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Abstract 

BACKGROUND: After levelling and alignment in skeletal Class III patients with upper anterior crowding, the 
upper incisors usually have excessive proclination. In these cases, the upper incisors’ axial proclination need to 
be reduced to improve esthetics. 

CASE REPORT: This case report presents an invisible orthodontic treatment of a 24-year-old adult female patient 
with skeletal Class III relationship, anterior crossbite, proclined upper incisors, and reduced incisor showing. 
Patients denied extraction and interproximal reduction. With multi-slotted lingual brackets and straight archwires, 
we applied lingual crown torque to upper anterior teeth to reduce axial proclination. The resulting uprighted 
position of upper incisors led to increased incisor showing. A good smile and stable occlusion were obtained after 
15 months of active treatment. 

CONCLUSION: The use of lingual brackets to apply lingual crown torque helps to reduce axial proclination and 
increasing upper incisor showing without interproximal reduction nor extraction in skeletal Class III patients with 
upper anterior crowding. 

 

 

 

 

 

 

 

 

Introduction 

 

Since the first introduction of multilingual 
bracket system by K. Fujita in 1979 [1], lingual 
orthodontic treatment has become popular. Recent 
advances in lingual orthodontics include the transition 
from mushroom archwire to straight wire concept [2], 
[3], the use of multi-slot lingual bracket [4], [5], the 
application of self-ligating lingual brackets [6], [7], the 
customised lingual bracket, and individual robot-
bending archwire [8]. The fifth generation of Dr Fujita's 
lingual brackets was the first lingual bracket with the 
multi-slot concept. Based on this concept, CLB lingual 
brackets was developed to have the additional 
advantages of the straight lingual archwire. 

Skeletal Class III patients have proclined 
upper incisors due to the dentoalveolar compensation 
to the skeletal discrepancies. In compensation Class 
III cases with crowding, after levelling the upper arch 
with nonextraction approach, upper incisors usually 
have increased proclination. Also, the vertical 
maxillary deficiency accompanying with skeletal Class 
III may express as decreased upper incisor showing. 
By uprighting the upper incisors, orthodontists can 
increase the incisor display to create a better smile 
arc. In this case report, the authors applied lingual 
crown torque to upright the upper incisors, using 
preadjusted lingual appliances with straight tandem 
archwire mechanics. 
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Case Report 

 

Diagnosis and Treatment Plan 

A 24-year-old female patient presented to the 
author’s clinic with the request to correct anterior 
crossbite using an invisible appliance. She also 
wanted to reduce upper incisor proclination and have 
more incisor showing on a smile without neither tooth 
extraction nor orthognathic surgery. 

On clinical examination, she showed a 
straight profile with normal nasolabial angle and 
labiomental sulcus without facial asymmetry (Figure 
1). On smile, she has reduced incisor showing with a 
flat smile arc. Intraoral examination revealed a 
crossbite involving the upper right central and lateral 
incisors, overerupted lower incisors and dental midline 
deviation. She had a Class I molar and canine 
relationship on the left, a mild Class II canine and 
Class I molar on the right. 

 

Figure 1: 24-year-old female patient with anterior crossbite and mild 
skeletal Class III relationship before treatment. A) Extraoral profile 
view; B) Extraoral straight view; C) Smile straight view; D) Maxillary 
occlusal view; E) Mandibular occlusal view; F) Intraoral right lateral 
view; G) Intraoral straight view; H) Intraoral left lateral view; I) 
Cephalometric radiograph; J) Panoramic radiograph 

 

The panoramic radiograph revealed the 
presence of all teeth, including the third molars. She 
also had an impacted supernumerary tooth in the right 
central incisor region. Cephalometric analysis (Table 
1) showed a mild skeletal Class III relationship (ANB = 
–1.8°) with prognathic mandible (SNB = 85.5°) and 
horizontal growth pattern (FMA = 16°). Both upper 
and lower incisors were proclined labial (U1-SN = 

124.1°and IMPA = 106.2°). 

Table 1: Cephalometric Analysis 

 Pretreatment Post-treatment 

SNA 83.7° 84.4° 
SNB 85.5° 85.4° 
ANB -1.8° -0.9° 
FMA 16° 16.2° 
U1-SN 124.1° 112.2° 
Wit appraisal -0.9 mm -1.9 mm 
IMPA 106.2° 104° 
Interincisal Angle 107.9° 122.2° 
L1-NB 5.6 mm 5.9 mm 
U1 protrusion (U1-APo) 9.3 mm 8.7 mm 
L1 protrusion (L1-APo) 6.4 mm 6.0 mm 
Upper lip to E-line -2.2 mm -1.4 mm 
Lower lip to E-line 0.3 mm 0.7 mm 

 

The treatment objectives were to eliminate the 
anterior crossbite, level the curve of Spee, obtain 
normal overjet and overbite, correct the dental 
midlines, establish Class I molar and canine 
relationship, upright and extrude the upper incisors to 
reduce incisor proclination and increase incisor show. 
The patient was explained about the need for surgical 
removal of the supernumerary tooth but she denied 
this invasive surgery and accepting the risk of root 
resorption of adjacent teeth during orthodontic 
treatment. 

After correcting the anterior crossbite and 
aligning the upper teeth without extraction of 
premolars, upper incisors flaring would be inevitable. 
There were three possible treatment options to reduce 
upper incisor proclination. The first option would be 
the interproximal reduction and anterior teeth 
retraction. The second option would involve third 
molars extraction and the entire arch distalization. The 
third option would be uprighting the upper incisors by 
applying lingual crown torque. Because the patient 
wanted neither tooth extraction nor tooth stripping, 
she chose the third option.  

 

Treatment progress 

CLB lingual brackets were bond indirectly in 
both arches using a thermoplastic splint. A large.012” 
Ni-Ti continuous straight archwire was inserted in the 
upper arch, and a medium wire of the same type was 
inserted in the lower arch. Bite turbos were placed on 
lower molars for allowing the upper right incisors to 
move forward. In the next months, archwire size was 
increased to .014” and .016” Ni-Ti. Bite turbos were 
gradually grinded at each appointment. After four 
months of levelling, the anterior crossbite was 
eliminated but the inclination of upper right lateral 
incisors had not been corrected, it's root was still in 
the palatal side (Figure 2). Two months later, .018” x 
.018” stainless steel archwires were inserted to both 
gingival and occlusal slots in both arches. Labial 
brackets were bonded to upper and lower molars to 
control the molars. After another two months, .018” x 
.025” stainless steel archwire was inserted to the 
occlusal slots of upper incisor and canine brackets for 
torque control. 
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Figure 2: After four months of levelling with lingual appliances and 
nickel-titanium archwires, the anterior crossbite was eliminated but 
the upper right lateral incisors had excessive proclination; A) 
Maxillary occlusal view; B) Mandibular occlusal view; C) Intraoral 
right lateral view; D) Intraoral straight view; E) Intraoral left lateral 
view 

 

Two months later, the upper right lateral 
incisor's torque was improved (Figure 3). At this time, 
the upper incisors still had excessive proclination.  

 

Figure 3: Progress after 10 months of treatments. The upper right 
lateral incisor's torque was improved. Composite buttons were 
bonded for using intermaxillary elastics; A) Maxillary occlusal view; 
B. Mandibular occlusal view; C) Intraoral right lateral view; D) 
Intraoral straight view; E) Intraoral left the lateral view 

 

Both upper main archwire and anterior 
segmental wire were applied 15° lingual crown torque 
in the anterior teeth to further upright them. The main 
archwire had detorque bends distal to the canine to 
maintain the torque of buccal segments (Figure 4). 

 

Figure 4: A) The main archwire has 15° lingual crown torque in the 
anterior teeth; B) Zero torque of the main archwire in the buccal 
segments 

 

Steel ligature was used for full engagement of 
the archwires to the bracket slot. Composite buttons 
were bonded to lower canines and upper right canine 
for Class III elastic on the right side and anterior 
diagonal elastic. After three months of applying lingual 

crown torque, the upper incisors’ proclination was 
improved (Figure 5). Intermaxillary elastics continued 
to be used for midline correcting and settling the 
occlusion. 

 

Figure 5: After three months of inserting main archwire and anterior 
segmental wire with – 15° torque toupper anterior brackets, the 
upper incisors were uprighted; A) Maxillary occlusal view; B) 
Mandibular occlusal view; C) Intraoral right lateral view; D) Intraoral 
straight view; E. Intraoral left the lateral view 

 

Treatment result 

Class I canine and molar relationships were 
established with normal overjet and overbite (Figure 
6). The anterior crossbite was eliminated, dental 
midlines of both arches were straightened, the curve 
of Spee was levelled. The smile arc became more 
curved, and the upper incisor show upon smile was 
increased. The patient satisfied with the treatment 
results. 

 

Figure 6: Patient after 14 months of treatment; A) Extraoral profile 
view; B) Extraoral straight view; C) Smile straight view; D) Maxillary 
occlusal view; E) Mandibular occlusal view; F) Intraoral right lateral 
view; G) Intraoral straight view; H) Intraoral left lateral view; I) 
Cephalometric radiograph; J) Panoramic radiograph 

The panoramic radiograph showed proper 
root parallelism with moderate root resorption on the 
right central incisor. This resorption may be due to 
root contact with the impacted supernumerary tooth 
during orthodontic tooth movement, as explained with 
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the patient before treatment. The cephalometric 
analysis demonstrated the reduction in upper incisors’ 
proclination (Table 1). Cephalometric superimposed 
revealed the upright and extrusion of upper incisors 
and the intrusion and slightly lingual tipping of lower 
incisors (Figure 7). 

 

Figure 7: Superimposition of pre- and post-treatment cephalometric 
tracings 

 

The total active treatment period was 15 
months. Following bracket removal, fixed retainers 
were bonded on the lingual surface of teeth from right 
first premolars to the left first premolars to keep the 
alignment in both arches. Besides, removable 
thermoforming retainers were made for both maxillary 
and mandibular arch. The patient was instructed to 
wear the removable retainers only at night. The 
treatment result remained stable 1 year follow up (Fig 
8). 

 

Figure 8: Patients after 1 year of retention; A) Extraoral profile view; 
B) Extraoral straight view; C) Smile straight view; D) Maxillary 
occlusal view; E) Mandibular occlusal view; F) Intraoral right lateral 
view; G) Intraoral straight view; H) Intraoral left the lateral view 

The use of lingual brackets to apply lingual 
crown torque helps to reduce axial proclination and 
increasing upper incisor showing without neither 
interproximal reduction nor extraction. The result is a 

better esthetic improvement for skeletal Class III 
patients with upper anterior crowding. 

 

 

Discussion 

 

Since the first introduction of multilingual 
bracket system by K. Fujita in 1979, there have been 
many improvements to overcome the disadvantages 
of lingual orthodontic treatment [2]. Two of them are 
the transition from mushroom archwire to straight wire 
concept [2], [3], and the use of multi-slot lingual 
bracket [4], [5]. The application of straight lingual 
archwire leads to the elimination of offset bends 
between canines and premolars, and between 
premolars and molars so that the technique becomes 
simpler and the chair time may be reduced. Because 
of the small inter bracket distance and bracket size, it 
is hard to engage the archwire into bracket slots fully, 
so controlling three-dimensional tooth movement in 
lingual orthodontics become difficult. There is two 
main slot design in lingual orthodontics: vertical and 
horizontal slot. The vertical slot is efficient for in-and-
out and rotational control and the horizontal slot is 
efficient for angulation (tip) control [5] (Figure 9). By 
combining the advantages of two-slot design into one 
bracket system, the multi-slot lingual brackets allow 
inserting simultaneously to the archwire so that the 
traditional complex double overtie method may be 
eliminated. However, the tooth movement is still well 
controlled. 

 

Figure 9: Because it is difficult to engage the archwire into bracket 
slots fully, the horizontal slots can't control in-out and rotation well 
A), and the vertical slots find difficultly in controlling tip B) 

 

In this case, report, applying lingual crown 
torque to upper incisors helped to limit incisor 
proclination after decrowding, as many Asians prefer 
uprighted incisors to proclined incisors [9]. In labial 
orthodontics, some authors advocate using the low-
torque bracket for upper anteriors to upright maxillary 
incisors in non-extraction cases, such as Dr Pitts, he 
inverted upper incisor brackets to have negative 
torque value [10]. Another advantage of uprighting 
upper incisors, in this case, was more upper incisor 
extrusion to increase incisor show and create a more 
harmonious smile arc. This effect increases in lingual 
orthodontic treatment because vertical tooth 
movement is greater with a lingual bracket than with a 
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labial bracket when applying torque to bracket slot 
[11]. 

 

 

Informed Consent 

 

Informed consent was obtained from the 
patient included in the study 
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Abstract 

BACKGROUND: Pediatric supracondylar humerus fracture (SHF) is a complicated injury which can result in 
severe sequela. Nowadays, closed reduction and percutaneous pinning (CRPP) is the most popular treatment. 

AIM: This study had two aims (1) checking the result of treating pediatric SHF patients without neurovascular 
injury by CRPP under image intensifier, and (2) analysing neurovascular complications of CRPP in treating these 
patients. 

METHODS: We conducted a research on 42 patients from February 2018 to March 2019. The age of patients 
ranged from 3 to 11 years old, with a mean of 5. There was a male predominance with a male / female ratio of 
3/1. The average duration of the procedure was 46 minutes, and there was no failed case. 

RESULTS: Result evaluation based on Flynn criteria (1974): 85.74 % excellent, 9.5% good, 2.38% fair, and 
2.38% poor. There was 1 patient how got ulnar nerve injury complication after medial-lateral crossed pinning, 
making up 2.38% of all cases. This case was a late admission – 3 days after being injured – and the elbow was 
badly swollen, so locating the medial condyle for pin placement was very problematic, this the ulnar nerve could 
be damaged during K-wire pinning. The K-wires are removed after 4 weeks. 

CONCLUSION: CRPP under image intensifier in treating pediatric supracondylar humerus fracture is an effective 
treatment and with good treatment result. 

 

 

 

 

 

 

Introduction 

 

SHF account for 60 percent of all elbow fractures in 
kids with a maximum incidence between 4 and 7 years of 
age [1]. The fracture typically happens to owe to a falling 
out of an elbow joint hyperextension of an extended side. 
These fractures were previously handled with casting or 
traction in the closed decrease [2]. The method, however, 
has usually been abandoned due to problems in keeping 
appropriate alignment and circulation with the limb at the same 
time, especially with displaced bones (type II and III Gartland). 
The present technique for treating displaces fractures is closed 
decrease with percutaneous pin stabilisation, allowing casting 
in larger elbow extension [3], [4], [5], [6], [7]. 

Two significant complications connected with this 

fracture’s percutaneous pinning are iatrogenic ulnar nerve 
injury and decrease loss, cubitus varus / valgus growth or 
deformity of hyperextension. 

There continues a discussion about the ideal pin 
setup that gives sufficient stability of the fracture to 
preserve reductions in bondage and to minimise the risk 
of neurovascular damage. One popular technique of 
fixation is the cross-pin configuration, where on the pin is 
placed at the lateral epicondyle and the other at the 
medial epicondyle. Although this setup has been linked 
with adequate reproducible stabilisation of the fracture, 
there is a danger of complications such as ulnar nerve 
and brachial artery injury when the medial pin is inserted, 
or periprosthetic infection which will result in the severe 
sequel. Therefore, the research aimed to assess the 
outcome of the treatment of patients with pediatric 
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supracondylar humerus fracture without neurovascular 
complications of this method on them. 

 

 

Methods 

 

From February 2018 to March 2019, 42 cases of 
SHF were performed in our department. Twenty-seven 
cases were found to be Gartland type III fracture [8] (with 
a completely displaced extension fracture type). 
Demographic, examination, radiological data were 
recorded from medical documents. Also, the patients 
were called back for history and physical examination in a 
special follow-up assessment clinic. All final assessments 
were performed by one of the authors. 

During this review, we also noted the delayed 
time to admission and whether the patient and been 
treated elsewhere before being admitted to our centre. 
The timing of the operative procedure, the preoperative 
neurovascular status of the forearm and the hand, the 
anaesthetic time, other associated injuries, and the 
postoperative morbidity were all documented [9]. 

The instances have been handled by CRPP 
used image intensifier at the earliest possible time (Figure 
1). 

 

Figure 1: Xray of a 7-year-old boy with supracondylar of the right humerus 
fracture grade IV (Garland classification); A) Pre-op; B) and C) Post-op 
Xray of the same patient under image intensifier 

 

Open reduction and pinning were to be 
performed if the closed reduction and pining failed. For 
closed pining, a modified technique was performed. A 
particularly contracted small arm table was used rather 
than the Bracket inverted in the U form of Flynn, which we 
found difficult to use with the image intensifier. Using the 
special armboard, the arm was the table is solved using 
bandaging, and the patient lay in the seated position with 
the abducted arm 90°. The arm could be imaged easily in 

both the AP and lateral views. 

During the reduction, the bandage was intended 
to immobilise the top armed forces, ameliorate them and 
to allergic, he reduced fracture when the pins were 
inserted. Our study applied the cross pining technique 
with one Kirschner wire inserted medially and another 
laterally the primary benefit of the crossed pin is greater 
stability, which prevents secondary displacement and 
malunion [10]. 

All pins were twisted beyond the skin at the 
correct angles and protected by a lengthy cast arm. In the 
outpatient clinic at the end of the 4

th
 week, the cast and 

the pins were removed without anaesthesia depending on 
the radiological assessment. Mobilisation exercise was 
performed under the supervision of a physiotherapist for 
children > 4 years old until the elbow regained ≈ 85% of 
the normal range of motion. 

 

 

Results  

 

Age and Sex Distribution 

Among the 42 cases with 
SHF, the proportion between male and female was 3: 1 
(Figure 2). The peak incidence of the fracture in this study 
was at the age of 6, with a gradual and significant 
decrease to the age of 10 and after. 

 

Figure 2: Gender ratio 

 

The peak incidence of the fracture in this study 
was at the age of 6, with a gradual and significant 
decrease to the age of 10 and after (Figure 3). 

 

Figure 3: Age distribution of 42 patients 
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Side of fracture 

Twenty-five patients had a fracture of the 
dominant right side, and 17 involved the nondominant left 
side (ratio 1: 0,68) (Figure 4). 

 

Figure 4: Side of fracture 

 

Time of presentation 

Most of the patients submitted on the injury day. 
However, 16.7% sought hospital treatment after a delay of 
> 24 h. For those cases that presented late, many had 
initially sought various forms of traditional medicine 
treatment (Table 1). 

Table 1: Time of presentation 

Time of presentation Patient 

< 24h 35 (83.3%) 
> 24h 7 (16.7%) 

  

Associated Injuries 

Two patients (4.7%) had ipsilateral fractures. 
They were fractures of the distal radius. At the moment of 
presentation, there was no case of related neurological 
injury. 2 people had radial pulse absent at presentation. 
Still, the clinical assessments were normal so there was 
no exploration of the radial artery performed, and the 
pulse fully recovered 12 hours after the operation (Table 
2). 

Table 2: Associated injuries 

Associated injuries Patient 

Distal radius Fx 2 
Pulseless radial artery 2 
Total 4 

 

Treatment 

All the 42 types II or III patients received primary 
CRPP. Thirty-nine patients were available for a complete 
detailed assessment with a follow-up period ranging from 
2 to 12 months (average 7.3 months) (Table 3). 

Table 3: Periods of follow-up 

Time follow-up Patient 

2 to 12 months 39 
Non-information 3 
Total 42 

 

Cross pinning was used in all cases. Smooth 
Kirschner wire of 1.6 mm diameter was used. There was 

1 case got prosthetic osteomyelitis and one iatrogenic 
ulnar nerve palsy with cross pinning. The one with ulnar 
nerve palsy fully recovered after 8 months while the one 
with osteomyelitis had to be re-operated once more and 
then got elbow stiffness. 5% of patients were operated 
within 24 hours of receipt and 93% were operated within 
the first 48 hours. The mean anaesthesia time required for 
the closed reduction and pinning procedure was 46 min. 
The length of stay in hospital ranged between 1 and 5 
days (mean 2 days). 

 

Final Assessment 

Of the 39 cases with CRPP and complete 
subsection assessment, 3 cases (7.7%) had > 10 degrees 
of deficit in the elbow movement spectrum. 

None had a loss of motion of more than 20°. Two 
(5.1%) had varus deformity > 10° compared to the normal 
side. None had varus deformity > 20°. The Flynn criteria 
were used to assess the results of treatment [11]. 
Excellent to good results (loss in carrying angle and elbow 
motion of < 10 degrees) were achieved in 82% (Table 4). 

Table 4: Flynn’s criteria for the outcome of supracondylar fracture of 
the humerus in children 

Evaluation 
The factor of cosmetics: 

angle of transport (°) 
Functional factor 

loss of movement (°) 

Excellent 
0° – 5° 

38 
90.5% 

40 
95.2% 

Good 
6° – 10° 

3 
7.1% 

1 
2.4% 

Fair 
11° – 15° 

0 
1 

2.4% 
Poor 
> 15° 

1 
2.4% 

0 

Total 
42 

100% 
42 

100% 

 

According to parental evaluation, 90% 
considered their children to have good elbow movement; 
all of them regarded the function as good, and no patient 
had any pain at the elbow joint. 

We subjected various parameters to statistical 
analysis for correlation. The only positive correlation was 
the deviation of carrying angle between the injured and 
normal side and the difference in Baumann’s angles 
measured on radiographs taken during surgery and on 
the day of the final assessment, which well correlated 
(Pearson’s reference coefficient of 0.4920 and p < 0.001). 

 

 

Discussion 

 

Displaced SHF in children is difficult to treat. As a 
result, various modes of treatment had been advocated in 
the past. Simple plaster immobilisation no longer seems 
acceptable. The problem that the orthopaedic surgeon 
has to face in choosing this mode of treatment is obvious. 
To firmly immobilise the reduced fracture, the elbow must 
be hyper-flexed, which in turn might predispose to 
vascular compromise as ischemical contracture of 
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Volkmann. Skin traction or skeletal traction is generally 
unaccepted because of the long hospital stay and the 
difficulties in monitoring the fracture alignment [12]. 

ORIF requires surgical dissection in an already 
swollen elbow, which might be hazardous. Also, the open 
reduction has been associated with a greater residual 
rigidity in the elbow joint and a substantial varus deformity 
proportion [13]. 

Fowles and Kassab [14] and Flynn et al., [11], 
were known for their pioneering work on CRPP. Our 
research further supports the fact that a good outcome 
can be obtained with this method of treatment. It was 
shown in this study that 95.24% of cases had Excellent to 
good result using Flynn’s original criteria of assessment 
[11] with 7.3 months of average tracking [15]. None had 
varus deformity > 20°. Particularly notable was the 
achievement of the elbow joint movement. Only 7.7% of 
cases had stiffness > 10%. In comparison with several 
published series of CRPP, the overall excellent to good 
results in this series is equal to the average of 90-95% [2], 
[11], [13], [16]. 

The overall open reduction rate in our study was 
2.38% (1 case). That case was an 11-year-old male 
patient with a bodyweight of 55 kg and Gartland type III 
fracture. The muscle tone of the arm was high even under 
general anaesthesia, therefore, closed reduction failed 
and we had to shift to open procedure. The cross-pinning 
method was applied in every case. In 4 cases, one more 
lateral smooth Kirschner wires were used with satisfactory 
results. The operating time was also decreased 
significantly in our study. 

We found that the adoption of the modified 
supine positioning of the patient greatly improved many 
intraoperative population, reduction, and imaging. The 
primary goals were achieving good initial reduction and 
good Kirschner wire placement. 

In correlating the results of treatment with various 
parameters, we found no correlation with age, sex, time of 
presentation, or side of the fracture. The only important 
correlation was Baumann angle difference before and 
instantly after decrease was considerably associated with 
follow-up angles and axial defect (p < 0.001). Thus, it 
would be reasonable to recommend taking a proper 
radiograph immediately after reduction, measuring 
Baumann’s angle accurately and comparing the results 
with the normal side. By fixing the reduced fracture in < 5° 
of deviation from the normal Baumann’s angle, the results 
could be further improved. This was the advance of 
procedure performed under the intensified image. 

The lack of the pulse was no sign that the artery 
had been investigated. The clinical assessment of the 
distal circulation was more important. After effective, fast 
fracture decrease and fixation, the two instances with no 
radial pulse had constant healthy distal circulation without 
residual complications. This is in agreement with the 
findings of Shaw’s series [17]. 

There was 1 (2.38%) nerve palsies detected post 
operation which had a complete recovery after 8 months. 

Like many other investigators, we recommend adopting a 
more conservative approach to associated nerve palsies. 
We referred this patient to the rehabilitation department 
with neurological agents prescribed. Ipsilateral fractures 
were not uncommon [18], [19].  

About 4.7% of our cases had such fractures, 
mostly of the distal radius. They should be reduced and 
internally fixed appropriately. 

From this series we can conclude that cross 
percutaneous pinning after meticulously closed reduction 
under good radiographic imaging and anaesthesia is a 
reliable and secure method for the treatment of type II, III 
completely displaces SHF in children. 

 

 

Ethical approval 

 

This study is approved by Saint Paul hospital. 
The date is a meticulous, sufficient collection, accurate 
analysis, scientific, confidence. 

 

 

Informed consent 

 

The consent and commitment were signed by the 
patients in the Study. 
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Abstract 

BACKGROUND: Rotator cuff tear (RCT) is a common injury of the shoulder, especially middle-aged people. 
Nonoperative treatment, cortisone injections are only effective at an early stage. Open surgery causes 
postoperative atrophy of the deltoid muscle, so results are limited. Arthroscopic rotator cuff repair surgery has 
been performed in Vietnam for about ten years, with many advantages such as the ability to accurately assess the 
lesions and less invasive procedure. In order to have a clearer view, we performed a mid-term assessment of the 
effectiveness of this surgery. 

AIM: Evaluate results over 2 years of patients with rotator cuff tears treated with arthroscopic surgery and their 
quality of life. 

METHOD: A group of 30 patients were diagnosed with RCT and surgery by arthroscopy to treat at Hanoi Medical 
University Hospital and Saint Paul Hospital between Jun 2015 and April 2017. The results of the surgeries were 
assessed by the degree of pain, muscle power, motion of the shoulder joint according to UCLA shoulder score. 
Evaluate the quality of life through the Rotator Cuff-Quality of Life (RC-QoL) index. 

RESULTS: The average age was 60.7 years. Female / male ratio was 1.3. Thirty-six months ± 6.41 was the 
average follow-up time (min 27 – max 50 months). The shoulder function is recorded according to UCLA has an 
average score of 30.9, therein good and excellent result were 90 %. The mean RC-QoL index was 91.5%. 

CONCLUSION: Treatment of RCT by arthroscopic surgery that has been evaluated for a minimum of 2 years 
follow-up showed good results and high quality of patient’s life. 

 

 

 

 

Introduction 

 

Rotator cuff (RC) is a muscle-tendon group 
that attaches to the head of the humerus, includes 4 
muscles (in order from anterior to posterior) which are 
the supraspinatus, subscapularis, infraspinatus and 
teres minor. Rotator cuff tear (RCT) is a common 
injury of the shoulder [1], especially middle-aged 
people. The characteristic of a rotator cuff tear injury 
is that once it is torn, it cannot heal by itself, so if the 
suture is not performed, the progression of the torn 
tendon will be more and more widespread so that it 
cannot be stitched recover again [2]. The final 
consequence is that the head of the humerus will be 
migrated superiorly lead to limit shoulder movement 

and degeneration [3]. 

Arthroscopic rotator cuff repair surgery has 
been performed in Vietnam for a decade; it has many 
advantages such as the ability to accurately assess 
the lesions and minimally invasive procedure, so it 
facilitates patients to recover after surgery earlier [4], 
[5]. Previously, the authors had performed open 
surgery to treat rotator cuff tear, but it caused 
postoperative atrophy of the deltoid muscle, so the 
results were still limited [6]. Nonoperative measures 
such as rest, physical therapy, NSAIDs [7] or 
cortisone injections are only effective at an early stage 
[8]. Thus, with the current surgery trend, the gold 
standard for RCT treatment is arthroscopic surgery 
[9]. 

In Vietnam, there has not been any 
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assessment focusing on the mid-term outcomes of 
arthroscopic surgery for the treatment of RCT. 
Therefore, for a clearer view of the effectiveness of 
this surgery in Vietnam, we chose the time to assess 
the outcomes is at least 2 years after surgery, 
especially considering the quality of patient’s life. 

 

 

Materials and Method 

 

Research method 

A retrospective descriptive study. 

 

Inclusion criteria 

 Thirty patients were diagnosed with RCT 
from partial-thickness tear grade 3 (Ellman’s 
classification) to large tear (De Orio and Cofiled 
classification) and surgery by arthroscopy to treat at 
Hanoi Medical University Hospital and Saint Paul 
Hospital between Jun 2015 and April 2017.  

Patients with complete records of research 
content and re-examination after at minimum 2-years 
of surgery. 

 

Exclusion criteria 

Massive and irreparable RCTs. RCTs but no 
tendon suture indication, just debridement of the 
lesion, acromioplasty. Patients lost follow-up and did 
not re-examination after at minimum 2-years of 
surgery. 

 

Operative technique 

We placed the patient in the “Beach Chair” 
position. Probing the shoulder joint through a posterior 
portal, the corresponding point between the 
infraspinatus and teres minor. Then we opened the 
lateral portal to view into subacromial space and 
anterior-lateral portal for working. Performed debride 
of the lesion, acromioplasty (especially at one – third 
anterior-lateral position of acromion), identify rotator 
cuff tear. 

Refreshing the tendons tear, release and 
mobilise the tendons, prepare footprint. RCTs were 
repaired by single-row suture anchor technique. 

Place a hemovac drain into the shoulder joint, 
after that patient was worn the sling with a small pillow 
to abductor 20 degrees of their shoulder and keep it 
up to 4 weeks. All patients after surgery are 
rehabilitated at the same facility with a team of experts 
agreed on the viewpoint and practice method. 

Evaluation 

Patients were invited to re-examination, then 
they were assessed according to the UCLA score and 
RC-QoL index [10]. 

 

Statistic  

Data were processed by SPSS 20.0 software. 
Comparing the average values of the groups, we used 
the Student’s t-test. A significant difference was 
defined as p < 0.05. 

 

 

Result 

 

The mean age of 30 patients in the study 
group was 60.7 years old (36-79). In which, the age 
group over 65 accounts for the highest rate, 46.66%. 
Female: male ratio is 1.3:1. The average follow-up 
time is 36 months ± 6.41 months (min 27 – max 50 
months). Tearing partial-thickness RC tendon is 4 
cases, accounted for 13.33%. Tearing full-thickness 
RC tendon is 26 cases (86.66%), among all sizes of 
total tear, medium-sized tears prevail 11 / 26 or 42%. 

All of the patients had subacromial 
impingement syndrome, and they all proceed an 
acromioplasty, the tendon tears were repaired by 
single-row suture anchor technique (Figure 1). No 
patients with trauma to the shoulder had surgery lead 
to re-tear. 

 

Figure 1: Single-row technique 

 

The mean UCLA score is 30.9 (range 23-35), 
therein good and excellent result is 90 %. Particularly 
for pain assessment, the rate of painless patients was 
86.66%; the remaining 13.33% were occasional and 
slight pain. The rate of patients satisfied with the 
current situation is 29 / 30 patients (96.66%). 

The mean RC-QoL index at the final of the 
study was 91.5% ± 5.6 (78.33 – 99.1%). The rate of 
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patients returning to previous work is 100%. 

Comparing the correlation of UCLA and RC-
QoL average score with the characteristics of study 
subjects such as gender, age, trauma factor or 
between sizes of complete tear were the surgical 
results did not depend on the above factors. The p-
value in these tests was all > 0.05. Details are 
recorded according to Table 1. 

Table 1: Correlation of UCLA and RC-QoL average score with 
the characteristics of study subjects 

Characteristics Patients (n) UCLA score P (UCLA) 
RC – QoL 

index 
P (RC – QoL) 

Gender 
Male 
Female 

 
13 
17 

 
30.69 ± 3.83 
31.06 ± 2.83 

 
 

0.76 

 
91.62 ± 5.46 
91.45 ± 5.87 

 
 

0.93 

Age 
< 55 
55 – 65 
≥ 65 

 
8 
8 

14 

 
31.88 ± 3.64 
31.13 ± 3.37 
30.21 ± 3.04 

 
 

0.518 

 
92.07 ± 7.23 
92.41 ± 4.80 
90.70 ± 5.30 

 
 

0.762 

Trauma factor 
Yes 
No 

 
12 
18 

 
30.42 ± 3.96 
31.22 ± 2.75 

 
 

0.51 

 
91.33 ± 5.30 
91.65 ± 5.94 

 
 

0.879 

Sizes of total tear 
Small 
Medium 
Large 

 
6 

11 
9 

 
31.0 ± 4.33 

31.36 ± 2.58 
28.78 ± 3.17 

 
 

0.17 

 
92.29 ± 6.04 
92.23 ± 4.2 

87.37 ± 5.46 

 
 

0.86 

 

However, the correlation of both UCLA and 
RC-QoL mean between the partial-tear group and the 
total-tear group found a statistically significant 
difference. The p-value of the two tests was all > 0.05 
(table2). In other words, the type of tear is the impact 
factor on the outcome of shoulder function after 
surgery. This means that the quality of a patient’s life 
with partial-thickness tear has significantly better 
postoperative results than the group with a full-
thickness tear. 

