepared spiked plasma samples at three 
different concentration levels of pantoprazole in 6 
different days. Accuracy (intro- and inter-) was 
determined by calculating relative error (%). 
Ruggedness was performed on the second HPLC 
column of the same type by injecting a standard 
solution of pantoprazole and internal standard. 
Relative error was calculated by comparing the mean 
peak height for both substances to those obtained by 
changing pH value of the mobile phase from 7.0 to 7.3 
and from 7.0 to 6.7 or to those obtained by changing 
the detection wavelength from 280 nm to 275 nm and 
from 280 nm to 285 nm. Stability of pantoprazole in 
plasma was evaluated for 2, 12 and 24 hours, after 
one and three freeze/thaw cycles and after 1 month 
stored at -20°C using spiked samples at two different 
concentration levels prepared in duplicate.  

 

 

Results  

 

Method development 

Our objectives for this work were to develop a 
robust, rapid and reproducible analytical assay for 
pantoprazole in human plasma using HPLC-UV which 
after validation would be appropriate for application in 
a clinical study evaluating the bioequivalence of 
various pantoprazole formulations. Therefore, a series 
of studies were conducted to develop a convenient 
and easy-to-use method for quantitative analysis of 
pantoprazole in plasma samples. Several HPLC 
method variables concerning their effect on the 
separation of pantoprazole and internal standard from 
the matrix, reducing run time and maximising 
resolution were investigated.  

In our extensive preliminary experiments, a 
series of aqueous mobile phases containing buffer 
solutions with different pH values in combination with 
different modifiers including acetonitrile, 2-propanol 
and triethylamine with different volume fractions were 
tested. The presence of triethylamine in the mobile 

phase improved peak shape and increased the 
intensity of the observed pantoprazole signal. The 
results were most satisfactory when the mobile phase 
consisted of 0.2% (V/V) triethylamine in water with pH 
7 and acetonitrile in volume fractions 58:42. A set of 
column packing including C8, C18 and RP select B 
with different lengths and particle sizes were tested 
and the LiChroCart LiChrospher 60 RP select B 
packing showed the best separation. The total 
chromatographic run time is 7 min, which is amenable 
to the high-throughput requirements of clinical study 
analyses. A typical chromatogram of standard 
solutions of pantoprazole and internal standard 
produced by the developed HPLC method is shown in 
Figure 1c. The retention time of pantoprazole and 
internal standard (lansoprazole) are 4.1 min and 6.0 
min, respectively.  

Also, to obtain satisfactory values for recovery 
of pantoprazole different cartridges for solid phase 
extraction were tested. The satisfactory values for 
recovery of pantoprazole and internal standard were 
obtained when solid phase extraction is performed on 
LiChrolut RP-18 tubes.  

Also, to improving the extraction procedure, 
plasma samples were buffered with 1.0 mL of 0.1 
mol/L KH2PO4 solution (pH 9) before introducing into 
the cartridges.  

 

Figure 1: Chromatograms of A) diluent; B) blank plasma; C) 
standard solutions of pantoprazole and internal standard; D) spiked 
plasma sample with pantoprazole and lansoprazole 

 

Under the chromatographic conditions 
described, pantoprazole and the standard internal 
peaks were well resolved. Endogenous plasma 
components did not give any interfering peaks. 
Typical chromatograms of blank plasma in 
comparison to spiked sample are shown in Figure 1b 
and 1d). On the other hand, the method in this report 
has sufficient sensitivity and reproducibility to permit 
the pharmacokinetic studies. The developed HPLC 
method can be used for the analysis of plasma 
samples from healthy volunteers after oral 
administration of 40 mg pantoprazole. A typical 
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chromatogram of a plasma sample of a patient after 
administration of 40 mg pantoprazole is shown in 
Figure 2. Chromatograms showed no interfering peak 
at the pantoprazole and internal standard peaks 
position.  

 

 

Figure 2: Chromatogram of plasma sample of a patient after 
administration of 40 mg pantoprazole (2h post-dose, the 
concentration of pantoprazole 2023.7 ng/mL) 

 

Linearity 

The method was validated using a six-point 
calibration curve ranging from 25.0 to 4000.0 ng/mL of 
pantoprazole. Respective weighted (1/c) linear 

regression equation was: y = 0.001726 · + 0.020017. 
The correlation coefficient was routinely greater than 
0.996.  

 

Precision and accuracy 

Intra-day precision and accuracy were 
determined by measuring individually prepared eight 
spiked plasma samples at three different 
concentration levels of pantoprazole, first near LOQ. 
Inter-day precision and accuracy were investigated by 
analysing 2 series of spiked plasma samples at low, 
middle and high concentration levels of pantoprazole 
in six different days. Then, the corresponding relative 
standard deviation and relative errors were calculated. 
The data for intro- and inter-day precision and 
accuracy of the proposed method are shown in Table 
1. As can be seen from results presented in Table 1, 
for intra- and inter-day precision, RSDs ranged from 
4.2 to 8.9% and from 4.9 to 9.3%, respectively. These 
data indicate a considerable degree of precision and 
reproducibility for the method both during one 
analytical run and between different runs. 

Relative errors at all three concentrations 
studied are less than 7.0% for intra-day accuracy and 
7.3% for inter-day accuracy, and it is obvious that the 
method is remarkably accurate, which ensures 
obtaining reliable results. 

The lower limit of quantification 

The lower limit of quantification was defined 
as the lowest concentration of pantoprazole on the 
standard curve, which can be measured with 
acceptable accuracy and precision (RSD less than 
20%, relative error ± 20 %, n = 6) [14]. The LLOQ was 
estimated using the lowest calibration standard in six 
different analytical days. Pantoprazole concentration 
of 25 ng/mL was accepted as LLOQ.  

Table 1: Intra-and inter-day precision and accuracy data 

Pantoprazole 
nominal 
concentration 
(ng/mL) 

Intra-day Inter-day 

Mean (n = 8) 
observed 

concentration 
(ng/mL) 

Relative 
standard 

deviation (%) 

Mean (n = 12) 
observed 

concentration 
(ng/mL) 

Relative 
standard 

deviation (%) 

Precision 
50.0 47.1 8.9 46.3 9.3 
750.0 697.5 7.0 743.2 5.3 
2500.0 2487.7 4.2 2418.3 4.9 

Accuracy  Relative error 
(%) 

 Relative error 
(%) 

50.0 
750.0 
2500.0 

47.1 
697.5 

2487.7 

-5.9 
-7.0 
-0.5 

46.3 
743.2 

2418.3 

-7.3 
-0.9 
-3.3 

 

 

Stability of pantoprazole in blood samples 

Stability investigation of pantoprazole in 
plasma samples was performed by analysing two 
series of spiked samples at two different concentration 
levels (50 and 2500 ng/mL) after different storage 
conditions: immediately, after staying in an 
autosampler for 2, 12 and 24 hours, after one and 
three freeze/thaw cycles and after 1 month stored at -
20°C. Samples were analysed against a calibration 
curve, obtained from freshly spiked calibration 
standards, and the obtained concentrations are 
compared to the nominal concentrations. The relative 
errors were calculated and for stability investigations 
after 2, 12 and 24 hours ranged from 0.12 to -10.5%, 
after one and three freeze/thaw cycles ranged from -
2.76 to 7.88% and for after 1 month stored at -20°C 
ranged from 0.48 to 4.5%.  

 

 

Discussion 

 

The results from this investigation show that 
pantoprazole added to plasma samples is stable in 
the different storage conditions if we are taking into 
account that the criterion is mean concentration at 
each level should be within ± 15% of the nominal 
concentration [14]. 

In conclusion, the proposed HPLC method 
employing solid-phase extraction for sample 
preparation is simple and convenient for the 
determination of pantoprazole in plasma samples and 
the total run time for the chromatographic run is less 
than 7 minutes. The validation data demonstrate good 
precision and accuracy, which proves the reliability of 
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the proposed method. The quantitation of 
pantoprazole was not affected by any of the possible 
matrix interfering substances. In conclusion, this 
paper describes a very simple and sensitive HPLC 
method for the determination of pantoprazole suitable 
to monitor plasma concentrations during clinical 
pharmacokinetic studies in humans.  
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Abstract 

BACKGROUND: Prescribing donepezil as an addition in reducing the cognitive dysfunctions among 
schizophrenia patients that have been given by antipsychotic (risperidone and olanzapine) is commonly used. 
Also, to determine the presence of the dysfunctions, an assessment is conducted by Montreal Cognitive 
Assessments based on Indonesian version (MoCA-Ina) to provide a more understandable test. 

AIM: To determine the score differences of MoCA-Ina between male patients of schizophrenia prescribed with 
only risperidone, and those with the addition of Donepezil within a certain interval of times. 

SETTINGS AND DESIGN: It is a pre-post-test experimental design with non-probability of consecutive sampling. 

METHODS: The study involved 48 of schizophrenia patients who have been prescribed fixed dose risperidone for 
4 mg/day orally, and 24 people who were the intervention group were prescribed with the additional of 5 mg of 
donepezil per day started from the first until sixth week, followed by the increased dosages to 10 mg until twelfth 
week. These patients were recruited from the Public Hospital of Dr Pirngadi Medan, Indonesia, under the 
Department of Psychiatry. Then, the statistical data were analysed by Mann Whitney U, Friedman, and Wilcoxon, 
followed by analysing of SPSS version 21. 

RESULTS: The addition of five mg of Donepezil increased the MoCA-Ina score significantly compared to those 
who only prescribed with risperidone during all weeks of observation.  

CONCLUSION: Based on the results, the addition of donepezil increased the score level of the MoCA-Ina in the 
intervention group. 

 
 
 
 
 

Introduction 

 

Schizophrenia is one of the most confusing 
brain impairment, which is indicated by the 
manifestation of acute psychotic followed by 
continuous dysfunction of cognitive and antisocial 
personalities [1]. There are many different targets and 
strategies that have been used to improve the 
cognitive functions to schizophrenia patient; however, 
the therapeutic therapies relatively have found the 
difficulties [2]. Therefore, seven cognitive domains 
have been identified to be considered as molecular 
targets in treating the schizophrenia patients 
cognitively, including working memory, attention and 

vigilance, speed of processing, verbal and memory 
learning, visual and memory learning, reasoning and 
problem solving, and social cognition [3]. In current 
medical developments, schizophrenia is present due 
to the mental disturbance of simulations, indicated by 
several emotional disruptions, ideational, and 
cognitive dysfunctions. Regarding cognitive 
disturbances, the dysfunction parameters are 
observed in term of active and controllable processing 
information, such as the speed of thinking, attention, 
and awareness, and this happens because of the 
alteration within the neurochemical and 
neuropathological factors. Several studies have 
reported that the cholinergic neurotransmitter system 
involving the nicotinic and muscarinic receptors is 
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important to stimulate the neuromodulator of the 
cognition process to schizophrenia, despite dopamine 
as the main reason [4]. 

In addition, to improving the cognitive 
functions among schizophrenia patients, several 
antipsychotic medications are used, such as 
olanzapine, and risperidone, as temporal 
considerations. A study has reported that the second 
generation of antipsychotic medications, such as 
donepezil can stimulate the prefrontal cortex so that 
the cognitive functions could be improved [1]. This 
medication is one of the acetylcholinesterase 
inhibitors, which is a reversible inhibitor from the 
asetlkolinesterase enzyme, known chemically as (±) - 
2, 3 -dihydro-5, 6 - dimethoxy – 2 - [[1- (phenylmethyl) 
- piperidinyl] - 1H – in - 1-one hydrochloride. The 
donepezil hydrochlorides are known as E2020 in 
pharmacology literature [4], consumed to obtain the 
therapeutic effects to increase the cholinergic 
functions. This is consumed by increasing the 
acetylcholine concentration throughout its hydrolysis 
reversible prevention within acetylcholinesterase [4]. 
The asetikolin transmission in central nerve system 
has a role in organizing the cognition functions, in 
particular to the attention and memory, which can be 
stimulated by the alpha-7 modulation inside the 
donepezil. The alpha-7 modulation nicotinic asetikolin 
of receptors have been considered as the objects of 
medications which are potential to treat the Alzheimer 
and schizophrenia [5]. 

In Indonesia, the assessment in determining 
the acuteness of schizophrenia patients before the 
presence of MoCA-Ina is conducted by performing 
weekly tests based on the Positive and Negative 
Syndrome Scale (PANSS) [6]. A study conducted by 
Friedman has reported that random consumption of 
donepezil was able to reduce the cognitive 
dysfunctions within the learning trial aspects in the 
form of California Verbal Learning Test, and the 
patients involved showed steady PANSS scores [7]. 
Meanwhile, another double-blind placebo-controlled 
trial study in the United States which involved both 
male and female patients with ages between 18 and 
55 in 12 weeks has reported that the increase 
dosages of donepezil from 5 to 10 mg resulted in 
significant neurocognitive levels around p < 0.05 
based on the Clinical Antipsychotic Trials of 
Intervention Effectiveness (CATIE) [8]. On the other 
hand, Choi et al., has reported in Japan that the 
increasing of cognitive functions under consumption of 
donepezil, galantamine, and rivastigmine was 
obtained with significant level of parameters of verbal 
learning and memory (d = 2.3; p = 0.06; 95%Cl – 0.01 
to 0.46) [9]. 

The MoCA assessment is used to detect the 
light cognitive dysfunctions in any conditions including 
Alzheimer, Vascular Cognitive Impairment, Parkinson, 
Lewy body, frontotemporal dementia, multiple 
sclerosis, Huntington, brain tumor, ALS, sleep apnea, 
heart failure, drugs abuse, schizophrenia, HIV and 

head trauma [10], [11]. The Indonesian version of 
MoCA is a sensitive instrument in screening the Mild 
Cognitive Impairment (MCI) which is based on the 
original version from Canada, implying highly to 
culture differentiations to Indonesia. Nevertheless, the 
validity and reliability tests must be conducted earlier, 
so that the MoCA-Ina assessment is more accurate to 
be conducted in assessing the cognitive impairments 
than those from the original version or other types of 
assessments. For schizophrenia patients, the Mini-
Mental State Examinations (MMSE) is a common 
method to be conducted [12]; however, this method 
has a lower number of examination tests in memory 
assessments than those from MoCA-Ina, which take a 
longer time to be done due to the involvement of 
executive tests, such as trial making test B; more 
complex language ability, more attention and abstract 
tests, more complex visuospatial in form of 3-
dimension [13]. 

The prescription of risperidone with the 
additions of donepezil is expected to increase the 
cognitive dysfunctions of schizophrenia patients due 
to its ability in accelerating the thinking process, 
attention and awareness, working memory, visual and 
memory learning, verbal and memory learning, solving 
methods, and verbal understanding. The 
measurement by using the MoCA-Ina is more 
sensitive and understandable for Indonesian patients 
than those by using the original version of MoCA. 

 

 

Material and Methods 

 

Population and demographical studies 

This research is a pre-post-test design 
experimental non-randomized with non-probability of 
consecutive sampling. The samples were collected 
based on the Dr Pirngadi Medan, Indonesia hospital. 
After receiving the local ethical committee clearance, 
male patients who have qualified the inclusion and 
exclusion criteria [12] are obtained. To determine the 
administration of the drug, the samples were divided 
into two groups for this study, and all of the samples 
were enrolled with written consent. Group I is 24 
males schizophrenia patients who have been 
prescribed with risperidone and donepezil, while 
group II is 24 males schizophrenia patients who have 
been given only risperidone medication. The numbers 
of samples were appropriated to the sample formula 
for numerical scale calculation of unpaired groups, 
based on the literature review in Indonesia [13]. 

The samples collecting were conducted at 
RSUP Dr Pirngadi Medan, Sumatera Utara province, 
Indonesia from November 2017 to April 2018. The 
samples were diagnosed based on diagnostic criteria 
and structured interviews of Mini ICD 10 after being 
interviewed and asked to fill the informed consent. 
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The inclusion criteria were male schizophrenia 
patients with ages between 20 and 45; duration of 
illness 5 to 10 years limited to determine the 
relationship of the duration to cognitive ability; acute 
phase of assessment based on PANSS with score 60-
80; antipsychotic medication is risperidone; normal 
body mass index (BMI IMT 18.50-24.99); two 
categories of education levels which are senior and 
junior high school. Moreover, the adjustment of 
MoCA-Ina score to every subject is decreasing as its 
score is below 26 (MoCA-Ina < 26). All of the subjects 
behaved cooperatively to be included in this research. 
Meanwhile, the exclusion criteria were all male 
schizophrenia patients with comorbidity of common 
diseases, organic mental or psychiatric disorders, and 
drugs abuse history except smoking and caffeine. 

In this study, these two groups were 
prescribed with a fixed dose of risperidone (4 
mg/day/orally), divided into two dosages, whereas the 
intervention group was prescribed with 5 
mg/day/orally of donepezil in the night before sleeping 
until six weeks. Then the dosage of donepezil was 
increased from 5 mg to 10 mg per day orally at night 
until the week of 12 for 24 patients, and for the other 
subjects, the prescription given was only fixed 
dosages accounted for 4 mg/ day orally for 12 weeks. 

The MoCA-Ina assessments were performed 
two times between 0 week and 12 weeks. The first 
assessment was done at six weeks after the 
medication has been prescribed, as well as the 
second assessment, which was conducted at 12 
weeks (illustrated by Figure 1). This study involved 
on-treatment analysis, so as long as the drop out 
events occurred, the subjects were replaced directly. 
The drop out criteria is subjects which disobeyed to 
consume the medication or resigning to be included in 
the assessment. 

 

MoCA-Ina administration and scoring 

The MoCA-Ina is designed as screening 
instruments in determining light cognitive dysfunction. 
In assessing the different cognitive domains, i.e. 
attention, executive functions, memory, language, 
visuoconstructional skills, conceptual thinking, 
calculation and orientation, the time needed is around 
10 minutes with total score 30 points; 26 or above is 
considered as normal [14], [15]. The MoCA has been 
validated in Indonesia language by Husein et al. in 
2009 known as MoCA-Ina. The assessment based on 
MoCA-Ina consists of eight stages: visuospatial 
ability/executive (dimensions and shapes 
understanding), naming (naming animals’ images), 
memory (memory measurement), attention (replaying 
the numerical rows), language (ability in using the 
language within sentences), abstraction (ability in 
using abstract), assessing the similarities of nouns, 
delayed recall (the ability in memorizing words without 
guidance), and orientation (the ability of orientation in 
understanding the years, months, days, dates, places, 

and cities [14]. The score assessment of MoCA-Ina is 
conducted in three times among week 0, 6, and 12. 

 

Screening and assessment of cognitive 
 impairment 

The research subjects which have been 
recruited are those who have MoCA-Ina score below 
26 (< 26). This score indicates that the subjects 
showed decreasing of cognitive functions based on 
the total for 30. The assessments which have been 
conducted to determine eight domains of cognitive 
functions to schizophrenia patients are attention/ 
awareness, verbal and memory learning, visual and 
memory learning, logic and solving problems, 
processing speed, verbal fluency, working memory, 
and social cognition. 

 

Statistical analysis 

The analysis performed in this study used the 
Chi-Square and Mann Whitney U analysis in addition 
to compare two groups based on demographical 
characteristics. The results of this study are analysed 
based on ages, occupations, education levels, marital 
status, duration of illness, initial disease, body mass 
index, smoking habits, PANSS scores of weeks 0, and 
an initial score of MoCA-Ina. To determine the pairing 
groups of male schizophrenia patients who have been 
prescribed with risperidone with the addition of 
donepezil at week 12, the T based on pairing group 
test was performed provided that it meets the test 
requirements; otherwise the data would be 
transformed followed by Wilcoxon test. Whereas the 
data of unpaired groups at week 12 were validated by 
using the unpaired T-test, followed by data 
transformation and Mann Whitney-U test respectively 
if the test requirement is not available. The value of p 
obtained is less than 0.001, indicating significant 
results, with data analysis performed by SPSS version 
21. 

 

 

Results 

 

Enrolment 

This research is the first study conducted in 
Sumatera Utara province regarding the MoCA-Ina 
score for male schizophrenia patients who have been 
prescribed by risperidone and donepezil. The subjects 
were recruited for 48 patients, divided into 2 groups, 
respectively for 24 individuals. The group I was those 
who have consumed risperidone and donepezil, while 
group II was those who have only been given with 
risperidone. In this study, no subjects were 
categorised as drop out criteria, suggesting no 
experiences of side effects of both medications during 
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consumption. The average ages for these two groups 
are 31.38 ± 4.78 (Group I), and 31.42 ± 4.68 (Group 
II). 

 

Figure 1: The flowchart of MoCA-Ina Assessment to male 
schizophrenia 

 

Social demographic 

The demographical data for the two groups of 
subjects are illustrated by the following Table 1. 
Based on the data, there are no differences of 
demographical characteristics within these groups, so 
that the subjects are valid based on the risperidone 
and donepezil prescriptions. The subjects were 
described as the level of educations accounted 17 
people for junior high school, while 7 people were a 
senior high school for group I. On the other hand, 
group II was consisted by 18 people graduated from 
junior high school, and 6 people were graduated from 
senior high school. This demographical data provided 
that almost half of both groups I and II were 
accounted for unemployment, respectively 17 (47%) 
and 19 (52%). According to the healthy status, group I 
and II had similarity in the onset of illness duration 
around 24 ± 4.3 for a group I, and 23.83 ± 3.7 for 
group II, while the duration of illness for both groups 
was around 6.67 and 6.58 respectively. The 
similarities of demographical data were also found 

both in body mass index accounted for approximately 
22 and smoking status around 13 ± 2. 

Table 1: Demographical characteristics of subjects 

Variable 
Group of risperidone and 

Donepezil treatment (n = 24) 

Group of 
risperidone 

treatment (n = 24) 
P 

Age (years) 31.38 ± 4.78 31.42 ± 4.68 0.976 
Education levels (%) 

Junior high school 
Senior high school 

 
17 (48.6%) 
7 (53.8%) 

 
18 (51.4%) 
6 (46.2%) 

 
1.000 

Duration of Illness (years) 6.67 ± 1.606 6.58 ± 1.530 0.898 
Onset of illness duration 
(years) 

24.67 ± 4.331 24.83 ± 3.738 0.656 

Initial score of MoCA-Ina 19.67 ± 2.200 19.92 ± 2.104 0.707 
Body mass index 22.89 ± 0.940 22.69 ± 1.123 0.445 
Occupations 

Employment 
Unemployment 

 
7 (58.3%) 

17 (47.2%) 

 
5 (41.7%) 

19 (52.8%) 

 
 

0.740 
Smoking 12.58 ± 2.165 13.33 ± 2.408 0.292 
Marital Status 

Married 
Unmarried 

 
4 (44.4%) 

20 (51.3%) 

 
5 (55.6%) 

19 (48.7%) 

 
1.000 

 

MoCA-Ina Score 

In this study, an initial score of MoCA-Ina was 
conducted for every group at the beginning of the 
week. The group I which has been prescribed with 
both risperidone and donepezil had an initial score for 
19.67 with standard deviation (SD) 2.2, whereas the 
group II who has only given risperidone medication 
had an initial score for 19.92 with SD 2.1. The 
average score of MoCA-Ina to schizophrenia patients 
who have taken both risperidone and donepezil was 
21.00 with SD 2.0, while the other scores who were 
given by only risperidone were averagely 20.45 with 
SD 1.9 after weeks sixth. Both groups I and II had 
MoCA-Ina score 22.83 (SD 1.65) and 21.25 (SD 1.93) 
respectively, which are illustrated in Table 2. 

Table 2: Initial and final score of MoCA-Ina of research 
subjects 

Time of assessment p-value 

Week 0 (risperidone + 0 mg donepezil) 19.66 ± 2.20, < 0.001, n = 24 
Week 6 (risperidone + 5 mg donepezil) 21.00 ± 2.06, < 0.001, n = 24 
Week 12 (risperidone + 10 mg donepezil) 22.83 ± 1.65, < 0.001, n = 24 
Week 0 (risperidone) 19.91 ± 2.10, < 0.001, n = 24 
Week 6 (risperidone) 20.45 ± 1.97, < 0.001, n = 24 
Week 12 (risperidone) 21.25 ± 1.93, < 0.001, n = 24 

 

Table 2 shows the differences between 
MoCA-Ina scores for research subjects during weeks 
0, 6, and 12. Initial scores of every subject were 
almost the same accounted for 19.6 and 19.9. 
However these numbers increased slightly different to 
21.0 and 21.5 respectively. This implies the addition of 
donepezil as medications had a small impact on the 
cognitive functions. Interestingly, the p-value of 
MoCA-Ina increased for subjects prescribed with 
higher dosages of donepezil (10 mg) to 22.5 while the 
non-consumed donepezil patients showed small 
decreasing to 21.2. The increasing of MoCA-Ina 
based on the donepezil consumption shows that the 
drugability in improving the cognitive functions of 
schizophrenia patients. This drug works in the 
cholinergic path, which can repair the cognitive 
dysfunctions as well as donepezil. In the 
schizophrenia patients, the cholinergic receptor deficit 
occurs due to the presence of cholinesterase 
inhibitors that prevent the process, which can be 
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reduced by donepezil by preventing the inhibitors [15]. 
In the meantime, the increase of average scores of 
MoCA-Ina after the addition of donepezil medication 
for 12 weeks occurred twice between week 0 to 6 and 
6 to 12, in contrast for a prescription without donepezil 
addition increased only in week 0 to 6, and decreased 
in a very small number after week 6. The following 
Figure 2 displays the inclining trends of MoCA-Ina 
scores for donepezil medications. 

 

Figure 2: The increasing of average MoCA-Ina scores (A) the 
increasing trends in every week; (B) the comparison of exponential 
and linear increasing 

 

Figure 2 illustrates the different patterns of 
inclining trends for every subject of research. The 
Figure 2(A) shows that the addition of risperidone and 
donepezil increased the scores for almost every week 
which had exponential pattern showed Figure 2(B), 
while the risperidone medication had a gradual 
increase of MoCA-Ina scores illustrated by the linear 
trend in Figure 2(B). This suggests that the addition of 
donepezil was able to improve the cognitive functions 
of male schizophrenia patients. 

To every subject of the research illustrated in 
groups (Table 1), the demographical characteristics 
showed no significant differences as they are depicted 
with homogeneity of demographics. These 
phenomena suggest that there are significant results 
of male schizophrenia patients who have been 
prescribed with a combination of donepezil and 
Risperidone to those without the addition of donepezil. 
According to Figure 1 and 2, the data show a different 
increase of MoCA-Ina scores within week 6 and 12, 
which depict higher increasing for them with 
consumption of Risperidone and donepezil. 

 

 

Discussion 

 

According to Table 1, the demographical 
characteristics from every subject and the results 
showed no significant differences among them. In this 
study, subjects were divided into two groups, with an 
equal population of 24 patients. Group, I was 
prescribed with the combination of risperidone and 
donepezil, and the group II was given with only 
risperidone, which both of them were prescribed for 
12 weeks. From the results, significant differences in 

particular of the increase of MoCA-Ina scores were 
obtained. 

The results of this study are appropriate to 
those who have been reported by Zhu, Lee, Keefe, 
and Friedman. All of the studies showed similar 
increasing trends for 12 weeks with p ≤ 0.001 [15]. 
Lee et al. have reported that the significant number 
was obtained with p < 0.05, whereas Keefe has 
concluded with the exact p score. Friedman which 
conducted the study in New York has reported 
significant results in the decrease of cutoff secondary 
memory and cognitive functions as well as reports 
which have been obtained by Choi in Japan with 
significant measurement due to the results of verbal 
learning and memory with p = 0.06. In this study, the 
results showed the increasing of MoCA-Ina scores at 
week 6 and 12 with p-value < 0.013. The results of 
this study which have similarity to the previous studies 
suggest that the Indonesian version of MoCA can be 
considered as the references in assessing the 
cognitive functions of male schizophrenia patients. 
Interestingly, the MoCA-Ina assessments are more 
appropriate than those from the original versions 
because of the language used in which provide a 
better understanding of the Indonesian male 
schizophrenia patients. This also implies to the 
education levels of the subjects which graduated from 
secondary schools. 

To be concluded, in DSM 5, the schizophrenia 
medications with the prescribing of 4 mg risperidone 
can increase the MoCA-Ina scores. However, the 
inclining is in slight trend. Therefore, the addition of 
donepezil is expected to improve the cognitive 
functions of male schizophrenia patients significantly 
based on the scores of MoCA-Ina. 
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Abstract 

BACKGROUND: Venoarterial extracorporeal membranous oxygenation is a form of temporary mechanical 
circulatory support that gets as a salvage technique in patients with cardiogenic shock, we intended to evaluate 
the effect of (VA ECMO) support on hemodynamics and lactate levels in patients with cardiogenic shock. 

AIM: The aim of our study is to detect the ability to introduce veno-arterial extracorporeal membranous 
oxygenation (VA ECMO) as a temporary extracorporeal life support system (ECLS) in our unit, demonstrate the 
role of ECMO in cardiogenic shock patients regarding improving hemodynamics and microcirculation, and 
demonstrate the complications and drawbacks in our first center experience regarding VA ECMO. 

MATERIAL AND METHODS: This was a single-centre observational study that included 10 patients admitted 
with cardiogenic shock for which VA ECMO was used as mechanical circulatory support.  

RESULTS: The MAP increased after initiation of the support. It was 41.8 ± 9.3 mmHg and 59.5 ± 6.8 mmHg (P = 
0.005). The use of VA ECMO support was associated with a statistically significant decrease in the base deficit (-
10.6 ± 4.2 and -6.3 ± 7.4, P = 0.038). The serum lactate declined from 5.9 ± 3.5 mmoL/L to 0.6 ± 4.4 mmoL/L by 
the use of VA ECMO; a statistically significant change (P = 0.005). 

CONCLUSIONS: We concluded that VA ECMO as mechanical support for patients with cardiogenic shock might 
improve mean arterial blood pressure, base deficit and lactate clearance. 

 

 

 

 
 
 

Introduction 

 

Cardiogenic shock is a physiologic state 
where end-organ tissue hypoperfusion is a result of 
cardiac dysfunction. Despite many advances in the 
management of cardiogenic shock, mortality rates are 
still high [1]. 

Coronary revascularisation is the mainstay of 
therapy for cardiogenic shock caused by myocardial 
infarction. However, after reperfusion, areas of the 
myocardium may have myocardial stunning that 
persists despite the restoration of normal blood flow. 
These areas may improve with revascularisation, 
providing a strong rationale for supporting 
hemodynamics in cardiogenic shock [2]. 

The initial therapy of cardiogenic shock 

involves careful infusion of fluids. If the shock is 
persistent, then pharmacologic therapy with inotropic 
and vasopressor agents is started. The use of 
inotropes and vasopressors in cardiogenic shock 
treatment increases myocardial oxygen demand. 
However, studies have not necessarily demonstrated 
that their use decreases mortality rates [2]. 

Mortality in cardiogenic shock patients occurs 
mainly in the first three days, so mechanical 
circulatory support devices should be considered as 
soon as possible. The results of studies on such 
devices are promising in improving microcirculation 
and microcirculation. Also, these devices are 
recommended for patients in persistent shock after 
inotropic and vasopressor therapy [3]. 

While the intra-aortic balloon counterpulsation 
(IABP) use is limited in complicated myocardial 
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infarction cases, other mechanical circulatory support 
devices such as extracorporeal membrane 
oxygenation (ECMO) can be used in other causes of 
cardiogenic shock such as pulmonary embolism. 
However, there are still no randomised controlled 
studies on the use of VA ECMO in patients with 
cardiogenic shock. 

The aim of our study is to detect the ability to 
introduce veno-arterial extracorporeal membranous 
oxygenation (VA ECMO) as a temporary 
extracorporeal life support system (ECLS) in our unit, 
demonstrate the role of ECMO in cardiogenic shock 
patients regarding improving hemodynamics and 
microcirculation, and demonstrate the complications 
and drawbacks in our first center experience 
regarding VA ECMO. Our centre is the first centre in 
Egypt to be recognised as an ECMO centre by the 
Extracorporeal Life Support Organization.  

 

 

Patients and Methods 

 

This study is a prospective observational 
study on patients admitted to the Critical Care 
Department, Cairo University Hospitals with 
cardiogenic shock from January 2015 to April 2017.  

The present study included patients with 
cardiogenic shock within 6 hours of shock 
development, either upon admission to the intensive 
care unit (ICU) or during ICU stay. The excluded 
patients from the study are those with irreversible 
cause for cardiogenic shock or those with cardiogenic 
shock after 6 hours duration with signs of neurologic 
damage, prolonged multiorgan dysfunction, or futility. 

The patients enrolled in our study were 
subjected to full medical history and thorough clinical 
examination (general and cardiac). Hemodynamics 
and vital signs such as mean arterial pressure (MAP), 
heart rate (HR), respiratory rate (RR), and 
temperature were obtained at the time of support 
initiation (hemodynamics 0) and 24 hours after 
initiation (hemodynamics 1). All patients were 
subjected to routine laboratory investigations including 
complete blood picture, coagulation profile, renal 
functions, liver functions, blood gases, and lactate 
level. Two readings were obtained at the time of 
support initiation (laboratory 0) and 24 hours after 
initiation (laboratory 1). 

Chest X-ray, 12-lead ECG, and transthoracic 
echocardiography (aortic velocity time integral (VTI)) 
was done to all patients before mechanical support 
initiation (echocardiography 0), 24 hours after initiation 
(echocardiography 1), and whenever needed after 
that.  

Acute physiological and chronic health 
evaluation (APACHE II) scoring system, sequential 

organ failure assessment score (SOFA score), and 
vasoactive-inotropic score (VIS) were obtained at the 
time of support initiation (score 0) and 24 hours after 
initiation (score 1). 

Cardiohelp maquet console (HLS ECMO 
circuit) was used in 7 patients, while Rotaflow maquet 
(PLS ECMO circuit) was used in 3 patients. 

The HLS ECMO circuit integrates a gas 
exchanger (equipped with a diffusion membrane), 
highly efficient heat exchanger, and a centrifugal 
pump. Also, the integrated measuring cell is used to 
measure the important blood parameters of venous 
oxygen saturation (SVO2), hematocrit (Hct), 
haemoglobin (Hb), and venous temperature (Tven). 

Unlike the Cardiohelp, the Rotaflow console is 
not portable and only has a sensor to detect the flow. 
The console, oxygenator, and pump are separated. 
The PLS ECMO set is bio line-coated. 

This study was approved by the Ethical 
Committee Review Board of the Faculty of Medicine, 
Cairo University. Informed written consent was 
acquired from patients or relatives before their 
enrollment in the study. 

 

Statistical Methods 

Numerical variables were described as Mean 
± standard deviation (SD). Categorical variables were 
described as proportions. Student ‘t’ test was used for 
comparisons of numerical data, with Levene test for 
equality of variance and paired ‘t’ test for paired 
comparisons. Chi-square test 2*2 was applied with 
Ficher exact test for comparison between categorical 
data. McNemar test was applied for a total less than 
40 or any of observed events less than 5. P value was 
considered significant if ≤ 0.05. Delta change, i.e. the 
per cent of change, was calculated as the difference 
between the second and first reading divided by the 
first reading. Statistics were calculated using SPSS 21 
package. 

 

 

Results 

 

We initially recruited 15 patients who were 
admitted with cardiogenic shock. Five patients were 
excluded because 3 of them had septic shock, and 
the rest (2 patients) were futile without any sign of 
neurological recovery.  

Our study included 10 patients (7 males and 3 
females with an average age of 43.4 ± 17.2 years) 
who were in cardiogenic shock and was supported by 
VA ECMO. 

Patients enrolled in our study were admitted 
to the Critical Care Medicine Department, Cairo 
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University Hospitals during the period from January 
2015 to April 2017. Six patients had a myocardial 
infarction, 1 patient during CPR and another patient 
after CPR, two patients had a pulmonary embolism, 
and two patients had stress-induced cardiomyopathy. 

 

Hemodynamic monitoring 

Paired comparisons were made to show the 
effect of VA ECMO support on hemodynamics. These 
comparisons showed a significant difference between 
MAP (0) and MAP (1) [41.8 ± 9.3 and 59.5 ± 6.8, P 
value = 0.005] and another significant difference 
between RR (0) and RR (1) [38.0 ± 11.8 and 28.0 ± 
12.2, P value = 0.006]. 

Table 1: Comparison between hemodynamics (0) and 
hemodynamics (1)  

 Hemodynamics(0) Hemodynamics(1) P value 

Temperature 37.4 ± 0.8 37.5 ± 0.7 .730 
MAP 41.8 ± 9.3 59.5 ± 6.8 .005 
HR 134.3 ± 15.1 113.4 ± 19.7 .076 
RR 38.0 ± 11.8 28.0 ± 12.2 .006 

MAP: Mean arterial pressure; HR: Heart rate; RR: Respiratory rate. 

 

Blood gases 

The paired comparisons done to show the 
effect of VA ECMO on blood gases showed a 
statistically significant difference between HCO3 (0) 
and HCO3 (1) [14.7 ± 2.3 and 18.3 ± 5.5, P value= 
0.042] and another statistically significant difference 
between base deficit (0) and base deficit (1) [-10.6 ± 
4.2 and -6.3 ± 7.4, P value = 0.038]. 

Table 2: Comparison between blood gases (0) and blood gases 
(1)  

 Blood gases (0) Blood gases (1) P value 

PH 7.2 ± 0.1 7.3 ± 0.2 .155 
HCO3 14.7 ± 2.3 18.3 ± 5.5 .042 
Base deficit -10.6 ± 4.2 -6.3 ± 7.4 .038 
PaO2 52.7 ± 19.7 58.1 ± 18.8 .009 

 

 

Laboratory values 

Paired comparisons were done to show the 
effect of VA ECMO on laboratory values where they 
showed a statistically significant difference between 
platelet (0) and platelet (1) [197.3 ± 81.9 and 146.7 ± 
72.5, P value = 0.005] and another statistically 
significant difference between lactate (0) and lactate 
(1) [5.9 ± 3.5 and 4.6 ± 4.4, P value = 0.005]. 

Table 3: Comparison between Laboratory (0) and Laboratory 
(1)  

 Laboratory (0) Laboratory (1) P value 

Sodium 140.1±4.7 141.4±4.4 .362 
Potassium 4.0±1.1 3.9±0.4 .788 
Creatinine 2.3±1.8 2.5±1.5 .757 
Bilirubin 1.0±0.8 1.8±1.5 .138 
Hematocrit 30.1±9.4 29.2±5.4 .793 
White blood cell 28.6±18.1 25.7±15.0 .304 
Platelets 197.3±81.9 146.7±72.5 .005 
Lactate 5.9±3.5 4.6±4.4 .005 

 

Clinical severity scores 

Comparison between clinical scores (0) and 
clinical scores (1) in group 2 are shown in Table 4. 

Table 4:  Comparison between clinical scores (0) and clinical 
scores (1) in group 2 

 clinical scores (0) clinical scores (1) P value 

GCS 12.3 ± 3.6 9.9 ± 4.6 .120 
APACHE II 25.3 ± 6.8 20.9 ± 9.8 .092 
SOFA 11.9 ± 2.9 11.1 ± 2.9 .140 
Vasoactive inotropic score 89.3 ± 62.1 36.7 ± 28.6 .073 

GCS: Glasgow coma scale. 

 

Echocardiographic examination 

Echocardiographic examination was done to 
measure LVEF, aortic VTI and PASP. No significant 
differences were demonstrated when comparing the 
values of these parameters pre and post-mechanical 
support. 

Table 5:  Comparison between echocardiography (0) and 
echocardiography (1) in group 2 

 Echocardiography (0) Echocardiography (1) P value 

LVEF 40.3 ± 25.1 39.3 ± 20.9 .806 
Aortic VTI 12.9 ± 8.6 12.9 ± 7.7 1.000 
PASP 44.3 ± 20.6 40.4 ± 16.4 .058 

 

 

The outcome of VA ECMO 

The duration of support was 4.3 ± 3.1 days 
with average ICU stay 12.4 ± 12.7. In our 10 patients 
who received VA ECMO, 5 patients experienced 
complications, 2 patients suffered thrombocytopenia, 
2 patients suffered cerebrovascular accidents, and 1 
patient suffered limb ischemia. 

Four patients were weaned off the mechanical 
support, but only one patient survived to hospital 
discharge. 

 

 

Discussion 

 

Percutaneous hemodynamic support has 
historically been limited to the IABP counterpulsation. 
Although the IABP is widely available, its limitations 
include little hemodynamic support and myocardial 
protection, while VA ECMO can provide full 
hemodynamic support, but it is limited by complexity, 
multiple complications, high cost, and need for 
perfusion expertise [3].  

 The benefits of mechanical circulatory 
support include the ability to maintain organ perfusion 
which, accordingly, prevents systemic shock 
syndrome, reducing the intracardiac filling pressures, 
right and leaves ventricular volumes, wall stress as 
well as myocardial oxygen consumption, augmenting 
coronary perfusion, and supporting the circulation 
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during complex interventional procedures [3].
  

In our centre, the mechanical support with 
VA-ECMO is recently used for cardiogenic shock 
management. We used VA ECMO as mechanical 
circulatory support for a total of 10 cardiogenic shock 
patients with an increase in mean arterial pressure 
after the support initiation. The improvement of 
hemodynamics and oxygenation occurred after VA 
ECMO support initiation led to a significant reduction 
in the base deficit and lactate level.  

There is a contradiction about the benefit of 
combined IABP and VA-ECMO support in patients 
with cardiogenic shock. In our study, we combined the 
use of VA ECMO and IABP in 3 patients to decrease 
the afterload. This combination led to weaning one 
patient from the ECMO support 48 hours after 
implementation of IABP.  

A study was done by Petroni et al., [4]
 
which 

included 12 patients on VA ECMO concluded that in 
cardiogenic shock patients with little or no residual left 
ventricular ejection implanted by peripheral VA 
ECMO, the use of intra-aortic balloon pump was 
associated with smaller left ventricular dimensions 
and lower pulmonary artery pressures due to the 
restoration of pulsatility and decrease of left 
ventricular afterload. A study conducted by Sattler et 
al., [5] on 24 patients with STEMI and NSTEMI, in 
which 12 patients were supported by VA ECMO and 
the other 12 patients were supported by IABP, 
showed that the percentage of 30-day survival was 
67% in VA ECMO-supported patients vs 33% in IABP-
supported patients. 

A retrospective cohort study, including 1,650 
cardiogenic shock adult patients concluded that IABP, 
combined with VA-ECMO support, was associated 
with reduced mortality and successful weaning from 
VA-ECMO [6]. In another study done on 529 patients 
who received peripheral VA ECMO, where a group of 
them received combined ECMO and IABP treatment 
while the other group received ECMO support only, 
the researchers found that the mortality rate at 2 
weeks was not different between the two groups. 
Moreover, more patients in the combined group 
received limb fasciotomy operations due to vascular 
complications [7]. 

ECMO-CPR was instituted in 2 of our study 
patients; however, they were deceased. A study by 
Shin et al., [8] suggested that patients who receive 
extracorporeal cardiopulmonary resuscitation (CPR) 
for longer than 10 minutes following in-hospital arrest 
have a greater chance of survival when compared to 
those who receive conventional CPR. The survival 
discharge rate with minimal neurologic impairment in 
the extracorporeal CPR group was significantly higher 
than that in the conventional CPR group. 

In our study, we used VA ECMO in two 
patients with pulmonary embolism. In a study of 
10years period (2005-2015) that included 17 patients 

with confirmed or suspected pulmonary embolism, 
Fifteen patients (82%) suffered pre-ECMO cardiac 
arrest, with seven (41%) of them cannulated during 
cardiopulmonary resuscitation, 10 (59%) patients 
were weaned off ECMO and 8 patients (47%) were 
discharged. The study concluded that VA ECMO 
could be a lifesaving rescue therapy to rapidly restore 
the hemodynamic status when thrombolytic therapy 
fails or when the patient is deemed too sick to benefit 
from medical or surgical treatments [9].  

In our study, none of the analysed variables 
was of help in predicting successful weaning from 
ECMO or heart function recovery. However, other 
studies have correlated echocardiographic [10] and 
clinical parameters as well as laboratory tests results 
[11] to the prediction of weaning. The lack of results in 
our series may be due to the limited number of 
patients involved in addition to the study design, which 
was not intended to examine this aspect.  

In our study, 40% of patients could be 
weaned from mechanical support. This agrees with 
Muller et al., [12] study that was conducted on 108 
patients with acute myocardial infarction supported by 
VA ECMO, where 35.5% of patients demonstrated 
successful weaning.  

 Echocardiography plays an important role in 
the management of VA ECMO patients. It is useful in-
patient assessment, cannulation, and detecting 
complications during ECMO run as well as the 
possibility of weaning from ECMO support [5]. 

In our study, a trial of ECMO removal was 
done on four patients based on the improvement of 
MAP, oxygenation, laboratory findings, EF, and aortic 
VTI. This is in agreement with the study done by 
Aissaoui, N et al., [10] which concluded that whenever 
the patient is under minimal ECMO support, LVEF of 
≥ 20–25%, and aortic VTI of ≥ 12 cm, ECMO removal 
should be considered. 

In our study, 4 patients were weaned from 
ECMO support after decreasing serum lactate; this is 
in agreement with Li et al., [13] who demonstrated that 
the initial lactate level and early lactate clearance in 
the 12 h following ECMO initiation were independent 
predictors of successful ECMO weaning. 

 

In our study, we gave levosimendan to 
1patient to facilitate weaning. After levosimendan 
treatment, the patient showed improvement in EF 
(20% before levosimendan treatment vs 30% 24 
hours after levosimendan treatment). This agrees with 
a study conducted on 6 patients by Affronti et al., who 
suggested that the treatment with levosimendan 
reduced the need for high-dose inotropes and 
facilitated weaning [14]. 

In femoral (VA -ECMO), vascular injuries and 
limb ischemia, unfortunately, occur as a result of the 
decrease of blood supply. In patients with a history of 
peripheral vascular disease, femoral cannulation 
should be avoided. 
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The present study demonstrated 1 patient 
who suffered from lower limb ischemia; however, 
reperfusion cannula was not inserted in this patient. 

It was noted that vascular complications were 
associated with unsuccessful weaning from ECMO 
and that leg ischemia is an independent risk factor for 
in-hospital death [15]. To minimise such 
complications, a distal perfusion cannula is placed in 
the superficial femoral artery [16]. 

Some studies have shown that neurologic 
complications are rather common among patients 
receiving ECMO. These complications are generally 
related to thrombosis with infarction or cerebral 
haemorrhage [17]. In our study, 2 patients suffered 
from intracerebral haemorrhage without surgical 
intervention. 

In a series of 87 adult patients, Matteen et al. 
found that 50% of the patients in their series suffered 
neurologic complications defined as stroke, 
intracerebral haemorrhage, seizure, encephalopathy, 
brain death, or coma. Moreover, they found that the 
increasing age was associated with higher rates of 
death and neurologic morbidity [17]. 

Lan et al., [18]
 
found that stroke affected 7% 

of the patients and was associated with significantly 
higher odds of death. In a meta-analysis of 1,866 
adult patients with cardiogenic shock, Cheng et al., 
[19]

 
found that stroke occurred in approximately 6% of 

the patients. 

In our study, 4 patients were successfully 
removed from ECMO support, but 3 patients were 
complicated by a secondary bacterial infection, and 
septic shock then died.  

A study conducted by Aubron et al., [20] on 
138 patients who received ECMO support showed 
that 36 patients had a total of 46 infections. These 
patients included 24 cases of bloodstream infection 
(BSI), 6 of these cases were secondary to ventilator-
associated pneumonia (VAP), 23 cases of VAP, and 5 
cases of catheter-associated urinary tract infection 
(CAUTI). The most frequent pathogens were 
Enterobacteriaceae (found in 16 of 46 cases), and 
Candida was the most common cause of BSI (in 9 of 
24 cases). The SOFA score before ECMO initiation 
and the number of days of support were 
independently associated with a risk of BSI.  

The lower incidence of weaning from VA 
ECMO and high mortality rate in our study could be 
attributed to severe comorbidities of the patients in our 
study where 3 patients had ARDS, 2 patients had 
post-CPR, and 1patient had a multivessel disease 
where CABG was done. 

 Limitations: This study represents the first 
Egyptian VA ECMO experience that had an impact on 
a small sample of patients. The financial constraints 
had an impact on the number of patients included in 
the study because of the high cost of VA ECMO run. 

Accordingly, the study was a single-centre study. 
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Abstract 

BACKGROUND: Thrombus aspiration for ST-segment elevation myocardial infarction (STEMI) may improve 

myocardial perfusion. However, these favourable results called into a question by data indicating not only a lack of 
efficacy but a risk of potentially deleterious complications. 

AIM: To assess the effect of thrombus aspiration during the primary percutaneous coronary intervention (PPCI) 
on procedural angiographic results, stent characteristics, and major adverse cardiac and cerebrovascular events 
(MACCE). 

METHODS: All consecutive STEMI patients candidate for PPCI and admitted to Critical Care Department, Cairo 
University hospitals, managed either by thrombectomy before primary PCI (if thrombus score ≥ 3) or conventional 
PPCI, Six hundred seven subjects were enrolled in the study divided into Group with thrombectomy before PPCI 
(107 subjects, 18%), and group with Conventional PCI (500 subjects, 82%). ST-segment resolution, peak CK-MB, 
TIMI score, thrombus score, and MBG were assessed; stent number, diameter, length and stented segment were 
reported and follow up MACCE was reported (in hospital and 1-year post-intervention). 

RESULTS: Mean values for peak CKMB were less in thrombectomy group (228 ± 174 I/U vs 269 ± 186 I/U, p = 
0.04), ST segment resolution ≥ 70% occurred in {63 subjects (58.9%) vs 233 (46.6%), p = 0.001} in thrombectomy 
vs conventional group respectively. TIMI score pre procedure was zero in (102 subjects (95%) vs 402 (80.4%), p 
= 0.001), while TIMI III post procedure was reported in (100 subjects (93.4%) vs 437 (87%), p = 0.06), MBG mean 
values were (2.4 ± 0.6 vs 2.0 ± 1, p = 0.001), thrombus score was higher in thrombectomy group (4.6 ± 0.4 vs 0.8 
± 1.7, p = 0.001) in thrombectomy vs conventional group respectively .Direct stenting was { 34 patients (31%) vs 
102 patients (20%), p = 0.05} , mean stent diameter (2.7 ± 1.3 mm vs 3.5 ± 1.3 mm, p = 0.3), mean stent length 
was (19.9 mm ± 10 versus 22.7 mm ± 8 in p 0.01). mean stent number was (1.0 ± 0.5 vs 1.2 ± 0.6, p = 0.001), 
mean stented segment was (22.5 ± 13.5 vs 28.5 ± 15.2 mm, p = 0.001) in thrombectomy vs conventional group 
respectively. MACCE in hospital were reported in {9 subjects (8.4%) vs 70 (14%), p = 0.07)}. Follow up MACCE 
after 1 year reported in {6 subjects (5.6 %) vs 80 (16 %), p 0.= 4} in thrombectomy vs conventional group 
respectively. 

CONCLUSION: Thrombus aspiration before primary PCI (in a selected group with thrombus score ≥ 3) improves 
myocardial perfusion, suggested by better ST-segment resolution, TIMI flow, less peak CKMB and MBG, 
associated with a higher rate of direct stenting, shorter stent length, stented segments and less number of stents. 
Although thrombus aspiration was done in more risky patients (higher thrombus score) MACCE (in hospital and 1 
year follow up) showed no statistical difference. 

 
 
 
 

Introduction 

 

Although PCI has become established as the 
dominant reperfusion strategy for the treatment of 
STEMI, its benefit is sometimes limited. Possible 
explanations for this limited benefit have included 
delays in reperfusion and reperfusion injury. Thus, 
reperfusion injury has become a topic of great 
interest, and it has been recognised that thrombus 
burden and embolic debris, thrombus and 
atherosclerotic plaque might be important contributors 
[1].  

Improved flow is associated with improved 

indicators of reperfusion, including ST-segment 
resolution. Infarction size was found to be smaller in 
patients who underwent thrombectomy before stenting 
compared with controls who underwent stenting 
without prior thrombectomy. Finally, thrombectomy is 
associated with improved clinical outcomes and 
survival [2], [3].  

A recent study showed no benefit of 
thrombectomy, perhaps unsurprisingly, when PCI was 
performed late after symptom onset [4]. In addition to 
the possibility that thrombus removal is not beneficial, 
several other possible explanations for the absence of 
benefit observed in these trials should be considered. 
Managed coronaries may have contained only a small 
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thrombus burden, as observed in the TOTAL 
(ThrOmbecTomy versus PCI ALone) optical 
coherence tomography substudy [5]. It is also possible 
that infarction was nearly complete when PCI was 
performed, limiting the possible benefit of any 
intervention, including thrombectomy.  

In this study, we aimed to perform a 
comprehensive analysis to evaluate the outcomes 
associated with aspiration thrombectomy in terms of 
myocardial perfusion, stent characteristics, and major 
adverse cardiac and cerebrovascular events 
(MACCE). 