Table 2: Correlation of UCLA and RC-QoL average score with 
the type of tear 

Characteristics Patients (n) UCLA score P (UCLA) RC – QoL index P (RC – QoL) 

Type of tear 
Partial-thickness 
Full-thickness 

 
4 

26 

 
34.25 ± 0.95 
30.38 ± 3.17 

 
 

0.024 

 
97.75 ± 0.83 
90.56 ± 5.40 

 
 

0.00 

 

 At the last re-examination, none of the 
patients had delta muscle atrophy, no patients had 
numbness of the shoulder injury, no cases of shoulder 
stiffness, but there was a common point in patients 
with large tear is limited hand movements behind the 
back. 

 

 

Discussion 

 

The mean age in this study was 60.7 years, 
with most of the participants were in the over 65 
groups. This observation was in line with the 
etiologies in which the intrinsic causes are the tendon 
degeneration due to reduced vascularisation, thinning 
of the collagen fibres while the extrinsic causes are 
subacromial impingement syndrome and microtrauma 
[3]. Besides, 17 patients had rotator cuff tear without 
the history of trauma; they suffered from progressive 

shoulder pain in many years. Only 13 patients had a 
traumatic factor, but some of them are even minor 
trauma. As a result, trauma is a positive factor which 
helps deteriorate the existing rotator cuff degeneration 
or tear. Therefore, age is a bad prognosis factor to 
heal of RC tendon. This idea is also supported by 
several authors [11], [12]. However, this is not the only 
factor involves the outcome of shoulder joint function 
because, when comparing the scores of UCLA and 
RC-QoL between the under 55 group, 55 to 65 group 
and over 65 groups, there was no statistical 
significance. The mean satisfaction reached 96.66% 
because the elderly subjects only need the shoulder 
joint to perform basic daily activities. Additionally, the 
traumatic factor does not influence the final result of 
the surgery. 

The average UCLA score for the whole group 
is 30.9, which belongs to the group with good results; 
this result is similar to some domestic studies [13]. 
When compared with the results of other international 
authors such as Marrero [14] who showed the 
average UCLA score of 31.8 (33 patients, regardless 
of tear size) or Castagna [15] with the score of 30.8 
(29 patients, with minimum 24 months follow-up), one 
thing must be pointed out that the above results were 
the scores of the affected shoulder joint. However, 
when examining the unaffected shoulder joint with 
both scales, the maximum score could not be 
reached. The reason is the rotator cuff of the 
unaffected shoulder is also degenerative and starts to 
hurt. Many patients even complained that the 
unaffected shoulder is more painful than the operated 
shoulder. The pain reduction or pain elimination is the 
main factor determining the quality of life of the patient 
(this assertion is also postulated by many authors, 
typically Arrigoni [16]), which is consistent with the 
average RC-QoL score in this study of 91.5%. Some 
patients have forgotten which side has been operated 
until being called for follow-up. 

The mean score of both UCLA and RC-QoL 
between the partial-thickness tear group and the full-
thickness tear group found a statistically significant 
difference. Thus, the type of tear is the prognostic 
factor affecting the outcome of shoulder joint function. 
Some studies by Park [17] or Marrero [14] do not 
support this view, saying that the results of these two 
groups were equal. Perhaps, there is no 
randomisation in term of quantity, age and gender in 
these 2 groups in our study. More studies with larger 
sample sizes are needed to assess this judgment 
accurately. However, in the total tear type, all authors 
agreed that the grade 2 rotator cuff is the most 
common. Haviv [18] conducted a study on 607 
patients and found that small and medium tear 
accounted for 69%; this proportion in our study was 
65.38% (17/26). This study has the limitation that 
does not evaluate the time before surgery, the early 
results after surgery but focusing on assessing at 
least the minimum 2 years, so it is not possible to 
compare the level of improvement before and after the 
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surgery, or whether good results are maintained up to 
mid-term. 

We used the Beach-chair position to surgery 
for all patients in our research. This position has the 
advantage of not needing to use a commercially 
available arm supporter like a lateral decubitus 
position, and importantly it objectively assesses the 
extent of subacromial impingement and easily 
identifies whether the subacromial space after 
acromioplasty has been suitable. We selected a 
single-row suturing method for all groups of patients in 
this study with the reason that although there have 
been a lot of investigations arguing about different 
suturing techniques, in the long-term study of 
Spennacchio [19], no difference in clinical results 
between single-row suture anchor technique and 
double-row. Also, a systematic review [20] concluded 
that there was no statistically significant difference in 
the shoulder joint function different suturing 
techniques. Moreover, this option is suitable for the 
financial conditions of many patients in Vietnam and 
still delivers acceptable outcomes. 

Following the analysis results of this research, 
we recommend that if the patient has been diagnosed 
with rotator cuff tear (even if they are older patient) 
and nonoperative measures do not improve; it does 
not need to wait for sufficient time, number of 
treatment sessions that should proactively conduct 
surgery early (when still in the partial-tear grade) to 
solve the current symptoms, causes, reduce and 
overcome the consequences of rotator cuff tear injury. 

In conclusion, through research 30 patients 
who have undergone arthroscopic repair of RCTs, can 
be determined that in addition to the advantages such 
as small incision the advantages of small incision, 
minimally invasive, accurately assess the lesions, 
after over 2 years (the average evaluation time was 
36 months) arthroscopic surgery to repair RC tendon 
give good results of shoulder function and high quality 
of patient life. Patients satisfaction reached 96.66%. 

 

 

Ethical Approval 

 

The medical ethics committee of Hanoi 
Medical University agreed to approve this study in 
Decision No. 4235. 

 

 

Informed consent 

 

The consent and commitment were signed by 
the patients in this research. 
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Abstract 

AIM: This work is aimed to describe anatomical features and variants of the prostatic artery (PA) using digital 
subtraction angiography (DSA). 

METHODS: This is a descriptive statistic study. We reviewed the DSA of 348 patients, who had a PA 
embolisation to reduce the benign prostatic hyperplasia (BPH) symptoms at Radiology Department of Bach Mai 
Hospital from Oct – 2014 to Oct – 2018. 

RESULTS: PA was found at 660 pelvic halves, of which 30 pelvic halves (4.5%) had two PAs, 630 pelvic halves 
had one PA. In terms of the origin of PA, in total 690 PAs, the percentage of type 1, 2, 3, 4 and 5 was 
successively 33.9%, 13.9%, 18.3%, 23.9% and 10.4%, respectively. Atherosclerosis of PA observed in 20.9%. 
The ‘corkscrew’ pattern was found in 30.4%. The average diameter of PA was 1.5 ± 0.34mm. The anastomosis of 
PA with surrounding arteries was common. PA may supply rectum (6.1%), seminal vesical (9.6%), bladder 
(5.2%), contralateral prostatic parenchyma (13.0%), surrounding soft-tissues (3.5%). 

CONCLUSION: The common trunk with SVA superior vesical artery was the most common origin of PA. 
Anastomoses of PA with surrounding tissues were complex. 

 

 

 

 

 

 

 
 

Introduction 

 

Benign prostatic hyperplasia (BPH) is a 
common disease in older men; it can cause lower 
urinary tract symptoms (LUTS). Prostatic artery 
embolisation (PAE) for BPH is a new mini-invasive 
treatment in Vietnam as well as in the world. It has 
demonstrated the therapeutic effect and safety in 
improving the symptoms of LUTS, reducing the 
prostatic volume [1], [2], [3], [4]. The key to the 
success of this method is to understand the anatomy 
of the prostatic artery. However, the anatomy of PA is 
very variable in number and the position of origin. In 

male cadaveric studies, many researchers agreed that 
the origin of PA is very diverse and inconstant. Some 
authors also revealed cases of 2 or even 3 PAs in the 
same pelvic side [5-7]. Recent studies on the anatomy 
of PA on DSA had similar results. A single PA in each 
pelvic side was found in the majority of cases, a 
double vascularisation was rare [8], [9], [10]. The most 
common origin of PA is the branches of the anterior 
division of internal iliac artery (IIA) like an internal 
pudendal artery, common trunk with the superior 
vesical artery (SVA), obturator artery. The proportion 
of PA originating from the middle rectal artery, the 
accessory obturator artery, the gluteal artery, the 
accessory pudendal artery is rare. Carnevale was the 
first author to classify prostatic arteries by origin of 
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PA, which is relatively easy to apply [8]. According to 
this classification, the prostatic arteries divide into 5 
different groups (Table 1). 

Table 1: Classification of PA by FC Carnevale et al., [8] 

Type 1 2 3 4 5 

Origin of 
PA 

Common trunk 
with SVA 

The anterior 
division of IIA, 
inferior to SVA 

Obturator 
artery 

Internal 
pudendal 

artery 

Less 
common 
origins 

 
Also, PA has complex anastomosis with 

surrounding organs such as penis, rectum, seminal 
vesicle, and bladder [11]. Therefore, the risk of 
necrosis of surrounding organs during PAE is not 
negligible. Several researchers revealed the role of 
CBCT software in the PAE procedure [9], [12]. 
Currently, in Vietnam, Bach Mai hospital is the first 
place to apply this technique to treat BPH. However, 
to our knowledge, no study in Vietnam has been 
conducted to evaluate the anatomy of PA on the DSA. 
Therefore, the purpose of the present study is to (1) 
classify the prostatic arteries in Vietnamese by origin 
according to the classification of FC. Carnevale et al., 
and (2) describe other anatomical features of the 
prostatic artery, including anastomoses to adjacent 
arteries, number, shape, and diameter. 

 

 

Material and Methods 

 

Patient selection 

This retrospective study was approved by the 
Department of Radiology, Bach Mai Hospital between 
10/2014 and 10/2018.  

 

Inclusion criteria 

1. Moderate to severe symptoms: IPSS 
index > 19 and the quality of life (QoL) > 3. 

2. PSA index ≤ 4 ng/ml or PSA ≤ 10 
ng/ml (the ratio free PSA/total PSA ≥ 0.20, PSA 
density < 0.15). 

3. No response to 6-month medical treatment. 

4. The patient does not want surgery, 
accepting complications that may occur during the 
intervention. 

5. Complete medical records 

6. Successfully unilateral or bilateral PA 
catheterisation. 

 

Exclusion criteria 

1. Prostatic cancer.  

2. Urethral stenosis, narrowing of the bladder 
neck, large diverticula, and large stones. 

3. General contraindications of angiography: 
serious infection, and liver failure, severe renal failure 
etc. 

4. Active urinary infection. 

5. Do not have enough medical records. 

 

Imaging modalities 

We used Philips single-plane fluoroscopy 
(AluraHD) with Road-mapping and Cone-beam 
computed tomography software (CBCT). In this study, 
we only applied CBCT software in the following cases: 
suspect anastomosis of PA with surrounding organs, 
suspect whether or not the investigated artery 
supplies the prostate.  

 

Technical process 

1. Put a bladder catheter with contrast product 
into a Foley balloon before performing the vascular 
procedure. 

2. Angiogram of the internal iliac artery was 
performed with the ipsilateral oblique projection of 35-
45 degrees and caudal-cranial angulation of 10 
degrees.  

3. Selective DSA of PA was used to measure 
the diameter of PA. 

4. Injection of 1ml nitroglycerin 10% into PA 
was employed to evaluate better the anastomosis of 
PA.  

5. Angiogram of PA was repeated to evaluate 
the anastomosis of PA. 

6. In cases of suspected anastomosis of PA 
with surrounding organs, uncertain 
whether or not the investigated artery supplies the 
prostate, a CBCT was performed.  

 

Statistical analysis 

All data are statistically processed and 
computerised under the SPSS program (version 
16.0). Descriptive statistics with variables on 
anatomical characteristics of the prostate artery. 

 

 

Results 

 

In the study period, 348 PAE procedures 
performed at Department of Radiology, Bach Mai 
hospital were included, the mean age of patients was 
69.6 years, mean Qmax was 6.8 ml/s, and mean 
prostatic volume was 61.6 gram. In 348 these 
patients, 21 patients had an only unilateral selection of 
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prostatic artery due to occlusive atherosclerosis. 
Other 327 patients were treated with bilateral PAE. A 
total of 675 pelvic sides were studied.  

In 675 pelvic sides, double vascularisation 
was found in 15 cases, a single PA in 660 pelvic 
sides. So, the number of PA in our study was 690, 
with the average diameter of PA was 1.5 ± 0.35 mm 
(from 0.7 to 2.6 mm). 

The most common origin of PA was the trunk 
with the SVA (33.9%), followed by internal pudendal 
artery (23.5%), and obturator artery (18.3%). The 
proportion of PA originating from the anterior division 
of IIA and other positions was 10.4% and 13.9%, 
respectively (Table 2). 

Table 2: Classification of PA 

Type 1 2 3 4 5 Total 

N 234 72 126 162 96 690 
Incidence (%) 33.9 10.4 18.3 23.5 13.9 100 

 
An identifying feature of PA on DSA is the 

corkscrew pattern. However, in this study, the typical 
feature of PA was found in only 30.4% (Table 3). 

Table 3: Incidence of “corkscrew pattern” of PA 

Shape Presence of the corkscrew pattern Absence of the corkscrew pattern Total 

N 210 480 690 
 % 30.4 69.6 100 

 

Atherosclerosis of PA can also be observed 
by DSA. Atherosclerosis is defined as a defect of 
contrast in the artery. In our study, atherosclerosis 
was seen in 20.9% of cases (Table 4). 

Table 4: Incidence of the atherosclerosis of PA 

Atherosclerosis Presence Absence Total 

N 144 546 690 
% 20.9 79.1 100 

 
The most common anastomosis was seen 

with the opposite PA (13%). The remaining types of 
anastomosis had lower rates like with seminal vesicle 
(9.6%), penis (8.7%), rectum (6.1%), bladder (4.3%), 
and soft tissue (3.5%) (Table 5). 

Table 5: Anastomosis between PA and surrounding arteries 

Anastomos
is 

Bladder Seminal 
vesicle 

Penis Rectum Soft tissue Contralateral prostate 
tissue 

I.  

N 30 66 60 42 24 90 
% 4.3 9.6 8.7 6.1 3.5 13 

 

 

 

Discussion 

 

Regarding the origin of prostatic arteries, 
based on the classification of FC. Carnevale, in this 
study, the most popular origin of the PA was the 
common trunk with SVA (33.9%), followed by internal 
pudendal artery (23.5%). This result is similar to the 

study of FC. Carnevale and T. Bilhimet al., [8], [10]. 
According to a study by Wang et al., the most 
common origin of PA was also common trunk with 
SVA (37.1%) but followed by the anterior pelvic artery 
branch (31.1%), then the internal pudendal artery 
(24.2%) [9].  

 

Figure 1: Prostatic arterial type 1 (A) and type 2 (B) 

 
The less common origins of the PA were the middle 
rectal artery, the accessory obturator artery, the 
gluteal artery, and the accessory pudendal artery. 
However, in this study, the incidence of these PA 
types was relatively high (13.9%). There were 2 cases 
in which PA was originated from the accessory 
obturator artery-a branch of the external iliac artery 
(1.7%). According to T. Bilhim et al., the ratio of PA 
originated from the external iliac artery was 1.8% [13]. 
Thus, in the case of absence of PA on internal iliac 
artery angiogram, catheterisation of the external iliac 
artery is necessary to find PA from the accessory 
obturator artery.  

 

Figure 2: PA type 5, originating from the accessory obturator artery 

 

Regarding the number of independent PA, 
there was one PA in 95.5% of pelvic sides and two 
independent PAs in the other 4.5%, for a total of 115 
PA. This result was similar to the study done by Wang 
and FC Carnevale et al., [8], [9]. However, according 
to T. Bilhim, the incidence of two independent 
ipsilateral PA was very high (43%) [10]. Mean 
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diameter of PA was 1.5 mm. Therefore, the types of 
micro-catheters used must also be small in size. We 
always used microcatheter types with diameter ≤ 2F 
(equivalent to 0.67 mm). 

The presence of the corkscrew pattern was 
found in 30.4%. It is unlike the uterine artery, which 
always has the corkscrew pattern on DSA imaging. 
This result was similar to the study of T. Bilhim [10]. 
Although less common, however, the presence of the 
corkscrew pattern can be considered as a suggestion 
of PA on DSA. Another difficulty in the embolisation of 
PA is atherosclerosis. Atherosclerosis was found in 
20.9% of PA, most commonly in the proximal course 
of PA. 

About anastomoses of PA, we saw them in 
21% of cases. This result was similar to the study of 
Wang (22.6%). However, that rate was lower than 
those in studies done by T. Bilhim and JM. Pisco et 
al., (60%) [9], [10], [11].  

In our study, the most common anastomosis 
was with contralateral PA (13%), followed by the penis 
(8.7%), bladder (4.3%), rectum (6.1%), seminal 
vesicle (9.6%), and soft tissue (3.5%). However, the 
presence of anastomosis of PA is not a 
contraindication to the embolisation. In the presence 
of small-sized anastomosis, a slow infusion under the 
control of fluoroscopy and usage of big embolisation 
particles (> 200 um) may avoid the complication of 
non-target ischemia to the surrounding tissues 
(bladder, rectum, anus, or corpus cavernosum).  

In cases with significant of PA anastomosis, 
before injecting particles for embolisation, maybe we 
need to cut off anastomosis by coils or other 
materials. 

 

Figure 3: Anastomosis of PA with penis in AP views (arrowhead) 

 

This study still has limitations. First, we 
acknowledge the retrospective nature of our patient 
group from a single centre. Second, we do not 
systematically use CBCT software to evaluate the 
anastomosis of PA, due to the risk of increasing the 

irradiation dose and increasing the procedure times. 
This may affect the assessment of anastomosis of PA.  

In conclusion, we found that the most popular 
origin of PA was the common trunk with SVA, followed 
by the interne pudendal artery and obturator artery. 
The anastomosis of PA was very diverse; it is possible 
to supply blood to bladder, rectum, seminal vesicles, 
and contralateral prostatic tissue. Therefore, perfect 
knowledge of PA is fundamental to assure the 
success of the procedure, avoid complications, and 
reduce procedure times and radiation exposure. 
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Abstract 

BACKGROUND: Previous studies worldwide have investigated the anatomy of the perforators of the deep inferior 

epigastric arteries to figure out the navigation patterns of the perforators on the abdominal wall. This has been 
inconsistent amongst the researchers about how to select the perforator to increase the blood supply area for the 
flap.  

AIM: To explore the blood supply area of the perforators of the superficial and deep inferior epigastric artery in the 
abdominal region of the Vietnamese by dissection and 64-slice multislice computed tomography (64-slice MSCT).  

METHODS: A descriptive cross-sectional study Center from September 2014 to September 2016 on two groups 
including 30 cadavers fixed by formalin 10% in Anatomy Department of UPNT, and 37 patients getting the 64-
slice MSCT abdominal arteries angiogram.  

RESULTS: The superficial epigastric arteries at the level of the inguinal ligament were located in the middle 
region, with 96% (right) and 88.5% (left). The anterior superior iliac spine level was in the middle, and lateral 
regions of 68% and 32% respectively. The level of the umbilical cord was in the lateral region with 66.7% and 
85.7%, respectively. There were about 6 perforators of the deep inferior epigastric arteries located in the navel 
area. These perforators were 70% in the medial region and 30% in the middle region. 

CONCLUSION: Mapping the blood supply based on the fourth space in the abdominal region in which the 
superfical inferior epigastric arteries supplied the lateral area. The middle and the internal ones were the 
perforators of the deep inferior epigastric arteries. 

 

 

 

Introduction 

 

Abdominoplasty is one of the aesthetic 
procedures performed increasingly commonly. 
Despite this made procedure for a long time, the 
outcome has not satisfied both physicians and 
cosmetic surgery clients due to its esthetic effects and 
safety. Particularly, the most important complication is 
the necrosis of the residual abdominal skin with 
various levels, which results from lacking of blood 
supply after the operation. Thus, the adequate 
knowledge about the characteristics of blood supply of 
the superficial and deep inferior epigastric artery as 
well as their perforators plays an important role that 
helps the surgeons calculate the dimensions of the 
removable flap in the operation procedure so that this 

procedure is ensured safely [1]. Up to now, previous 
studies worldwide have investigated the anatomy of 
the perforators of the deep inferior epigastric arteries 
to figure out the navigation patterns of the perforators 
on the abdominal wall. From that, they can identify 
four standard blood supply spaces as Hartrampf [2], 
[3], [4]. However, this has been inconsistent amongst 
the researchers forward how to select the perforator to 
increase the blood supply area for the flap. A Quynh 
et al.’ study reported this issue in Vietnam, which has 
been not yet systematic for both the arteries [3]. The 
present study, therefore, aimed to explore blood 
supply area of the perforators of the superficial and 
deep inferior epigastric artery in the abdominal region 
of Vietnamese by dissection and 64-slice multislice 
computed tomography (64-slice MSCT).  
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Material and methods 

 

Study design and participants 

A descriptive cross-sectional study was 
conducted between September 2014 and September 
2018. The participants in the study were divided into 
two groups. A group included 30 cadavers fixed with 
formalin 10% in Anatomy Department of UPNT. Other 
group included 37 adult patients getting the 64-slice 
MSCT angiography of the abdominal artery in Hoa 
Hao Medical Center. The participants were selected in 
this study with the convenience sampling method. We 
included the Vietnamese patients (i) over 18 years 
and (ii) not undergoing any surgery in the groin and 
thigh areas. We excluded the patients (i) with the 
distortions in the groin and thigh areas (congenital, 
pathological abnormalities, and previous surgery), and 
(ii) vascular malformation in these areas 
(transplantation, binding vessels, etc.). 

 

Procedures 

In the cadaver group, we performed an 
incision in the abdominal area along to inguinal 
ligament in the supine position of the cadavers. Then 
we determined the origins of the superficial and deep 
inferior epigastric artery. We continued to dissect 
along the deep inferior epigastric artery until we could 
not determine the vessel in the abdominal wall. 
Moreover, we dissected along the superficial 
epigastric artery to find perforators. We examined 
them about position, direction and their relationship 
with the medial or lateral of the anterior abdominal 
wall as well as their coordination.  

In the patient group, the patients getting 64-
slice MSCT contrast injection undergo function tests 
of liver and kidney, abdominal sonography, blood 
pressure, height and weight measurement. The 
contrast dose was 2 ml/kg. The patient was conducted 
with 64-slice MSCT in the supine position (the depth 
of slice: 1mm (0.8) overlap 0.2). The outcomes were 
evaluated by the same diagnostic imaging doctor and 
the same researcher. We identified the number of 
perforators of the deep inferior epigastric artery, their 
position and relationship with the medial or lateral of 
the anterior abdominal wall.  

 

Data analysis 

Data were collected and analysed with IBM 
SPSS 21 software package. Descriptive statistics 
(percentages, frequencies, means and standard 
deviations) for the various groups distinguished, were 
computed. Independent t-tests were applied to test 
the significance of differences between groups. The 
significance level was considered at p < 0.05.  

 

Results  

 

The blood supply area of the superficial 
 epigastric artery in the abdominal wall: 
 Characteristics of the direction of the 
 superficial epigastric artery 

In the cadaver group, the direction of the 
superficial epigastric artery which toward the anterior 
superior iliac spine was 64% in the right and 69.2% in 
the left. In the patient group with 64-slice MSCT, the 
patient percentage of the direction of the arteries, 
which straight down the hypochondriac region was 
more than 50% than.  

Table 1: Direction of the superficial epigastric artery in the 
abdominal wall of cadavers and patients with 64-slice MSCT 

Sample Direction To the right To the left p 

Cadavers  
(nR = 25, nL = 
26) 

Toward to anterior superior iliac spine 17 (68%) 20 (76.9%) 0.26 
Toward to middle line 4 (16%) 3 (11.5%) 
Straight down hypochondriac region 4 (16%) 3 (11.5%) 
Superficial epigastric artery-inguinal 
ligament angle 

50 ± 15.94 46 ± 12.6 0.35 

64-slice MSCT  
(nR = 5, nL = 4) 

Toward to anterior superior iliac spine 1 (20%) 1 (25%) 0.09 
Toward to middle line 1 (20%) 1 (25%) 
Straight down hypochondriac region 3 (60%) 2 (50%) 
Superficial epigastric artery-inguinal 
ligament angle 

42.0 ± 22.3 53.5 ± 16.8 0.29 

 

The proportion of the angle of the superficial 
epigastric artery and inguinal ligament was smaller in 
the patient group than in the cadaver group. There 
were no significant differences in directions from two 
sides (Table 1and Figure 1). 

  

Figure 1: The angle of the superficial epigastric artery and the left 
hypochondriac region (Right); the right superficial epigastric artery 
goes toward to anterior superior iliac spine, then goes into lateral 
line toward to the hypochondriac region in 64-slice MSCT (Left) 

 

Mapping the blood supply area of the 
 superficial epigastric artery based on three 
 lines in the abdominal wall  

In the cadaver group, the relative position of 
the superficial epigastric artery which is at the level of 
an inguinal ligament in the middle line accounted for 
the highest percentage with both right and left sides 
(96.0% and 88.5%, respectively), followed by in the 
lateral line. No observation in the medial line. At level 
of anterior superior iliac spine, the artery running into 
the lateral line started to increase to 32% in the right 
side and to 50% in the left side (the lower the 



Khoa et al. Perforator Mapping of the Superficial and Deep Inferior Epigastric Artery in the Abdominal Region of the Vietnamese 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2019 Dec 30; 7(24):4209-4213.                                                                                                                                                4211 

 

percentage of artery in the middle line became, the 
upper the percentage of artery in the lateral line 
became), and once at level of navel, the position of 
the artery in the lateral line was up to 66.7% in the 
right side and up to 85.7% in the left side. This 
supported that, in the cadaver group, the direction of 
the superficial epigastric artery ran from the medial to 
the lateral line, and the cases of the superficial 
epigastric artery at that level decreased to ½ in the 
right side and about ¼ in the left side. Moreover, there 
was a significant difference in the relative position of 
the superficial epigastric artery based on three lines 
amongst the sides (p < 0.05).  

Table 2: Localizing the superficial epigastric artery based on 
three lines in the abdominal wall of cadaver and patient groups 

Location Cadaver group 64-slice MSCT group 

Standard landmark Line Right Left Right Left 

Level of inguinal 
ligament 

Medial 0 0 1 (20%) 1 (25%) 
Middle 24 (96%) 23 (88.5%) 4 (80%) 3 (75%) 
Lateral 1 (4%) 3 (11.5%) 0 0 
Total 25 26 4 3 
p-values 0.143 0.25 

Level of anterior 
superior iliac spine 

Medial 0 (0,0%) 1 (3,8%) 1 (25,0%) 1 (33,3%) 
Middle 17 (68,0%) 12 (46,2%) 3 (75,0%) 1 (33,3%) 
Lateral 8 (32,0%) 13 (50%) 0 1 (33,3%) 
Total 25 26 4 3 
p-values 0.008* 1 

Level of navel Medial 0 0 1 (33.3%) 1 (50%) 
Middle 4 (33.3%) 1 (14.3%) 1 (33.3%) 1 (50%) 
Lateral 8 (66.7%) 6 (85.7%) 1 (33.3%) 0 
Total 12 7 3 2 
p-values 0.248 1 

*: significant at 0.05. 
 

There is no significant difference at the level 
of the navel, perhaps because the numbers of the 
arteries at that level were very few.  

 

Figure 2: Mapping the right superficial epigastric artery based on 
three lines: at the level of the inguinal ligament, the right superficial 
epigastric artery is in the middle line; at level of anterior superior 
iliac spine, it is still in the middle line; and at level of navel, it is at 
the lateral line 

 

In, the relative position of the superficial 
epigastric artery which is at the level of the anterior 
superior iliac spine is the highest in both right and left 
sides (80.0% and 75.0%, respectively), this is still at 
the middle line when the artery runs into the level of 
the anterior superior iliac spine.  

However, in the patient group with 64-slice 
MSCT, it is difficult to identify the branches of the 
superficial epigastric artery which were more than 0.5 
mm in diameter, so there was an extremely significant 
difference in the frequency of the appearance of the 
superficial epigastric artery amongst cadaver and 
patient groups (Table 2 and Figure 2). 

 

The blood supply area of the perforators of 
 the deep inferior epigastric artery in the 
 abdominal wall 

We documented the position of perforators of 
the deep inferior epigastric artery based on 3 lines 
and the vertical axis going through the navel. We 
could not observe any perforators in the lateral line, 
but the number of the perforators in the medial line 
was the highest (approximately 70%), followed by in 
the middle line (30%). By dividing based on three lines 
(medial, middle and lateral lines) which were different 
in the distance from the anterior superior iliac spine 
and the axis going through navel, the number of 
perforators in the medial line decreased to 30%, and 
in the middle line, there was an increase reported 
(Table 3). 

Table 3: The proportion of perforators based on these 
landmarks 

Artery Side Medial line Middle 
line 

At level 
about ¼ 

under the 
navel 

Right Left At the 
level at 

the navel 
and 

about ¼ 
upper 

Right Left 

1 Righ
t 

25 (83.3%) 5 (16.7%) Space 1 27 
(96.4%) 

21 
(77.8%) 

Space 1 2 
(100%) 

3 
(100%) 

Left 27 (90%) 3 
(10%) 

Space 2 1 
(3.6%) 

6 (22.2%) Space 
2,3,4 

- - 

2 Righ
t 

19 (67.9%) 9 
(32.1%) 

Space 1 21 (100%) 23 (100%) Space 1 7 
(100%) 

6 
(100%) 

Left 24 (82.8%) 5 (17.2%) Space 2 - - Space 
2,3,4 

8 
(80%) 

7 (58.3%) 

3 Righ
t 

20 (76.9%) 6 (23.1%) Space 1 16 (100%) 16 (100%) Space 1 2 
(20%) 

5 (41.7%) 

Left 20 (71.4%) 8 (28.6%) Space 2 - - Space 2 - - 
Space 

3,4 
10 

(71.4%) 
5 (62.5%) 

4 Righ
t 

15 (71.4%) 6 (28.6%) Space 1 7 
(100%) 

13 (100%) Space 1 4 (28.6%) 3 (37.5%) 

Left 14 (66.7%) 7 (33.3%) Space 2 - - Space 2 - - 
Space 

3,4 
12 

(70.6%) 
8 (72.7%) 

5 Righ
t 

13 (72.2%) 5 (27.8%) Space 1 1 
(100%) 

5 
(100%) 

Space 1 5 (29.4%) 2 (18.2%) 

Left 12 (75%) 4 
(25%) 

Space 2 - - Space 2 - 1 (9.1%) 
Space 3 - - 
Space 4 8 (61.5%) 11 

(73.3%) 
6 Righ

t 
10 (71.4%) 4 (28.6%) Space 1 1 

(100%) 
- Space 1 3 (23.1%) 2 (13.3%) 

Left 9 
(60%) 

6 
(40%) 

Space 2 - - Space 2 2 (15.4%) 1 (6,.7%) 
Space 3 - 1 (6.7%) 
Space 4 2 

(100.0%) 
3 

(100.0%) 

 

As was shown in Table 3, the percentage of 
perforator 1 under the navel was 90%. While the 
percentage of the perforators number 2, 3, 4 under 
the navel decreased to 50%, the figures for the 
perforators number 2, 3, 4 upper the navel increased. 
Most of the perforator number 6 to number 11 were 
upper the navel. As the results from 64-slice MSCT, 
most perforators number 1 were under the navel 
(90%). The percentage of the perforators number 2, 3, 
4 under the navel decreased to 50%, while the figures 
for the perforators number 2, 3, 4 upper the navel 
increased, but the slope in the patient group was 
recorded to be smaller than in the cadaver group. 
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With the perforators number 6 to number 11, most of 
them were upper the navel. In summary, the presence 
of each perforator was absolutely under the navel 
about 40 mm (unless the left perforator number 1 lies 
up to space 2, the percentage of these cases is about 
22.2%). The percentage of perforators number 1 and 
2 staying in space 1 was 100%, while the percentage 
of perforators number 3, 4, 5 which stayed in space 1 
decreased from 80% to 60%. However, there had the 
perforators number 3, 4, 5 in the space 2 and 3, and 
the percentage of these cases were about 20%.  

 

 

Discussion 

 

The division pattern which divided the 
abdominal wall into 8 spaces along the axis going 
through the navel of N.T.Quynh was consistent with 
us, however, Quynh's pattern was considered as 
easier than ours. In the upper navel space, Quynh 
used the line going through the middle point of navel 
and xiphisternum to divide that space into space 3-4 
(space 3 is medial and space 4 is lateral) and space 
1-2 (space 1 is medial and space 2 is lateral), which 
were space 1-2 and space 3-4 respectively in our 
study (2 spaces in our study was consistent with 1 
space in N.T.Quynh’ study). The similar statistics was 
also applied in our study; we found that our results 
were strongly consistent with others. The distribution 
of the perforators originated from ½ under the navel, 
and the highest concentration around the navel and 
the distribution decreased from there to xiphisternum. 
Therefore, the artery supplying blood for upper navel 
space is the deep inferior epigastric artery, not the 
superior epigastric artery. This was an important note 
in designing the flap. No similarity in the distribution of 
the perforators based on the horizontal axis going 
through the navel between N.T.Quynh' study and our 
ones. This could be because of N.T.Quynh divided the 
medial and lateral space based on the rectus 
abdominis muscle [3]. 

When research investigated the sample 
study, he often gives a series of different dimensions 
such as 4 cm, 5 cm, 8 cm, 10 cm or a few 
centimetres. This is a general disadvantage because 
the dimension has no rule. In this study, we found that 
our data was followed the rule of 4 (a distance equals 
4cm long) and the distance was followed the fifty-fifty 
rule, which is the easy way for the practice because it 
did not depend on height, size and weight of the 
patient. If we multiplied the 4 cm-distance twice or ½, 
our result might be consistent with previous studies (8 
cm equals two 4cm-distances, 10 cm is 2.5 times of 4 
cm-distance) [2], [3], [4]. 

We offered a division pattern with 4cm-
distance in the abdominal wall to map the branches of 
the superficial epigastric artery and the deep inferior 
epigastric artery. Firstly, a line from the pubis to navel 

need drawing, then divide that line into two equal 
segments and continue to divide each segment into 
two equal segments. So, we will have 4 segments 
(each segment which is called 4 cm-distance is 4 cm 
long). With this segment, we can identify that (i) the 
place where the inferior epigastric artery runs into 
muscle is at the point which divides navel-pubis 
distance into two segments; (ii) the place which has 
the first perforator is at the point which ¾ long from 
navel to pubis; (iii) perforators round up 100% at the 
4cm-distance under navel. Secondly, with the medial 
point in the inguinal ligament, we draw a circle whose 
radius equals a 4 cm-distance from the pubis to navel, 
the probability to find the origin of the superficial 
epigastric artery is 90.2%. Thirdly, we draw 2 parallel 
lines which divide the distance from anterior superior 
iliac spine to the medial line of the abdomen into 3 
rows (medial, middle and lateral rows) whose width 
equals a 4 cm-distance from the pubis to the navel. 
With 3 rows, we can identify the blood supply area of 
the arteries, such as the lateral row is the area which 
is supplied by the superficial epigastric artery, the 
middle row is the area we can find 30% perforators, 
and the medial row has 70% perforators of the deep 
inferior epigastric artery. 

 

Figure 3: Mapping the perforators based on the vertical and 
horizontal axes which run through navel in our study (right), 
compared with the division pattern of Hartrampf (left) 

 

The division pattern dividing the abdominal 
wall into 3 rows exists several advantages. The 
dimension of each segment is equivalent so that we 
can use it to estimate a distance. Secondly, segment 
¼ upper navel, ¼ under the navel, ⅓ anterior superior 
iliac spine - navel have a similar measurement 
regardless of anyone. Thus, we offered using this 
segment as a unit measurement to estimate the 
distance in the abdominal wall or to map the arteries 
as using proportion in traditional medicine. If we 
divided 2 rows: medial and lateral as a four-space 
pattern of Hartrampf or Scheflan and Dinner, most 
perforators are in the medial row, the result of our 
study is 100%. This would be an illogical appointment 
if we used the division pattern. This point was 
supported by Wong C.’s study [5], the blood supply 
area of perforators in the medial row near the middle 
row is different from the blood supply area of 
perforators in the medial row near the lateral row. The 
flat which is supplied blood by perforators in the 
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medial row near middle line more concentrated in the 
center and has an area bigger than the flat which is 
supplied blood by perforators in the medial row near 
lateral row [5]. In consequence, they are both 
perforators in the medial row, but near the middle line 
or not; their blood supply areas are different. Thus, 
based on the division pattern which divides abdominal 
wall into 3 rows in our study, perforators in the medial 
row near middle line belong to medial row, and 
perforators in the medial row far from middle line 
belong to medial row and the lateral row belong to the 
blood supply area of the superficial epigastric artery. 
In our point of view, 6 divided areas are logical and 
content with the explanation about blood supply area. 

In a previous study of Eric M, et al., [6], the 
authors divided Hartrampf's spaces into smaller 
pieces followed 3 patterns: (a) 9 subspaces numbered 
from 1 to 9; (b) 3 subspaces near, middle, far; and (c) 
3 subspaces medial, middle and lateral. The 
percentage of the presence of the perforators in space 
I was 79.43%, in space II was 6.38%, in space III was 
13.48%, and in space, IV was 0.71%. The probability 
of finding out a perforator in space I was the highest 
(100%), while the probability to find out a perforator in 
space II, III and IV were 65%, 25% and 5%, 
respectively [6]. This division pattern divided each 
space of Hartrampf into 3 smaller pieces into 
horizontal and vertical axes to localise the mapping of 
perforators, not as the division pattern in our study. In 
Vietnam, N.T.Quynh divided into 2 rows including 
medial and lateral. However, this pattern was based 
on the horizontal axis of rectus abdominis muscle, not 
the horizontal of abdominal wall, thus, in fact, these 
two rows belonging the medial row in Hartrampf’s 
pattern or the medial and lateral in our study's pattern. 
Wong C et al. found that the peripheral branches were 
larger in diameter and tent to run straight, which 
helped the surgeon dissect faster and easier [5]. The 
perforators in the lateral row were used for semi-
abdominal flap having more than one centre and the 
risk of necrosis of a part of flap’s apex or border. 
Thus, the semi-abdominal flaps tended to be safe 
when they are taken based on a simple perforator in 
the lateral row. Holm et al. did several studies of the 
blood supply area and they proved that Hartrampf’s 
space II and III needed to be converted. The authors 
emphasised that the division pattern of Hartrampf was 
wrong and “the blood supply area which goes through 
middle line was always delayed and less ingrained 
than the other area in the same side" [7]. Hamdi M et 
al. found that the perforators in the lateral row were 
larger and dissected more easily. The perforators in 
the medial row supplied blood better for space III and 
IV, however, if the surgeons want to dissect these 
vessels, they have to dissect a segment of a vessel 
running in the muscle longer, and this procedure is 
much along the vertical axis. The perforator ran 
through the rectus muscle which has transverse 
tendious. The distance from this area to skin was 
shorter, it might be difficult to dissect these vessels.  

In conclusion, the direction of the superficial 
epigastric artery running toward inguinal ligament was 
almost in the middle row. When this artery reached 
the anterior superior iliac spine, it belonged to the 
lateral row. Once mapping the perforators in the 
abdominal wall, most perforators were in the medial 
row (93-100%), and there were very few perforators in 
the lateral row. Mapping the perforators in the 
abdominal wall based on 3 rows (medial, middle and 
lateral) in the line between the anterior superior iliac 
spine and the vertical axis running through the navel, 
the proportion rates of the perforators in the medial 
and middle row were 70% and 30%, respectively. The 
percentage of the superficial epigastric artery running 
toward the anterior superior iliac spine was observed 
at 65%. Once mapping blood area, this artery 
supplied for the 4cm-distance lateral row, while the 
deep inferior epigastric artery supplied for the middle 
and medial rows.  
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Abstract 

BACKGROUND: Nowadays, there are few types of research held in Vietnam to investigate the anthropometric 

index of the nose as well as analysis the structure of nasal tip on ultrasound to identify the relationship between 
these parameters. 

AIM: To determine the relationship between the height and the width of the nasal tip and the structures 
constructed these areas by anthropometric and ultrasound measurement. 

METHODS: A descriptive study in Thanh Van Hospital from December 2017 to April 2019. 

RESULTS: There were 94 women (62.7%), and 56 men (37.3%) and the average age were 33.6 years old. The 
height and width of the nasal tip are 10.1 mm and 21.7 mm, respectively. Through the ultrasound, the thickness of 
the adipose tissues is 3 mm. The width of the interdomal fat pad is 6.5 mm and the distance between two tip point 
is 5.6 mm. There are the relationships between the distance of two tip points and the width of the tip (r = 0.341), 
and the width of the interdomal fat pad (r = 0.72). There is also the correlation between the width of the nasal tip 
with the distance of two tip points (r = 0.46) and the height of the tip with the thickness of the interdomal fat pad (r 
= 1.23). 

CONCLUSION: The thickness of the interdomal fat affects the height of the tip, and the distance of two tip points 

influences the width of the tip. 

 

 

 

 

 

 

 

Introduction 

 

The structures such as lower lateral 
cartilages, tip points, interdomal area, interdomal fat 
pad, interdomal ligament are described widely and in 
detail by the ENT clinicians and the cosmetic doctors. 
In contrast, the anatomists describe the structure of 
the nose at the level of morphology and simplicity [1]. 
Most surgeons noticed that rhinoplasty on nasal tip 
was extremely difficult because the nasal tip after the 
operation should look natural if not, people know that 
nose had undergone a rhinoplasty, and the complexity 
of nose anatomies such as tip points, interdomal fat 

pad, interdomal ligament and the harmony of noise on 
face [2]. Moreover, the characteristics of structures 
which build nasal tip change depending on the 
anthropometric index of a race, it made nose 
harmonise with the other structures on a face. Thus, 
the operation may be complex because of the 
mobility, variety and anthropometric index [3].  

Nowadays, there are many extensive studies 
about the anthropometric index of nose and face. 
However, there are few types of research held in 
Vietnam to investigate these dimensions as well as 
analysis the structure of nasal tip on ultrasound to 
identify the relationship between these parameters.  
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Thus, we started a study “The correlation 
between the structures of the nasal tip on the 
ultrasound and the anthropometry of the nose in 
Vietnamese” with two objects: 1) Identify the 
relationship between the anthropometry of the height 
of nasal tip and the thickness of the soft tissues on the 
nasal tip by ultrasound and 2) Identify the relationship 
between the anthropometry of the width of nasal tip 
and the distance between two tip points and the 
interdomal fat pad by ultrasound.  

 

 

Material and Methods 

 

Study design 

Descriptive cross-sectional study. 

 

Participants 

We chose 150 adults Vietnamese by 
convenient sampling method. 

 Inclusive criteria: 1. Adult Vietnamese, 18 
years old and above; 2. The nasal tip is intact; the 
participant has never undergone any surgery on the 
nose; and 3. The participant has no congenital 
malformation, trauma, cosmetic surgery, tumour or 
anatomic abnormality in structures of the face. 

Exclusive criteria: We excluded people who 
use filler in the nose area or have dyslipidemia or 
Cushing syndrome. - Study period: from December 
2017 to April 2019 and - Study area: Thanh Van 
Hospital in HCMC. 

 Study materials:
 

- A calliper, compass, 
anthropometric ruler;

 
- Camera NIKON D90, lens 

Nikon AF-S Micro NIKKOR 60 mm 1: 2.8G ED; and - 
Ultrasound machine Accuvix with probe 12MHz.

 

 

Measuring the anthropometric index of 
 face 

We used a calliper to measure the index such 
as distance from nasion (n), (g) to the subnasal point 
(sn) directly. We recorded and measured the 
dimensions of nasal tip such as the protrusion of nasal 
tip, width and height of nasal tip. 

 

Using ultrasound 

We used ultrasound machine with probe 12 
MHz to measure the thickness of the skin at the nasal 
tip, the thickness of the subcutaneous fat pad, the 
width, height and thickness of the interdomal fat pad, 
the thickness of the cartilage at the tipping point and 
the distance between two tip points. 

Processing and Analysing data 

Statistics, description, processing, and 
analysing data with the statistical test in SPSS 19. We 
compared the average values by the t-test and the 
ratios by X

2
 test, CI 95%. We used multivariable linear 

regression to find the relationship.  

 

Figure 1: The patient's position when we did an ultrasound 

 

 

Results 

 

 We investigated 150 patients including 94 
females (62.7%), 56 male (37.3%) and the average 
age is 33.6 ± 13.4 years old (Table 1) (ranged from 18 
to 65 years old) (E.g. 1 case in Figure 1).  

  

The relationship between the 
 anthropometry of the height of the nasal 
 tip and the thickness of the soft tissues on 
 the nasal tip by ultrasound 

The average protrusion of the nasal tip is 16.9 
mm; the average height of the nasal crus is 6.8 mm; 
the average height of the nasal tip is 10.1 mm. These 
dimensions are significantly different between the two 
sex (p < 0.05) and these dimensions of the male are 
more than ones of female (Table 1). 

Table 1: The dimensions of nasal tip 

The dimensions of nasal tip 
Male 

(n = 56) 
Female 
(n = 94) 

Total 
(n = 150) 

P-values 

The protrusion of nasal tip (sn-
prn) 

17.8 ± 3.3 16.4 ± 3.8 16.9 ± 3.7 0.023
e
 

The height of nasal crus (sn-c') 7.3 ± 1.3 6.6 ± 1.2 6.8 ± 1.3 0.001
e
 

The height of nasal tip (c-prn) 10.5 ± 3.0 9.9 ± 4.0 10.1 ± 3.6 < 0.001 

c. T-student test; e. Mann-Whitney test. 

 

The thickness of the skin at interdomal area is 
3 mm, the thickness of subcutaneous fat tissue at 
interdomal area is 3 mm.  

Table 2: The thickness of soft tissue on nasal tip on ultrasound  

Dimension (mm) 
Male 

(n = 56) 
Female 
(n = 94) 

Total 
(n = 150) 

P-values 

Skin at interdomal area 3.0 ± 0.5 2.8 ± 0.5 2.9 ± 0.5 0.167
c
 

Subcutaneous fat tissue at 
interdomal area 

3.1 ± 0.7 2.9 ± 0.7 3.0 ± 0.7 0.160
c
 

Interdomal fat pad 3.1 ± 0.7 2.9 ± 0.7 3.0 ± 0.5 0.09
c
 

c. T-student test. 
 

 

There is no significant difference in the 
thickness of subcutaneous fat tissue between male 
and female (p > 0.05) (Table 2) (Figure 2). 
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Figure: 2 The interdomal fat pad on ultrasound 

 

 The result showed that the male's cartilage at 
tip point is thicker than females.  

Table 3: The thickness of cartilage of nasal tip on ultrasound 

Thickness of 
cartilage 

Male 
(n = 56) 

Female 
(n = 94) 

Total 
(n = 150) 

p-values 

The right tip point 2.2 ± 0.5 mm 1.7 ± 0.4 mm 1.9 ± 0.5 mm 0.0001
e
 

The left tip point 2.2 ± 0.5 mm 1.7 ± 0.4 mm 1.9 ± 0.5 mm 0.0001
e
 

e. Mann – Whitney test. 

 

 With Table 2, the patients' cartilage of tip point 
in both sides is thicker than on ultrasound (p = 0.0001) 
(Table 3) (Figure 3). 

 

Figure: 3 The thickness of cartilage and distance between two tip 
points on ultrasound  

  

 Investigating the relationship between the 
 height of the nasal tip on external and 
 internal structures 

In single variable correlation, the height of tip 
point is closely correlated with the thickness of 
interdomal fat pad, the thickness of interdomal 
subcutaneous fat tissue and the thickness of skin and 
interdomal fat pad, and it is not correlated with the 
thickness of interdomal skin and the thickness of 
cartilage on tip point (Table 4). 

Table 4: The correlation between the height of the nasal tip and 
the other structures (in single - variable correlation) 

The correlation of the height of the nasal tip and  Coefficient p 

The thickness of interdomal skin  0.18 0.764 
The thickness of interdomal fat pad 1.19 0.003 
The thickness of subcutaneous fat tissue 0.99 < 0.001 
The thickness of cartilage on the right nasal tip point  0.11 0.862 
The thickness of cartilage on the left nasal tip point  0.39 0.512 
The thickness of skin and interdomal subcutaneous fat tissue 1.01 < 0.001 

There is a close relationship between the 
height of the nasal tip and the thickness of interdomal 
fat pad. The equation to estimate the height of nasal 
tip: The height of the nasal tip (c’-prn) = 6.7 + 1.23 x 
the thickness of interdomal fat pad (Table 5). 

Table 5: The correlation between the height of the nasal tip and 
the other structures (in multivariable correlation) 

The correlation between the height of the nasal tip (c’-prn) 
and 

Coefficient p 

The thickness of interdomal skin  0.003 0.996 
The thickness of interdomal fat pad 1.23 0.004 
The thickness of cartilage on the right nasal tip point - 0.89 0.364 
The thickness of cartilage on the left nasal tip point  0.78 0.394 
Constant 6.70 0.005 

 

  

The anthropometric index of the width of 
 the nasal tip 

The index of the width of the nasal tip is 
different between male and female (p < 0.05); these 
male's index is larger than female's (Table 6). 

Table 6: The index of the width of nasal tip  

The index of the width of nasal tip 
Male 

(n = 56) 
Female 
(n = 94) 

Total 
(n = 150) 

p 

The width of nasal tip 23.1 ± 2.3 20.9 ± 2.0 21.7 ± 2.4 0.0001
e
 

The width of crus at the bottom of nose 
(sn'-sn') 

6.1 ± 1.0 5.5 ± 1.0 5.7 ± 1.0 0.001
e
 

The width of crus at the top of nose (c'-c') 11.1 ± 1.8 9.9 ± 1.5 10.3 ± 1.7 0.0001
e
 

c. T-student test; e. Mann-Whitney test. 

 

The distance between two tip points and 
 the width of interdomal fat pad  

The male's distance between two tip points is 
5.8 ± 1.7 mm, the female's one is 5.6 ± 1.2 mm, and 
the average distance is 5.6 ± 1.4 mm, there is no 
significant difference about these indexes between 
male and female (p = 0.319) (Table 7). 

Table 7: Classification of the distance between two tip points 
on ultrasound 

Classification of the distance 
between two tip points 

Male 
(n = 56) 

Female 
(n = 94) 

Total 
(n = 150) 

n % n % n % 

2 – 4 mm 8 14.3 9 9.6 17 11.3 
4 – 6 mm 24 42.9 51 54.3 75 50.0 
6 – 8 mm 17 30.4 30 31.9 47 31,3 
8 – 10 mm 6 10.7 3 3.2 9 6.0 
> 10 mm 1 1.8 1 1.1 2 1.3 

 

The distance between two tip points on 
ultrasound is more than 6 mm, which would decrease 
38.6%, and there is no significant difference in this 
distance between male and female. 

Table 8: The dimension of interdomal fat pad on ultrasound 

Dimensions  
Male 

(n = 56) 
Female 
(n = 94) 

Total 
(n = 150) 

p-values 

The width of interdomal fat pad  6.5 ± 1.9 6.4±1.8 6.5 ± 1.4 0.89
e
 

The thickness of interdomal fat 
pad 

3.1 ± 0.7 2.9±0.7 3.0 ± 0.5 0.09
c
 

c. T – student test; e. Mann – Whitney test. 

 

The thickness of cartilage on tip point in male 
is 2.2 mm, which thicker than in female (1.7 mm); and 
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the thickness of cartilage on tip point in patient is 
thicker than in cadaver on both sides. 

The thickness of interdomal fat pad equals ½ 
the width (6.5 mm in average), and there is a 
significant difference between male and female, the 
male's one is thicker than female's (p < 0.05) (Table 8) 
(Figure 4). 

 

Figure: 4 The interdomal fat pad on ultrasound  

 

 Investigating the relationship between the 
 width of the nasal tip on external anatomy 
 and internal structures 

By investigating the relationship between two 
nasal tip points with the width of the nasal tip on 
ultrasound, we found that the relative coefficient (r) = 
0.341 with p = 0.001. 

We also considered the correlation between 
the distance of two tip points and the width of 
interdomal fat pad in population study and we found 
that the relative coefficient r = 0.72 (p = 0.001). 

The linear correlation equation: the distance 
between two tip points = 2.356 + 0.612 x the width of 
interdomal fat pad.  

In single variable correlation, we found that 
there is a correlation between the width of nasal tip 
and the distance between two tip points, the width of 
interdomal fat pad and two factors above (Table 9). 

Table 9: The relationship between the width of the nasal tip and 
the other structure (in single variable correlation) 

The correlation between the width of the nasal tip and Coefficient p 

The distance between two tip points  0.6 < 0.001 
The width of interdomal fat pad 0.39 < 0.001 
The distance between two tip points and the thickness of 
interdomal fat pad 

0.28 < 0.001 

 

When analysing with multivariable correlation, 
we noted that the width of the nasal tip correlates with 
the distance between two tip points. 

Table 10: The correlation between the width of the nasal tip 
and the other structure (in multivariable correlation) 

The correlation between the width of 
the nasal tip and 

Coefficient p 

The distance between two tip points  0.46 0.012 
The width of interdomal fat pad 0.16 0.250 
Constant  18.12 < 0.001 

 

The equation to estimate the width of the 
nasal tip: The width of the nasal tip = 18.12 + 0.46 x 
the distance between two tip points (Table 10). 

 

 

Discussion 

 

The relationship between the 
 anthropometry of the height of the nasal 
 tip and the thickness of the soft tissues on 
 the nasal tip by ultrasound 

In our study, the protrusion of the nasal tip is 
shorter, compared with the other foreign studies. It 
demonstrated that Vietnamese nose is shorter, the 
length of the alar nostril is shorter than the foreigners; 
the difference is mostly based on the race of the 
population study (Table 11). 

Table 11: The protrusion of nasal tip in some other studies 

Dimension 
Ngeow 
W.C. [4] 

Anderson 
K.J. [5] 

Duskova 
M. [6] 

Khandekar 
B. [7] 

Choe 
K.S. [8] 

Farkas 
L.G. [9] 

Our 
research 

The 
protrusion 
of nasal tip 
(mm) 

17.8 
Male: 24.9 
Female: 

23.0 
21.4 

Male: 20.4 
Female: 

16.9 
19.6 19.3 

Male: 17.8 
Female: 

16.4 

 

The ratio of the width of nasal tip and the 
width of nasal soft tissues (al-al) is 0.6, smaller the 
result of Porter J.P. [10] with white population study 
(0.75), the difference may be due to the population 
study. The ratio of the width of nasal tip and the width 
of the nose in anatomy is 80%, which much higher 
than the result of Prendergast P.M. [11] (35-45%), it 
demonstrated that the Vietnamese nasal tip is bigger 
than the others. The big nasal tip is one of the 
characteristics of Asian and African people, the 
factors contributing the big nasal tip are the distance 
between two tip points, the divergent angle of the 
nasal tip, the interdomal fat pad and the thickness of 
nasal SMAS. Thus, how to choose an appropriate 
method to diminish the width of the nasal tip is too 
difficult for the surgeon. These methods include 
interdomal suture, transdermal suture, SMAS 
resection. 

The ratio of the height of nasal tip and the 
height of nasal base in our study is 0,6 or ⅗, which 
larger than the result of Prendergast P.M. [11] (⅓ in 
White people), Porter J.P. [11] (2:1), and Farkas L.G. 
[9] (58,2). It demonstrated that the height of the 
Vietnamese nasal tip is more than ½ the protrusion of 
nasal tip. In other word, the Vietnamese nasal tip is 
thick, big and nasal crus is short.  

All the values and ratios made a general point 
of view about Vietnamese naval base, whose 
characteristics are short, wide, nasal nostril is puff, 
nasal crus is short and nasal tip is big and thick. 
These are reasons which make rhinoplasty become 
one of the most popular cosmetic surgery to 
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restructure nasal tip and base by diminishing nasal tip 
and alar base reduction, lengthening nasal crus. 

We investigated the relationship between the 
height of nasal tip and the other structures such as the 
thickness of cartilage at nasal tip point, the thickness 
of interdomal fat pad, the skin of interdomal area, 
interdomal subcutaneous fat tissue. In single variable 
correlation, the height of tip point is closely correlated 
with the thickness of interdomal fat pad, the thickness 
of interdomal subcutaneous fat tissue and the 
thickness of skin and interdomal fat pad, and it is not 
correlated with the thickness of interdomal skin and 
the thickness of cartilage on tip point. When 
investigating the multivariable correlation between the 
factors affecting the height of the nasal tip, we found 
that there is a close relationship between the height of 
the nasal tip and the thickness of the interdomal fat 
pad. 

By investigating the single and multi-variable 
correlations, we found that the height of the nasal tip 
is affected most by the thickness of interdomal fat 
pad. This object should be noted in the rhinoplasty on 
a nasal tip because it can change the dimensions of 
this area when interceding the interdomal fat pad.  

 

The relationship between the 
 anthropometric index of the width of the 
 nasal tip and ultrasound 

We found that the thickness of cartilage on tip 
point in male is 2.2 mm, which thicker than in female 
(1.7 mm). Our results are consistent with the other 
foreign studies which showed that the nasal tip point 
has the thickest cartilage, the tip points of two domain 
area in both sides would build up the nasal tip. Thus, 
the distance between the two tip points would affect 
the nasal tip.  

In our study, the distance between two tip 
points on ultrasound is more than 6 mm, which would 
decrease by 38.6%, and there is no significant 
difference in this distance between male and female. 
So, the prevalence of big Vietnamese nose is about 
40%. The Asian nasal tip is often bigger and less 
prominent than the White people because [1] the fat 
fibre tissue of interdomal area is thicker and the 
distance between the tip points is larger, [2] the 
medial crus of LLC does not adhere to the nasal 
septum cartilage, [3] the Asian LLC develop less than 
the White's one. However, it is not smaller [1] and [4] 
the last important reason which affects the nasal tip is 
the thickness of nasal SMAS.  

The results showed that this fat pad is 
subcutaneous, thickest at the nasal tip area, it 
covered all the interdomal area, about 50% patients 
having a medium-thick skin or above also have an 
interdomal fat pad and even when they have a thin 
skin, they also have this fat pad [12]. In our study, the 
interdomal fat pad is 1.8 – 3.2 mm, it lied in the 
interdomal area about 2.9 mm. Our results are 

consistent with the results of Copcu E. which found 
that the dimension 1.8 x 3.2 mm [12], but our results 
are larger than the results of Anderson K.J. [5], which 
found that the thickness of fat pad on nasal tip in male 
and female is 0.38 mm and 0.19 mm, respectively. 

By investigating the relationship between two 
nasal tip points with the width of the nasal tip on 
ultrasound, we found that the relative coefficient (r = 
0.341; p = 0.001) showed that the effect was at the 
medium level (perhaps the further the distance is, the 
bigger the nasal tip is). 

We also considered about the correlation 
between the distance of two tip points and the width of 
interdomal fat pad in population study and us found 
that the relative coefficient r = 0.72 (p = 0.001), this 
means it is a close correlation, the width of interdomal 
fat pad would mostly affect the distance of two tip 
points, the thicker and wider this fat pad is, the bigger 
the nasal tip is. Based on this result, we designed a 
linear correlation equation: the distance between two 
tip points = 2.356 + 0.612 x the width of interdomal fat 
pad. We showed the interdomal fat pad has an 
important role more than the distance of two tip points 
and the domal divergent angle this fat pat attached to 
nasal SMAS. Thus, we could confirm that the nasal tip 
is big because of the interdomal fat pad and the 
thickness of nasal SMAS, which can be investigated 
before the operation procedure by ultrasound. 

By investigating the single variable correlation 
between the width of nasal tip using anthropometric 
index on ultrasound such as the distance between two 
tip points and the width of interdomal fat pad, we 
found that there is a correlation between the width of 
nasal tip and the distance between two tip points, the 
width of interdomal fat pad and two factors above. 
When analysing with multivariable correlation, we 
noted that the width of the nasal tip has a close 
correlation with the distance between two tip points.  

In conclusion, the height and width of the 
nasal tip, the protrusion of nasal tip is significantly 
different between male and female; the dimensions of 
the male are larger than of female. There is a 
relationship between the distance between two tip 
points and the width of interdomal fat pad. By 
investigating the nasal tip, we found that the thickness 
of interdomal fat pad would affect the height of the 
nasal tip, the distance of two tip points would affect 
the width of the nasal tip. During operation procedure 
of rhinoplasty, we should notice about the interdomal 
fat pad and the nasal tip. 
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Abstract 

BACKGROUND: Our knowledge about characteristics of the thalamocortical tract (THT) according to the cerebral 
origin is still few of studies about this structure on Vietnamese.  

AIM: Here, we aim to characterise the morphology of the thalamocortical tract in the human brain using diffusion 

tensor tractography (DTT) at 3.0 tesla scanner. 

METHODS: Fifty healthy subjects have enrolled in this study. Reconstructed images of the thalamocortical tract in 
the human brain were built using DTT at 3.0 tesla scanner. 

RESULTS: The median length of the right thalamocortical tract was 130.64 mm, and the left THT was 123.14 
mm, and an average of two sides was 126.34 mm. The difference between the two sides was statically 
significance (p < 0.001). The median fibre number of the right THT was 401.50, and the left THT was 315.00, and 
an average of two sides was 365.50. There was a diverse branch of THT: two branches (5%); three branches 
(25%); four branches (42%); five branches (16%); six branches (12%); in which branched contralateral for the 
right was 50%, and for the left was 50%. 

CONCLUSION: Using the DTI and 3D image reconstruction techniques allow to build the image of sensory THT 
intuitively and accurately, which helps to identify the morphological characteristic of the thalamocortical tract of 
healthy people without invasive effects. 

 

 

 

 

Introduction 

 

Understanding the connection in a region and 
among regions within the brain help to know the 
function and coordinating activities of those regions 
[1]. The nervous tract within the human brain can be 
determined using injecting fluorescent pigments after 
the autopsy; however, the distance for observing only 
about 10 millimetres [2]. The further distance can be 
identified by dissection of the large conduction bundle, 
or determined by degradation after a local injury [3]. 
However, they are invasive methods and impossible 
for applying in the living human brain. Studies on the 
conduction bundle by non-invasive methods were 
almost handled on animals [4], [5], and researches in 

the human brain using these methods are not much. 

The diffusion tensor imaging (DTI) builds 
images based on the diffusion anisotropy of the water 
molecules in the axons [6], [7]. DTI is a new 
technique, which helps to determine the neural tracts, 
mostly in the living human brain. The anatomical 
images of sensory tract connected from the thalamus 
to other regions throughout the brain are important for 
clinical practice. However, it has not been studied 
well, especially in developing countries as Vietnam. 

In this work, by using DTI and tractography, 
we studied the characteristics of somatosensory 
thalamocortical tract according to the cerebral origin in 
living subjects’ brains.  
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Patients and Methods 

 

Patients 

This study included fifty healthy subjects, 
aged 18 and older. The selected subjects had no 
previous history of neurological, psychiatric disorders 
as well as physical illness. 

This study was approved by the institutional 
review board of the 108 Military Central Hospital in 
Vietnam. Informed consents were obtained from the 
subjects included in the study. All procedures 
performed in studies involving human participants 
were in accordance with the ethical standards of the 
1964 Helsinki Declaration and its later amendments or 
comparable ethical standards. 

 

Diffusion Tensor Image 

We have employed Phillips Achieva 3.0 T 
using SENSE NV 16 coil channels to obtain DTI data. 
The sections were made from the background to the 
top of the skull with the basic pulse chain T1W, T2W, 
and FLAIR. Imaging parameters as follows: 
acquisition matrix 128 x 128, FOV 230 x 230 mm

2
, 

TR: 10172 ms, 93 ms, EPI factor b0 and b 1000 
s/mm2, and 2 mm section thickness (acquired 
isotropic voxel size, 1.8 x 1.8 x 2 mm

3
). 

 

Fibre Tracking 

Diffusion-weighted image (DWI) and DTI data 
were analysed using software Philips Extended MR 
Workspace 2.6.3.1. Construction 2D colour map of 
fractional anisotropy (FA) was used to seed regions of 
interests (ROI) according to known anatomy [8]. The 
first ROI was placed in the commissura cerebelli, dark 
blue region on the FA 2D map (Figure 1A); the second 
ROI was located in the thalamus (Figure 1B); the third 
ROI was placed in the posterior limb of capsula 
interna, dark blue area on the FA 2D map (Figure 1C). 
The software was employed to reconstruct a 3D 
image of the sensory thalamocortical tract (THT), that 
was used to analyse the length, number of the tract, 
and the morphologies. 

 

Figure 1: The seed regions of interests (ROI); The first ROI was 
placed in the commissura cerebelli A); The second ROI was placed 
in the thalamus B); The third ROI was placed in posterior of capsula 
interna C) 

 

 

Statistical analysis  

The data were statistically analysed using the 
SPSS software (Version 15.0; SPSS, Chicago, Illinois). 
The independent t-test was employed to determine 
the difference in length and volume of sensory THT 
between sexes and the two hemispheres, significant 
difference as p < 0.05. The distribution of age, sex of 
subjects and morphology of sensory THT was 
presented as the percentages.  