 

 

Patients and Methods 

 

This was a prospective case-control 
investigational single-centre study involved 607 
patients and included all patients admitted to the 
Critical Care Department of Cairo University Hospitals 
“presenting with ST-segment elevation myocardial 
infarction (STEMI) and subjected to primary 
percutaneous coronary intervention (PCI).”  

The total study group included 607 subjects. 
The subjects were classified into two groups 
according to the use of thrombus aspiration devices: 

A) Group I: Included 107 subjects who 
underwent PCI with thrombus aspiration. 

B) Group II: Included 500 subjects who 
underwent PCI without thrombus aspiration.  

 

Inclusion criteria 

We included all adult patients who presented 
with acute STEMI and fulfilled the following criteria: 

- Prolonged ischemic chest pain (lasting > 30 
minutes). 

- ECG: ST segment elevation (> 1 mm) in 2 or 
more contiguous leads or ECG findings suggestive of 
posterior infarction [6].  

- Presentation ≤ 24 hours from symptom 
onset. 

 

Exclusion criteria 

- Patients with acute in-stent thrombosis 
following elective PCI resulting in STEMI. 

- Any contraindication for primary angioplasty 
or antiplatelet therapy. 

- Patients with missing or incomplete data 
records. 

- Previous CABG. 

Methods 

 

A) Following admission, all patients 
underwent the following: 

- Full medical history and demographic 
characteristics collection. 

- Detailed clinical examination on admission 
(with the determination of Killip class) [7].

 
 

- Collection of written informed consent 
entailing all ethical and moral considerations, as 
requested by the medical council of the Cairo 
University Hospitals. 

B) Demographic data on admission and 
medical history: 

- Age and gender, risk factors for coronary 
artery disease (CAD); the presence of DM [8], 
dyslipidemia [9], or hypertension [10]; smoking history; 
and positive family history for CAD [11], prior PCI.

 

C) Twelve-lead electrocardiogram (ECG): 

- ECG was performed before the intervention, 
1 h post-intervention, and then daily during the 
hospital stay and whenever indicated. 

ST-segment resolution (STR) 

- ST-segment resolution was classified as 
complete (if the resolution was more than 70%), 
partial (if the resolution was between 30% and 70%), 
or absent (if the resolution was less than 30%) [12], 
[13].  

D) Laboratory investigations: 

- Cardiac enzymes (CK-MB) were examined 
on admission, 6 hours and 24 hours after intervention, 
and when needed. 

E) Diagnostic coronary angiography and PCI: 

- The procedures were performed using the 
Integris H 3000 (Philips, NL) catheterisation 
laboratory. 

- Identification of infarct-related artery (IRA) 
and the site of occlusion (Ostial, proximal, mid-
segment or distal).  

- Pain-to-door time, total ischemic time, and 
procedural time. 

- Determination of TIMI flow grading before 
and after the procedure 

- Determination of TIMI thrombus grade: 

- To more objectively and quantitatively 
characterise thrombus on a coronary angiogram, TIMI 
study group developed and popularised the 
following thrombus grading system [14]:  

 TIMI Thrombus Grade 0: No cine 
angiographic characteristics of thrombus present. 

http://www.wikidoc.org/index.php/Coronary_artery_thrombus
http://www.wikidoc.org/index.php/Coronary_artery_thrombus
http://www.wikidoc.org/index.php/TIMI_thrombus_grade_0
http://www.wikidoc.org/index.php/Coronary_artery_thrombus
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 TIMI Thrombus Grade 1: Hazy, 
possible thrombus present. Angiography 
demonstrates characteristics such as reduced 
contrast density, haziness, irregular lesion contour, or 
a smooth convex "meniscus" at the site of total 
occlusion suggestive but not diagnostic of thrombus. 

 TIMI Thrombus Grade 2: 
Thrombus present – small size: Definite thrombus with 
greatest dimensions less than or equal to 1/2 vessel 
diameter. 

 TIMI Thrombus Grade 3: 
Thrombus present – moderate size: 
Definite thrombus but with a greatest linear dimension 
greater than 1/2 but less than 2 vessel diameters. 

 TIMI Thrombus Grade 4: 

Thrombus present – large size: As in Grade 3 
but with the largest dimension greater than or equal to 
2 vessel diameters. 

 TIMI Thrombus Grade 5: Recent total 
occlusion can involve some collateralization but 
usually does not involve extensive collateralization, 
tends to have a “beak” shape and a hazy edge or 
appearance of distinct thrombus. 

 F) Major adverse cardiac events (MACCE), 
defined as the composite of the following factors: - 
Target vessel revascularisation, acute coronary 
syndromes, death, and Stroke (clinical and/or 
radiological evidence of CVS); - Follow up MACCE 
was assessed in hospital and after 1 year.  

 

Statistical analysis 

Data were collected and coded before 
analysis using the professional Statistical Package for 
Social Sciences (SPSS 18). All data are expressed as 
the mean and standard deviation (SD). - Frequency 
tables were used for all categorical data. - Student’s t-
test (unpaired) was used for all continuous data after 
checking normality. - The Mann-Whitney test was 
used when the standard deviation value was violated. 
- The chi-square test was used for all categorical data 
to test for the presence of an association. For small 
samples, Fisher’s exact test was used. - A P value < 
0.05 was considered significant. 

 

 

Results 

 

This was a prospective case-control 
investigational single-centre study; conducted on 
subjects admitted with (STEMI) and were subjected to 
primary percutaneous coronary interventions. 

The total study group included 607 subjects. 
The subjects were classified into two groups 

according to the use of thrombus aspiration devices: 

Group I: Included 107 subjects who 
underwent PPCI with thrombus aspiration. 

Group II: Included 500 subjects who 
underwent PCI without thrombus aspiration.  

 

Demographics and comorbidities 

The mean age was 57.3 ± 11 years in total 
subjects, (56 ± 10 vs 57 ± 11 years, p = 0.3) in group I 
vs group II respectively. The majority were males 488 
(80.3%) of the total study group (85% vs; 79%, P = 
0.3) in group I vs group II respectively. 

Table 1: Demographics and comorbidities  

 Total Group I Group II P Value 

No. % No. % No. % 

Male gender 488 80.3 92 85 397 79 0.3 
Family history of IHD 197 32 39 36 158 31 0.1 
Smoking 395 65 79 73 316 63 0.2 
Hypertension 296 48 44 41 252 50 0.5 
Diabetes Mellitus 222 36 41 38 181 36 0.3 
Dyslipidemia 213 35 46 43 167 33 0.3 

IHD: ischemic heart disease. 

 

 Myocardial perfusion and angiographic 
 parameters 

A) TIMI score: 

- TIMI score pre-procedure was zero in (95% 
vs 80%, p 0.001) in group I vs group II respectively 
Table 2. 

- TIMI III post procedure occurred in (93% vs 
87% P: 0.07) while TIMI zero post procedure occurred 
in (0.9% vs 2.2%, P = 0.07) in group I vs group II 
respectively. 

Table 2: Clinical characteristics for the study group 

 All subjects 
Mean ± SD 

Group I 
Mean ± SD 

Group II 
Mean ± SD 

p-value 

Age 57.3 ± 11 56 ± 10 57 ± 11 0.3 
Heart rate (HR) (BPM) 86 ± 16 83 ± 16 87 ± 16 0.3 
MAP /mmHg 71 ± 12 73 ± 11 71 ± 12 0.1 
 PDT /h 5.1 ± 2.6 5.1 ± 2.8 5.1 ± 2.4 0.5 
Killip class 1.3 ± 0.7 1.2 ± 0.7 1.3 ± 0.7 0.2 
Cardiac enzymes (CKMB) 

CKMB 1 U/L 183 ± 148 185 + 159 183 ± 128 0.9 
CKMB 2 U/L (Peak) 262 ± 185 228 + 174 269 ± 186 0.04 
CKMB 3 U/L 195 ± 162 135 ± 114 208 ± 163 0.001 

Clinical characteristics of the studied population 
Total ischemic time /h 6.4 ± 3.3 6.5 ± 2.5 6.4 ± 2.8 0.5 
Procedure time /minute 42 + 21 44.1 + 16 41.3 + 22 0.1 
Glycoprotein IIb/IIIa inhibitor 
(patient, %) 

347 (57%) 78 (72%) 269 (53%) 0.001 

ST resolution ≥ 70% 296 (48.8%) 63 (58%) 233 (46%) 0.01 
No reflow  71 (11%) 7 (6.5%) 64 (12.8%) 0.04 
Primary PCI procedure data 

Stent diameter/mm 3.3 ± 1.4 2.7 ± 1.3 3.5 ± 1.3 0.3 
Stent length/mm 22.1 ± 9.1 19.9 ± 10.7 22.7 ± 8.7 0.01 
Stented segment/ mm 25.5 ± 14.4 22.5 ± 13.5 28.5 ± 15.2 0.001 
Stent pressure/ATM 13.4 ± 4.7 12.1± 6.2 13.6 ± 4.3 0.01 
No of stents 1.1 + 0.6 1.0 + 0.5 1.2 + 0.6 0.001 

BPM: beat per minute; MAP: mean arterial pressure; PDT: pain to door time. 

 

 

B) Thrombus score 

Thrombus score 5 was present (76% vs 37%, 
p = 0.001) while thrombus score 0 was (0% vs 78%, p 
0.001) in group I vs group II respectively Table 3. 

 

http://www.wikidoc.org/index.php/TIMI_thrombus_grade_1
http://www.wikidoc.org/index.php/Coronary_artery_thrombus
http://www.wikidoc.org/index.php/Coronary_artery_thrombus
http://www.wikidoc.org/index.php/TIMI_thrombus_grade_2
http://www.wikidoc.org/index.php/Coronary_artery_thrombus
http://www.wikidoc.org/index.php/Coronary_artery_thrombus
http://www.wikidoc.org/index.php/TIMI_thrombus_grade_3
http://www.wikidoc.org/index.php/Coronary_artery_thrombus
http://www.wikidoc.org/index.php/Coronary_artery_thrombus
http://www.wikidoc.org/index.php/TIMI_thrombus_grade_4
http://www.wikidoc.org/index.php/Coronary_artery_thrombus
http://www.wikidoc.org/index.php/TIMI_thrombus_grade_5
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Table 3: Angiographic findings 

 Group I Group II P value 

TIMI pre-procedure 
0 subjects / (%) 102 (95%) 402 (80.4%) 0.001 
I subjects / (%) 5 (4.6%) 31(6.2%) 
II subjects / (%) 0 (0%) 45 (9%) 
III subjects / (%) 0 (0%) 22 (4.4%) 

TIMI post procedure 
0 subjects / (%) 1 (0.9%) 11 (2.2%) 0.07 
I subjects / (%) 2 (1.8%) 13 (2.6%) 
II subjects / (%) 4 (3.7%) 39 (7.8%) 
III subjects / (%) 100 (93.4%) 437 (87.4%) 

Thrombus score 
0 0 (0%) 391 (78.2%) 0.001 
1  0 (0%) 10 (2%) 
2  4 (3.7%) 4 (0.8%) 
3  6 (5.6%) 18 (3.6%) 
4  15 (14%) 40 (8%) 
5  82 (76.6%) 37 (7.4%) 

MBG 
0 subjects / (%) 6 (5.6%) 51 (10.2%) 0.001 
I subjects / (%) 7 (6.5%) 85 (17%) 
II subjects / (%) 37 (34%) 195 (39%) 
III subjects / (%) 57 (53.2%) 169 (33.8%) 

 

B) Stent characteristics 

Stent diameter: mean values were (2.7 ± 1.3 
vs 3.5 ± 1.3 mm, p 0.3) while Stent length: mean was 
(19.9 ± 10 vs 22.7 ± 8 mm, p 0.01). Stented segment 
mean was (22.5 ± 13.5 vs 28.5 ± 15.2 mm, p 0.001). 
Stent number mean was (1 ± 0.5 vs 1.2 ± 0.6, p 
0.001) in group I vs group II respectively. 

 

 Major adverse cardiac and 
 cerebrovascular events (MACCE) 

I) in hospital MACCE 

In the hospital, MACCE was reported in 79 
subjects (13%) of total study group {9 (8.4%) vs 70 
subjects (14%), p 0.07} in group I vs group II 
respectively Table 4. 

Table 4: In Hospital MACCE 

 Group I 
Thrombectomy 

9 (8.4%) 

Group II 
Conventional 

70 (14%) 

P value 

Mortality subjects/(%) 9 (8.4%) 59 (11.8%)  
 
 

0.07 

(TVR) subjects / (%) (0%) 5 (4.3%) 
(MI) subjects / (%) (0%) 5(4.3%) 
(CVS) subjects / (%) (0%) 1(0.2%) 

MACCE: major adverse cardiac and cerebrovascular events; TVR: target vessel revascularization; MI: 
myocardial infarction; CVS: cerebrovascular stroke. 

 

II) Follow up MACCE after 1year 

Follow up MACCE after 1 year reported in 
{(5.6%) vs (16%), p 0.4} in thrombectomy vs 
conventional group respectively Table 5. 

Table 5: MACCE after 1year  

 Group I 
Thrombectomy 

6 (5.6%) 

Group II 
Conventional 

80 (16%) 

P value 

Mortality subjects/ (%) 3(2.8%) 55 (11%)  
 
 

0.4 

(TVR) subjects / (%) 3 (2.8 %) 21(4.2%) 
(MI) subjects / (%) 0(0%) 4(0.8%) 
(CVS) subjects / (%) 0(0%) 0(0%) 

MACCE: major adverse cardiac and cerebrovascular events; TVR: target vessel 
revascularization; MI: myocardial infarction; CVS: cerebrovascular stroke. 

 

Kaplan–Meier Estimates for 1-year MACCE 

As Shown in the cumulative hazard rates for 
MACCE (death from cardiovascular causes, recurrent 
myocardial infarction, TVR, and HF requiring 
hospitalization), Hazard ratio was non significantly 

lower in thrombectomy group (72.5; 95% CI, 45.2 to 
99.8; p = 0.8) vs (85.7; 95% CI, 36.9 to135; p = 0.8) in 
thrombectomy vs conventional group respectively. 
The rate of the net-benefit for outcome was similar in 
both groups Figure 1. 

 

Figure 1: Kaplan–Meier curve for 1-year MACCE 

  

Further Subgroups 

We did further sub-grouping according to 
thrombus burden (high thrombus burden ≥ 3 and low 
thrombus score ≤ 2), ischemia time (0-6 hrs. and 7-12 
hrs.), initial TIMI flow (TIMI ≤ 1 and Normal flow), then 
multi-regression analysis was done using forest plot 
assessment for patient outcome. 

B) High thrombus burden group showed 
a tendency in favour of thrombectomy. However, did 
not reach statistical; significance p = 0.2. 

C) Subjects with earlier ischemic time (0-
6 h) showed favour for thrombectomy. However, it did 
not reach statistical significance p = 0.09. 

D) In the group with initial TIMI ≤ 1 also 
showed preferential for thrombectomy without 
statistical significance p = 0.08 Figure 2. 

 

Figure 2: Forest plot in outcome in pre-specified groups 

 

 

Discussion 

 

The increase in thrombus burden is 
associated with higher mortality [16], [17] and manual 
aspiration thrombectomy has the potential to reduce 
the thrombus burden [18].

 
After the initial TAPAS [3]

 

trial showed an improvement in myocardial blush and 
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a reduction in mortality, and a meta-analysis of small 
trials [19]

 
also showed a reduction in mortality, routine 

manual thrombectomy became a class IIa treatment 
recommendation in the American and European 
Guidelines for STEMI 2013 [20]. Subsequently, 
however, more recent larger trials, such as TOTAL 
[21] (N = 10,732)

 
and TASTE [18]

 
(N = 7244), and a 

meta-analysis [22]
 
showed an increase in the risk of 

stroke with routine manual thrombectomy without any 
benefit in terms of MACCE. Consequently, in the 
updated AHA/ACC 2015 guidelines [23] manual 
thrombus aspiration was downgraded to a class IIb 
recommendation for the treatment of STEMI; in the 
2017 STEMI guidelines, it was further downgraded to 
a class III recommendation [24].  

 

Myocardial perfusion 

In our study, the thrombectomy group showed 
better ST segment resolution of ≥ 70% (58% vs 46%, 
respectively, p 0.001) in the thrombectomy group vs 
the conventional group.  

In our study, the peak CK-MB was lower in 
the thrombectomy group (228 ± 174 U/L vs 269 ± 186 
U/L, p = 0.04). This is in line with Orrego et al., (2006) 
[25]

 
who reported peak CK-MB values of (790 ± 

132U/L vs 910 ± 128 U/L, p = 0.0001) in the 
thrombectomy group vs the conventional group.  

 

Angiographic procedure 

The classic approach of pre-dilation before 
stent deployment and high-pressure post dilation is 
associated with increased procedure duration, more 
radiation exposure, contrast use, and increased costs 
compared with direct stenting [26], [27].  

In our study, direct stenting was more 
frequent in the thrombectomy group than the 
conventional group (38% vs 20%, p = 0.001). 
Rodriguez et al., (2014) [28] reported direct stenting 
rates of (58% vs 45% for the thrombectomy group vs 
the conventional group, p = 0.009).  

Yamaguchi et al., (2013) [29]
 
reported in an 

OCT study (n = 188), that thrombus aspiration before 
primary angioplasty in patients with STEMI was 
associated with significantly less tissue protrusion 
compared with standard PCI; it was also associated 
with favourably influenced lesion morphologies in the 
stented segment.

 
From this, we can state that 

thrombus aspiration can decrease clot volume, which 
causes a higher thrombus grade. 

 

 

Stent characteristics 

In-stent restenosis [30]
 
and stent thrombosis 

[31] is directly related to the characteristics of the 
stents [32]. Thus, the stent type [33] and the use of 
fewer stents and stents with a larger diameter [34] and 

a smaller length [33], [34] during STEMI could have 
long-term prognostic implications by reducing stent 
restenosis and stent thrombosis. 

Certain stent characteristics have been 
associated with stent restenosis [35],

 
including stent 

length [36]
 
and stent diameter [37].

 
In the present 

study, the mean stent diameter was (2.7 ± 1.3 vs 3.5 ± 
1.3 mm, p = 0.3), while the stent length was 
significantly shorter in the thrombectomy group (19.9 
± 10 vs 22.7 ± 8 mm, p = 0.01). Also, the mean length 
of the stented segments was significantly lower in the 
thrombectomy group than in the conventional group 
(22.5 ± 13 vs 28.5 ± 15 mm, respectively, p = 0.001). 
Along the same line, Rodriguez et al., (2014) [28] 
reported a mean length of stented segments of (24.1 
± 11.8 vs 26.9 ± 15.7 mm, p = 0.03). In the current 
study, the thrombectomy group required fewer stents 
(1 ± 0.5 vs 1.2 ± 0.6, p = 0.001).  

Multiple factors likely contribute to no-reflow. 
These include distal embolisation of a plaque and/or 
thrombus, microvascular damage, myocardial 
necrosis and stunning [38].

 
Other studies have noted 

a higher rate of adverse outcomes in patients with no 
reflow, regardless of the method of detection. These 
adverse outcomes include increases in in-hospital 
heart failure and mortality, left ventricular remodelling 
at six months, and mortality at one year [39], [40].

 
In 

the current study, the incidence of no-reflow was 
significantly lower in the thrombectomy group than in 
the conventional group {7 subjects (6.5%) vs 64 
(12.8%), p = 0.04}. These findings are in line with 
those of the study by Orrego et al., (2006) [25], who 
reported that the incidence of no-reflow was 
significantly lower in the thrombectomy group than in 
the conventional group (3% vs 15%, respectively, p = 
0.02). 

 

MACCE 

In our study, the rate of in-hospital MACCE 
was higher in the conventional group, although the 
difference did not reach statistical significance {9 
(8.4%) vs 70 patients (14%), p = 0.07}. In comparison, 
follow-up MACCE after 1 year was reported in {6 
subjects (5.6%) vs 80 (16 %), p = 0.4} in the 
thrombectomy group vs the conventional groups. This 
is in line with the updated meta-analysis by Ghatak et 
al., (2015) [41], which included 21,281 patients in 20 
trials and reported no difference in mortality, recurrent 
MI, target vessel revascularization, early or late stent 
thrombosis, or net clinical benefit between 
thrombectomy and conventional PPCI patients during 
short-term or long-term follow-up. Conversely, a 
previous meta-analysis by Kumbhani et al., (2013) 
[42] that included 18 trials reported that manual 
thrombus aspiration was associated with a reduction 
in major adverse cardiac events, including mortality at 
6 to 12 months, but had a trend towards a higher risk 
of stroke. In our study, CVS developed in one patient 
in the conventional group, who also developed 
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paroxysmal AF; consequently, we cannot provide a 
comment regarding CVS. Of note, the TOTAL trial [21] 
reported that the thrombectomy group showed 
significant development of CVS compared with the 
conventional group (0.7% vs 0.3%, p = 0.02). Recent 
data suggest that thrombus aspiration may be 
associated with stroke [43], [44]. This was not 
demonstrated in other single-country studies [45], [46]

 

raising the question of whether technique may play a 
role. Possible explanations for the association 
between stroke and thrombus aspiration include 
catheter-induced embolization of the thrombus into 
the systemic vasculature; aggressive guide catheter 
manipulation to pass the aspiration catheter, which 
dislodges aortic atheroma; and longer procedure 
times arising from the aspiration procedure [47].  

  

Study Limitations 

- This is a single-centre, some information of 
interest, such as data on the duration of diabetes 
mellitus ischemic heart disease, were missing. 

- The treating physician was aware of the 
group to which the patients had been assigned. 

- Myocardial blush grade assessment requires 
waiting approximately 5 seconds post-dye injection for 
proper evaluation, which was not possible for all 
patients.  

- MACCE were assessed after 12 months 
post discharge. The data were collected by outpatient 
follow-up, record reviews, and direct contact or phone 
calls with the patients or their relatives. 

In patients with STEMI subjected to PPCI with 
thrombus score ≥ 3: 

- Thrombus aspiration before primary PCI 
improves myocardial perfusion, as indicated by the 
findings of better ST-segment resolution and TIMI flow 
and reduced peak CKMB and MBG. 

- Thrombus aspiration before primary PCI was 
associated with a higher rate of direct stenting, shorter 
stent length, fewer stented segments and fewer 
stents. 

- Despite the greater risk associated with the 
pre-procedure thrombus score in the thrombectomy 
group, there was no difference in MACCE.  
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Abstract 

BACKGROUND: An Arteriovenous fistula (AVF) is a creation of the natural blood vessels. It is a “gate of life” for 
the patients on hemodialysis.  

AIM: The study aimed to analyze the predictors for primary failure of AVF such as gender, age, number and 
location of AVF, and primary renal disease in patients with chronic kidney disease (CKD) stage 4/5. 

MATERIAL AND METHODS: The medical records of 178 created arteriovenous fistulae in patients with CKD 
stage 4/5, were retrospectively studied. Primary failure of AVF was defined as thrombosis or inability for 
cannulation of AVF within 3 months. Adequate maturation of AVF was defined as successful cannulation of AVF 
treatment and blood flow of > 600 ml/min. 

RESULTS: The mean age of the patients was 59.75 ± 14.65 years, and 65.16% (116/178) were men. Adequate 
maturation of AVF was achieved in 83.71% (149/178). Primary failure of AVF occurred in 16.29% (29/178) of the 
created fistulae, while 10.11% (18/178) had early thrombosis. The distal arteriovenous fistulae were significantly 
more frequently created in male patients (51 vs 18; p = 0.015). The female patients were significantly older than 
the male patients (63.27 vs 57.86 years; p = 0.018).  

CONCLUSION: Male gender was associated with better maturation of AVF. The age, number and location of 
AVF, and primary renal disease in patients with CKD stage 4/5 were not associated with primary failure of AVF. 

 

 

 

 

 

 

 

 

 
 
 

Introduction 

 

Chronic kidney disease (CKD) is a condition 
of irreversible destruction of the renal parenchyma, 
with a continuous decline of kidney function [1]. The 
number of patients with CKD requiring renal 
replacement therapy (RRT) is increasing worldwide, 

and it is the reason why we call CKD an international 
health problem [2]. Hemodialysis (HD) becomes the 
mainstay of treatment in patients with CKD requiring 
RRT, despite great medical and technological 
progress in transplantation (Tx) and peritoneal dialysis 
(PD). In our country in 2002 there were 1056 patients 
on RRT, most of them on HD 92%. In 2016 the 
number of patients on RRT increased to 1665. The 
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percentage on HD was 86% [3]. The data showed that 
the number of patients on RRT increased by 63.4 % 
and the number of patients on HD also increased by 
67.4 % over the period between 2002 and 2016 
(Figure 1). 

 

Figure 1: The number of patients with RRT per year for the Republic 
of Macedonia; *data from ERA-EDTA registry (annual reports); 
*unpublished registry data for 2012 and 2013 analyzed from 
national source; *HD (hemodialysis); *PD (peritoneal dialysis); *Tx 
(transplantation); *Total 

 

An Arteriovenous fistula (AVF) is permanent 
vascular access (VA) for HD created form the native 
blood vessels. It is called “the gate of life” for the 
patients treated by HD because its survival is superior 
to any other permanent type of VA. The most common 
site for AVF creation is the forearm (radial-cephalic) 
fistula. The AVF could also be placed on the upper 
arm (brachial-cephalic) fistula.  

The first AVF for HD was created by Brescia, 
Cimino and Appel in 1966 [4]. The creation of AVF 
ensures accessibility to HD as a chronic RRT. The 
Kidney Disease Outcomes Quality Initiative (KDOQI) 
guidelines recommended that the patients with 
glomerular filtration rate (GFR) less than 30 
ml/min/1.73 m

2
 (CKD stage 4/5) should be educated 

on all modalities of RRT [hemodialysis (HD), 
peritoneal dialysis (PD) and transplantation (Tx)], and 
an AVF should be placed at least 6 months before the 
anticipated start of HD treatment [5].  

According to the Dialysis Outcomes and 
Practice Patterns Study (DOPPS) V study, in most 
DOPPS countries the prevalence of AVF is usually 
less than 80%, ranging from 49% in Canada up to 
92% in Russia [6]. An “Arteriovenous fistula first” 
initiative is a strategy for the creation of permanent VA 
in patients on HD in our hospital. A total number of 
4554 fistulae and 1016 tunnelled central venous 
catheters were created between 2002 and 2018. In 
the last 5 years, the percentage of created fistulae 
was more than 80%, out of all created permanent VA 
for HD (Figure 2). 

The maintenance of adequate VA is crucial 
for patient survival on HD [7]. Thrombosis is the 
leading cause for primary failure of AVF. It is also the 
leading cause of permanent access loss. Access 
thrombosis accounts for 65% to 85% of cases of 
permanent access loss [8]. Early thrombosis occurs in 
5% to 30% of all created fistulae within 24 hours [9]. 

Adequate AVF maturation occurs in 60% to 80% from 
all created fistulae. The insufficiency of VA reduces 
the efficiency of treatment and leads to reactivation of 
clinical uremic syndrome, which requires frequent 
hospitalisations and causes the death of patients.  

 

Figure 2: Distribution of permanent types of vascular access 
between 2002 and 2018 at the University Hospital of Nephrology, 
Skopje, Republic of Macedonia. *АVF – arteriovenous fistula; *TCC- 
tunnelled central venous catheters; *unpublished registry data for 
2002 to 2018 analysed from a national source 

 

The study aimed to analyse the predictors for 
primary failure of AVF such as gender, age, number 
and location of AVF, and primary renal disease in 
patients with CKD stage 4/5. 

 

 

Material and Methods 

 

The medical records of 178 created fistulae in 
patients with CKD stage 4/5, by one doctor in a single 
centre for the year 2018, were retrospectively studied. 
Preoperative Doppler ultrasound on the forearm was 
performed in all patients for assessment of the 
adequacy of blood vessels and to determine the site 
of AVF creation. A vein diameter > 2 mm and an 
artery diameter ≥ 1.6 mm on the forearm were 
considered adequate. The Doppler ultrasound 
(Mindray ® DC-T6 2010) was equipped with a linear 
probe with a minimum frequency of 7 MHz for B-mode 
examination, with setup for vascular access 
(Frequency Harmonic 10.0, Frame rate 47, Gain 69, 
Dynamic Range 70, Depth 3 cm). Calculation of the 
AVF blood flow by Doppler ultrasound used the 
formula (area x mean velocity x 60) (Figure 3), where 
area is the cross-sectional area of the vessel in 
square centimetres (since the vessel is cylindrical, its 
section is a circle whose area is calculated as the 
square of the radius π = 3.14) [10]. The examination 
by Doppler ultrasound was carried out in a 
comfortably warm room. The patients were seated in 
front of the doctor with the forearm resting on a stand, 
and the blood vessels were evaluated with transverse 
and longitudinal scans. 

The creation of AVF was performed under 
local anaesthesia (2% Lidocaine-Xylocaine). A 
longitudinal 3-4 cm skin incision was used, as this was 

https://www.ncbi.nlm.nih.gov/pubmed/15486868
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found to give good access to both vein and artery. An 
end-to-side fistula was created between the cephalic 
vein and the radial or brachial artery, using continuous 
polypropylene sutures (6/0 Prolene) with the aid of 
3.5x magnifying loupes (Figure 4). The length of 
anastomosis was 10 mm for (radio-cephalic) (Figure 
5) and 5 mm for (brachial-cephalic) fistulae. A 
palpable date thrill was taken as an indicator for 
successful AVF creation. The primary failure of AVF 
was defined as thrombosis or inability for cannulation 
of fistula for HD within 3 months of creation. Early 
thrombosis of AVF was defined as an immediate 
failure due to thrombosis of the fistula within 24 hours 
of creation. Adequate maturation of AVF was defined 
as successful cannulation of AVF for efficient HD 
treatment and AVF blood flow of > 600 ml/min. The 
term maturation refers to the development of those 
physical characteristics that render an AVF suitable 
for venipuncture with large-gauge needles. Generally, 
the physical examination conducted by an 
experienced dialysis nurse is sufficiently reliable for 
determining whether the fistula is mature and 
therefore, ready for puncture [11], [12]. The problem 
arises when the AVF does not appear mature based 
on inspection alone, a situation that occurs with obese 
patients and with slow-maturing fistulae. In these 
cases, the ultrasound examination and assessment of 
hemodynamic parameters (AVF blood flow,) could 
help determine whether an AVF is suitable for 
cannulation or whether it has instead failed to mature 
and is therefore likely to undergo thrombosis or have 
a low flow volume. The ultrasound characteristics that 
confirm that an AVF is mature and, therefore, ready 
for use: a blood flow of > 600 ml/min, an outflow vein 
diameter of ≥ 6 mm, and an outflow vein depth of ≤ 6 
mm below the skin surface [5]. Three different types of 
AVF were created: distal (radial-cephalic), middle-arm 
(radial-cephalic) and proximal (brachial-cephalic). The 
patients with created fistulae were grouped according 
to the aetiology of primary renal disease: diabetes 
mellitus (DM), high blood pressure or hypertension 
(HBP), autosomal dominant polycystic kidney disease 
(ADPKD), obstructive nephropathy (ON), 
glomerulopathy (GP) and unknown disease (UND).  

 

Figure 3: Blood flow of AVF after 28 days of creation 

 

Statistical analysis was performed using the 
Statistic 8 software for Windows. Data from numerical 
variables were presented as mean values ± standard 
deviation (SD). The means between the two groups 
were compared with a t-test. Analysis of variance 
(ANOVA) was used to test differences between two or 
more means.  

 

Figure 4: Location of a. radial and v. cephalic at the distal forearm 
site 

 

A multiple logistic regression analysis was 
used to determine predictors of early thrombosis and 
primary failure of AVF in the study population. The p-
value of less than 0.05 was considered statistically 
significant.  

 

Figure 5: Creation of anastomosis by a. radial and v. cephalic at the 
distal forearm site  

 

 

 

Results 

 

The mean age of the patients was 59.75 ± 
14.65 years, and 65.16% (116/178) were men. The 
female patients were significantly older than the male 
patients (63.27 vs 57.86 years; p = 0.018).  

Adequate maturation of AVF was achieved in 
83.71% (149/178). The primary failure occurred in 
16.29% (29/178) of the created fistulae, while 10.11% 
(18/178) had early thrombosis. 

The distal AVF (radio-cephalic) was the 
dominant site present with 38.76% (69/178) of all 
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created fistulae. Adequate maturation of distal AVF 
was achieved in 86.96% (60/69). Primary failure of 
AVF occurred in 13.04% (9/69), but early thrombosis 
of AVF occurred in 7.15% (5/69) (Figure 6).  

The middle-arm AVF (radio-cephalic) was 
performed in 32.02% (57/178) of all created fistulae. 
Adequate maturation of middle-arm AVF was 
achieved in 77.19% (44/57). The primary failure 
occurred in 22.81% (13/57), while early thrombosis 
occurred in 15.79% (9/57) (Figure 6). 

The proximal AVF (brachial-cephalic) was 
created in 29.22% (52/178) of all created fistulae. 
Adequate maturation of proximal AVF was achieved in 
86.54% (45/52), primary failure occurred in 13.46% 
(7/52), out of which early thrombosis occurred in 
7.69% (4/52) (Figure 6). 

 

Figure 6: Primary outcome (adequate maturation and primary 
failure) of AVF in the three different locations on the forearm. *АVF 
– arteriovenous fistula 

 

The distal fistulae were significantly more 
frequently created in men than in female patients (51 
vs 18; p = 0,015). The mean number of previously 
created AVF was significantly higher in patients with 
middle-arm AVF than in patients with distal AVF (1.86 
vs 1.24; p = 0,003). Also, the mean number of 
previously created AVF was significantly higher in 
patients with proximal AVF than in patients with distal 
AVF (3.19 vs 1.24; p = 0,000). 

The distribution of the primary renal disease 
in patients with created fistulae was: diabetes mellitus 
(DM) in 29.21% (52/178), high blood pressure or 
hypertension (HBP) in 22.47% (40/178), autosomal 
dominant polycystic kidney disease (ADPKD) in 
2.81% (5/178), obstructive nephropathy (ON) in 
8.99% (16/178), glomerulopathy (GP) in 12.36% 
(22/178) and unknown disease (UND) in 24.16% 
(43/178). The patients with DM were significantly older 
than non-DM patients (63.27 vs 57.86 years; p = 
0,018).  

The multiple logistic regression analysis 
showed that age (OR = 1.1, 95%CI, 0.99-1.29, p = 
0.083), number of AVF (OR = 0.92, 95%CI, 0.74-1.11, 
p = 0.044), location of AVF (OR = 1.0, 95%CI, 0.85-
1.23, p = 0.622), and primary renal disease (OR = 1.0, 
95%CI, 0.92-1.22, p = 0.350) in patients with CKD 
stage 4/5 were not associated with primary failure of 
AVF within 3 months. 

Discussion 

 

Successful creation and adequate maturation 
of AVF in patients with CKD stage 4/5 require a 
multidisciplinary approach in resolving the leading 
causes for primary failure. The process of AVF 
maturation is complex and remains poorly understood, 
despite numerous studies describing the 
pathophysiology of the process and biomechanical 
factors associated with maturation. The intimal 
hyperplasia (IH) has been identified as the main 
pathohistological change, which occurs in the blood 
vessels and was associated with the primary failure of 
AVF [13]. However, the creation of AVF is the first 
step for the patients who need a functional permanent 
VA for HD. Mc Lafferty at al., 2007 reported adequate 
AVF maturation of 82% and a primary failure rate of 
18% in patients with AVF, enrolled in a 
comprehensive follow-up program [14]. In our study, 
adequate maturation was achieved in 83.71%, and 
primary failure occurred in 16.29% of the created 
fistulae. 

A number of studies have focused on factors 
that predict a successful i.e. functional AVF [15], [16], 
[17], [18]. Bashar at al., 2015 reported 52 functionally 
matured fistula from a total of 97 fistulae (53.60%). In 
their study, the mean age of the patients was 60.9 ± 
16.9 years, but the age was not significantly 
associated with the functionality of AVF. The female 
gender (p = 0.004), previous history of a kidney 
transplant (p = 0.036), patient on a calcium channel 
blocker at the time of AVF formation (p = 0.01) and 
lower haemoglobin levels were significantly 
associated with the functionality of AVF [19]. Also, 
Jemcov 2013 in her study reported that female gender 
was associated with prolonged AVF maturation (OR 
0.35, 95% CI = 0.17-0.72; p = 0.005) and a 
significantly smaller size of a. radial (1.83 vs. 2.01 
mm, p = 0.01) compared to the male gender [20]. 
Wasse at al., 2010 reported that females were 36% 
less likely than males to use an AVF at dialysis 
initiation [21]. The study by Miller et al., 2003 reported 
that fistula was more likely to be placed in the upper 
arm rather than in the forearm in women than in men 
(64% vs 36%) [22].  

In our study, the distal fistulae were 
significantly more frequently created in male than in 
female patients (51 vs 18; p = 0.015). The diameter 
size of blood vessels in men was higher than in 
women. The number of previously created fistulae 
was significantly higher in patients with proximal AVF 
location (3.19 vs 1.24; p = 0.000) and middle-arm AVF 
site (1.86 vs 1.24; p = 0.003) compared to the patients 
with distal AVF site. The number and location of AVF 
were not significantly associated with the primary 
failure of AVF.  

DM was the most common cause for CKD 
[23], but it was not associated with adverse outcome 
of fistula maturation during the first three mounts of its 
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creation, compared to the other primary renal 
diseases. The patients with DM were significantly 
older than the non-DM patients (63.27 vs 57.86 years; 
p = 0.018). The others etiologies of primary renal 
disease were also not significantly associated with 
primary failure of AVF. Sedlacek et al., 2001 reported 
that DM was not associated with adverse AVF 
maturation (67% matured in the diabetic group vs. 
62% in non-diabetic group, chi-square = 0.27; df = 1; 
p = 0.61). The DM as a disease did not influence the 
prevalence of AVF creation in patients; 66% from the 
diabetic group underwent fistula placement compared 
to 60% from the non-diabetic group [24]. 

Specialists involved in the construction and 
maintenance of permanent VA for HD emphasise the 
crucial role of Doppler ultrasound for identifying blood 
vessels that are suitable for creation of AVF 
(preoperative mapping) and for early detection of 
complications (surveillance). One of the earliest 
studies was the work by Silva et al., 1998, who 
reported use of preoperative duplex imaging applied 
to forearm veins to identify usable sites for AVF 
construction [25]. Also, Hossain at al., 2018 reported 
that the primary failure rate in the ultrasound group 
was 18% compared with 47% (P < 0.001) in the group 
of patients who did not undergo ultrasound 
examination. In patients without preoperative 
ultrasound, there were higher rates of new access 
creation (31% vs 9%; P < .001) and fistula 
abandonment (66% vs 39%; P < .001). Multivariate 
analysis demonstrated that fistulae created without 
preoperative ultrasound were associated with a 3.56 
greater risk of failure (95% confidence interval, 1.67-
7.59; P = 0.001) compared to fistulae in the 
preoperative point-of-care ultrasound (POCUS) group 
[26]. Malovrh 1998 reported that the risk of AVF failure 
was increased when the internal diameter of the artery 
was ≤ 1.5 mm, with a success rate of 45%. His study 
demonstrated that duplex sonography, a non-invasive 
method, enabled sufficient investigation of the arteries 
before AVF construction [27]. 

Our strategy for the creation of AVF was “as 
many as possible” in the most distal location of the 
forearm, determined by preoperative doppler 
ultrasound. The diameter size of blood vessels 
analysed by preoperative Doppler ultrasound had a 
pivotal role in determining the location of AVF 
creation.  

In conclusion, the hospital strategy for 
creating a permanent type of VA for HD was so-called 
“Arteriovenous fistula first”. А challenge was 
successful creation and adequate maturation of AVF 
in patients with CKD stage 4/5. The use of Doppler 
ultrasound had a crucial role in the creation and 
adequate AVF maturation. The distal forearm site 
dominated in the male gender, and it was in 
correlation with the diameter size of the blood vessels. 
The middle-arm AVF and the proximal AVF were 
more frequent sites in patients with multiple fistulae. 
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Abstract 

BACKGROUND: Toluene was an organic compound used in chemical and drug industries, the main source of 
toluene emissions from fires. To reduce and even eliminate toluene toxins in chemical component could be using 
detoxification by foods.  

AIM: This research aimed to calculate the intake of foods rich in CYP2E1 enzyme and glycine to improve toluene 
detoxification. 

METHODS: The type of research was a descriptive study. The subject of the study was 51 workers in 
Romokalisari Surabaya who had worked for more than or equal to 10 years. Variables were body weight, duration 
of working (years), working time per week (days), and working time per day (hours). The breathing rate, intake of 
non-carcinogen per respondent, can be calculated by variables before. Then, the effective dose of food rich in 
CYP2E1 enzyme and glycine will be obtained. 

RESULTS: Majority respondents had toluene concentrations below the threshold limit value (TLV). The highest 
effective dose of foods rich in CYP2E1 enzymes such as beef liver, beef brain, and salmon was 239.61 g, 745.45 
g, and 203.3 g. Also, foods rich in glycines such as seaweed, tuna, and spinach were 432.98 mg, 934.41 mg, and 
2070.71 mg.  

CONCLUSION: The level of adequacy of the CYP2E1 enzyme and glycine of each person was different and 
varied. The effective dose required by each respondent depending on weight, length of work, and concentration of 
benzene in the workplace. The greater the toluene concentration, the greater the needs for foods rich in CYP2E1 
enzymes and glycine. Body weight can also be another factor in differences in individual intake. Weight, length of 
working, and toluene concentration can affect the intake of non-carcinogen in each which can affect the effective 
dose of foods. 

 
 
 
 
 

Introduction 

The use of chemicals, especially hazardous 
chemicals, can certainly provide a threat at work. This 
can be a potential source that can trigger danger to 
the health and safety of workers [1]. One of the 
chemicals that are dangerous or carcinogenic is 
toluene. Toluene has the formula C6H5CH3, is a 
colourless liquid, but smells fishy and spicy like 
benzene. This material dissolves in diethyl ether, 

ethanol, benzene, chloroform, glacial acetic acid, 
carbon disulfide, and acetone, but is not soluble in 
cold water [2]. 

Some industries or companies are directly 
related to toluene, such as the informal industry 
sector, one of them which is the shoe industry. The 
informal sector industry plays a very big role in 
developing countries, including Indonesia. The 
informal industry sector is an unorganised, irregular, 
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and mostly legal but not registered sector [3]. As 
Indonesia's population of 230 million increases and 
the world population reaches 7 billion, indirect 
demand for shoes will also increase [4]. One of the 
toluene-containing materials used in the shoe industry 
is glue.  

The shoe industry is a home industry where 
location and place of the industry are in the house so 
that it is inseparable between shoemaking activities 
and household activities. One of the shoe home 
industries in Surabaya is in Romokalisari. In the 
production process, shoe artisans in Romokalisari use 
a variety of equipment, such as electric heating 
machines, nails, and hammerheads. The use of 
production materials depends on the high and low 
order; if ordered a lot, more raw materials are needed.  

Workers usually glued using their fingers 
directly, without any personal protective equipment, 
either gloves or masks. The workplace air condition is 
also very hot, with a very strong smell of glue steam. 
Most workers even work bare-chested while smoking 
or even eating when they work. Even when resting, 
they rest and sleep in that room. The use of chemicals 
that can interfere with the health of shoe artisans 
includes the use of glue because in this process there 
is exposure to organic solvent vapour contained in the 
glue and is very likely to have an impact on health if 
continuously inhaled for a long time [5]. One of the 
chemicals contained in the glue used in shoe 
production is toluene.  

Toluene exposure can cause eye and nose 
irritation, fatigue, confusion, dizziness, enlarged 
pupils, anxiety, muscle fatigue, insomnia, nerve 
damage, skin inflammation, even liver and kidney 
damage. The level of exposure also depends on the 
dose, duration, and work done [6].  

To reduce and even eliminate toxins in 
chemical compounds in the body, a biotransformation 
process is needed. Biotransformation is a change in 
the toxin-catalysed by certain enzymes in living things. 
The purpose of biotransformation is to convert non-
polar to polar, then to become hydrophilic so that it 
can be excreted out of the body. Biotransformation 
occurs in two phases. The first phase is the functional 
phase where the functional group matches the 
oxidation, reduction and hydrolysis reactions. Then 
the second phase is the conjugate reaction phase 
involving several types of endogenous metabolites in 
the body in the endoplasmic reticulum  [7]. 

Research using food approaches as toluene 
detoxification is still very limited. Foods are rich in 
CYP2E1 enzymes such as beef liver, beef brains, and 
salmon [8], [9]. Food is rich in glycine such as tuna, 
seaweed, turkey skin, spinach, canned corned beef, 
etc. But there has never been researching that 
explains how much intake of these foods is needed to 
improve toluene detoxification, especially in 
populations that exposed to toluene in a long time.  

Based on the background above, this 
research aims to calculate the intake of foods rich in 
CYP2E1 enzyme (beef liver, beef brain, and salmon) 
and glycine (seaweed, tuna, and spinach) are needed 
(effective dose) to detoxify toluene on shoe home 
industry workers in Romokalisari Surabaya. 

 

 

Material and Methods 

 

The research was a descriptive study. 
Subjects were workers in shoe home industry in 
Romokalisari Surabaya. The inclusion criteria were 
male workers who had worked in this industry for 
more than or equal to 10 years and willing to be used 
as research respondents. The sample of this research 
was 51 respondents.  

Variables calculated were body weight, 
duration of working (years), working time per week 
(days), an average of working every day (hours) of 
respondents, toluene concentration at 9 points in this 
industry — a measurement of respondents weight 
using manual measurement method with body scales. 
Measurement of the duration of work, working time 
per week, an average of working every day were 
obtained with an in-depth interview with respondents. 
Then, measurement of toluene concentration in the 
work environment using the measurement method of 
NIOSH 1501 (2003) with aromatic hydrocarbon 
sampling method [10]. Air samples were taken using a 
calibrated personal sampler pump. The filter used to 
absorb toluene vapour was a charcoal tube SKC 226-
01. Air samples were analysed using Gas 
Chromatography-Flame Ionization Detector (GC-FID). 
Willingness to participate in research was made in 
writing through informed consent, and this study had 
received prior ethical approval by the Ethics 
Committee of the Faculty of Public Health, Airlangga 
University with ethical number 516 KEP-K. 

After getting all variables above, can be found 
breathing rate and intake non-carcinogen of toluene 
per respondents. Then, an effective dose of foods rich 
in CYP2E1 enzyme and glycine will be obtained by 
manual calculating, use the formula below : 

                                            
         

        
  

 C enzyme x 65 x 100A  

 

 Explanation: 

 Intake nc (non-carcinogen) = 
                    

             
 

 C: Toluene concentration (mg/m
3
) 

 R: Breathing rate (m
3
/hour) 

 Dt: Duration of working (years) 
 I: Working time per week (days) 
 tE: Average of working time per day (hours) 
 Wb: Weight (kg) 
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C enzyme =                               
(Tualeka, 2018) [16]. 

CYP2E1 enzyme = 
                 

     
 

Glycine  = 
               

     
 

 
A = Content of enzyme in 100 grams of the 

food 
 CYP2E1 enzyme 

 Beef liver  : 5.6 mg 

 Beef brain  : 1.8 mg 

 Salmon : 6.6 mg 
Glycine  

 Seaweed  : 3.099 g  

 Tuna   : 1.436 g  

 Spinach  : 0.648 g 
 

 

Results  

 

Distribution of Toluene Concentration at 
 Workplace 

Figure 1 shows that the majority of 
respondents are at the workplace with toluene 
concentration below TLV. The TLV of toluene 
concentration in the air is 50 ppm, while, respondents 
who are at the workplace with toluene concentration 
above TLV are 8% (4 respondents). 

 

Figure 1: Distribution of Toluene Concentration in the Workplace 

 

This respondent is in the same location 
(location 1). This location has the highest toluene 
concentration 138.6 ppm, while the lowest toluene 
concentration is 0.21, and the average of toluene 
concentration is 15 ppm. 

 

Comparison between Toluene 
 Concentration and Weight 

The highest toluene concentration is 138.6 
ppm (respondent 1-4), while the lowest is 0.21 ppm 
(respondent 46-51). The biggest weight on 
respondents is 82 kg (respondent 31), while the 

smallest is 0.41 kg (respondent 5). 

 
Figure 2: Comparison between Toluene Concentration and Weight 

 

Based on Figure 2, the respondent who has 
the biggest weight isn’t a workplace that has the 
highest toluene concentration while it had a similar 
result to lowest toluene concentration. 

 

Effective Dose of Food Rich in CYP2E1 
 Enzyme to Toluene Detox 

1. Effective Dose of Beef Liver to Toluene 
 Detox 

Figure 3 shows that the highest effective dose 
of beef liver to toluene detox is on respondent 2 
(239,610 mg/239.61 g), while the lowest is on 
respondent 51 (317.33 mg). 

 
Figure 3: Effective Dose of Beef Liver to Toluene Detox 

 

The average effective dose of beef liver to 
toluene detox on the respondent is 19.752 mg/19.75 
g. 

 

2. Effective Dose of Beef Brain to Toluene 
 Detox 

Figure 4 shows that the highest effective dose 
of the beef brain to toluene detox is on respondent 2 
(745,456 mg/745.45 g). 

 
Figure 4: Effective Dose of Beef Brain to Toluene Detox 

8% 

92% 

C toluene 
above TLV 

C toluene 
below TLV 
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The lowest is on respondent 51 (987.25 mg). 
The average effective dose of the beef brain to 
toluene detox on the respondent is 61,451 mg/61.45 
g. 

 

3. Effective Dose of Salmon to Toluene Detox 

Figure 5 shows that the highest effective dose 
of salmon to toluene detox is on respondent 2 
(203,306 mg/20.33 g). 

 

Figure 5: Effective Dose of Salmon to Toluene Detox 

 

The lowest is on respondent 51 (269.25 mg). 
The average effective dose of salmon to toluene detox 
on the respondent is 16,759 mg/16.75 g. 

 

Effective Dose of Food Rich in Glycine to 
 Toluene Detox 

 1. Effective Dose of Seaweed to Toluene 
 Detox 

 Figure 6 shows that the highest effective dose 
of seaweed to toluene detox is on respondent 2 
(432.98 mg). 

 

Figure 6: Effective Dose of Seaweed to Toluene Detox 

The lowest is on respondent 51 (1.48 mg). 
The average effective dose of seaweed to toluene 
detox on the respondent is 35.7 mg 

 

 2. Effective Dose of Tuna to Toluene Detox 

 Figure 7 shows that the highest effective dose 
of tuna for toluene detox is on respondent 2 (934.41 
mg) while the lowest is on respondent 51 (1.23 mg). 

 

Figure 7: Effective Dose of Tuna to Toluene Detox 

 

The average effective dose of seaweed to 
toluene detox on the respondent is 77 mg. 

 

 3. Effective Dose of Spinach to Toluene Detox 

 Figure 8 shows that the highest effective dose 
of seaweed to toluene detox is on respondent 2 
(2070.71 mg/0.2 g). 

 

Figure 8: Effective Dose of Spinach to Toluene Detox 

 

The lowest is on respondent 51 (2.74 mg). 
The average effective dose of seaweed to toluene 
detox on the respondent is 170.7 mg 

 

 

Discussion 

 

Threshold Limit Value (TLV), Weight, and 
 Toluene Concentration 

Distribution diagram analysis between toluene 
concentration and TLV shows that majority of 
respondents are at the workplace have toluene 
concentration below TLV. The TLV for toluene 
concentration according to The Regulation of Minister 
of Manpower and Transmigration Number 
PER13/MEN/X/2011 about The Threshold Limit Value 
of Physical and Chemical Factors at Workplace is 50 
ppm (188.43 mg/m

3
) [11]. Comparative diagram 

analysis between toluene concentration and weight of 
respondents shows that respondents with the biggest 
weight didn't have the highest toluene concentration, 
and it was similar to respondents with the smallest 
weight didn’t have the lowest toluene concentration. 
This research not by the research of Mukono that 
toluene had a small molecular mass that would be 
easily dissolved in fat. It was assumed that toxic with 
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high solubility in fat (adipose) shows low concentration 
in the body [12]. This can be considered as a 
protection mechanism. So, it was concluded that there 
is low toluene toxicity in obese people than in thin 
people. 