 

 

Results 

 

Characteristics of the subjects 

In this study, subjects distributed mostly in 
young and middle-age with 18-39 age group 
accounted for 42%, the 40 – 49 age group accounted 
for 46%, and fewer in elder subjects with ≥ 60 age 
group accounted for 15%. The percentage of two 
genders were similar to male (52%) and female (48%) 
(Table 1). 

Table 1: Age and genders of the subjects 

 Age groups: numbers (%) 
Sum 

18 – 39 40 – 59 ≥ 60 

Male 9 (18%) 14 (28%) 3 (6%) 26 (52%) 
Female 12 (24%) 9 (18%) 3 (6%) 24 (48%) 
Both genders 21 (42%) 23 (46%) 6 (12%) 50 (100%) 

 
 

Characteristics of somatosensory 
 thalamocortical tract 

The 3D reconstructed images of the 
somatosensory thalamocortical tract were built 
successfully based on diffusion tensor image and fibre 
tracking using the dedicated software. Then, we 
measured the length and counted the number of 
branches in each hemisphere separately (Figure 2). 

 

Figure 2: The 3D reconstructed images of the sensory 
thalamocortical tract; Green showed the tract on the right 
hemisphere A) and the yellow illustrated for the tract of the left 
hemisphere B) 

 

The results showed that the mean length of 
the somatosensory thalamocortical tract on the right 
hemisphere (130.17 ± 11.44 mm) was statistical 
significance longer than the left one (121 ± 13.49 mm) 
(P < 0.005). This suggests that there were differences 
in the anatomical characteristics of sensory 
thalamocortical tract length between the right and the 
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left (Table 2). 

Table 2: The length of the sensory of the thalamocortical tract 
in study subjects 

The length of the sensory of the thalamocortical tract (mm) P 

Left hemisphere Right hemisphere 

Mean (mm) SD (mm) N Mean (mm) SD (mm) n  
< 0.05 121.21 mm 13.49 mm 50 130.17 mm 11.44 mm 50 

 

We also investigated the influence of gender 
on the length of sensory of the thalamocortical tract by 
comparing between the sexes. Data showed that the 
length bunch of males tended to be longer than that of 
females; however, there were no significant 
differences between the sexes (P > 0.05) (Table 3). 

Table 3: Length comparison of right and left of the sensory of 
the thalamocortical tract between the sexes 

The length of the sensory of the thalamocortical tract (mm)  
p  Males Females 

Mean (mm) SD (mm) n Mean (mm) SD (mm) n 

Left hemisphere 123.32 mm 13.22 mm 26 118.94 mm 13.70 mm 24 > 0.05 
Right hemisphere 132.32 mm 12.88 mm 26 127.85 mm 9.37 mm 24 > 0.05 

 

We counted the number of lines of the 
somatosensory thalamocortical tract on both sides of 
the hemisphere. The statistical analysis showed that 
the median number of the right side (401.5) tend to be 
higher than that of the left side (315). However, the 
difference was not statistically significant (P > 0.05) 
(Figure 3D). 

 

Figure 3: The length and the number of lines of the sensory of 
thalamocortical tract in study subjects; Comparison of sensory 
thalamocortical tract length between right and left hemisphere, 
mean ± SD; n = 50 for each side; *** P < 0.001 left side versus right 
side A); Length comparison of right B) and left C) of the sensory of 
thalamocortical tract between the sexes, mean ± SD, males (n = 2), 
females (n = 24); Comparison the number of sensory 
thalamocortical tract lines between right and left hemisphere, mean 
± SD, n = 50 for each side D); Comparison on the number of lines 
of right E) and left F) of the sensory of thalamocortical tract between 
two genders, mean ± SD, males (n = 26), females (n = 24) 

 

Comparison of the number of somatosensory 
thalamocortical tract lines between two genders 
showed that the lines of the right side were equivalent 
in the two sexes, in the left side the lines of males 
tend to lower than females, but no statistically 
significant difference (P > 0.05) (Figure 3E and 3F). 

Based on the 3D reconstructed images of the 

somatosensory thalamocortical tract and the number 
of branches, we classified the branching morphology 
as following: 2, 3, 4, 5, 6 or contralateral branches 
(Figure 4 and Table 4). 

Table 4: The branch morphology distribution of the sensory 
thalamocortical tract 

 
Branch morphology (%) 

Sum 
Right hemisphere Left hemisphere 

2 branches 3 (3%) 2 (2%) 5 (5%) 
3 branches 14 (14%) 11 (11%) 25 (25%) 
4 branches 22 (22%) 20 (20%) 42 (42%) 
5 branches 6 (6%) 10 (10%) 16 (16%) 
6 branches 5 (5%) 7 (7%) 12 (12%) 
Contralateral branches 6 (50%) 6 (50%) 12 (100%) 

 

The data showed that somatosensory 
thalamocortical tract was the polymorphic branch. 
Most abundance was four-branches-morphology 
(42%); other morphologies were found including three 
branches (25%), five branches (16%), six branches 
(12%), and the two branches (5%). Obtained images 
showed that the appearance of the branch was into 
the contralateral hemispheres, with the left and right 
ratio equal on each side. 

 

 

Discussion 

 

Our data showed that the length of the 
somatosensory thalamocortical tract on the right 
hemisphere (130.17 ± 11.44 mm) was statistically 
significantly longer than that on the left hemisphere 
(121 ± 13.49 mm). But, the study done by Kamali et 
al., on the sensations in the brain stem showed that 
there was similar in length between the right and the 
left sides [9]. The differences between our and 
Kamali’s results can be explained by the fact that the 
different anatomical locations can lead to differences 
over the structure. Moreover, there are always 
differences in general function and sensory 
conduction, in particular, between two sides of the 
brain [10], which may lead to changes along the 
length of the somatosensory thalamocortical tract 
between the two sides. The length of the 
somatosensory thalamocortical tract in males tend to 
be longer than in females in this study, and this may 
be due to the brain of male larger than female [11]. 
However, the difference was not statistically 
significant, and this may be due to not large enough in 
the size of the subjects in our study. 

The number of the somatosensory 
thalamocortical tract lines was higher in the right 
hemisphere (401.5) than that in the left hemisphere 
(315.0), but the difference was not statistically 
significant. This result may be due to the majority of 
subjects in this study were right-handed persons, 
which can make the sensory transduction differences 
between the right and left side of the body [12], [13]. 
In order to clarify this, extensive research with a larger 
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number of subjects are needed. In the relationship 
between gender and number of the somatosensory 
thalamocortical tract t lines, notably the number on the 
left side in males (295.5) was much lower than that in 
females (347.0), while the number on the right side 
was almost equivalent between males (401.5) and 
females (398.5). These differences are quite 
interesting, but larger studies are required to clarify 
these phenomena. 

Our data showed that the somatosensory 
thalamocortical tract was the polymorphic branch. The 
diversity of morphology may be related to the function, 
distribution of nerve conduction bundles, and the 
diversity of subjects (gender, age, etc.). 

Using the diffusion tensor imaging for 
studying the anatomical characteristics of the 
somatosensory thalamocortical tract is a new 
advanced technique not only in Vietnam but also in 
the world. So far, this is the ideal method which allows 
studying the white matter, designated the nerves and 
neurotransmitters on the non-invasive living body [14], 
[15]. 

In conclusion, the data in this study can be 
used as anatomical reference parameters for the 
understanding function of the brain in sensory 
transduction from the thalamus to the cortex. Our 
finding is also the basis for the assessment and 
detection of function area in the brain, and for 
understanding the mechanics of some diseases 
related to brain injury and nerve conduction clinically 
such as stroke, degenerative myelin, diffuse axonal 
injury, and Wallerian degeneration. The results of the 
study also open up the new directions for DTI 
application to study neurotransmitter activity under 
physiological conditions and diseases for 
understanding the function of neural activity in clinical 
applications. 
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Abstract 

BACKGROUND: There are recently many studies about the anatomy of lower lateral cartilage (LLC). However, 
the microanatomic studies to identify the segments of most LLC at the nasal tip in Vietnamese are very rare. 

AIM: Investigate the macroanatomic and microanatomic characteristics of the LLC and the structures of the nasal 
tip. 

METHODS: Descriptive study, 30 cadaver noses fixed by 10% formalin, 2 cadaver noses fixed by HE in 69 
Institutes in Vietnam from December 2017 to April 2019. 

RESULTS: The average length of the medial crus is 12.3 mm on the right and 13.2 mm on the left. The maximum 
intercrural distance is 10.7 mm. The average length of the dome is 3.7 mm and 3.9 mm on the right and left side 
separately, with 2 subunits are the domal and lobular segment. The average thickness of the tip points is 1.0 mm. 
The width of the interdomal and intercrural ligaments are 0.5-fold the height and 2-fold the thickness. The 
thickness of the interdomal fat pad is 3mm and about 0.5-fold the wide. 

CONCLUSION: The LLC has 3 parts: intermediate, medial and lateral crus. The microanatomic structures of tip 
consist of the interdomal ligaments, intercrural ligaments, SMAS and interdomal fat pad. 

 

 

 

 

 

 

Introduction 

 

External nasal is one of the human organs 
which are operated most in cosmetic surgery, 
especially in Asian countries due to high demands of 
rhinoplasty. The characteristics of the Asian nose 
structure are large tips and low nose bridges [1]. The 
rhinoplasty is not only putting an implant to lift nose 
bridge, but also refining tip of the nose as well as alar 
base reduction, and it includes nasal osteotomies, etc. 
The lower lateral cartilage (LLC) plays an important 
role in reconstructing the tip of nose; particularly the 
structures form pyramidal nose such as medial and 
lateral crus, dome of LLC including tip point, the tripod 

concept as well as the definition about M-arc, the 
nasal tip support including interdomal ligaments, 
intercrural ligaments, skin cartilage make a ratio 
between compression and tension forces, which affect 
the outcome of rhinoplasty [2]. If surgeons understand 
clearly about these anatomies, they can choose the 
appropriate surgery methods for rhinoplasty of the 
nasal tip [3]. There are recently many studies about 
the anatomy of lower lateral cartilage. However, the 
microanatomic studies to identify the segments of 
most LLC at the nasal tip in Vietnamese are very rare 
[4], [5], [6]. Based on the upper demands, we carried 
out the study “Research on macroanatomic and 
histologic characteristics of the lower lateral nasal 
cartilages in Vietnamese” with two objects: 1. 
Investigating the macroanatomic and histologic 
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characteristics of segments of LLC: lateral, medial and 
intermediate crus and 2. Investigating the 
macroanatomic and histologic characteristics of the 
structures related to nasal tip in Vietnamese. 

 

 

Materials and Methods 

 

Study design 

Descriptive cross-sectional study 

 

Study population 

Group 1: Investigating the macroanatomic 
features of 30 Vietnamese adult cadavers fixed by 
formalin 10% at Anatomy Department of Pham Ngoc 
Thach University of Medicine. 

Group 2: Investigating the microanatomic 
features of 2 noses of Vietnamese adult cadavers 
fixed by hematoxylin-eosin at 69 Institute (Ha Noi). 

We chose the convenience sampling method: 

- Inclusive criteria: 1. Vietnamese adult 
cadavers who were 18 years old or more; 2. The 
cadavers whose pyramidal noses were integrated and 
they had never undergone rhinoplasty before; and 3. 
There were no malformation, tumour or abnormalities 
in facial structure. 

- Exclusive criteria: we excluded the cadavers 
who had a malformation of the pyramidal nose, had 
undergone in nasal cavities or had destroyed 
structures due to storage method or inappropriate 
fixing. 

 

Study period 

From December 2017 to April 2019. 

 

Investigating anatomic features 

We revealed the tip of the nose based on 
open nasal surgery method, then identified LLC and 
the related structure around the LLC near the nasal 
tip. We measured the length of crus and footplate, the 
distance between crural, the length and width of two 
subunits: domal and lobular segment, the thickness of 
cartilage at the nasal tip, the width and height of 
triangular soft tissue. We investigated interdomal 
ligaments, intercrural ligaments and interdomal fat 
pad. 

 

Investigating micro anatomic features 

With two cadavers, we cut all the nasal root 
area with the upper border is a line crossing through 

two internal ends of supraorbital ridge, the outer 
borders runs along the outer border of nasal bone, 
alar nostril and the lower border is a line running along 
the lower border of alar nostril and footplate of the 
nose, we fixed them with formol 10% for 
histopathology. Then the nasal-frontal bone samples 
were demineralised by acid citric 5% to become soft 
tissues. After blocking paraffin, we cut slices by 
microtome machine and collected 4 µm-width slices, 
then we stained the samples based on HE method 
(Hematoxylin – Eosin), and observed those with an 
optical microscope in 4, 10, 20, 40 objectives to 
identify the major alar nostril and the related 
structures.   

 

Statistics 

The histopathologic images were read by 
Image Pro Software at 69 Academy, Tomb Security 
Command. They were recorded by Olympus camera 
inside the microscope.  

Analysing and processing the statistical tests 
by SPSS 19. We used the statistical tests such as t-

test and 
2
 and p-value < 0.05 was considered 

statistically significant.  

 

 

Results 

 

Characteristics of samples: We investigated 
the anatomic features of 30 Vietnamese cadavers, the 
sample included 20 males (62.5%) and 12 females 
(37.5%), the average age of our sample is 67.3 ± 16.7 
years old (ranging from 21 to 93 years old). 

 

Characteristics of the lower lateral 
 cartilage 

The length of collumelar crus was more than 
the length of footplate crus about 2 mm, and the 
internal legs (tripod) in both sides were about 15 mm 
long, the dimensions are different between left and 
right side. 

Table 1: The dimensions of medial crus in Vietnamese 
cadavers 

Dimension (mm) Right Left p-values 

Length of medial crus 12.3 ± 2.9 13.2 ± 2.2 0.076
e 

Width of medial crus 3.5 ± 1.2 3.2 ± 1.2 0.007
e 

Thickness of cartilage 0.8 ± 0.2 1.0 ± 1.0 0.346
e 

Intercrural distance 3.2 ± 1.4   
Length of footplate crus  0.5 ± 0.8   
The maximum distance 
between two footplate 
crus 

10.7 ± 2.5   

c. T - student test; e. Mann - Whitney test. 

 

The length of the medial crus in our sample 
was 12 – 13 mm (Table 1). We found that the 
prevalence of the separation of upper crus was 60% 
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in both sides and there was a significant difference 
between left and right side, the maximum distance 
between two crus, which is called the intercrural 
space, was 3.2 mm.  

 

Figure 1: Medial crus in macroanatomic feature A) and in 
microanatomic feature, B) corresponding to the circle area in A); (*) 

Notes: the footplate are separated ( ), the crus are converted (✭), 

the collagen fibres run in the intercrural space (◻), the collagen 

fibres of interdomal ligaments (⚪) and the vessels of interdomal 

area (♥) 

 

Meanwhile, the part in which footplate crus 
(Figure 1) did not separate was very small (0.5 mm) 
and most of these were separated far from each other 
to fin nasal base, and the maximum distance between 
two footplates was 11 mm (about 4 times more than 
the intercrural space). 

Table 2: The dimensions of intermediate crus in Vietnamese 
cadavers 

Dimension (mm) Right Left p-values 

The length of lobular subunit  3.0 ± 1.1 mm 3.0 ± 1.1 mm 0.884
e 

The length of domal subunit  4.9 ± 2.0 mm 5.0 ± 2.3 mm 0.655
e 

The width of lobular subunit  3.7 ± 1.1 mm 3.9 ± 2.1 mm 0.434
e 

The width of domal subunit  4. ± 1.4 mm 4.5 ± 1.6 mm 0.254
e 

e. Mann-Whitney test. 

 

The domal subunit was longer than the 
lobular one about 2 mm (Table 2 and Figure 2), and 
there was no significant difference between the 
dimension in both sides.  

 

Figure 2: The boundary of lobular and domal segments in 
intermediate crus and tip A); the specimen of the continual zone of 
domal area and the medial crus B); corresponding to the circle area 

in A); (*) Notes: the medial crus ( ), the lobular segment (✭), the 

collagen fibres of interdomal ligaments (⚪), the domal segment (♥), 

the triangular soft tissue is connective tissue (◻), the green arrow is 

the tipping point 

 

The height of the triangular soft tissue was 
about 5 mm, which equals ½ the width and the 
dimensions in both sides were significantly different 

(Table 3). 

Table 3: The triangular soft tissue in the cadavers 

Dimension (mm) Right Left p-values 

Width 10.2 ± 2.4 mm 10.5 ± 3.5 mm 0.0001
e 

Height 4.7 ± 1.5 mm 4.6 ± 1.2 mm 0.020
e 

e. Mann-Whitney test. 

 

The thickness of intermediate crus was more 
than 1 mm; there was no significant difference 
between the two sides in the cadavers. The distance 
between tip points was 6.8 mm. 

Table 4: The thickness of cartilage of intermediate crus in 
Vietnamese cadavers 

Dimension (mm) Right Left p-values 
Lobular segment 1.2 ± 0.3 mm 1.2 ± 0.3 mm 0.650

e 

Domal segment 1.2 ± 0.3 mm 1.3 ± 0.3 mm 0.065
e 

Tip points 1.0 ± 0.5 mm 0.9 ± 0.2 mm 0.386
e 

Distance between tip 
points 

6.8 ± 2.7mm   

e. Mann-Whitney test. 

 

The total length of right and left lateral crus 
were 18.5 and 17.5 mm, respectively; the width at the 
middle point of lateral crus was 8.5 mm; the 
dimensions of the tail of lateral crus were about ½ the 
dimensions of lateral crus; the thickness of cartilage 
was about 0.8 mm. The parallel direction of lateral 
crus was 40.0% (12 out of 30 cadavers), and the 
oblique direction was 60.6% (18 out of 30 cadavers) 
(Table 5). 

Table 5: The dimensions of lateral crus in Vietnamese cadavers 

Dimensions Right Left p-values 

Length 

From lateral genu to the 
boundary of tail 

12.3 ± 2.4 mm 12.1 ± 2.3 mm 0.626
e 

Tail 6.1 ± 2.7 mm 5.5 ± 2.1 mm 0.150
e 

All lateral crus 18.5 ± 3.9 mm 17.5 ± 2.9 mm 0.305
e 

Width 
At lateral genu 8.0 ± 1.8 mm 8.1 ± 1.8 mm 0.750

e 

At the middle of lateral crus 8.5 ± 1.4 mm 8.5 ± 1.2 mm 0.969
e 

At tail 5.0 ± 1.8 mm 4.6 ± 0.9 mm 0.245
e 

Thickness of 
the cartilage 

At lateral genu 0.9 ± 0.2 mm 0.8 ± 0.2 mm 0.524
e 

At the middle of lateral crus 0.8 ± 0.2 mm 1.1 ± 1.7 mm 0.387
e 

At tail 0.7 ± 0.2 mm 0.7 ± 0.2 mm 0.176
e 

e. Mann – Whitney test. 

 

The nasal tip supports 

The width of the interdomal ligaments was 
about 4 mm (Table 6 and Figure 3 and Figure 4), 
which equals ½ the height and two times the 
thickness. 

Table 6: The dimensions of interdomal ligament in Vietnamese 
cadavers 

Dimension Average value 

Height 8.0 ± 4.8 mm 
Width 4.2 ± 2.4 mm 
Thickness 1.8 ± 1.0 mm 

 

The intercrural ligament in cadavers was 
average 3.1 ± 1.3 mm wide, which equals ½ the 
length (5.8 ± 1.6 mm) and two times the average 
thickness of the intercrural ligament (1.6 ± 0.8 mm).  
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Figure 3: The interdomal ligament runs from interdomal area to the 
upper border of LLC and the lateral nasal valve (based on the new 
point of view) in anatomic feature A) and in microanatomic feature 
B); corresponding to the circle area in A); (*) Notes: the tip point of 

domal area (intermediate crus) (✭), the fat cells of the interdomal fat 

pad (⚪), the collagen fibres in the intercrural ligament (♥), which 

continue with the interdomal ligament (◻) 

 The interdomal fat pad in cadavers was 
average 7.9 ± 3.8 mm wide, and 11.5 ± 3.8 mm long, 
however, the average thickness of it was just 1.5 ± 1.1 
mm. 

 

Figure 4: The microanatomic feature of the lateral crus at the tail C) 
and the lateral nasal valve D); corresponding to the triangle area in 

A); (*) Notes for C): the interdomal ligament (⚪), which includes 

many collagen fibres running in the upper face of LLC (✭), lasts 
long and covers the lateral crus, lateral nasal valve and the tail of 
lateral crus (♥), the subcutaneous tissues in the inner face of nasal 

vestibule (◻); (*) Notes for D): the specimen of lateral crus and 

lateral nasal valve; B): the lateral nasal valve area (△), which has a 
place for attachments of the collagen fibre bundles of nasal SMAS 
and the interdomal ligament, that ligament supports to the lateral 

nasal valve (⚪), nasal muscles (♥), the collagen fibres of interdomal 

ligament running toward the lateral crus (✭), skin and subcutaneous 

tissues of the mucosa in the inner nose have a hair follicle structure 

(◻) 

 

The thickness of the interdomal fat pad was 3 
mm, which equals ½ the width (6.5 mm), and this fat 
pad runs along from the interdomal area up to the 
nose bridge about 15 mm and the thickness was 3.3 
mm (Figure 5 and Figure 6). 

 

Figure 5: The intercrural ligament in anatomic feature (A) and in 
microanatomic feature B), corresponding to the circle area in A); (*) 
Notes: the medial crus of the LLC (△), the collagen fibers of the 

intercrural ligament (✭), the fibers run across the intercrural area 

(⚪), the connective tissues, fat cells, vessels and the footplate (◻) 

Discussion 

 

The length of medial crus in our sample was 
12-13 mm, which was shorter than Polselli R. [7]; his 
result was 16 – 24 mm. The difference is easily 
explained due to the difference in races so that the 
crus is longer and affects to the protruding of the 
nose.  

 

Figure 6: The interdomal fat pad in anatomic feature A) and in 
microanatomic feature B); corresponding to the circle area in A); (*) 

Notes: the thickened skin on the nasal tip (✭) and the thickened 

subcutaneous area (♥) mixed with the interdomal fat tissues (◻), 

which lied on the dome of LLC ( ) 

 

The length of footplate crus, which is rarely 
described in standard books, in our study was about 5 
– 5.7 mm and the distance between two crus was 
10.7 mm. This was consistent with the results of Byrd 
H.S. [3], the result was 4 – 7.5 mm (average 11.4 
mm). Moreover, we noticed that the prevalence of the 
separation of upper crus was 60% in both sides and 
there was a significant difference between left and 
right side, the maximum distance between two crus, 
which is called the intercrural space, was 3.2 mm. 
Meanwhile, the part in which footplate crus did not 
separate was very small (0.5 mm) and most of these 
were separated far from each other to fin nasal base, 
and the maximum distance between two footplates 
was 11 mm (about 4 times more than the intercrural 
space). 

Tailing W [8] found that the distance between 
two tip points was the most important factor. However, 
it is noticed that the effect of this factor is not strong, 
this effect is from many other factors such as the 
angle of subunits, the interdomal fat pad, the 
thickness of skin on nasal tip and the thickness of 
nasal SMAS so based on one or more coherent 
factors, we chose the different processes. Burres S [9] 
concluded that the interdomal distance of the tip 
points was variously based on sex and race, there 
was no significant difference in that distance, 
however, there was statistically different in the 
distance between the interdomal subunit with tip point 
of nose, that meant the smaller the distance was, the 
higher the tipping point was. Moreover, two tip points 
of the pair of LLC were made of a triangular soft tissue 
without cartilage in the superior-inferior LLC. 

The height of this triangle in our study was 
about 5 mm, which equals ½ the width and the area 
was about 25 mm

2
, the dimensions of this triangle 
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were significantly different on both sides. This is the 
place which a surgeon does not notice much, and it 
can affect to nasal gap when we sew the wound after 
surgery procedure with a strict suture tightening force.  

Moreover, Tai-ling W. [8] noted that the 
distance between two average tip points was about 5 
or 6 mm if the distance was more than 6 mm, that 
meant the patient nasal tip was big. In our study, this 
distance in the cadavers was 6.8 mm, which was 
more than the distance measured in human by 
sonography (5.6 mm). Thus, if we based on this 
result, we could assume that the Vietnamese nasal tip 
had not been big. However, when being measured by 
anthropometry, most Vietnamese has a big nasal tip. 
So which factors can affect the size of the Vietnamese 
nasal tip although the distance between two tip points 
is not more than 6mm? This can be explained partly 
based on the reason that two domal subunits and the 
medial line made an angle about 80

0
, which affected 

the distance between two tip points. The thickness of 
the skin in the tip is one of the negative factors for the 
procedure to refine the nasal tip; this thickness was 
investigated by observation, touch or using 
sonography to measure. 

The lateral crus ran parallel to the border of 
the nostril, the outer part ran toward and made an 
angle 15° with the border of nostril [5]. However, 
Constantian M.B. [2] found that after moving out of 
lateral genu, the lateral crus ran parallel to ⅓ border of 
nostril and then toward with an angle 30-45° or more; 
Sheen noticed that this change would make the tip of 
nose bigger, the result was consistent with our study’s 
result that 60% lateral crus run obliquely. Thus, 
investigating the dimensions of lateral or medial crus 
will help to build data for rhinoplasty in Vietnamese, 
the length is ranged 16 – 24 mm, the width is ranged 
4 – 10 mm, the distance from the lower border of LLC 
to the border of nostril varies based on the measured 
point and the measurer, about 6mm when we chose 
the middle point of domal cartilage, 5 mm when we 
measured from the middle point of lateral crus, 13 mm 
when we measured from the farthest point of the end 
of lateral crus [5], these results are consistent with our 
results (the length was 18 mm, the width at the middle 
point was 8.5 mm and the thickness was 1 mm). 

To sum up, Vietnamese noses have the 
medial and lateral crus, which are shorter than the 
white ones. Thus, most of the rhinoplasty is grafting 
cartilage to lengthen the legs of the tripod. It should 
notice that the shape of lateral crus, as well as the 
flexure of medial crus, will affect the dimensions. We 
also investigated the relationship between the lateral 
crus and outer leg with the shape of lateral crus to 
examine if the deformation of lateral crus affected 
these dimensions in both sides and we discovered 
that the deformation did not affect the length of lateral 
crus as well as an outer leg of the tripod. 

The width of the interdomal ligaments is about 
4 mm, which equals ½ the height and two times the 

thickness. Based on the dissection procedure in 
cadavers and the results of Saban Y. [6], we noticed 
that the definition of Anderson was not correct when 
we widen the origin of domal ligament. 

The reason is that most of the investigated 
milestones were cut off during rhinoplasty along the 
outer incision. With the inner incision in nasal 
augmentation, when dissecting to put the implant, the 
implant may be upper or lower the domal ligament. In 
our study, the best position was lower the domal 
ligament so that the implant did not appear in the 
nasal tip when nasal augmentation. In other words, 
the interdomal ligament was just in the interdomal 
area, Saban Y. [6] confirmed that there was no widen 
interdomal area, it is just the nasal SMAS, so within 
the limit of our study, we cannot demonstrate that in 
histopathology. So, we offer more studies about the 
role of this area in histopathology and Vietnamese 
patients. 

The intercrural ligament in cadavers is 
average 3.1 ± 1.3 mm wide, which equals ½ the 
length (5.8 ± 1.6 mm) and two times the average 
thickness of the intercrural ligament (1.6 ± 0.8 mm). 
During the dissection procedure, we found that this 
ligament was under the interdomal ligament and 
linked these ligaments together, there often had a fat 
pad being between two medial crus, that fat pad was 
less or more. This result was consistent with other 
studies [10], [11]. 

In our result, the thickness of the interdomal 
fat pad was 3mm, which equals ½ the width (6.5 mm), 
and in fact, this fat pad runs along from the interdomal 
area up to the nose bridge about 15 mm and the 
thickness is 3.3 mm (Pic 4). This fat pad is in most of 
the cadavers we investigated; it is different from the 
result of El-Shaarawy E.A.A [5], the researcher found 
that about 6.5% sample had no interdonal fat pad. 
However, most of the other studies found that the fat 
pad often exits in spite of the size of the nasal tip. In 
some foreign studies, this fat pad is subcutaneous, 
which is the thickest on the nasal tip, it covers all the 
interdomal area, about 50% patients with skin 
thickness from medium level and above always have 
this fat pad and even patients with thin skin still have 
[10], [11]. In our study, both cadaver and patient 
groups had the interdomal fat pad whose size ranged 
1.8 – 3.2 mm, and this pad lied in the interdomal area 
about 2.9 mm, this result was consistent with Copcu 
E., in which the size of fat pad was 1.8 x 3.2 mm [4], 
the thickness of this in the nasal tip of male and 
female are 0.38 mm and 0.19 mm, respectively. 

In conclusion, the lower lateral cartilages 
include 3 subunits: the lateral, the intermediate – 
domal and the medial crus. The direction of the lateral 
crus was running obliquely upward, that was 60% of 
the sample. Thus, the distance between lateral genu 
equals ½ the distance from the tail of LLC to the 
anterior border of the nostril. The intermediate crus 
was 8 mm long; the domal area was 4.5 mm wide, the 
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characteristic of Vietnamese domal area was that the 
angle of subunits was wide and obtuse, while two 
domal areas concentrate on the medial line, so the 
angle of two subunits is less than 90°, it is highest at 
the dome called the tipping point, the interdomal 
ligament covers that area. Between two parts of the 
medial crus, there are connective ligament fibres. 

With the nasal tip supporting: the width of the 
interdomal and intercrural ligaments equals ½ the 
height and two times more than the thickness. The 
thickness of the interdomal fat pad is 3 mm, which 
equals ½ the width. In histopathology, we could 
observe these structures which the nasal tip supports. 
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Abstract 

BACKGROUND: In medical literature, there are few studies provided a precise and detailed description of the 

facial nerve rami and its branches. 

AIM: Identify several practical anatomic landmarks related to the facial nerve main trunk and its rami. 

METHODS: A descriptive study, 30 cadavers in the anatomy department of UPNT from October 2012 to April 
2015. 

RESULTS: The average distance from the mandibular angle to the division of the facial nerve is 40.8 mm, and is 
86.6% from range 36 – 50 mm. There is 86.7% case in which the facial nerve is in the lateral of the 
retromandibular vein, and there is a significant difference about both sides. Eighty percent of the case has the 
superior and inferior ramus in the lateral to the retromandibular vein. There are 2 cases in which the superior 
ramus makes the circle of the vein. Eighty percent of the facial nerve is in the lateral to the external carotid artery. 

CONCLUSION: The distance from the mandibular to the division of the facial nerve is longer. The relationship 
between the superior/inferior ramus and the retromandibular vein maybe not the same in both sides. In some 
cases, it makes the circle of the vein to cause some complication in the parotid gland surgery. 

 

 

 

 

 

 

 

Introduction 

 

In medical literature, even though many 
authors already have done many studies about the 
facial nerve anatomy on Caucasian and non-
Caucasian race, specifically about its course through 
the parotid gland, its rami and its branching pattern to 
innervate its end-organ, none of them provided 
precise and detailed description about its rami and its 
branches [1], [2]. Also, they notice that the variability 
of the facial nerve origin and ramification proximal to 
the intraparotid course have an intimate anatomic 
relationship with other structures such as the 
digastricus, the mastoid process, the mandibular 

angle, the retromandibular vein, the external carotid 
artery, etc. [1], [3]. Therefore, achieving a basic 
understanding of the exact course of the facial nerve 
in the parotid gland and its rami is critical for every 
surgeon to prevent facial nerve injury in parotid gland-
related surgeries. There are anatomic landmarks that 
help pinpoint the facial nerve trunk, e.g. mastoid 
process, posterior belly of the digastricus, tragal 
“pointer”, retromandibular vein, etc. [4]. The key to 
successfully locate the facial nerve trunk lies in those 
landmarks that act as reference points for the 
surgeons to predict the safety of nearby structures. 
Additionally, given that these reference points are 
fixed during surgery, they should be easily palpable 
and should permit surgeons to quickly, safely identify 
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and preserve anatomic structures. 

Based on our assumptions as mentioned 
above, we’ve decided to conduct a study on “The 
anatomic characteristics of the facial nerve trunk in 
Vietnamese cadavers”. This study aims to (1) 
describe the facial nerve trunk anatomy as well as its 
rami in Vietnamese adult cadavers, (2) to identify 
several practical anatomic landmarks related to the 
main trunk and its rami. 

 

 

Materials and methods 

 

Design 

Descriptive cross-sectional study, on 30 
hemifaces that belong to formalin-treated male and 
female Vietnamese cadavers, at the Department of 
Anatomy of Pham Ngoc Thach University of Medicine, 
from October 2012 to April 2015. We used a 
convenient sample from the available population of 
cadavers at the university. The average age of the 
cadavers is 70, in which female accounts for 33.3% 
and male 66.7% (10 females: 20 males). 

The inclusion criteria were: 1. Vietnamese 
adult cadaver, older than 18 years of age; 2. The 
head, face, and neck must be intact with no previous 
surgical history in these regions; and 3 — the normal 
anatomy of the head, face, and neck. No deformities 
or tumours allowed. 

Exclusion criteria: All cadavers that have 
deformities in the head, face and neck region, as well 
as damaged cadavers due to dissection errors or 
previous facial, parotid gland-related surgeries. 

 

Dissection techniques and data collection 

First, an incision was made along the external 
auditory canal – lateral canthus, and then continued 
the incision along the orbital rim, 30 mm above the 
supraorbital margin. The incision will go from the 
superolateral orbital rim to the aperture of the external 
auditory canal and run along the superior temporal 
line. Then make an incision from the earlobe and 
continue parallel with the mandibular ramus and then 
go along the orbicularis oris. The skin is then 
separated, the second layer is then exposed, continue 
dissecting the second layer into the third layer; the 
incision is perpendicular with external auditory canal – 
lateral canthus line and is 40mm lateral to the external 
ear canal, and the inferior incision still goes along the 
mandibular ramus. These incisions will be dissected 
into the third layer. Dissecting the third layer (SMAS) 
based on the available incisions, reflecting the SMAS 
the zygoma superiorly, until the flap reaches the 
zygomatic and orbital ligaments, masseteric ligaments 
anteriorly, and mandibular ligaments inferiorly. 

Continue dissecting the SMAS towards the orbicularis 
oculi muscle, the temporal, the nose, mouth, chin, and 
neck.  

 

Figure 1: Exposed third layer (SMAS) 

 

The fourth layer is exposed, namely sub-
SMAS (Figure 1), the parotid fascia is dissected 
carefully so that facial nerve branches are not 
damaged. Identify anatomic landmarks such as the 
mastoid process, the suprasternal notch, and the 
clavicles to mark the anterior margin of the 
sternocleidomastoid muscle. Expose the following 
landmarks: the cartilaginous portion of the ear canal 
and the posterior belly of the digastricus. The facial 
nerve trunk usually lies deep, 10 – 15 mm below the 
anteroinferior margin of the cartilaginous portion of the 
ear canal (so-called tragal “pointer”), and 10 mm 
below and deep to the midpoint of the posterior belly 
of the digastricus. After identifying the facial nerve 
trunk, proceed to dissect along the main trunk to 
expose the two following rami: zygomaticotemporal 
ramus and the cervicofacial branch, sometimes a third 
ramus can exist. Dissect and expose the 
retromandibular vein and the external carotid artery. 

 

List of parameters to be collected 

- Relationship between the retromandibular 
vein and the facial nerve rami: whether the vein is 
lateral or medial to the nerve. 

- Relationship between the superior, inferior 
division and the retromandibular vein. 

- Relationship between the external carotid 
artery and the main trunk as well as its ramification: 
whether the artery is lateral or medial to the nerve. 

- The number of branches of the 
temporofacial ramus and the cervicofacial ramus. 

- Branching pattern of the facial nerve main 
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trunk based on Tsai’s studies and branching pattern of 
its division based on Davis et al. classification. 

- Mean distance of the facial nerve trunk from 
the skin surface after it emerges from the stylomastoid 
foramen. 

- Mean angle formed by the facial nerve rami: 
superior, middle, inferior and other division (if 
available). 

- Diameter and length of the facial nerve 
trunk, superior and inferior division. 

All parameters are collected into a data sheet 
(see attached files). Measurement values are rounded 
to the nearest tenth. 

 

 

Materials 

 

Measurements and data were collected using: 
- A Nikon D90 digital single-lens reflex camera, Macro 
lens equipped; - A dissection kit: scalpel, dissection 
knife, Kelly clamp, Allis clamp, toothed and non-
toothed forceps, single-prong hook, double-prong 
hook; and - Measurement devices include: analogue 
calliper, a compass, a depth gauge, a protractor. 

 

Statistical procedures
 

- Raw data were collected from measurement 
records and encoded in corresponding variables. 
These statistics are analysed by calculating Pearson’s 
Chi-squared exact test as well as Student’s t-test 
using SPSS 19.0. Measurements are rounded to the 
nearest tenth, and p < 0.05 is considered statistically 
significant.  

 

 

Results 

 

In this study, we’ve done dissections on 30 
hemifaces with an average of 70, in which female 
accounts for 33.3% and male 66.7%. 

We identify the facial nerve trunk quickly and 
safely using the centre of the triangle formed by the 
temporomandibular joint, mastoid process and the 
angle of the mandible, as these reference points are 
easily palpable during the dissection. Besides, we 
also employ the commonly accepted classical 
approach to localise the facial nerve trunk for its 
safety as it exits the stylomastoid foramen, which is to 
find landmarks such as the posterior belly of the 
digastricus to measure its depth, the mandibular 
angle, the retromandibular vein, and the tragal 
“pointer”. In this approach, the relationship between 

the nerve trunk and the retromandibular vein along 
with the bifurcation location of the former about the 
mandibular angle and the posterior belly of the 
digastricus are easily identified concerning the tragal 
“pointer” (Figure 2), because its reference point is 
difficult to localise. 

 

Figure 2: Tragal pointer pointing at the main trunk of the facial nerve 

 

Anatomical characteristics of facial nerve 
 main trunk 

There is only a single facial nerve trunk 
(Figure 3) emerging from the stylomastoid foramen, 
and no specimen has been found to have a double 
trunk. 

Mean distance of the right facial nerve trunk 
from the skin surface after it emerges from the 
stylomastoid foramen is 28.9 mm, which is deeper 
than that of the left side, 25.1 mm, and this difference 
is statistically significant.  

The average length of the facial nerve trunk is 
14.1 mm. The facial nerve trunk diameter is 2.5 mm. 

 

Figure 3: Length of the facial nerve trunk 

 

The average number of divisions is 2.1 on 
both sides, in which bifurcation of the trunk mostly 
accounts for 93.3% and trifurcation only accounts for 
6.7%. 

The angle formed by the superior and inferior 
division of the main trunk appears to be almost 

Length of the 

main trunk 

Main trunk 

Traga pointer.  

It is an area, not a 

point 
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perpendicular to each other, an angle of 91.2°, in 
which 66.7% of our specimens are acute, and 33.3% 
are obtuse.  

Mean superior division length is 15.2 mm, 
which is much shorter than that of inferior division, 
23.6 mm.  

There are three branching patterns (Figure 4) 
of the facial nerve trunk, according to Tsai: 

- Pattern 1: the main trunk divides into 
superior and inferior division, closely followed by the 
bifurcation of the marginal and cervical branches. 
20.0% of our specimens displayed this pattern. 

 

Figure 4: Branching pattern 1 of the facial nerve trunk  

 

- Pattern 2 (Figure 5), is the largest group 
(60% right-sided and 66.7% left-sided), the upper and 
lower trunks divide, then branch into their 5 respective 
classical divisions.  

 

Figure 5: Branching pattern 2 of the facial nerve trunk  

 

+ Pattern 3 (Figure 6): 20% right-sided and 
13.3% left-sided, the upper-division branches 
immediately after the bifurcation of the upper and 
lower divisions. 

 

Figure 6: Branching pattern 3 of the facial nerve trunk 

 

Facial nerve main trunk localisation 
 method and its application  

 

The distance (Figure 7) from the mandibular 
angle to the bifurcation location of the facial nerve is 
40.8 mm. 

 

Figure 7: The distance from the angle of the mandible to the facial 
nerve trunk bifurcation  

 

The distance from the mandibular angle to the 
bifurcation ranges from 36 – 50 mm and accounts for 
86.6% on both sides. 

We found that 86.7% of our specimens have 
facial nerves running laterally to the retromandibular 
vein on both sides and this difference is statistically 
significant about the location of the facial nerve to the 
retromandibular vein on both sides with p = 0.03, 
which means the location of the nerve about the vein 
is not identical on both sides. 

 

Main trunk 
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In our study, 80% of specimens on both sides, 
the superior division runs laterally to the 
retromandibular vein, and we found this difference in 
the location of the superior division with the vein to be 
statistically significant on both sides. As for the inferior 
division, it runs laterally to the vein in 80% of cases on 
both sides, and we found no statistically significant 
difference about the location of the facial nerve with 
the vein on both sides (Figure 8).  

 

 

Figure 8: The inferior division’s relation to the retromandibular vein, 
but its branches and the superior division are lateral to the vein 

 

 

Discussion 

 

Based on our findings, we conclude that there 
is only a single facial nerve trunk emerging from the 
stylomastoid foramen and no specimen has been 
found to have a double trunk, including one domestic 
study by Thanh N.V. (1997) [4]. However, a foreign 
study by Kilic C. has noted the existence of the double 
facial nerve trunk exiting the stylomastoid foramen [5]. 
Besides, a study by Katz and Catalano shows that 3% 
of their specimens have double facial nerve trunk [6], 
and 4.4% and 13.3% in another study by Park and 
Lee [7]. Does this inconsistency require a larger 
sample of cadavers, as well as the need for 
radiographic characteristics in Vietnamese adults to 
see whether a double facial nerve trunk exists or not? 

Mean distance of the right facial nerve trunk 
from the skin surface after it emerges from the 
stylomastoid foramen is 28.9 mm, which is deeper 
than that of the left side, 25.1 mm. This difference is 
statistically significant in a way that surgeons have to 
take precautions when carrying out the surgery on the 
left hemiface and children because the facial nerve is 
more superficial in the latter. Therefore in our study, 

the location of the facial nerve regarding the skin 
surface appears to be deeper than that of Myint K [8] 
(from 10 – 20 mm deeper than the skin), but more 
superficial than that of Rodrigues (50 mm) [9]. This 
variation is influenced by many factors which can be 
different among individuals and races, e.g. skin 
thickness, subcutaneous tissue, SMAS layer, sub-
SMAS layer, and the parotid parenchyma (Table 1).  

Table 1: Comparison of length of the facial nerve trunk in 
literature 

Author Length (mm) 

Thanh N.V [4] 22.4 
Salame [10] 16.4 
Kandari [11] 10 – 15 
Dias F.L [12] 13 
Rodrigues [9] 10 
Ekinci [13] 9 
Kwak [14] 9.38 
Our study 14.1 

 

The average length of the facial nerve trunk is 
14.1 mm, which is shorter when compared to studies 
of Thanh N.V (22.4 mm) [4] and Salame (16.44 mm) 
[10], but is equivalent to results from Kandari (from 10 
– 15 mm) [11] and Dias F.L (13 mm) [12]. 
Furthermore, our measurements are longer than 
those of Rodrigues (about 10 mm) [9], Ekinci (9 mm) 
[13] and Kwak (9.38 mm) [14]; this difference might 
vary due to an individual’s race and ramification of the 
main trunk. Salame emphasised the importance of its 
length in facial nerve anastomosis because the trunk 
needs to be long enough to allow anastomosis with 
other branches without being too overstretched or too 
slack [10]. 

The average number of divisions is 2.1 on 
both sides, in which bifurcation of the trunk mostly 
accounts for 93.3% and trifurcation only accounts for 
6.7%; this is in agreement with findings of Myint K [8]. 
However, as Park and Lee’s recommendation stated, 
surgeons should be suspicious for the presence of the 
third division as they can accidentally damage it [7]. 
Based on our findings, trifurcation takes up 6.7% 
which is in agreement with Park and Lee’s findings, 
4.4% [7]; but our findings are lower than that of Thanh 
N.V (24%) [4], Kalaycioğlu A (18.8%) [15], Ekinci 
(18.6%) [13] and Kopuz (18%) [16], and higher than 
that of Salame (2.2%) [10]. This disparity might be 
due to racial factors or inherent inaccuracy in our 
insufficient sample. Nevertheless, the probability of 
having the third division is non-negligible (albeit small) 
has an important meaning to all surgeons: pay 
attention to its probable existence and avoid injuring it. 

Besides, we found that the angle formed by 
the superior and inferior division of the main trunk 
appears to be almost perpendicular to each other, an 
angle of 91.2°, in which 66.7% of our specimens are 
acute, and 33.3% are obtuse. This is in agreement 
with Myint K’s findings in a way that when the nerve 
reaches the posterior border of the mandibular ramus, 
its divisions almost form a perpendicular angle [8]. 
Meanwhile, Thanh N.V’s findings show that 56% are 
obtuse, and 44% are acute [4]. Mathematically, any 
angle greater than 90°

 
is obtuse, and if it’s less than 

Main trunk 

Retromandibular vein 

Branches of inferior division are 

lateral to retromandibular vein 
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to retromandibular vein  
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90°, it will be an acute angle. However, in our study, 
the values of the angle formed by the superior and 
inferior division vary around 90, or in other words, they 
form a perpendicular angle.

 

Mean superior division length is 15.2 mm, 
which is much shorter than that of inferior division, 
23.6 mm. This finding is statistically significant and in 
agreement with Thanh N.V’s findings, in which the 
former is 15.1 mm but the latter is notably shorter that 
of ours, 12.4 mm [4] (Table 2). This inconsistency in 
the inferior division is due to individual variability as in 
our study it travels a considerably long course after its 
branching from the main trunk before dividing into the 
mandibular branch, the cervical branch or the 
anastomotic branch. As for the diameter, the superior 
is 2 mm and inferior division is 1.4 mm, but when we 
use paired t-test to compare between the two, the 
finding isn’t statistically significant (p > 0.05). 
Therefore, the diameter of the two is identical. 
Compared to another domestic study by Thanh N.V, 
the superior division diameter is 1.94 mm, which 
agrees with our findings, but the interior diameter is 
smaller, 1.07 mm [4]. In contrast with international 
findings by Myint K, the superior temporofacial 
division has a diameter nearly twice that of the inferior 
ramus [8]. As for Pia F’s findings, the superior division 
runs in a superomedial fashion and has a greater 
diameter [17]. 

Table 2: Comparison of pattern ratio in literature 

Author Pattern 1 (%) Pattern 2 (%) Pattern 3 (%) 

Tsai [18] 24.7 42.0 33.3 
Thanh N.V [4] 10.0 82.0 6.0 
Our study 20.0 60.0 20.0 

 
Specifically, 60% of our specimens display 

pattern 2 on both sides and the ratio between patterns 
is not statistically significant. Pattern 1 and 3 take up 
20% evenly. Compared to Tsai’s findings, 24.7% of 
their specimens display pattern 1 (the main trunk 
divides into superior and inferior division, closely 
followed by the bifurcation of the marginal and cervical 
branches), which agrees with our findings; as for 
pattern 2 (the upper and lower trunks divide, then 
branch into their 5 respective classical divisions), their 
findings are lower than those of us (42%); regarding 
pattern 3, their findings are higher than those of us 
[18]. Compared to Thanh N.V’s findings, type 1 
(equivalent to Tsai pattern 2) accounts for 82%; type 2 
(Tsai pattern 3) accounts only 6% and type 3 (Tsai 
pattern 1) accounts 10% [4].  

The distance from the mandibular angle to the 
bifurcation location of the facial nerve is 40.8 mm, 
which agrees with Thanh N.V’s findings of 38.6 mm 
[4]. This can be explained by the fact that both authors 
have conducted their corresponding studies on 
Vietnamese, so the mandibular ramus length is 
approximately identical. Besides, according to other 
authors’ explanation, this distance in Caucasian is 
remarkably longer due to their greater body size as 
well as larger, stronger mandible. However, in our 
study, the distance from the angle to the bifurcation is 

longer than that of international counterparts, such as 
Myint K (28.06 mm, range from 11 – 40 mm) [8], 
McCormack (34 mm on Caucasian, range from 14 – 
46.9 mm) [19], Davis et al. (32mm, range from 25 – 45 
mm) [20], Park and Lee (28.8 mm on Korean, ranging 
from 12.1 – 39.8 mm) [7]. Is the facial nerve trunk in 
Vietnamese truly located at a higher position than 
other races? To achieve this finding, we need to 
conduct a study with large enough samples together 
with location comparison between the main trunk and 
the mandibular angle about the zygomatic arch. 

Besides, the distance from the mandibular 
angle to the bifurcation ranges from 36 – 50 mm and 
accounts for 86.6% on both sides, which is drastically 
higher than Myint K’s findings, in which most of their 
specimens (81.0%) has the bifurcation 21 – 35 mm 
above the mandibular angle [8] (Table 3). 

Table 3: Comparison of distance from the angle of the 
mandible to the bifurcation of the facial nerve with Myint K’s 
findings 

Distance in mm 
Myint K. Our study 

Number Proportion (%) Number Proportion (%) 

11 – 15 mm 3 3.8% 0 0% 
16 – 20 mm 6 7.6% 0 0% 
21 – 25 mm 12 15.2% 0 0% 
26 – 30 mm 30 38.0% 0 0% 
31 – 35 mm 22 27.8% 3 10.0% 
36 – 40 mm 6 7.6% 14 46.7% 
41 – 45 mm 0 0% 8 26.7% 
46 – 50 mm 0 0% 4 13.3% 
51 – 55 mm 0 0% 1 3.3% 
 79 100.0% 30 100.0% 

 

We also noticed that the distance from the 
mandibular angle to the bifurcation of the facial nerve 
ranges from 31 – 55 mm, compared to Myint K’s 
findings of 11 – 40 mm [8], which means if we divide 
the distance into 5mm portion, we can miss the in-
between values. This could mean that in our 
upcoming study, maybe we should calculate the ratio 
between the distances from the bifurcation to the 
whole mandibular ramus length so that it may be more 
significant. Identifying the distance from the angle of 
the mandible to the bifurcation is critical to clinical 
otolaryngology as it prevents facial nerve injury during 
parotid gland-related surgeries. 

We found that 86.7% of our specimens have 
facial nerves running laterally to the retromandibular 
vein on both sides and this difference is statistically 
significant about the location of the facial nerve to the 
retromandibular vein on both sides with p = 0.03, 
which means the location of the nerve concerning the 
vein isn’t identical on both sides. This finding agrees 
with Alzahrani, in which 83% of their specimens have 
facial nerve running laterally to the retromandibular 
vein, and 17% lies medially to the vein, and this 
relationship isn’t identical on both sides [21]. As for 
Astik R.B, their findings show that 90% of 
retromandibular vein lies medially to the temporofacial 
and cervicofacial division, 10% of their specimens 
have divisions running laterally to the vein, as the 
main trunk and its divisions form a “fork” that runs 
between the mandibular and the superficial temporal 
vein [22]. 
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In our study, 80% of specimens on both sides, 
the superior division runs laterally to the 
retromandibular vein, and we found this difference in 
the location of the superior division with the vein to be 
statistically significant on both sides. As for the inferior 
division, it runs laterally to the vein in 80% of cases on 
both sides, and we found no statistically significant 
difference about the location of the facial nerve with 
the vein on both sides. This is in agreement with Kim 
et al. findings, larger inferior division mostly runs 
laterally to the retromandibular vein (83%), and few of 
them (17%) goes medially to the vein [23]. As for 
Wang et al., 100% of cases have mandibular branch 
running at a more superficial layer to the 
retromandibular vein [3]; Dingman found that 98% of 
retromandibular veins run medially to the marginal 
branch and only 2% runs laterally [24]; Savary et al., 
found that the all cervicofacial division run laterally to 
the retromandibular vein [25]. Therefore, despite 
disparities in each of the division’s proportion, most of 
the authors concluded that over 80% of the main 
trunk, a superior and inferior division run laterally to 
the retromandibular vein and the location of the facial 
nerve concerning the nerve might be different 
between the two sides. Also, we found no difference 
about the location of the superior and inferior division 
concerning the right retromandibular vein, but we 
found a statistically significant difference about the 
superior division with the left vein (p = 0.024). This 
shows that, on the same individual, the location of the 
superior and inferior division about the vein can be 
different ipsilaterally or bilaterally, and the nerve-vein 
relationship doesn’t appear to obey any law as shown 
by Laing and McKerrow’s findings in which the 
superior division runs laterally and medially to the vein 
while the inferior division runs laterally [1]. 

Unexpectedly, Toure G. et al., study shows 
that there are 4 cases in which the retromandibular 
vein forms a ring through which the facial nerve trunk 
travel (2 cases) and the remaining 2 cases have the 
inferior division goes inferiorly to this venous ring [2]. 
Also, Alzahrani noted that the retromandibular vein 
forms two rings and both superior and inferior division 
go through these rings [21]. This is in contrast with our 
study in a way that our finding shows the superior 
division forms a ring around the retromandibular vein 
(Figure 9), and as a consequence, encountering this 
variation may increase facial nerve injury risk or cause 
bleeding during parotid gland tumour removal. In 
normal anatomical settings, the facial nerve runs 
laterally to the vein, so bleeding risk due to nerve 
injury is negligible. However, in special cases, the 
retromandibular vein runs laterally to the main trunk or 
its division, so bleeding and facial nerve injury risk will 
be substantially higher in parotid gland tumour 
removal surgery. 

 

Figure 9: The superior division forms a ring with the retromandibular 
vein 

 

As for otolaryngology application, Alzahrani F. 
R. used the retromandibular vein to identify the facial 
nerve by first successfully identifying the former at the 
cervical region and then dissect in an upwards fashion 
to the inferior division of the facial nerve as the latter 
usually lies superficial to the retromandibular vein. 
After successfully pinpointing the inferior division, the 
facial nerve will be identified and exposed [21]. This is 
the method commonly employed by various authors in 
the world. As for Ariyoshi and Shimahara [26], they 
provide standards based on the retromandibular vein. 
If the vein is pushed medially or the vein is not 
displaced, and the location of the tumour lies laterally 
to this vein, the tumour is considered to be lying in the 
superficial portion of the parotid gland. The method of 
using the retromandibular vein as an anatomic 
landmark in preoperative radiography has an 
accuracy of up to 86.4%. Therefore, a basic 
understanding of the existence of the changing 
relationship between the facial nerve and the 
retromandibular vein is not only important in 
evaluating preoperative safety but also has great 
value in locating the location of the parotid gland 
tumour, but this prediction doesn’t guarantee 100% 
accuracy. 

 

Application perspective of the study 

The dissection technique described in the 
study can assist surgeons in recognising the facial 
nerve trunk and its rami before surgical dissection, 
which will avoid damage to this nerve. In particular, 
we defined the relationship between the 
retromandibular vein and the facial nerve rami; the 
superior, inferior division and the retromandibular 
vein; diameter and length of the facial nerve trunk as 
compared to other literature studies. This allows 
scientists to acknowledge the variations of facial nerve 
distribution in response to racial factors, individual 
background, personal landmarks. According to our 
knowledge, this study was the first research about this 
subject to be conducted in Southeast Asia. In general, 

Main trunk 

The superior division forms a ring 

with the retromandibular vein 

Retromandibular 

vein 

Inferior division 
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our results can be indicated as a useful surgical guide. 
Future studies are justified to determine further 
research on the variability in ramification patterns of 
the facial nerve among distinct racial and ethnic 
groups. Other studies using alternative research 
methods such as external palpation landmarks, facial 
nerve electrical stimulation should also be performed 
to optimise the accurate results, lesser time 
consumption and improve cost-efficiency. 

Our findings about the anatomical 
characteristics of the facial nerve main trunk and its 
division include: all cadavers have a unique trunk 
exiting from the stylomastoid foramen, none of the 
specimens has been found to have double trunk, the 
distance of the facial nerve to the skin surface on the 
right side is deeper than the left side which must be 
respected during surgery. Mean trunk length is 14.1 
mm, the diameter of 2.5 mm, an average number of 
divisions is 2.1 in which bifurcation proportion 
accounts for 93.3%, and the third division may exist 
and might be damaged intraoperatively. The angle 
formed by the superior and inferior division appears to 
be almost perpendicular (91.2

0
), and mean superior 

division length is 15.2 mm, which is notably shorter 
than inferior division, 23.6 mm. We found that most of 
our specimens displayed Tsai pattern 2 (60%). 

To identify the main trunk and its division, we 
found that the distance from the angle of the mandible 
to its bifurcation location is 40.8 mm, which is 
considerably longer than other authors due to the 
bifurcation lies at a higher level and the distance to 
the bifurcation ranges from 36 – 50 mm, which 
accounts for 86.6%. Based on our findings, to avoid 
facial nerve injury during parotid gland-related 
surgery, surgeons need to correctly identify the facial 
nerve bifurcation along the posterior border of the 
mandibular ramus to the mandibular angle. 
Approximately 86.7% of cases have facial nerve 
running laterally to the retromandibular vein on both 
sides, and over 80% of the superior and inferior 
division run laterally to the retromandibular vein. 
Based on this finding, we conclude that the location of 
the superior and inferior division about the 
retromandibular vein may not be identical ipsilaterally 
and bilaterally, and this nerve-vein relationship doesn’t 
seem to obey any law. Also, we found that the 
superior division forms a ring around the 
retromandibular vein, and bleeding and facial nerve 
injury risk might be increased during parotid gland 
tumour removal procedures. 
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Abstract 

BACKGROUND: Maxillary Lefort I osteotomy, mandibular bilateral sagittal split ramus was frequently used in 
correcting skeletal class III malocclusion. There was a lack of research on class III malocclusion patients’ quality 
of life (QoL) after bimaxillary osteotomy.  

AIM: Class I Intermaxillary relationship was achieved, aesthetic was significantly improved. Significant 
improvement in Class III skeletal patients’ quality of life was acquired. The achievement of harmonious face would 
be beneficial to the facial aesthetics of patients, thus improving the quality of life. 

METHODS: Harmonious face index is an effective criterion in assessing the surgery’s outcome. In this study was 
conducted on 30 patients at Hanoi National Hospital of Odontostomatology, Viet Duc Hospital, and Hong Ngoc 
Hospital from April 2017 to April 2018, and it was a quasi-experimental study with self-comparison, 12 months 
follow up. 

RESULTS: Orthognathic surgery effectively corrected malocclusion crossbite, dental compensation, and helped 

to improve facial aesthetics. 100% of patients had the quality of life improved, good quality of life consisted of 
86.7%. In comparison with a harmonious facial index of Kinh ethnic in Vietnam, 70% of patients achieved skeletal 
harmony, 63.3% of patients achieved dental harmony, 80% achieved soft tissue harmony.  

CONCLUSIONS: Vietnamese harmonious facial index should be used in planning and pre-surgical simulation. 

 

 

 

 

 

 

Introduction 

 

Malocclusion is the incorrect dental phenomena 
between the teeth of two arches. In America and Asian 
countries, this incidence of malocclusion can reach 70% of 
the population [1]. Class III malocclusion comprises high 
percentages in the population, up to 35% [2]. Class III 
malocclusion is the aetiology of occlusal trauma, functional 
decrease, and an increased risk of dental diseases, facial 
aesthetic and psychological problems [3]. Treatment for 
skeletal class III malocclusion is quite necessary to improve 
quality of life [4]. Most adult patients with skeletal class III 

malocclusion, need a combination of orthodontic and 
surgical treatment to achieve good outcomes in function 
and aesthetic. Maxillary Lefort I osteotomy and bilateral 
sagittal split osteotomy ramus (BSSO) are commonly 
applied worldwide, providing good outcome in aesthetic 
and function in three dimensions, as well as post-operative 
stability[5],[6]. Therefore, patients’ physical, psychological 
aspects, as well as the quality of life, can make significant 
progress. In recent years, patients’ quality of life (QoL) has 
been a matter of concern which has been considered to be 
a criterion in assessing the patients’ recovery after surgery. 
Orthognathic Quality of Life Questionnaire (OQLQ) was 
created to measure patients’ quality of life. OQLQ was 
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considered to be an effective instrument for the assessment 
of patients’ quality of life after orthognathic surgery [7], [8]. 
The Vietnamese harmonious facial index is an aesthetic 
criterion of surgery. Thus, we conducted this study to 
evaluate the quality of life and the suitability with the 
harmonious Vietnamese facial in skeletal class III 
malocclusion patients after orthognathic surgery.  

 

 

Subjects and Methods 

 

Subjects: 30 skeletal class III malocclusion 
patients were treated with preoperative orthodontic and had 
orthognathic surgery in Hanoi (Hanoi National Hospital of 
Odontostomatology, Viet Duc University Hospital and Hong 
Ngoc Hospital) from April 2017 to April 2018. Patients with 
severe congenital facial defects were excluded. 

Study method: Quasi-experimental study with self 
- comparison before operation (T0) and after operation 12 
months (T12). All patients were operated with maxillary 
Lefort I osteotomy and bilateral sagittal split ramus 
osteotomy. The cephalometric X-ray was used to assess 
the patients’ skeletal, dental, soft tissue before the operation 
and after operation 12 months. Orthognathic Quality of Life 
Questionnaire (OQLQ) was used to evaluate patients’ 
quality of life before the operation and after operation 12 
months (appendix A). The questionnaire contains 22 
questions which were divided into four parts, including facial 
aesthetics, oral function, awareness of dentofacial 
aesthetics and social aspects of dentofacial deformity. Each 
question is scored on a 4-point scale, which 1 refers to 
“bothers you a little”, 4 = “bothers you a lot”, 2 and 3 = 
“between these statements”, 0 score refers to “does not 
apply or does not bother”. The high score presents a 
negative influence on the patient’s QoL. The low score 
indicates a positive influence on the QoL. Average score: ≤ 
2: good quality of life; 2-3: moderate quality of life; ≥ 3: poor 
quality of life. 

Evaluating the effectiveness of surgery is 
evaluation the changes in the facial index before and after 
surgery by comparing skeletal, dental and soft tissue index 
in pre-operation (T0) and 12 months post-operation (T12). 

Assess the suitability with Vietnamese harmonious 
facial index is assess the suitability between the post-
operation facial index and Vietnamese harmonious facial 
index by comparing patients’ cephalometric indexes after 
12 months post-operation with Vietnamese Kinh Ethnic, 
harmonious facial index in National Research in School of 
Odonto& Stomatology – Hanoi Medical University. 

 

Statistics 

Data analysis: Continuous variables were skeletal, 
dental and soft tissue index (SNA, SNB, ANB angle, A-V, 
B-V, Pg-V, Wits, overjet, overbite, U1-SN, Is-V, L1-MP, Ii-V, 
Li-E, Ls-E, Cm-Sn – Ls angle, Li-B'-Pg' angle, Ns - Sn-Pg’ 

angle) measured in Cephalometric X – rays and OQLQ 
score were analysed with SPSS 16.0 software. Pair T-tests 
was used to compare the normal distribution variables 
before and after the operation. Wilcoxon signed-rank test 
was used to compare OQLQ score and the non-normal 
distribution variables. 

 

 

Results 

 

Patch test results  

There were 30 patients including14 male patients 
(46.7%); 16 female patients (53.3%) in the study. All the 
patients were Kinh ethnic. The subjects’ age was in a range 
of 18 to 25 years old.  

Table 1: Skeletal, dental and soft tissue index in 12month 
postoperation (T12) in comparision with preoperation (T0) 

Index 
T0 (N = 30) T12 (N = 30) P 

(T0vs T12) X  SD X  SD 

SNA (degree) 80.87 3.81 82.72 3.34 < 0.001*
 

A-V (mm) 60.37 5.44 63.67 4.85 < 0.001* 
SNB (degree) 84.98 4.22 81.67 3.78 < 0.001* 
B-V (mm) 65.66 7.73 63.45 6.51 < 0.001* 
Pg-V (mm) 66.59 9.36 63.89 8.62 < 0.001* 
ANB (degree) -4.11 2.65 1.05 1.01 < 0.001** 
Overjet (mm) -4.08 2.15 2.10 0.31 < 0.001** 
Overbite (mm) 1.47 0.67 1.61 0.51 > 0.05** 
U1-SN (degree) 110.53 9.15 107.34 8.61 < 0.001* 
Is-V (mm) 67.17 7.24 69.90 6.67 < 0.001* 
L1-MP (degree) 86.87 8.71 94.78 3.70 < 0.001* 
Ii-V (mm) 71.44 8.01 67.24 6l46 < 0.001* 
Li-E (mm) 3.68 1,12 1.45 2.20 < 0.001** 
Ls-E (mm) -3.04 1,65 -0.17 1.75 < 0.001** 
Cm-Sn-Ls (degree) 81.92 4.49 94.26 4.04 < 0.001* 
Li-B'-Pg' (degree) 146.29 8,94 133.75 7.81 < 0.001* 
Ns-Sn-Pg’ (degree) 185.54 3.41 167.41 3.56 < 0.001* 

Note: *P values were determined by Pair T-test; **P values were determined by Wilcoxon signed-rank 
test. 

 

According to Table 1, there was a forward 
movement of the maxilla (SNA, A-V increased), the 
backward movement of the mandible, prognathic chin 
reduced (SNB, B-V, Pg-V reduced). Class I intermaxillary 
relationship was achieved, crossbite was corrected. Upper 
incisors (Is-V increased) moved forward, lower incisors (Ii-V 
decreased) moved backwards. The angle between the 
lower incisors and mandibular plane (L1-MP) increased, the 
angle between the upper incisors and cranial plane (U1-
SN) decreased. Forward movement of the upper lip (Ls-E 
increased), the backward movement of the lower lip (Li-E 
decreased) were seen, facial angle decreased (Ns-Sn-Pg’). 
Nasolabial angle was larger (Cm-Sn-Ls increased), and the 
labiomental angle was smaller (Li – B’ – Pg’ decreased) in 
comparison with the pre-surgery index. Above changings 
were statistically significant (p < 0.05). Overbite changing is 
not statistically significant (p > 0.05). 