  

Detoxification of Toluene by Foods Rich in 
 CYP2E1 Enzyme 

Detoxification is very important to remove 
harmful chemicals in the body, especially toluene. 
Detoxification can be done foods approach, but this 
publicity still limited. Meanwhile, food-based nutrition 
continues to be a low-risk approach in the 
detoxification process. Several publications that had 
used cells, animals and clinical studies show that 
food-based components and nutrients could modulate 
the process of conversion and excretion of toxins from 
the body  [13]. Toluene inhaled by a human while 
about 25-40% toluene will be excreted by expiration. 
The remaining 60-75% toluene will be metabolised in 
the liver became benzyl alcohol. Toluene will be 
converting to benzyl alcohol through a hydroxylation 
reaction. The reaction was carried out by members of 
the cytochrome P450 (CYP) in the liver, namely 
CYP1A1, CYP1A2, CYP2B6, CYP2C8, and CYP2E1 
[14]. Then, benzyl alcohol will be metabolised to 
benzaldehyde by CYP and the alcohol 
dehydrogenase enzyme through an oxidation 
reaction. CYP was more active than the alcohol 
dehydrogenase enzyme. A small amount of 
benzaldehyde will be converted to benzylmercapturic 
acid while the majority of the others will be converted 
to benzoic acid. Benzoic acid will be metabolized to 
hippuric acid, which will be excreted through urine   
[15].  

Consumption of suitable substances can 
detox toluene from the body, such as foods that 
contain CYP2E1 enzyme. High concentrations of 
CYP2E1 enzyme were found in some foods such as 
beef liver, beef brain, and salmon [9] (Minich & 
Hodges, 2015). The content of the CYP2E1 enzyme 
in 100 grams of the beef liver was 5.6 mg, in 100 
grams of the beef brain was 1.8 mg, and 100 grams of 
salmon was 6.6 mg [16].  

Based on the results, the effective dose of 
beef liver, beef brain, and salmon that the body 
requires for toluene detox from the body, as shown in 
Figure 3, 4, and 5. The effective dose of each food is 
different depending on the individual physical. The 
higher toluene concentration, the higher the mass of 
toluene detox for beef liver, beef beef, and salmon. 
This effective dose, also influenced by the weight and 
length of working of workers. This research by 
previous research, which states that it had a 
synergistic relationship with substance concentration 
[17]. The maximal consumption of beef liver is 239.6 
g, the beef brain is 745.4 g, and salmon is 203.3 per 
day. Foods in the diagram can be chosen by each 
respondent based on the toluene concentration and 

individual taste. If respondents didn't interest to 
consume beef liver, they could consume beef brain 
and salmon, and vice versa. The consumption of each 
food can be regulated by each respondent, can be 
divided into several days according to the 
requirements of the foods intake of respondents.  

 

Detoxification of Toluene by Foods Rich in 
 Glycine 

High burden of toxin in this modern life, diet 
supplementations with healthy foods should 
emphasise to support the metabolic detoxification 
phases. Evidence for toxin metabolism and 
elimination. Specific foods and nutrients can induce 
metabolic enzymes; one of them is glycine. When 
toluene enters the body, about 20% toluene will be 
excreted through the respiratory tract, while the 
remaining 80% will be metabolised into benzoic acid 
than will conjugate with glycine in the liver to form 
hippuric acid which will then be excreted through urine  
(ATSDR, 2000 [18]). To get glycine, one source is 
foods. Foods containing glycine include seaweed, 
spinach, tuna, long beans, leeks, corned beef, dried 
egg white, and so on [16].  

Based on our results, the effective dose of 
seaweed, tuna, and spinach that the body needs from 
toluene detox, as shown in Figure 6, 7, and 8. The 
effective dose of each food is different depending on 
the individual physical. The higher toluene 
concentration, it will increase the mass of toluene 
detox for seaweed, tuna, and spinach. This effective 
dose, also influenced by the weight and length of 
working of workers. The maximal consumption of 
seaweed is 432.98 mg, tuna is 934.41 mg, while 
spinach is 2070.71 mg per day. Foods in the diagram 
can be chosen by each respondent based on the 
toluene concentration and individual taste. If 
respondents don’t like seaweed, they can consume 
tuna and spinach, and vice versa. The consumption of 
each food can be regulated by each respondent, can 
be divided into several days according to the needs of 
the foods intake of respondents. 

In conclusion, the majority of respondents 
shows toluene concentrations below the threshold 
limit value (TLV). Intake of foods that contain CYP2E1 
enzyme (Beef liver, beef brain, and salmon) and 
glycine (seaweed, tuna, and spinach) were expected 
to increase detoxification of toluene. The effective 
dose was required by the respondents depending on 
weight, length of working, and toluene concentration 
at the workplace. The greater the toluene 
concentration, it will increase the needs for foods rich 
in CYP2E1 enzymes and glycine that the body needs. 
Body weight can also be another factor in differences 
in individual intake. Weight, length of working, and 
toluene concentration could affect the intake of non-
carcinogen of each which could affect the effective 
dose of foods. 
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Abstract 

BACKGROUND: Hypertension is one of the most common diseases around the world, which is the most risk 
factor related to cardiovascular disease. The quality of life of hypertensive patients is influenced by various 
factors, namely age, sex, educational background, ethnicity and nutritional status. Another factor that is also 
important is the quality of sleep. 

AIM: We aimed the assessment of sleep quality using a PSQI questionnaire, and quality of life assessment with 
the SF-36 questionnaire. 

METHODS: This study was a cross-sectional study of 45 respondents at the H. Adam Malik Central General 
Hospital in Medan in 2018. Assessment of sleep quality was performed through the PSQI questionnaire 
(Pittsburgh Sleep Quality Index), and quality of life assessment was carried out with the SF-36 questionnaire. 

RESULTS: The prevalence of impaired sleep quality in hypertensive patients was 35.6%. Most patients have a 
good quality of life, with 71.1%. In this study, sleep quality was found to be related to the quality of life (p = 0.037). 
Furthermore, variables related to sleep quality were sex (gender) (p = 0.003) and education (p = 0.005). In 
multivariate analysis, the quality of life is predominantly influenced by sleep quality (p = 0.025). 

CONCLUSION: The quality of life of hypertensive patients is influenced by the quality of sleep. 

 
 
 
 
 
 
 
 

Introduction 

 

Hypertension is one of the most common 
diseases in the world [1]. For patients who have 
hypertension, blood pressure control is a top priority to 
obtain maximum function and good welfare [2]. The 
quality of life for hypertensive patients is influenced by 
several factors such as age, gender, education, 
ethnicity, habits and nutritional status. Moreover, 
another important factor that needs to be considered 
regarding hypertensive patient’s quality of life is the 
quality of sleep [3]. 

Ru Qing Liu et al. discovered that increased 
blood pressure was also associated with the 
Pittsburgh Sleep Quality Index (PSQI) component 
including short sleep duration, poor sleep quality, 
prolonged sleep latency and sleep disturbances [4].

 

Kai Lui et al. investigated the different 
combined associations of sleep duration and sleep 
quality about the prevalence of hypertension. The 
results showed an additive interaction between sleep 
quality and the prevalence of hypertension. Despite 
many limitations, this cross-sectional study shown that 
both short sleep duration and poor sleep quality were 
associated with the prevalence of hypertension in 
adult Chinese men [5]. Also, Oluwseun et al. Stated 
that the relationship between blood pressure and 
sleep quality showed an increase in blood pressure in 
individuals with shorter sleep duration [6]. 

We aimed the assessment of sleep quality 
using a PSQI questionnaire, and quality of life 
assessment with the SF-36 questionnaire. 
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Methods 

 

This study was a cross-sectional study of 45 
respondents. It was conducted at the H. Adam Malik 
Central General Hospital in Medan in 2018. The 
assessment of sleep quality was performed using a 
PSQI questionnaire, and quality of life assessment 
was carried out with the SF-36 questionnaire. 

 

 

Results 

 

The respondent's characteristics are 
described in Table 1 below. 

Table 1: The respondent’s characteristics 

Variable n Percentage (%) 

Quality of life   
Good 32 71.1 
Bad 13 28.9 

Quality of sleep   
Good 29 64.4 
Bad 16 35.6 

Sex   
Male 18 40 
Female 27 60 

Educational background   
High 24 53.3 
Low 21 46.7 

Income   
High 34 75.6 
Low  11 24.4 

Age   
< 45 years old 10 22.2 
45 – 55 years old 18 40 
> 55 years old 17 37.8 

Nutritional status   
Underweight 1 2.2 
Normal weight 17 37.8 
Overweight 27 60 

  

 From a total of 45 respondents, they are 
categorised as a male with 18 respondents (40%) and 
female with 27 respondents (60%). Also, the highest 
age range was discovered to be 45-55 years, with 18 
(40%) respondents, only slightly differed to the age > 
55 years with 17 (37.5%) respondents. 

The quality of life of respondents was 
assessed by using the SF 36 questionnaire, and the 
result is described in Table 2. 

Table 2: The characteristic of a respondent’s quality of life 

Variable n Percentag
e (%) 

Mean ± SD Normal 

SF-36 total score   62.58 ± 15.52 ≥ 60 
Good 32 71.1   
Bad 13 28.9   

Physical function   46 ± 25.08 ≥ 60 
Physical limitation   27.84 ± 39.21 ≥ 60 
Illness   84.38 ± 22.59 ≥ 60 
General health   57.11 ± 17.95 ≥ 60 
Vitality   59.33 ± 21.55 ≥ 60 
Social function   80.87 ± 27.80 ≥ 60 
Emotional limitation   71.78 ± 42.62 ≥ 60 
Mental health   74.49 ± 18.31 ≥ 60 

  

Based on Table 2 above, it can be seen that 
majority of respondents are having a good quality of 
life with 32 respondents (71.1%), while the other 13 
respondents (28.9%) are having a bad quality of life.  

Characteristic of respondents related to 
 sleep quality  

To assess the respondent quality of sleep, the 
PSQI questionnaire was used. The result is shown in 
Table 3 below.  

Table 3: The relationship between respondent’s characteristics 
and quality of sleep 

 Quality of Sleep p Quality of Sleep Score 
(mean ± SD) 

p 

Bad Good 

n % n % 

Sex        
Male 11 61.1 7 38.9 0.003

a 
6.33 ± 2.66 0.003

a 

Female 5 18.5 22 81.5  3.81 ± 2.24  
Educational 
background 

       

High 12 57.1 9 42.9 0.005
a 

3.71 ± 1.94 0.005
a 

Low  4 16.7 20 83.3  6.10 ± 2.90  
Income        

Low 6 54.5 5 45.5 0.161
b 

6.18 ± 2.96 0.058
a 

High 10 29.4 24 70.6  4.38 ± 2.49  
Age        

< 45 years old 5 50 5 50 0.096
a 

5.80 ± 2.49 0.110
b 

45 – 55 years old 3 16.7 15 83.3  3.89 ± 2.52  
> 55 years old 8 47.1 9 52.9  5.24 ± 2.82  

Nutritional status        
Underweight 0 0 1 100 0.666

a 
3 0.632

b 

Normal weight 7 41.2 10 58.8  5.18 ± 2.56  
Overweight 9 33.3 18 66.7  4.67 ± 2.83  

Ac
hi Square; 

b 
Fischer’s Exact. 

 

After conducting statistical analysis, several 
factors are considered to affect the quality of sleep of 
patients with hypertension, namely sex and 
educational background. In the other hand, economic 
status, age and nutritional status do not contribute to 
the quality of life of patients with hypertension. 

Table 4: Multivariate analysis of variables affecting the quality 
of sleep 

Variable Coefficie
nt 

p Exp (B) 95% CI 
Lower Upper 

Final Step      
Sex  2.046 0.009 7.737 1.654 36.188 
Educational background 2.011 0.012 7.471 1.561 35.749 
Constant  -2.609 0.001 0.074   

 

Characteristics of patients related to the 
quality of life 

After conducting statistical analysis, there is 
only one factor which is considered to affect the 
quality of life of patients with hypertension, namely 
quality of sleep. 

Table 5: The relationship between patients' characteristics and 
quality of life 

 Quality of Life p Quality of Life Score 
(Mean ± SD) 

p 

Bad Good 

n % n % 

Quality of life        
Bad 8 50 8 50 0.037

a 
54 ± 19.26 0.02

a 

Good  5 17.2 24 82.8  67.17 ± 10.96  
Sex        

Male 7 38.9 11 61.1 0.227
b 

59.17 ± 17.93 0.248
a 

Female 6 22.2 21 77.8  64.70 ± 17.76  
Educational 
background 

       

High 4 16.7 20 83.3 0.053
b 

67.13 ± 10.82 0.039
a 

Low  9 42.9 12 57.1  57.19 ± 18.60  
Income        

Low 6 54.5 5 45.5 0.053
a 

51.73 ± 16.26 0.004
b 

High 7 20.6 27 79.4  65.97 ± 13.91  
Age        

< 45 years old 2 20 8 80 0.364
b 

61.60 ± 9.97 0.162
c 

45 – 55 years 
old 

4 22.2 14 77.8  66 ± 17.61  

> 55 years old 7 41.2 10 58.8  59.29 ± 16.10  
Nutritional status        

Underweight 0 0 1 100 0,650
b 

64 0.927
b 

Normal weight 6 35.3 11 64.7  61.59 ± 16.43  
Overweight 7 25.9 20 74.1  63 ± 15.66  

a 
Fischer’s Exact;

 b
Chi Square. 
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While in the opposite, sex, economic status, 
educational background, age and nutritional status do 
not affect the quality of life of patients with 
hypertension. 

Table 6: Multivariate analysis of variables affecting the quality 
of life 

Variable Coefficient p Exp (B) 95% CI 
Lower Upper 

Final Step      
Quality of sleep 1.569 0.025 4.800 1.214 18.971 
Constant -1.569 0.001 0.208   

 

 

 

Discussion 

 

In this study, the patient's quality of life scores 
as a result of the total SF-36 score shows a good 
quality of life category with 32 people (71.1%) and bad 
quality of life with 13 people (28.9%).  

 

Relationship of Patients Characteristic 
 with Quality of Sleep  

Based on the result of this study, it can be 
seen that sex(gender) is related to sleep quality (p = 
0.003). This result was supported by Lemola's 
research, which found that sex was associated with 
sleep quality (p = 0.001) [7]. This is because female 
have better sleep quality with longer sleep times, 
compared to male [8]. 

Moreover, the level of education is also 
related to sleep quality (p = 0.005), this was also 
supported by Notoatmodjo, discovered that the level 
of education is influential in responding to something 
which came from outside [9]. 

Economic status is one of the factors that 
cause sleep disturbances, but this is not in line with 
what was stated by Tel et al. that patients with low 
economic status and who have good social support 
could have good sleep quality(10). This is in according 
to the results of this study, where the level of 
economic status is not related to sleep quality (p = 
0.161). 

In this study, it is found that age was not 
related to sleep quality (p = 0.096). This is in line with 
the study by Alebiosu et al., where there was no 
relationship between age and sleeps quality (p = 
0.065) [11]. Furthermore, there were other factors, 
such as environment, lifestyle, and psychological 
stress, which caused no difference in the average bad 
quality of sleep in the elderly. 

Furthermore, nutritional status was not related 
to sleep quality (p = 0.666). It is supported by Erwan's 
research, where there was no relationship between 
nutritional status and sleep quality (p = 0.09) [12]. 
Eating habits are the way individuals and groups 

choose, consume, and use available food based on 
the social and cultural factors in which they live [13]. 

 

Characteristic Relationship of Patients 
 with Quality of Life 

Based on the result, sleep quality was 
associated with quality of life in hypertensive patients 
(p = 0.037). This result was supported by Nur Azmi, 
who obtained the results that there was a relationship 
between sleep quality and quality of life (p = 0.002) 
[3]. Sleep is one of the basic phenomena that are 
important for human life; the majority of human life is 
filled with sleep. This is also influenced by routine 
activities, spiritual activities, physical activities such as 
light exercise and the use of leisure time which 
increases the activity of neurotransmitters which will 
help to increase the fulfilment of sleep needs [13]. 

Moreover, this study discovered that there 
was no relationship between sex with the quality of life 
of hypertensive patients (p = 0.227). This result is in 
according to a study conducted by Fransisca Melani 
et al., who found that sex was not related to the 
quality of life of patients (p = 0.023) [14]. Furthermore, 
male respondents had a poorer quality of life than 
women; this was partly due to work differences, life 
habits, genetic or physiological conditions [15]. 

In this study, there was no relationship 
between the status of education level and quality of 
life (p = 0.053). The level of education does not 
directly affect the quality of life, but the level of 
education influences a person's lifestyle and habits 
such as smoking, alcohol, etc. [14]. Also, there was no 
correlation between economic status and quality of life 
(p = 0.053). Respondents who have low income can 
still use the facilities provided by the government. This 
shows that the quality of life is not affected by income, 
but many other factors [14]. 

All ages have the same risk in terms of 
changes in quality of life, where not only patients in 
elder age who are experiencing a decrease in quality 
of life but also patients with young age can also 
experience a decrease in quality of life due to chronic 
diseases. This is in line with the results of the study 
found that age is not related to the quality of life of 
hypertensive patients (p = 0.364). Also, it is supported 
by Nisha Bandhari's research stating age is not 
related to the quality of life (p = 0.001) [16]. 

Nutritional status is not related to the quality 
of life of hypertensive patients (p = 0.650). The results 
of this study were supported by research conducted 
by Yahsarul Ihksan, finding that nutritional status was 
not related to the quality of life of Hemodialysis 
patients (p = 0.028) [17]. The theory states that 
underweight patients have a poor quality of life, 
because in this study, there were few underweight 
patients so that different results were obtained from 
the theory. 
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Based on this study, it can be concluded that 
the quality of life is dominantly influenced by sleep 
quality, with the prevalence of impaired sleep quality 
in hypertensive patients is 35.6% and most patients 
have a good quality of life with 71.1%. Moreover, 
several variables related to sleep quality were found 
to be sex (gender) and educational background. 
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Abstract 

AIM: The study aimed to investigate the effect of drug-related problems (DRPs) on changes in blood glucose level 
(BGL) in the treatment of type 2 diabetes mellitus (T2DM) patients. 

METHODS: This three-month prospective cross-sectional study was conducted to patients of T2DM with 
complications hospitalised in Haji Adam Malik (HAM) Hospital, Medan, Indonesia period from July to October 
2018. DRPs were identified and classified by using Cipolle DRP classification and trustable literature. The data 
obtained were analysed by Chi-Square test (p < 0.05 implied that there was a significant relationship). 

RESULTS: This study involved 81 T2DM patients, 52 (64.2%) of the patients were male, and 29 (35.8%) of them 
were female. Most (30.9%) of patients were at the age of 51-60 years. Combination of rapid-acting and long-
acting insulin was the most frequently provided antidiabetic drugs (69.1%). There were 68 DRPs experienced by 
32 (39.5%) of the patients. Percentage of DRP experienced by the 32 patients by number: 1 DRP, 53.1; 2 DRPs, 
28.1; 3 DRPs, 3.1; 4 DRPs, 3.1; 5 DRPs, 3.1; 7 DRPs, 9.3. This study showed that 27.2% and 12.3 % of the 
patients had hyperglycemia and hypoglycemia, respectively. There was no significant relationship between BGL 
and indication without drug therapy (p = 0.064), ineffective provided drug (p = 0.079), and there was a significant 
relationship between BGL and irrational dose (p = 0.000). Furthermore, there was a significant relationship 
between hypoglycemia and adverse drug reaction (p = 0.000). 

CONCLUSION: DRPs are common among T2DM patients and still required the attention and appropriate actions 
of healthcare providers. 

 

 

 
 
 

Introduction 

 

Diabetes mellitus (DM) is a metabolic disease 
characterised by high BGLs in the body caused by 
defects in insulin secretion, insulin action, or both. In 
2017, Indonesia was ranked as the 6th highest 
prevalence of diabetes in the world in which the 
number of people with diabetes mellitus reached 10.3 
million and is expected to rise to 16.7 million in 2045 
[1]. It was estimated 1 death every 6 to 10 seconds 
caused by its complications around the world [2]. 
Hyperglycemia that occurs, over time, can damage 
various body organs, especially the nerves and blood 
vessels. Macrovascular and microvascular 
complications can occur in patients with diabetes 
mellitus. Common developed macrovascular 
complications that occur in people with diabetes is 

coronary heart disease, blood vessel disease in the 
brain, and peripheral vascular disease [3]. 

The disease and its complications 
experienced by diabetes mellitus patients required 
polypharmacy (multiple drug therapy) which in turn 
can cause DRPs [4], that actually or potentially 
interfere with the desired outcome of therapy [5]. This 
condition can further worsen the patients’ quality of 
life, increase their length of stay and treatment costs. 
On the other side, the limitation of health resources is 
a serious problem in the universal health coverage 
era. Facts indicated that the National Health 
Insurance has been facing financial difficulties to run 
the program [6], [7]. These problems should be 
responded and resolved.  

Several studies on DRPs have been 
conducted by researchers applying different 
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classification methods. In 2018, a study performed in 
Tegal, Indonesia stated that drug dose and drug 
choice problems were the highest DRPs of the overall 
incidences [8]. Also, another study conducted in 
Medan proved that the most frequently occurred DRP 
was indication without therapy and there was no 
significant association between the patients’ education 
and DRPs (p = 0.88) [9]. Research on DRPs is still 
limited in Indonesia. 

The study aimed to investigate the effect of 
DRPs on changes of BGLs in the treatment of T2DM 
patients. This study focused on antidiabetic utilisation, 
identification and analysis of DRPs in the 
management of T2DM as well as the association 
between DRPs and changes of BGLs. 

 

 

Methods 

 

This prospective cross-sectional study was 
undertaken on T2DM inpatients admitted to HAM, 
Medan, Indonesia. In this study, the number of 
patients recruited as subjects was 81 hospitalised 
from July to October 2018. The patients diagnosed 
with T2DM with a complication, aged ≥ 18 years, 
received oral antidiabetics or insulin and other 
medicines (combination therapy) and have provided 
their consent were included in this study. Ethical 
clearance of this study was obtained from The Ethical 
Commission of Health Research, Faculty of Nursing, 
Universitas Sumatera Utara, Medan. Characteristics 
of patients, including gender, age, and co-morbidities, 
were recruited from their medical records. Drugs 
provided to the patients, important laboratory results 
and BGL as clinical outcome were also extracted from 
their medical records. 

Characteristics of T2DM patients and drug 
utilisation were descriptively analysed. Incidence of 
DRPs in the management of T2DM was identified and 
analysed based on Cipolle DRP classification system 
that comprises indication without drug therapy, 
ineffective provided drug, too low doses, too high 
doses, drug interaction and adverse drug reaction 
[10]. The analysis of the occurred DRPs referred to 
trustable literatures including the authority on drug 
interactions, a sourcebook of adverse interactions, 
their mechanisms, Medscape Reference, IBM 
Micromedex Reference [11], [12], [13], [14] and 
guidelines for the management of T2DM [15], [16], 
[17], [18]. The BGLs of the T2DM patients were 
grouped into 3 categories that are normoglycemia (< 
200 mg/dl), hyperglycemia (≥ 200 mg/dl), and 
hypoglycemia (< 70 mg/dl). The relationship between 
the occurred DRPs as an independent variable with 
BGL as a dependent variable was analysed by Chi-
Square tests [19] in the program of Statistical 
Package for the Social Sciences (SPSS) version 25 (p 
< 0.05 is considered significant). 

Results 

 

During the study period, there were 81 
patients fulfilled the inclusion criteria consisted of 
64.2% male and 35.8% female. Table 1 shows the 
demographics of T2DM patients. Most (30.9%) of the 
patients were at the age of 51-60 years. The number 
of drugs given to the patients varies, ranging from 6 to 
20 items. The most common complications or 
comorbidity experienced by the patients were; heart 
failure (11.8%) and hypertension (9.1%).  

Table 1: Demographics of the T2DM patients (n = 81) 

Characteristics % of patients 

Gender: 
Male 
Female  

 
64.2 
35.8 

Age: 
≤ 40 
41-50 
51-60 
61-70 
71-80 
≥ 81 

 
7.4 
25.9 
30.9 
24.7 
8.6 
2.5 

Complications/co-morbidities: 
Heart failure 
Hypertension 
Coronary heart disease 
Ischemic stroke 
Tuberculosis 
Pneumonia 
Others 

 
11.8 
9.1 
7.3 
6.8 
5.5 
5.5 
< 5 

 
 

Drug utilisation and clinical outcomes in the 
treatment of The T2DM patients are listed in Table 2. 
The most widely administered antidiabetic drug was a 
combination of rapid-acting and long-acting insulins 
received by 56 (69.1%) of the patients and insulin 
monotherapy by 18 (22.2%) of the patients. Table 2 
also shows that, based on the results of random 
BGLs, most (60.5%) of the patients achieved good 
glycemic control or normoglycemia. 

Table 2: Drug utilisation and clinical outcome in the treatment 
of T2DM patients (n = 81) 

Drug therapy % of patients provided antidiabetics 

Monotherapy of insulin: 
Insulin aspart 
Insulin aspart/protamine 

Combination insulin: 
Insulin aspart + detemir 
Insulin aspart + glargine 
Insulin glulisine + glargine 
Insulin glulisine + detemir 
Insulin aspart/protamine + glargine 

Insulin + oral antidiabetic drugs: 
Insulin aspart + metformin 
Insulin aspart + metformin + glimepiride 
Insulin aspart + insulin glargine + glimepiride 
Insulin aspart + insulin detemir + metformin 

Oral antidiabetic drug: 
Metformin 
Oral antidiabetic combination: 
Metformin + glimepiride 
Glimepirid + pioglitazone 

 
2.5 

22.2 
 

26 
24.7 
11.1 
6.2 
1.2 

 
1.2 
1.2 
1.2 
1.2 

 
1.2 
1.2 
1.2 
1.2 

Random BGL: 
Normoglycemia (< 200 mg/dl) 
Hyperglycemia (≥ 200 mg/dl) 
Hypoglycemia (< 70 mg/dl) 

 

 
60.5 
27.2 
12.3 

 

The incidence of DRPs in the treatment of 
T2DM patients is shown in Table 3. In this study, there 
were 68 DRPs identified, which affected BGLs. The 
most common DRPs found were drug interactions 
(45.6%) and inadequate dose (32.4%). Adverse drug 
reactions were found in 10 patients who experienced 
hypoglycemia as the effects of insulin or an oral 
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antidiabetic sulfonylurea. Furthermore, the present 
study also found indication without drug therapy 
(2.9%) and ineffective provided drug (4.4%).  

Table 3: Incidence of DRPs experienced by the T2DM patients 

DRP category Frequency Percentage 
(%) 

Description 

Indication without 
drug therapy 

2 2.9 Provision of rapid-acting insulin as 
monotherapy 

Ineffective provided 
drug 

3 4.4 Ineffective combination of rapid-acting 
insulin with metformin, ineffective 
combination of premixed insulin with 
long-acting insulin and metformin 
provided to patients with CHF grade III 

Inadequate dose 22 32.4 The dose of insulin was not enough 
Adverse drug 
reaction 

10 14.7 Hypoglycemia 

Drug interaction 31 45.6 The interaction of antidiabetic drugs 
with other drugs that have a 
hypoglycemic effect 

 
 

The results of this study showed that 32 
patients did not achieve the desired BGL in which 
there were 22 patients with hyperglycemia and the 
other 10 patients experienced hypoglycemia. DRPs 
have a significant correlation with changes in BGLs 
experienced by hospitalised patients with T2DM in 
HAM hospital. Relationship between DRPs with 
changes in BGL of the T2DM patients during 
treatment is shown in Table 4. As shown in the Table, 
the BGLs were classified into hyperglycemia, 
hypoglycemia, and normoglycemia. There was no 
significant relationship between indication without 
drug therapy with the hyperglycemic condition of the 
patients (p = 0.064). There was also no significant 
relationship between ineffective provided drug and 
hyperglycemia (p = 0.079). On the other hand, there 
was a significant relationship between inadequate 
dose and hyperglycemia (p = 0.000). Additionally, 
there was a significant relationship between adverse 
drug reaction and hypoglycemia (p = 0.000). 

Table 4: Relationship between DRPs with changes in BGL of 
the T2DM patients (n = 81) 

Primary Domain 
Number of cases by clinical outcome 

p-Value 
Hyperglycemia Hypoglycemia Normoglycemia 

Indication without  
drug therapy: 

 
 

 
 

 
 

 
 

Yes 2 0 0 0.064 
No 20 10 49  

Ineffective provided 
Drug: 

 
 

 
 

 
 

 
 

Yes 3 0 0 0.079 
No 19 10 49  

Inadequate dose:     
Yes 22 0 0 0.000 
No 0 10 49  

Drug interaction      
Yes 46 31 94 0.000 
No 4 0 10  

Adverse Drug  
Reaction  

 
 

 
 

 
 

 
 

Yes 0 10 0 0.000 
No 22 0 49  

 

 

Discussion 

 

The present study showed that T2DM was 
more prevalent in male compared to female. Other 
studies also found similar results [20], [21]. The age 

group of 51-60 years was more prevalent in this study. 
A study conducted in India revealed that the disease 
was more prevalent in the age group of 40-79 years 
[22]. This difference could be associated with the 
differences in social, economic conditions and lifestyle 
[23].  

The most widely provided antidiabetic drug 
was a combination of rapid and long-acting insulins, 
followed by insulin as a monotherapy. This study 
supported the study undertaken in Malaysia, in which 
it was revealed that insulin was the most widely 
prescribed [20]. In contrast, another study revealed 
that metformin was the most commonly prescribed 
drug, followed by glibenclamide [21]. The difference 
was probably due to the different prescribing patterns 
between one hospital and others.  

The American diabetes association 
recommends random blood glucose target of less 
than 200 mg/dL. A patient is categorised as 
hypoglycemia if he or she has BGL less than 70 
mg/dL. Monitoring of BGL is commonly done by 
measuring the random BGLs on the last day of 
hospitalisation. To diagnose whether a patient is 
hypoglycemia, BGL was measured at the beginning of 
the incidence. In this study, 32 patients did not 
achieve the desired BGL consisted of 22 patients with 
hyperglycemia and 10 patients with hypoglycemia.  

There were 68 DRPs experienced by those 
patients. The most frequently DRPs contributed to 
BGL was drug interaction, which had a significant 
relationship with hypoglycemia. Inadequate dose was 
the second most DRPs contributed to the change in 
BGL in which it had a significant relationship with 
hyperglycemia. Neither indication without drug therapy 
nor ineffective provided drug had a significant 
relationship with hyperglycemia. Drug selection 
problems tend to be in small amounts, so they did not 
affect changes in hyperglycemia. Indication without 
drug therapy was experienced by 2 (2.5%) of the 
hyperglycemia patients that received rapid-acting 
insulin as a monotherapy. 

Additionally, inappropriate drug combinations 
consisted of an ineffective combination of rapid-acting 
insulin with metformin and combination of premixed 
insulin with long-acting insulin were received by 2 
(2.5%) of the patients. Based on clinical practice 
guidelines, the first targeting treatment of 
hyperglycemia is to monitor basal BGL in fasting and 
pre-meal conditions. It can be achieved by 
administration of oral antidiabetic or insulin therapy. 
The combination of antidiabetic oral drug and insulin 
is started from the administration of basal insulin. 

Rapid or short-acting insulin is used to 
achieve the target of prandial BGL. In a condition 
where BGLs throughout the day are still uncontrollable 
despite having received basal insulin, it is necessary 
to provide a combination of basal and prandial insulin 
[16], [18]. This present study also proved the 
presence of contra-indication in 1 patient (1.2%) with 
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grade III heart failure in which the patient has 
administrated metformin as oral antidiabetic therapy. 
The previous study on DRP conducted by Zaman Huri 
and Fun Wee [20] found that approximately 24% of 
T2DM patients with hypertension and chronic kidney 
disease received metformin. Provision of metformin is 
a contraindication in this group of patients. This 
difference can be associated with many complicated 
factors, including the difference in prescribing pattern 
and the number of comorbidities suffered by the 
patients. In this study, there was a relatively small 
incidence of drug selection problems, but it is still 
required the attention of physicians when prescribing 
antidiabetic drugs to T2DM patients with 
complications [20]. 

Drug-related problems of inadequate dose 
related to the achievement of target BGLs were 
indicated in 22 patients with hyperglycemia. The result 
was different from the study conducted in Nigeria [21]. 
This difference cannot be explained due to the lack of 
information what drugs were found subtherapeutic 
dosages in the study. Besides, this study assessed 
the effect of DRPs on changes in BGLs as glycemic 
control. There were found an inadequate dose of 
insulin in this study related to the target of BGLs that 
were not reached, hyperglycemia. Clinical practice 
guidelines state that the initial dose of basal insulin 
can be started with 10 units, and its dose can be 
gradually increased by 2 units if fasting BGLs have 
not achieved the target [16]. Other literature declare 
that the initial daily dose of insulin can be started with 
0.5-1.5 unit per kilogram body weight, then the insulin 
dose can be divided into basal insulin dose (50% of 
the initial daily dose) and prandial insulin dose (50% 
of the initial daily dose). Following the physiological 
condition of the body, insulin therapy is given once for 
basal and three times with prandial insulin for after-
meal [24], [25], [26]. This problem also required the 
attention of health care providers to be able to 
increase the dose of insulin gradually when BGLs 
have not achieved the target of glycemic control. 

The more the complications experienced by 
the patients, the more the number of drugs given to 
the patients and the higher the incidence of drug 
interactions [27]. This was in line with several studies 
which state that polypharmacy is closely related to 
DRP [28]. This was also proven based on the results 
of a study undertaken in Malaysia, which proved that 
there was a significant relationship between 
polypharmacy and drug interactions [20]. Increasing 
the number of prescripted drugs can increase the risk 
of drug interactions, poor control of BGLs and 
therapeutic outcomes. Therefore, routine monitoring 
and resolving of inappropriate clinical outcomes and 
clinically significant drug interactions are needed to 
optimise drug therapy [21]. The most common drugs 
involved in drug interactions were insulin with 
angiotensin receptor blocker, aspirin, quinolone and 
ace inhibitor. It was dissimilar to the study that 
reported aspirin, clopidogrel, simvastatin, amlodipine, 

beta-blockers, NSAIDs agents and ACE inhibitors 
were most implicated in drug interactions [20], [29]. 
The differences can be caused by the difference in 
complications experienced by these patients, so the 
prescribed drugs will be different. The drug 
interactions were identified in this study with major 
and moderate clinical significance levels, which can 
affect changes in BGLs based on ensured literature 
and evidence. Clinicians can still use the drug 
simultaneously with close monitoring of BGLs and 
followed by the appropriate actions [20].  

In this study, hypoglycemia experienced by 10 
T2DM patients is an undesirable drug therapy 
outcome due to drug interactions, and side effects 
resulted in the provision of insulin or oral antidiabetic 
drug. This was consistent with many studies reported 
incidences hypoglycemia related to the use of insulin 
and sulfonylurea [30], [31]. Hypoglycemia can occur at 
any time. Therefore, routine monitoring of BGLs and 
appropriate efforts are needed to avoid recurrence of 
hypoglycemia.  

It can be concluded that DRPs has a 
significant effect on BGLs in the treatment of patients 
with T2DM. DRPs of dose selection affects the BGL of 
hyperglycemia and DRPs of drug interactions, and 
unwanted drug reactions affect the occurrence of 
hypoglycemia. With the proven influence of DRPs on 
changes in BGLs in the treatment of T2DM patients, 
the active role of pharmacists as a part of the 
healthcare providers is crucial to identify and resolve 
the presence of DRPs which in turns optimise the 
treatment of patients with T2DM. 
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Abstract 

BACKGROUND: The discovery of antiretroviral (ARV) drugs in 1996 led to a shift in the causes of mortality and 
morbidity of patients with HIV/AIDS. Initially, the cause of mortality and morbidity was associated with 
opportunistic infection HIV/AIDS-related complication, but now are more associated with non-AIDS complication 
such as cardiovascular disease. Atherosclerosis is a major cause of cardiovascular disease. The atherosclerosis 
was assessed by measuring carotid intima-media thickness (CIMT) using B mode ultrasound (USG), which is one 
of the diagnostic tools in indicating the presence of atherosclerotic plaque.  

AIM: This study aims to evaluate the ratio of CD4 / CD8 towards carotid intima-media thickness. 

METHODS: Design of study was analytic cross-sectional. This study was conducted in May – July 2017 in HIV 
patients who taken consecutively came to the VCT polyclinic of Sanglah hospital. Statistical analysis used 
Spearman correlation test to evaluate the correlation between the CD4/CD8 ratio and carotid intima-media 
thickness and multiple linear regression to predict carotid intima-media thickness through CD4/CD8 ratio. 

RESULTS: Total from 50 samples, data characteristic were 33 males (66%) and 17 females (34%), mean of age 

30.60 ± 5.58 years, median of CD4/CD8 ratio 0.275 (0.02-1.39) and median of CIMT 0.75 (0.4-1.5) mm. There is 
a strong negative correlation (r = -0.85; p = 0.001) CD4/CD8 ratio with CIMT. The calculation of the prediction of 
carotid intima media thickness can be calculated through the equation Y = 0.727 -0.791 (X1) + 0.012 (X2), where 
X1 is CD4/CD8 ratio and X2 is the age of the patient. 

CONCLUSION: there is a significantly strong negative correlation between the CD4/CD8 ratio and CIMT in HIV 
patient who comes to VCT polyclinic of Sanglah Hospital. The smaller CD4/CD8 ratio, the value of CIMT will be 
thicker, and vice versa. 

 
 
 
 

Introduction 

 

Human Immunodeficiency Virus (HIV) is a 
retrovirus that attacks the human immune system. 
This loss of function causes a progressive immune 
system response disorder, which then develops into 
Acquired Immunodeficiency Syndrome (AIDS). 
Characteristics of this disease in the form of a decline 
in the immune system that causes opportunistic 
infections, secondary neoplasm, and other 
neurological manifestations 

The discovery of antiretroviral drugs (ARVs) in 
1996 is considered one of the successes in medicine 
in controlling HIV infection. The presence of 

antiretroviral drugs causes a shift in the causes of 
morbidity and mortality of patients with HIV/AIDS 
infection. Initially, the causes of morbidity and 
mortality were associated with opportunistic infections 
associated with HIV, but now more morbidity and 
mortality are associated with non-AIDS complications 
such as cardiovascular disease, renal impairment, 
liver disease, neurocognitive disorders, osteoporosis, 
muscle atrophy, and frailty [1]. Pacheco et al., (2009) 
conducted a cohort study in 1538 HIV-infected 
patients and had taken ARVs from 1997-2006, found 
that 226 (14.7%) died during the study, 43.4% had 
non-AIDS-related complications, 37.6% had 
complications of opportunistic infections. Deaths 
associated with HIV/AIDS infection experienced a 
significant decrease over time (p < 0.01). In the 2005-
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2006 period, it was found that non-AIDS-related 
deaths were higher than AIDS-related deaths [2]. 

Cardiovascular disease is an important cause 
of morbidity and mortality in HIV/AIDS patients. 
Patients with HIV/AIDS have a higher risk of having 
myocardial infarction and death due to cardiovascular 
disorders. The mortality rate of cardiovascular events 
in HIV/AIDS patients in Europe and North America 
reached 6.5%-15% [1]. Rates of hospitalization for 
coronary heart disease and acute myocardial 
infarction in HIV positive are higher than HIV negative 
person (6.5% versus 3.8%, p = 0.003, 4.3% versus 
2.9%, p = 0.07) [3].  

Atherosclerosis is a major cause of 
cardiovascular disease. Atherosclerosis in HIV 
patients occurs younger than the general population, 
beginning at < 30 years with an average age of 48 
years. Although HIV infection itself also facilitates 
atherosclerosis. Atherosclerosis associated with 
ageing and its major pathogenesis is the occurrence 
of inflammatory processes. While in HIV patients, 
there is a chronic inflammatory process that affects 
the presence of premature ageing syndrome. 
Therefore, in HIV patients, more easily, the 
occurrence of atherosclerosis than with no HIV 
infection [4], [5], [6]. 

The diagnosis of early atherosclerosis is 
made by measuring the thickness of the carotid 
arteries intima tunica and the presence of 
atherosclerotic plaque. Measurement of Carotid 
intima-media thickness (CIMT) with B-mode 
ultrasonography (USG) is a sensitive and non-
invasive technique for identifying and quantifying 
subclinical vascular disease and evaluating the risk of 
cardiovascular disease. CIMT is significantly 
correlated with the risk of myocardial infarction, 
stroke, death from coronary heart disease, or a 
combination of these. Carotid plaque is defined as a 
focal region in which a CIMT of more than 1.5 mm 
protrudes into the lumen [7].  

Over the past three decades, the number of 
Cluster Differentiation (CD) 4 was used as an 
evaluation of HIV clinical management. In a study 
conducted by Villar et al., (2014), the CD4/CD8 ratio 
could be used as a marker of inflammation and 
immunosenescence and as a predictor of mortality in 
patients with HIV infection. This CD4/CD8 ratio 
indicates immune activation in people with HIV 
infection. The smaller the CD4/CD8 ratio, the higher 
the immune activation. In HIV infection, there will be 
CD4 cell damage that will cause the CD4 value to 
drop dramatically. CD4 cell decline will be 
compensated by continuous CD8 increases. Even 
with the provision of ARVs, slow CD4 cell recovery is 
not necessarily followed by a direct decrease in CD8 
cells so that immune activation occurs continuously. 
This will lead to a smaller CD4/CD8 ratio that 
indicates high chronic inflammatory activity. This 
process of chronic immune activation is associated 

with increased atherosclerosis. The study concluded 
that the ratio of CD4/CD8 inversion determines carotid 
intima-media thickness in patients with HIV infection 
(OR 2.9, CI 95%: 1.2-7.1) [4]. 

Atherosclerosis, which is one of the non-AIDS 
complications, has a major influence on the incidence 
of morbidity and mortality in patients with HIV/AIDS 
[8]. Research on the CD4/CD8 ratio associated with 
atherosclerosis in HIV patients is rare. This research 
aims to role out the association of atherosclerosis 
events and to determine the role of CD4/CD8 ratio in 
the occurrence of atherosclerosis (in this case 
measured by CIMT using USG) in HIV outpatients at 
tropical disease and infection polyclinic Sanglah 
General Hospital, Bali-Indonesia.  

 

 

Methods 

 

This study was an observational study with 
cross-sectional analytic design to determine the 
correlation between CD4/CD8 ratio with carotid 
intima-media thickness as a marker of atherosclerosis 
in HIV patients. The research was conducted in 
tropical disease and infection outpatient clinic Sanglah 
General Hospital, Bali-Indonesia in May 2017 until 
July 2017. The subjects of this study were recruited 
through consecutive sampling to be fulfilled the 
desired number of samples. The inclusion criteria in 
this study were HIV outpatient care in tropical disease 
and infection polyclinic and patients aged between 18-
40 years. Exclusion criteria in this study are HIV 
patient with diabetes mellitus, hypertension, 
hypercholesterolemia, hypertriglyceridemia, 
malignancy, coronary heart disease, chronic renal 
failure, obesity, pregnancy, and cocaine users. The 
thickness of the Intima-Media (CIMT) of the carotid 
artery is the value of CIMT as measured by USG B-
mode Ultrasound Logic-5 aircraft with a linear 
transducer frequency of 7.5 Mhz. The examination 
includes the thickness of the tunica intima-media of 
the carotid artery and the presence of atherosclerotic 
plaque. Measurements of CMT are performed at one 
point on both sides of the carotid artery, expressed in 
millimetres. The point is in the communist carotid 
artery (10 mm before the carotid bulb). The 
measurements of CIMT in all samples will be 
performed by one consultant radiology specialist. The 
CD4/CD8 ratio was a comparison of CD4 lymphocyte 
count cell count, and CD8 T lymphocyte counts 
examined using flow cytometry (Becton Dickinson 
(BD) FASCount System. 

The data were analysed using Spearman 
correlation test to evaluate the correlation between 
CIMT with CD4/CD8 ratio and linear regression 
analysis to assess the effect and pure relationship of 
CD4/CD8 ratio to CIMT after controlling confounding 
variables by analysis. 
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Results 

 

The study involved as many as 50 HIV 
patients who came to the tropical disease and 
infection polyclinic at Sanglah General Hospital, Bali-
Indonesia. The complete subject characteristics can 
be seen in Table 1. 

Table 1: Subject characteristics 

Subject Characteristics  Frequency 

Gender   
Male  33 (66%) 
Female 17 (34%) 

Age (Mean ± SD) 30.60 ± 5.58 
BMI (kg/m2) (Mean ± SD) 20.52 ± 2.40 
Smoking status  

No  34 (68%) 
Yes 16 (32%) 

Smoking duration (years), median (min-max) 0 (0-20) 
HBsAg Status  

Negatif 50 (100%) 
Reactif 0 (0%) 

Anti HCV Status  
Negatif 49 (98%) 
Reactif 1 ( 2%) 

TBC status   
Negatif 42 (84%) 
On treatment  5 (10%) 
End of treatment 3 (6%) 

Combination therapy  
TDF/3TC/EFV 26 (52%) 
AZT/3TC/NEV 7 (14%) 
TDF/3TC/NEV 2 (4%) 
AZT/3TC/EFV 2 (4%) 
AZT/3TC/aluvia 1 (2%) 
TDF/3TC/aluvia 3 (6%) 
Naif  9 (18%) 

ARV therapy duration (month), median (min-max) 12 (0-120) 
CD4/CD8 ratio 0.275 (0.02- 1.39) 
CD4/CD8 < 1 47 (94%) 
CD4/CD8 ≥ 1 3 (6%) 
CIMT (mm), median (min-max) 0.75 (0.4-1.5) 

 

Based on Table 1, the most gender in the 
study subjects were men as many as 33 people 
(66%), the mean age in the study subjects was 30.60 
± 5.58 years, the mean body mass index in the study 
subjects was 20.52 ± 2.40 kg/m

2
, all patient without 

comorbidity of Hepatitis B, only one patient with 
hepatitis C comorbidity, based on TB status 42 (84%) 
of study subjects had negative TB status, based on 
antiretroviral therapy a combination of TDF/3TC/EFV 
is the most commonly used regimen as mucg as 26 
people (52%), based on the duration of antiretroviral 
treatment there was a range of ARVs in patients 
ranging from 0 to 120 months, based on CD4/CD8 
ratios, the most is < 1 as much as 47 people (94%), 
CIMT thickness ranges from 0.4 to 1.5 mm. The 
correlation between CD4/CD8 ratio and CIMT can be 
seen in Table 2. 

Table 2: Correlation between CD4/CD8 ratio with CIMT 

Variable Median (interquartil 
range) 

r p-value 

CD4/CD8 ratio 0.275 (0.32)  
-0.85 

 
0.001* CIMT  0.755 (0.4) 

*significant (p < 0.05). 

Based on Table 2, the correlation between 
CD4/CD8 ratio and carotid artery intima-media 
thickness, with correlation coefficient of r = -0.850 and 
p-value = 0.001. This indicates that the CD4/CD8 ratio 
has a strong negative correlation that is significant 
against carotid artery intima-media thickness. So, it 

can be interpreted that any increase in CD4/CD8 ratio 
will be followed by decreased CIMT. Multiple linear 
regression analysis of CD4/CD8 ratio with CIMT and 
control of confounding factors can be seen in Table 3. 

Table 3: Multiple linear regression on CD4/CD8 ratio with CIMT 
and confounding factors 

Variable β R-square CI 95% p-value 

CD4/CD8 ratio -0.791 0.561 -0.99 – (-0.592) < 0.001 
Age 0.012 0.002 – 0.022 0.022 
Combination of ARV 0.011 -0.013 – 0.035 0.356 
Duration of smoking  0.005 -0.007 – 0.017 0.401 
Gender  0.019 -0.118 – 0.156 0.781 
BMI 0.000 -0.025 – 0.026 0.972 
Constant 0.727 0.411 – 1.042 < 0.001 

 

Based on Table 3, after multivariate analysis 
with multiple linear regression on independent 
variables, the effect of CD4 / CD8 ratio and other 
confounding variables on CIMT, the variable that 
proved to influence CIMT is the ratio of CD4 / CD8 
and patient age. 

The coefficient β ratio of CD4 / CD8 ratio (β1)-
0,791 means that every 1 point increase of CD4 / CD8 
ratio followed by a decrease of CIMT equal to 0,791 
mm, coefficient β of age (β2) 0,012 meaning that 
every 1-year-old growth will be followed by CIMT 
increase equal to 0,012 mm. From the result of 
multivariate analysis with multiple linear regression 
with the value of β 0 that is 0,727 could be interpreted 
as an equation formula as follows: 

Y = 0.727 - 0.791 (X1) + 0.012 (X2) 

Y: Carotid intima-media thickness 

X1: CD4/CD8 ratio 

X2: patient age. 

The value of discrimination through R-square 
result is 0.561, which means that the formula obtained 
can explain CIMT influenced by CD4 / CD8 ratio and 
age is 56,1% while the rest 43,9% is explained by 
another variable outside the research studied variable. 

 

 

Discussion 

 

The result of this study found a strong 
negative correlation between the CD4/CD8 ratio with 
CIMT. These findings are supported by research by 
Villar et al., (2013) that the CD4/CD8 ratio is 
correlated with CIMTwith r = -0.2, p = 0.037 [8]. 
Another interesting point with different methods 
obtained from Morrel et al. (2016) research found that 
the progression of carotid artery intima-media 
thickness was inversely related to CD4/CD8 ratio with 
OR = 0.283; CI 95% (0.099-0.809), p = 0.019 [9]. 
Another research conducted by Lo et al. (2010) found 
that the CD4/CD8 ratio was negatively correlated with 
the volume of atherosclerotic plaque. Also, Lo and 
colleagues concluded that the CD4/CD8 ratio was 
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stronger than either CD4 cell count or viral load 
versus plaque volume [10]. Studies conducted in New 
York concluded that low CD4 cell count was a major 
risk factor for atherosclerosis in HIV-infected patients. 
Compared with non-HIV-infected patients, the 
prevalence risk ratio of atherosclerosis in HIV patients 
with CD4 cell count < 200 cells / mm3 was 2 (95% CI: 
1.22-3.28) in women and 1.74 (CI 95%; 1.04-2.93) in 
men [11]. A low CD4 value will result in a low 
CD4/CD8 ratio value, and this is by our study, which 
will lead to increased carotid intima-media thickness in 
HIV-infected patients. In contrast, higher CD4 values 
will result in a higher CD4/CD8 ratio. A high CD4/CD8 
ratio indicates a low inflammatory factor and is 
associated with a decrease in the incidence of 
atherosclerosis in HIV-infected patients. 

The CD4/CD8 ratio shows the level of 
strength of the immune system. A lower CD4/CD8 
ratio indicates a higher rate of chronic inflammatory 
activation. Most patients with HIV infection have a low 
CD4/CD8 ratio, even patients who have received 
ARVs often fail to achieve normal CD4/CD8 ratios, 
despite achieving normal CD4 cell counts. This is due 
to immunological abnormalities in the same HIV 
patients encountered in elderly patients, including 
skewed T cell phenotype, CD8 cell activation (CD38 
+), CD8 cell senescence (CD28- and CD 57 + CD28-). 
This immune activation considered a major factor in 
premature ageing in HIV patients, results in an 
immunocultural phenotype. CD8 increases are 
continuous, regardless of whether or not there is a 
CD4 increase. However, CD8, which has increased 
and activated, is CD8, which has lost its full function 
[9], [12]. CD8 cell activation contributes to vascular 
damage will mediate the occurrence of apoptosis of 
macrophages, smooth muscle cells, endothelial cells 
which subsequently lead to the formation of necrotic 
nuclei which is the forerunner to the formation of 
atherosclerotic plaque [13]. HIV-infected patients with 
higher CRP levels, high CD8 cell activation, high T-
cell response to CMV was independently associated 
with a carotid increase in carotid intima-media 
thickness of HIV patients [11]. 

In this study, multivariate analysis of 
CD4/CD8 ratio and confounding variables were age, 
sex, BMI, duration of smoking and combination of 
ARV. After gradual multivariate analysis, it was found 
that CD4/CD8 ratio and age influenced carotid artery 
intima-media thickness in this study subjects. From 
the equation formula obtained is: Y = 0.727 -0.791 
(X1) + 0.012 (X2), that the increase of CIMT in HIV-
infected patients is influenced by the smaller ratio of 
CD4/CD8 and increasing age. This is by previous 
research results stating the role of CD4/CD8 ratio 
affects the occurrence of carotid artery intima-media 
thickening [8], [9]. In this study, age also affects the 
thickness of the carotid artery intima-media layer. Age 
can independently contribute to the development of 
cardiovascular disease. Every decade of age is 
associated with about twice the increased risk of 

cardiovascular disease (OR per decade of age, i.e., 
2.14, 1.80, and 2.33 for atherosclerosis, carotid 
stenosis, and abdominal aortic aneurysm) [15]. This is 
also supported by Morell's et al., (2016) study with 96 
HIV-infected patients it was found that CIMTwas 
significantly associated with age (r = 0.497; p < 0.001) 
[9]. 

Another study conducted by Bakar et al. 
(2010) concluded that HIV patients with ARV 
treatment compared with no treatment had a lower 
risk of cardiovascular disease. The earlier the 
treatment, the risk of cardiovascular disease will be 
smaller. Early ARV treatment may increase CD4 cell 
counts faster to improve CD4/CD8 ratios. An increase 
in CD4/CD8 ratio will decrease the inflammatory rate 
that has implications for the small incidence of 
atherosclerosis [14]. 