Table 2: The improvement of quality of life 

OQLQ Facial Aesthetics Oral Function 
Awareness of 
Dentofacial 
Aesthetics 

Social Aspects of 
Dentofacial 
Deformities 

SUM 

 
Pre-op Post-op Pre-op Post-op Pre-op Post-op Pre-op Post-op Pre-op Post-op 

N 30 30 30 30 30 30 30 30 30 30 
MEDIAN 16.5 5 17 6 14 5 26 8 72 23 
MIN 12 0 12. 0 10 0 17 0 52 0 
MAX 20 14 20 14 16 11 31 23 87 61 
P < 0,001 < 0,001 < 0,001 < 0,001 < 0,001 

Note: P values were determined by Wilcoxon signed-rank test. 
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As can be seen from Table 2, before surgery, the 
minimum score for OQLQ in sum was 52, and the 
maximum score was 87, the median score was 23. One 
year after surgery, all the minimum, maximum and median 
score decreased significantly to 0, 61 and 23, respectively 
(p < 0.001, Wilcoxon Signed Rank Test). The same trends 
were seen in the score for OQLQ in Facial Aesthetics, Oral 
Function, Awareness of Dentofacial Aesthetics, Social 
Aspects of Dentofacial Deformities. 

 

Figure 1: Quality of life-changing after surgery 

 

From the above chart, before surgery, there was 
no good quality of life case, the poor quality of life consisted 
of 83.3%.In contrast, after surgery, 26 cases were having a 
good quality of life (86.7%), 4 cases having the moderate 
quality of life (13.3%) and there was no case having poor 
quality of life (Fig. 1). 

 

Figure 2: Suitable rate with Vietnamese harmonious facial index 

 

Among 30 patients got 12 months postoperative 
following up, 21 cases were having harmonious skeletal 
index (70%), 19 cases having harmonious dental index 
(63.3%) and 24 cases having harmonious soft tissue index 
(80%) (Figure 2). 

 

 

Discussion 

 

Twelve months postoperative, our study observed 
forward movement of the maxilla, the backward movement 
of the mandible and the intermaxillary relationship was 
changed from class III (pre-operation) to class I. Overjet 

was increased to the positive average value, crossbite was 
corrected. The angle between lower incisors and the 
mandibular plane was increased, the angle between 
maxillary incisors and the basal plane was decreased, 
dental decompensation was achieved (palatal inclination of 
upper incisors and labial inclination of lower incisors), dental 
esthetic was improved. Soft tissue was also changed: 
forward movement of the upper lip, the backward 
movement of the lower lip, decreasing facial angle, 
increasing nasolabial angle as well as decreasing 
labiomental angle in comparison with pre-operation. These 
changes significantly improved facial aesthetics, the 
relationship between upper lip and nose, lower lip and chin. 
Our result was appropriate with studies conducted by 
Ghassemi [6], Aydemir [9].  

There were a variety of articles that have mentioned 
the merits of orthognathic surgery in skeletal class III 
malocclusion patients. In recent year, other studies have 
directly cared about the patients’ quality of life which is a wide 
concept related to physical health, aesthetic aspect, 
psychological state, social relationships. 

In our study, OQLQ was chosen because OQLQ is 
a questionnaire designed for orthognathic. We evaluate 
patients’ quality of life at the one-year postoperative period 
because we tended to asses the long-term complications, 
including skeletal relapse and neurosensory disturbances. 
Thus, it was possible to evaluate the influence of long-term 
complications on QoL.  

In our study, the results described a highly significant 
degree of overall improvement in patients’ quality of life after 
orthognathic surgery. The subjects’ quality of life achieved a 
statistically significant improvement in all four OQLQ domains. 
In agreement with our outcome, other authors, including Wee, 
2014 [10], Abdullad, 2015 [11], also found the improvement of 
patients’ quality of life after orthognathic. Applying OQLQ for 
41 patients, Wee found that patients’ quality of life was 
significantly improved after two years bimaxillary osteotomies 
[10]. Similarly, Abdullad also used OQLQ to assess the 
quality of life for 17 patients, and the outcomes showed that 
the highly significant improvement in patients’ quality of life 
was evident [11]. 

All subjects in our study underwent the combination 
of Lefort I maxillary advancement and BSSO mandibular 
setback operation with rigid fixation. The complications and 
surgical outcomes remarkably affected the quality of life. 
Long-term complications were the main factor that contributed 
to the changes in patients’ quality of life. In BSSO, the inferior 
alveolar nerve was damaged, thus causing numbness of the 
lower lip and chin. In the study of Alolayan, in 238 patients, the 
percentage of nerve injury was 36.6% after mandibular 
procedures [12]. In our study, we found that the neurosensory 
disturbances reduced after one-year follow, that refer to the 
recovery of the nerve. After a one-year post-operation, only 5 
patients were complaining about a little numbness of chin. 
The other long-term common complication is skeletal and 
dental relapse. 

In our study, the percentage of patients who 
achieved the harmonious Vietnamese face after 12 months 
post-operation was high. Dental decompensation, less acute 
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nasolabial angle, less obtuse labiomental angle, decreasing 
facial angle helps improving facial esthetic significantly. 
Patients’ facial aesthetic made remarkable progress, thus 
improving the patients’ confidence as well as the quality of life. 
Therefore, Vietnamese harmonious facial index should be 
applied in planning and preoperative simulation to increase 
the surgery’s outcome and the patient’s quality of life. 

In conclusion, maxillary Lefort I osteotomy and 
mandibular bilateral sagittal split ramus osteotomy were 
effective in correcting skeletal class III malocclusion. After 
surgery, class I intermaxillary relationship was acquired, 
esthetic was significantly improved. The study showed a 
highly significant improvement in Class III skeletal patients’ 
quality of life after 12 months bimaxillary osteotomies. All 
four OQLQ domains improved remarkably after 12 months 
of surgery. The achievement of harmonious face would be 
beneficial to the facial aesthetics of patients, thus improving 
the quality of life. Vietnamese harmonious facial index should 
be used in planning and preoperative simulation to increase 
the surgery’s outcome and the patient’s quality of life.  
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Abstract 

BACKGROUND: In recent times, scientists have found new treatments for colorectal cancer patients.  

AIM: The study is to evaluate the efficacy and toxicity of triplet combination chemotherapy of 5-
fluorouracil/leucovorin, oxaliplatin, and irinotecan (FOLFOXIRI) for patients with metastatic colorectal cancer in 
stage IV. 

METHODS: Uncontrolled clinical trial carried on 39 stage IV colorectal cancer patients. 

RESULTS: The overall response rate of the treatment was 79.4%. The average progression-free survival was 
13.4 ± 9 months. The overall survival rate at 12th month and 24th month were 90% and 76%, respectively. The 
proportion of granulocytopenia was 48.9%, no grade 3 or 4. Side effect beyond hematology was most seen in 
hepatic toxicity with 52.5%, mainly at grade 1. Vomiting was 18.3%, all at grade 1. Other adverse event was very 
low at percentage. 

CONCLUSIONS: The triplet combination FOLFOXIRI chemotherapy improves the outcome of patients with 

metastatic colorectal cancer regarding rate of response, overall survival rate and progression-free survival, and 
the level of toxicity was acceptable. 

 

 

 

 

 

Introduction 

 

Colorectal cancer is a common type of 
gastrointestinal cancer. The disease tends to increase 
in recent times. Treatment of metastatic colorectal 
cancer is still difficult, with overall survival (OS) and 5-
year survival rate reported of 16-25 months and 11%, 
respectively [1], [2]. At present, 5-fluorouracilimines, 
oxaliplatin and irinotecan are still three "backbone" 
drugs to the treatment for metastatic colorectal 
cancer. 

A meta-analysis presented that the increase 
of overall survival rate significantly associate with the 
use of all 5-fluorouracil, oxaliplatin and irinotecan over 
the total duration of treatment [3]. Currently, in 
accordance with recommendation by many cancer 

organizations around the world, these three drugs are 
used step by step through two-drug regimen 
(FOLFOX/XELOX, FOLFIRI/XELIRI). However, not all 
100% of patients are treated with all 3 these drugs 
because some patients abandon the following 
treatment lines, or their condition does not allow 
second-line treatment. 

Thus, the idea of using all three drugs from 
the first-line treatment was sprouted more than 10 
years ago. In 2002, the first two Phase II studies 
reported the efficacy and safety of the combination of 
Oxaliplatin/Irinotecan/5-FULV (FOLFOXIRI) at the first 
stage [4]. Subsequently, many phase III studies were 
performed with satisfactory results of this regimen. 
Since 2010, FOLFOXIRI were recommended in 
NCCN (National Comprehensive Cancer Network) 
Clinical Practice Guidelines in Oncology [5]. 
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In Vietnam, the rateof colorectal cancer ranks 
4

th
 in men and 6

th
 in women [6]. FOLFOXIRI regimen 

is gradually being introduced at some oncology 
facilities due to its efficacy and feasibility. However, 
since then there was no clinical trial established to 
evaluate the effectiveness as well as toxicity of 
FOLFOXIRI in Vietnamese patients with metastatic 
colorectal cancer.  

Therefore, we carried out this work with the 
aim of performing an initial review in relation to the 
efficacy and toxicity of FOLFOXIRI in treatment for 
patients with metastatic colorectal cancer in stage IV. 

 

 

Materials and Methods 

 

Study design 

This study was a single-arm, uncontrolled 
prospective clinical trial. All eligible patients were 
selected from October 2013 to September 2014 in the 
Oncology and Palliative Care Department, Hanoi 
Medical University Hospital. 

 

Patient selection and study process 

Main eligibility criteria were as followed: 
patients were diagnosed with metastatic unresectable 
colorectal adenocarcinoma; age from 20 to 75 years; 
Eastern Cooperative Oncology Group (ECOG) 
performance status (PS) score of 0 or 1; the patients 
were treated by at least 3 cycles of FOLFOXIRI in the 
first-line treatment (Table 1); liver, kidney and 
hematological functions before treatment were in 
normal limits; did not suffer from diseases with near-
death risk and other chronic diseases. General 
information was collected by questioning patients and 
their family member to record age, gender, medical 
history, reasons of hospitalization, signs and 
symptoms of disease. Pre-treatment assessment 
included physical examination, performance status 
evaluation, complete blood profile, CEA level 
measurement, colonoscopy, X-ray imaging or CT 
(computed tomography) scan, abdominal CT scan 
and/or ultrasound, electrocardiogram and any other 
applicable method to examine metastatic sites. In the 
period of treatment, a physical examination was 
conducted once in two weeks. Metastatic sites were 
re-examined once within 8 weeks. Abdominal CT scan 
or MRI was demanded in order to evaluate liver and 
abdominal metastases. 

Table 1: Treatment of FOLFOXIRI chemotherapy at first-line 
with specific dosage 

Dosage Day of receiving 

Irinotecan: 165 mg/m2, intravenous infusion for 1 hour. Day 1, 15 
Oxaliplatin: 85 mg/m2, intravenous infusion for 2 hours Day 1, 15 
Calcium folinat 200 mg/m2, intravenous infusion for 2 hours  Day 1, 15 
5FU 3200 mg/m2, continuous intravenous infusion during 48 hours  Day 1, 2, 3, 15, 16, 17 

Note: The regimen was repeated once per 2 weeks. 

Evaluation of treatment response was made 
in accordance with RECIST (Response Evaluation 
Criteria in Solid Tumors) criteria version 1.1 [7]. 
Overall response = Complete response + partly 
response [7]. The adverse event of FOLFOXIRI 
chemotherapy were observed weekly and categorized 
in accordance with standard National Cancer Institute 
Common Terminology Criteria for Adverse Events 
version 4.0. Patients with disease stability or 
continuous response after 6 cycles were shifted to 
maintenance phase with oral Capecitabine (Xeloda). 
During maintenance treatment, patients were re-
examined before Capecitabine administration. 
Progression Free Survival is estimated in the period of 
time between the time the study starts and the time of 
disease progression. Overall survival was calculated at 
12-month and 24-month. 

 

Statistics 

All collected data were analyzed and 
measured by SPSS 22.0 software. Progression-free 
survival (PFS) and overall survival (OS) were 
estimated by the Kaplan-Meier method from the day 
of treatment started. Dichotomous variables were 
analyzed by using Chi-square test and median values 
compa. The p values < 0.05 were recognized 
statistically significant. 

 

Ethical 

This study is completely voluntary and is 
aimed at improving the quality of treatment, not for 
any other purpose. Patients who have met the 
selection criteria will be explained in detail about the 
study, patients who agree to participate in the study 
will be signed on a volunteer to participate in the 
study. All details about the patient's condition are 
encrypted and confidential. The patient has the right 
to withdraw from the study. 

 

 

Results 

 

A total of 39 unresectable metastatic 
colorectal cancer patients were recruited to the study. 
There were 26 males and 13 females, with a median 
age of 52.9 years (range 25-70). Half of the 
participants had taken chemotherapy for their disease 
previously. The most common reason for 
hospitalization was abdominal pain with 74.4%. 
Majority of patients were with PS-1 (82.1%), while 
performance status (PS) score of 0 accounted for 
percentage of 17.9%. Bowel obstruction was the most 
common symptom (43.6%), followed by papable 
abdominal mass of 20.5% at the time of diagnosis 
(Table 2). 
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Moderately differentiated adecarcinoma was 
responsible for two third of the study population, 
followed by participants having type of histopathology 
as mucinous adenocarcinoma. The peritoneum was 
more commonly found in patients with mucinous 
colorectal cancer (20.5%, compared with 5.1% of 
patients with moderately differentiated 
adenocarcinoma) (Table 2). 

Regarding primary tumor distribution, left-
sided colorectal cancer had the highest percentage of 
61.5%. Of which, primary tumors were more 
frequently distributed at sigmoid colon (41%) and liver 
(17.9%), other locations accounted for proportion of 
41.1%. Liver was the most prevalent distant 
metastatic site (64.1%), whereas patients with 
peritoneal metastasis and pulmonary metastasis were 
25.6% and 17.9%, respectively. Retroperitoneal lymph 
node occurred in 30.8% of metastatic colorectal 
patients. 26 patients (66.7%) had CEA levels of 
20ng/ml or below before treatment (Table 2). 

Table 2: Clinic-pathology features of metastatic colorectal 
cancer patients whose disease was not radically resectable 

Characteristics Percentage 

Gender 
Male 26 (66.7%) 
Female 13 (33.3%) 

Age 
Under 40 8 (20.5%) 
45-60 26 (66.7%) 
Over 65 5 (13.8%) 

Signs 
Abdominal pain 29 (74.4%) 
Hematochezia 10 (25.6%) 
Diarrhea 9 (23.1%) 

Performance status 
PS1 32 (82.1%) 
PS0 7 (17.9%) 

Symptoms 

Bowel obstruction 17 (43.6%) 
Fluid in the abdomen 1 (2,6%) 
Palpable abdominal mass 8 (20.5%) 
No symptom 13 (33.3%) 

Tumor location 
Sigmoid colon 16 (41%) 
Hepatic flexure 7 (18%) 
Other location 16 (41%) 

Distant metastatic site 

Liver metastasis 25 (64.1%) 
Pulmonary metastasis 7 (17.9%) 
Peritoneal metastasis 10 (25.6%) 
Retroperitoneal lymph node 12 (30.8%) 

No. of involved organs 
> 1 32 (82.1%) 
= 1 7 (17.9%) 

CEA concentration  
CEA > 20 ng/ml 13 (33.3%) 
CEA ≤ 20 ng/ml 26 (66.7%) 

Histopathology 
Moderately differentiated adenocarcinoma 26 (66.7%) 
Mucinous adenocarcinoma 13 (33.3%) 

 

 

Efficacy 

 All participating patients had measurable 
disease and were evaluated for response (Table 3). 

Table 3: Response rate of the treatment 

Response Percentage (%) 

Completely 2 (5.9%) 
Partially 25 (73.5%) 
Disease stability 4 (11.8%) 
Disease progression 3 (8.8%) 

 

After 3 cycles, we recorded 5.1% of patients 
who responded fully after 3 cycles and the majority of 
patients had partial response (76.9%); 5.1% of 
patients with progressed disease. After 6 cycles, five 
patients discontinued the chemotherapy prematurely 
because of disease progression after 3 cycles and 
geographical distance. According to Table 3, 25 

patients (73.5%) achieved partial remission and 2 
cases (5.9%) obtained a complete response, 
therefore, the rate of overall response and disease 
control were 79.4% and 91.2%, respectively. The 
median dosage intensity of irinotecan, oxaliplatin and 
5-FU used in the treatment for 39 colorectal cancer 
patients were 83.7%, 83.08% and 84.33%, 
respectively. 

 

Figure 1: Progression-free survival 

 

 After 36 months of follow-up, the progression-
free survival in our study was calculated as 13.4 ± 9 
months (Figure 1). The overall survival rate at 12th 
month was 90% and 24th month was 76% (Figure 2). 

 

Figure 2: Overall survival rate 

 

All patients in the study were assessable for 
the safety of treatment. The most prevalent adverse 
events included neutropenia, thrombocytopenia, 
anemia, vomiting, diarrhea, stomatitis, hepatic toxicity, 
peripheral neurotoxicity. Nevertheless, most toxicity 
complications were at grade 1 or 2, and grade 3 or 4 
was commonly seen in neutropenia. Of which, 
granulocytopenia of grade 1/2 occurred in 25.5% of 
patients, while grade 3 and 4 occupied a lower rate of 
14.1% and 9.3%, respectively. Thrombocytopenia and 
anemia accounted for very low percentage of 3.2% 
and 8.3%, mainly at grade 1. Liver toxicity was the 
most prevalent non-hematological adverse event and 
accounted for the highest proportion of 52.5%, 
followed by vomiting and diarrhea with the figure of 
18.3% and 6.9%, respectively. All of them were 
scored at grade 1/2 (Table 4). 
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Table 4: Adverse Event of FOLFOXIRI regimen 

Adverse Event Grade 0 (%) Grade 1-2 (%) Grade 3-4 (%) 

Granulopenia 51.1 25.5 23,4 
Thrombocytopenia 96.8 3.2 0 
Anemia 91.7 8.3 0 
Vomiting 74.23 23 2.67 
Diarrhea 93.1 6.9 0 
Oral toxicity 96.57 3.63 0 
Liver toxicity 47.5 52.5 0 

 

 

 

Discussion 

 

In recent times, the development of 
chemotherapy in treatment for patients with colorectal 
cancer has led to considerable benefit regarding 
antitumor activity and efficacy [5]. Documents showed 
that the best outcomes are obtained from patients 
who received all three main active substances (5-FU, 
irinotecan and oxaliplatin), but that in a sequential 
strategy only 60% to 80% of patients are able to 
continue the second-line treatments and thus, to be 
able to expose to all these three agents. These 
considerations assist the procedure to improve 
potentially more active first-line regimens which put 5-
FU with both irinotecan and oxaliplatin. Thus, we 
conducted the study to evaluate effectiveness combo 
of irinotecan, oxaliplatin and 5-FU/LV (FOLFOXIRI), 
orderly. 

In our research, the overall response rate was 
79.4%. Of which, there were 5.1% of patients with full 
response, 73.5% with partial response, 11.8% with 
stable disease and 5.9% with progressive disease. 
Consequently, the rate of disease control was 
calculated as 91.2%. The overall response rate is 
among the highest findings which were presented in 
previous study on any chemotherapy regimens for 
treatment of metastatic colorectal cancer [4], [8], [9], 
[10]. The median dose intensities were 83.7% with 
Irinotecan, 83.08% with Oxaliplatinand 84.33% with 5-
FU. This is the lowest dose intensity of chemotherapy 
compared with those four reference studies, except 
for Souglakos et al.’s study [8]. Regarding to patients’ 
characteristics, based on three main factors: median 
age, prevalence of patients treated with chemotherapy 
before, severity of disease, our patients group 
presented a younger median age (54 years), the 
second lowest number of patients with metastases > 1 
(16.7%, just behind the figure of Azmy et al.’s study 
with 9%), and approximately 50% of patients had 
been taken with chemotherapy previously (middle-
ranking among 4 cited studies). Thus, the 
characteristics of our studied population were 
relatively more favorable than those of other groups in 
mentioned studies. 

During a follow-up period of 36 months, our 
study showed that the median progression-free 
survival was recorded as 13.37 ± 9 months. This 
result was comparable to foreign studies using the 

same regimen. Particularly, Falcone et al.’s study, 
(2002) revealed a median progression-free survival of 
10.4 months while Souglakos et al.’s study reported 
the progression-free survival of 13 months on average 
[4], [8]. Furthermore, in comparison with other 
regimens, FOLFOXIRI increased PFS by about 3 
months, and decreased the risk of early disease 
progression by halfThe 12th month and 24th month 
overall survival rate was 90% and 76%, respectively. 

A notable disadvantage of FOLFOXIRI is 
tohave many side-effects, but in an acceptable level. 
Neutropenia was the most common hematological 
toxic effect with proportion of 48.9%. In particular, the 
incidence of grade 1/2 granulocytopenia was 25.5% 
while grade 3/4 was found in 23.4% of patients. There 
was no case of fever caused by neutropenia. 
Interestingly, neutropenia was one of the adverse 
event with the highest rate in studies conducted by 
Falcone et al., (2002)’s which suggested that 14% of 
patients had at least one episode of neutropenia fever 
[4], and Souglakos et al., (2002) which found that 
grade 3 and grade 4 neutropenia happended in 14 
patients (45%), two patients had neutropenia fever 
(6%) [8]. Compared with mentioned authors, our result 
of neutropenia was somewhat lower. In our study, 
patients were screened for blood count routinely on 
day 8 after chemotherapy. Cases with grade 2 or 
above were injected with leukocyte stimulants and 
closely observed, daily white blood cell counts were 
measured to administer leukocyte-stimulating drugs if 
necessary, until blood cound reached over 2000 white 
blood cells/ml. In addition, dosage adjustment for 
each patient was based on level of granulocytopenia 
in the period of treatment. Cases with grade 3 
granulocytopenia were isolated in sterile rooms and 
broad-spectrum antibiotic prophylaxis was used until 
white blood cells increased to above 2000/ml. 

Regarding anemia, the rates of anemia and 
thrombocytopenia in our study were 8.3% and 3.2%, 
respectively. Most of side effects of anemia (6.5%) 
and thrombocytopenia were at grade 1. The rate of 
grade 2 anemia was very low with 2.3% and these 
side effects at grade 3 and 4 did not appear in the 
study. Also, the percentages of anemia and 
thrombocytopenia of foreign studies were very low (< 
10%) [11], [12]. The three drugs Oxaliplatin, 5-FU and 
Irinotecan have unclear effect on thrombocytopenia 
occurrence. Regarding anemia, only oxaliplatin can 
cause a small erythropoietic anemia because a small 
fraction (~ 7%) of oxaliplatin penetrate into red blood 
cells and break down the red blood cells after 48 
days. Nevertheless, because only a small proportion 
of oxaliplatin can get into red blood cells, the levels of 
anemia of regimens containing oxaliplatin in general 
and of FOLFOXIRI in particular are not high. 

Vomiting during chemotherapy occurred in 42 
cases. However, no incidence of vomiting at grade 4, 
grade 3 occurred in 2.67% of the patients. The 
remaining was mainly infusions causing vomiting at 
grade 1 (74.23%) and grade 2 (23%). The toxicity rate 
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was lower than Falcone et al.'s study, in which the 
incidence of vomiting was 60% for grade 1, 53% for 
grade 2 and 13% for grade 3 [4]. The causes of this 
type of vomiting are usually related to psychological 
factors which stimulate pneumogastric nerve to cause 
vomiting. To solve this problem, we usually use 
supplements of pills (Diazepam) for patients with a 
history of severe vomiting in the previous infusion. In 
addition to using the 5-HT3 class of anti-vomiting 
medication, we also combined two other classes in a 
routine way: Corticosteroids (dexamethasone) have 
anti-vomiting mechanism on the central nervous 
system; Primperan has anti-vomiting mechanism by 
D4 receptor blockade. Several severe vomiting cases 
(grade 3) were also given Haloperidol, a 
chemotherapy-induced P-receptor blocker in the CTZ 
(chemo-trigger zone). 

The incidence of diarrhea in our study group 
was 6.9%. Most patients developed diarrhea at later 
time (after 24 hours of chemical infusion). There was 
no case of diarrhea in grade 3 or 4. By contrast, 
Souglakos et al., treated on 31 stage IV colorectal 
cancer patients with the similar regimen and found 
that grade 3 and 4 diarrhea was presented in 10 
cases (32%) [8]. Besides, the rate of grade 3, 4 
diarrhea in Falcone et al.’s research (2007) was 20%, 
with no significant difference from FOLFIRI group [10]. 
Irinotecan, in addition to be Topoisomerase II enzyme 
inhibitor, inhibit Acetylcholinesterase, an enzyme that 
decomposes neurotransmitter of Acetylcholin 
receptor. Therefore, using Irinotecan will stimulate 
parasympathetic nervous system which intensifies 
bowel movement and results in diarrhea. All of our 
patients are taking Atropin to prevent this side effect. 
Depending on the severity of patient’s diarrhea, 
Atropin is added during infusion. 

Three-point six three percent of patients with 
oral toxicity had been detected in this study and all 
were at grade 1. FOLFOXIRI regimen not using bolus 
5-FU as a feature causes low rate of stomatitis. 
Studies of Peeters M et al., (2010) [13] and Douillard 
JY et al., (2000) [14] also had a low incidence of this 
toxicity (below 5%) [13], [14]. Cases with oral toxicity 
was detected and treated early, which limited 
significantly the severity of this unwanted effects. 

The most prevail non-hematological adverse 
event was liver toxicity, accounting for 52.5% of 
patients treated by FOLFOXIRI, by most of them were 
at grade 1 (50%), followed by grade 2 with only 2.5%. 
Similarly, liver toxicity in majority of foreign studies 
amounted to the highest percentage at grade 1 while 
the figure of grade 2 toxicity was very small [15], [16]. 
Of three drugs used in this study, Oxaliplatin is 
metabolized and excreted mainly in kidney so there is 
no effect on the liver. 5-FU and irinotecan are 
metabolised and excreted primarily in the liver, which 
can cause hepatitis due to the drug. However, the 
severity of hepatitis is usually mild and self-healing 
after chemotherapy discontinuation. In the period of 
treatment, we focussed on the use of infusion after 

chemotherapy to improve liver function, which helps 
reduce liver enzymes.  

In conclusion, the FOLFOXIRI chemotherapy 
is a highly effective regimen demonstrated by an 
increase in response rate, progression-free survival 
and has side-effects at manageable and well tolerated 
levels during first-line treatment of metastatic 
colorectal cancer. The regimen needs to be 
conducted more in study with a larger sample size 
and a broader scope to prove its effectiveness and 
safety before being widely applied in hospitals across 
the country. 
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Abstract 

BACKGROUND: Deep venous thrombosis (DVT) is a prevalent complication of orthopedic surgery. According in 
many studies. The incidence of DVT may be up to 50% if thromboprophylaxis is not available.  

AIM: The objective of this study was to check the degree of disease, clinical characteristics and analyzed factors 
in vulnerabilities with lower-limp DVT after orthopedic surgery in a Vietnam teaching hospital. 

METHODS: Orthopedic patients who met criteria were recruited at our hospital between August 2017 and June 
2018. Ultrasound was used to discovering lower-limp DVT in pre-surgery and 7 days after surgery in all patients.  

RESULTS: The incidence of DVT after orthopedic surgery was 7.2%. Patients with older age (> 60) have a risk of 
2 times higher of DVT after surgery than normal people (p < 0.05). The incidence of postoperative DVT was 
higher in immobile individuals > 72 hours (p < 0.05). Patients with prolonged surgical time (>120 minutes) had a 
higher risk of postoperative DVT than non-surgical patients’ surgery (p < 0.05).  

CONCLUSIONS: DVT remains a common complication following orthopedic surgery. Older age, immobility 

status, and surgical time have been found to be risky factors for the development of postoperative lower-limp DVT 
in orthopedic patients. 

 

 

 

 

 

 

Introduction 

 

Deep vein thrombosis (DVT) occurs when 
blood clots are formed and cause partial or complete 
blockage of the veins, most commonly the lower-limb 
veins Complications can include pulmonary embolism 
(PE), as a result of a blood clot moving to the lungs, 
and syndrome after thrombosis. In the United States, 
DVT and PE caused up to 600,000 hospitalizations a 
year, approximately 50,000 deaths from PE [1]. 

Orthopedic surgeries, such as total hip 
arthroplasty (THA) and full knee joint surgery, are 
favorable conditions for the formation and 
development of the DVT. According to current reports, 
in the absence of thromboprophylaxis, the vein 

method used to detect DVT occurs in up to 50% of 
orthopedic patients, and PE is cause of death of about 
1.7% of patients experience THA and about 2% of 
patients experience TKA. Even with prophylaxis, the 
likelihood of DVT in orthopedic surgery is 27% [2].  

However, according to the literature, the 
clinical symptoms of DVT is mostly atypical, only 
suggestive [3]. Nguyen Van Dung conducted a study 
of clinical characteristics of DVT and found that leg 
pain occurs in 45.9% of patient with thrombosis and 
48.4% of patients without thrombosis, while other 
symptoms such as swelling, leg numbness, warmth or 
redness are detected in these two groups. These 
signs and symptoms are easily confusing with those 
appearing postoperatively [4]. Similarly, Ker-Kan Tan 
et al., implemented hospital-based case-control study 
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and indicated that presenting signs/symptoms relating 
to DVT such as leg pain, warmth, erythema and fever 
were not significantly different between groups [5]. 

We conducted this research to evaluate the 
incidence rate, clinical characteristics and risk factors 
for lower-limb DVT in patients undergoing major lower 
limb orthopedic surgery in our teaching Bach Mai 
hospital in Vietnam.  

 

 

Materials and Methods 

  

Study subjects 

Patient Selection 

To be included in the study, patients had to be 
adult (≥ 18 year of age) and had undergone one of 
surgical procedures including total hip arthroplasty, 
knee arthroplasty or repair of femur fracture, were 
received preoperative anticoagulant therapy with low-
molecular-weight-heparin or oral rivaroxaban, and 
have ≥ 3 days of hospital stay after surgery. Patients 
who have been previously diagnosed and treated for 
lower extremity DVT were excluded from the study, as 
were patients with neurological diseases who did not 
have ability to co-operate and provide accurate 
information. All the patients were notified of the 
investigational nature of the research, provide oral 
acceptance before registration on to the study. 

 

Time and Location 

The research was proced from August 2017 
to June 2018 in Bach Mai Hospital, Hanoi, Vietnam. 

 

 Methodology 

Study Design: Cross-sectional descriptive 
examination. 

 

Sample size and sampling method 

Sample size 

Method:  

n= Z
2
1-α/2 x  

2

1

d

pp 

 

n: sample size for the study; 

α: 95% confidence coefficient; 

Z1-α/2= Zα/2 = 1,96; 

p: incidence of DVT after orthopedic surgery, 
p = 0.4; 

d: absolute error, d = 0.1; 

The result of calculating the sample size is 
that n ≈ 92.2. 

Therefore, the minimum sample size required 
for the study is 93 patients. 

Sampling method: Intentional sampling 
method by selecting patient according to the selection 
criteria in the study until the sample size is sufficient 

 

Study Process 

All patients who satisfy the criteria of study 
and agreed to attend in the examination were 
interviewed and collected data (demographic 
information, clinical and subclinical characteristics, 
surgical methods, thrombo-prophylaxis regimen), 
taken a blood sample to perform D-dimer levels 
before and after 3 days of surgery. Simultaneously, a 
Duplex ultrasonography of the lower limb veins was 
also excecuted to confirm the presentation of thrombi 
prior to surgery, since patients diagnosed with pre-
existent DVT would be excluded from the study. After 
7 days or in case of clinically suspected VTE post-
operatively, patients were clinically checked-up and 
experienced Duplex ultrasonography of lower limb 
veins and were assessed using Caprini score in order 
to determine the diagnosis of DVT. After hospital 
discharge, patients were conducted to account to the 
reseach center promptly if any symptoms and 
evidences of DVT occurred at home, and were asked 
to visit for re-examination after 1 month or 
immediately when symptoms occurred. 

 

Statistical Analysis 

Consecutive variables were precented as 
mean ± standard deviation or median [range: min-
max]. Besides, we conducted Student t test or the 
Wilcoxon Rank Sum test to appreciate distinction in 
mean or medians, respectively. Categorical data were 
compared using the chi-square or Fisher exact tests. 
Multivariate logistic regression was performed to 
identify risk factors independently interconnected with 
occurrence of post-operative DVT. Odds ratio (OR) 
and 95% confidence interval (CI) were computed 
using logistic regression. The α level for statistical 
significance for all test was set at 0.05. All analyses 
were performed using SPSS 23.0 and STATA 12.0. 

 

 

Results 

 

From August 2017 to June 2018, we enrolled 
97 orthopedic surgical patients who meet criteria to be 
included in the study at Bach Mai Hospital. Mean age 
of study population was 61.1 ± 16.3 years old, with the 
lowest age of 25 and the highest of 95 years old. The 
proportion of men and women was 47.4% and 52.6%, 
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respectively. All patients in the study did receive 
thromboprophylaxis, mainly with Rivaroxaban 10 
mg/day (82.5%) or Enoxaparin 40 mg/day (13.4%), for 
average of 10-14 days, and possibly up to 35 days 
after surgery [26]. During follow-up, four patients 
presented major bleeding complications during 
Enoxaparin therapy, and Rivaroxaban was used 
alternatively in the following days. 

Table 1: Essential characteristics of orthopedic inmates  

Characteristics DVT group (n = 7) Non-DVT group (n = 90) p value 

Age    
18-40 0 13 (14.4%) 

P > 0,05 

41-60 2 (28.6%) 27 (30.0%) 
61-74 5 (71.4%) 31 (34.4%) 
≥75 0 19 (21.2%) 
Mean age  
X ± SD (Min-Max) 

65.3 ± 7.3 (55-74) 60.8 ± 16.8 (25-95) 

Gender    
Male 3 (42.9%) 43 (47.8%) 

P > 0.05 
Female 4 (56.1%) 47 (52.2%) 
Surgical procedures    
Total hip replacement 3 (4.8%) 59 (95.2%) 

P > 0.05 
Repair of femur fracture 0 3 (100%) 
Total knee replacement 4 (12.9%) 27 (87.1%) 
Acetabular labral tear 
surgery 

0 1 (100%) 

Symptoms    
Pain in one leg 7 (100%) 67 (74.4%) > 0.05 
Erythema 5 (83.6%) 35 (38.9%) > 0,05 
Swelling 4 (57.1%) 46 (51.1%) > 0.05 
Limb numbness 2 (28.6%) 11 (12.2%) > 0.05 
D-dimer test (mg/l FEU)    
Before surgery 2.39 ± 2.52 1.15 ± 1.38 < 0.05 
After surgery 6.13 ± 7.38 2.64 ± 2.31 < 0.05 

 

Seven patients developed lower-limb DVT 
after surgery, and were compared versus those who 
did not (non-DVT group: n = 90). Patients with DVT 
were older than those without DVT (65.3 ± 7.3 vs. 
60.8 ± 16.8 years, respectively). DVT was detected in 
71.4% of patients aged 60-74 years. The distinction 
was not statistically considerably (p > 0.05). There 
were no gender differences between two subgroups. 
The prevalence of lower-limb DVT was mainly in the 
two types of surgery: 12.9% for knee arthroplasty and 
4.8% for hip arthroplasty. Regarding to the clinical 
presentation of DVT in orthopedic patients, the rate of 
leg pain, erythema, swelling and limb numbness were 
respectively 100%, 83.6%, 57.1% and 28.6% in DVT 
patients, higher than those of non-DVT group (Table 
1). 

Table 2: Risk factors of lower-limb DVT 

Risk factors No. of patient with lower-limb DVT Odd ratio p value 

Age > 60 5 (9.1%) 2.0 (0.38-10.86) < 0.05 
Female sex 4 (7.8%) 1.22 (0.26-5.8) > 0.05 
Current smoker 2 (12.5%) 2.17 (0.4-12.0) > 0.05 
Diabetes 1 (9.1%) 1.33 (0.1-12.3) > 0.05 
Previous major surgery (1 
month or more) 

2 (20.0%) 4.1 (0.8-22.1) > 0.05 

Blood transfusion 4 (13.8%) 3.5 (0.8-15.5) > 0.05 
Immobilization > 72 hour 5 (20.0%) 8.8 (1.6-48.5) < 0.05 
Operative time 4 (50.0%) 28.67 (4.7-173.7) < 0.05 

 

Table 2 summarizes the result of logistic 
regression used to analyze the association between 
post-operative lower-limb DVT and causative factors 
including age over 60, gender, smoking status, history 
of diabetes, previous major surgery, blood transfusion, 
immobilization > 72 hours and operative duration. Our 
analysis revealed that older age (> 60), immobilization 
(> 72 hours), and prolonged surgery (operation time > 

120 min) were significantly associated to the high risk 
of DVT (p < 0.05). Particularly, the rate of post-
operative lower-limb DVT was significantly higher in 
patients who were immobilized for ≥ 72 hours (20%), 
compared to those who weren’t (2.8%). Immobilization 
increased the risk of DVT by 8.8 times in orthopedic 
surgical patients (95% CI, 1.6-48.5). Patients with 
prolonged surgical time (≥ 120 min) had elevated 
overall rate for lower-limb DVT and greater risk of 
post-operative deep venous thromboembolism (OR = 
28.67; 95% CI, 4.7-173.7) compared with patients 
having less than 120 minutes of surgical time. 

 

 

Discussion 

 

Deep vein thrombosis is known to occur 
prevalently after surgery, particularly orthopedic 
surgery, and to be able result in PE, which can be 
fatal. Our study of 97 patients undergoing major 
orthopedic surgery reveals that the rate of DVT after 
orthopedic surgery was 7.2%. This finding is lower 
than the 40% found in the Vo Van Tam and Nguyen 
Vinh Thong’s study conducted in Cho Ray Hospital 
[6]. Moreover, Kim K et al reported 18%-24% 
incidence of deep vein thrombosis following total hip 
arthroplasty (THA) and an incidence of 20%-49% 
following total knee arthroplasty (TKA) [7]. Although 
these studies were similar in time and patient’s 
characteristics compared to our study, the patients of 
these studies did not receive pre-operative 
thromboprophylaxis while in our study it was provided 
to 100% of patients before surgery. Thus, the rates of 
DVT are higher than ours. 

Regarding to the clinical characteristics of 
lower-limb DVT, no statistically considerably 
distinction was found between groups. The most 
found symptoms/signs were leg pain and erythema in 
DVT group. This suggests that these two symptoms 
may be indications that the patient may have had or 
be having lower-limb DVT. However, with the 
specificity of orthopedic surgery as the intervention in 
the limbs of the patient, so these symptoms can be 
confusing, difficult to identify. Author Nguyen Van 
Dung (2011) claimed that the clinical symptoms of 
lower-limb DVT are atypical, nonspecific and easy to 
confuse with other diseases [4]. Others such as 
swelling, numbness and paresthesia are somewhat 
related to the feeling of each patient, so there is a 
similarity between DVT and non-DVT patients.  

Our study shows that preoperative and 
postoperative D-dimer test values were significantly 
higher in the DVT group than in the non-DVT group (p 
< 0.05). These values were also found similar after 
surgery. Si-dong Yang, et al., conducted study on D-
dimer test and found the D-dimer in DVT group to be 
relatively greater than non-DVT group [8]. Hamidi S, 
et al., reported a difference in D-dimer levels after 
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surgery between patients with and without DVT, with 
D-dimer cut-off point on day 3 post-operatively of 2.1 
μg/mL for 100% sensitivity, 80.7% specificity and 
100% negative diagnostic result [9]. Furthermore, 
Sudo A, et al., indicated the increase of D-dimer level 
statistically significant on day 4, 7, 10 and 14 after 
surgery, a value of 7.0 mg/L on day 4 is significant for 
the diagnosis of lower extremity DVT [10]. In case 
Duplex ultrasound images are negative, the addition 
of D-dimer test eliminates the risk of DVT and patient 
does not need to do second ultrasound test [11], [12]. 
Therefore, our findings are consistent with those of 
foreign authors.  

Ascertaining the risk factor for progessive of 
DVT and PE is significant as this may help clinicians 
determine high risk patients and give them 
appropriate prophylaxis. In this study, we evaluate 8 
factors for their role in causation or association with 
development of DVT after orthopedic surgery and 
found age over 60, immobility > hours and prolonged 
operative time (> 2 hours) to be significant risk factors.  

Older age is commonly related to weak 
venous valve dinamic, vascular sclerosis and high 
blood viscousness. This factor associated with limited 
exercise after surgery, may result in lower limb DVT. 
In present research, age have been found to be 
significantly interconnected with an increase of 
venous thrombosis among orthopedic patients. Our 
result is consistent with that of Motohashi M which 
showed that age over 60 years significantly increased 
the risk of DVT by 3.91 times (p < 0.001) [13]. After 
surgery, patients often do not exercise in bed and 
spend a lot of time travelling on ambulant, thus they 
are at high baseline risk of venous thrombosis in the 
lower extremity. Our study confirms that postoperative 
immobilization over 72 hours was considerably 
interconnected with high risk of lower-limb DVT (OR = 
8.8, p < 0.05). Our finding also accords with that of 
Bagiaria et al. [14]. In Virchow’s Triad describing the 
pathogenesis of venous thrombosis, one of the three 
factors are stasis of blood flow. Prolonged immobility 
can be conducive to this condition, leading to the 
genesis of blood clot in the lower-limb. 

Table 2 shows that patients who had surgery 
time greater than 120 minutes increased the risk of 
DVT by 28.67-fold, which was statistically significant 
at p < 0.001. Bagiaria et al., suggested that a surgery 
performed for more than 2 hours will increase the risk 
of DVT by 4.318 times [14]. Besides, Kang J, et al., 
reported a 1.69 times higher risk in patient with 
prolonged operative time [15]. The finding of our study 
was surpassingly higher than those of the authors, 
perhaps because our sample size was 97 patients, 
which is much lower than that of Bagaria's (147 
patients) and Kang J's (1025 patients). In an analysis 
of 611 patients who had undergone orthopedic 
surgery of lower extremities, Motohashi M et al. 
demonstrated that prolonged operation time (> 120 
minute, OR = 4.52) was detected as factor that 
markedly impacted the occurrence of DVT in all 

patients. But in general, the more time the surgery 
take, the greater the risk for developing lower-limb 
DVT become [13]. 

In conclusion, DVT remains a common 
complication following orthopedic surgery. Our study 
conducted on 97 orthopedic surgical patients showed 
that the incidence of postoperative DVT was 7.2%. 
Common clinical symptoms are pain in one leg, 
swelling, paresthesia and skin color change. Old age, 
immobility status (> 72 hours) and prolonged 
operative time were associated with a higher risk of 
developing postoperative DVT after orthopedic 
surgery. Thus, plastic surgeons should carefully 
examine the risk factors of DVT before implementing 
major orthopedic surgeries and should remain aware 
of the likelihood of developing postoperative DVT in 
high-risk patients. 
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Abstract 

BACKGROUND: Direct oral anticoagulant-rivaroxaban may provide a simple, fixed-dose therapy for the 

management of hospital-acquired, acute venous thromboembolism (VTE) and for extended treatment, its use 
could skip lab observation and/or parenteral treatment. 

AIM: Compare the efficacy and safety (EAS) of RIV vs. standard therapy (SDTD) in a cohort of Vietnamese 
patients diagnosed with symptomatic, acute VTE. 

METHODS: An open-label, case-control, prospective study was conducted to check the efficacy and safety (EAS) 
of oral rivaroxaban (RIV) alone (15 mg 2 times/day for 3 weeks, then 20 mg 1 time/day) in a comparison to the 
standard therapy (STDT) (enoxaparin 1.0 mg/kg 2 times/day combining with vitamin K antagonist). Patients were 
treated for 6 months and followed-up for suspect reoccurring VTE and bleeding. 

RESULTS: A total 187 patients were enrolled into study. 83 were provided rivaroxaban and 104 received 
enoxaparin overlapping with vitamin K antagonist (VKAs). Recurrent VTE occurred in 3 (3.6%) rivaroxaban-
received patients compared with 5 (4.8%) standard-treatment received patients (OR: 0.74, 95% CI, 0.17 to 3.20, p 
> 0.05). Major bleeding events were found in 1 (1,8%) and 4 (3.9%) cases in the RIV treated and STDT cohort, 
respectively (OR: 0.30, 95% CI, 0.03 to 2.76, p > 0.05). 

CONCLUSION: The finding of this study in Vietnamese patients with acute VTE presented comparable EAS 
profile with RIV versus STDT, consistent with those found in global population. 

 

 

Introduction 

 

Venous thromboembolism (VTE), (for 
example deep venous thromboembolism (DVT) or 
pulmonary embolism (PE)) is a major issue which 
cause annual prevalence of about 100 – 200 cases 
per 100,000 individual in the Western countries [1], 
[2]. In Asia, the prevalence of VTE has increased over 
recent years, however, it is often knownto be lower 
than that in Caucasian population [3], [4]. 
Anticoagulant therapy effectively minimize the rate of 
recurrent VTE from 25% to 3% approximately within 
the period from 6 to 12 months, but the risk of VTE 
reoccurrence was stable at around 5-10% after one 
year of treatment [5]. 

Standard guidelines on antithrombotic therapy 
for VTE commonly suggest the application of 

enoxaparin (low molecular weight heparins) plus 
vitamin K antagonists (VKAs). However, it still has 
some limitations. Enoxaparin requires uncomfortable 
subcutaneous injection on a daily or twice daily basis 
while treatment with VKAs demands lab observation 
and cautious dosage modification and may be 
complicated by interacting with food and concomitant 
drug. After one year, the likelihood of occuring major 
bleeding event with regard to the use of VKAs is 
approximately 1 to 2% annually [6]. As a result, the 
debate on balancing the advantages and the 
disadvantages of continuous therapy were still 
controversial, regardless of the high likelihood of VTE 
reoccurrence in a long term. An absolute method to 
solve several of these concerns might be introduction 
of new oral anticoagulant that skip the requirement for 
parenteral medication and routine lab observation but 
shows effectiveness as a single factor for acute and 
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continued treatment of symptomatic VTE. 

Rivaroxaban (RIV), a new oral anticoagulant, 
acts through activedirect inhibition of activated Factor 
Xa and shows a quick onset of peak anticoagulant 
effect (within 2-4 hours after dosing) and has 
calculable pharmacodynamic and pharmacokinetic 
properties, which restrain the requirement for daily 
observation of anticoagulation, has a low propensity 
for interacting with other drugs and does not need 
dietary restrictation [7]. The evaluation of RIV was 
implemented in global clinical trial in acute 
symptomatic VTE patients, and showed a comparable 
efficacy as enoxaparin plus VKA with reduced 
incidence of major bleeding [8], [9]. 

Although there are a number of published 
studies on using RIV for the intervention of 
thrombolysis conditions in the literature, this therapy is 
not well documented among Asian population. 
Therefore, we aimed to compare the efficacy and 
safety (EAS) of RIV vs. standard therapy (SDTD) in a 
cohort of Vietnamese patients diagnosed with 
symptomatic, acute VTE. 

 

 

Methods 

 

Study design 

This was a case-control, prospective study 
designed to evaluate the EAS of RIV in comparison 
with SDTD (enoxaparin overlapping with VKAs) in 
treating acute hospital-acquired VTE. The research 
was conducted at a teaching hospital (Cho Ray 
Hospital, Ho Chi Minh, Vietnam).  

 

Subject and sampling method 

Convenience sampling method is applied. All 
eligible patients are recommended to participate into 
study. 

Patients were enrolled in the study if they 
were ≥ 18-year olds and had been diagnosed as 
having acute, symptomatic DVT and/or PE. Patients 
were not included if therapeutic dosage of parenteral 
anticoagulant was given to patients for over 48 hours 
before randomization; or if thrombectomy had been 
performed, a vena cava filter required for the present 
occasion of thrombosis; or if patients were 
contraindicated for using anticoagulant. Other criteria 
for exclusion were: having significant hepatic disease; 
another designation for VKAs; cerebral haemorrhage; 
occurrence of bleeding or an increased likelihood of 
occurring bleeding,; renal failure with creatinine 
clearance levels < 30 mL/min; a systolic blood 
pressure (BP) of ≥ 180 mm Hg or diastolic BP of ≥ 
110 mm Hg; pregnancy or breast-feeding; or a life 
expectancy of ≤ 3 months. 

Treatment regimens 

Patients using rivaroxaban for VTE treatment 
were received 15 mg 2 times per day for the first 3 
weeks, then 20 mg were given 1 time per day 
continuously. Patients distributed to STDT received 
injection of enoxaparin with a dosage of 1.0 mg/kg of 
body weight two times per day, and vitamin K 
antagonists (warfarin or acenocoumarol), begun 
during 48 hours after selection. Anticoagulation with 
SDTD was stopped when the INR (international 
normalized ratio) was recorded as 2.0 or higher for 
two continuous days and after the patients had been 
given at a minimum of 5 day. The VKAs dosing was 
changed to sustain an INR of 2.0-3.0. Initially, the 
INRs were examined frequently, and when stabile, at 
least one time per month.  

 

Patients follow-up 

Follow-up for discharged patients was 
performed for intended treatment period (6 months) 
and evaluated at fixed intervals that were alike for 
both subgroups. Any signs and symptoms of VTE 
recurrence, bleeding and complications were elicited 
using a checklist among each outpatient visit. If any of 
signs and symptoms of these events happened, 
patients were guided to inform to physician. In case of 
clinically suspected VTE reoccurrence, objective 
testing was demanded. 

 

Outcomes 

The main outcome for this study was the 
prevalence of reoccurring VTE consisting of 
symptomatic DVT or PE. The criteria for detection of 
recurrent PE were as follow: a new intraluminal filling 
deficiency on pulmonary angiography or computed 
tomography scan, a new cutoff of a vessel of 2.5 mm 
or higher in caliber on pulmonary angiography, a new 
non-high probability perfusion defect related to DVT 
as determined by ultrasonography or venography. The 
criteria for identification of recurrent DVT were as 
follow: a new non-compressible venous segment or a 
significant enlargement (more than 4 mm) in the 
caliber of the blood clots during full compression in 
earlier uncommon sector on venous detected by 
ultrasound scan or on the appearance of a filling 
deficiency on venography. 

The outcome of safety was clinically relevant 
bleeding. Bleeding complications were classified as 
critical if it was clinically overt and required a 
transfusion of more than two units of packed red blood 
cells; was intracranial or retroperitoneal, appeared in 
another critical site and/or conduced to mortality. Non-
critical clinical bleeding was determined as observable 
bleeding that did not satisfy the criteria for major 
bleeding complication but was related to medical 
intervention, infrequent use of drug or abandonment 
of medication, unscheduled contact with doctor, or 
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impairment of daily activities. 

Mortality was identified as being because of 
PE, bleeding events or other causes happening during 
the time of continuous treatment. Pulmonary 
embolism was seen as the reason of decease if 
objective documentation of the disease were 
demonstrated, or if the reason of death was not 
discovered and PE could not be removed.  

 

Statistical analysis 

Desciptive statistics were conducted to 
analyze distribution of baseline characteristics in the 
two treatment arms. Qualitative variables were 
calculated as percentages and quantitative variables 
were calculated as average (± SD). Proportions and 
absolute differences and corresponding 95% 
confidence intervals (CI) were reported. Exact method 
was applied to calculate 95% CI. The results were 
recognized statistically significant if p < 0.05. 

 

 

Results 

 

From January 2017 to August 2018, a total of 
187 VTE patients were selected into the study. Of 
these, 83 were given RIV and 104 received 
enoxaparin overlapping with VKAs. Overall, 71 
patients receiving rivaroxaban (85%) had isolated 
DVT vs. 91 (87%) from standard treatment group; 
Moreover, 3.6% vs. 4.8% of patients had DVT and 
PE, and; 10.8% vs. 6.7% of patients had PE without 
DVT symptoms (Table 1). Limb swelling and leg pain 
were found as the most frequent signs in DVT patients 
while dyspnea and chest pain were mostly seen in PE 
patients. Their baseline and clinical characteristics 
appear in Table 1.  

Table 1: Baseline characteristics 

Characteristic RIV (n = 83) STDT (n = 104) p value 

Average age, (± SD) 57.08 ± 19.5 60.2 ± 16.4 0.24 
Male sex, n (%) 30 (36.1) 27 (25.2) 0.13 
Mean weight 55.8 ± 10.1 55.4 ± 9.0 0.84 
Concomitant disease, n (%) 33 (47.1%) 58 (59.8%) 0.12 
Concomitant therapy, n (%) 42 (50.6%) 49 (47.1%) 0.65 
Major bleeding occurring in previous month, n 
(%) 

1 (1.2%) 0 0.27 

Creatinine clearance, n (%)   0.63 
30 - < 50 mL/min 7 (8.4%) 13 (12.5%)  
50 - < 80 mL/min 28 (33.7%) 34 (32.7%)  
≥ 80 mL/min 44 (53.01%) 55 (52.9%)  
Cancer 5 (6%) 9 (8.4%) 0.74 
Recent surgery 2 (2.4%) 3 (2.8%) 0.99 
Immobilization (≥ 4 days) 8 (9.6%) 11 (10.6%) 0.41 
Estrogen therapy 1 (1.2%) 0 0.25 
Previous DVT or PE 3 (3.6%) 3 (2.9%) 0.60 
Any travel > 6 hours in the past 3 weeks  0 1 (0.096%) 0.37 
Puerperium 1 (1.2%) 2 (1.9%) 0.54 
Known thrombophilic condition 3 (3.6%) 4 (3.8%) 0.96 
Unprovoked VTE  62 71  
only DVT, n (%) 71 91  
DVT/PE 3 (3.6%) 5 (4.8%)  
Only PE 9 (10.8%) 7 (6.7%)  

 

 Among 83 patients treated with rivaroxaban, 
8.3% had been immobilized for the first 3 days of 

treatment. Meanwhile, there were 15 enoxaparin 
users who had been immobilized. 

Table 2: Characteristics related to anticoagulant treatment in 
both subgroups 

Characteristic RIV (n = 83) STDT (n = 104) p value 

Immobilization during the first 3 
days 

  0.45 

Complete, n (%) 1 (1.2%) 1 (0.96%)  
Relative, n (%) 7 (8.3%) 15 (14.4%)  
Mean time in INR range    
< 2.0 NA 15.3%  
2.0-3.0 NA 54.8%  
> 3.0 NA 27.9%  
Mean study treatment duration, 
days 

167.6 ± 15.8 169.2 ± 16.4 0.61 

Intended duration of treatment    
3 months 12 16  
6 months 70 88  

Note: P values were determined using Chi-square test. 

 

Besides, in both treatment arms, only one 
patient was immobilized at a complete degree. In the 
traditional treatment group, the INR being in 
therapeutic range (2.0-3.0) accounted for 54.8% of the 
time, INR values above 3.0 and below 2.0 occupied 
the corresponding percentage of time of 27.9% and 
15.3%, respectively (Table 2). None of participants 
was missing during follow-up 

Table 3: Clinical outcomes 

Treatment Outcomes RIV (n = 83) STDT (n = 104) Risk Ratio (95% CI) p 

Recurrent VTE, n (%) 3 (3.6%) 5 (4.8%) 0.74 (0.17-3.20) 0.69 
Type of VTE reoccurrence     
Fatal PE 0 0   
Nonfatal PE 1 1   
Reoccurring DVT plus PE 0 0   
Reoccurring DVT 2 3   
Death from any cause – n (%) 2 (2.4%) 4 (3.9%) 0.61 (0.11-3.43) 0.57 
PE 0 0   
Bleeding 0 0   
Cardiovascular 0 0   
Other 2 4   
Bleeding event, n (%)     
Major bleeding 1 (1.8%) 4 (3.8%) 0.30 (0.03-2.76) 0.26 
Clinically relevant non-major 
bleeding, n (%) 

9 (10.8%) 11 (10.6%) 1.02 (0.40-2.59) 0.97 

Note: P values were determined using Cox Proportional-Hazard Regression. 

 

The main efficacy outcome, recurrent VTE, 
was confirmed in 3 cases in the novel anticoagulant 
subgroup and in 4 cases in the STDT subgroup. 
There were 6 cases of death reported in the study, 2 
from treatment arm using rivaroxaban and 4 from 
group received enoxaparin plus VKA. However, the 
cause of death was not associated with VTE or 
bleeding complications, but other diseases such as 
stroke, respiratory insufficiency, and diabetes. 
Clinically relevant non-major bleeding events were 
observed in 9 cases in RIV subgroup and in 11 
patients in SDTD group. Major bleeding was detected 
in one rivaroxaban-received patient (1.8%) and in 4 
(3.8%) patients who were give enoxaparin overlapping 
with VKA (Table 3). 

 

 

Discussion 

 

Our analysis confirms that RIV shows 
comparable effectiveness to STDT in Vietnamese 
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patients also, with parallel safety for the intervention of 
symptomatic, acute VTE, and for the continuous 
treatment. The use of rivaroxaban presented a slight 
decrease in the frequency of reoccurring VTE in 
comparison with enoxaparin/VKA and presents 
acceptable likelihood of occurring bleeding event. 

Our study shows that the mean age of 
patients receiving rivaroxaban group was 56.5 ± 20.1 
years, slightly younger than those on standard therapy 
(61.2 ± 18.8 years). Mean age of in our study 
population was similar to that of EISTEIN study on 
Chinese patients: 58.6 ± 15.8 and vs. 59.0 ± 15.0 
years, respectively [10]. Male patients accounted for 
36.1% in RIV group and 25.2% in STDT group. The 
male proportions are lower compared to those in 
contemporary clinical studies [11], [12]. The risk 
factors that were most commonly observed in our 
patients were immobilization, cancer, history of 
thrombosis, and undergoing previous major surgery, 
which are consistent with population-based 
researches from Western countries [13], [14]. Overall, 
2.4% of patients given RIV and 2.8% of those 
receiving STDT, underwent major surgery before, 
which suggested that post-operative 
thromboprophylaxis failed in these surgical patients. 
The situation of low execution of thromboprophylaxis 
in surgical patients has been reported in previous 
studies [15], [16]. On the basis of these data, the 
enhancement of quality should highlight the 
importance of conducting more appropriate 
prophylaxis for patients at high risk. In addition, the 
VTE treatment in standard therapy group was done 
well suggesting that the proportion of time in which the 
INR was in the therapeutic range (2.0-3.0) was 54.8% 
and for INR above 3.0 was 27.9%. Our findings were 
consistent with the results which was showed in other 
contemporary studies on VTE treatment [17], [18]. 

We found that rivaroxaban is non-inferior to 
enoxaparin in relation with efficacy and safety. The 
prevalence of complications occurring during 6 
months of follow-up is comparable to the rate 
demonstrated by Wang and colleagues [10]. The 
frequency of reoccurring VTE in that analysis was 
3.2% in both STDT and RIV groups. In our study, 
reoccurring VTE was identified in 3.6% of patients 
who received RIV versus 4.8% of patients in the 
STDT group. Bleeding was the most prevalent 
complication in this study, occurring in both treatment 
arms during initial therapy. Interestingly, while the rate 
of non-critical bleeding complications in two groups 
was comparable to each other groups (10.8% and 
10.6%, respectively), the frequency of major bleeding 
was less common in rivaroxaban-given patients, 1.8% 
vs. 3.8% (OR: 0.26; 95% CI: 0.03-2.76). Our results 
seem to be slightly worse than those in the 
randomized clinical trials. For instance, the EINSTEIN 
study which compares the EAS of RIV vs. STDT 
(enoxaparin plus VKA) found the prevalence of major 
bleeding event to be 0.8% and 1.2% (OR: 0.65; 95% 
CI: 0.33-1.30; p = 0.21) in the RIV and STDT groups, 

respectively. The most likely explanation for this 
discrepancy could be differences in the exclusion 
criteria to recruit patients in both studies. Moreover, 
the frequency of non-critical bleeding events was 
identical between two arms (8.1% vs. 8.1%) [17]. 

Prins MH et al., implemented a comparison 
between oral rivaroxaban and enoxaparin combined 
with VKA on 8282 VTE treatment and suggested that 
the rate of mortality was 2.3% and 2.4% in the two 
subgroups. Of these, PE related mortality accounted 
for 0.4% of patients using rivaroxaban and 0.3% of 
those receiving enoxaparin combined with VKA while 
bleeding related to death appeared in corresponding 
proportion of 0.1% and 0.2% of number of patients [9]. 
In comparison, there were 6 patients who died during 
follow-up in our study, but the cause of death was 
non-related to VTE or bleeding. 

Several restrictions of our study had been 
noted. Firstly, since our study was designed as open-
label, there could be bias in outcomes assessment. 
However, endeavors were performed in order to 
restrict bias in investigation, consisting of the demand 
to apply diagnostic tests in detecting suspected 
reoccurring VTE, identical follow-up of all patients, 
and central adjudication of all outcome circumstances. 
Second, imbalance in patients’ characteristics may 
lead to more hospitalization or emergency department 
visit recorded in one treatment arm and more 
“recycled” VTE codes that will be carried forward 
instead of being associated with a “true” recurring 
VTE. In order to solve this, we restrained our endpoint 
of “recurrent VTE” only to hospital admissions, where 
“VTE” was the primary code. Third, the risk of 
bleeding is also probably modified by characteristics 
that alter during the course of therapy, such as the 
concurrent use of other drugs, or the existence of 
intercurrent disease. Finally, our study was conducted 
in only one hospital with small sample sizes, so it was 
not possible to assess the true efficacy of rivaroxaban 
on Vietnamese subjects, therefore, it was necessary 
to implement more clinical trials with larger sample 
sizes in many different centers. 

To conclude, the findings of this study confirm 
that the EAS of RIV are compared with those 
monitored in the larger clinical trials with parallel EAS 
and better bleeding profile compared to STDT 
(enoxaparin combined with VKA). The results suggest 
that rivaroxaban offers clinician with a new, better 
option in treatment of VTE for Vietnamese patients. 
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Abstract 

BACKGROUND: Astigmatic management is an important step to achieve the best visual quality after refractive 
cataract surgery. Nowadays, along with progress in cataract surgery, the femtosecond laser can produce the 
arcuate incisions high precisely that help the astigmatic correction. In Vietnam, it has not yet any study about this 
issue, so we perform this study. 

AIM: To assess the efficacy and safety of arcuate corneal incisions in treatment corneal astigmatism during 
femtosecond laser-assisted cataract surgery. 

METHODS: In this clinical interventional study, forty-five cases with cataract and corneal astigmatism (> 0.50D) 
were treated with corneal arcuate incisions and femtosecond-laser assisted cataract surgery in Vietnam National 
Institute of Ophthalmology, from January 2017 to May 2018. The uncorrected and corrected distance visual 
acuity, refraction spherical equivalent, corneal astigmatism were measured (using an OPD-Scan III topographer) 
before, 1 week and 3 months after surgery. Some features of arcuate corneal incisions (quantity, depth, length 
and morphology), spectacle independence at a distance and complications were recorded. 

RESULTS: The rate of postoperative spherical refraction equivalent was within ± 0.50D and ± 1.0D at 3 months 
(in 95.6% and 100% of the eyes respectively). Mean length of arcuate corneal incisions was 53.78o ± 17.683o 
(range: 20o to 85o). The average of preoperative corneal astigmatism was 1.65 ± 0.83D, decreased to 0.59 ± 
0.549D in the third month after surgery. Surgical induced astigmatism was 1.05 ± 0.449D and lower than 
preoperative corneal astigmatism (1.65 ± 0.83D), thereby this indicated undercorrection. However, the rate of 
spectacle independence was 82.3%, and no complications were recorded. 

CONCLUSION: Correcting of corneal astigmatism in femtosecond laser-assisted cataract surgery combined with 
the formation of the arcuate incisions is a new and modern method for high safety and efficacy. 

 

 

 

 

Introduction 

 

Astigmatic management is an important step 
to achieve the best visual quality after refractive 
cataract surgery. Astigmatism postoperative from 
0.50D or less could result due to glare, halos, 
ghosting, symptomatic blur, and so on[1]. A report in 
Spain from 4540 cases showed that the corneal 
astigmatism was prevalent in patients after cataract 
surgery with at least 1.50D in 22.2% of cases[2]. 
About 38% of cataract eyes had corneal astigmatism 
at least 1.00D before surgery, and 72% of cases had 
0.50D or more [3]. In an investigation, in 2017 to 
evaluating the ocular biometric index on Vietnamese 

patients undergoing cataract surgery that indicated 
around 40.4% of study eyes which have corneal 
astigmatism preoperative with at least 1.0D.  