The limitation of this study is the data taken at 
a time, so it is difficult to determine the cause and 
effect relationship. Furthermore, this study was unable 
to monitor how much the effect of CD4/CD8 ratio 
changes on carotid artery CIMT plaque changes. 

In conclusion, there is a negative correlation 
between CD4/CD8 ratio with carotid intima-media 
thickness in HIV/AIDS infected patients in tropical 
disease and infection polyclinic at Sanglah General 
Hospital, Bali-Indonesia. The ratio of CD4/CD8 and 
age is the most important factor in the occurrence of 
non-AIDS complications, specifically the occurrence of 
atherosclerotic plaque. 
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Abstract 

BACKGROUND: Erdheim Chester disease (ECD) is a rare form of non-Langerhans histiocytosis that still 

presents a diagnostic and clinical dilemma.  

CASE PRESENTATION: We present a rare case of ECD, young 31 male with atypical localisation and soft tissue 
presentation and no bone involvement. He started clinical investigations due to subcutaneous tumour mass in the 
lumbar spine that caused severe back pain. Skin biopsy revealed ECD with Immunohistochemistry CD68+, 
CD10+, CD11c+, vimentin+, S100A4+. Activating BRAFV600E mutation was positive from the tumour tissue. The 
patient was referred to the haematology department. PET CT was performed for initial disease staging. Treatment 
was started with corticosteroids (methylprednisolone 0.5 mg/kg per day), and after 7 days, a significant clinical 
improvement was noticed in terms of pain disappearance with no need for pain killers. After two weeks, treatment 
with interferon Alfa (IFN-α) was started in a dose of 3 million units 3 times per week. After 4 months of interim 
treatment PET, CT revealed a significant reduction of the tumour mass. Therapy with IFN-α was continued, and 
the patient is still clinically in good condition.  

CONCLUSION: It can be concluded that shortening the time of diagnosis of ECD is essential in treatment 
outcome of this disease. Still, large studies have to confirm the best treatment of this rare condition. 

 
 
 
 
 
 
 
 
 

Introduction 

 

Erdheim Chester disease (ECD) is a rare form 
of Non – Langerhans histiocytosis with unclear 
pathogenesis and aetiology and has been considered 
to be a non-neoplastic inflammatory disorder as well as 
a clonal neoplastic disorder [1]. The recent discovery 
of BRAFV600E mutations in ECD described the 
oncogenic nature of the disease, as well ECD 
histiocytes have been found to express a pattern of 
proinflammatory cytokines and chemokines 
responsible for local activation and recruitment of 
histiocytes [2]. The revised 2008 WHO classification 
of malignant haematological tumours proposed to 

assign separate histiocytic proliferations and ECD is 
one of the three new entities that is supposed to origin 
from interstitial dendritic cells. The idea to create 
these provisional entities was to enable to collect new 
cases for further studies and to maintain the purity of 
well-defined categories. One disease site may 
dominate the clinical presentation and require focused 
treatment in addition to the treatment of underlying 
ECD. Clinically, some patients have indolent and 
asymptomatic disease. Symptomatic ECD can be 
further categorised as multi-organ affection (CNS 
cardiovascular, pulmonary, soft tissue, retroperitoneal, 
etc.). Severe involvement of essentially any organ 
system constitutes “high-risk” disease; therefore, the 
clinical phenotype of each patient is best 
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characterised by the most pathophysiologically 
affected organ. ECD is a rare, multi-system disorder 
requiring multidisciplinary collaboration in its diagnosis 
and treatment. Guidelines for diagnosis and treatment 
of this disease are still to be refined in terms of 
generating trials with targeted molecular and 
immunologically based treatments which are essential 
to furthering therapeutic progress in ECD [3]. 

 

 

Case Presentation 

 

A newly diagnosed case of ECD is presented 
in this article, a 31 years adult male patient with 
multiple nodular subcutaneous tumours and aches in 
his back. He has been admitted to the plastic surgery 
clinic for diagnostic surgical biopsy (Figure 1 and 3). 

 

Figure 1: Nodular subcutaneous tumours in the lower back of the 
spinal cord 

 

Histopathology revealed chronic lymphocytic 
vasculitis, and he was referred to a rheumatologist for 
further immunological investigations and diagnostic 
evaluation. Due to intensive pain in the lumbar spinal 
cord, he performed MRI of the spinal cord, and a 
tumour mass in the subcutaneous tissue was noticed 
all over the spinal cord and in the retroperitoneal soft 
tissue region (Figure 2). 

 

Figure 2: MRI of the lumbar spine; On MRI a tumour mass was 
found in the subcutaneous tissue all over the back of the patient 
and in the retroperitoneal soft tissue region 

 

Figure 3: First skin biopsy No. 1130357: Oval skin excision 
measuring 1.9 x 0.8 cm with SFT measuring 1.1 cm has been 
received for histological analysis. Standard histological techniques 
have been used with H&E staining and immunohistochemical 
analysis for CD4, CD8, CD20, CD25, CD68, MCT 

 

He was suggested to perform second skin 
biopsy that still didn’t clear the diagnosis and was in 
favour of inflammatory vasculitis (Figure 4).  

 

Figure 4: Second skin biopsy: Oval skin excision measuring 
2.2x0.3cm with SFT measuring 1.1cm without peculiar features 
have been received for DIF analysis. IgG (-), IgM (-), IgA (-), C3c (-), 
C1q (-), Fibrin (-). Standard histological techniques have been used 
with H&E staining and PAS has been done 

 

The patient clinically worsens with severe 
pain in the lower lumbar spine. He was treated with 
NSAIL and analgesics. Due to persistent pain and 
negative results from immunological tests he performed 
third needle biopsy in which lymphocytes, plasma cells, 
and a large number of histiocytic cells with 
pleomorphic features; some of them with foamy 
cytoplasm, or eosinophilic cytoplasm and multinuclear 
giant cells. Pseudocysts lined with cells with histiocytic 
features were found. Immunohistochemistry revealed 
CD68+, CD10+, CD11c+, vimentin +, S100A4 +, 
negative for CD21, CD23, MAC387, S-100. The 
histopathology was in favour of ECD (Figure 5). 

 

Figure 5: Third core needle biopsy No.1133255: hypocellular 
collagenous tissue with entrapped accumulations from 
polymorphous cells: lymphocytes, plasma cells, and a large number 
of histiocytic cells with pleomorphic features; some of them with 
foamy cytoplasm, or eosinophilic cytoplasm and multinuclear giant 
cells. Pseudocysts lined with cells with histiocytic features were 
found. The histology confirmed ECD (CD68+, CD10+, CD11c+, 
S100A4+, vimentin+) 
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One patient was evaluated with 
histopathology findings from three skin biopsies 
performed in the Institute of Pathology, Medical 
Faculty, University “Ss. Cyril and Methodius”, Skopje, 
Republic of Macedonia. With the diagnostic 
confirmation of ECD, he was referred to University 
Clinic for haematology. Oncogenic nature of ECD with 
BRAF mutation was performed with RT-PCR. Imaging 
was performed with MRI and PET-CT. 

The patient was advised to continue 
evaluations and treatment at the haematology 
department. From haematological investigations 
activating BRAFV600E mutation was positive from the 
tumour tissue (RT PCR). Bone marrow biopsy was 
negative, with no infiltration for ECD. Laboratory blood 
tests were in the normal range. The patient performed 
initial PET CT for disease staging. PET CT revealed 
high metabolic activity in the gluteal region with deep 
subcutaneous infiltration and muscle affection (SUV 
6.0). 

Due to persistent lower back pain patient 
started treatment with corticosteroids 
(methylprednisolone) in a dose of 1mg/kg for one 
month. After one week he improved clinically with 
reduced pain, could perform the normal activity and 
he discontinued NSAIL and other analgesics. After 
diagnosis confirmation, his treatment followed with 
IFN alpha 3 million units 3 times per week for the next 
three months. After 3 months, a controlled PET CT 
was performed and revealed a significant reduction of 
tumour mass (SUV from 6 to 2.3). Therapy with IFN 
alpha was continued, and the patient is still clinically in 
good condition (Figure 6). 

 

Figure 6: PET CT in a patient with ECD initially revealed high 
metabolic activity in the gluteal region with deep subcutaneous 
infiltration and muscle affection (SUV max 6.0) (a) and 4 months 
after treatment initiation with a significant reduction of the tumour 
mass and infiltration (SUV max 2.3) (b) 

Discussion 

 

ECD is a rare form of non-Langerhans' cell 
histiocytosis, a disease with unclear pathophysiology, 
diagnostic dilemmas and still unknown treatment 
options. Individuals affected by this disease are 
typically adults between their 50 to 70 years, but 
patients between the ages of 7 to 84 years have been 
diagnosed [3]. Males and females are almost equally 
affected. The multisystemic form of ECD is associated 
with significant morbidity, which may arise due to 
histiocytic infiltration of critical organ systems. Among 
the more common sites of involvement are the 
skeleton, CNS, CVS, lungs, kidneys (retroperitoneum) 
and skin [4], [5]. The presented patient was 31 years 
of age male with no previous comorbidity and rare 
localisation of histiocytic infiltration, which caused 
diagnostic difficulties. The heterogeneous 
manifestations of ECD vary amongst different 
individuals. This results in a presentation that may 
vary from an indolent focal disease to life-threatening 
organ failure. The most common presenting symptom 
of ECD is bone pain. General symptoms are also 
described in most of the ECD cases like fever, fatigue, 
weight loss, loss of appetite and microcytic anaemia. 
The presented case was a rare soft tissue 
presentation of ECD with no bone lesions, which 
caused the diagnostic dilemma and became an ECD 
case with significance. The aetiology of ECD is 
unknown yet thought to be associated with an intense 
TH1 immune response. It may also be associated with 
the V600E BRAF mutation, as described in half of the 
patients in recent studies. Estimates of BRAFV600E 
mutation frequencies in ECD currently range between 
38% and 68% in most reports, with one recent report 
suggesting that nearly 100% (18/18) of ECD patients 
have the mutation, which opened a new treatment 
perspective for novel targeted therapy [6]. 

The diagnostic criteria of ECD are based on 
radiographic and histologic findings. Two biopsies that 
were initiated in the presented case revealed features 
of inflammatory vasculitis that did not correlate with 
the clinical manifestations, laboratory tests and 
molecular analysis. This was the reason to advise the 
patient for the third needle biopsy that confirmed ECD. 
Skeletal imaging is a very important diagnostic tool 
because in most of the ECD cases osteosclerotic 
bilateral changes in large bones can be found. Also, 
gamma scan assessment in ECD reveals abnormal 
strong labelling of distal bone ends of the large bones. 
The presented case has performed bone scintigraphy 
that revealed no tracer accumulation in distal parts of 
the large bones. CT scans of the lumbar region on two 
occasions didn’t reveal the existence of soft tissue 
lesion. After an MRI of the spine and PET CT, the 
lesion was detected. However, a definite diagnosis of 
ECD is established only once CD68 (+), CD1a (−) 
histiocytes are identified within a biopsy specimen. (7) 

There is no therapeutical consensus on ECD, 
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but it is evident that initiation of therapy should be soon 
after diagnosis confirmation, there is no evidence for 
observational studies. It is still of limited alternatives. 
Currently, interferon-α is the most extensively studied 
agent in the treatment of ECD and serves as the first 
line of treatment [8]. The IFN-α optimal dose is 3MU/3 
times per week in 3 years. There was no difference 
between IFN-α and pegylated formulations of IFN 
(Peg IFN-α). Dramatic efficacy was described in 3 
cases of ECD treated with Vemurafenib, but 
enrollment in a prospective clinical trial is essential to 
document efficacy and potential toxicities as well as to 
determine the duration of therapy. Treatment with 
other agents anticytokine agents, cladribine (2CDA), 
tocilizumab, sirolimus, imatinib, infliximab and 
anakinra are currently advocated as promising 
second-line treatments for patients whose response to 
interferon-α is unsatisfactory [9], [10]. Overall, the 5 
years survival of ECD is 68%. Disease surveillance is 
with organ-specific lesion imaging every 3 months 
after treatment initiation. After disease stabilisation, 
the intervals of the surveillance should be prolonged 
to 6 months. The presented case had PET CT 
imaging initially and 4 months after starting treatment 
with significant disease regression. There is no other 
cytokine marker that can be beneficial in disease 
surveillance period. C-reactive protein is usually 
elevated at the beginning of ECD and later decreased 
so that it can be used as a helpful biomarker in 
monitoring treatment. This case highlights the different 
clinical, radiological and pathological manifestations 
associated with ECD, the differential diagnoses and 
the various treatment options [11]. Due to a better 
characterisation of this entity, further studies that 
would shed new insights on the epigenetic and 
cytogenetic characteristics of ECD are needed, and 
further correlation with morphological and 
immunophenotypic features is also needed. 
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Abstract 

BACKGROUND: Henoch-schonlein purpura (HSP) is an IgA-mediated systemic small vessel vasculitis. It is the 
most common form of systemic vasculitis in children. 

CASE REPORT: A 9 years old girl admitted to the hospital with chief complain of purplish red rash on both legs 
since approximately 1 week with painful knees and ankles that make the patient unable to walk. The patient was 
diagnosed with HSP and was treated with corticosteroid and analgesics. The patients only stayed for 2 nights at 
the hospital and discharged from the hospital with the ability to walk and experience no pain.  

CONCLUSION: The role of corticosteroids in the treatment of HSP is still controversial. But from various 
research, we can conclude that the role of corticosteroid in HSP is as a symptom reliever (reduce abdominal pain 
and arthritis), but does not slow the progression of renal disease. 

 

 

 

 

 

 
 
 

Introduction 

 

Henoch Schonlein Purpura (HSP) is an IgA-
mediated systemic small vessel vasculitis with a 
predilection for the skin, gastrointestinal tract, joints, 
and kidneys [1]. It is characterised by palpable 
purpura (without thrombocytopenia), abdominal pain, 
and arthritis. HSP is a self-limiting disease but can 
cause complication such as gastrointestinal 
haemorrhage, intussusception and end-stage renal 
disease (ESRD) [2]. Renal involvement in HSP affects 
20-70% of patients and ranges in severity from 
microscopic hematuria with or without proteinuria to a 
nephritic/ nephrotic pattern with associated renal 
failure.in the majority of patients the outcome is 
excellent, with the incidence of severe long-term 
morbidity/ mortality being less than 5% [3]. 

  

Case Report 

 

A 9 years old girl admitted to the hospital with 
chief complain of purplish red rash on both legs since 
approximately 1 week. The rash came with painful 
joints on the knees and ankles that make the patient 
unable to walk for several days. No symptom of 
abdominal pain and the common cold. No fever and 
bloody stool/ rain were reported. From physical 
examination: composmentis, BP 100/70, HR 80 bpm, 
RR 18 times per minute, and temperature 36.5°C. 
Physical examination from head to toe, there is a 
manifestation of a red purplish rash (purpura) on both 
of the legs below the knees, no swelling, but the 
reduced movement of the legs due to painful joints. 
No abdominal tenderness present.  
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Figure 1: Purpura on the leg 

 

Routine laboratory test was performed, from 
the complete blood count (CBC) can be seen elevated 
thrombocyte count just a little (380.000 / ul), normal 
prothrombin time (PT) and activated partial 
thromboplastin time (aPTT), normal creatinine and 
ureum, but there is proteinuria in the urinalysis with no 
hematuria nor microhematuria. The patient was given 
medication with oral Prednisone 3 x 15 mg and 
ibuprofen syrup 3 x 6.25 ml. After the treatment, the 
painful knees disappear, but the rash still exists. And 
the patient was discharged from the hospital after 2 
night's stay in the hospital with better clinical 
manifestation. 

 

 

Discussion 

 

Henoch Schonlein purpura is a self-limiting 
condition, usually resolving within 6 to 8 weeks. In 
patients with HSP, immunoglobulin A (IgA) immune 
complexes are deposited in the small vessels, which 
causes petechiae and palpable purpura. All HSP 
patients develop a nonpruritic rash that starts briefly 
as an erythematous papule or urticarial wheels and 
then matures into crops of petechiae and purpura. 
Purpura is defined as nonblanching cutaneous 
haemorrhages. The lesions change from red to purple 
to rash coloured before fading over approximately 10 
days. The rash is most commonly located in 
dependent areas that are subject to pressure such as 
the lower extremities, belt line and buttocks. Non-
Migratory arthritis occurs in 75% of patients. The 
knees and ankles are more commonly involved than 
small joints. The arthritis symptoms include swelling, 
warmth, and tenderness. Abdominal pain occurs 60-
65% of patients and can mimic an acute abdomen in 
terms of severity [4].

 
According to the European 

League Against Rheumatism (EULAR) and Paediatric 
Rheumatology European Society (PRES), the 
diagnosis should be based on the finding of palpable 
purpura in the presence of at least one of the following 
criteria, namely, diffuse abdominal pain, arthritis or 
arthralgia, renal involvement (hematuria and/or 

proteinuria), and a biopsy showing predominant IgA 
deposition [1].  

In this case, the patient has a purplish red 
rash (purpura) on both of the legs below the knees 
with non-migratory arthritis on the knees and ankles. 
Diagnosis Criteria for HSP according to International 
Consensus Conference 2006 are palpable purpura in 
the presence of one or more of the following: Diffuse 
abdominal pain; any biopsy showing predominant 
immunoglobulin A deposition; arthritis (acute, any 
joint) or arthralgia; and renal involvement (any 
hematuria or proteinuria) [4]. 

In most cases, HSP is mild and self-limiting, 
requiring only symptomatic treatment. Bed rest and 
analgesics may be required for those with arthralgia or 
abdominal pain. The skin manifestations rarely need 
treatment [5]. The goals of treating HSP are to relieve 
acute symptoms, prevent short-term morbidity (such 
as abdominal complications) and prevent chronic 
renal insufficiency. Because HSP is characterised by 
leukocyte infiltration of the blood vessel walls along 
with with immunoglobulin A disposition, and because 
corticosteroids inhibit inflammatory process, early 
treatment with corticosteroids has been postulated to 
be effective for all 3 therapeutic goals, but still much 
controversy remains [2]. There is no consensus 
regarding the indication of steroid use in HSP, but 
there were several studies that found the efficacy of 
corticosteroid for HSP. 

According to Reamy et all, Oral prednisone at 
1 to 2 mg per kg daily for two weeks has been used to 
treat moderate to severe abdominal and joint 
symptoms. A double-blind, randomised trial found that 
early treatment with prednisone reduced abdominal 
and joint pain severity in children. Although 
prednisone did not prevent renal disease. A meta-
analysis found that corticosteroid use in children with 
HSP reduced the mean time to resolution of 
abdominal pain [4]. Bluman et all stated that current 
evidence does not support universal treatment of HSP 
with corticosteroids, as they do not appear to prevent 
the onset of renal disease or abdominal 
complications. However, corticosteroids do seem to 
have a role in the symptomatic management of HSP, 
specifically in treating abdominal pain, arthralgia and 
purpura [6], [7].  

A study by Welch shows that steroids had no 
apparent effect on the development of nephritis, 
although there was a tendency for the renal disease to 
“resolve” more readily in the treated group [8].

 
A 

double-blind, randomised trial by
 
Ronkainen J et all 

found that early treatment with prednisone reduced 
abdominal and joint pain severity in children [9]. But, 
from a recent large scale, RCT found that steroid 
treatment does not reduce the incidence and severity 
of nephropathy in patients with HSP [3].

 
It is supported 

by the study from Huber et al. who did not find any 
difference between the corticosteroid group and 
control group [11]. In this case, the patient was given 
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corticosteroid, and the painful joints disappear within 1 
day; although, the purplish red rash did not diminish. 

From the explanation above, the patient was 
having a Henoch Schonlein Purpura with the symptom 
of purpura on both legs, with arthritis on the knee and 
ankle that make her unable to walk with proteinuria in 
the urinalysis. She was treated with prednisone orally, 
and the next day the pain is gone. From many studies, 
it can be concluded that the role of corticosteroid is to 
relieve the abdominal pain and arthritis; but it is not to 
cure the HSP itself nor prevent the renal disease; 
therefore, corticosteroids were used just as a 
symptom reliever.  
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Abstract 

BACKGROUND: Leprosy or Hansen disease is a chronic infectious disease that causes social stigma due to its 
deforming bodily appearance and physical disability. It has a wide spectrum of presentation affecting diagnosis. 

CASE REPORT: A 21-year-old man who presented with chronic isolated bilateral pinna swelling as a result of 
leprosy is reported. The bilateral pinna swelling started as multiple shiny papules with an erythematous 
background and progressively became hyperpigmented and lobular over two years. This rare presentation of 
leprosy poses initial diagnostic difficulties, leading to misdiagnoses by various health care professionals. 
Diagnoses ascribed include eczema, insect bite and perichondritis. A suspicion of leprosy was raised when 
hyperaesthetic hypopigmentation of skin started to appear on the body after two years, with worsening of the 
pinna swellings. This was confirmed by identification of Mycobacterium leprae in slit skin smear test and skin 
biopsy. 

CONCLUSION: Isolated involvement of pinna in a patient without lesions in other body parts is an unusual initial 

presentation of leprosy. However, leprosy should be kept as a rare differential diagnosis of isolated lesions on the 
ear in patients not responding to conventional treatment. 

 
 
 
 
 
 
 

Introduction 

 

Leprosy, also known as Hansen disease, is a 
chronic, infectious disease caused by Mycobacterium 
leprae (M. leprae) [1]. Without timely treatment, 
leprosy leads to disfigurement, paralysed extremities 
and physical disabilities [2]. Much stigma has been 
associated with it and colonies of sufferers were 
isolated on islands and asylums in the effort to 
prevent the spread of the disease. M. leprae 
transmission occurs from prolonged close contact 
between susceptible and genetically predisposed 
individuals and untreated multibacillary patients. The 
nasal mucosa has been hypothesised as the main 
entry and exit route of M. leprae where the disease is 
thought to spread via respiratory droplets.  

Leprosy has a systemic involvement of the 
dermatological, neurological and rheumatological 
systems [3]. Due to its systemic manifestations, it is 
difficult to differentiate leprosy from other systemic 

diseases. Incubation period also varies from 6 months 
to 20 years. Hence it is not uncommon for leprosy to 
be misdiagnosed, resulting in patients receiving late 
treatment [1]. The patient in this case report was 
subjected to repeated consultations to the healthcare 
professionals before a diagnosis could be established 
due to the unique presentation. 

Up to date literature search using 
Pubmed/Medline, Cinahl database and Google 
Scholar using Mesh terms "Leprosy" [Mesh] OR 
"Leprosy, Multibacillary" [Mesh] OR "Leprosy, 
Paucibacillary" [Mesh] OR "Leprosy, Tuberculoid" 
[Mesh] OR "Leprosy, Lepromatous" [Mesh] OR 
"Leprosy, Borderline" [Mesh] revealed limited reported 
cases of isolated pinna swelling as an initial 
presentation of leprosy. Of these, five cases were of 
unilateral pinna involvement [3], [4], [5]. There was 
only one reported case of isolated bilateral pinna 
involvement [6]. 
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Case Report 

 

A 21-year-old male patient from Malaysia, 
with no significant past medical history, presented with 
complaint of painless erythematous bilateral pinna 
skin lesions for two weeks. He had no history of 
contact to any irritant or trauma and has no other skin 
lesions elsewhere. He was afebrile at the time of 
presentation and had a normal pulse rate and blood 
pressure. Dermatologic examination revealed 
erythematous and skin-coloured subcutaneous 
papules on both his pinna, which were painless 
(Figure 1). There were no other skin lesions or areas 
of paraesthesia on the body. Cardiovascular, 
respiratory and other system examinations were also 
normal. He was diagnosed to have infective 
perichondritis and received a course of broad-
spectrum antibiotics, without any relief. 

 

Figure 1: Left – initial presentation. Right – after 2 years 

 

Over two years, he was seen by a few 
physicians, and progressive enlargement of the pinna 
swelling triggered a referral to the otolaryngologist 
who suggested for cosmetic surgery due to the 
chondral deformities or “cauliflower ear”. However, the 
patient did not go for cosmetic treatment. It was not 
until he presented again at the end of the two years to 
the local health clinic, with new areas of 
hyperaesthetic hypopigmentation over his chest and 
arm combined with progressive loss of sensation in 
the pinna area that leprosy was suspected and 
diagnosed. 

Slit skin smear tests of his pinna, chest, palms 
and elbows were done, which confirmed the presence 
of acid-fast bacilli (AFB) of M. leprae. The slit skin 
smear showed high bacteriological index (Figure 2). 
Microscopy examination of the skin biopsy specimen 
reveals epidermis with spongiosis, hyperkeratosis and 
hypergranulosis. Sheets of histiocytes were seen 
within the dermis with the presence of Grenz zone. 
Some of the histiocytes were distended with large 
groups of leprosy bacilli (globe), highlighted by wide 
fire stain. Perivascular lymphohistiocytic infiltrates 
were also observed. These changes were consistent 
with lepromatous leprosy. 

 

Figure 2: Patient’s slit skin smear reading 

 

With the confirmation of diagnosis, the patient 
was treated with multi-drug therapy consisting of 
Rifampicin 600 mg, Clofazimine 300 mg and Dapsone 
100 mg. Skin lesion over the chest resolved with 
gradual resolution of the ear lesions. Persistence of 
hyperpigmentation of the pinna, however, is a cause 
for despondency in the patient, warranting 
counselling. 

 

 

Discussion 

 

A disease once thought to be on the verge of 
becoming obsolete following the introduction of multi-
drug treatment, leprosy is, unfortunately, still a public 
health concern in Malaysia and globally. The 
prevalence varies worldwide, but the resurgence of 
the incidence, particularly of multibacillary leprosy is a 
cause for concern [1], [7]. 

Leprosy has a wide spectrum of disease 
presentation, classified by Ridley and Jopling into six 
classes, ranging from tuberculoid pole on one end to 
the lepromatous pole on the other end [1], [3]. At the 
tuberculoid pole, the patients have cell-mediated 
immunity towards M. leprae, and elimination of 
mycobacteria can occur [3]. At the lepromatous pole, 
there is a lack of effective cell-mediated immunity to 
M. leprae, and thus bacilli proliferate [3]. The WHO 
classifies leprosy into paucibacillary and multibacillary 
based on the number of lesions [8]. Paucibacillary is 
less than 5 lesions, while multibacillary is more than 5 
lesions [8]. 

Leprosy involvement of the ear pinna ranges 
from discrete nodules with minimal pain to ulceration 
with a “nibbled” defect [3], [9]. Megalobule of the pinna 
where the earlobe becomes greatly elongated or 
appear to wrinkle and hangs loose can also occur [9]. 
As mentioned, isolated pinna involvement, especially 
bilateral, without other systemic or cutaneous 
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manifestation, is very rare. 

Other differential diagnoses to pinna swellings 
include systemic conditions like sarcoidosis, relapsing 
polychondritis, and otophyma [3]. Perichondritis of the 
non–infective nature, for example, trauma, insect 
bites, piercings of the affected ear and leukaemic 
infiltration also cause similar pinna skin lesions [10]. 
Otitis externa or furunculosis of the external canal and 
malignant external otitis are infective causes of 
perichondritis that must be considered [10]. 

In conclusion, isolated involvement of pinna in 
a patient without lesions in other body parts is an 
unusual initial presentation of leprosy. However, 
leprosy should be kept as a rare differential diagnosis 
of perichondritis in patients not responding to 
conventional treatment. 

Timely and proper implementation of 
treatment will break the chain of transmission and 
prevent disfigurement or physical disabilities that are 
responsible for the stigma associated with this 
disease. 
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Abstract 

BACKGROUND: Bochdalek hernia is a type of congenital diaphragmatic hernia (CDH), which more commonly 
affects children. Congenital left diaphragmatic hernias, such as Bochdalek, rarely occur in adults. Most such 
cases do not present any symptoms.  

CASE PRESENTATION: Here, we report the case of a 60-year-old male with a left-sided Bochdalek 
diaphragmatic hernia, who presented with abdominal pain and dyspnea. The patient was successfully treated by 
laparoscopic approach. 

CONCLUSION: The 60-year-old male patient had left-sided BH and was successfully cured by the laparoscopic 
approach. 

 
 
 
 
 
 
 
 
 

Introduction 

 

Bochdalek hernia (BH) is a congenital 
diaphragmatic hernia, generally caused by the 
improper fusion of the posterolateral diaphragmatic 
foramina [1], resulting in the displacement of the 
abdominal components into the thoracic cavity (Figure 
1).  

 

Figure 1: Anatomy of diaphragmatic hernia 

 

Generally, it occurs in children, primarily 
during the 9

th
or 10

th
week of fetal life [2]. It rarely 

occurs in adults and accounts for 0.17-6% of all 
diaphragmatic hernias [3]. About 80-90% of BH 
usually occurs on the left side. Approximately 1 in 
2,200-12,500 live births is affected by BH. It was first 
described by Vincent Alexander Bochdalek in 1848 
[4].  

The most common intra-abdominal organs, 
such as colon and small bowel that migrate through 
the diaphragmatic defect, are the most obstructed 
because of BH [5]. Most of the BH cases are 
incidental, asymptomatic posterolateral diaphragmatic 
defects. Rare cases of BH in adults where symptoms 
are present might result in incarcerated bowel, intra-
abdominal organ dysfunction, or severe pulmonary 
disease [3], [6], [7].  

Here, we report the case of a 60-year-old 
patient who arrived in the emergency room with 
dyspnea and bowel obstruction. 
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Case Report 

 

A 60-year-old male patient was admitted to 
the emergency room with complaints of abdominal 
cramps, dysphagia, constipation, and shortness of 
breath. He had no record of thoracic or abdominal 
trauma, and his medical history was non-relevant. The 
psychosocial history of the patient as well as his 
family was normal. The patients had an arterial 
pressure of 90/60 mmHg, cardiac rate 120 b/min, and 
body temperature of 38°C. Laboratory analysis 
showed leukocytes is of 17 mm

3
/l and an elevated 

protein chain reaction (PCR). Blood Gas Analysis 
(BGA) showed PH 7.27, PCO2 50 mmHg, PO2 70 
mmHg, HCO3 17, BE-7 mEq. Physical examination 
elicited diffuse abdominal pain with a positive 
Blumberg sign, suggesting peritonitis. Bowel sounds 
were audible on the left side of the chest. A chest Ray 
showed complete opacity of the left thorax (Figure 2).  

 

Figure 2: Chest radiography: complete opacity of the left thorax  

 

Computer Tomography (CT) Scan showed a 
defect in the posterior left diaphragm and herniation of 
intra-abdominal fat and small bowel into the left 
hemithorax (Figure 3). BH was diagnosed based on 
the above findings. The surgery involved a 
laparoscopic approach. Reduction of the hernia sac 
and strangulated ischemic ileum was found. Ten cm 
of bowel was re-sectioned with lateral-lateral 
anastomosis. The patient was kept in the intensive 
care unit (ICU) for 10 days because of sepsis and 
acute respiratory distress syndrome (ARDS). He 
returned to the wards after 10 days and was 
discharged 19 days after surgery. 

 

 

Fig.3 Computer Tomography (CT) Scan: images of a defect in the 
posterior left diaphragm and herniation of intra-abdominal fat and 
small bowel into the left hemithorax 

 

 

Discussion 

 

Generally, BH occurs during the initial weeks 
of a patient’s life. Diagnosis of BH after the first 8 
weeks of life is assessed to be 5 – 25%. BH is one of 
the foremost reasons for respiratory distresses among 
neonates, and is the most prevalent congenital 
anomaly of the thorax. Most of the neonatal BHs are 
found on the left side [8], [9]. BH in adults is mostly 
asymptomatic, due to which it is discovered 
incidentally. Patients of BH generally report chest 
discomfort or symptoms related to the gastrointestinal 
tract. In the literature reports, there is a predominance 
(70 – 90% of the cases) of left-sided BH. A left-sided 
hernia may comprise the enteric tract, the spleen, the 
liver, the pancreas, a kidney or fat. Right-sided 
hernias are more unusual because the right 
pleuroperitoneal canal constricts earlier, and the liver 
supports the right diaphragm [10]. Surgical treatment 
is necessary due to a range of potential complications, 
which, although often asymptomatic, may lead to 
tissue strangulation, a pneumothorax and intestinal 
necrosis [11], [12]. Laaksonen et al. reported a right-
sided Bochdalek hernia in a 38-year-old woman who 
had a history of complaints regarding abdominal pain 
and nausea. After being diagnosed with 
endometriosis, her left ovary had been removed some 
years ago. She was not on medication and did not 
have any underlying illness. There was no history of 
any previous abdominal or thoracic trauma. She was 
treated via thoracotomy assisted with laparoscopy 
[13]. The postoperative process was completed 
without any untoward development, and the patient 
was released from the hospital 7 days after the 
surgery. Atef and Emna [14] reported a case of a 56-
year-old woman with Bochdalek hernia, gastric 
volvulus and epigastric pain, cough, vomiting for 2 
weeks and shortness of breath. The bochdalek hernia 
was an incidental discovery through a chest 
radiograph, computed tomography (CT), and barium 
swallow analysis. The stomach was within the thorax 
in the left side due to the left diaphragmatic hernia of a 
nontraumatic reason. It was hazardous to dissect 
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because of numerous adhesions. Therefore, the 
laparotomic approach was adopted through upper 
midline incision to decrease content, and prolene was 
used to join the diaphragmatic flaw. The patient 
recovered in the postoperative phase without any 
incident and was discharged 9 days later. Another 
case of BH was reported by Carrascosa et al., [15]. 
The case was that of a 68-year-old woman with a 4-
week history of right-sided chest pain and dyspnea on 
minimum exertion. She was asymptomatic until the 
present hospitalisation. In particular, she had no 
complaints of chronic dyspnea, chest pain, vomiting, 
abdominal pain and postprandial fullness. After 
retracting the hernia sac and the projected organs 
(jejunum, ileum, part of the right colon and 
mesenterium) to the abdominal cavity, she went 
through surgery to repair the diaphragm. The recovery 
period of 12 days went through without any incident, 
following which the patient was discharged. 

As can be observed from the above 
discussion, most Bochdalek hernias appear in 
children and are presented with acute respiratory 
symptoms, and are placed on the left side. Adulthood 
left-sided Bochdalek hernias are extremely rare. This 
abnormality should be known and managed suitably 
to avoid potential complications. Management can be 
through strangulation of the hernia contents, intestinal 
necrosis, hemothorax, and pneumothorax. Diagnosis 
of BH is more likely in patients exposed to factors that 
increase their intra-abdominal pressure.  

Since there are no specific symptoms or 
signs, it is crucial to obtain a CT scan as soon as 
possible, especially when a case is presented with 
acute and unexplained pain in the abdomen. This is of 
critical importance in managing BH patients because 
any delay in diagnosis could enhance the risk of 
death. In our case, too, the 60-year-old male patient 
had left-sided BH and was successfully cured by the 
laparoscopic approach. 
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Abstract 

BACKGROUND: Toxoplasmosis is a zoonotic disease caused by Toxoplasma gondii. Ocular manifestations are 
seen in both congenital and acquired toxoplasmosis. These can include focal inflammation within or around the 
optic nerve head (papillitis). Purpose of this study is evaluating the efficacy of systemic steroid in HIV patient with 
toxoplasma papillitis.  

CASE PRESENTATION: We present a case report of a male, 46 years old with a decrease of visual acuity on the 
right eye for three weeks before admission to the hospital. An ophthalmology examination showed visual acuity of 
the right eye 1/60, mild dilatation of the pupil and posterior synechiae, vitreous was hazy, and fundus examination 
showed optic nerve head not well demarcated and hyperaemic with the good retina and macula reflex. Laboratory 
examination showed reactive anti-Toxoplasma immunoglobulin G. Patient had been treated with antiretroviral and 
anti-Toxoplasma drugs, then he was given steroid 250 mg intravenously four times per day for three days and 
tapering off orally. Visual acuity on the right eye improve from 1/60 became 6/60 after use of steroid on the third 
day.  

DISCUSSION: Steroid can improve visual acuity for toxoplasma papillitis in this patient. But the long term and 
close follow up in steroid therapy is needed. 

 
 
 
 
 
 

Introduction 

 

Toxoplasmosis is a chronic disease caused 
by Toxoplasma gondii infection, which is an obligate 
intracellular parasite. The most common manifestation 
of Toxoplasma in HIV-infected patients is cerebral 
toxoplasma, whereas the most common extracerebral 
manifestations can be ocular and lungs diseases [1], 
[2], [3], [4], [5]. 

An ocular manifestation of toxoplasma can be 
in congenital or acquired. Some rare manifestations 
include papillitis, neuroretinitis, retrobulbar neuritis, 
central serous retinopathy, and scleritis. Toxoplasma 
papillitis mostly unilateral, and there is no predilection 
of gender. Clinical symptoms that appear in the form 
of blurry vision, red eyes, pain, and systemic 
symptoms such as fever and weakness [6], [7], [8], 

[9], [10].  

Administration of steroids in Toxoplasma 
papillitis expected to suppress inflammation and use 
with caution due to its immunosuppression effect. 
Although still controversial, the administration of 
steroids has significant benefits for the inflammatory 
process. Therapy with steroids is not required in 
ocular management of Toxoplasma, but steroids are 
used as adjunctive therapy in ocular toxoplasma [3], 
[9], [11], [12], [13], [14]. 

Management of Toxoplasma papillitis in HIV-
infected patients is quite difficult, so it requires 
multidisciplinary to determine the type of therapy. The 
goal of this case report is to evaluate the efficacy of 
systemic steroid use for HIV-infected patients with 
Toxoplasma papillitis, so it would be better 
management for similar cases. 
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Case Presentation 

 

A 46-years old, bisexual, male patient came 
with initial presentation blurry vision on the right eye 
since a year ago and became worse since the last 3 
weeks. It felt like a worse sensation when the eyes 
were moving — the history of red eyes since a year 
ago and recurrence. The symptoms had been treated 
by an ophthalmologist. The patient was diagnosed 
with HIV and toxoplasmosis since a year ago and 
undergoing treatment. 

General assessment on the normal limit. 
Ophthalmology examination on the right eye was 
found visual acuity 1/60 and not improved with 
pinhole, palpebral was normal, hyperemic conjunctiva, 
mild dilatation, pupil posterior synechiae, vitreous 
opacities, optic nerve head hyperemic and not well 
demarcated. 

The intraocular pressure was normal. The eye 
movement was good in all direction. There was a 
defect Confrontation visual field test.  

 

Figure 1: Anterior segment on the right eye 

 

There was no a specific defect on the colour 
vision test and decreasing of contrast sensitivity 
(0.75). The Optical Coherence Tomography (OCT) 
examination showed inferior and temporal thickening, 
cup-disc ratio 1.00 as result of OCT Optic Nerve 
Head. 

 

Figure 2: Fundus photography on the right eye (left) and left eye 
(right) 

 

Laboratory tests showed an increase in 
erythrocyte sedimentation rate, decreased CD-4 
levels to 201, reactive anti-toxoplasma 
immunoglobulin G with titers 58, reactive anti-rubella 
immunoglobulin G, reactive anti-HSV 1 and 2 
immunoglobulin G. 

 

Figure 3: Optical Coherence Tomography (OCT) (RNFL) on the 
right eye 

 

 The patient was diagnosed with right eye 
Toxoplasma Papillitis and consulted to the neuro-
ophthalmology and internal medicine for the plan to 
administer Optic Neuritis Treatment Trial (ONTT). The 
patient was diagnosed with stage IV HIV infection by 
internal medicine and given anti-toxoplasma treatment 
(cotrimoxazole and clindamycin), anti-retroviral and 
had been done the ONTT for three days by 
methylprednisolone 250 mg four times per day 
intravenously, mecobalamin 500 mg three times per 
day orally, and antacids three times per day orally. 

 

Figure 4: Optical Coherence Tomography (OCT) ONH on the right 
eye  

 

Day forth of treating with ONTT, the patient 
still complained of nausea and dizziness, but the 
vision was getting better. Visual acuity of right eye 
6/60 pinhole NI, normal palpebra, normal conjunctiva, 
clear cornea, deep ocular anterior chamber, iris and 
pupil dilated, there are posterior synechiae, cloudy 
vitreous, fundus examination is obtained by optic 
nerve head indeterminate hyperemia boundary with 
the normal retina and positive macular reflex. 
Intraocular pressure was normal — eyeball movement 
in all directions. Confrontation test of the right eye is 
disturbed. The patient was diagnosed with toxoplasma 
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papillitis and stage IV HIV infection. Tapering off 
intravenous methylprednisolone have been done and 
then replaced with oral methylprednisolone 32 mg 
twice per day, mecobalamin 500 mg three times per 
day orally, and antacids three times per day orally, 
anti-toxoplasma (cotrimoxazole and clindamycin) and 
antiretrovirals continued. The patient was allowed to 
go home and suggested to control one week later, but 
patients do not come for treatment. 

 

 

Discussion 

 

Toxoplasma papillitis is a rare manifestation 
of Toxoplasma, usually unilateral and does not have a 
predilection of gender. Clinical symptoms such as 
blurry vision, red eyes, pain, also causing systemic 
fever and general weakness [6], [10]. 

Toxoplasma gondii was first discovered in 
1908 in the brains of South African rats and caused 
ocular disease for the first time in 1923. Transmission 
of Toxoplasma gondii by ingesting food containing 
oocysts, transplacental, through mucous membranes, 
after a blood transfusion or organ transplantation. 
Toxoplasma encephalitis is a manifestation of 
Toxoplasma in HIV-infected patients, but 
extracerebral manifestations can occur with or without 
encephalitis. The most common extracerebral 
manifestations can be ocular or pulmonary disease 
[3], [4], [9]. 

The transmission of Toxoplasma gondii by 
hematogenous and mostly affects the retinal vascular 
endothelial cells, so most of them manifest as retinitis 
with complaints of decreased visual acuity. Other 
manifestations can be vitreous and anterior uveitis. In 
severe vitreous can develop into epiretinal membrane 
and traction, headlight in the fog is found on fundus 
examination. Rare manifestations such as 
inflammation by Toxoplasma in the optic nerve head 
with hyperemia fundus images on the optic nerve 
head [3], [6], [9], [10]. 

The diagnosis of toxoplasma papillitis 
confirmed through fundal examination and supporting 
clinical features. If the clinical diagnosis cannot be 
confirmed through fundus examination, supporting 
examination such as increased detection of 
Toxoplasma gondii antibody titers in eye fluids or 
Toxoplasma gondii DNA and antibody tests in the 
blood [3], [6], [9], [10]. 

Management of Toxoplasma papillitis requires 
anti-parasitic combination such as pyrimethamine, 
sulfadiazine, clindamycin or azithromycin. These anti-
parasitic therapies are effective for stopping the 
multiplication of parasites but cannot eliminate 
parasites from the human body. Administration of 
steroids in Toxoplasma papillitis should be adjunctive 
because it can suppress the immune response. A 

case report stated, there are improvement visual 
acuity of ocular toxoplasma after prednisone 1 mg/kg. 
A study stated steroid administration begins within 
three days or a week after anti-toxoplasma therapy 
[6], [14], [15], [16], [17]. 

The use of steroids in good observation 
expected to suppress inflammation and reduce injury 
of ocular tissue, but the overall outcome is still 
uncertain. Steroids can cause side effects such as 
abdominal pain, bloating/flatulence, nausea, 
dizziness, joint pain, menstrual disorders, weight gain 
and increased appetite [18]. 

The visual acuity of patients after 
administration of steroid improved from 1/60 to 6/60, 
but patients complained of nausea and dizziness after 
administration of the steroid.  

In conclusion, there have been reported 
cases of Toxoplasma papillitis in an HIV-infected 
patient who showed improvement in visual acuity after 
given systemic steroid therapy for three days. Further 
studies are needed to determine the efficacy and side 
effects of short-term systemic steroid use in HIV 
cases with Toxoplasma papillitis. 
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Abstract 

BACKGROUND: Incomitant exotropia is one of ocular complication that has been reported after intranasal 
surgery. This case report aims to describe the causes of exotropia in a patient with a history of nasal polyp 
surgery. 

CASE PRESENTATION: A 50-years-old male, came with the main complaint of double vision 1 month after nasal 
polyp surgery. He also complained his right eye turned outward. The visual acuity on the right eye was 6/7.5 with 
his head turn to the left. On the examination, the Hirschberg test was XT 45°, and the Krimsky test > 95 ∆BI. 
Duction and version test on the right eye were -4 adduction. There was no shifting on the cover-uncover test. 
Ishihara test was within normal limit, and there was suppression on the right eye in WFDT. On force generation 
test, we found limited adduction on the right eye and no restriction in force duction test. Head MRI showed 
atrophy of medial recti on the right eye, 2.2 mm in size. The patient underwent vertical muscle transposition 
procedure surgery, and it was found atrophy of medial recti without any rupture. Two months after surgery, the 
double vision was decreased, the result of the Hirschberg test was XT 30° and Krimsky test 65°∆BI.  

DISCUSSION: Nasal polyp surgery-related incomitant exotropia mostly caused by extraocular muscles rupture. In 
this case, we found no rupture. Therefore, we suspected the abnormalities of muscles vascularisation, supported 
by the atrophy of medial recti. 

 

 

 
 
 

Introduction 

 

A nasal polyp is a chronic inflammatory 
process in the nasal mucosa, or paranasal sinuses 
which characterised by edematous mass with 
infection is the most important factor in this process. 
Prevalence of polyp nasal in Indonesian was up to 
4.63% of all register patient at Dr Soetomo Surabaya 
Hospital. In the last ten years, sinus surgery 
techniques that commonly used is Endoscopic, which 
is commonly used for intranasal ethmoidectomy. 
Besides the advantage, endoscopic had a risk to 
damage the extraocular muscle, especially at 
ethmoidal sinuses. The estimated rate of ocular injury 
after intranasal sinus surgery is up to 3%. The most 
common ocular complications after paranasal and 
intranasal polyps' surgery such as extraocular muscle 
rupture and extraocular muscle paralysis, vascular 
disorders or extraocular muscle innervation, 
microvascular infarction, chronic infection or 
inflammation, tumour mass compression. Incomitant 

exotropia is one of ocular complication that had been 
reported after intranasal surgery [1], [2]. Incomitant 
exotropia is a form of strabismus which is outward 
deviation of the eyes with different angles of deviation 
in different motion field. The most common caused is 
due to paralysis or restriction [3], [4]. 

This case report aims to describe the causes 
of exotropia in a patient with a history of nasal polyp 
surgery. 

 

 

Case Presentation 

 

A 50-years old, male patient whose initial 
presentation was a double vision in the past one 
month after nasal polyp surgery, and it had been 
getting worse. The right eye turned outward with 
minimal blurry vision. History of trauma and 
neurological disorder was denied. 
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Figure 1: Physical finding before polyp surgery (left) dan after polyp 
surgery (right) 

 

The visual acuity on the right eye was 6/7.5 
with his head turn to the left. Position of the right eye 
was deviation laterally. On the examination, the 
Hirschberg test was XT 45°, and the Krimsky test > 95 
∆BI. Duction and version test on the right eye were -4 
adduction. There was no shifting on the cover-uncover 
test. Ishihara test was within normal limit, but at 
Farnsworth D-15 test was found a red-green colour 
deficiency. There was suppression on the right eye in 
WFDT. The TNO test showed gross stereoscopies. 
On force generation test, we found limited adduction 
on the right eye and no restriction in force duction test. 

 

Figure 2: Ocular movements showed right exotropia 

 

Head MRI showed right medial rectus muscle 
atrophy 2.2 mm in size, hypertrophy inferior nasal 
concha extra and sinistra, right lateral nasal cavum 
deformity post-surgery, chronic of right maxillary 
sinusitis, right and left ethmoid, and middle left frontal. 

 

Figure 3: Head MRI showed atrophy of medial recti 

We planned surgery on the right eye, with 
vertical muscle transposition procedure.  

During the evaluation, there was no restriction 
of medial recti muscle on Forced Duction Test. 
Atrophy of medial recti was found during exploration 
right eye surgery. The medication after surgery was 
topical antibiotic-antiinflammation.  

 

Figure 4: Atrophy of medial recti was found during exploration right 
eye surgery 

 

Two months after surgery, the double vision 
was decreased, the result of the Hirschberg test was 
XT 30° and Krimsky test 65°∆BI.  

 

Figure 5: Ocular movements after vertical muscle transposition 
procedure 

 

 

 

Discussion 

 

A nasal polyp is a chronic inflammatory 
process in the nasal mucosa, or paranasal sinuses 
which characterised by edematous mass with 
infection is the most important factor in this process. 
Incomintant exotropia is most commonly affect ages 
between 30-60 years old; the prevalence of 
incotamitant exotropia is higher in males compared to 
female with ratio 2:1 to 4:1 [1].  

The mechanism of ocular complications after 
paranasal and intranasal polyps' surgery, the most 
common causes due to extraocular muscle rupture 
and extraocular muscle paralysis, vascular disorders 
or extraocular muscle innervation, microvascular 
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infarction, chronic infection or inflammation, tumour 
mass compression. Complications such as 
enophthalmos, optic nerve atrophy, orbital cellulitis, 
orbital bleeding, orbital wall damage, proptosis, ptosis, 
strabismus [1], [5].  

Incomitant exotropia is a form of strabismus 
which is outward deviation of the eyes with different 
angles of deviation in different motion field. The most 
common caused is due to paralysis or restriction. A 
subjective complaint of concomitant exotropia such as 
diplopia, the type of diplopia is binocular diplopia, 
which occurs when both eyes are open and feels 
better when one eye is closed. Based on its location in 
medial rectus atrophy, the type of diplopia is 
horizontal. The patient complains about the double 
vision that is worsening if they look far away and if 
they look the side to damaged muscle. When diplopia 
complains occur, the patient frequently closes their 
eyes spontaneously. Usually, patients will close the 
disturbance eyes. Changes in head position in 
patients with incomitan strabismus could reduce 
diplopia [3], [4]. 

In incomitan strabismus, due to medial rectus 
atrophy, there is a change of direction towards the 
vertical axis due to horizontal muscle disorders, which 
are called the anomalous head position or face turn. 
The examination of eyeballs position can be done by 
cover-uncover test, alternating cover test, prism 
alternating cover test (PACT), cornea light reflex test 
(Hirschberg test) and krismsky test. In this case, we 
obtained on a cover-uncover examination and the 
alternating cover test but did not show shifting. In 
Hirschberg's examination found 45° exotropia, 
Krimsky > 95 ∆ base in [3], [6]. 

Sensory status examination in strabismus 
patients to evaluate abnormalities of binocular vision. 
The most common sensory status examination that 
performed by ophthalmologists are worth a four-dot 
test (WFDT) and stereoscopic. The patient, in this 
case only sees 2 red dots in the WDFT exam which 
means there is suppression in the right eye [3]. 

 The common binocular sensory examination 
is a stereoscopic examination. Stereoscopic is a 
technique for creating or enhancing an illusion in a 
depth image for binocular vision and could be 
evaluated by TNO test. In this test, red and green 
glasses are used to separate shadows in each. 
Patient in this case report found stereoscopic gross 
[3], [6]. 

In the last ten years, sinus surgery techniques 
that commonly used is Functional Endoscopic Sinus 
Surgery (FESS), especially for surgery for sinus 
obstruction. Although this procedure is stated to be 
relatively safe, FESS can cause tissue trauma such 
as orbital bleeding, optic nerve injury, nasolacrimal 
drainage system injury, extraocular muscle rupture. 
Besides that, extraocular muscle paralysis, vascularity 

disorders or extraocular muscle innervation, 
microvascular infarction, chronic infection or 
inflammation, and tumour mass compression also can 
be caused the muscular injury. The supportive 
examination is the head MRI which was found atrophy 
in the right medial rectus muscle with a size of 2.2 
mm, hypertrophy of the left and right inferior nasal 
conca, postoperative right lateral nasal cavity 
deformity, right maxillary sinusitis. This is suspected 
as a cause of ocular complications that happened due 
to vascular disorders and innervation as well as the 
process of chronic infection or inflammation of polyps 
[7]. 

There are so many of literature regarding 
exotropia management such as surgical and non-
surgical, but according to Dutton's research the goal 
of muscle atrophy management that caused by 
chronic inflammation and tumour mass suppression is 
to overcome and reduce diplopia, restore binocular 
single vision and a small portion can handle 
cosmetics. Two-month evaluation of postoperative, 
the double vision was reduced, Hirschberg's 
examination found exotropia 30° and Krimsky 65 ∆ 
base in. 

In conclusion, incomitan exotropia is one of 
the reported ocular complications that can occur due 
to extraocular muscle atrophy which caused by 
vascular disorders or innervation of these muscles 
and can occur due to the process of chronic infection 
or inflammation of the surrounding tissue. The 
purpose/goal of surgery in such cases is to overcome 
and reduce the diplopia, and in small amounts can 
handle cosmetics. 

 

 

References 

 

1. Dutton J, Clarke MP, Strong NP, Tin W. Clinical Strabismus 
Management. 1999:319-320. 

2. Eitzen JP, Elsas FJ. Strabismus following endoscopic intranasal 
sinus surgery. J Pediatric Ophthalmology Strabismus. 1991. 
28:168. PMID : 1890576 

 

3. American Academy of Ophthalmology Staff. Pediatric 
Ophthalmology and Strabismus. Basic and Clinical Science 
Course. Section 6. San Fransisco. 2015-2016; 87-98. 

 

4. Eva Paul R, Whitcher, John P. Vaughan and Asbury's General 
Ophthalmology. 16th edition. 2004:230-248.  

5. Al-Qurainy IA. Convergence Insufficiency and Failure of 
Accommodation Following Midfacial Trauma. BrJ Oral Maxillofac 
Surg. 1995. 33:71. https://doi.org/10.1016/0266-4356(95)90203-1 

 

6. Wright K. Pediatric Ophthalmology for Primary Care. American 
Academy of Pediatric 3rd edition. 2008:49-70.  

7. Shin GS, Demer JL, Rosenbaum AL. High Resolution, Dynamic 
Magnetic Resonance Imaging in Complicated Strabismus. J 
Pediatric Ophthalmology Strabismus. 1996. 33:282. 

 

 

  

https://doi.org/10.1016/0266-4356(95)90203-1


 

_______________________________________________________________________________________________________________________________ 

1828                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

ID Design Press, Skopje, Republic of Macedonia 
Open Access Macedonian Journal of Medical Sciences. 2019 Jun 15; 7(11):1828-1833. 
https://doi.org/10.3889/oamjms.2019.359 
eISSN: 1857-9655 
Dental Science 

 

 

  

 
Influence of Er, Cr: YSGG (2780 nm) and Nanosecond Nd: YAG 
Laser (1064 nm) Irradiation on Enamel Acid Resistance: 
Morphological and Elemental Analysis 
 
 

Maryam M. El Mansy
1*

, Mostafa Gheith
2
, Abo M. El Yazeed

3
, Dina B. E. Farag

4
 

 
1
Orthodontic and Pedodontic Department, National Research Centre, Cairo, Egypt; 

2
National Institute of Laser Enhanced 

Sciences, Cairo University, Cairo, Egypt; 
3
Pediatric Dentistry, National Research Centre, Cairo, Egypt; 

4
Oral Biology 

Department, Faculty of Dentistry, Cairo University, Cairo, Egypt 

 

Citation: El Mansy MM, Gheith M, El Yazeed AM, Farag 
DBE. Influence of Er, Cr: YSGG (2780 nm) and 
Nanosecond Nd: YAG Laser (1064 nm) Irradiation on 
Enamel Acid Resistance: Morphological and Elemental 
Analysis. Open Access Maced J Med Sci. 2019 Jun 15; 
7(11):1828-1833.  
https://doi.org/10.3889/oamjms.2019.359 

Keywords: Enamel demineralisation; Er, Cr: YSGG laser; 
Nanosecond Nd: YAG laser; Enamel acid resistance 

*Correspondence: Maryam M. El Mansy. Orthodontic 
and Pedodontic Department, National Research Centre, 
Cairo, Egypt. E-mail: drmaryamelmansy@hotmail.com 

Received: 17-Mar-2019; Revised: 15-May-2019; 
Accepted: 16-May-2019; Online first: 30-May-2019 

Copyright: © 2019 Maryam M. El Mansy, Mostafa 
Gheith, Abo El Yazeed M, Dina B. E. Farag. 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: Enamel demineralisation is an initial step of the serious dental problem including dental caries, 
white spot lesions and dental erosion. 

AIM: Compare the effect of Er, Cr: YSGG (λ = 2780 nm) and nanosecond Nd: YAG (λ = 1064 nm) laser on 
enamel acid resistance. 

MATERIAL AND METHODS: Thirty non-carious human premolars, extracted for orthodontic reasons, were used. 
The experimental groups (n = 10 each group) were: Group I, untreated (control); Group II, Er,Cr:YSGG laser 
irradiation (0.75 W, 20 Hz, 140 μs, 10 s); Group III, nanosecond pulsed Nd:YAG laser irradiation (0.8 W, 10 Hz, 7 
ns, 10 s). Scanning electron microscope and Energy Dispersive X-ray Spectroscopy (EDX) were used to assess 
acquired enamel resistance to PH cycling. 

RESULTS: After subjecting the three experimental groups to PH cycling, scanning electron microscopic 
examination revealed irregular porous dissoluted enamel surface in group I. However, groups II and III 
demonstrated partially dissoluted enamel surface. EDX analysis demonstrated the lowest mean percentage 
decrease in calcium and phosphorus content in group II followed by group III, then the highest mean percentage 
decrease was observed in untreated group I. One-way ANOVA revealed significant differences (p < 0.0001) 
between the tested groups. 

CONCLUSIONS: Both Er, Cr: YSSG and nanosecond Nd: YAG laser irradiation were able to improve the acid 
resistance of enamel. However, enamel surface treated with Er, Cr: YSSG laser showed the lowest mean 
percentage decrease of calcium and phosphorus (highest acid resistance). 

 
 
 
 

Introduction 

 

 Dental caries is a biofilm-mediated, sugar 
driven multifactorial, preventable, dynamic disease 
that occurs as a result of two interacting processes; 
demineralisation and remineralisation of dental hard 
tissues [1]. Enamel demineralisation is not only the 
initial step dental caries and white spot lesions, but 
also it is the first stage of another serious dental 
problem, which is dental erosion [2]. 

 Several approaches have been made to 
increase enamel resistance to caries; among them, 
laser irradiation seems to be very promising [3]

 
due to 

its strong interaction with dental hard tissues [4].
 

Lasers that have a higher absorption by dental 
enamel, such as CO2 (9.6 μm and 10.6 μm) [5]. Er: 
YAG (2.94 μm) [6] and Er, Cr: YSGG (2.79 μm) [3]

 

were demonstrated to promote acid resistance of 
enamel. The low absorbed lasers such as Nd: YAG 
(1.064 μm) [7]

 
and Argon [8]

 
have also been employed 

with success.  

 Er, Cr: YSGG laser emitted at 2780 
wavelength is well absorbed by water and hydroxyl 
radical in the hydroxyapatite. Thus, this type of laser 
has the potentiality to improve enamel acid resistance 
and prevent mineral loss by inducing chemical and 
morphological changes in enamel without an 
excessive increase of heat [9], [10].

 

 Although the role of longer pulsed Nd: YAG 
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laser on the acid resistance of enamel have been well 
established, the application of nanosecond pulsed Nd: 
YAG laser on dental enamel surface still needs to be 
improved [11]. The Q-switched Nd: YAG laser system 
with nanosecond pulses offers a significant advantage 
over long pulsed Nd: YAG laser as regard to pulpal 
heating. Previous studies showed that the 
temperature rise associated with nanosecond Nd: 
YAG irradiation is inferior to 2.5°C, which justifies its 
use without pulpal damage [12], [13]. It was reported 
that nanosecond pulsed Nd: YAG laser can be used 
to obtain minimal morphological alteration associated 
with a chemical reorganisation enhancing the 
microhardness values and consequently inhibiting the 
enamel acid dissolution [11].  

 Since the effect of laser irradiation on acid 
resistance of enamel has been observed, the studies 
on comparisons of acid resistance of enamel when 
irradiated with Er, Cr: YSGG and nanosecond pulsed 
Nd: YAG lasers are scarce.  

 The present work aims to evaluate and 
compare the influence of Er, Cr: YSGG and 
nanosecond Nd: YAG laser irradiation on acquired 
enamel acid resistance through scanning electron 
microscope examination and elemental analysis. 

 

 

Material and Methods 

 

 This experimental in vitro study was held in 
the labs of the National Research Centre and dental 
laser Centre Ain Shams University, after the approval 
of the local ethical committee of the National 
Research Centre. Thirty non-carious human 
premolars, extracted for orthodontic reasons, were 
selected randomly from unknown persons.  

 Specimen Preparation: Each enamel surface 
was rinsed with deionised water and examined under 
a stereomicroscope (Leica Microsystem S, 
Switzerland). Teeth with any defects, erosions, micro-
cracks or visible stains were excluded from the study. 
A window (4×4 mm) was measured by calibre and 
marked with two layers of an acid-resistant varnish. 
The window was located in the middle of the middle 
third of the buccal enamel surface [14]. All the teeth 
were stored in deionised water for not more than 1 
week. 

 Experimental design: The specimens were 
randomly assigned to three groups of (10 specimens 
each) as follows: Group 1: No treatment (control), 
Group 2: Treated with Er, Cr: YSSG laser and Group 
3: Treated with nanosecond pulsed Nd: YAG laser. 

 The specimens from all groups were then 
subjected to PH cycling (demineralisation). 

 

 Experimental procedures 

 a) Er,CR:YSGG laser irradiation conditions: A 
pulsed Er,CR:YSGG laser (Waterlase, Biolase, USA) 
at 2780 nm wavelength was used with the following 
parameters: 0.75 W, power, 12.5 mJ, pulse energy, 
20 Hz, repetition rate, 140 μs, pulse width and 10 s 
average exposure time. The air pressure and water 
level were set at 11 % and 0 % respectively. Laser tip 
type used in the study was MZ6 Zirconia (Biolase, 
MD, USA)

 
with a length of 4 mm and diameter 600 

μm. The tip was positioned perpendicular 1 mm from 
the enamel surface, and the samples were irradiated 
by scanning once in each direction, horizontal and 
vertical, to promote homogeneous irradiation and to 
cover the entire sample area. An endodontic file was 
fixed at the handpiece and kept a distance of 1 mm 
from the surface during all the procedures.  

 b) Nd: YAG laser irradiation conditions: A 
pulsed nanosecond Nd-YAG laser

 
(Continuum laser, 

Powerlite, DLS 9000, USA) at 1064 nm wavelength 
was used with the following parameters: 0.8 w power, 
10 Hz Repetition rate,7 ns pulse width and 10 
seconds average exposure time. 

 c) PH cycling model: For the acid challenge, 
samples were submitted to a pH cycling procedure, 
according to previously described protocols [15], [16]. 
The demineralisation solution (pH 4.3) consisted of 
2.0 mmol/L of Ca, 2.0 mmol/L of phosphate in a buffer 
solution of acetate 0.075 mol/L. Remineralization 
solution (pH 7.0) consisted of 1.5 mmol/L of Ca, 0.9 
mmol/L of phosphate, 150 mmol/L of potassium 
chloride. PH was measured by a pH meter to verify 
the required pH accurately.  

 Each specimen was individually immersed in 
5.0 ml of demineralising solution for 6 hours and was 
then washed with deionised water. This was followed 
by immersing the samples again in 5 ml of 
remineralising solution for 18 hours, which was then 
washed off with deionised water. This procedure was 
carried out for 14 days. At the end of each 5 
consecutive days of cycling, the samples were kept in 
the remineralising solution for 2 days. 

 

 Scanning electron microscope analysis 

 Scanning electron microscope analysis was 
performed to analyse the surface morphology of the 
specimens at the baseline, and after pH cycling. The 
specimens were air-dried then examined under SEM 
(Quanta FEG 250/ EDS, Octane Pro, USA) at x 1000 
and x5000 magnification. 

 

 Energy Dispersive X-ray Spectroscopy 
 (EDX) analysis 

 Elemental analysis of enamel surface in all 
groups was performed at baseline of untreated sound 
enamel then after exposure to pH cycling. The EDX 
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analysis system works as an integrated part of SEM 
Quanta FEG 250, attached with EDX unit. The 
quantitative amount of elements in the studied 
surfaces was determined by an X-ray microanalyser 
EDX using spot measurements, EDX line scans and 
element mapping. Weight percentage values of 
Calcium and Phosphorus elements were expressed 
as mean values.  

 

 Statistical analysis 

 The data obtained from the elemental 
analysis were subjected to statistical analysis using 
the SPSS software. The Shapiro-Wilk test was carried 
to assess the normal distribution of data. The results 
were analysed by ANOVA. Multiple comparisons 
between groups were performed by paired t-test and 
post-hoc Tukey test. For the entire evaluation, p was 
<0.05 considered to be statistically significant. 

 

 

Results 

 

 SEM analysis 

 SEM observation showed a smooth 
homogenous surface at the baseline for all the 
experimental groups (Figure 1).  

 

Figure 1: Scanning electron microscopic photomicrograph of sound 
enamel surface showing: A) smooth homogenous surface of 
rodless enamel (asterisks); B) the surface contained multiple 
scratches (red arrows); A) SEM x 1000; B) SEM x 5000) 

 

 After exposure to pH cycling, a group I, 
showed irregular porous dissoluted enamel surface 
(Figure 2).  

 

Figure 2: Scanning electron microscopic photomicrograph of group I 
(untreated) showing: A) irregular dissolution porous enamel surface, 
B) hollowing of rod core (red arrows), raised peripheral region 
(yellow arrows), indistinct rod morphological appearance (asterisks); 
(A; SEM x1000, B; SEM x5000) 

 In contrast, a partially dissolved enamel 
surface was observed in both group II (Figure 3) and 
group III (Figure 4). 

 

Figure 3: Scanning electron microscopic photomicrograph of group 
II (enamel treated with Er,Cr:YSGG laser) showing: (A) partially 
porous enamel structure intermixed with areas of rodless enamel, 
(B) intact rod core (red arrow), loss of rod peripheries (yellow 
arrow), loss of rod core (white arrow), smooth rodless enamel 
(asterisk). (A; SEM x 1000, B; SEM x 5000) 

 

 Energy Dispersive X-ray Spectroscopy 
 (EDX) analysis 

 Comparison between the Ca and P weight 
percentage (mean±standard deviation) values at 
baseline and after demineralisation cycle within each 
group using paired t-test was displayed in (Table1 and 
2). In all group's values of Ca and P weight 
percentage were significantly lower after exposure to 
demineralisation cycle (p < 0.0001).  

 

Figure 4: Scanning electron microscopic photomicrograph of group 
III (enamel treated with Nd:YAG laser) showing: (A) partially 
dissoluted enamel surface, (B): eroded rod peripheries (yellow 
arrows), intact rod core (red arrow), fine cracks (white arrows), 
smooth enamel surface with no enamel rod exposure (asterisk). (A; 
SEM x1000, B; SEM x5000)  

 

 The mean difference of change in Ca and P 
weight percentage at baseline and after 
demineralisation within each group was calculated. 
Mean percentage decrease in Ca and P within each 
group was obtained. One-way ANOVA revealed 
significant differences (p < 0.0001) between the tested 
groups. The lowest mean percentage decrease values 
were recorded in group II, followed by group III, then 
the highest mean percentage decrease was observed 
in the control group (group I) (Table 1 and 2). Multiple 
pairwise comparisons were then made between the 
three groups. For Ca, group II demonstrated a 
significant percentage decrease as compared to 
group I and III. Also, group III showed a significant 
decrease as compared to group I (Table 1). 
Regarding P, the mean percentage decrease in group 
II differed significantly from the group I but not with 
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group III. However, a significant decrease was 
recorded in group III as compared to the control group 
(Table 2).  

Table 1: Descriptive analysis for weight percentage of calcium 

Groups 
Mean ± 

SD 

Within-group 
comparison 
Paired t-test 

Mean 
difference ± 

SD 

Mean 
percentage 
decrease ± 

SD 

ANOVA 

p-value p-value 

Group I 
(Untreated) 

Baseline 56.26 ± 2.23 
< 0.0001* 41.21 ± 2.84

a 
73.19 ± 3.11 

< 0.0001* 

DC 15.06 ± 1.55 
Group II 
(Er,Cr:YSSG 
laser) 

Baseline 56.25 ± 1.84 
< 0.0001* 13.51 ± 1.51

b
 24.00 ± 2.48 

DC 42.75 ± 1.89 

Group III 
(Nanosecond 
Nd:YAG laser) 

Baseline 55.58 ± 3.83 
< 0.0001* 23.03 ± 2.95

c
 41.51 ± 2.65 

DC 32.56 ± 3.18 

*Significance level at p-value ≤ 0.05. DC: Demineralization cycle; Post-hoc Tukey’s Test 
mean with the different superscript letter are significantly different (p < 0.0001). 

 

 

Discussion 

 

 Overall management of dental caries and 
erosion involves consideration of methods of 
preventing demineralisation and also methods of 
encouraging remineralisation of existing lesions [17]. 
Researchers often use in vitro studies to study the 
demineralisation-remineralisation process in cariology 
research. The in vitro studies are simple and easy to 
control to meet the research requirements with more 
reliable assessment methods that cannot be used for 
in vivo experiments [1]. Based on this information, this 
study was carried on in vitro conditions.  

Table 2: Descriptive analysis for weight percentage of 
phosphorus 

Groups 
Mean ± 
SD 

Within-group 
comparison 
Paired t-test 

Mean difference 
± SD 

Mean 
percentage 
decrease ± 
SD 

ANOVA  

p-value p-value 

Group I 
(Untreated) 

Baseline 25.94 ± 2.15 
< 0.0001* 14.84 ± 2.17

a 
57.14 ± 5.62 

< 0.0001* 

DC 11.09 ± 1.59 
Group II 
(Er,Cr:YSSG 
laser) 

Baseline 25.74 ± 0.79 
< 0.0001* 8.40 ± 0.87

b 
32.68 ± 3.73 

DC 17.34 ± 1.33 

Group III 
(Nanosecond 
Nd:YAG laser) 

Baseline 24.93 ± 0.91 
< 0.0001* 10.15 ± 1.28

b 
40.70 ± 4.74 

DC 14.78 ± 1.28 

*Significance level at p-value ≤ 0.05. DC: Demineralization cycle; Post-hoc Tukey’s Test: 
means sharing the same superscript letter are not significantly different (p = 0.2442), 
means with the different superscript letter are significantly different (p < 0.0001). 

 

 There are still many conflicts concerning the 
effect of laser irradiation on the enamel structure. This 
is most probably due to the high number of variables 
involved as it is a multifactorial process: power, pulse 
frequency and duration of irradiation [18]. Thus, the 
choice of laser parameters for different applications is 
very important. Regarding irradiation parameters used 
in the present study, all the irradiation conditions in 
both Er, Cr: YSGG or nanosecond Nd-YAG lasers 
aimed to be below the ablation threshold to avoid 
mechanical damage to the enamel. 

 Although the use of water can control the 
temperature increase, the water sprayed directly onto 
the surface of irradiated tissue can lead to greater 
enamel demineralisation and more ablation during an 
acid challenge [19].

 
Geraldo-Martins et al., [14]

 

concluded that, the presence of water during Er, Cr: 
YSGG laser irradiation makes it difficult to obtain an 

enamel surface more resistant to acids. Therefore, we 
did not utilise the water spray in the present study. 

 The Er, Cr: YSGG power used in the present 
study was (0.75 W). This was based on previous 
studies which compared this power (0.75 W) with 
other Er, Cr: YSGG power values or with other types 
of lasers. Results revealed that 0.75 W power gave 
the best results regarding acid resistance 
enhancement [20], [21], [22]. The power of 
nanosecond Nd: YAG laser used in the herein study 
was 0.8 W. It was selected according to a previous 
pilot study done with 3 samples with different powers; 
0.5 W, 0.8 W and 1.2 W. The power of 0.8 W revealed 
the best results concerning the morphological and 
elemental analyses. On the other hand, the power of 
0.5 W did not produce any apparent effect, and 1.2 W 
produced an ablative effect on the enamel surface. 

 In the current study, several methods were 
used to evaluate enamel acquired acid resistance. 
Structural analysis was performed using a scanning 
electron microscope. It is used widely for studying the 
morphological changes of enamel and the effect of 
different treatment methods on its surface [23], [24]. 
Therefore, SEM was employed in this investigation. 
SEM analysis in the present study showed a smooth 
homogenous surface with a uniform rodless enamel 
surface layer at the baseline for all the experimental 
groups. This was by Huang et al.,

 
[25] and El Moshy 

et al., [26] who demonstrated a smooth surface of 
untreated sound enamel. In Group I (untreated 
enamel) after pH cycling, SEM revealed irregular 
porous dissoluted enamel surface. Same findings 
were conducted by Zorba et al., [27] who 
demonstrated multiple pores in the etched enamel 
surface. 

 After subjecting enamel treated with Er, Cr: 
YSSG laser in group II to pH cycling, partially porous 
enamel structure intermixed with areas of rodless 
enamel that covered the underlying structure was 
observed by SEM. This was in agreement with 
Hossain et al., [28], Moslemi M et al., [29], and 
Geraldo-Martins et al., [14] who in their individual 
studies reported a significant decrease in enamel 
demineralization after surface treatment with Er, Cr: 
YSGG laser compared to the control group. This was 
attributed to the well-known thermal effect of erbium 
laser and its positive role in enhancing the enamel 
acid resistance by modification of the chemical and 
physical structure of enamel [21]. 

 In Group III (enamel treated with nanosecond 
pulsed Nd: YAG laser), SEM after pH cycling revealed 
partially dissoluted enamel surface intermixed with 
some relatively smooth areas indicating enhanced 
resistance to acid dissolution. This result was in 
agreement with Al Jedani et al., [30] who found that 
enamel surface treated with nanosecond Nd: YAG 
showed acquired acid resistance. 

 In the present study, EDX was used as an 
elemental analytic method for both Ca and P since the 
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main components of enamel hydroxyapatite are Ca 
and P [31]. This method permits fast and quantitative 
microanalysis estimating the number of minerals in a 
given tooth sample in a nondestructive manner [32].  

 The mean difference of change in Ca and P at 
baseline and after demineralisation within each group 
was calculated. This was used to obtain Ca and P 
percentage decrease within each group. Acquired 
enamel acid resistance was estimated in terms of 
percentage decrease values in Ca and P, along with 
all the experimental groups. 

 Results in the current work showed that the 
lowest mean percentage decrease in Ca and P was 
recorded in Er, Cr: YSSG group (II) followed by 
nanosecond Nd: YAG group (III), then the highest 
mean percentage decrease was observed in control 
untreated group (I). This indicates that the highest 
acquired enamel acid resistance was achieved upon 
Er, Cr: YSSG laser irradiation. In this study, upon 
pairwise comparison for mean percentage decrease 
values, the difference between both group II and III as 
compared to the control group was statistically 
significant. This indicates that both types of laser 
treatments improved the enamel acid resistance 
significantly. Our findings were in agreement with 
many previously reported results concerning acquired 
enamel acid resistance following treatment with Er, 
Cr: YSGG laser application [14], [21] or nanosecond 
Nd: YAG laser [11], [30]. 

 Going through pairwise comparison results in the 
current work, the difference between group II and III 
was statistically significant regarding Ca percentage 
decrease. However, no significant difference was 
recorded with P. This showed that nanosecond Nd: 
YAG had a similar effect as Er, Cr: YSSG as regard to 
percentage decrease of P. 

 From the present study, it could be concluded 
that under pH, cycling conditions, both Er, Cr: YSSG 
and nanosecond Nd: YAG laser irradiation improved 
the acid resistance of enamel. However, enamel 
surface treated with Er, Cr: YSSG laser showed the 
lowest mean percentage decrease of calcium and 
phosphorus (highest acid resistance). Although Er, Cr: 
YSSG and nanosecond Nd: YAG laser seems to be a 
promising treatment in preventive dentistry, further 
researches are needed to verify the role of laser 
irradiation parameters to take better benefits of laser 
potential in enhancing enamel acid resistance. 
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Abstract 

BACKGROUND: Various techniques have been implemented to reconstruct the deficient interdental papilla. 

AIM: The present trial was conducted to assess the effect of injection of hyaluronic acid gel for the reconstruction 
of deficient interdental papilla. 

MATERIAL AND METHODS: Thirty-six deficient interdental papilla sites in ten patients were randomly allocated 
into two equal groups; intervention group who received the injection of hyaluronic acid (HA) gel and control group 
who received the injection of saline solution as a placebo. Each deficient papilla received three injections. The first 
injection was given one week following the re-evaluation period (four weeks after performing full mouth supra-
gingival scaling and sub-gingival debridement). The second and third injections were given after three and six 
weeks, respectively. The height and surface area of black triangles were recorded at baseline before the injection 
procedures. The participants were recalled after three and six months from the first injection for re-measuring the 
recorded parameters. At 6 months, patients' satisfaction was also assessed. 

RESULTS: After three and six months from baseline, the results revealed a statistically significant higher mean 
decrease in height and surface area of black triangles in favour of the HA group. From three to six months, there 
was no statistically significant difference between the two groups in both parameters. At 6 months, the HA group 
showed a statistically significant higher mean satisfaction score than the saline group. 

CONCLUSION: The use of hyaluronic acid gel for the reconstruction of interdental papillary deficiency was 
effective with promising levels of patients' satisfaction. 

 
 
 

Introduction 

 

The interdental papilla is the gingival portion 
that occupies the proximal area underneath the 
contact between two adjacent teeth. It has distinctive 
anatomical, histological and molecular characteristics 
with tremendous significant importance from an 
esthetic perspective, especially in the anterior region 
since it is almost universally displayed during smiling 
[1]. 

The interdental papillary deficiency or "the 
black triangle (BT)" is a large concern for dentists and 
patients [2]. Black triangles are rated as the third most 
disliked esthetic problem below caries and apparent 
crown margins [3]. Also, the absence of interdental 
papilla contributes to chronic retention of food debris 

leading to subsequent affection of periodontal health. 
Last but not least, it also causes phonetic problems by 
allowing the passage of air and saliva [4]. 
Reconstruction of papillary insufficiency is one of the 
most difficult and challenging periodontal treatments. 
This is because the interdental papilla is a small, 
fragile area with minor blood supply which seems to 
be the major limiting factor in all surgical and 
augmentation techniques aiming at reconstructing the 
interdental papilla [5], [6]. 

Several surgical approaches using traditional 
periodontal plastic and augmentation procedures have 
been proposed to overcome this problem. However, 
these techniques were found to be invasive with 
increased patient morbidity, limited success and long-
term stability [7], [8]. Non-surgical attempts to treat 
papillary deficiencies include orthodontic, restorative 
approaches or a combination of both. However, these 
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methods are invasive, but time-consuming [4]. 

Hyaluronic acid (HA) is an essential 
glycosaminoglycan of the extracellular matrix of the 
periodontal tissues, and the majority of cells can 
produce it during several phases of their cell cycle. It 
is involved in tissue repair and wound healing by 
stimulating cell proliferation, migration and interaction 
with several growth factors. Furthermore, HA has a 
crucial role in space-filling owing to its hygroscopic 
nature. Moreover, it regulates osmotic pressure and 
enhances tissue lubrication and resiliency, which 
helps in maintaining the structural and homeostatic 
integrity of tissues [9]. Limited studies have utilised 
HA gels for papillary reconstruction but still lacking a 
high degree of evidence and predictability [2], [4], [10], 
[11], [12]. More studies are needed to evaluate the 
use of injectable HA-based gels as a minimally 
invasive approach for the treatment of interdental 
papillary loss.  

Therefore, the aim of this randomised, 
placebo-controlled, parallel-grouped clinical trial was 
to assess the effect of injection of HA gel for the 
reconstruction of deficient interdental papilla. 

 

 

Material and Methods 

 

Patients' Selection 

This study was carried out according to the 
ethical guidelines of the World Medical Association; 
Declaration of Helsinki as revised in 2000 for studies 
involving human participants and the protocol was 
approved by the Medical Ethical Committee at the 
National Research Centre (NRC) with a code no. 16 7 
27. The procedures and follow up periods were clearly 
described in details to the selected patients. All 
included subjects signed written consent with the full 
agreement of participation in this study.  

Sample size calculation based on previously 
published work [10], [11], [12] showed the probability 
of improvements among the study group, which was 
0.97. Assuming that the true probability of 
improvements among the control group was 0.5, 13 
intervention sites and 13 control sites were needed to 
conduct the study to be able to reject the null 
hypothesis that the exposure rates for intervention 
and control are equal with the power of 0.8. This 
number was increased in each group for correct non-
parametric usage and to compensate for losses 
during the follow-up period. 

Ten patients (3 males and 7 females, aged 21 
to 47 years) with 36 papillae were selected from the 
outpatient clinic, Department of Oral Medicine and 
Periodontology, Faculty of Dentistry, Cairo University 
and outpatient clinic of Oral and Dental Research 
Division at NRC.  

The inclusion criteria involved highly 
motivated patients having at least one deficient papilla 
in the inter-bicuspid region. Papillary deficiency types I 
or II, according to Nordland and Tarnow classification 
[13] were selected. Distance between the contact 
point and inter-proximal bone crest (CP-BC) of ≤ 7 
mm and probing depth of ≤ 4 mm at the deficient 
papillary sites was mandatory for inclusion in the 
study. Also, full mouth plaque index (PI) and gingival 
index (GI) scores should be between 0-1. No open 
contacts between affected teeth should be present. 
Teeth free from caries, proximal restorations, fixed 
prosthesis or orthodontic appliances were selected.  

Exclusion criteria excluded subjects with 
medical conditions that may affect periodontal healing 
or regeneration. Subjects with a history of allergic 
reactions, pregnant or breastfeeding females, 
smokers and alcoholics were not included. Patients 
with current or previous drugs intake that may 
predispose to gingival enlargement were not allowed 
to participate. Patients under orthodontic treatment or 
had orthodontic treatment in the past six months were 
not selected. Patients with a history of traumatic oral 
hygiene measures or periodontal surgeries over the 
last six months at the area of interest were not 
endorsed. 

The participants were randomly assigned into 
two groups to receive either hyaluronic acid gel 
injection or saline injection as a placebo using a 
distance randomisation procedure with 1:1 allocation 
ratio. If the patient had more than one eligible deficient 
papilla, these papillae were allocated to the same 
treatment group. Allocation concealment was 
achieved by using sequentially numbered, opaque 
and sealed envelopes. This trial was double-blinded, 
where blinding included patients and the outcome 
assessor. It was impossible for the researcher to be 
blinded due to the difference in consistency and 
resistance to injection between hyaluronic acid gel 
and saline solution. 

Two patients with a total of 6 deficient papillae 
(2 in the intervention group and 4 in the control group) 
did not finish their series of injections and follow up 
periods, so they were considered dropouts. This made 
a total of 8 patients with 30 deficient papillae (16 in the 
intervention group and 14 in the control group) who 
had completed the injections and followed ups and 
their outcomes were subjected to statistical analysis. 

 

Hyaluronic Acid Gel  

The product used in this trial was Restylane 
Lidocaine (Restylane-Lidocaine cross-linked 
Hyaluronic Acid Filler, Galderma S.A, Sweden). 
Restylane was the first FDA-approved HA filler in 
2003. Restylane is a non-animal stabilised cross-
linked HA filler with an HA concentration of 20 mg/ml. 
The longevity of Restylane filler in tissues is 
approximately 6 months. Restylane-Lidocaine (FDA 
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approved in 2012) is a newer product of Restylane 
with 0.3% lidocaine incorporated into the syringe itself 
[14]. 

 

Treatment Protocol 

The treatment protocol was divided into 3 
phases: the pre-operative phase, where patients were 
examined for eligibility, the injection phase and the 
follow up phase. 

In the pre-operative phase, the 1
st
 visit started 

by collecting detailed personal information, medical 
and dental history. Initial periodontal therapy including 
full mouth supragingival scaling and subgingival 
debridement was performed, and patient motivation 
and education for proper oral hygiene instructions 
were reassured. The distance between the contact 
area and inter-proximal bone crest (CP-BC) was then 
measured for eligibility at the sites of papillary 
deficiency using peri-apical radiographs with the 
paralleling technique and confirmed by bone 
sounding. Only sites with CP-BC distance ≤ 7mm 
were eligible for the study 

After 4 weeks, re-evaluation was performed, 
and the degree of papillary deficiency according to 
Nordland and Tarnow classification [13] as well as 
plaque and gingival indices were assessed for 
eligibility. Alginate impression was taken for the 
involved arch/arches for the construction of study 
casts and fabrication of customised stents. Only 
patients with deficient papilla site/sites fulfilling the 
inclusion criteria were recalled, scheduled for the 1

st
 

injection after 1 week and signed the informed 
consent. 

In the injection phase, 3 injections were given 
at each papilla site: at baseline, 3- and 6-weeks 
intervals. At the first injection visit, before attempting 
to inject, clinical measurement of the height of the 
black triangle was done by measuring the distance 
between the deficient papilla tip and contact area (PT-
CP distance) to the nearest 0.5 mm (baseline). This 
was done using a graduated periodontal probe and 
the fabricated customised stent for proper and 
standardised positioning of the probe at each 
measurement interval, as shown in Figure 1.  

 

Figure 1: Measuring the height of the black triangle (PT-CP 
distance) 

Also, standardised digital clinical photographs 
were taken for the eligible deficient papillae for the 
baseline measurement of the surface area of black 
triangles. Then, the patient allocation was revealed, 
whether to the intervention group (HA group) or 
control group (saline group) and patients were ready 
to receive their first injection.  

Every injection procedure starts with the 
administration of short-acting local anaesthesia using 
infiltration technique. The deficient papilla was 
injected with 0.1 mm of HA gel or saline solution using 
a 30-gauge disposable insulin syringe. Hyaluronic 
acid and saline were pre-loaded in insulin plastic 
syringes before injection for patient blinding. The 
needle was inserted 2-3 mm apical to the tip of the 
interdental papilla and directed coronally with an 
angulation of 45° to the long axis of the tooth, and the 
bevel directed apically (Figure 2). Then, the papilla 
was lightly moulded in an incisal direction for 1 minute 
using gauze. Finally, post-injection instructions were 
prescribed where 24-hour abstinence from 
mechanical plaque control in the area and the use of 
mouthwash twice daily only was advocated. The use 
of a soft toothbrush, together with the use of 
mouthwash, was indicated after the first 24 hours. 
Routine mechanical oral hygiene was resumed after 2 
weeks. 

 

Figure 2: Injection technique 

 

In the follow-up phase, patients were recalled 
after 3 and 6 months from the first injection where 
clinical re-measurement of the black triangles and 
standardised digital clinical photographs were retaken. 

  

Calculation of the surface area of black 
 triangles 

The surface area of the black triangle (SABT) 
was assessed using standardised digital clinical 
photographs analysed by an image analysis program 
(Photoshop Cs 5, Adobe Systems, San Jose, CA, 
USA). The surface area of the black triangle was 
assessed from the photographs taken at baseline 
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(before injection), 3 and 6 months from the first 
injection.  

Clinical photographs were obtained with the 
same digital camera (Nikon D5100 DSLR) mounted 
on a ring flashlight, using the same lens (Sigma Macro 
105mm F2.8 EX) and the same focal length. The 
photographs were taken under the same lightning 
conditions and camera settings. The patients were 
sitting in an upright position, looking straight ahead. 
The Frankfort plane of the patient as well as the 
camera lens was positioned parallel to the ground. 
The photographs were captured perpendicular to the 
teeth adjacent to the deficient papilla. Strict care was 
taken to ensure that the same up-down and right-left 
shooting positions were reproduced at different time 
intervals.  

For analysis, the photographs were imported 
to Photoshop CS5. The contrast of each photograph 
was adjusted to ensure that the borders of the black 
triangle were distinct. This was achieved by turning 
the area of the black triangle into completely black 
while the rest of the image turned white. The physical 
size corresponding to a pixel is different on 
photographs taken at different times. To reduce errors 
based on magnification, a 10 mm William's graduated 
periodontal probe was used as a scale for calibration 
to calculate the pixels value to be converted into mm. 
Then the base and height of the black triangle were 
measured in mm. The surface area of the black 
triangle (in mm

2
) was calculated using the formula (0.5 

X height X base) [12]. 

 

Assessment of Patients' Satisfaction 

At the end of the 6 months follow up period, 
patients' satisfaction about their esthetic appearance 
was assessed using visual analogue scale (VAS) 
ranging from 0 to 100 (0= unsatisfied/ worst 
imaginable appearance, 100= very satisfied/best 
imaginable appearance) [15]. Clinical photographs 
taken before the injection procedures were shown to 
every patient to compare between the pre and post-
injection appearance. The patient then filled in a 
printed VAS for patient satisfaction assessment. 

 

Statistical analysis 

Numerical data were explored for normality by 
checking the distribution of data using tests of 
normality (Kolmogorov-Smirnov and Shapiro-Wilk 
tests). Age and distance between the contact point 
and bone crest (CP-BC) data showed normal 
(parametric) distribution while height (PT-CP distance) 
and surface area of black triangle and satisfaction 
scores data showed non-normal (non-parametric) 
distribution. Data were presented as mean ± standard 
deviation (SD) values. For parametric data, Student’s 
t-test was used to compare between mean age and 
CP-BC distance values in the two groups. For non-

parametric data; Mann-Whitney U test was used to 
compare between the two groups. Wilcoxon signed 
rank test, and Friedman’s test was used to study the 
changes by time within each group. Dunn’s test was 
used for pair-wise comparisons between the follow-up 
times when Friedman’s test was significant. 

Qualitative data were presented as 
percentages. Fisher's exact test was used for 
comparisons regarding qualitative data. The 
significance level was set at p ≤ 0.05. Statistical 
analysis was performed with IBM SPSS Statistics 
Version 20 for Windows, USA. 

 

 

Results  

 

The present study was conducted on 8 
patients; 4 patients (1 male and 4 females) with 16 
deficient papillae in the HA group and 4 patients (1 
male and 4 females) with 14 deficient papillae in the 
saline group. 

 

Demographic results 

The mean age of the patients was 32.55 ± 9.3 
years. There was no statistically significant difference 
between mean age values (p = 0.718) or gender 
distributions (p = 1.000) between both groups.  

 

The height of the black triangle results 

The measurements of the height of the black 
triangle reported that there was no statistically 
significant difference between the two groups either at 
baseline (p = 0.718), after 3 months (p = 0.640) or 6 
months (p = 0.355).  

In HA group; there was a statistically 
significant decrease in PT-CP distance measurements 
after 3 months (p ˂ 0.001). From 3 to 6 months, there 
was no statistically significant change in PT-CP 
distance measurements. However, the mean PT-CP 
distance measurements after 6 months showed a 
statistically significant lower value than baseline 
measurements. Meanwhile, in the saline group, there 
was no statistically significant change in PT-CP 
distance measurements along the study periods (p = 
0.223). Comparison between changes in PT-CP 
distance in the two groups showed that from baseline 
to 3 months; HA group showed a statistically 
significant higher mean decrease in PT-CP distance 
than the saline group (p = 0.025). From 3 to 6 months, 
there was no statistically significant difference 
between the two groups (p = 0.822). From baseline to 
6 months; HA group showed a statistically significant 
higher mean decrease in PT-CP distance than the 
saline group (p = 0.047). 
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The surface area of the black triangle 
 (SABT) results 

The measurements of the SABT presented 
that there was no statistically significant difference 
between the two groups either at baseline or after 3 
months. After 6 months, the HA group showed 
statistically significantly lower mean SABT 
measurements than the saline group. In HA group; 
there was a statistically significant decrease in SABT 
measurements after 3 months (p ˂ 0.001). From 3 to 6 
months, there was no statistically significant change in 
the measurements. However, the mean SABT 
measurements after 6 months showed a statistically 
significant lower value than baseline measurements. 
While in the saline group, there was no statistically 
significant change in the measurements (p = 0.811). 
From baseline to 3 months; HA group showed a 
statistically significant higher mean decrease in SABT 
measurements than the saline group. From 3 to 6 
months, there was no statistically significant difference 
between the two groups. From baseline to 6 months; 
HA group showed a statistically significant higher 
mean decrease in SABT measurements than the 
saline group. 

 
Figure 3: Hyaluronic acid group; A) BT at baseline; B) BT at 3 
months; C) BT at 6 months 

 

Comparison between percentages (%) of 
change in SABT in the two groups showed that from 
baseline to 3 months; HA group showed statistically 
significant higher mean % decrease in the area than 
in the saline group (p ˂ 0.001). From 3 to 6 months, 
there was no statistically significant difference 
between the two groups (p = 0.224). From baseline to 
6 months; HA group showed a statistically significant 
higher mean % decrease in SABT than saline group 
(p ˂ 0.001). 

Correlation between changes in PT-CP 
distance and the SABT values revealed that from 

baseline to 3 months; there was a statistically 
significant direct (positive) correlation between 
changes in PT-CP distance and changes in SABT (p ˂ 
0.001). A decrease in changes in PT-CP distance is 
associated with a decrease in SABT measurements 
and vice versa. From 3 to 6 months, there was no 
statistically significant correlation between the two 
variables (p = 0.07). From baseline to 6 months; there 
was a statistically significant direct (positive) 
correlation between changes in PT-CP distance and 
changes in SABT (p = 0.001). A decrease in changes 
in PT-CP distance is associated with a decrease in 
SABT and vice versa. Figures 3 and 4 illustrate 
standardised clinical photographs and photo analysis 
at baseline, 3 and 6 months of HA case and saline 
case, respectively. 

 
Figure 4: Saline group; A) BT at baseline; B) BT at 3 months; C) BT 
at 6 months 

 

The patients' satisfaction results 

Regarding patients' satisfaction about the 
esthetic appearance, results of the present study 
observed that the HA group showed statistically 
significant higher mean satisfaction score than the 
saline group after 6 months (p = 0.002). Results of the 
present study are illustrated in Table 1. 

Table 1: Change in height and percentage of change in surface 
area of black triangles over time and satisfaction score after 6 
months 

Change in 
height (PT-
CP) 
of BT 

Time HA group 
(n = 16) 

Saline group 
(n = 14) 

p-value 

Baseline - 3 months -0.31± 0.25 -0.07± 0.18 0.025* 
Mean ± SD 

3 months - 6 months -0.06 ± 0.17 0.04 ± 0.13 0.822 
Mean ± SD 

Baseline - 6 months -0.25 ± 0.26 -0.03 ± 0.13 0.047* 
Mean ± SD 

Percentage 
of change in 
surface area 
of BT 

Baseline - 3 months -36.5 ± 24.4 -0.9 ± 10.6 < 0.001* 
Mean ± SD 

3 months - 6 months -11.8 ± 30.3 0.9 ± 8.9 0.224 
Mean ± SD 

Baseline - 6 months -45.0 ± 28.5 -2.0 ± 11.4 < 0.001* 
Mean ± SD 

Satisfaction 
score 

6 months 45 ± 12.65 27.86 ± 12.51 0.002* 
Mean ± SD 

*Significant: Significance level was set at p ≤ 0.05. 
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Discussion 

 

This randomized clinical trial aimed to assess 
the effect of injection of HA gel compared to a saline 
solution as a placebo for the reconstruction of 
deficient interdental papilla. This was presented as the 
change in height (PT-CP distance) and percentage of 
change in surface area of a black triangle; both 
measured at baseline, 3- and 6-months intervals. 
Since patients' reported outcomes are of paramount 
importance these days, patients' satisfaction of their 
final esthetic appearance was also assessed after at 
the end of the study using a visual analogue scale 
(VAS). 

Changes in the height of black triangles (PT-
CP distance) over time in the present study were 
compared between the HA and saline groups. A 
statistically significant higher mean decrease in PT-
CP was observed in favour of the HA group at 
baseline, 3 and 6 months. These results are in 
contrast with the findings reported by Bertl et al., [2]. 
They reported no statistically significant difference 
between the two groups over time. Their results may 
be justified by the use of a gel with different HA 
concentration, different injection technique and the 
position of the papillary defects adjacent to implants. 
Such defects have different histological features 
compared to defects adjacent to natural teeth. 

The mean percentages of reduction in black 
triangle surface area in the HA group in the present 
study were 36.5 ± 24.4% and 45.0 ± 28.5% from 
baseline to 3 months and from baseline to 6 months 
respectively. These results are consistent with a 
previously conducted study [11] who reported mean 
percentages of reduction of 29.52 ± 18.72% in the 
period of baseline to 3 months and 47.33 ± 20.20% in 
the period of baseline to 6 months. In agreement with 
the present study, the mean percentage of reduction 
in another study performed by Awartani and Tatakis 
[12] was 41 ± 37% after 6 months. A case series [10] 
also reported a mean reduction percentage of 91.1 ± 
11.99% after 25 months to follow up following HA 
injection. They did not provide any data on SABT at 
baseline but only recommended the injection of HA 
gel on small papillary defects. The higher percentage 
of reduction in their study is most likely attributed to 
the smaller black triangles size at baseline, and the 
longer follows up period. Also, another case series [4] 
recorded a mean reduction percentage of 92.55% ± 
13.46% after 6 months. The mean surface area at 
baseline in their study was nearly 3 times smaller than 
the mean surface area at baseline in the present 
study. Moreover, the higher percentage of papillary fill 
in their study might be due to the use of a different HA 
gel with higher HA concentration and the higher 
number of injections. 

In the present study, results reported that HA 
group showed statistically significant higher mean 
satisfaction scores than the saline group. This goes in 

parallel with the statistically significant papillary fill 
observed in the HA group. These results are in 
agreement with a study conducted in 2015 [12] who 
evaluated the patients' satisfaction in which 7 out of 9 
patients were satisfied with their smile and the 
papillary fill, and 6 of them would choose to repeat the 
procedure. On the contrary, a previous study [2] found 
no statistically significant difference in VAS scores of 
patient's satisfaction after 6 months between the HA 
and saline groups at any time point or within the 
groups over time. This is consistent with the fact that 
no difference in papillary fill was found between the 
two groups. 

Although no complete papillary fill was seen in 
the HA group in the present study, the HA group 
showed higher satisfaction scores than the saline 
group. The satisfaction level of the aesthetic 
appearance is a subjective outcome seen in different 
perspectives. The use of HA-based gel caused a 
statistically significant increase in papillary fill; yet, 
incomplete papillary fill may somehow limit its clinical 
significance. The most critical pre-treatment 
determinant of complete papillary reconstruction is the 
size of the papillary defect before treatment. The 
choice of the eligible defects in the present study was 
dependent upon the distance between the CP-BC and 
the papillary classification according to Nordland and 
Tarnow [13]. This classification gives no highlights on 
the importance of the width and area of the black 
triangle at baseline. Complete papillary fill could be 
achieved in small papillary defects [10] and with 
increased number of injections [4]. 

In conclusion, within the limitations of this 
study, the use of commercially available hyaluronic 
acid gel for the treatment of interdental papillary 
deficiency was effective with promising levels of 
patients' satisfaction. This trial paves the way for a 
series of future studies to determine the appropriate 
protocol of injection and to identify the pre-treatment 
determinants for better outcomes. Further long-term 
studies should be conducted with larger sample size 
using higher HA concentrations with increasing the 
number of injections. 
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Abstract 

BACKGROUND: Intrusion of maxillary incisors is the treatment of choice to correct deep bite problem in gummy 
smile patients.  

AIM: The objective of this study was to compare the effectiveness and efficiency of miniscrew-supported intrusion 
versus intrusion arch for treatment of deep bite. 

METHODS: The study sample consisted of 30 post pubertal patients (21 females and 9 males) with an age range 
from 17 to 29. They were divided into 2 groups (15 subjects in each group). Group 1 underwent maxillary incisor 
intrusion using miniscrews, and in group 2 intrusive arch was used. Pre and post-treatment lateral cephalometric 
x-rays and study models were made to evaluate the demo-skeletal effects. During the study period, no other 
intervention was attempted. Paired t-test was used to study the changes after treatment. 

RESULTS: The mean amount of overbite correction was 2.6 ± 0.8 (0.49 mm per month) in the miniscrew-
supported intrusion group and 2.9 ± 0.8 (0.60 mm per month) in the intrusive arch group. No statistically 
significant difference was found in the extent of maxillary incisor intrusion between the two systems. The two 
intrusion systems were statistically different in the extent of incisor proclination, as an intrusive arch group tended 
to proline upper incisors more than miniscrews-supported intrusion group. 

CONCLUSION: Both systems successfully intruded the 4 maxillary incisors almost with no loss to the sagittal and 

vertical anchorage, although intrusive arch tended to proline upper incisors significantly. 

 
 
 
 
 

Introduction 

 

Deep overbite has been considered as one of 
the most common malocclusion problems that are 
difficult to be treated and retained. Correction of the 
deep bite is often a main objective of the orthodontic 
treatment because of its potentially detrimental effects 
on periodontal health, temporomandibular joint 
function, as well as esthetics. Prevalence of deep 
overbite was found to be 21% to 26% in the normal 
population, and about 75% in orthodontic patients [1], 
[2]. 

Extrusion of posterior teeth is one of the most 
common methods to correct deep bite in growing 
patients [3]. The intrusion of upper and/or lower 
incisors is a desirable method to correct deep bite in 
many adolescents and adult patients [4]. Flaring of 
incisors may be effective for the correction of mild to 

moderate deep bite. Relative intrusion is the treatment 
of choice for adolescents [5].  

Maxillary incisor intrusion is the treatment of 
choice in non-growing patients to correct deep bite 
and gummy smile caused by super-eruption of 
maxillary incisors [6], [7]. Three treatment modalities 
were proved to effectively decrease deep overbite by 
intruding upper incisors: J-hooks headgear, intrusion 
arches and miniscrew system. However, the intrusion 
effect of J-hooks headgear may vary since it depends 
upon patient cooperation [8]. Although, intrusive 
arches are an alternative in wide spread use; 
undesirable side effects such as extrusion of posterior 
teeth and flaring of anterior teeth may compromise 
their efficiency [9]. 

The intrusive arch fabricated with TMA wire 
was found to exert the lowest force compared to utility 
arches of St.St. and Eligiloy [10], [11]. Recently, 
miniscrews were used to provide anchorage for 
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intruding maxillary incisors by application of force 
close to the centre of resistance with no counteractive 
movement in molars. However, extra cost, patient 
tolerance and looseness of the screw during treatment 
may compromise their use [12], [13]. 

Since the comparative clinical performance of 
the intrusive arch and miniscrew-supported intrusion 
has not previously been reported, the objective of this 
study was to compare the effectiveness and efficiency 
of these two treatment modalities for maxillary incisor 
intrusion. 

 

 

Material and Methods 

 

 The sample was selected from the population 
who sought orthodontic treatment at the outpatient 
clinic, Department of Orthodontics, Faculty of Oral and 
Dental Medicine, Beni-Suef University. Thirty post 
pubertal patients (21 females and 9 males) with deep 
bite and age range from 17 to 29 years participated in 
this study. The inclusion criteria for selection of both 
treatment groups were the following: post pubertal 
patients (as verified from their CVM [14]) with age 
more than 17 years, Class I or Class II malocclusion, 
excessive gingival display on smiling, 4 mm overbite 
or greater and super-eruption of maxillary incisors. 
While the exclusion criteria were: having missing teeth 
on the anterior maxillary area, any history of trauma or 
root canal treatment, previous orthodontic treatment, 
and having any hormonal disorder or syndromes. The 
detailed case history was taken for each patient. 
Clinical examination and an individualised diagnostic 
chart were made. The study was approved and 
supported by the medical, scientific ethics committee 
of Cairo University. A consent form was obtained from 
all the patients and/or parents after an explanation of 
the purpose of the study. 

Table 1: Demographic data 

Parameters 
Miniscrew 

(n=15) 
Intrusive arch 

(n=15) 
P-value 

Age (Years)  
Mean ± SD 

 
19.5 ± 2.5 

 
22.6 ± 5.3 

 
0.057 

Gender n (%) 
Male 
Female 

 
3 (20) 
12 (80) 

 
6 (40) 
9 (60) 

 
0.232 

Treatment duration 
(Months)  
Mean ± SD 

 
 

5.3 ± 1 

 
 

4.8 ± 1 

 
 

0.152 

*: Significant at P ≤ 0.05 

 

This prospective clinical trial compared two 
non-compliance, segmented mechanics for treatment 
of deep overbite; Miniscrews-supported intrusion and 
intrusive arch. According to the treatment modality 
used, the participants were randomly allocated to the 
two groups. Group 1: maxillary incisor intrusion using 
miniscrews and group 2: maxillary incisor intrusion 
using intrusive arches. 

The appliance used was a pre-adjusted 
edgewise Brackets (0.022” x 0.028”) slot size and 
Roth prescription (series2000; Ormco, Glendora, 
Calif). The posterior anchor unit was supported by a 
transpalatal arch with wire diameter (0.04”) and 
cemented to the first maxillary molar. The alignment 
was carried out in the upper arch using 0.016” and 
then (0.016” x 0.022”) nickel-titanium wires and 
followed by (0.016” x 0.022”) St.St. I was stabilizing 
arch wire (Ormco). After alignment, the brackets of the 
4 maxillary incisors were laced by ligature wire, and 
the stainless-steel wire was cut into two buccal 
segments and a maxillary anterior segment. 

In group1 intrusion of maxillary incisors was 
done using two miniscrews (Jeil medical Co., Seoul, 
Korea), 1.4 mm in diameter and 6 mm in length. The 
miniscrews were placed at the mucogingival junction 
distal to the maxillary lateral incisors. The miniscrews 
were loaded 2 weeks later with medium super-elastic 
nickel-titanium closed-coil springs (3M UnitekTM TAD 
constant force coil spring 3 mm medium force). A 
force of 100g was measured using a calibrated 
Dontrix gauge (Correx; Ortho Care, Saltaire, United 
Kingdom). 

 

Figure 1: Maxillary incisors intrusion using mini-screws (start of 
treatment) 

 

In group 2 intrusion of upper incisors was 
done using an intrusive arch that was fabricated using 
0.017” x 0.025” TMA (Ormco) wire and placed in the 
auxiliary slot of the maxillary bands. It was activated 
with a Tweed loop plier (Pin Tech Instruments, 
Sialkot, Pakistan) to produce an intrusive force of 100 
g as applied and measured using the same force 
gauge. 

 

Figure 2: Maxillary incisor intrusion using the intrusive arch (start of 
treatment) 
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Control appointments were scheduled every 4 
weeks, and the force level was checked at every 
appointment and adjusted whenever needed. No 
other treatment was performed until suitable overbite 
was achieved. Termination of the intervention was 
done after 6 months of treatment or if one of the 
following was observed 1) Reaching adequate 
overbite 2) Sever inflammation or miniscrews failure. 

The outcome measures that were evaluated 
were; the rate of intrusion, skeletal, dental and soft 
tissue effects. Also, patient tolerance and pain 
experience were evaluated using a questionnaire with 
pain assessed as mild, moderate or severe. 
Evaluation of the skeleton-dental changes was carried 
out using lateral cephalometric radiographs and study 
models. 

  

Figure 3: Dental and soft tissue measurements 

 

1. U1-VCP, 2. CR-VCP, 3. U6-VCP, 4. CR-
VCP, 5. U1PP, 6. CR-PP, 7. U1-HCP, 8. CR-HCP, 9. 
U6-PP, 10. CR-PP, 11. U6-HCP, 12. CR-HCP, 13. 
U1-PP0, 14. U1-SN0, 15. U1-HCP0, 16. U6PP0, 17. 
LS-Eplane, 18. LI-Eplane. 

 

 Statistical Analysis 

 A power analysis was designed to have 
adequate power to apply a 2-sided statistical test of 
the research hypothesis (Null hypothesis) that there 
was no difference between the two groups. Using 
alpha (α) level of 0.05 (5%) and Beta (β) level of 0.10 
(10%), i.e. power= 90%; the predicted minimum 
sample size (n) was 11 cases in each group. Over-

sampling was done to compensate for dropouts or any 
failures. After a 2-week interval, 15 study models and 
15 cephalograms were randomly selected and re-
measured by the same investigator for reproducibility 
of the measurements. Measurement error was 
assessed using Dahlberg’s formula:  Measurement 

error= ; Where (d) is the difference between the 
measurements and (n) is the number of duplicates. 
The errors were 0.28 mm for linear measurements 
and 0.5° for angular measurements in the lateral 
cephalometric radiographs. Also, it was 0.12 mm for 
the cast measurements. Numerical data were 
explored for normality using Kolmogorov-Smirnov and 
Shapiro-Wilk tests. Numerical data were presented as 
mean and standard deviation (SD) values. For 
parametric data; Student’s t-test was used to compare 
between the two groups. Paired t-test was used to 
study the changes after treatment in each group. For 
non-parametric data; Mann-Whitney U test was used 
to compare between the two groups. Wilcoxon signed-
rank test was used to study the changes after 
treatment in each group. Qualitative data were 
presented as frequencies and percentages. The 
significance level was set at P≤0.05. Statistical 
analysis was performed with IBM® SPSS® Statistics 
Version 20 for Windows. 

 

 

Results 

 

The total rate of intrusion was 2.6 ± 0.8 for 
miniscrews-supported intrusion group and 2.9 ± 0.8 
for the intrusive arch group. The monthly rate of 
intrusion was 0.49 mm/month for miniscrews-
supported intrusion group and 0.60 mm/month for 
Intrusive arch group. 

Table 2: Comparison between rates of intrusion in the two 
groups 

Parameters Miniscrew Intrusive arch P-value 

Treatment duration (months) 5.3 ± 1 4.8 ± 1 0.152 
Total rate of intrusion (mm) 2.6 ± 0.8 2.9 ±0.8 0.461 
Monthly rate of intrusion (mm) 0.49 0.60  

 

 There was no statistically significant 
difference between mean changes in skeletal 
measurements of the two groups. 

 The intrusive arch group showed statistically 
significantly higher mean an increase in U1-VCPmm, 
U1-PP°, U1-SN° and U1-HCP° than Miniscrew group. 
Miniscrew group showed a statistically significantly 
higher decrease in CR-PPmm than the intrusive arch 
group. 

Table 3: Comparisons between amounts of change in skeletal 

n

d

2

2
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measurements in the two groups 

Skeletal measurements Miniscrew 
Intrusive 

arch 
P-value 

 

Anteroposterior 
SNA (°) 

 
 

1 ± 4.7 

 
 

-0.1 ± 0.4 

 
 

0.967 
SNB (°) 0 ± 0 -0.1 ± 0.3 0.775 

ANB (°) -0.2 ± 0.4 -0.1 ± 0.3 0.539 

A-VCP (mm) -0.3 ± 0.4 -0.1 ± 0.4 0.567 

B-VCP (mm) 0 ± 0 -0.2 ± 0.5 0.775 

AB perpendicular to HCP  
 
Vertical 

-0.3 ± 0.6 -0.03 ± 0.1 0.512 

GoMe.SN (°) 0 ± 0 0.3 ± 0.6 0.367 

N-ANS (mm) -0.2 ± 0.5 0 ± 0 0.539 

ANS-ME (mm) 0.1 ± 0.3 0.3 ± 0.6 0.539 

ANS-HCP (mm) 0.1 ± 0.3 0 ± 0 0.539 

PNS-HCP (mm) 
 
Rotation 

0.1 ± 0.5 0 ± 0 0.775 

SN.PP (°) 0.1 ± 0.3 0 ± 0 0.539 

GoMe.PP (°) 0.1 ± 0.4 0.4 ± 1 0.148 

*: Significant at P ≤ 0.05. 

 

 There was no statistically significant 
difference between mean changes of other dental and 
soft tissue measurements in the two groups 

Table 4: Comparisons between changes in dental 
measurements in the two groups 

Dental Measurements Miniscrew Intrusive arch P-value 

 
Anteroposterior 
U1-VCP (mm)  

 
 

-1 ± 1.7 

 
 

1.8 ± 2.6 

 
 

0.002* 

CR-VCP (mm) -1.5 ± 0.9 -0.7 ± 1.4 0.174 

U6-VCP (mm) 0 ± 0 -0.3 ± 0.6 0.217 

Molar CR-VCP (mm) 
 
Vertical 

0 ± 0 0 ± 0 1.000 

UI-PP (mm) -2.9 ± 1.1 -2.4 ± 0.9 0.233 

CR-PP (mm) -2.3 ± 0.8 -1.6 ± 0.8 0.026* 

U1-HCP (mm) -2.9 ± 2 -2.8 ± 1.1 0.775 

CR-HCP (mm) -2.6 ± 1.9 -2.3 ± 1.8 0.187 

U6-PP (mm) 0 ± 0 -0.1 ± 0.3 0.775 

Molar CR-PP (mm) 0 ± 0 -0.03 ± 0.1 0.775 

U6-HCP (mm) 0 ± 0 -0.1 ± 0.4 0.775 

Molar CR-HCP (mm) 
 
Rotation 

0 ± 0 -0.3 ± 1.3 0.775 

U1-PP (°) 2.3 ± 5.7 7.9 ± 4.7 0.010* 

U1-SN (°) 2 ± 5.5 7.7 ± 4.7 0.006* 

U1-HCP (°) 2.2 ± 5.9 7.7 ± 4.2 0.013* 

U6-PP (°) 0.03 ± 0.1 -1 ± 1.5 0.098 

U6-SN (°) -0.1 ± 0.3 -0.8 ± 1.3 0.116 

U6-HCP (°) -0.1 ± 0.3 -0.7 ± 1.2 0.116 

*: Significant at P ≤ 0.05. 

 
The intrusive arch group showed statistically 

significantly higher mean an increase in overjet than 
Miniscrew group. There was no statistically significant 
difference between mean changes of other cast 
measurements in the two groups.  

 

 
Figure 4: Maxillary incisors intrusion using (left) miniscrews  and 
(right) intrusive arch 

Similarly, there was no statistically significant 

difference regarding patients’ tolerance to treatment 
between the two groups after treatment. 

Table 5: Comparisons between changes in soft tissue 
measurements in the two groups 

Soft tissue 
Measurements 

Miniscrew Intrusive arch P-value 

LS-E plane (mm)  -0.3 ± 0.6 -0.06 ± 0.7 0.345 

LI-E plane (mm) -0.1 ± 0.3 -0.2 ± 0.6 0.539 

*: Significant at P ≤ 0.05. 

 

 
 
 

Discussion 

 

Deep bite is a complex orthodontic problem 
that needs to be corrected. Maxillary incisor intrusion 
is recommended in non-growing patients with deep 
overbites, especially in those with a gummy smile [15]. 
The position of maxillary incisors, especially about the 
upper lip is a key factor in determining the type of 
treatment since overbite correction with maxillary 
incisor intrusion in patients with insufficient incisor 
display leads to flattening of the smile arc and reduces 
smile attractiveness [16], [17]. 

Table 6: Comparisons between changes in cast measurements 
of the two groups 

Cast Measurements Miniscrew Intrusive arch P-value 

Over bite (mm)  -2.6 ± 0.8 -2.9 ± 0.8 0.461 
Over jet (mm) -0.4 ± 1.2 1.4 ± 1.1 <0.001* 
Inter-canine width (mm) -0.6 ± 0.5 -0.4 ± 0.7 0.653 
Inter-molar width (mm) 0 ± 0 0 ± 0 1.000 

*: Significant at P ≤ 0.05. 

 

The only applied force was the maxillary 
incisor intrusion force to evaluate the genuine 
treatment efficiency of the two intrusion systems. It is 
suggested that an intrusive force should be constant, 
and low load-deflection mechanisms should be used 
during incisor intrusion [6].  

Table 7: Comparisons between patients’ tolerance of treatment 
in the two groups 

Tolerance Miniscrew Intrusive arch P-value 

n,  (%) 
Tolerance 
Pain, discomfort or 
inflammation 

 
10 (66.7) 
5 (33.3) 

 
6 (40) 
9 (60) 

 
0.143 

*: Significant at P ≤ 0.05. 

 
Different force ranges from 40 to 100 g have 

been used in recent literature. Steenbergen compared 
the effect of 40 g and 80 g [18]. Polat used 80 g [13], 
and Senisik used a range from 90 to 100g [19] while 
Deguchi et al. used 80-120 g [8]. 

Conventional intrusion-arch mechanics 
frequently cause labial tipping of the incisors, which 
does not always give favourable treatment outcomes 
[4], [9]. To minimise this effect, the forces were 
applied through the centre of resistance (CR) to 
intrude the teeth without producing any labial or 
lingual rotation.  The centre of resistance can be 



 El Namrawy et al. Intrusive Arch versus Miniscrew-Supported Intrusion for Deep Bite Correction  
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2019 Jun 15; 7(11):1841-1846.                                                                                                                                                 1845 

 

estimated to be located near the geometric centre of 
their root. In-vitro studies with different methods such 
as the laser reflection technique, holographic 
interferometry, photo-elastic stress analysis the finite 
element method [20] and in-vivo studies were 
performed to determine the CR of the incisors. All 
showed that the CRs of the 4 incisors lie 8 to 10 mm 
apically and 5 to 7 mm distally to the lateral incisors. 
By placing the screws laterally to the maxillary lateral 
incisors, the intrusive force could be applied close to 
the CR of the 4 incisors [21]. 

Segmented mechanics have been used in this 
trial as it was claimed to avoid any anterior torque. A 
system of this type is described as being statically 
determinate. 

Most of the previous studies used either the 
incisor crown tip or the apex for the evaluation of the 
amount of intrusion. If the attainment of true intrusion 
is the purpose of treatment, its evaluation should be 
made using the centre of resistance of the incisor. 
Only a few studies have incorporated the CR for the 
measurement of the amount of intrusion [13], [22], 
[23]. Therefore the CR of the maxillary central incisor 
was determined for each patient rather than for the 
anterior segment because of its ease of location and 
high reproducibility [13], [18]. It was taken as the point 
located at one-third of the distance of the root length 
apical to the alveolar crest.  

Two reference planes were constructed for 
measurement confirmation of dental movements. The 
first reference plane was the constructed horizontal 
plane (drawn 7

o 
to the SN plane) and the second was 

constructed vertical at the Sella point as the palatal 
plane could not be reliable due to its position near to 
the area of intrusion. Polat-ozsoy found that the 
palatal plane moved after intrusion [13]. 

Overbite correction was faster in the intrusive 
arch group since overbite reduction was obtained by 
both maxillary incisor intrusion and protrusion. 

Repeated measures showed no statistically 
significant intergroup difference in the value of 
maxillary incisor true intrusion. Mean amount of true 
intrusion in the group (1) was 2.6 ± 1.9 and in the 
group (2) 2.3 ± 1.8. These results are almost similar to 
Senisik in comparing miniscrews and Connecticut 
intrusive arch [10]. 

After intrusion, in the miniscrew group, there 
was a statistically significant decrease in mean U1-
VCPmm, CR-VCPmm, U1-PPmm, CR-PPmm, U1-
HCPmm, and CR-HCPmm that show that the 
maxillary incisors moved upward and backwards. The 
possible reason for the maxillary incisor retraction 
could be the direction of the intrusion force, which 
may be applied distal to the CR of the four incisors, 
these results agree with those of recent studies [8], 
[23]. Further, a comparison of this study with previous 
reports of incisor intrusion with miniscrews cannot be 
made because of the differences in the direction of 

force application and measurements. In this study 
miniscrews placed between laterals and canines 
resulting in over bite correction by 2.6 ± 0.8 mm while 
using a mini implant placed between the maxillary 
central incisors by Ohnishi et al. in obtained 3.5 mm of 
incisor intrusion relative to the maxillary incisor tip 
[12]. Kim et al. applied a segmental intrusion force 
between the maxillary central incisors [24].  

In the intrusive arch group, there was a 
statistically significant increase in mean U1-VCP mm, 
U1-PP

0
, U1-SN

0
, and U1-HCP

0
 measurements after 

treatment, showing incisors proclamation of 7.7
0
 with 

this intrusion mechanics. Kinzel et al found similar 
amounts of proclination during incisor intrusion with 
conventional mechanics [23]. The minimum amount of 
proclination shown in literature was by Weiland et al, 
using intrusion base arches [25]. However, 
Vansteenbergen et al found about 8

0 
of incisor 

proclination using the same arch [18].  

In contrast, Deguchi et al. achieved retrusion 
of maxillary incisors during maxillary incisor intrusion, 
which was at variance with the present study [8]. In 
their study, an additional force in the posterior 
direction was applied with the intrusive force; thus, 
during the intrusion, retrusion of maxillary incisors was 
obtained. According to the results of this study, 
maxillary incisor intrusion with miniscrews was 
effective in reducing the amount of protrusion. 

The overbite was significantly reduced with 
intrusive arch by 2.9 ± 0.8 mm and miniscrew 
treatment by 2.6 ± 0.8 mm. Over bite reduction in the 
intrusive arch was obtained by both maxillary incisor 
intrusion and protrusion. However, there was no 
statistically significant difference between the two 
groups in over bite reduction.  There was a statistically 
significant difference in over jet between the two 
groups after treatment. The intrusive arch group 
showed a significant increase in overjet while 
decreased in miniscrews group.  

First maxillary molars showed no significant 
changes in both groups. In miniscrew–supported 
intrusion there was no strain on the posterior segment 
while in intrusive arch group anchorage reinforcement 
was done due to the risk of distal molar tipping as 
recommended in intrusion mechanics. DeVincenzo 
and Winn used a Nance appliance with intrusion 
arches and minimised the amount of molar movement 
[26]. In the present study, the posterior anchorage unit 
was stabilised using dual mechanics; a heavy 
stainless steel arch wires and TPA to counteract the 
moments produced during incisor intrusion [27].  

Inter canine width significantly decreased in 
both groups, and that was one of the side effects of 
intrusion mechanics as mentioned by Burstone. Inter 
molar width was preserved in the present study using 
a passive transpalatal arch. 

The side effects in this study were minimal; 
two miniscrews were loosened in the first month of 
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orthodontic force loading. These were replaced 
immediately, although, there was no statistically 
significant difference concerning patient’s tolerance 
between the two groups. Clinically patients in the 
intrusive arch group reported more discomfort than 
miniscrews group.  

The selection of either miniscrew-supported 
intrusion or intrusive arch must depend on the 
diagnosis, treatment objectives and substantiated with 
evidence. According to the result of this study, 
maxillary incisor intrusion with miniscrews was 
effective in reducing the amount of protrusion. Hence 
advocated in patients with deep bite and proclaimed 
incisors while intrusive arch may be recommended in 
patients with excessive over the bite and retruded 
incisors. 

In conclusion, Both intrusion arches and 
miniscrews’ supported intrusion were effective in 
reducing deep overbite with a total amount of upper 
incisors’ intrusion of (2.6 ± 0.8 mm) and (2.9 ± 0.8 
mm) respectively. Selection between the two 
techniques should be based on the pretreatment 
maxillary incisors’ position as intrusion arches may 
result in a further increase in incisors’ inclination 
contrary to miniscrews’ supported intrusion. 
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Abstract 

BACKGROUND: Low-level laser therapy (LLLT) in the early stage of bone healing was demonstrated as a 
positive local biostimulative effect. It was also shown that platelet-rich fibrin (PRF) and nanohydroxyapatite 
alloplast (NanoHA) are effective in treating periodontal intrabony defects.  

AIM: The study aimed to evaluate the combined effects of LLLT (810 nm), PRF and NanoHA on induced 
intrabony periodontal defects healing.  

MATERIAL AND METHODS The study was conducted on 16 defects in 8 adult male rabbits (n = 16) divided into 
4 groups; Control non-treated group (C), laser irradiated control group (CL), PRF+NanoHA graft (NanoHA-
Graft+PRF) treated group and laser irradiated and treated group (NanoHA-Graft+PRF+L). CT radiography was 
made at baseline, 15 and 30 days later. The defects were induced in the form of one osseous wall defects of 10 
mm height, 4 mm depth between the 1

st
 and the 2

nd
 molars using a tapered fissure drill coupled to a high-speed 

motor. Statistical analysis was done using ANOVA.  

RESULTS: (NanoHA-Graft+PRF+L) group significantly produced bone density higher than C, CL and NanoHA-

G+PRF alone.   

CONCLUSION: The combination of LLLT+PRF+NanoHA as a treatment modality induced the best results in bone 
formation in the bone defect more than LLLT alone or PRF+NanoHA alone. 

 
 
 
 
 
 

Introduction 

 

 Periodontitis is a chronically multifactorial 
inflammatory disease related to dysbiotic plaque 
biofilms and characterised by the gradual destruction 
of dental supportive apparatus [1]. It is caused by 
specific microorganisms resulting in progressive 
destruction of the periodontal ligament [PDL] and 
clinical attachment loss (CAL) or alveolar bone with 
pocket formation, recession or both [1], [2], [3], [4]. 

 Periodontal therapy's general objectives 
include 1 — prevention of primary and secondary 
periodontal diseases through infection and 
inflammation control and 2. The maintenance or 
improvement of all supporting structures and tissues 
(gingivae, PDL], cement and alveolar bone), in health 

and function, comfort and aesthetic [5]. 

 Periodontal regeneration is a complex 
multifactorial process involving biologic events like cell 
adhesion, migration, proliferation, and differentiation in 
a composed sequence. Regenerative periodontal 
procedures [6], [7], [8] include soft tissue grafts, bone 
grafts, root biomodifications, guided tissue 
regeneration [GTR], laser biostimulation and 
combinations of these procedures.  

 After Maiman had introduced the first actual 
laser system in 1960, [9] the laser was introduced in 
dentistry than in periodontology and divided into high-
level laser [HLL] and Low-Level laser [LLL]. 

 Recently, LLLT has been used as a bio-
stimulator for tissue repair, as it helps to improve local 
circulation, cell proliferation and collagen synthesis 
[10], [11], [12]. 
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 At the cellular level, LLL induces biochemical, 
bioelectric and bioenergetic improvements, leading to 
increased metabolism, mitotic activity of epithelial 
cells, fibroblasts cell proliferation and maturation, 
collagen construction, granulation tissue increase, 
decrease of inflammatory mediators, triggering the 
healing process through changes in capillary density 
and stimulation of local microcirculation [13], [14], [15]. 

 In some studies, on new bone formation, it 
was stated that the laser's biostimulation effect is not 
only due to its specific characteristics but also to the 
development of a series of local conditions that 
accelerate the bone formation and oedema resolution 
[16]. 

 This study aimed to evaluate the effect of 
LLLT in combination with Nano-HA bone graft and 
autologous PRF compared to the effect of the 
combined treatment of Nano-HA bone graft and 
autologous PRF on induced periodontal intrabony 
defects in rabbits as experimental animal models. 

 

 

Material and Methods 

 

 Preparation of animals 

 After Experimental Animal Research Ethics 
committee approval (Cu/I/F/11/19), This study was 
done over 16 intrabony defects in 8 adult male rabbits, 
aged 7-8 months and with an average body weight 
more than 2.5 kg. Before the procedures, all rabbits 
were separated from each other, then acclimatised in 
the laboratory environment for 5 days. They were fed 
by a special, pelleted commercial diet. They were 
anaesthetised using general anaesthesia with 
Subcutaneous injections of Ketamine and Xylazine 
HCl.  

 
 Experimental groups and induction of 
 periodontal defects 
 The study included preparation of 16 
periodontal defects at the region of interest [ROI] that 
were grouped (4 defects in each group) as follows;  

 I) control group [C group]: the induced defects 
were left without adding any materials nor irradiated 
by laser therapy.   

 II) control laser group [(CL) group]: the 
induced defects were irradiated by Laser only.  

 III) the treated group (G+PRF): the induced 
periodontal defects were induced then treated by 
adding the graft material and PRF without laser 
irradiation.  

 IV) the test group (L+G+PRF): the induced 
defects were irradiated by laser after adding graft and 
the PRF to the defects. 

 These 4 groups were distributed randomly in 
rabbits where each group contains 2 rabbits(4defects) 
as follows: 

 Group 1 (Rabbits 1&2) the right-side defects 

were [C group] while the left side defects were 

[(CL)-group].  

 Group 2 (Rabbits 3&4), the right-side defects 

were [C group] while the left side defects were 

[(G+PRF)-group].   

 Group 3 (Rabbits 5&6) the right-side defects 

were [(G+PRF)-group] while the left-side 

defects were [(L+G+PRF)].  

 Group 4 (Rabbits 7&8); the right-side defects 

were [(CL)-group], while the left-side defects 

were (L+G+PRF).  

 The surgical field was prepared for the 
surgical intervention by being shaved carefully, then 
sterilised using ethanol 70%. A 5 cm rostro-caudal 
full-thickness incision was made in the skin and the 
underlying muscles for exposure of the ROI, which is 
the interdental area between the mandibular 1

st
 and 

2
nd

 molars of all rabbits without vertical incisions.  

 After retraction of the flap corono-apically, 1- 
osseous-wall defect [17], [18] was then induced by 
exposing the distal surface of distal root of the 1

st
 

molar and mesial surface of mesial root of the 2
nd

 
molar with the aid of a stopper-premeasured tapered 
FG drill coupled to a high-speed motor with copious 
physiological saline irrigation.  

 The defect presented the following measures: 
10 mm corono-apical (measured from the cemento-
enamel junction to the most apical edge of the defect) 
and 4 mm deep (buccolingual direction) measured 
from the surface of the alveolar bone to the lingual 
surface of the defect. The exposed roots were 
curetted using Gracey curette G5/6 to remove the 
Sharpey’s fibres of the periodontal ligament and 
cementum. 

 

Figure 1: Defect induction 
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 PRF preparation 

 To prepare PRF, five-millilitre blood samples 
were collected from each rabbit before sedation using 
capillary tubes from the inner canthus of the eye into 
syringes without anti-coagulants then centrifuged at 
30.000 RPM for 15 min. PRF was picked up and 
compressed between 2 sterile glass slides to form a 
thin membrane and divided into 2 pieces; one was 
used as a membrane, and the other was cut into 
pieces to be mixed with the Nano-HA reinforced 
Fisiograft.  

 

 Defects treatment 

 Some periodontal defects were filled with the 
mix of FISIOGRAFT NanoHA-reinforced bone graft 
and PRF and then covered by PRF membrane 
according to the group.  

 

Figure 2: Filling the defect with the mix of NanoHA+PRF 

  

 The laser was applied before flap closure 
according to the blinding procedures using Diode 
laser –[GaAlAs] 810 nm- in a continuous mode of 
power 100 mW for 180 sec to get 18 J. with delivery 
tip 0.35 cm radius and 0.385 cm

2
 area. Energy density 

applied was about 46.8 J/cm
2
. The flap was 

repositioned after suturing the muscles with simple 
interrupted pattern with 3-0 Vicryl while the skin was 
sutured with 3-0 Silk. The wound was left undressed 
to the open environment. The laser then was applied 
daily for 5 consecutive days postoperatively according 
to the blinding procedures. 

 

 Postoperative management and 
 assessment 

 Baseline CT radiography was operated and 
repeated on the living rabbits at the 15

 
and 30 days 

later. The rabbits were then housed in an individual 
cage. The room was maintained at 22˚ relative 
humidity and a 12-hour light-dark cycle. Food and 
water were provided ad libitum. Postoperative 

analgesic (Diclofenac Sodium) was taken once daily 
for 3 days S.C 10 mg/kg. Postoperative antibiotic 
(Ceftriaxone) was taken once daily for 3 days S.C. 25 
mg/kg. 

 Laser device was operated daily to each 
rabbit in 4 sessions (2 to the right side and 2 to the left 
side) of 90 seconds every session where; 

˗ In group 1and 3, the device was adjusted to 
the non-laser mode for the right side and adjusted to 
laser mode for the left side. 

˗ In group 2, the device was adjusted to the 
non-laser mode for the right side and the left side. 

˗ In group 4, the device was adjusted to laser 
mode for the right and the left sides. 

 

Figure 3: Laser biostimulation 

 

 CT radiographs were taken for the live 
animals at baseline, 15 and 30

 
days later.  

 The collected data were analysed statistically 
using SPSS (version 20), and Excel 2013 programs 
were used for data analysis. Mean, and standard 
deviation of quantitative data was estimated. Bone 
density at baseline, 15

th
 and 30

th
 days were analysed 

with ANOVA test to determine the differences within 
each group and between groups at different 
observation periods. The significance (σ) level was set 
at P ≤ 0.05. 
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Figure 4: CT radiography for the rabbit 

 

 

 Randomisation and blinding procedures 

 For randomisation, the rabbits were 
numbered and randomly allocated in the groups (1, 2, 
3, 4). 

 

Figure 5: Baseline CT radiography of one of (G+PRF+L) group 

rabbits 

 

 For blinding procedures: Triple blinding was 
applied where all surgical procedures were performed 
by the periodontist researcher. Laser device was 
adjusted by the main operator and operated blindly by 
another clinician. The CT radiography was operated 
by a technician and analysed by a radiologist who 
didn’t know the group allocation of the defect. The 
statistician also didn’t know the treatment modality of 
each group. 

 

 

Results 

 

 Differences in bone densities within each 
 group at different time intervals 

 Changes in mean bone density of ROI in 
different groups are presented and compared at 
different observation periods (Table 1). 

 

Figure 6: 15
th
 day CT radiography of one of (G+PRF+L) group 

rabbits 

 

 All treatment groups showed increased bone 
density after 15 and 30 days. Only the (C) group 
showed a non-significant increase after 15

 
and 30

 

days compared to baseline. While the groups (CL), 
(G+PRF) and (G+PRF+L) showed significant increase 
after 15 days compared to the baseline (P= 0.00 , P= 
0.00 and P= 0.00 respectively) and also showed 
significant increase after 30 days compared to the 
baseline (P= 0.00 , P= 0.00 and P= 0.00 respectively). 
Only (G+PRF+L) group showed a significant increase 
in bone density from the 15

th
 day to the 30

th
 day (p= 

0.026). 

 

Table 1: Comparison between groups and between time 
intervals within each group 

 Mean values P- value 

 C G+ PRF C L G+PRF+L 
CL: 
C 

GPRF:C 
G+PRF+L: 
G+PRF 

G+PRF+L: 
CL 

G+PRF+L: 
C 

(0) 
149.67± 
159.13 

165 ± 
187.1 

147.48± 
177.77 

243.12 ± 
189.55 

1.0 0.293 0.0049 * 0.209 0.208 

15th 
day 

356 ± 
534.81 

644.1 ± 
289.7 

465.06± 
180.55 

749.74 ± 
244.15 

0.77 0.072 0.771 0.049* 0.0023* 

15: 0 0.98 0.00 0.00 0.00      

30th 
day 

391.25± 
151.79 

648.7± 
273.2 

564.67± 
410.87 

1061.94± 
624.46 

0.87 0.485 0.026* 0.083 0.0036* 

30: 0 0.166 0.00 0.00 0.00      

30: 15 0.967 0.998 0.598 0.026      

 

 

 Differences between groups bone density 
 at baseline 

At baseline, there was a significant difference in bone 
density of ROI between group (G+PRF+L) and 
(G+PRF) and between (G+PRF) and (CL) group (P = 
0.049) and (P = 0.022). 

  

Figure 7: 30
th
 day CT radiography of one of (G+PRF+L) group 

rabbits 
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 Changes between groups in bone density 
 after 15 days 
 After 15 days, there was a significant 

difference between (G+PRF+L) and (C) and between 
(G+PRF+L) and (CL); P= 0.002 and 0.049 
respectively. 

 

 

 
 
Figure 8: Baseline CT radiography assessment of one of (G+PRF+L) group rabbits 

 

 
 Changes between groups in bone density 
 after 30 days 
 After 30 days, there was a significant 
difference between (G+PRF+L) and (C) and between 
(G+PRF+L) and (G+PRF); P-value = 0.004 and 0.027 
respectively. 

 
Figure 9: Bone Density in animal groups throughout time intervals; 

baseline, after 15 days & 30 days 

 
 
 
 

Discussion 
 
 The effects of LLLT and a combination of PRF 
and Nano-HA graft on bone healing were evaluated in 
the current experimental study.  

 There is no experimental study to our 

knowledge that has evaluated the combined effect of 
LLLT, PRF and Nano-HA graft on bone healing. A few 
potential limitations are needed to be considered 
before reaching conclusions based on the present 
results. Although the methodology of the current study 
can be applied in various settings, these results were 
applied exclusively to experimental animal studies and 
mayn’t be considered generalizable.  The present 
study was conducted on 16 defects. Our findings, 
however, were consistent and coherent, indicating the 
study's external validity strongly. 

 One of the challenges of clinical and 
experimental research is to develop the bioactive 
surgical additives used to regulate inflammation and 
increase the speed of the healing process. PRF 
consists of an autologous leukocyte-platelet-rich fibrin 
matrix composed of a tetramolecular structure with 
cytokines, platelets and stem cells within it, acting as 
a biodegradable scaffold that promotes the 
development of micro-vascularization and can guide 
epithelial cell migration to its surface [2], [19], [20], 
[21], [22]. It has also been demonstrated that PRF is 
an effective treatment for periodontal intrabony 
defects. In 2013 Qi Li et al. reported that PRF 
enhances osteogenic lineage differentiation of 
alveolar bone progenitors more than of periodontal 
progenitors by augmenting osteoblast differentiation 
and mineralised nodule formation via its principal 
component fibrin [23]. Pripatnanont et al. in 2013 [24] 
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reported that PRF had a positive effect on bone 
formation when used alone or combined with 
autogenous bone. 

 When twenty patients were treated with 
nanocrystalline hydroxyapatite (NcHA) alone or with 
PRF in split-mouth study design, the results showed 
that the clinical advantages of NcHA bone graft in 
combination with PRF were superior to those of the 
NcHA alone [25], [26], [27].  

 In the present investigation, using PRF + 
Nano-HA as one of the treatment modalities in 
induced intrabony defects didn’t show significant bone 
formation compared to the control group whereas 
there were significant differences in bone density 
between after 15 and 30 days compared to baseline 
(p = 0.000, p = 0.000). This agrees with Elgendy 
[2015] et al. study [26]. 

 LLLT alone showed increased mitochondrial 
activity, synthesis of DNA / RNA in osteoblasts, cell 
viability, and alkaline phosphatase [16]. A recent 
experimental study showed that in the early stages of 
bone healing, LLLT had a positive local biostimulative 
effect [28]. 

 The results of the current study didn’t show 
statistical-significant improvements in bone healing 
after LLLT alone compared to the control group, 
whereas there were significant differences in bone 
density between 15 and 30 days of healing compared 
to baseline.  (p = 0.000, p = 0.000 respectively). 

 In large bone defects, LLLT has been used to 
accelerate healing [29]. Stimulating osteogenesis [30] 
is considered a non-invasive, safe technique.  

 In the present investigation, the combined use 
of PRF+Nano-HA+Laser as one of the treatment 
modalities for induced intrabony surgical defects 
showed a statistically significant increase in a bone 
density greater than in the control group after 15&30 
days (p = 0.002 and 0.004 respectively). And there 
were significant differences in bone density between 
15

th
 day compared to baseline, 30

th
 day compared to 

baseline and 30
th
 day compared to 15

th
 day (p = 

0.000, p = 0.000 and p = 0.026 respectively). 

 Bone healing is a complex process 
comprising prolonged inflammation, bone formation, 
and bone remodelling processes. The mechanism of 
action of LLLT, bone substitute, and PRF are different 
in accelerating the process of bone healing. LLLT and 
PRF and NanoHA's synergic effect could be superior 
to their separate use.  

 No study has assessed this possible 
synergistic effect to date. The combined effect of LLLT 
with PRF and NanoHA graft as a method of treatment 
in intrabony surgical defects in this experiment 
showed the highest amount of bone formation with the 
best quality of the newly formed bone. Radiographical 
examination and statistical analysis confirmed the 
superiority of the bioactive combination of surgical 

additive PRF+NanoHA+LLLT in periodontal intrabony 
defect repair. 

 Within the limitation of this experimental 
study, the following could be concluded; the use of 
PRF+NanoHA mix results in an increase in bone fill 
and density regarding the radiographical outcomes in 
induced periodontal intrabony defects in rabbits, and 
LLLT may improve the effects of this mix significantly. 
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Abstract 

BACKGROUND: Breastfeeding provides an unequalled way of infant nutrition, despite that, the rate of exclusive 
breastfeeding for the first 6 months in Egypt is only 13%, and the rates of artificial feeding are rising. 

AIM: The current study aimed to explore the reasons for the use of artificial feeding among mothers receiving 
subsidised milk from formula dispensing centres in Egypt, and to detect the reasons behind the use of a formula 
only for infant feeding rather than mixed breastfeeding and artificial feeding. 

METHODS: This exploratory cross-sectional study involved 197 mothers; who attended centres for dispensing 
subsidised artificial formula at primary health care facilities (PHC) in El-Fayom and Ismailia governorates via a 
purposive sampling technique. The study spanned over 6-months duration from June till December 2018. 

RESULTS: A statistically significant higher percentage of artificial feeding only was noticed in male infants (47.5% 
in the AF group only versus 28.7% in the mixed feeding group (p = 0.018), and infants aged 6-12 months (47.5% 
in the AF group only versus 28.7% in the mixed feeding group, p = 0.032). A statistically significant higher 
percentage of artificial feeding only was noticed among infants born to mothers who have general anaesthesia 
during labour (67.2% in the AF group only versus 41.9% in the mixed feeding group, p = 0.004), and among 
infants born to mothers who think that formula feeding is better (13.1% in the AF group only versus 0.7% in the 
mixed feeding group, or that formula has a similar quality to breast milk (6.6%% in the AF group only versus 4.4% 
in the mixed feeding group, p = 0.0004. The most common reasons for formula feeding reported by both groups 
were perceived breast milk insufficiency (60.9%), weak babies (50.3%), and doctors’ advice (37%). Previous 
negative breastfeeding experience and the need for own body privacy were the two reasons which differed 
statistically in both groups p = 0.004 and 0.008, respectively. 

CONCLUSION: Antenatal care education is essential to improve mothers’ knowledge and practice of 
breastfeeding. Baby-friendly hospital initiative implementation is essential to ensure early initiation and 
continuation of breastfeeding. 

 
 
 
 
 
 
 
 
 

Introduction 

 

Infant nutrition is an important determinant of 
future health [1]. The long-term benefits of 
breastfeeding in enhancing maternal and infant health 
have been well documented in the literature for 
several years [2]. Compared to exclusively breastfed 
infants, formula-fed infants are not only deprived of 
the benefits of breast milk but also more likely to 

respiratory infection, otitis media and sudden infant 
death syndrome [1]. Moreover, formula fed infants are 
more likely to rapid weight gain in their first year of life; 
which increases their risk to develop childhood obesity 
with its subsequent complications [3]. 

 Despite this increasing body of knowledge, 
breastfeeding rates remain below-recommended 
standards; globally, only 40% of mothers exclusively 
breastfeed their children for six months [4]. In Egypt, 
breastfeeding practices are not always optimal. 
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Exclusive breastfeeding (EBF) among infants under 
two months of age constitutes 71%. However, The 
EDHS 2014 survey found that by the age of 4-5 
months, only 13 per cent are exclusively breastfed 
[5].” Many studies have shown that all alternatives to 
breastfeeding lead to worse health outcomes for both 
the infant and the mother, with few exceptions [6], [7], 
[8]. 

There are various factors that affect the 
decision regarding the initiation and duration of 
exclusive breastfeeding, including sociodemographic 
factors (education level, monthly household income, 
and parity), residence and cultural beliefs, 
employment policies, health-related factors and 
biosocial factors (breastfeeding support) [9], [10]. 
Also, Infants' characteristics are important factors 
such as gender, birth weight, and age have an impact 
on the mothers' breastfeeding attitude [11].  

While many studies have highlighted the 
negative effects of formula supplementation on the BF 
relationship [11], few have highlighted the reasons 
that women choose to formula feed their infants. 
Limited data are available specifically looking at 
maternal decision making from both perspectives [2]. 
So, it is important to explore the mother’s attitudes 
towards breastfeeding and to identify the infant 
characteristics to evaluate which interventions that are 
needed to promote EBF [11]. Similarly, the literature 
review showed there is a lack of studies in this area in 
Egypt. Therefore, this study aims to assess some of 
the influences on mother's decision making regarding 
the introduction of artificial formula to her infant and to 
identify the associations if any; among these 
influences and infant's feeding choices.  

 

 

Methods 

 

Study setting and design 

This is an exploratory cross-sectional study 
involved mothers who attended centres for dispensing 
subsidised artificial formula at primary health care 
facilities (PHC) in El-Fayom and Ismailia 
governorates. The study spanned over 6-months 
duration from June till December 2018. 

 

Sampling technique and sample size 

Using Epi info version 6, the following data 
were entered:  

- expected prevalence of artificial feeding only 
among all formula feeding (mixed feeding and 
exclusive artificial feeding):74.8% [12]. 

- Level of precision: 5% 

- Confidence level: 95% 

It was found that the least sample size 
required is 195 mothers who are recruited via a 
convenience sampling technique. 

 

Inclusion criteria 

Biological mothers of healthy infant born at 
term, between birth and 2 years of age, and who 
supplement their infants with the artificial formula 
(AF).  

 

Exclusion criteria  

Non Egyptian mothers, mothers with medical 
conditions that interfere with breast feeding, and 
infants with congenital malformation that would 
interfere with breast feeding. 

 

Data collection tool 

A pre-tested structured interview 
questionnaire was used to collect data from the study 
participants. It covered the following items: 

Socio-demographic characteristics and 
obstetric history of the mothers related to 
breastfeeding: education, working status, mode of 
delivery, anesthesia exposure, antenatal 
breastfeeding education sessions, and current feeding 
practice, demographic characteristics of the enrolled 
infants: gender, birth weight, age, and child's rank, in 
addition to mother's beliefs and attitude that can 
influence decision making on breastfeeding practices, 
including receiving antenatal education, mother's 
intentions to breastfeed at pregnancy, current mother 
desire to breastfeed, and the leading factors, that led 
to artificial formula introduction; ranked according to 
importance to each participant as reported by the 
mothers. Questions used in this questionnaire were 
adopted from the available literature [13], [14]. 

The original language of the included items 
was English; they were translated to Arabic by two 
experts followed by back translation to English by 
other independent experts. 

Pilot testing: The preliminary data collection 
form was tested on 32 women (attended a nearby 
PHC and beyond the sample size) to assess the 
clarity and comprehension of questions, and the time 
needed to answer the questionnaire.  

 

Statistical analysis 

Pre-coded data were entered into the 
Statistical Package of Social Science (SPSS) version 
21.0 (SPSS Inc. IBM, U.S.A.).  

The data were summarised using mean and 
SD, and range for quantitative variables. Numbers 
and percentages were used for qualitative variables. 
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Comparison between groups was performed using the 
Chi-square test for qualitative variables. For each test, 
a p-value of less than 0.05 was considered statistically 
significant. 

 

Ethical considerations 

The Ethical Review Committee in the Faculty 
of Medicine at Cairo University revised and approved 
the study protocol (N-56-2016). Informed consent was 
obtained directly from the enrolled mothers before 
data collection and after explanation of the study 
objectives and importance. The enrolled mothers were 
assured that refusal to participate in the study would 
not affect formula cans dispensing or the care they 
receive. All procedures for data collection were 
treated with confidentiality according to Helsinki 
declarations of biomedical ethics. 

 

 

Results 

 

The current study enrolled 197 mothers. More 
than half of the mothers had a high school or higher 
education, and more than one-tenth of them were 
illiterate. Nearly three quarters were unemployed. 
Nearly three fourth delivered by Caesarean section 
and only more than forth of them had a normal vaginal 
delivery. Half of them had general anaesthesia during 
labour, less than a third had epidural, and only one 
fifth had none. Four-fifths of the mothers did not have 
antenatal breastfeeding education. More than two-
thirds of the mother used mixed artificial, and 
breastfeeding, and less than a third feed their babies' 
artificial milk only as shown in Table 1. 

Table 1: Maternal Background characteristics (n = 197) 

Mothers’ characteristics N % 

Education 
Illiterate 
Primary and middle school 
High school or higher 

 
25 
61 
111 

 
12.7 
31.0 
56.3 

Working status 
Unemployed 
Employed 

 
141 
56 

 
71.6 
28.4 

Mode of delivery 
Vaginal 
Cesarean section 

 
55 
142 

 
28.0 
72.0 

Anaesthesia during labour 
None 
General 
Epidural  

 
42 
98 
57 

 
21.3 
49.7 
29.0 

Antenatal breastfeeding education 
No 
Yes 

 
157 
40 

 
79.7 
20.3 

Current feeding practice 
Mixed breastfeeding and artificial 
feeding 
Artificial feeding only 

 
136 
61 

 
69.0 
31.0 

 

As displayed in Table 2 out of the 197 infants, 
56.3 % were boys, 12.4% had a low birth weight. 
More than half of the infants were less than six 
months of age, more than a third were 6-12 months 
old, and one-tenth was older than 12 months. More 
than half of infants were ranked as a first child. 

Table 2: Percent distribution of the enrolled infants by 
background characteristics (n = 197)  

Infant characteristics Frequency Per cent 

Sex 
Boy 
Girl  

 
111 
86 

 
56.3 
43.7 

Birth weight* 
< 2.5 kg 
> 2.5 kg 

 
24 

169 

 
12.4 
85.8 

Age groups in months 
< 6  
6-12  
> 12 

 
109 
68 
20 

 
55.3 
34.5 
10.2 

Child rank 
First 
Second ++ 

 
106 
91 

 
53.8 
46.2 

*Birth weight (n = 193): 4 mothers did not remember. 

 

Comparing the effect of different infant factors 
on the feeding methods, there was a statistically 
significant difference between the mixed feeding 
group and the artificial feeding group regarding 
infants’ sex; where a higher percentage of males were 
fed artificial feeding only compared to females (p = 
0.018). As shown in Table 3, A statistically significant 
higher percentage of the younger age group (< 6 
months) were fed by mixed feeding compared to the 
older age groups (p = 0.032). The other infant factors, 
including infants’ birth weight, infants’ weight for age Z 
scores, and infants’ rank among siblings, were not 
shown to have any effect on the feeding method. 

Table 3: Relation between infants’ characteristics and 
breastfeeding status (n = 197) 

 
Characteristic 

Breastfeeding status  
P value Mixed feeding Only Artificial 

formula 

N % N % 

Infant 
Gender Boy 69 50.7 42 68.9 0.018* 

Girl 67 49.3 19 31.1 
Birth weight < 2.5 kg 16 11.9 8 13.6 0.754 

> 2.5 kg 118 88.1 51 86.4 
Current weight/age (Z-score) -0.8 ± 2.2 -0.7 ± 2.0 -0.9 ± 2.7 0.494 
Age group < 6 months 81 59.6 28 45.9 0.032* 

6-12 months 39 28.7 29 47.5 
> 12 months 16 11.7 4 6.6 

 
Child's rank 

First
 

75 55.1 31 50.8  
0.573 

 
Second ++ 61 44.9 30 49.2 

*Statistical significance was defined as p < 0.05. 

 

Among maternal factors, both exposures to 
general anaesthesia during labour and mothers’ 
perception of formula versus breastfeeding were 
shown to affect the feeding method. A statistically 
significant higher percentage of mothers who had 
general anaesthesia during labour fed their babies 
artificial feeding only compared to mothers who did 
not have anaesthesia and those who had epidural 
anaesthesia (p = 0.004). Also, a statistically significant 
higher percentage of mothers who thought that 
formula equals breast milk in quality or even better 
than breast milk used artificial formula only compared 
to mothers who thought that breast milk is better (p = 
0.0004). 

The other maternal characteristics, including 
education, occupation, mode of delivery and antenatal 
education, did not have any statistically significant 
effect on the feeding method, as shown in Table 4. 
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Table 4: Relation between mothers’ characteristics and feeding 
methods (n = 197) 

 
Characteristic 

Breastfeeding status  
P value Mixed feeding Only 

Artificial 
formula 

N % N % 

Mother 
Education level Illiterate 15 11 10 16.4  

0.233 Primary & middle school 39 28.7 22 36.1 
High school or higher 82 60.3 29 47.5 

Occupation 
 

Unemployed 94 69.1 47 77.0 0.254 
 Employed 42 30.9 14 23 

Mode of delivery Vaginal delivery 42 30.9 13 21.3  
0.166 Cesarean section 94 69.1 48 78.7 

Anesthesia None 33 24.3 9 14.8  
0.004* General 57 41.9 41 67.2 

Epidural 46 33.8 11 18 
Formula/breastfeeding 
perception 

Breast feeding is better 129 94.9 49 80.3 0.0004* 
Equal 6 4.4 4 6.6 
Formula is better 1 0.7 8 13.1 

 
Antenatal education 

No 105 77.2 52 85.2  
0.346 Yes 31 22.8 9 14.8 

*Statistical significance was defined as p < 0.05. 

 

It was noticed that the majority of both groups 
(artificial feeding and mixed feeding groups) reported 
that they had an intention to breastfeed when they 
were pregnant, with no statistically significant 
difference between them (untabulated results).  

Table 5 shows the reasons for the 
introduction of artificial formula as reported by the 
mothers. The most common reason was fear of breast 
milk insufficiency, followed by the inability of the baby 
to suckle due to illness, and then doctors’ advice. The 
least common reasons were fathers’ disagreement 
with infant breastfeeding and the intention of the 
mother to return to smoking. 

Table 5: Reasons for artificial formula feeding as reported by 
the mothers (n = 197) 

Factors for artificial formula introduction N % 

Perceived insufficient milk 120 60.9 

Sick baby/unable to suckle 99 50.3 

Encouraged by a doctor 77 37 

The belief that formula is equal to breast milk or better 63 32 

Maternal nipple pain/ cracks 58 29.4 

Maternal medications 57 29 

Breastfeeding is inappropriate 40 20 

Felt tied down 38 19.3 

Previous negative breastfeeding experience 35 17.8 

Employment/ studying 34 17.3 

Family and home responsibilities 25 12.7 

The desire for dieting to lose weight 23 11.7 

To make someone else feed the baby 12 6 

Someone wanted to feed the baby 10 5 

Need for own body privacy 12 6 

Hormonal contraceptive use 9 4.6 

Infant's father's opinion 4 2 

Return to smoking 3 1.5 

Mothers were allowed to select more than one reason 

 

Comparing the reported reasons for the 
introduction of formula feeding among the two groups 
of mixed feeding and artificial feeding only, no 
statistically significant differences were detected 
except for previous negative breastfeeding experience 
and the need for own body privacy which were both 
significantly higher among the artificial feeding group 
as seen in Figure 1. 

 

Figure 1: Comparison between the mixed feeding and artificial 
feeding groups regarding two reasons of formula introduction 
(presented in percentage); BF: Breastfeeding 

 

 

 

Discussion 

 

The current study explored the characteristics 
of formula-fed infants and their mothers, and the 
associated factors for mothers’ choice to artificially 
feed their babies, whether totally or in addition to 
breastfeeding. Significant infant factors which were 
related to breastfeeding and formula feeding were 
gender and young age group. Significant maternal 
factors which were related to formula feeding only 
were exposed to general anaesthesia during labour 
and the perception that formula is as good as breast 
milk or even superior to breast milk. 

Many studies pointed to the drawbacks of 
subsidising infants’ formula. In addition to deprivation 
of both infants and mothers from the benefits of 
breastfeeding, it also had led to a misconception that 
formula is a better alternative to breastfeeding as it is 
endorsed by the government [7], [8]. In the current 
study, the prevalence of artificial feeding only was 
significantly higher than mixed feeding among infant 
boys compared to infant girls. This may be due to 
male gender preference in the Egyptian culture, with a 
misconception that male babies should receive the 
most valuable nutrition, which comes from an artificial 
fortified source rather than breast milk. This 
misconception is further enhanced by the aggressive 
advertisement by artificial feeding companies. This 
finding is contrary to the findings of other studies 
where no significant relationship was found between 
infants’ gender and bottle feeding [14], or 
breastfeeding [15]. This was also contrary to another 
study where exclusive breastfeeding was significantly 
higher among male infants [17]. The difference may 
be explained by cultural factors; where mothers 
included in that study were from a rural area; were 
breastfeeding in the norm. In addition to that, rural 
mothers are not exposed to formula advertisement as 
urban mothers included in the current study due to the 
differences in economic resources. Advertising for and 
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marketing of breast milk substitutes can undermine a 
mother’s choice to breastfeed [18]. 

The age of infants in the present study was 
shown to affect mothers’ choices of the method of 
feeding; where a higher percentage of the younger 
age group (< 6 months) were fed by breastfeeding in 
addition to formula compared to the older age groups 
who were fed artificial formula only. Similarly, young 
infants’ age (< 6 months) was associated with a higher 
prevalence of breastfeeding in a study performed in 
Ethiopia [14]. Our findings are consistent with the 
Egyptian DHS 2014 which stated that only 4 in 10 
children under 6 months of age are being exclusively 
breastfed, and around 3 in 10 of children under 6 
months are being bottle fed [5]. 

Birth order was not associated with the choice 
of feeding method in this study. This contradicts the 
finding of another Egyptian study where infants with 
higher birth order (third or more) were more likely to 
be artificially fed [12]. 

The present study showed no association 
between mothers’ education level and the choice of 
feeding method. This is contrary to another study 
performed in the USA; where mothers with higher 
levels of education were more likely to practice 
exclusive breastfeeding than those with lower levels of 
education [17]. Mothers’ occupation in the present 
study did not have an effect on their choice of feeding 
method contrary to Ethiopian study; where mothers 
'occupation was positively associated with bottle 
feeding [14]. This difference may be explained by the 
socio-cultural differences between the study 
participants. 

Parity was not shown to have a significant 
effect on mothers’ choice of the method of feeding, 
unlike another study were primiparous state was 
associated with higher rates of breastfeeding [17]. 
This is contrary to the finding of another Egyptian 
study where primiparous status was associated with 
high rates of artificial feeding [12]. It is therefore 
essential to provide antenatal and post-natal 
breastfeeding education to all mothers, whether 
primiparous or multiparous. 

In the present study, the mode of delivery did 
not affect the maternal choice of infant feeding 
method, unlike the results reported by other studies 
where cesarean delivery was more associated with 
formula feeding [12] and [17], [19]. On the other hand, 
the use of general anaesthesia during delivery in the 
current study was associated with significantly higher 
rates of formula feeding only. This may be due to the 
lack of practice of immediate skin to skin contact early 
after delivery when using general anaesthesia. This 
highlights the importance of implementation of the 
baby friendly hospital initiative to encourage early 
initiation and later continuation of breastfeeding. 

A small number of participant mothers in the 
current study reported receiving antenatal education 

about breastfeeding. Surprisingly, receiving such 
education did not seem to have any effect on maternal 
choice to use formula feeding. This finding raises a 
concern about the quality of antenatal care and the 
content of the provided education message.  

The most commonly reported reason for 
formula supplementation was the perception of 
inadequate milk supply. This finding is in agreement 
with previous literature [20], [21], [22], [23], where the 
most common reason for formula feeding on mother’ 
perspective was insufficient milk supply. This 
highlights the importance of educating mothers about 
milk production, milk supply, as well as infants’ needs 
in the first weeks of life. Mothers should be informed 
that inadequate milk production is primarily caused by 
formula supplementation; leading to improper breast 
stimulation and emptying. In particular, mothers 
should be educated that the small volumes of 
colostrum produced in the first days of breastfeeding 
adequately meet infants’ needs. 

Professional advice offered to the mothers 
has a strong influence on their decision of initiation 
and continuation of breastfeeding [24]. Unfortunately, 
the third common reason to use a formula in the 
current study, as reported by the mothers was 
doctors’ advice. Furthermore, there was a statistically 
significant difference between the two groups of 
mothers according to their perception about the 
superiority of breastfeeding versus formula feeding. A 
statistically significant higher percentage of mothers 
who believed that breast milk was better than formula 
used mixed feeding compared to those who believed 
that formula is equal or better than breast milk; who 
used only artificial formula. This highlights the 
importance of training of health care providers so that 
they could offer proper advice to the expectant and 
lactating mothers. Mothers of all breastfeeding 
experience levels should receive equal attention 
regarding breastfeeding support. 

Undergraduate curricula should include 
adequate information on breastfeeding so that health 
care professionals would be competent in this area. 
Choosing to use formula should be limited to 
exceptional situations, where mother’s milk can be 
considered unsuitable for her baby. Under such 
situations, expressed breast milk should be 
considered first before deciding formula feeding. 

The current study findings should be viewed 
concerning the following limitation: It involved 
interviews with health care providers, thus reflected 
the barriers to implement BFHI from their perspective 
only. Further research is required to assess the 
barriers from the recipients' perspective by 
interviewing mothers during antenatal and early 
postnatal care.  

This study concluded that the prevalence of 
formula feeding is high mainly among mothers who 
were exposed to general anaesthesia during labour 
and had a faulty perception that formula is as good as 
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breast milk or even superior to breast milk. Therefore, 
health education and awareness programs about the 
importance of exclusive breastfeeding and the 
hazards of formula use should be provided to the 
expectant and new mothers. At the hospital level, 
epidural labour analgesia should be strongly promoted 
instead of general anaesthesia.  
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Abstract 

BACKGROUND: Medication always has a ratio of benefits and risks to become a safety measure. Therefore, its 
use must be careful, especially for children, because it can potentially occur drug incidents in children. As drug 
users, children are required to be active in using it, but children's knowledge and attitudes about benefits, risks 
(dangers) and use of medicine are still very shallow and fragmented. 

AIM: This study aims to look at the description of children's knowledge and attitudes about medicine from the 
perspective of the benefits, risks or dangers and use of medicine and the factors that influence them. 

MATERIAL AND METHODS: The study was conducted by the analytic method with a cross-sectional approach 
using a questionnaire instrument in grade V elementary school-age children in Padang City, Indonesia. The total 
sample size obtained was 503 students. 

RESULTS: The results showed that children's knowledge of medicine was generally categorised as low, with an 
average score of 4.70 (SD 1.82) from a scale of 9. Knowledge of drug use was much lower, namely the average 
score of 1.21 (0.74), followed by knowledge of drug hazards an average score of 1.69 (1.03) and drug benefits an 
average score of 1.80 (0.69). Age variables, address of residence, family income, the existence of families 
working as health workers and sources of drug information significantly influence students knowledge (P < 0.05). 
Whereas students attitudes towards medicine tend to be more positive with an average score of 7.18 (1.77), 
where the average score of attitudes towards benefits, risks (hazards) and drug use are 1.79 (0.46), respectively, 
1.10 (0.58) and 4.29 (1.37). Address of residence, companion during illness, achievement in school and 
experience in hospital care have a significant effect on student attitudes (P < 0.05). 

CONCLUSION: This study concluded that indicate that students knowledge of benefits, risks and use of medicine 
is still low and very limited. While related to student attitudes, in general, it tends to be more positive, except about 
the dangers of medicine that show a negative attitude. The low level of knowledge and limited attitudes of children 
are the reason for the need for drug education given to children, especially in schools as an integral part of health 
education. 

 
 
 
 

Introduction 

 

Medication always has a ratio of benefits and 
risks to become a safety measure. Therefore, its use 
must be careful, especially for children. This is due to 
among others due to variations in size, physiological 
limitations and communication barriers in children. As 
a result, it can potentially occur drug incidents in 
children [1], [2]. The incidence of this drug can be the 
occurrence of various problems related to medicine 
(DRP). The most common DRP in children is in the 
form of poisoning, non-compliance with medication, 

adverse drug events (ADE) and improper drug use [3], 
[4]. 

The occurrence of poisoning can occur due to 
many factors. In the United States reported in 2015, 
there were more than 440,000 calls (about 1 call per 
minute) because the child who swallowed medicine 
(unintentional general exposure), was given too much 
medication or received the wrong medication 
(unintentional therapeutic error) [5], [6]. In 2014 there 
were 57,448 children under the age of 6 who were 
admitted to the ER due to medication problems 
without supervision or as a result of dosing errors. 
About 16% of this is severe poisoning that causes 
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death [6], [7]. 

The accidental use of children for certain 
medicine is due to the child's perception of being 
mistaken about medicine. Tablets that are coloured 
like pink can be mistaken for candy by children [8]. 
Therefore, drug safety in children must be a serious 
concern. Moreover, the use of medicine has become 
a common activity for children both through 
prescribing and self-medication [9], [10]. 

Studies show that the practice of self-
medication using over the counter (OTC) medicine, 
especially the analgesic group in children, has begun 
at the age of 11 or 12 years [11], [12]. In Finland, 
children under 12 years old have practised self-
medication, especially the use of vitamins [3]. In 
Denmark, children aged 11-15 years are used to 
practising self-medication for minor ailments, 
especially for headaches and gastric disorders [10]. 
The same thing happened in 20 countries surveyed 
that the prevalence of the use of OTC medicine 
especially headache medicine in children aged 11-15 
years is increasing even some of them are toxic so 
that they can be problematic for health [13]. 

On the one hand, as drug users, children are 
required to have an active role [14]. But on the other 
hand, their knowledge and attitudes regarding 
medicine are still very limited and fragmented [8], [15], 
[16], [17], [18], [19]. Children's knowledge about 
medicine is obtained only from their daily experiences 
[8], [19]. While it is related to children's attitudes 
towards medicine, several studies show that children's 
attitudes are generally negative towards medicine 
such as the fear of taking medication, not adhering to 
taking medication or even taking excessive 
medication because of the sweetness of the drug 
syrup [19]. But in several other studies, children also 
showed positive attitudes to medicine [20], [21]. 

Based on the above, it is very important to 
teach children about medicines at school so that 
children can receive correct and complete information 
about medicine. With this drug education, children will 
be prepared to become rational drug users when they 
grow up and at the same time are expected to be 
agents of change in rational drug use for their families 
at home. 

Children in different cultures in all countries of 
the world usually have similarities in what they know 
about medicine [22]. Indonesia, as a country with the 
largest population in the world, including the age 
group of its children is likely to have the same 
tendency in terms of knowledge and attitudes about 
medicines as in previous studies. However, studies 
and data have not been found that illustrate how the 
level of knowledge and attitudes of children about 
medicine is mainly related to the problems of the 
benefits and risks or dangers of medicine and their 
use. 

This study aims to look at an overview of the 

knowledge and attitudes of elementary school-age 
children (class V) about medicine from the perspective 
of the benefits, risks or dangers and drug use by 
children in Indonesia, especially in the city of Padang 
and what factors influence it. 

 

 

Material and Methods 

 

 

This study was a cross-sectional survey 
conducted from June to July 2018 in the city of 
Padang, West Sumatra, Indonesia. The sample 
chosen was class V elementary school age, children. 
The location of the study was conducted in 10 (ten) 
elementary schools spread over 3 (three) sub-districts 
namely North Padang, South Padang and Bungus 
Teluk Kabung. 

The number of samples taken was 503 
people. Sampling uses the stratified random sampling 
method. The first stage in the form of school selection 
uses a probability proportional to size (PPS) method, 
which is based on a database of the number of 
elementary school students in the sub-district as a 
size that is used as the basis for opportunities in 
selecting samples. From selected schools, student 
samples were selected using the simple random 
sampling method. 

The selected school received prior permission 
from the Padang City Education Office, West 
Sumatra. Then an official letter is submitted through 
the Chair of the Public Health Study Program, Faculty 
of Medicine, Andalas University to each selected 
school. Before starting the study, ethics approval was 
first requested from the Ethics Committee Faculty of 
Medicine, Andalas University, Padang. Each parent of 
the student selected as a sample was also asked for 
his consent to permit his child to be included in this 
study. 

This research is in the form of a quantitative 
study using an instrument in the form of a closed 
questionnaire to see the knowledge and attitudes of 
elementary students about medicine. This 
questionnaire is based on previously modified similar 
research adapted to conditions in Indonesia [15], [16], 
[17], [18], [20], [24], [25]. This questionnaire consists 
of 3 parts, namely the first part contains the 
sociodemographic characteristics of the respondents; 
the second part contains aspects of knowledge, and 
the third part contains aspects of attitude. Each part of 
knowledge and attitude consists of 3 categories, 
namely drug benefits, risks or dangers of medicine 
and drug use. In the knowledge section, the answers 
consist of yes, no and don't know. Likewise, in the 
attitude section, answers consist of agreeing, 
disagreeing and not knowing. For each correct answer 
given a score of 1 and the wrong or not knowing given 
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a score of 0. The draft questionnaire that has been 
prepared asked for opinions of community 
pharmacists and clinical pharmacy related to the 
content validation and then validation test for 30 
elementary students. Before the research began, the 
research team who served as enumerators were 
gathered to be given training on how to collect data on 
students. Filling out questionnaires by students is 
done in the classroom with the help of enumerators. 
Completing this questionnaire takes about 30 minutes. 

The collected data is coded and then sent to 
the SPSS database for Windows version 21. 
Univariate analysis (descriptive) includes frequency, 
percentage, average and standard deviation. Bivariate 
analysis between dependent variables (knowledge 
and attitudes about medicine) and independent 
variables (respondents sociodemographic 
characteristics) were determined using the Chi-
Square test. The level of significance was set at p < 
0.05. 

 

 

Results 

 

The sociodemographic characteristics of 
respondents in this study, as presented in Table 1. 
Respondents were generally 10-11 years old (73.4%), 
male sex (52.3%) and 43.3% had received 
achievement 10 (ten) big at school. Respondents 
mostly resided in the city centre, namely in North 
Padang and the middle area in South Padang 
(80.0%). 48.1% of families have a moderate income, 
and as many as 32.6% have families working in the 
health sector. Mothers are people who always 
accompany children when they are sick (85.3%), and 
only 24.7% say they have been hospitalised. For drug 
information, children generally state that they get it 
from their parents (66.6%). 

Table 1: Sociodemographic characteristics of children’s 

Sociodemography of respondents Variables Amount % 

Age 10 – 11 369 73.4 
12 – 14 134 26.6 

Gender Female 240 47.7 
Male 263 52.3 

Residence North Padang 201 40.0 
South Padang 201 40.0 
Bungus Teluk Kabung 101 20.0 

Family income < Rp 2.500.000 197 39.2 
Rp 2.500.000 – 5.000.000 242 48.1 
> Rp 5.000.000 64 12.7 

The family as health workers 
 

Exist 164 32.6 
Nothing 339 67.4 

Companion during illness Father 46 9.1 
Mother 429 85.3 
Another brother 28 5.6 

Sources of drug information Parents 335 66.6 
Friends / others 14 2.8 
School teachers 48 9.5 
Drug advertisements in 
newspapers 

10 2.0 

Drug advertisements on TV 67 13.3 
Internet 29 5.8 

Feat Top 10 218 43.3 
Does not make top 10 285 56.7 

Have been treated in a hospital Ever 124 24.7 
Never 379 75.3 

 

Questionnaire results related to student's 
knowledge of medicine, in general, can be seen in 
Table 2. This knowledge questionnaire is categorised 
into 3 types, namely about the benefits of the drug, 
the risk or danger of the drug and the use of the drug 
itself. In the category of drug benefits, almost all 
children (94.6%) stated that the drug should be taken 
when sick. However, children's knowledge about the 
types of medicine associated with the benefits is still 
low. As many as 40.0% of children stated that the 
same drug could be used for all ages and only 25.6% 
of children could answer correctly that the same drug 
could be used to treat different diseases/symptoms. 

It is also related to knowledge about the risks/ 
dangers of medicine where the results are also low. 
Of the three questions about the dangers of medicine, 
the lowest answers were found on drug side effects, 
where only 42.5% of children knew that medicine 
could cause side effects. Likewise, with the types of 
medicine that cannot be used for all ages, only 61.8% 
answered correctly, and 64.2% of children knew that 
medicine could cause poisoning if the use were not 
right. Low knowledge is also shown in questions about 
drug use. Generally, children (90.9%) children state 
that the drug should be minimum after eating. 
Regarding the storage of medicine, around 56.7% of 
children agreed that medicine should not be stored in 
the refrigerator. Some 56.1% of children also 
answered correctly that heat and sunlight could 
damage medicine. 

Table 2: Children's knowledge about medicine 

No Questions 

Respondents 

Correct 
answer 

Total (%) 
correct answer 

Benefits of medicine 
1 When we are sick, we have to take medicine Yes 476 (94.6) 
2 The same medicine can be used for all ages No 302 (60.0) 
3 The same drug can be used to treat different 

diseases/symptoms 
Yes 129 (25.6) 

Risk/danger of medicine 
1 Some medicine may not be used by children Yes 311 (61.8) 
2 Some medicine can cause unwanted things like 

allergies/itching on the skin 
Yes 214 (42.5) 

3 Some medicine if used not according to the rules, can 
cause poisoning 

Yes 323 (64.2) 

Drug use 
1 The drug should be used after meals No 46 (9.1) 
2 Medicines should be stored in the refrigerator No 280 (56.7) 
3 Heat and sunlight can damage medicine Yes 382 (56.1) 

 

From the three categories above, it can be 
obtained that overall children's knowledge of medicine 
is still low, as shown in table 3. The average scores 
obtained for each of these categories are 1.80,1.69 
and 1.21 of scale 3. If combined these three 
categories, the average knowledge score of children 
is 4.70 from scale 9 or around 52.22% and this 
includes the low category 

Table 3: Average score of answers to questions about 
children's knowledge 

Variables Minimum 
score 

Mean (SD) Maximum 
score 

Total 
score 

The mean 
of the total 

score 

Benefits of medicine 1 1.80 (0.69) 3 3 60.00 
Risk / danger of 
medicine 

1 1.69 (1.03) 3 3 56.33 

Drug use 1 1.21 (0.74) 3 3 40.33 
Total  1 4.70 (1.57) 9 9 52.22 
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Table 4 shows the relationship between 
sociodemographic characteristics and respondents' 
knowledge. The results of the analysis using the chi-
square test obtained several variables that were 
significantly related (P < 0.05).  

These variables are age, area of residence, 
family income, the presence or absence of families 
working in the health sector and sources of 
information on medicine obtained. Whereas related to 
children's attitudes about medicine (Table 5), as well 
as the knowledge above, are also categorised into 
three types.  

First, children's attitudes related to the 
problem of the benefits of the drug have positive 
results. 95.0% of children agree that the drug is very 
useful to cure disease, and 84.1% of children are not 
afraid to take medication.  

Instead, the second attitude about the 
risks/dangers of medicine is even more negative. A 
total of 81.49% of children did not agree to take the 
same medication as adults to get well soon. However, 
only 28.0% agreed that medicine could have adverse 
effects on health. 

Table 4: The relationship of sociodemographic with the 
knowledge of the respondent 

No. Variables Mean (SD) 
Median 

(min-max) 
P-value 

Age 10-11 5.05 (1.82) 5 (1-8) 0.000
*
 

12-14 4.35 (1.74) 4 (1-9)  
Gender Female 4.72 (1.80) 5.0 (1-9) 0.088 

Male 5.00 (1.84) 5.0 (1-8)  
Residence North Padang 5.35 (1.82) 5.0 (1-8) 0.000* 

South Padang 4.56 (1.76) 5.0 (1-9)  
Bungus Teluk Kabung 4.52 (1.75) 4.0 (1-8)  

Family income < Rp 2.500.000 4.58 (1.72) 4.0 (1-9) 0.008
* 

Rp 2.500.000 – 5.000.000 5.00 (1.87) 5.0 (1-8)  
> Rp 5.000.000 5.22 (1.83) 5.0 (2-8)  

The family as health 
workers 

Exist 5.19 (1.84) 5.0 (1-9) 0.004
*
 

Nothing 4.71 (1.79) 5.0 (1-8)  
Companion during 
illness 

Father 4.93 (1.85) 5.0 (1-8) 0.525 
Mother 4.88 (1.82) 5.0 (1-9)  
Another brother 4.50 (1.86) 4.0 (1-8)  

Sources of drug 
information 

Parents 4.92 (1.72) 5.0 (1-9) 0.010
*
 

Friends / others 3.36 (1.45) 3.0 (2-7)  
School teachers 4.90 (1.59) 5.0 (2-8)  
Drug advertisements in 
newspapers 

4.30 (1.49) 4.0 (3-7)  

Drug advertisements on TV 5.15 (1.59) 5.0 (1-8)  
Internet 5.03 (1.80) 5.0 (2-8)  

Feat Top 10 4.94 (1.84) 5.0 (1-8) 0.436 
Does not make top 10 4.81 (1.81) 5.0 (1-9)  

Have been treated in 
a hospital 

Ever 4.98 (1.74) 5.0 (1-8) 0.370 
Never 4.83 (1.85) 5.0 (1-9)  

 

Furthermore, students' attitudes about drug 
use look more positive. Of the six questions, five of 
them behaved correctly with the percentage of 
answers agreeing to be greater than 60%.  

Only the attitude about the need to wait for 
parents first when taking medicine is answered with a 
statement of disagreement that is as much as 51.7%. 

Overall, from the attitude aspect it can be 
shown in Table 6 that children's attitudes about 
benefits, the risks/dangers of medicine and their use 
are more positive with an average score of 7.18 in a 
scale of 10 or 71.77%, although for the hazard 
category children tend to be negative with an average 
score of 1.10 on a scale of 2 or 55.0%. 

Table 5: Children's attitudes towards medicine 

 
 
No 

Statements 

Respondents 

Correct 
answer 

Total (%) correct 
answer 

Benefits of medicine 
1 The medicine is very useful to cure diseases Agree 478 (95.0) 
2 I am not afraid or anxious about taking medicine Agree 423 (84.1) 
Risk/danger of medicine 

1 
I want to take the same medicine taken by an adult, to 
quickly recover 

Disagree 412 (81.9) 

2 Medicine can give a result that is bad for health Agree 141 (28.0) 
The use of medicine 

1 
When will take medicine when sick; I want to drink a lot of 
medicine to recover 

Disagree 316 (62.8) 

2 I always wait for parents when taking medicine Agree 260 (51.7) 

3 
When will be drunk medicine by parents/family; I would 
ask you first to the parents/family about what medicine I 
drink it 

Agree 401 (79.7) 

4 
When will be drunk medicine by parents/family; I would 
ask you first to the parents/family how much medicine I 
was taking it 

Agree 385 (76.5) 

5 
When will be drunk medicine by parents/family; I would 
ask you first to the parents/family about how many times a 
day should be taking the medicine 

Agree 430 (85.5) 

6 
I can get information about the storage of label drug/drug 
packaging 

Agree 364 (72.4) 

 

The results of the analysis with the chi-square 
test to see the relationship between the characteristic 
variables and the attitude of the respondents (Table 7) 
obtained the existence of several variables that were 
significantly associated (P < 0.05).  

Table 6: The average score of answers to questions about the 
attitudes of children 

Variables 
Minimum 

score 
Mean (SD) 

Maximum 
score 

Total 
score 

% the mean 
of the total 

score 

Benefits of medicine 0 1.79 (0.46) 2 2 89.50 
Risk / danger of medicine 0 1.10 (0.58) 2 2 55.00 
The use of medicine 0 4.29 (1.37) 6 6 71.50 
Total  0 7.18 (1.77) 10 10 71.77 

 

These variables are a place of residence, 
companion during illness, achievement in school and 
experience having been treated in a hospital. 

Table 7: Sociodemographic relationships with children's 
attitudes 

No. Variables Mean (SD) 
Median (min-

max) 
P-

value 

Age 
10-11 7.27 (1.73) 8.0 (2-10) 0.098 
12-14 6.92 (1.87) 7.0 (2-10)  

Gender 
Female 7.07 (1.95) 7.0 (2-10) 0.417 
Male 7.28 (1.59) 8.0 (2-10)  

Residence 
North Padang 7.34 (1.72) 8.0 (2-10) 0.049* 
South Padang 6.92 (1.83) 7.0 (2-10)  
Bungus Teluk Kabung 7.36 (1.72) 8.0 (2-10)  

Family income 
< Rp 2.500.000 7.22 (1.80) 8.0 (2-10) 0.841 
Rp 2.500.000 – 5.000.000 7.16 (1.70) 8.0 (2-10)  
> Rp 5.000.000 7.11 (1.98) 7.0 (2-10)  

The family as health 
workers 

Exist 7.32 (1.84) 8.0 (2-10) 0.081 
Nothing 7.11 (1.74) 7.0 (2-10)  

Companion during 
illness 

Father 6.74 (2.24) 7.0 (2-10) 0.000
* 

Mother 7.34 (1.64) 8.0 (2-10)  
Another brother 5.46 (1.91) 5.0 (2-9)  

Sources of drug 
information 

Parents 7.35 (1.66) 8.0 (2-10) 0.144 
Friends / others 6.14 (2.60) 6.0 (2-10)  
School teachers 7.00 (1.75) 7.0 (3-10)  
Drug advertisements in 
newspapers 

7.10 (1.59) 7.0 (4-9)  

Drug advertisements on 
TV 

6.91 (2.02) 7.0 (2-10)  

Internet 6.65 (1.88) 7.0 (3-9)  

Feat 
Top 10 7.33 (1.81) 8.0 (2-10) 0.012

* 

Does not make top 10 7.06 (1.73) 7.0 (2-10)  
Have been treated in 
a hospital 

Ever 6.79 (1.97) 7.0 (2-10) 0.031
* 

Never 7.30 (1.69) 8.0 (2-10)  

 

 

Discussion 

 

In this study, the sample is children of grade V 
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elementary school students. The selection of class V 
students is because children in this class have 
relatively stable behaviours and beliefs about health 
[23] and good communication skills. The selection of 
the three sub-districts in this study was based on the 
representation of the sociodemographic 
characteristics of Padang City where North Padang 
represented the downtown area, South Padang 
represented the middle region, and Bungus Teluk 
Kabung represented the periphery. These 
sociodemographic characteristics can, at the same 
time, show the socio-economic status (SES) of the 
community. The downtown area describes the high 
category SES, the middle region as the middle 
category SES and the peripheral area as the low SES 
category. Previous research shows that SES variables 
are one of the factors that influence children's 
knowledge [16], [20], [24]. 

The results of this study show that children's 
knowledge, in general, is still categorised as low and 
fragmented. This result is in line with all existing 
research related to children's knowledge where limited 
and fragmented knowledge is obtained [8], [15], [16], 
[17], [18], [19], [21]. 

The low level of children's knowledge is very 
reasonable because so far children only get it from 
their daily experience from observing medicine that 
have been used alone or from families who use 
medicine [8], [16], [17], [18], [19]. This is reinforced by 
drug information sources obtained by children 
generally from parents (66.6%). Only around 9.5% is 
obtained from teachers in schools. The results of this 
study are in line with previous studies [16], [17], [18]. 

Knowledge about medicine can be influenced 
by personal factors (age and internal control locus 
degrees) and environmental factors, namely the 
educational environment (SSE). The existence of drug 
advertisements does not influence knowledge but can 
only increase perceptions in children that medicine 
are beneficial [26]. 

In terms of age, previous studies showed that 
children aged 10-11 years had a better knowledge of 
elementary students ages 6-7 and 8-9 years [16]. The 
higher the age of the child, the better the child's 
knowledge [17], [19], [20]. In this study also found a 
meaningful relationship between age and knowledge. 
But it is precisely the 10-11-year age group whose 
average score is higher than the 12-14-year age 
group. This may be because children aged 12-14 are 
class-dwelling children who are still in grade V of the 
elementary school which according to age, children 
aged 12-14 years are in class VI or VII group. 

Students' knowledge is influenced by 
socioeconomic status (SES) of families where families 
with high SES knowledge are better compared to 
families with low SES [16], [20], [24]. In this study, it 
was found that the same thing that SES affects 
student knowledge. Students living in the downtown 
area have better knowledge scores than knowledge 

scores on students in the other two regions. Likewise, 
students who live in the city centre have better 
knowledge scores compared to students who live in 
the suburbs. 

Medicine are more viewed by children as 
something useful when sick because medicine can 
treat diseases, and this is in line with previous studies 
[15]. This is because children view medicine more as 
a curative rather than preventive measure [15], [24]. 

Meanwhile, the concept of risk or danger on 
medicine is understood if the drug is used improperly 
(misuse) for example a large number [25], the 
presence of drug side effects [15] and medicine that 
have expired (expired date) [17]. Most children 
acknowledge that medicine can cause harm to the 
body, such as when taking other people's 
medications, especially older people, taking the wrong 
medication or taking medicine for the wrong disease 
[22]. In this study, it was found that knowledge about 
the risks or dangers of medicine is quite low, as well 
as research conducted in India [25]. 

In this study, only about 42.5% knew that the 
drug had side effects. Previous research in Spain 
found 64.9% of children knew that medicine had side 
effects [17] and in India at 59.6% [18]. While related to 
the problem of drug poisoning, it was found that 
64.2% stated that the drug could cause poisoning if 
used not according to the rules. In India, it was found 
that 50% of children stated that the drug was 
dangerous if the drug was taken in large or incorrect 
quantities [25]. 

As age increases, the child's ability to identify 
potential risks or the dangers of a drug is getting 
better. Older children are more careful when using 
medicine from younger children. In the UK, cases of 
accidentally taking medicine are the main reason why 
children are taken to hospital. Children under the age 
of 7 years are the group that has the most potential for 
the risk of medicine because children generally regard 
medicine as something good for them [8]. 

Knowledge about the use of medicine also 
shows that the child is still superficial, especially 
knowledge about how to take medicine whether 
before food or after food. The majority of children said 
that every medication should be eaten first. Only 
around 9.1% answered correctly that the drug should 
not be used after meals. The habit of having to eat 
before taking medicine seems to have been planted 
for a long time from parental behaviour. Even though 
the use of medicine does not have to have to eat first, 
there are even those who are recommended to take a 
medication just before eating or on an empty stomach. 

Likewise, with knowledge about drug storage. 
Storage of medicine in the refrigerator may be 
considered as storing fruits so the child feels the drug 
should be stored in the refrigerator. Children also don't 
know very much that heat or sunlight can damage 
medicine. 
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To see the relationship between 
sociodemographic characteristics and respondents' 
knowledge, statistical analysis was performed using 
Chi-Square test. The results obtained that there is a 
meaningful relationship between several variables 
with knowledge. These variables are age, place of 
residence, family income, the presence or absence of 
families working in the health sector and drug 
information sources. 

Related to attitudes, it was found in previous 
studies that 7-year-old children had begun to learn to 
develop attitudes towards medicine [19]. Children's 
attitudes toward medicine can tend to be negative or 
positive. In this study, it was found that student 
attitudes in general about medicine tend to be 
positive. Several other studies show the same thing 
where children's attitudes about medicine are 
generally also positive [20] [21]. However, negative 
attitudes of children were found in the risk category or 
drug hazard, where only 28.0% of children answered 
correctly that medicine could have adverse effects on 
health. This certainly needs to be a concern because 
children view medicine as something harmless so that 
there is the potential for the risk of medicine. While 
other studies show the opposite attitude where 
children generally have a negative attitude towards 
the use of medicine such as choosing not to be used if 
possible [19], this difference in results is possible 
because of differences in the research methods used 
by each researcher. 

The results of statistical tests using Chi-
Square test showed that children's attitudes about 
medicine were significantly affected by several factors 
(P < 0.05). These factors are residential address 
factors, companion during illness, achievement in 
school and experience having been hospitalised. 

The results of this study indicate that students 
'knowledge of medicines is still low and very limited, 
even though students' attitudes about medicine tend 
to be more positive. But the attitude about the dangers 
of medicine is even more negative. The low level of 
knowledge and limited attitudes are the reasons for 
the need for drug education given to children, 
especially in schools as an integral part of health 
education. 
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Abstract 

AIM: Evaluation of the impact of climatic factors on the formation of mortality due to circulatory diseases and a 

group of diseases related to alcohol consumption identified as alcohol-dependent.  

METHODS: The study subject was the adult population residing in different climatic zones of Russia: in the 
second, third and fourth zones, with different conditions: average annual temperature (5.2°C; 1-2°C; -2.0°C), 
snow cover duration (≤ 150 days, ≤ 180 days, ≈ 220 days) sunshine duration and the presence of polar night and 
polar day in the territory of the fourth climatic zone. The assessment “impact-case of death” was carried out by 
calculating the standardized incidence ratio (SIR) with 95% confidence intervals (CI) for circulatory system 
diseases (CSD) and alcohol-dependent diseases (ADD) in accordance with the international classification of 
diseases (ICD-X).  

RESULTS: The SIR of death from alcohol-dependent diseases for the female population in the 4th climatic zone 
(Murmansk Region) was the highest: the SIR of death from ADD 1.87; 95% CI (1.5-2.7), the SIR of death from 
CSD 1.3; 95% CI (1.2-2.3). For the female population in the 3rd climatic zone (Novosibirsk Region), the SIR of 
death has amounted to: SIRADD 1.52; 95% CI (1.2-1.87), SIRCSD 1.14; 95 CI (1.01-1.3). Living in the 3rd 
climatic zone was not so important for the health of the male population: the SIR of death from CSD 1.1; 95% CI 
(1.05-1.13); the SIR of death from ADD 0.8; 95% CI (0.65-0.98). However, living in the 4th climatic zone 
(Murmansk Region) poses a higher risk of death for the male population: SIRCSD 1.22 (22.0%); 95% CI (1.02-
3.95); SIRADD 1.45 (45.0%); 95% CI (0.98-2.1).  

CONCLUSION: Living in high northern latitudes contributes to higher levels of mortality, both female and male, 
from circulatory and alcohol-dependent diseases. 

 

 

 

 
 
 

Introduction 

 

The number of studies aimed at assessing the 
interrelationship of climatic phenomena with public 
health is currently increasing. Typically, these studies 
focus on the influence of hot climate on public health 
or the waves of dramatic warming in Europe, North 
America, China, and Russia [1], [2], [3], [4], [5], [6], [7], 
[8], [9], [10]. 

However, a smaller number of studies are 
focused on the evaluation of the effect of low 
temperatures on public health [11], [12], [13], [14]. A 
large-scale cohort study has revealed an inverse 
correlation between average annual temperature, 
average annual sunny hours and alcohol consumption 
per capita (p = -0.5 and -0.57, respectively) [13]. 

Large Russian territory is located in regions 
where winter temperatures reach extremely low 
values against the backdrop of other important 
factors: high wind speed, the duration of snow cover, 
as well as photoperiodicity, high air ionization, sudden 
nonperiodic fluctuations of geomagnetic and static 
electric field strength, atmospheric pressure drops, 
and low partial density of oxygen in the air. 

The climate of northern Russia causes 
mobilization of adaptation mechanisms of the human 
body. Long living on the territory with extremely low 
winter temperatures and other climatic conditions 
unfavorable for public health is considered as a stress 
factor, which requires the mobilization of all resources 
of the body [15], [16], [17].  

It is known that in the North, continuous 
adaptation to high latitudes leads to changes aimed at 
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adjusting to the general biological mechanism of 
hypoxia. Peripheral vascular spasm and increased 
peripheral resistance at low environmental 
temperatures cause a tendency towards increasing 
blood pressure. At the same time, there is an increase 
in heart rate; a reduction in the minute volume of the 
circulatory system; an increase in blood circulation in 
order to ensure a smooth exchange of oxygen in 
tissue capillaries; an increase in the mass of the right 
ventricular myocardium in response to hypertension 
pulmonary circulation. The cardiovascular system is 
among the first to respond to extreme external factors 
[14], [15]. There is a high probability of formation of 
psychological tension among the population [7], [15], 
[16], which in turn can provoke alcohol consumption 
followed by widely ranging changes in health status 
[17], [18].  

The problem of the influence of 
meteorological factors on the body has been studied 
for a long time. The works that appeared more than 
30 years ago raised the issue of the need for a 
comprehensive study of the influence of 
meteorological factors on human health [14]. 
Diseases of the cardiovascular system are 
characteristic of the northern territories of Russia (3rd 
and 4th zones) and their prevalence among the 
working-age population ranges from 60 to 75% [13], 
[15]. Works draw attention to the fact that heart and 
blood vessels diseases as a cause of death have a 
higher proportion in the northern territories than in the 
middle zone of the country. There is every reason to 
believe that essential hypertension is one of the 
typical diseases of adaptation to extreme conditions of 
high latitudes, which is a serious problem. 

The aim of this work is to assess the influence 
of natural and climatic factors of different climatic 
zones of Russia on the formation of male and female 
population mortality from circulatory system diseases 
(CSD) and deaths associated with alcohol use 
(alcohol-dependent causes of death). The object of 
the study was the adult population living in rural areas 
in the 2nd, 3rd and 4th climatic zones of Russia.  

 

 

Material and Methods  

 

An epidemiological study of mortality (male 
and female) has been carried out in three regions of 
Russia in different climatic zones. The choice of 
regions was based on their similar key socio-
economic characteristics, i.e. it is advisable to 
minimize other differences that are hindering factors 
for the identification of the role of climatic factors in 
the formation of public health. 

The allocation of climatic zones was based on 
climate characteristics that affect the processes of 
heat exchange, and subjectively on the perception of 

a comfort climate [19], [20], [21]. Important factors 
influencing health reasonably include socioeconomic 
characteristics (income, health care, etc.) and ethnic 
composition, since a traditional diet and lifestyle can 
also influence health. 

It is virtually impossible to ensure the 
similarity of territories in all socio-economic, 
environmental and geographic parameters. Therefore, 
first of all, the choice of regions for comparative 
analysis was based on those factors, which affect the 
public according to many researchers [22], [23], [24]. 
The average income, unemployment rate, and 
medical care were taken into account. Please explain 
tools to measure the difference of climate, how to 
measure alcohol concentration and respiration rate. 

The climate characteristic of the areas 
selected for the study is formed on the basis of official 
long-term Russian Hydrometeorological Service 
meteorological data on temperature, humidity, speed 
and the prevailing direction of movement of air 
masses, rainfall, solar radiation, number of days per 
year with negative air temperatures and other climate 
indicators. For the measurement of all climate 
parameters, the specialists of the hydrometeorological 
service use instruments and equipment verified by 
metrological agencies and corresponding to the 
established requirements by the measurement range 
and permissible error. 

Based on climate indicators, the space of 
Russia is conditionally divided into four climatic zones: 
1st – Arctic, 2nd – Subarctic, 3rd – Moderate, 4

th
 – 

Subtropical. Climate data obtained by specialists of 
the Russian Hydrometeorological Service are 
published in the form of climate reference books and 
are available for various purposes (in construction, 
agriculture, when planning energy consumption, 
designing heat-protective clothing for working in an 
open area, for comparing the comfort of living of the 
population). Based on the difference in the complex of 
climatic indicators, the main ones of which are 
temperature and air velocity, the Penza region 
belongs to the 3rd climatic zone, the Novosibirsk 
region belongs to the 2nd climatic zone, the 
Murmansk region belongs to the 1st climatic zone. 

The Murmansk (4th climatic zone), 
Novosibirsk (3rd climatic zone) and Penza Regions 
(2nd climatic zone) are located in different climatic 
zones but have closest socio-economic parameters. 
The national composition is mostly presented by the 
Russian population: 89.0%, 93.1%, and 86.8%, 
respectively. The number of physicians per 10,000 
people, as well as the ratio of average income per 
capita (rubles per month) to the subsistence minimum, 
was higher in the Murmansk Region (Table 1).  

More doctors per 10,000 people in the 
Murmansk and Novosibirsk Regions could promote 
the availability of medical care, and, hence, better 
detection of diseases. Secondly, the availability of 
medical care helps to reduce mortality, since diseases 
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are detected at an earlier stage and their timely 
treatment brings greater success. 

Table 1: Basic socio-economic characteristics of the Penza, 
Novosibirsk, and Murmansk Regions of Russia [25] 

Socio-economic characteristics 

Climatic zone 

2nd 3rd 4th 

Penza region 
Novosibirsk 

Region 
Murmansk 

Region 
Rural population 1,368,657 2,731,176 771,100 
The ratio of average income per capita 
(rubles per month) to the subsistence 
minimum 

2.87 3.0 3.25 

Population with income below the 
subsistence minimum (% of total 
population) in 2016 

12.6 12.1 10.9 

Unemployment rate, % 4.6 5.1 7.2 
Number of physicians, people  
(per 10,000 inhabitants) 

39.3 55.9 57.0 

 

Thus, the indicators reflecting the availability 
of medical care and the level of material security can 
imply a lower level of mortality in the Murmansk and 
Novosibirsk Regions compared to the Penza Region. 
Climatic characteristics vary dramatically in the 
selected regions of Russia (Table 2). 

Table 2: Characteristics of some climatic parameters in the 
Penza, Novosibirsk and Murmansk Regions of Russia [25], [26] 

Climate features 

Climatic zone 

2nd 3rd 4th 

Penza Region Novosibirsk 
Region 

Murmansk 
Region 

Temperate 
continental 

Continental Subarctic 
marine 

Average t°C in January -9.8; -10.7 -16; -17 -10; -12 
Wind speed (m/s) 3.6 ≤ 6.0 ≥ 7.0 
Duration of snow cover (days) ≤ 150 ≤ 180 220 
Average t°C in July 20.2 18.3 8-14 
Average annual temperature, °C 5.2 1-2 -2.0 
Duration of sunshine (hours/year) 1700-2000 1700-2000 ≤ 1700 

Climate features 

- - Polar night:  
02.12–11.01 
Polar day: 

22.05–22.07 
Heating season duration (days)  
(at t ≥ 8°C) 

200 225 274 

 

An air transfer from the west to the east 
dominates in the territory of the Penza Region, as 
throughout the whole climatic zone, that is why the 
climate is strongly influenced by Atlantic air masses.  

The Novosibirsk Region is located in the 
south-east of the West Siberian Plain. Plain territories 
allow free spreading of cold waves from the north and 
the waves of heat from the southwest. In this regard, 
the winter can be characterized by both severe frost 
and short thaws. 

The Murmansk Region is located in the 
subarctic zone on the Kola Peninsula; the climate is 
temperately arctic, maritime, influenced by the warm 
Gulf Stream. The region is located on the border 
between the vast mainland area and the Barents Sea. 
Almost the entire territory lies north of the Arctic 
Circle. The Murmansk coast suffers the greatest wind 
speed: up to 40 m/s and more. Due to high humidity 
and strong winds, even a light frost is hard to endure. 
The period of polar night is characterized by the deficit 
of natural light and UV radiation.  

When conducting a comparative analysis of 
mortality in different regions of Russia, the main 

attention was focused on diseases of the circulatory 
system (CSD) and alcohol-dependent diseases (ADD) 
that were allocated in accordance with ICD-X. 

In addition to acute alcohol intoxication, the 
last group of death causes included: harmful alcohol 
consumption, alcohol addiction, other and unspecified 
mental disorders and behavioral disorders caused by 
alcohol; alcoholic psychosis; encephalopathy, 
dementia, degeneration of the nervous system caused 
by alcohol; alcoholic polyneuropathy, alcoholic 
myopathy, alcoholic cardiomyopathy, alcoholic 
gastritis, cirrhosis, alcoholic pancreatitis, accidental 
alcohol poisoning, intentional self-poisoning and 
effects of alcohol. 

Calculations of mortality rates were based on 
the Rosstat data: information analysis content: 
regional data on the population of the Russian 
Federation by sex and age, distribution of deceased 
by sex, age groups and death causes (statistical form 
No. S51), statistical bulletin “Socio-economic 
indicators of poverty”, statistical bulletin “Population 
income and expenditure”, Demographic Yearbook of 
Russia 2014-2016. 

In order to exclude the impact of region-
specific production and ecological factors of the urban 
environment, the age-specific mortality rates of the 
rural population in different climatic zones were 
compared.  

Age structural differences recalibrate mortality 
rates. In the Murmansk Region, the number of men 
aged 20-29 was two times higher than the 
corresponding number in the Novosibirsk and Penza 
Regions, and the proportion of older age groups, by 
contrast, was substantially less. 

The statistical estimation of “impact-death 
case” was performed by calculating the standard 
incidence ratio (SIR) with a 95% confidence interval 
(CI) [23], [27]. 

The standardized incidence ratio (SIR) of 
adverse health effects was calculated as the ratio of 
the actual number of disease cases among exposed 
individuals to their expected number derived on the 
assumption that risk indicators in the control are taken 
as a standard. 95%CI of the relative risk was 
calculated using the following formula:  

95%CI = exp
lnOP±1.96σ (lnOP).

 

The control was the population in the 2nd 
climatic zone (Penza Region), since climatic 
characteristics of this region are more favorable to the 
population in comparison with the 3rd and 4th climatic 
zones. The standard was selected for the specific 
material and in relation to the established objectives. 
Extensive and intensive indicators that reflect the 
structure of death causes and their frequency in 
certain age groups were also calculated.  
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Results 

 

Diseases of the circulatory system (CSD) 
traditionally occupy the first place among other death 
causes. The studied federal subjects of Russia are no 
exception. Among all death causes for males (20-79 
years) in the studied regions of Russia, the proportion 
of deaths from CSD ranged from 44.4% in the Penza 
Region up to 48.6% in the Murmansk Region. The 
greatest percentage of female deaths from CSD was 
in the Murmansk Region – 62.4%, in the Penza 
Region – 58.4%, in the Novosibirsk Region –55.4%.  

Studies have shown that alcohol-dependent 
death causes in the Novosibirsk Region constitute 
5.1% among all causes, in the Murmansk Region – 
10.0%. The corresponding factors for women were 
two times lower (Figure 1). 

 

Figure 1: Proportion of alcohol-dependent death causes among all 
causes for individuals aged 20-79 living in various climatic zones of 
Russia in 2016 

 

Most of these death causes (30.0-40.0%) 
were registered in the age group 20-39 years. The 
proportion of these deaths causes decreases with 
age. 

The leading place in the structure of the 
alcohol-dependent death causes in the Murmansk 
Region belongs to cardiomyopathy (68.0% for men 
and 57.0% for women). In two other regions, this 
factor was lower: in the Novosibirsk Region – 21.4% 
for men, 45.2% for women. In the Penza Region, the 
proportion of deaths from alcohol cardiomyopathy was 
much lower – 15.1% for men and 25.0% for women. 

 

Figure 2: Standardized incidence ratio (SIR) for circulatory diseases 
(CSD) and alcohol-dependent diseases (ADD) in 2016 for women 
(20-79 years) in rural areas living in different climatic zones 
(indicators for the Penza Region were taken for 1.0) 

 

Figure 2 and 3 present the standardized 
incidence ratio for two groups of causes for the male 
and female population.  

The impact of cold climate on female mortality 
from CSD and ADD is obvious and is confirmed by the 
accuracy of the obtained results. The SIR of death 
from ADD for the 4th climatic zone (Murmansk 
Region) was the highest: the SIR of death from ADD 
1.87; 95%CI (1.5-2.7); the SIR of death from CSD 1.3; 
95%CI (1.2-2.3). For the female population in the 
Novosibirsk Region (3rd climatic zone), the SIR of 
death was: SIRADD 1.52; 95%CI (1.2-1.87), SIRCSD 
1.14; 95%CI (1.01-1.3). 

 

Figure 3: Standardized incidence ratio for death from circulatory 
diseases (CSD) and alcohol-dependent diseases (ADD) in 2016 for 
men (20-79 years) in rural areas living in different climatic zones 
(indicators for the Penza Region were taken for 1.0) 

 

Living in the 3rd climatic zone was not so 
important for the health of the male population: the 
SIR of death from CSD 1.1; 95%CI (1.05-1.13); the 
SIR of death from ADD 0.8; 95CI (0.65-0.98). 
However, living in the 4th climatic zone (Murmansk 
Region) poses a higher risk of death for male 
population: the SIR of death from CSD 1.22 (22.0%); 
95%CI (1.02-3.95); the SIR of death from ADD 1.45 
(or 45.0%); 95%CI (0.98-2.1). 

 

Figure 4: Mortality from CSD in the Penza, Novosibirsk and 
Murmansk Regions in 2016 (per 1000 women living in rural areas) p 
≤ 0.005 

 

Assessment of age-related mortality from 
CSD has shown increased mortality of individuals 
over 40, for both males and females. Differences in 
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mortality increase along with age. 

 

Figure 5: Mortality from CSD in the Penza, Novosibirsk and 
Murmansk Regions in 2016 (per 1000 men living in rural areas) p ≤ 
0.005 

 

 

 

Discussion 

 

Large Russian territory is located in high 
latitudes, with low environmental temperatures, long 
winter, and the polar night. The climate of the northern 
territories promotes the formation of mortality from 
cardiovascular diseases and death causes that are 
connected with alcohol to one degree or another. The 
need to exclude the “hindering” factors related to the 
socio-economic sphere of life has made this work 
more complex. A comparative analysis of health 
indicators for population living in regions in different 
climatic zones (2nd, 3rd, 4th climatic zones of Russia) 
with similar socio-economic characteristics has 
revealed that mortality from cardiovascular diseases 
among the population living in the Novosibirsk and 
Murmansk Regions (3rd and 4th climatic zones) is 
growing more intense with age. In this case, one can 
talk about the premature aging of the population living 
in the northern territories. 

The obtained data are consistent with earlier 
studies that describe a syndrome of “polar” stress, 
which reduces adaptive reserves of the human body, 
accelerating the premature aging. This is 
demonstrated by higher and earlier indicators of 
mortality from circulatory diseases (CSD) [13], [15]. 
The widespread belief of wider alcohol consumption in 
northern latitudes is apparently not groundless. This is 
evidenced by more meaningful consequences for the 
health of people living in high latitudes: a high risk of 
death from alcohol-dependent causes among all 
causes is noted in the 3rd (for women) and 4th (for 
men and women) climatic zones (Novosibirsk Region, 
Murmansk Region).  

In turn, this can provoke a wide range of 
diseases. The results obtained are consistent with the 
data described by other researchers [21], [28], [29], 
[30], [31], [32]. 

The mortality study of the male population of 
Izhevsk (3rd Climate Zone) showed that most causes 
of death, with the exception of tumors, correlate with 
alcohol consumption [28]. For three decades, 
fluctuations in mortality from circulatory system 
diseases (CSD) almost simultaneously follow the 
same tendency as the mortality rate from causes 
clearly associated with alcohol [27]. This trend is 
particularly noticeable in the fluctuations in mortality 
from coronary heart disease (CHD) and from 
cerebrovascular disease (CVD). But, as the authors 
indicate, those who died of alcoholic cardiomyopathy 
had the highest level of alcohol in the blood (1.45‰). 
In contrast, in those who died from all forms of 
cerebrovascular disease, the level of alcohol in blood 
was zero or very low. 

Long-term studies conducted in Surgut (4th 
climatic zone) showed that the frequency of 
hospitalization of hypertensive patients increases 
during cold periods of the year by 2-3 times on 
average. Obliterating diseases of the vascular system 
appear at a younger age and often have a malignant 
course. The development of the atherosclerotic 
process in its classical version begins at the age of 
40–50 years. Once arisen, the obliterating process 
has no tendency to reverse development, and the 
result of this process in 40% of patients is disability 
[31], [32]. 

The above studies address the health of the 
male population living in the northern regions of 
Russia. But as the obtained results showed, for the 
female population living in the northern regions, the 
damage from alcohol-related diseases significantly 
exceeds the losses of those who live in more 
comfortable climatic conditions.  

The calculation of values and significance of 
standardized incidence ratio indicate the relationship 
between mortality from causes, which occur due to 
alcohol consumption with climatic characteristics of 
the northern regions.  

In conclusion:  

1. The natural and climatic conditions of the 
4th, 3rd and 2nd climatic zones of Russia (Murmansk, 
Novosibirsk, and Penza Regions) vary in average 
annual temperature (by more than -5°C and -7°C), 
wind speed in winter by two and more times, average 
temperature in January (-17°C versus -9.8°C) and in 
the number of sunny days. The distinctive features of 
the Murmansk Region are: polar night, a long winter 
period: more than 270 days, with strong winds. 

2. It has been revealed that the contribution of 
the climatic factor in the 4th climatic zone to the 
formation of male mortality from circulatory diseases 
and alcohol-dependent death causes has amounted 
to 22.0% and 45.0%, as compared with those factors 
obtained for the population of the 2nd climatic zone 
(Penza Region). 

3. The climate of the 3rd and 4th climatic 
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zones of Russia has the greatest impact on the health 
of the female population. The contribution of the 
climatic factor to the formation of female mortality from 
circulatory diseases and death causes associated with 
alcohol consumption compared with those factors 
obtained for the population of the 2nd climatic zone 
(Penza Region) have amounted to 30.0% and 87.0%, 
respectively.  
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Abstract 

BACKGROUND: The second decade of this century is characterised by the fact that the number of pregnant 
women who intend to give up their children has considerably decreased. However, despite this, the proportion 
between the number of abandoned children and all newborns increased from 2009 to 2014. 

AIM: The goal of this work is to scientifically substantiate changes in Russian legislation based on a 
comprehensive analysis of the main trends in the development of early social orphanhood and changes in the 
medical and social characteristics of mothers who give up their children. 

MATERIAL AND METHODS: The general aggregate of mothers who gave up their children in the Chelyabinsk 

Region has been studied. In total, 1,438 mothers were observed in 2009-2017. The information has been copied 
from the reports and records for 2009-2017 found in 51 maternity homes of the Chelyabinsk Region: reporting 
form No. 32 “Information on Medical Care for Pregnant Women, New Mothers and Women in Labor” and 
registered form No. 96 “Labor and Delivery Medical Record”. 

RESULTS: During the period under study, on average, 158 newborns per year were abandoned in maternity 
homes of the region: 51 children were abandoned by residents of the regional centre, 74 and 33 were abandoned 
by the women who lived in urban districts and rural municipalities, respectively. Today, mothers who give up their 
children tend to be marginalised. Two-thirds of them give birth to children out of marriage. Seven out of ten do not 
have a regular income, and six out of ten have socially significant diseases caused by their lifestyle. 

CONCLUSIONS: The decline in attention to the prevention of early social orphanhood is caused by the inevitable 
increase in the number of newborns left without parental care. Every year, the number of well adapted in society 
women who give up their children when they find themselves in a difficult life situation is decreasing. The number 
of marginalised pregnant women is growing. Reducing the rate of abandonment of newborns among the 
marginalised contingent of pregnant women requires changes in the medical legislation of the Russian 
Federation. 

 
 
 
 
 
 

Introduction 

 

At the cusp of the 20
th
-21

st
 centuries, Russia 

underwent the third wave of orphanhood, reasons for 
which considerably differed from the first two ones. 
The orphanhood of the first wave associated with the 
Civil War and the second wave associated with the 
Great Patriotic War were caused by parents’ deaths. 
Now orphans are children who have biological parents 
not involved in their upbringing and care [1]. As of 
December 31, 2013, in the state data bank, the 
number of orphans and children left without parental 

care was 501,023 [2]. 

Sociologists [3] and psychologists [4] have 
been trying to explain social orphanhood as a form of 
deviant motherhood for a long time. Thus, supporters 
of the socialisation theory consider the abandonment 
of the newborn as a consequence of unsuccessful or 
insufficient socialisation of the woman herself [2], [5]. 

E.R. Yarskaya-Smirnova, together with co-
authors, determines subjective and objective factors 
of the abandonment risk [6]. The objective factors 
include somatic or mental diseases in the woman’s 
history or their occurrence during her pregnancy, as 
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well as the child’s disability. According to M.A. 
Kostenko, the latter factor is especially important in 
the background of the low availability of timely 
medical, pediatric care. The subjective factors include 
non-readiness to perform parental responsibilities, 
pressure from the social environment, and the 
woman’s deviant behaviour. The mothers who give up 
their children make up a non-uniform group. They are 
not always the main initiators of the abandonment, 
and close people are often involved in making the 
decision. The relatives’ influence can be both indirect 
and direct [6], [7]. At the beginning of the 21

st
 century, 

healthy children are abandoned more often than 
children with disabilities, and this mainly comes with 
the “social disadvantage of the mother (family) and 
her addiction (alcoholism, drug addiction)”. 

The analysis of foreign sources has shown 
that this problem is not urgent for the indigenous 
population of the European Union. Researchers study 
the problem of early social orphanhood in the third 
world countries and the indigenous people of 
economically developed countries that emerged from 
former colonies [5], [7], [8], [9], [10]. However, while in 
the third world countries the main cause of early social 
orphanhood is maternal death during delivery and 
subsequent refusal of the community to bring up a 
weakened and sick newborn [8], [10], [11], [12], in the 
Russian Federation, in 80% of cases, it is caused by 
deviant motherhood of mothers who give up their 
children justifying this by their difficult material status 
or living conditions [13]. 

Since the beginning of the new century social 
orphanhood, which, according to the children’s 
surgeon L. Roshal, was omitted by the Russian 
society, has attracted the public attention. It was 
followed by considerable funding, primarily within the 
“Health” national project that was a program to 
improve the health of Russian citizens. It was 
announced by President V.V. Putin and started on 
January 1, 2006. According to this project, RUB 425.3 
billion was allocated to improve the quality of medical 
care from 2006 to 2009. Although the project did not 
aim at preventing social orphanhood, while performing 
its normal functions, the obstetric and gynaecological 
service managed to work efficiently to reduce the 
number of mothers abandoning their newborns, and 
thus reduced the number of early social orphans [14]. 
However, in the 2010s, the efforts of obstetric and 
social services ceased being so efficient. Despite a 
considerable reduction in the number of pregnant 
women who were classified as potential mothers who 
would give up their children and, therefore, were 
subject to preventive work, the number of newborns 
left without the parental care slightly decreased from 
0.3% of all newborns in 2011 down to 0.25% in 2014 
(Information on identifying and organizing the life of 
orphans and children left without parental care, 2015). 

The latest study on the early social 
orphanhood in Chelyabinsk as a typical regional 
centre of the Russian industrial region was carried out 

by O.V. Denisov, the chief obstetrician-gynaecologist 
of the city of Chelyabinsk, almost ten years ago. 
During this period, the socio-medical characteristics of 
mothers who abandon their children greatly 
transformed [14]. Most of such women ceased to be 
sensitive not only to psychological effects but also to 
material incentives. The habitual image of a mother 
who gives up a child as a young woman who is 
immature psychologically and personally and is 
greatly influenced by the people, she is surrounded by 
is not consistent with the reality any more. 

The goal of this work is to scientifically 
substantiate changes in Russian legislation based on 
a comprehensive analysis of the main trends in the 
development of early social orphanhood and changes 
in the medical and social characteristics of mothers 
who give up their children. 

 

 

Material and Methods 

 

The above goal of the study was achieved 
using the method of copying data from the reports and 
records for 2009-2017 found in all maternity homes of 
the Chelyabinsk Region: reporting form No. 32 
“Information on Medical Care for Pregnant Women, 
New Mothers and Women in Labor” and registered 
form No. 96 “Labor and Delivery Medical Record”. 
These are the data obtained from legal entities – 
medical organisations that provide obstetric and 
gynaecological care during pregnancy, childbirth and 
postnatal period. The history of childbirth is the main 
medical document of the maternity home (maternity 
ward of the hospital), which is compiled for every 
pregnant woman, a woman in labour or new mother. 
The general aggregate of mothers who had given up 
their children in the Chelyabinsk Region was studied. 
In total, 1,438 mothers from 51 maternity homes were 
observed in 2009-2017. These maternity homes were 
divided into three groups of administrative and 
territorial entities – the megalopolis, the regional 
centre of Chelyabinsk (nine maternity homes), 11 
municipal districts (16 maternity homes), and 26 rural 
municipal areas (26 maternity homes). The division 
into these three groups of territories is related to 
different standards of living in them, along with the 
existing cultural differences and national traditions of 
the local population. 

The statistical regularity was analysed by 
using the SPSS Statistics Base 22.0 statistical 
software package. The average and relative values 
and their representativeness errors were calculated. 
To determine the randomness or significance of 
changes in the levels of indicators over the years of 
the study, a non-parametric test – the iteration 
criterion (Z) – was used due to improper distribution of 
observation units. 
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The study received a positive conclusion of 
the ethical commission concerning the observance of 
ethical standards (approved by Order No. 5 of 
05/26/2017, South Ural State Medical University). 

 

 

Results 

 

In the Chelyabinsk Region, the work on 
preventing early social orphanhood interpreted as 
women’s giving up their children in obstetric facilities 
was efficient for the first time when implementing the 
“Health” national project in 2006-2008. The number of 
newborns abandoned decreased annually. However, 
the 2009 economic crisis interrupted not only this 
positive trend but also the research itself. The present 
study began in 2015. Over the next nine years, an 
average of 158 babies was abandoned in maternity 
homes of the region per year: 51 children (32.3%) 
were born by residents of the regional centre, 74 
(46.8%) and 33 (20.9%) were children born by the 
women who lived in municipal districts and rural 
municipal areas, respectively. 

 

Figure 1: Dynamics of the Prevalence of Abandonment of 
Newborns in the Chelyabinsk Region for 2009-2017 (per 1,000 
newborns) 

 

Due to the different number of women giving 
birth to children in three groups of territories, the 
indicator of the prevalence of abandonment of 
newborns is more informative. It is obtained by the 
ratio of the number of abandonment of newborns to 
the total number of births per 1,000 newborns. The 
study of the prevalence rate showed that women living 
in municipal districts had abandoned their children 
most often: an average of 4.5 ± 0.9 cases per 1,000 
newborns (Figure 1). The peak of abandonment 
among residents of municipal districts was from 2009 
to 2012. However, then the indicator reliably (Z < Z05) 
decreased to the values that are close to those of the 
regional centre and the rural area. In total, over nine 
years of study, the prevalence rate of abandonment of 
newborns by women in maternity homes in urban 
districts declined considerably (Z < Z05): from 5.2 
cases per 1,000 babies in 2009 down to 2.5 cases in 
2017. The rate of decline was 52%. There were 
similar dynamics for the prevalence rate of 
abandonment of newborns among the residents of the 

regional centre. This figure also decreased 
considerably (Z < Z05): from 3.8 cases per 1,000 
babies in 2009 down to 1.7 cases in 2017. The 
decline rate was 51.3%. 

On average, the prevalence rate of 
abandonment of newborns among the women living in 
rural areas is approximately the same as among the 
residents of the regional centre: 3.5 ± 0.2 and 3.3 ± 
0.4 cases per 1,000 newborns, respectively. However, 
the dynamics of this indicator for nine years of 
observation can be characterised as stable (Z > Z05), 
i.e. the levels of the indicator change within random 
fluctuations. 

Since 2013, the prevalence rates of 
abandonment of newborns in three groups of 
territories had become close to one another and, until 
2016, there were no considerable differences (Z > 
Z05). However, in 2017, this indicator for the rural 
women grew up to 3.3 cases per 1,000 newborns. 

The habitual image of a mother who 
abandons her children as a young woman who is 
immature psychologically and personally and is 
greatly influenced by the people, she is surrounded by 
is not consistent with the reality any more. Only every 
tenth mother who abandons her child in the 
Chelyabinsk Region is characterised like that. Now, a 
typical representative of the women under study is a 
woman, whose average age is about 27. The ratio of 
older women has considerably increased. Thus, the 
proportion of women aged 30-39 has doubled as 
compared to the first decade of the new century. Also, 
it has become a regular thing to meet women aged 
40-49 who abandon their children. This has not been 
observed before. 

Such a phenomenon as the repeated 
abandonment of a child is especially noteworthy. 
Unfortunately, it is impossible to accurately determine 
the number of previous cases of abandoning children 
by such mothers in maternity homes because they are 
not registered. However, according to the expert 
opinion of obstetrician-gynaecologists, reflected in the 
present article, who are responsible for unofficial (until 
2012) and official registration (since 2012) of 
abandoned newborns, in many maternity homes of 
the Chelyabinsk Region, there were cases of repeated 
abandonment of a child. Also, some present mothers 
giving up their children abandoned their older child 
later (thereby also making them social orphans) rather 
than during their stay in the maternity home. They 
disclosed this information when they came to 
maternity homes to give birth to their last child. As a 
result, for nine years of the observation, there is 
information about 12 women living in the Chelyabinsk 
Region who have given up their children more than 
once. 

Such cases are not singular. This is indirectly 
indicated by the obstetric history of mothers who 
abandoned their children in the Chelyabinsk Region. 
By the age of 27, they have already got an average of 
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four pregnancies, taking into account the latest that 
made them the object of this study. Registered form 
No. 96 “Labor and Delivery Medical Record” provided 
more evidence the marginalisation of women who 
abandon their newborns. Thus, considering the 
previous pregnancies of the mothers who abandoned 
their children at birth, it is necessary to note that an 
average of 1.8 of such pregnancies ended up in 
childbirth or 1.3 in abortion at the request of the 
woman who lived in the regional centre, 1.9 or 1.6 – if 
such woman lived in a municipal district, and 1.8 and 
1.2 – if she lived at a rural area, respectively. It is 
noticeable that 80% of these women terminated their 
pregnancy and thus demonstrated their unwillingness 
to have a child. Probably, they could not solve the 
issue on the latest pregnancy due to some 
circumstances. As a result, by 35 years old – the age 
allowed for voluntary sterilisation – representatives of 
this group might have more than six pregnancies, 
including two or three that ended up with childbirth 
and abandoning more than one child. It is possible to 
comply with another condition – having two children – 
for voluntary sterilisation among mothers who 
abandon their children only if to take into account the 
fact of the birth itself because these women are not 
involved in bringing up their children in its legal sense. 

Today, mothers who abandon their children 
are characterised by one key feature – they tend to be 
marginalised. Thus, according to the data of the 
present study, two-thirds of these adult women do not 
have stable and strong family relations, and their 
children’s fathers are casual partners: on average, this 
is 65.8 ± 4.1% of such mothers who live in the 
regional centre, 63.3 ± 6.1% and 62.5 ± 3.1% are from 
municipal districts and rural areas, respectively. Even 
more representatives of the group under study do not 
have a regular income: on average, it is 71.6 ± 2.2% 
among those living in the regional centre, 77.7 ± 2.2% 
and 59.2 ± 2.5% among those who live in municipal 
districts and rural areas, respectively. It is necessary 
to note that over nine years of the observation, the 
proportion of the women without a stable income (Z < 
Z05) increased in all compared groups of territories. 

However, the most important feature of 
marginalisation is socially significant diseases 
determined by Order of the Government of the 
Russian Federation No. 715 dated 01.12.2004 “On 
approving the list of socially significant diseases and 
the list of diseases that are dangerous to others” 
caused or leading to asocial behaviour. These are 
HIV, intellectual disabilities, hepatitis B, C, drug 
addiction, alcoholism, other pathological addictions, 
infections mainly transmitted sexually, and 
tuberculosis (Resolution of the Government of the 
Russian Federation No. 715, 2004) [15]. The highest 
incidence of this disease is among mothers who give 
up their children living in municipal districts: 811.9 
cases per 1,000 of the corresponding group, i.e. four 
out of five have a socially dangerous disease. This 
indicator is twice lower in mothers who abandon their 

children living in rural areas. This level of the socially 
considerable pathology is in the intermediate position 
in residents of the regional centre. 

The first place in terms of morbidity is 
occupied by mental and behavioural disorders 
associated with the use of psychoactive substances. 
Thus, half of the mothers who abandon their children 
living in municipal districts suffer from alcoholism or 
drug addiction. Every fourth mother from the regional 
centre and every fifth one from the rural area suffers 
from the same dependence. Infectious diseases – 
mainly, hepatitis C and B, as well as syphilis – are in 
second place in terms of prevalence among socially 
dangerous diseases. Six cases of tuberculosis 
registered in mothers who abandoned their children 
during 2009-2017 are noticeable because according 
to the official data (reporting form No. 32), the 
prevalence of socially significant pathology with the 
remaining pregnant women whose pregnancy ended 
up with childbirth and who live in the Chelyabinsk 
Region, but not included in the group under study, is 
within the limit of error. 

 

Figure 2: Dynamics of HIV Prevalence among Pregnant Women 
who Delivered Babies in the Chelyabinsk Region in 2009 – 2017 
(per 1,000 pregnant women who delivered babies) 

 

HIV prevalence is a separate issue. According 
to Form No. 32, “Information on Medical Care for 
Pregnant Women, Women in Labor and New 
Mothers”, the incidence of HIV is extremely low 
among pregnant women living in the regional centre 
but not included in the group under study. It is from 
0.2 to 0.7 cases per 1,000 pregnant women who 
ended their pregnancy with childbirth (Figure 2), and it 
changes over the observation period within random 
fluctuations. This situation looks completely different 
among mothers who give up their children – 70.5 
cases per 1,000 of the relevant group. This is the 
average for six years since the official registration of 
newborns abandoned in obstetric facilities. Moreover, 
in 2014, every sixth mother abandoning her child was 
HIV-infected. 

 

 

Discussion 

 

In Russia, the main efforts to prevent early 
social orphanhood largely still belong to enthusiasts. 
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Therefore, there is an urgent need for a unified 
national policy aimed at reducing the number of 
newborns left by mothers. 

It is necessary to note that the latest study on 
early social orphanhood in Chelyabinsk, a typical 
regional centre of the industrial region, was conducted 
by O.V. Denisov, chief obstetrician-gynaecologist, 
almost ten years ago [14]. During this period, the 
socio-medical characteristics of mothers who give up 
their children have been greatly transformed [14]. 
Most of such women have ceased to be sensitive not 
only to psychological effects but also to material 
incentives. 

While earlier, the work on preventing the 
abandonment of newborns started in female 
counselling centres and was efficient in the cases with 
women were well-adjusted in society but somehow 
ended up in difficult life situations [14]. Now, this is not 
enough. The reason is that only every third of future 
mothers who abandon their children is registered in 
the female counselling centre, and only every sixth 
attends it relatively systematically. The rest of them 
visit it at the 30

th
 week of pregnancy to obtain a 

disability certificate for the pre-maternity leave. It is 
noteworthy that the average first appearance time for 
the registration is from 20.7 weeks in the regional 
centre to 21.6 weeks in cities of the region. 

As a result, the traditional methods aimed at 
preventing the abandonment of newborns and 
implemented by medical staff in female counselling 
centres don’t work. To reduce the abandonment rate 
among marginalised pregnant women, it is necessary 
to change the medical legislation. The following 
recommendations are promising: 

 – To reduce the age of voluntary medical 
sterilisation from 35 to 27 years for women suffering 
from socially significant diseases and having two 
births or one birth and child abandonment in their 
history; 

 – To include two or more socially significant 
diseases (the most frequent combinations of drug 
addiction with HIV and hepatitis C, B or alcoholism 
with syphilis and substance abuse) or one socially 
significant disease and the fact of abandonment or 
deprivation of motherhood in the list of social 
indications for the pregnancy termination; 

 – To prevent all forms of social orphanhood 
more efficiently and timely, to allow registering the 
mothers who abandoned their children without 
parental care in Russian subjects on a legislative 
basis. 

The following main conclusions can be made: 

1. The decline of attention to the prevention of 
early social orphanhood is caused by the inevitable 
increase in the number of newborns left without 
parents. 

2. Every year, the number of well-adapted in 

society women who leave their children when finding 
themselves in difficult life situations is decreasing, and 
the marginalized contingent of pregnant women is 
growing. 

3. Reducing the rate of abandonment of 
newborns among the marginalized contingent of 
pregnant women requires changes in the medical 
legislation of the Russian Federation. 
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Abstract 

BACKGROUND: Drug interaction is a term used to refer to unfavourable side effects caused by mixing or taking 
two or more drugs simultaneously. Although it is not possible to identify all drug interactions, awareness of 
therapeutic team of potential drug interactions, risk factors that enhance the possibility of these interactions and 
familiarity with mechanisms of drug interactions can help reduce real drug interactions.  

AIM: The present research seeks to study the frequency and intensity of possible interactions among various age 
groups and their correlation with doctor’s speciality, time of drug prescription, patient’s gender, etc. 

MATERIAL AND METHOD: This is observational, cross-sectional research conducted in spring and winter to 
study the prevalence of drug interactions among 6000 recipes belonging to 2 private and 2 public drug stores. The 
information associated with recipes was recorded, and drug interactions were studied based upon quick index of 
interactions using Up to Date software. Quick index of medical interactions is a response to data dealing with how 
drugs interact with one another. The risk factor is divided into groups A, B, C, D, and X according to this index 
with each one having its own definition. The data analysis was studied in terms of prevalence type of drug 
interactions and the possible correlation with other parameters. SPSS v.16 was used for statistical analysis.  

RESULTS: The average age of the patients was 42.07 ± 21.56 years. The frequency of male patients was 41.7%. 
An average number of 4.82 ± 1.91 drugs were prescribed for each patient and an average number of 1.95 ± 2.40 
drugs had interaction with one another with levels C, D, and X having the following drug interaction levels: 1.60 ± 
2.05, 0.275 ± 0.69, and 0.072 ± 0.31. No such interactions were observed in 31.1% (1846 cases) of recipes. The 
presence of drug interaction was statistically significant in terms of age, season, drug store and speciality of 
doctor (P-value < 0.05). The average number of interactions in the recipes issued by psychologists, cardiologists, 
rheumatologist, neurologists, and general practitioners was more, and this result was statistically significant (P-
value < 0.05).  

CONCLUSION: Considering the results achieved in this research, we may conclude that the drug interactions in 
recipes exhibit a noticeable frequency with the highest frequency observed in level C influenced by factors such 
as age, season, class of drugs, and expertise of the doctor. 

 
 
 
 

Introduction 

 

Drug interaction is a term used to refer to 
unwanted side effects caused by mixing or taking two 
or more drugs simultaneously. No such side effects 
are observed when the drugs are taken individually. 
Drug interaction may take place between various 
drugs, drugs prescribed by the doctor and those 
without a recipe, drugs and herbal medicines, 
supplementary drugs or vitamin supplements, drugs 
and some foods [1]. These interactions usually 
present themselves in a pharmacokinetic or 
pharmacodynamic fashion. In pharmacokinetic 
interactions, one drug may change metabolism, 
disposal or distribution of another medicine. In 
pharmacodynamic interventions, the exclusive 
function of drug changes as a result of other drugs’ 

influence [2]. Drug interactions are classified based 
upon the degree of importance, and this degree 
comprises intensity and evidence. The quick index of 
drug interactions is a response to data describing how 
drugs interact with one another. This index divides risk 
factor indexes to groups A, B, C, D, and X with each 
one having an exclusive definition. As we move from 
level A to level X, the urgency of response to drug 
interaction increases. Generally speaking, classes A 
and B are important only in scientific discussion, and 
no importance is attached to them in clinical 
discussions. However, the remaining three 
interactions always require clinical considerations [3].  

According to the report issued by American 
Association of Doctors, as many as 44 to 98 thousand 
deaths occur every year as a result of drug interaction 
with more than 7 thousand cases being the result of 
negative side effects of medicines. As many as 6.7% 
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of the patients in a hospital experience unfavourable 
drug side effects and this causes 0.34% of the death 
toll among them. In 2012, the death caused by the 
unfavourable side effects of interactions had the 4

th
 

place following cardiovascular diseases, diabetes, and 
AIDS in the U.S. [4]. The danger of occurrence and 
intensity of drug interventions are influenced by 
factors such as number of drugs taken, length of 
treatment, patient’s age, number of doctors 
prescribing the medicine and stage of disease [1], [4].  

Drug interaction is an important issue in drug 
safety, and it is a potential reason for the drug’s side 
effects among those patients hospitalised in the 
hospital. Their effect is well known as an important 
factor in drug therapy, and it may result in the total 
failure of the treatment process [5]. Drug interactions 
may potentially increase the death toll of patients as 
they cause unwanted side effects, reduce the 
effectiveness and increase the toxicity of medicine 
and impair patient’s cooperation with the treatment 
diet prescribed [6]. Drug interactions are estimated to 
be responsible for 20 to 30% of all unwanted medical 
reactions. These interactions require clinical action 
and consideration in 70% of the cases and may result 
in life-threatening incidents or death in 1 to 2% of the 
cases [7]. Although it is not possible to identify all drug 
interactions, awareness of therapeutic team of 
potential drug interactions, risk factors that enhance 
the possibility of these interactions and familiarity with 
mechanisms of drug interactions can help reduce real 
drug interactions [8].  

As there is no detailed and exact information 
concerning the prevalence of such interactions in Iran, 
and no research has been conducted on drug 
interactions in recipes of private and public drug 
stores in any Iranian cities, the present research 
seeks to study the frequency and intensity of possible 
interactions in various age groups, different classes of 
medicines and their correlation with doctor’s specialty, 
level of interactions and the correlation between the 
level of interactions with when the recipes were taken 
to these drug stores.  

 

 

Material and Methods 

 

This is observational, cross-sectional 
research conducted in spring and winter to study the 
prevalence of drug interactions in 2 private and 2 
public drug stores. According to calculations, as many 
as 3000 recipes were found for each season. Then, 
the information associated with these private and 
public drug stores including the name and number of 
drugs prescribed, doctor’s speciality, age and gender 
of patients, date of drug prescription and patient’s 
insurance coverage was recorded. Drug interaction 
was studied based on the quick index of interventions 
(Table 1) using Up to Date software. As levels A and 

B interventions are not clinically important; they are 
not reported here [9].  

Table 1: Different types of interventions and their classification 

Classification Interaction Definition 

A No 
intervention 
specified 

The data indicate no pharmacodynamic or pharmacokinetic 
interactions between factors 

B No action 
needed 

Data indicate drug interactions during simultaneous usage 
without any evidence indicating clinical concerns 

C Monitor 
Therapy 

Data indicate drug interactions with clinical symptoms. The 
good points of simultaneous use of these drugs are more 
than their harms. Appropriate monitoring is required for the 
potential negative effects. It is probably necessary to adjust 
the dose of one or both drugs during treatment. 

D Consider 
Therapy 
Modification 

The data show that drugs may have a clinical interaction 
with one another. It is necessary to exclusively examine 
each patient to see if the positive results outnumber the 
negative ones or not. It is also necessary to take the actions 
required to minimise the toxicity caused by simultaneous 
use. These actions may range from invasive monitoring, 
changing the empirical dose, and taking alternative 
measures 

X Preventing 
the 
interaction 

Data indicate interactions with clinical side effects. The 
dangers usually outweigh the benefits. The 

 
 

The data were analysed in terms of 
prevalence and type of medical interactions and 
possible correlation with other parameters. SPSS v.16 
was used for statistical analysis.  

 

 

Results 

 

The patients and recipes studied in this 
research numbered 6000 with 3000 recipes for winter 
and a similar number for the spring of 2015. The 
average age of the patients was 42.07 ± 21.56 years 
old. The frequency of male patients was 2500 (41.7%) 
people. To study drug interaction, only those recipes 
with at least two drugs were included. The average 
number of drugs in each recipe, the number of 
interacting medicines and the number of interacting 
medicines in terms of their interaction is presented in 
Table 2.  

Table 2: Frequency of variables 

Variable Average SD Minimum Maximum 

Number of drugs per recipe 4.820 1.91 2 16 
Number of interactions per recipe 1.95 2.40 0 21 
C interactions 1.60 2.05 0 20 
D interactions 0.275 0.69 0 13 
X interactions 0.072 0.31 0 5 

 
As many as 4 drug stores were selected as 

targets. As the approximate number of monthly 
recipes within that period was 8000 in Isar drug store 
and 6000 in three drug stores in Karaj, Sharyar, and 
Taleghan, a 30% share was defined for Isar drugstore 
(900 for each season) and the share of each of the 
three remaining drugstores was 23.3% (700 for each 
season). The frequency of insurance coverage was 
also studied in the recipes of patients. For this 
purpose, the insurances were divided into 4 
categories: Social Security, Medical Services, Armed 
Forces, and others. The frequencies of insurance 
among these patients were 76.8%, 15.5%, 6.9%, and 
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0.7% respectively. The expertise of those doctors 
prescribing the medicines was also studied (Figure 1). 

 

Figure 1: The frequency of doctors’ shares in the number of recipes 

 

The prevalence of drug interactions was 
studied based on different variables. The average 
number of interacting items with various levels of drug 
interactions was studied for each variable. The 
average number of interacting items in each 
interaction level is presented in Table 3. The result 
shows there is a significant relationship between all 
frequency of interaction and the average number of 
interacting items with various levels of interaction for 
each variable (p-value < 0.05), except the frequency 
of interaction between male and female and items C, 
X and total (p-value > 0.05). 

Table 3: The frequency of interaction and the average number 
of interacting items with various levels of interaction for each 
variable 

Variable Frequency of 
interaction (%) 

The average number of interacting items 

Total C D X 

gender Male 69.1 2.34 ± 
1.937 

2.00 ± 
1.596 

0.71 ± 
.0261 

0.32 ± 
0.079 

Female 68.9 2.44 ± 
1.948 

2.09 ± 
1.596 

0.68 ± 
0.284 

0.30 ± 
0.068 

P-value *0.865 **0.785 **0.387 **0.021 **0.097 
 
Age 

< 18 59.4 1.74 ± 
1.231 

1.61 ± 
1.125 

0.31 ± 
0.074 

0.17 ± 
0.029 

18-64 69.6 2.43 ± 
1.994 

2.05 ± 
1.607 

0.74 ± 
0.308 

0.32 ± 
0.079 

≥ 64 74.6 2.61 ± 
2.354 

2.31 ± 
1.962 

0.70 ± 
0.308 

0.34 ± 
0.083 

P-value ***0.000 ***0.000 ***0.000 ***0.000 ***0.000 
Season Winter 6.71 2.25 ± 

1.834 
1.95 ± 
1.517 

0.69 ± 
0.255 

0.27 ± 
0.060 

Spring 70.8 2.53 ± 
2.053 

2.14 ± 
1.675 

0.70 ± 
0.294 

0.34 ± 
0.084 

P-value *0.003 **0.001 **0.005 **0.003 **0.007 
 
Drug store 

Isar 70.1 2.32 ± 
1.891 

1.20 ± 
1.551 

0.69 ± 
0.278 

0.27 ± 
0.064 

Shahrya
r 

71.5 2.76 ± 
2.180 

2.30 ± 
1.801 

0.73 ± 
0.286 

0.39 ± 0.90 

Talegha
ni 

66.2 2.16 ± 
1.776 

1.90 ± 
1.447 

0.60 ± 
0.263 

0.26 ± 
0.063 

Karaj 67.7 2.31 ± 
1.941 

1.99 ± 
1.598 

0.75 ± 
0.270 

0.29 ± 
0.075 

P-value ***0.011 ****0.000 ****0.000 ****0.000 ****0.000 
Doctor General 76.5 2.46 ± 

2.235 
2.11 ± 
1.904 

0.76 ± 
0.255 

0.38 ± 
0.105 

Speciali
st 

64.4 2.34 ± 
1.768 

1.99 ± 
1.411 

0.71 ± 
0.304 

0.25 ± 
0.053 

P-value *0.000 **0.000 **0.000 **0.000 **0.000 

* Fisher’s Exact Test; ** Mann-Whitney U test; *** Pearson Chi-Square; **** Kruskal Wallis 
test. 

 

The prevalence of drug interactions was also 
studied based on the speciality of the doctor. 
According to the results, the prevalence of drug 
interactions among patients undergoing treatment 
under doctors with different specialities is significantly 
different (Table 4).  

Table 4: Prevalence of drug interactions in terms of the 
speciality of doctors 

 Drug interaction Total 

No Yes 

Number % Number % Number % 

General 530 23.5 1722 76.5 2252 100 
Cardiologist 98 22.9 330 77.1 428 100 
Neurologists 60 15.7 321 84.3 381 100 
Psychologists 32 9.4 307 90.6 339 100 
Pediatrician 183 55.5 147 44.5 330 100 
Gynecologist 241 59.5 164 40.5 405 100 
Urinary tract 71 43.6 92 56.4 163 100 
Infection 18 43.9 23 56.1 41 100 
Internist 183 35.3 335 64.7 518 100 
Glands 38 31.7 82 68.3 120 100 
Digestion 69 55.6 55 44.4 124 100 
Lungs 26 26.3 73 73.7 99 100 
Nephrology 31 27.0 84 73.0 115 100 
Emergency 
service 

30 35.3 55 64.7 85 100 

General 
surgery 

63 50.0 63 50.0 126 100 

Orthopedist 36 28.3 91 71.7 127 100 
Cancer 22 53.7 19 46.3 41 100 
Anesthesia 9 40.9 13 59.1 22 100 
Eye 31 63.3 18 36.7 49 100 
Ear, pharynx, 
nose 

54 53.5 47 46.5 101 100 

Radiology 1 50.0 1 50.0 2 100 
Skin 16 64.0 9 36.0 25 100 
Rheumatology 16 17.6 75 82.4 91 100 
Physical 
medicine 

5 31.3 4137 69.0 6000 100 

Total 1863 31.1 4137 69.0 6000 100 

 
 

The average number of interacting items in 
various levels of drug interventions was investigated 
about the type of doctors, including general 
practitioners and specialists, to determine the 
correlation between each class of interactions with 
doctor’s speciality.  

The average number of interacting items in 
each class of interaction can be observed in Figure 2. 
The difference across all variables was statistically 
significant (P-value = 0.000). 

 

Figure 2: The average number of interacting items in terms of the 
level of interaction in the recipe of each doctor 

 

The frequency of interaction was also 
calculated for various drug classes and reported in 
table 5. According to results, the drugs associated 
with the nervous system had a frequency of 38%.  

The drugs prescribed for the musculoskeletal 
system, alimentary tract and metabolism, and 
cardiovascular system had frequency levels of 19%, 
15% and 10%.  
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Table 5: Frequency of interaction in various classes of drugs 

Drug category Number of 
interactions 

Frequency 
(%) 

Nervous system 1574 38 

Musculoskeletal system 785 19 

Alimentary tract and metabolism 616 15 

Cardiovascular system 399 10 

Blood and blood-forming organs 228 6 

Antiinfectives for systemic use 150 4 

Systemic hormonal preparations, excl. Sex hormones and 
insulins 

140 3 

Respiratory system 108 3 

Genitourinary system and sex hormones 35 1 

Antiparasitic products, insecticides and repellents 25 0.608569 

Sensory organs 25 0.608569 

Antineoplastic and immunomodulating agents 18 0.438169 

Dermatologicals 5 0.121714 

 

 

 

Discussion 

 

Drug interaction is a general term used to talk 
about cases where the expected therapeutic effect of 
one medicine is modified by another. When two or 
more drugs are prescribed simultaneously, they may 
intervene with one another. As new drugs are 
introduced to the market every year, the importance of 
having medical information including awareness of 
contraindications, interventions and interactions of 
drugs with one another, the cautions and warnings 
associated with them, important side effects, etc. 
increases [3].  

According to the results of this research, an 
average number of 4.82 ± 1.91 items were prescribed 
for each patient of whom 1.95 ± 2.40 had drug 
interaction in each recipe with levels C, D, and X 
interactions having a share of 1.60 ± 2.05, 0.275 ± 
0.69, and 0.0 ± 072.31 respectively. No interactions 
were observed in 31.1% (1846 cases) of recipes. 

Crucial-Souza and Jaos Carlos Thomson 
(2006) conducted research and studied the frequency 
of drug interaction in an educational hospital in Brazil 
[10]. In this research, 300 recipes belonging to those 
patients hospitalised in the hospital were studied. This 
group utilised DrugReax system to analyse drug 
interaction. According to their results, drug 
interactions were observed in 49.7% of all recipes, 
while 3.4% of the recipes exhibited acute interactions. 
Compared to the results achieved in this research, the 
total frequency of interaction and acute interaction in 
the population studied in Iran was much less. 
According to their results, digoxin-hydrochlorothiazide 
interaction was the most common one. These two 
drugs played a minor role in the recipes studied in this 
research, and it might be due to the greater generality 
of the population studied in this research. The 
frequency of interaction and the average number of 
interacting items with various levels of interaction for 
the age variable shows there is a significant 
relationship between them. Also, according to the 
results of this research, the frequency of interaction 
among females older than 55 years suffering from 

cardiovascular diseases was significantly higher than 
other patients. In line with the results of the research 
conducted in Brazil, older age can influence drug 
interaction. 

Furthermore, gender has no significant 
influence on the occurrence of interactions except 
level D. As shown in Table 3; only level D has a 
significant difference in interaction. Although the 
frequency of intervention was so great among the 
recipes issued by cardiologists in our research, the 
greatest level of frequency was observed in the 
recipes issued by psychologists. This difference might 
be due to the large statistical population of our 
research.  

In 2003, Sabin S. Egger et al., [11] 
researched to study the frequency of drug interaction 
in the recipes of those patients who were being 
discharged from hospitals. As many as 500 patients 
were studied in this research and 60% of the recipes 
reported at least one drug interaction. According to 
this group, the level of frequency of low, average, and 
high interactions was 17.9%, 69.9%, and 12.2% 
respectively. This frequency is different from what we 
found in our research, and this difference can be 
attributed to the difference in the size of the 
population.  

Juan Merlo et al. (2001) published the results 
of the research they had conducted on all the recipes 
of January 1999 in Sweden [12]. As many as 962013 
recipes with at least 2 items fetched from the 
database of Swedish Health Organization were 
studied. Data were stratified by age and sex, and 
odds ratios were calculated using multilevel logistic 
regression. According to the results of their research, 
13.6% of all the recipes had at least one drug 
interaction. They claimed that factors such as older 
age and a higher number of drugs per recipe increase 
the possibility of a drug interaction. This fact is in line 
with the results of the current research. They also 
showed that level C drug interactions exhibited the 
greatest frequency in the Swedish population, and this 
result was also observed in the Iranian population, 
too. According to their research, level D drug 
interactions exhibited the second highest frequency in 
both the Iranian and Swedish population.  

Rachel P. Riechelmann et al., (2007) [13] 
studied drug interaction in the recipes of those 
patients who have cancer. They utilised Drug 
Interaction Facts software version 4.0 for their 
research. As many as 405 patients were studied in 
this research. Considering the items prescribed in 
each recipe, as many as 276 potential cases of drug 
intervention were predicted, but only 109 patients 
experienced such interactions. Nine of these 
interactions were acute, and 77% were mild. As it 
turned out in this research, the highest level of 
frequency was observed in drugs not associated with 
cancer such as warfarin, antihypertensive, 
corticosteroids and anticonvulsants. The authors 
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concluded that the prevalence of drug interaction in 
the population studied was influenced by the number 
of medical items in the recipe, the therapeutic method 
utilised and the tumour.  

In 2011, Fariba Ahmadizar et al., [14] studied 
the frequency of drug interactions in the recipes of 
general and specialised practitioners in Iranian 
population. As many as 28956638 recipes in 2007 
and 15510912 recipes in 2008 were collected from 
Iran Medical Sciences University and analysed using 
Pardazesh Nosakh, a prescription processing 
software program, provided by the National 
Committee of Rational Drug Use. This program was 
developed for the DOS operating system and Novell 
Network in 1998. Drug interactions were observed in 
the recipes issued by internists, cardiologists, 
neurologists, psychiatrists, neurosurgeons, general 
surgeons, infectious diseases specialists, urologists, 
dermatologists, ear, throat and nose specialists, 
optometrists, orthopedists, and paediatricians. 
According to the results, the highest degree of 
frequency was observed in the recipes issued by 
cardiologists, internists, urologists, and neurologists. 
Similar to the results achieved in our research, 
cardiologists and neurologists have the greatest share 
in drug interactions.  

In conclusion, considering the results 
achieved in this research, a noticeable frequency was 
found for drug interaction in recipes. The highest 
frequency of drug interaction was observed in level C 
interactions. On the other hand, it has been proved 
that factors such as age increase the possibility of 
interactions, and as people grow older, the number of 
interacting items and level of interaction goes up. As 
some diseases are dependent upon season, the time 
and season when the drug is prescribed can also 
increase the possibility of drug interactions. 
Furthermore, gender has no significant influence on 
the occurrence of interactions except level D. As 
shown; only level D has a significant difference in 
interaction. Type of drug store and patients’ insurance 
coverage were the other factors that had a noticeable 
influence on the occurrence of interactions. The 
frequency of these interactions in the class of the 
nervous system and the musculoskeletal system was 
so great. Doctor’s speciality also plays a major role in 
the occurrence of interactions with greater degrees of 
frequency observed in the recipes of general 
practitioners. As of specialists, the highest rate of 
interaction was observed in the items issued by 
psychiatrists.  
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Abstract 

Nanotechnology has been widely exploited in recent years in various applications. Different sectors of medicine 
and treatment have also focused on the use of nanoproducts. One of the areas of interest in the treatment 
measures is the interaction between nanomaterials and immune system components. Engineered nanomaterials 
can stimulate the inhibition or enhancement of immune responses and prevent the detection ability of the immune 
system. Changes in immune function, in addition to the benefits, may also lead to some damage. Therefore, 
adequate assessment of the novel nanomaterials seems to be necessary before practical use in treatment. 
However, there is little information on the toxicological and biological effects of nanomaterials, especially on the 
potential ways of contacting and handling nanomaterials in the body and the body response to these materials. 
Extensive variation and different properties of nanomaterials have made it much more difficult to access their 
toxicological effects to the present. The present study aims to raise knowledge about the potential benefits and 
risks of using the nanomaterials on the immune system to design and safely employ these compounds in 
therapeutic purposes. 

 

 

 

 

 

 
 
 

Introduction 

 

Nanomaterials have structures smaller than 
100 nm with physicochemical properties capable of 
affecting biological processes [1]. The nanomaterials 
can be synthesised from a wide range of materials, 
the most common of which being silicates, non-oxide 
ceramics and metal oxides. Nanomaterials have many 
features and capabilities with unique structural 
characteristics such as desirable size, greater 
solubility, easier to pass through cellular barriers and 

more reactivity [2]. The application of nanotechnology 
has created new hopes in solving today’s human 
problems. In recent decades, the nanotechnology has 
been introduced as a factor affecting different 
industries, and the use of nanomaterials has 
expanded rapidly in various fields. The 
pharmaceutical and medical industries have also 
benefited by the use of nanotechnology such that it 
has led to the introduction of new applied products 
into the market [3], [4]. 

Nanotechnology has been used in the fields 
of prevention, diagnosis and treatment of various 
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diseases. However, the interaction of nanomaterials 
and the immune system remains somewhat unknown. 
Previous studies have shown that the nanomaterials 
can cause excitation or suppression of immune 
responses through binding to blood proteins. 
Adsorption of these proteins bound to nanomaterials 
is recognised by various immune cells. Also, they 
affect the interaction of nanoparticles (NPs) with other 
blood components [5], [6]. Nanomaterials contribute to 
the activity of the adjuvant by increasing antigen 
presentation to the immune system as well as the 
enhancement of the innate immune responses. 
Determining the degree of biocompatibility of 
nanomaterials with the immune system is largely 
fulfilled by their surface chemistry. Today, the 
nanotechnology is widely used to improve targeted 
immune responses to the prevention and treatment of 
infectious and non-infectious diseases. Localised 
nano immunotherapy through the reduction of 
systemic toxicity improves the immunostimulatory 
molecules [7]. The applications of nanotechnology in 
medicine and immunology are extensive. This study 
has reviewed some applications of nanomaterials in 
medicine, the use of nanomaterials in the treatment of 
autoimmune diseases, the effect of nanomaterials on 
immune responses, the use of nanomaterials in 
vaccine design and the effects of nanomaterials on 
the body and the immune system. 

 

 

The nanomaterials and their application in 
medicine 

 

Despite the medical advances in recent years, 
some diseases such as AIDS [8], [9], cancer [10], [11], 
infectious diseases [12], diabetes [13], chronic pain 
[14], [15] and autoimmune diseases [16], [17], have 
not been treated. Since nanoparticles are the 
foundation of nanotechnology, their use in the medical 
branch has opened new perspectives in therapy [18]. 
Accordingly, the properties of nanoparticles should 
first be evaluated; and if approved, they will be then 
used for therapeutic purposes. Nanomedicine deals 
with the ever-increasing advances in theories, devices 
and nanoscale apparatuses as well as with 
nanostructures specific for the diagnosis, prevention, 
or treatment of diseases. The use of nanomaterials in 
medical interventions has led to direct contact of the 
nanomaterials with the human body [19]. The 
nanomedicine can be accomplished by detecting, 
restoring and regenerating damaged tissues at the 
molecular levels. Another research topic in the 
nanomedicine is the extensive design and the use of 
various research tools to produce drugs with a 
targeted release in the body. In this drug delivery 
method, the drug is directed to the target cells and 
delivered to the desired site [20]. 

Considering the antimicrobial properties of 

different types of nanoparticles, such as nanosilver, 
nano titanium and copper nanoparticles, one of their 
important applications is to control a variety of 
pathogens. Also, recent results have shown that gold 
nanoparticles and also magnetic nanomaterials due to 
their unique properties can be recruited in various 
areas of treatment and nanomedicine [21], [22], [23]. 
Researchers, through the exploitation of the outer 
surface of nanomaterials, have established nanoscale 
interactions between materials and biological systems 
to dramatically enhance their performance and create 
new structures [24]. The use of intelligent devices in 
medicine with the least damage to surrounding tissues 
is another application of the nanomaterials. Another 
application of nanomaterials in the medical field is the 
production of compatible components in sensor 
systems that can diagnose and prevent diseases. 
Environmental sensors are designed on a very fine 
chip to complete the experiments that communicate 
with the outside of the patient’s body reveal the 
internal body conditions such as heart attack, tumour, 
or localised infections [25], [26]. Magnetic resonance 
imaging (MRI) is an advanced and non-invasive 
technique for the early diagnosis of many diseases, 
including cancer [27]. Several diseases can be 
currently diagnosed with a drop of blood-based on 
laser systems in the infrared, visible, and ultraviolet 
frequency ranges. New approaches for producing 
DNA-based nanoscale tools also show the 
advancement of nanotechnology in life sciences and 
medicine [28], [29]. The use of these new therapies 
makes many diseases detectable and treatable at the 
onset. However, despite all the advantages of 
nanoparticles (such as identifying the disease location 
and drug delivery), they should escape somehow from 
the immune system, which is recognised as an 
invader. The defence system able to destroy 
nanoparticles is a major barrier to using 
nanotechnology in medicine. The applied 
nanoparticles are systematically trapped within 
minutes and then removed from the body. Cell 
membrane-coated nanoparticles can stay intact for 
several hours without any damage in the body. 
Among these particles, protein nanoparticles are of 
interest because of numerous benefits such as easy 
access to their resources, renewable resources, 
reasonable cost, biocompatibility, biodegradability, the 
presence of multiple functional groups to carry high 
doses of the drug, and the ability to link 
simultaneously targeting groups to target 
nanoparticles to certain cells or tissues [30], [31], [32]. 

 

 

The nanomaterials and the treatment of 
autoimmune diseases 

 

In the autoimmune diseases, the immune 
invasion to certain tissues endangers their structural 
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and functional compatibility [16], [17]. The 
nanomaterials have been engineered to modulate the 
antigen-presenting cells (APCs), as well as to 
downregulate innate immune signals that reinforce 
adaptive autoimmune responses [33]. In a study by 
Schweingruber et al., [34] on the pharmacological 
treatment of experimental autoimmune 
encephalomyelitis (EAE), glucocorticoid loaded 
liposomes were found effective at doses lower than 
conventional glucocorticoid therapy through affecting 
the macrophages. One of the main limitations of 
conventional specific antigen-based methods for the 
treatment of autoimmune diseases is the antigenic 
complexity of autoimmune diseases and the need to 
target the multiple characteristics of autoreactive T 
cells. The nanoparticles coated by peptide-loaded 
major histocompatibility complex (pMHC) increase 
CD4

+
 regulatory T cells with lower acidity. These 

nanoparticles in the target tissue also inhibit 
polyclonal autoimmune responses through a targeted 
selection of autoantigen loaded APCs [35], [36], [37]. 
New compounds of nanoparticles, such as 
nanoparticles with multiple surfaces, will help to 
develop the future generation of nano-based drugs for 
the treatment of autoimmune diseases [38], [39]. 

 

 

The effect of nanomaterials on the 
immune responses 

 

The innate immunity is, in fact, a non-specific, 
natural, non-clonal, germline-encoded and non-
anticipatory system, while the adaptive immunity is a 
specific, clonal, somatic, and anticipatory system [40]. 
The nanoparticles properties such as size, 
hydrophobicity, surface charge and coating agents 
determine their level of interaction with the immune 
system [41]. Adsorption of molecules on the NPs in 
specific microenvironments makes them be 
recognised as foreign agents by the innate immune 
system, resulting in an inflammatory response. The 
NPs have no direct contact with innate immune cells, 
except with molecules ornamented on their surface. 
On the other hand, a large amount of NPs loaded in 
chemotherapies for antitumor therapy is taken by 
leukocytes. Therefore, there is a potential loss of 
innate immune response [42]. 

Delayed adaptive immunity occurs based on 
the type and extent of innate immune responses and 
can expand and enhance inflammatory responses. 
The adsorption of body molecules on the surface of 
NPs causes their deformation, folding and 
immunogenicity, resulting in the adaptive immune 
response. The induction of NPs interferes with the 
molecular mechanisms of dendritic cells (DCs), affects 
the peptides presented to T cells and thus modulates 
the adaptive immune responses [43], [44]. In a study 
by Gustafsson et al., [45] TiO2 NPs injected 

intravenously to rats caused an early immune 
response in the lungs and resulted in a consequent 
increase in the IFN-γ, IL-4 and IL-10 levels after 
several days. 

 

 

The application of nanomaterials in 
vaccine design 

 

The success of human papillomavirus (HPV) 
and hepatitis B virus (HBV) based particles in humans 
have led to the development of various virus-like 
particles (VLPs) and virus-based nanoparticles VNPs 
vaccine. One of the concerns about the use of 
engineered nanoparticles is their potential toxicity in 
the human body. Some of the contributing factors to 
the toxic effects of some materials in the human body 
are the low rate of biodegradability, high surface area 
to volume ratio, the ability of biological membrane 
coatings, and high reactivity. Self-assembly ability of a 
large variety of viral capsid subunits in VLPs shows 
advances in the vaccine design. The VLPs have a 
regular and multifaceted structure that is not usually a 
component of the host proteins, so they form 
pathogen-associated molecular patterns (PAMPs), 
which create the mechanisms for assessing the innate 
immune [46], [47]. 

Also, most of the VLPs enclose nucleic acids 
during production, as they may stimulate specific Toll-
like receptors (TLRs). The features of the VLPs can 
be used in the vaccine design because they facilitate 
their taking by the antigen presenting cells (APCs), 
producing long-term cytotoxic T lymphocyte (CTL) 
responses and antibody responses [48], [49]. The 
VLPs are better and safer than other subunit vaccines 
because of lacking any genetic material. Although the 
production of synthetic particles usually has 
undesirable immunogenicity and conditions for 
removing in the body, their production is easier and 
safer than the VLPs [50]. 

The biocompatible and biodegradable 
microparticles are used in oral immunisation to induce 
local and systemic immune responses. One of the 
biodegradable materials is poly (lactic-co-glycolide) 
(PLGA) copolymers that can be manipulated by 
altering the polymer composition and molecular 
weight. PLG microspheres are commonly used as 
carriers of bacterial vaccines, and few are studied for 
viral vaccines [51]. Liposomes are composed of two 
layers of phospholipids that are associated with 
cholesterol to stabilise the artificial membrane [52]. 
Also, the liposomes are mostly unable to provoke 
potent immune responses that require the use of 
adjuvants. Immune stimulating complexes (ISCOMs) 
are spherical micelles with a diameter of about 40 nm 
consisting of a mixture of Quil A saponins as strong 
adjuvants, cholesterol and phospholipids. The use of 
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ISCOMS for rotavirus and herpes simplex virus type 2 
(HSV-2) vaccines is allowed in horses. Despite the 
advances in ISCOMS, their use is limited due to 
problems similar to those of the liposomes. Also, 
nanoemulsions (NEs) based vaccines are 
noninflammatory mucosal adjuvants that can be an 
appropriate candidate for use in the vaccine platform. 
Although the process of developing new vaccines 
continues to be improving, formulations that work well 
in laboratory animals are usually expensive in human 
clinical trials, and there is little hope for their 
applications [53], [54]. In this regard, human 
experiments need to anticipate an outbreak of the 
disease so that to be able to protect against them. 
Since vaccines are of the most effective strategies to 
improve health worldwide, ongoing efforts are needed 
to improve vaccine immunity and efficacy. 

 

 

Nanotoxicology 

 

Nanoscale materials have found new 
properties and function over non-nano equivalent 
materials because of their small size and large 
surface area. Studies have shown that those 
properties of nanoparticles that lead to changes in 
their physicochemical properties [55], [56] can also 
cause potential toxicity. The nanotechnology is 
developing rapidly and has undoubtedly both 
beneficial and harmful effects on humans and the 
environment. Therefore, it is very necessary to apply 
different methods for evaluating the toxicity of 
nanomaterials, particularly the presence of 
nanoparticles in airborne workplace pollutants that 
could affect the health of workers. In cellular models, 
dendritic cells, epithelial cells and macrophages are 
commonly used to evaluate the toxicological and 
immunological effects of engineered nanomaterials 
(ENM). The standardisation of the ENM 
immunotoxicity test and the effect of the ENM on the 
body should be further investigated [57]. During usage 
or production of the ENM, the body is usually exposed 
through the lungs. It has been evidenced that the 
nanoparticles stimulate more strongly than particles 
with a larger size and can induce inflammatory and 
toxic responses in the lungs. Calu-3 and A549, which 
are human epithelial cell lines, are widely used to 
investigate the response of immune cells exposed to 
the ENM. The exposure of the respiratory tract to zinc 
oxide nanoparticles stimulates eosinophils and thus 
upregulates the serum IgE levels. Also, exposure to 
nanoparticles can cause the proliferation of respiratory 
epithelial cells, cell hyperplasia, and pulmonary 
fibrosis [58], [59]. Most toxicology studies have been 
carried out on nanomaterials such as metals, metal 
oxides, carbon nanotubes, fullerenes, polymer 
nanoparticles, and quantum dots. Wang et al., [60] 
showed that the distribution status of multiwalled 
carbon nanotubes (MWCNTs) also affects the 

profibrogenic cellular responses and pulmonary 
fibrosis in addition to inducing pulmonary toxicity. 

Schinwald et al., [61] reported that graphene-
based nanoplatelets through the pharyngeal 
aspiration and direct intrapleural installation could 
enter the lung and the pleural space and cause 
inflammation. Based on different results, researchers 
have concluded that nanoplatelets emphasise the 
complexity of nanoparticle toxicology and are likely to 
pose a nanohazard about the toxicity of the structure. 
Studying titanium dioxide nanoparticles indicated that 
the release of these nanoparticles from membrane-
bound organelles could interact with cellular signalling 
to activate cell activation. Rossi et al., [62] exposed 
asthmatic rats to titanium dioxide particles and 
observed that ovalbumin (OVA) induced allergic 
pulmonary inflammation was significantly suppressed, 
indicating significantly decreased levels of cytokines, 
chemokines, leukocytes and antibodies in allergic 
asthma. Various studies have also shown that the 
changes caused by the nanoparticles, for example, 
and surface coating can lead to alterations in 
toxicological properties. 

According to several studies, the skin is an 
important route for the penetration of nanoparticles in 
both occupational and consumer areas [63]. Although 
zinc oxide and titanium dioxide nanoparticles, the 
members of metal oxide nanoparticles, are commonly 
used in personal care formulations as protective 
agents against UV light, they are unable to penetrate 
the stratum corneum [64]. In contradiction to the 
previous report, Gulson et al., [65] exhibited that low 
amounts of zinc from zinc oxide nanoparticles used in 
sunscreens can pass through the protective layers of 
the skin and are found in the blood and urine. Several 
studies have shown that the safety and toxicity of 
nanoparticles in both in vitro and in vivo conditions are 
important for clinical applications. 

 

 

Conclusion 

 

The use of nanoparticles, according to their 
unique immunological characteristics, which are 
determined by size, shape, charge, porosity and 
hydrophobicity, enables researchers to change the 
immune responses arbitrarily using new and 
unexpected approaches. In the future, the application 
of nanotechnology in immunology may affect novel 
strategies for preventing or treating human diseases. 
In this context, nanotechnology will continue to 
introduce remarkable insights into the nature of 
immune responses and will create increasingly new 
materials and products based on nanoparticles. 
Moreover, nanoparticles because of their desirable 
surface area to volume ratio are highly reactive, which 
leads to their harmful interaction with biological 
systems and the environment, thereby creating 
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toxicity. Moreover, the small size of nanomaterials will 
allow them to penetrate into deeper areas of biological 
systems that are inaccessible to larger particles. Due 
to different properties of the nanoparticles, their 
application for therapeutic purposes, especially the 
effect on the immune system, requires further 
attention and research. 
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