There are two main procedures for the 
treatment of corneal astigmatism in cataract surgery: 
using the corneal incisions, and toric intraocular lens 
implantation. In which toric intraocular lens is often 
used for high astigmatic cases, and the mild to 
moderate astigmatic cases may be corrected by 
corneal incisions (up to 2.50D to 3.0D or more) [4]. 
They could create a single or a paired arcuate incision 
at limbus or clear cornea. Their position is located at 
the steeper corneal meridian. They are non-
penetrating arcuate incisions with 80% to 90% of 
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corneal pachymetry which the length depends on the 
amount of power corneal astigmatism. In the world, 
many studies showed the role of corneal incisions that 
may occur due to flat the steeper meridian, and at the 
same time, it inflates the flatter meridian of the cornea. 
The phenomenon has called the coupling effect. The 
achieved outcomes were pretty good [5], [6]. 
However, in the past, the creation of manual arcuate 
incisions with a diamond knife had a lot of potential 
risks such as a dislocated incision, the ability to 
penetrate the cornea, uncorrected depth that may 
cause to reduce the efficacy of arcuate corneal 
incisions and unpredictable results [7]. Nowadays, the 
appearance of femtosecond laser helps to create 
precisely the position, size, length and depth of the 
arcuate incisions [8]. Thereby, the correction of 
astigmatism is more effective that due to increase the 
visual acuity and decrease the dependence on 
patient’s spectacles.  

 

 

Materials and Methods 

 

The design of the study 

This prospective, cumulative, interventional, 
nonrandomized, case series included forty-five eyes 
undergoing Femtosecond Laser Assisted Cataract 
Surgery (FLACS) and IOL implantation from January 
2017 to May 2018 at Vietnam National Institute of 
Ophthalmology (VNIO), Vietnam. Selection criteria 
were patients who had indicated cataract surgery and 
had cornea astigmatism more 0.5D. Exclusion criteria 
were patients with a history of trauma, previous 
glaucoma or intraocular surgery, small palpebral 
fissure, nystagmus or visible eyelid spasm, 
inflammatory or infectious pathology of the eye, scar 
or opacity of the cornea, and poorly dilated pupil (< 6 
mm). The clinical study was accepted by the 
institutional ethics committee of VNIO. All patients 
understood and voluntarily participated in this study. 

 

Preoperative and postoperative index 
 measurements 

All cases were examined carefully before 
surgery including slit-lamp biomicroscopy, tonometry, 
uncorrected and corrected distance visual acuity 
(UDVA and CDVA), fundus evaluation, measurement 
axial length, keratometry, non-contact specular 
microscopy, and corneal topography. At the first week, 
first month and third month postoperative, the UDVA 
and CDVA, tonometry, slit-lamp biomicroscopy, and 
measurement of corneal topography were repeated. 
The manifest refraction spherical equivalent (MRSE), 
corneal astigmatism, the average number and length 
of arcuate incisions were also measured. The rate of 
patient’s satisfaction, spectacle independence, and 
complications were recorded. 

Plan of arcuate incisions 

Length and number of arcuate incisions were 
determined on a web site 
(http://www.lricalculator.com, last accessed May 25, 
2018) to achieve lowest residual astigmatism. It was 
essential to reduce the length of incision because the 
LRIs calculator was the limbus relaxing incisions. At 
this moment, using the Donnenfeld Nomogram, we 
employed the arcuate incisions that were 2 / 3 LRI-
incision size, at 8 mm optical zone, and with 85% of 
corneal depth in the area of incision. 

 

Figure 1: The Donnenfeld Nomogram is available at 
http://www.lricalculator.com 

 

Surgical technique 

All procedures were realized with system 
LenSx (Alcon, USA) for femtosecond laser and Infiniti 
machine (Alcon) for phacoemulsification. Before 
surgery, all patients have cleaned the eyelashes, 
eyebrow, flushing of the lacrimal drainage system, 
and conjunctival sac. They were also received the 
solution topical antibiotic, inflammation non-steroid, 
dilated pupil, and topical anesthesia eye drops on day 
surgery. We have used a speculum to fixation the 
palpebral, then put the patient interface (PI) (Soffit, 
Alcon) to docking and suction ocular. By observation 
the screen containing the OCT imaging of patient’s 
eye, we could check all steps (limbus, primary 
incision, second incision, arcuate incisions, lens and 
capsulotomy), then perform the laser. After the 
opening the primary and second incisions by a hook, 
the viscoelastic solution was injected to the anterior 
chamber. Then, we used the capsulorhexis forceps to 
take off the anterior capsule, which was cut by laser 
before. Next, the phacoemulsification system had 
been responsible for performing its functions that were 
phacoemulsification of the nucleus and aspiration the 
cortex. The final steps of the procedure were 
implantation foldable intraocular lens in the capsular 
bag, and hydration the primary and second incisions. 

 

Data analysis 

Data were analyzed by using SPSS 16.0. The 
number of data was presented as X ± SD, and the 
percentage of data were shown in %. A P-value less 

http://www.lricalculator.com/
http://www.lricalculator.com/
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0.05 was considered statistically significant. Student’s 
t-test was used to compare corneal astigmatism, 
UDVA, CDVA, MRSE preoperative, one week, one 
month, and three months postoperative. We used Chi-
square test to analyze the rate of patient’s 
satisfaction, spectacle independence, and 
complications. Fisher’s exact test was used when the 
number of data was smaller than 5 to do Chi-square 
test. 

 

Figure 2: Screen of LenSx system shows the image OCT scan the 
patient’s eye 

 

 

Results 

 

This study included 45 eyes of 33 patients (22 
male and 11 female). The average of the age of the 
patients was 50.15 ± 16.672 years at the time of 
surgery. Among them, the most common are patients 
aged 40 to 60 years old. 

 

Figure 3: Preoperative corneal astigmatism 

Subjects of the study were patients with 
cataract who had corneal astigmatism before surgery 
more 0.50D. Among them, mostly astigmatic eyes 
were from 1.0D to 2.0D with 27 / 45 eyes accounting 
for 60% (Table 1).  

Table 1: Preoperative corneal astigmatism 

Preoperative corneal astigmatism n % 

0.50  1.00 (D) 8 17.8 
1.00  2.00 (D) 27 60.0 
> 2.00 (D) 10 22.2 

 

There were 10 / 45 eyes (22.2%) with corneal 
astigmatism more 2.0D. In particular, there were 2 
eyes of one patient with high astigmatism (3.86D and 
4.97D). This patient underwent FLACS with IOL Toric 
T6 (Alcon) implantation, combining two arcuate 
corneal incisions 85 degrees by femtosecond laser, 
resulting in postoperative astigmatism reduced to 
1.0D and 1.50D. The patient was satisfied with the 
visual acuity of 20 / 40 and spectacle independent. 

Table 2: Preoperative and postoperative corneal astigmatism, 
refraction and visual acuity outcomes 

 
Corneal 

Astigmatism 
(D) 

MRSE (D) 
UDVA 

(logMAR) 
CDVA 

(logMAR) 

Preoperative 1.65 ± 0.828 - 1.95 ± 4.987 1.44 ± 0.714 0.72 ± 0.456 
1 week postoperative 1.18 ± 0.761 - 0.27 ± 0.398 0.23 ± 0.141 0.12 ± 0.132 
1 month postoperative 0.80 ± 0.599 - 0.11 ± 0.299 0.14 ± 0.122 0.08 ± 0.124 
3 months postoperative 0.59 ± 0.549 - 0.08 ± 0.255 0.10 ± 0.103 0.07 ± 0.104 
p (pre-op and 3 months 
post-op) 

< 0.001 < 0.001 < 0.001 < 0.001 

Note: MRSE: Manifest refraction spherical equivalent; UDVA: Uncorrected distance visual 
acuity; CDVA: Corrected distance visual acuit; P values were determined by comparison 
value data preoperative with 3 months postoperative. 

 

The Table 2 showed that the mean 
preoperative corneal astigmatism was 1.65 ± 0.828D, 
which was significantly reduced to 0.59 ± 0.549D at 3 
months postoperatively (p < 0.001). Thus, surgical 
induced astigmatism averaged 1.05 ± 0.449D, was 
lower than corneal astigmatism before surgery was 
1.65 ± 0.828D, the correction index of surgery was 
0.64 (ratio between surgical induced astigmatism and 
preoperative corneal astigmatism). This result 
indicated the undercorrection in this study that was 
presented in Figure 4 below. 

 

Figure 4: The scatter plot of Preoperative corneal astigmatism and 
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surgical induced astigmatism.  

The MRSE have defined the significant 
increase (p < 0.001) between preoperative and 
postoperative values. Statistically significant 
improvements in UDVA and CDVA were determined 
at the third month postoperative (p < 0.001). Table 1 
indicated the change of MRSE and visual acuity 
outcomes in detail.  

Table 3: Manifest refraction spherical equivalent postoperative 
within ± 0.50D and ± 1.0D 

Manifest refraction spherical 
equivalent (MRSE) 

± 0.50D 
(%) 

± 1.0D 
(%) 

1 week postoperative 75.6 100 
1 month postoperative 93.4 100 
3 months postoperative 95.6 100 

 

One hundred percent of study eyes that 
MRSE after surgery were within ± 1.0D and 95.6% 
was the rate of MRSE within ± 0.50D at 3 months 
follow up. 

Table 4: The average length and number of arcuate incisions 

Number of arcuate incisions N Length of arcuate incisions (
o
) 

1 arcuate incision (opposite of primary incision) 16 62.81 ± 13.901 
2 arcuate incisions (symmetry through the central 
cornea) 

29 48.79 ± 17.761 

Total 45 53.78 ± 17.683 
Range  20 to 85 

 

In the study, there were 16 eyes with 
astigmatic axis according to the main incision axis, so 
only using a single arcuate corneal incision had a 
mean length of 62.81 ± 13.901 degrees. Twenty-nine 
eyes needed to create a pair of arcuate corneal 
incisions symmetrically across the central cornea, at 9 
mm optical zone, and the mean length of each 
incision was 48.79 ± 17.761 degrees. Thus, the mean 
length of an arcuate corneal incision to correct 
astigmatism in the FLACS in this study was 53.78 ± 
17,638 degrees. 

 

 

Discussion 

 

Cataract surgery has been one of the most 
commonly performed refractive procedure worldwide. 
The recent progress in cataract surgery has brought 
excellent results as the recovery of visual acuity 
quickly and stably. That has met the high 
requirements of patients for both visual qualities as 
well as the independence of the patient’s spectacle. 
Previous studies indicated the pre-existing corneal 
astigmatism is fairly popular in the patient undergoing 
cataract surgery. Residual astigmatism postoperative 
of 0.50D may occur due to halos, glare, monocular 
diplopia, asthenopia, and other visual distortions [1]. 
As a result, the treatment of corneal astigmatism in 
cataract surgery is indispensable. 

To obtain at least postoperative astigmatism, 

the surgeons may choose the different methods such 
as using the limbus relaxing incisions (LRIs), toric IOL 
implantation, and implementation excimer laser for 
residual astigmatic treatment after cataract surgery. 
Each method has its benefits and drawbacks. The 
cost of Toric IOLs is reasonably high. Furthermore, 
some studies have shown that there was the relative 
rotation of the IOL after surgery cause to increase 
astigmatism [9], [10]. Implementation excimer laser for 
residual astigmatic treatment after cataract surgery 
also requires a high cost. Moreover, it may have the 
complications concerned with corneal flap and not 
apply for cases with thin cornea [11]. 

LRIs may be used in cataract surgery to treat 
corneal astigmatism. Its advantage is low cost and 
ability to perform in the operation room or at a slit 
lamp microscopy in the examination room. However, 
in the past, the creation of LRIs with a diamond knife 
had a lot of potential risks such as a dislocated 
incision, the ability to penetrate the cornea, 
uncorrected depth that may cause to reduce the 
efficacy and stability of LRIs as well as unpredictable 
results [12]. Moreover, LRIs also can make irregular 
troubles at the limbus. Anyway, they have less glare 
and discomfort than the clear corneal incisions [13]. 

At this moment, we assessed the efficacy and 
safety of arcuate clear corneal incisions, which were 
implemented by femtosecond laser in FLACS. Many 
previous articles presented about the role of 
femtosecond laser in creation the arcuate incisions 
with more precision and safety by creating 
reproducible incisions for the position, size, length and 
depth of the arcuate incisions [8]. 

Depending on the amount of preoperative 
corneal astigmatism and its axis, we used a single 
arcuate incision (opposite of the main incision) or a 
pair of arcuate incisions symmetrically across the 
central cornea to correct astigmatism. The mean 
length of an arcuate corneal incision to correct 
astigmatism in the FLACS in this study was 53.78 ± 
17,638 degree (Table 4). Corneal astigmatism 
reduced from 1.65 ± 0.828D (preoperative) to 0.59 ± 
0.549D (at 3 months postoperatively). Surgical 
induced astigmatism averaged 1.05 ± 0.449D, was 
lower than preoperative corneal astigmatism (1.65 ± 
0.828D), the correction index of surgery was 0.64 
(ratio between surgical induced astigmatism and 
preoperative corneal astigmatism). This result 
indicated the undercorrection in this study that was 
presented in Figure 4. 

The study by Harry W. Roberts et al., (2018) 
also had similar results with this study when it showed 
that cataract surgery combined astigmatic correction 
by the arcuate corneal incision made by femtosecond 
laser had under correction postoperative [14]. Several 
other studies also have outcomes with under 
correction. It could be seen that researches have 
been still very prudent in using femtosecond laser to 
create the arcuate corneal incisions because of the 
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worry about their great effects that may lead due to 
unpredictable outcomes, overcorrection and increase 
of astigmatism with axial inversion. Therefore, most 
studies have remained slight residual astigmatism. In 
our study, residual astigmatism after surgery 3 months 
was 0.59 ± 0.549D, approximately to physiological 
astigmatism. 

Moreover, by James S Wolffsohn et al., 
(2013), astigmatism plays a role in increasing the 
depth of focus of patients with healthy corneas or 
following laser refractive surgery [15]. Another 
research suggested that residual against-the-rule 
cylinder after cataract surgery with IOL implantation 
benefits the uncorrected near vision [16]. Thereby, 
undercorrection with astigmatism in cataract surgery 
may be a beneficial factor for visual quality 
postoperative. However, in the scope of this study, we 
have not yet any conditions to evaluate this issue. 

Manifest refraction spherical equivalent of 
100% of study eyes after surgery were within ± 1.0D, 
and 95.6% was the rate of MRSE within ± 0.50D at 3 
months follow up. This rate was very high, contributing 
to explain the result of very good visual acuity. This 
result, according to a survey by questionnaires to 
evaluate the patient’s satisfaction and the glasses 
dependence showed that the rate of spectacle 
independence was 83.2%. 100% of patients was the 
rate of patient’s satisfaction with the surgical results, 
of which 81.8% of patients was high satisfaction. Most 
of the patients felt comfortable because the good 
vision was regardless of glasses. 

The study also found that there was not any 
complication related to creating arcuate incisions by 
femtosecond laser such as corneal perforation, 
dislocated incision, tear of incision, inadequate depth 
of incision, folded edge of incision, and penetrate the 
epithelium into the incision. 

In conclusion, correcting of corneal 
astigmatism in femtosecond laser-assisted cataract 
surgery combined with the formation of the arcuate 
incisions is a new and modern method for high safety 
and efficacy. Corneal astigmatism was reduced about 
64.0% compared to before surgery (correction index 
was 0.64). We have not yet any complications related 
to creating the arcuate incisions by femtosecond 
laser. Uncorrected distance visual acuity after surgery 
3 months was 0.10 ± 0.103, and 83.2% of patients did 
not depend on glasses. These results reinforced the 
evidence of the safety and efficacy of the surgery. 
However, the limitation of this study was that the 
sample size was small, and the follow-up time was 
short (3 months). The next task of the study is to 
collect more data to achieve a larger sample size and 
longer follow-up time. From that point, we could have 
a comprehensive view of the role, progress and 
stability of arcuate incisions in femtosecond laser-
assisted cataract surgery. The authors also would like 
to find a nomogram of the arcuate corneal incision 
using femtosecond laser that is intended for 

Vietnamese patients with specific ethnic and genetic 
characteristics. Therefore, the research direction that 
is reserved for femtosecond laser remains very much 
and requires more time and resources in the future. 

 

 

Ethical approval 

 

Our study was accepted by the institutional 
ethics committee of Vietnam National Institute of 
Ophthalmology. All patients understood and 
voluntarily participated in this study. 
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Abstract 

BACKGROUND: Persistent corneal epithelial defect (PED) is a consequence of many ocular surface disorders. 
Although many therapies have been suggested, the treatment of this disease have faced a lot of difficulties up to 
now. The transplatation of cultivated amniotic epithelial cells sheets is the new promised method for PED. Cord 
lining epithelial cells (CLECs) are epithelial cells of amniotic membrane of umbilical cord, so these cultivated cells 
sheet may be good for treating PED 

AIM: To evaluate the efficacy of the transplantation of cultivated CLECs sheets in treatment of PED and analyze 
some influential factors of this therapy.  

METHODS: A prospective interventional case series with transplantation of tissue-cultured human CLECs in 37 

PED eyes in Vietnam National Institute of Ophthalmology.  

RESULTS: Thirty four of 37 eyes were healed with the cells transplantation and 22 eyes of them healed within a 
week postoperatively. There were normal corneal scars and normal corneal epithelial cell (by impression cytology 
detection) on transplantation site in all 31 successful cases. The other successful eyes were done lamellar 
keratoplasty (respectively in 1 month, 3 months, 6 months and 27 months postoperatively) to investigate the 
histopathology of the CLECs transplant site. The histopathological images showed normal corneal scar and there 
was no appearance of CLECs in transplant site.  

CONCLUSION: tissue-cultured human CLECs transplantation is a quite safe and effective treatment for persistent 
corneal epithelial defect. The CLECs may help the epithelial healing at early stage but do not exist at transplant 
site for a long time. 

 

 

 

 

Introduction 

 

Persistent epithelial defect (PED) of cornea 
occurs when the corneal epithelium fails to regenerate 
steadily over a corneal wound within due course 
(usually less than 2 weeks in normal corneas), 
although the wound has been intensively treated [1]. 
The potential causes of PED are myriad and its 
mechanisms remain unclear, related to multiple 
factors and hard to determine specifically. Therefore, 
no specific therapy for this disease has been available 
up to now [1] 

Many therapies for PED have been 
suggested, such as: anti-iflammation, artificial tear, 
nutritious solution for ocular surface, soft contact lens, 
tarsorrhaphy, keratoplasty [1]. However, some PEDs 
were even failed to heal and the visual functions were 
threatened in spite of extensive treatments [2], [3], [4], 
[5]. Amniotic membrane transplantation has been 
recently employed in PED with promised result, 
nonetheless the success rate were varied in many 
studies (from 31.4% to 90%) [2], [6], [7]. Moverover, 
using amniotic graft may reduce the corneal 
transparent and visual acuity. Stem cell technologies 
have been applied to treat PEDs in some special 
situations, and supposed a new promised therapy for 
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this disease. Cultivated epithelial autografts (limbal 
stem cells, oral mucosal cells) or cultivated epithelial 
allografts (amniotic epithelial cells) have been tried in 
some rough cases with promised results [7], [8], [9], 
[10]. Parmar DN, et al., (2006) firstly successfully 
performed the trial of using tissue-cultured amniotic 
epithelial cells for 3 refractory PED cases [7]. 

Cord lining epithelial cells (CLECs) are 
epithelial cells of amniotic membrane of umbilical 
cord. These cells have been isolated and proved to be 
progenitor/stem cells. CLECs were differentiated to be 
some type of epithelium by some invitro study [11], 
[12], [13]. Zhou Y, MacAry PA, et al., have shown 
many markers of corneal and limbal epithelial cells in 
CLECs and the safety of CLECs human 
transplantation [12], [14]. Reza HM, (2011) has 
differentiated CLECs to corneal epithelial cells and 
transplanted them to rabbit eyes. The results showed 
that rabbits’ cornea after CLECs transplatation had no 
limbal stem cells deficiency signs and remained 
transparent with normal histology structures up to 10 
weeks postoperatively. These studies have suggested 
the CLECs application in treatment of ocular surface 
diseases, especially PEDs – one of the difficult treated 
corneal diseases [11]. From this hypothesis we 
carried out the prospective study to evaluate the 
efficacy of the transplantation of tissue-cultured 
CLECs in treatment of refractory PEDs. 

 

 

Materials and Methods 

 

Subjects  

In this study, 37 patients with PED in Vietnam 
National Institute of Ophthalmology were enrolled 
from December 2010 to May 2014. All patients were 
followed up at least 36 months. All our cases had 
been failed to healed with other treatment therapies. 
The descemetocele or perforated ulcer, corneal ulcer 
with inflammatory infitrative site or abscess in deep 
stroma, the PEDs with total limbal stem cells 
deficiency or the eyes with eyelid malformation were 
excluded from the study. 

This study was approved by the institutional 
review board of Vietnam National Institute of 
Ophthalmology, and informed consent was obtained 
from all patients. 

 

The tissue-cultured CLECs preparation 

The cells sheets were cultured in the 
laboratory of Department of surgery, National 
University of Singapore. The isolated CLECs were 
evaluated for the quality and expression of surface 
markers, and stored in single-cell suspension on 
culture dish with the density of 3-4 x 10

4
 cells/cm

2
 at -

196°C. Then, they were taken out of storage tanks 

and thawed at 37°C in water bath. And the cells were 
supplemented with PTTe-1 medium to the falcon 
tissue culture inserts (12-well plates) at density 
around 10000 cells/cm

2
. The next step, the culture 

plates were put straight into 37
o
C/5% CO2 incubator. 

The fresh culture media was replaced every 2 days 
until the cells grew into a continuous surface on the 
scaffold (from 5 to 7 days), consists of 1-2 cell layers. 
Finally, the cultured CLECs were determined the 
markers of cornea-like epithelial cells (CK3, CK12). 
For transportation, the Falcon tube (50ml) with 
cultured fluid contained 2 wells storage in -80°C. 

 

The tissue-cultured CLECs transplantation 

 The PEDs was cleaned by cresent knife to 
prepare transplantation site. The cells sheet with 
scaffold was cut to the shape and size of the ulcer. 
Then, the sheet was placed with the epithelium side 
down, and covered with soft contact lens. Two 
crossed Vicryl 8/0 sutures were placed over the 
contact lens to sclera for pressing and fixing the cells 
sheet. In necessary case, the combined surgeries 
such as hypopion lavage, pterygium excision and 
conjunctival autograft were done. Second cells 
transplantation was performed when the PEDs were 
ameliorated but not completely healed 4 weeks after 
the first surgery. The fixation sutures were removed to 
check the healing of the defect 7 days after surgery. 

Postoperative medications included topical 
moxifloxacin 0.5% (Vigamox; Alcon Laboratories, Inc. 
Fort Worth, USA) four times daily and sodium 
hyaluronate 0.1% (Sanlein, Santen Pharmaceutical 
Company) six times daily. 

The result of cells sheet transplantation was 
evaluated by two criteria; the time of healing and the 
quality of the corneal transplantation site. The 
treatment success meant the PED was completely 
healed after one or more transplatation, the failure 
meant the PED was not healed after transplatation or 
the corneal epithelial defect was recurrently appeared 
in 4 weeks after surgery and was not able to regraft. 

The quality of the transplantation site on 
cornea was clinical evaluated and catergorized into 3 
grades: good - the epithelial surface was smooth, the 
cornea was transparent and the anterior segment 
could be seen clearly. There is no neovessel at 
transplantation site; moderate-the epithelial surface 
was not smooth, but there is no epithelial defect. The 
cornea was mild opaque, but the pupil was able to 
see. There were neovessels in anterior stroma at 
transplantation site; bad-the epithelial surface was 
rough and there is epithelial defect or corneal 
recurrent erosion. The cornea was very opaque and 
the anterior segment could not be seen. There were 
many neovessles at at transplantation site, some of 
them were in posterior stroma. 

To detect any abnormal cells on transplatation 
site, the impression cytology was done 1 month, 3 
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months and 6 months postoperatively in success 
cases. To know whether CLECs were stayed at 
transplantation sites, as well as partially understand 
the epithelial healing mechanisms of defect, some 
male CLECs graft were used in female cornea. Then 
we performed keratoplasty for those cases to take the 
cornea for searching for CLECs. The SRY (the 
specific marker of Y chromosome) were tested in the 
cell-received cornea by PCR to determine the 
existence of CLECs on transplanation site by 
Genetics and Molecular biology laboratory of Vietnam 
Military Medical Universisty. 

 

 

Results  

 

The characteristics of studied patients and 
 PEDs before surgery 

There were 37 patients (26 male, 11 female) 
with the age from 21 to 86 years old (average 59.6 ± 
19.8 years old). All patients have unilateral corneal 
ulcer. 

The original causes of the corneal ulcers were 
described in Table 1. Most of the causes were 
infection (26/37 eyes) with 14 herpertic eyes (37.8%).  

Table 1: Original causes of the corneal ulcers 

Causes Quantity Percentage 

Infection Herpes 14 37.8 
Bacteria 11 29.7 
Fungi 1 2.7 

After surgery 3 8.1 
After radiation 1 27 
Eye trauma 2 5.4 
Sjogren syndrome 1 2.7 
Unidentified causes 4 10.9 
Total 37 100 

 

The period time of the corneal defects were 
from 4 weeks to 28 weeks (9.9 ± 5.2 weeks) and the 
period time of the PEDs were from 2 weeks to 13 
weeks (5.0 ± 2.9 weeks). All patients in our study 
were refractory with medical treatment (stopping 
corneal toxic eye drop, using artificial tear, using 
contact lens...). There were 2 recurent PEDs after 
AMT (Figure 1).  

 

Figure 1: The previous treatments of PEDs; (AMT: amniotic 
membrane transplantation; NSAIDs: non steroid anti-inflammation 
drugs).  

 

The size of the PEDs were from 11% to 65% 

corneal area (average 33.9 ± 14.9 % corneal area). 
The depth of PEDs were mostly less than two thirth of 
corneal thickness (33/37 eyes). The combined ocular 
lesions were shown in Figure 2. 

 

Figure 2: Combined ocular lesions; (MGD: meibomian gland 
dysfuntion). 

 

The results of tissue-cultured CLECs 
 transplantation 

The success rate of our study was 91.9% 
(34/37 eyes). There were 31 cases completely 
epithelialized in 2 weeks, 2 cases in 4 weeks, only 
one case with healing time more than 4 weeks and 
need second surgery. In 3 cases that failed to heal 
with transplantation, there was only one case recurred 
epithelial defect a week after healing. 

We found no association betweent healing 
time and some PEDs characteritics (original causes, 
the period time of the defects and the PED, the size of 
defect). Hoewever, the correlation between the time of 
epithelial healing and the tear secrection was 0,36 (p 
< 0,05). The healing time of eyes with the reduction of 
cornea sensation was longer than the healing time of 
the others (p < 0.05). The healing time of eyes that 
were both reduction of tear secrection and MGD (10.1 
± 5.5 days) were significant longer than the others 
(7.8 ± 4.1 days) (p < 0.05). 

Table 2: The quality of the transplantation sites 

Transplantation site 
Follow-up time 

Good Moderate Bad Total 

1 month (34 eyes) 12 19 3 34 
3 months (33 eyes) 20 11 2 33 
6 months (32 eyes) 25 7 0 32 
12 months (30 eyes) 25 5 0 30 
36 months (30 eyes) 24 5 1 30 
The last checked time (30 eyes) 26 4 1 30 

(At the end of the study, 30 eyes were followed up from 36 to 64 months, average 45 ± 7.7 
months, the others were done corneal transplant as the schedule). 

 

One eye recurred herpes keratitis at corneal 
transplantation site 17 months postoperatively. After 
successful treated, the corneal scar was hazy with 
stroma neovascularization, so the transplanation site 
was clasified as bad quality. 

The number of successful cases were done 
impression cytology at 1 month postoperatively was 
27 cases, at 3 months was 24 cases and 6 months 
was 31 cases (exception 3 keratoplasty eyes). The 
pictures of cytologies showed normal epithelial cells: 
cuboidal shape, quite uniform size, and round 
nucleus, the same as cells on normal cornea (Figure 
3B, and Figure 1D). There were no abnormal nucleus 
in these cells. Some cells at the bad transplantation 
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site were in grade of mild metaplasia (Figure 3F and 
3G). 

 

Figure 3: The corneal transplantation site and results of impression 
cytology; A) good transplantation site 3 months postoperatively; B) 
impression cytology of same patient (HE, x 100); C) moderate 
transplantation site 3 months postoperatively; D) impression 
cytology of same patient (HE, x 200); E) bad transplantation site 1 
month postoperatively; F) and G) impression cytology of same 
patient (HE, x 100 and x 400) 

 

In 4 corneal transplanted eyes, there were 3 
females, that were done keratoplasty in 1.5 months, 3 
months and 27 months postoperatively, and one male 
(6 months after surgery). The histology of corneal 
specimens showed normal epithelium at 
transplanation sites, but the number of layers 
increased (about 12-15 layers) (Figure 4). There were 
no inflammation cells infiltrated beneath the 
transplanation sites. The PCR test looking for SRY 
were negative in all 3 female cornea, but the test 
results of cells sheet and male conea were positive.  

 

Figure 4: The histology of cell-received cornea (Trichrome-Masson, 
x 100); A) healthy corneal epithelium with Bowman layer; B) the 
connection between the healthy cornea and transplantation site; C) 
the transplantation site without Bowman layer 

 

There were some mild complications in 
surgical procedure. Thirty eyes were subconjunctival 
haemorrhage without any interruption of surgical 
procedure. One eye was severe haemorrhage and the 
conjunctiva was inflated, so the contact lens had to 
been trephined to 10 mm in diameter to be easier to 

fixed.  

The postoperative complications were not 
severe. One contact lens was lost fixation 4 days 
postoperatively, then the cells sheet was removed and 
the contact lens was replaced until the cornea was 
completely healed (12 days after surgery). There were 
2 eyes that the cells sheets were slightly moved 
inspite of good fixation contact lens. After removing 
the fixation sutures, all these eye were completely 
epithelial healed.  

 

 

Discussion 

 

The mechanism of PEDs were partially 
specified by original causes of the corneal ulcer, the 
combined ocular lesions and the previous treatments. 
In our study, the original causes of two thirth eyes 
were infection (26/37 eyes, Table 1) , the remarkable 
combined ocular lesions were the reduction of cornea 
sensation, dry eye, hypopyon (Fig. 2), so that the two 
main mechanisms of PED in our patients might be 
ocular inflammation and neurotropic keratopathy. The 
addition mechanism was epithelial toxic from eye 
drops (Fig. 1). The other mechanisms may not be 
important role in our study group. 

Amniotics membrane was proven to inhibit 
inflammatoty reaction, scar creation, and neovascular 
growth, as well as promote epithelial migration, 
adhesion when overlay transplantation in PED [6], 
[15]. These bilogical efficacies were suggested from 
many mediator factors (such as EGF, KGF, and HGF, 
macrophage inhibitory factor, Fas ligand...) inside 
amniotic epithelial cells and somewhat in membrane 
stroma [16], [17]. For amniotic membrane graft, these 
factor may just existed on transplantation site for short 
time after surgery because of nonviable amniotic 
epithelial cells and dissovled stroma [15], [18]. So that 
viable amniotic cells may be supposed more effective 
in treating PED than amniotic membrane 
transplantation. Parma (2006) showed succesful 
corneal epithelial healing in 3 complicated PEDs that 
had been failed with other therapies. Although the 
healing mechanism of amniotic epithelial cells 
transplantation in his study remains unclear, the 
author presumed the trans-planted cells firstly may 
provide an initial cellular means to repair the PED and 
then promote epithelialization by in situ release of 
anti-inflammatory and healing factors in these cells 
[7]. Other mentioned mechanism was tissue-cultured 
cells may also provide a mechanical scaffold 
promoting subsequent epithelial healing of the cornea. 
In earlier experiments, He YG had transplanted 
human amniotic epithelial cells onto denuded rabbit 
corneal surfaces, these cells had been re-polarized 
and tightly adhered to the recipient corneal stroma 
24h after transplantation. However, the transplantation 
site was repopulated by host corneal epithelium after 
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10 days [19]. 

CLECs were amniotic epithelial cells around 
umbilical cord, so their microstructure was the same 
as amniotic cells. They were one kind of stem cell and 
were able to differentiated to corneal-liked epithelial 
cells [12], [13], [20]. Moreover, CLECs also were 
transplanted in rabbits' cornea with total limbal stem 
cell deficiency with good results. There were 50% 
cases had no limbal stem cells deficiency signs and 
the corneas remained transparent with normal 
histology structures up to 10 weeks postoperatively 
[11]. Therefore, transplantation tissue-cultured CLECs 
on PEDs may promote healing in the similar 
mechanisms of amniotic epithelial cells. In our study, 
we also found that CLECs were not able to exist long 
time on transplantation site after surgery. The PCR 
test for Y chromosome in female corneal specimens 
showed negative result as soon as 1.5 months 
postoperatively. Thus, it suggested that the donor 
CLECs improved the ocular surface through the 
secretion of factors promoting wound healing, 
stimulating repopulation of the remaining host corneal 
epithelial cells. It explained the high success rate in 
our studied group with most PEDs caused by 
inflammation and neurotrophic keratopathy. 

The most important influential factors of the 
CLECs transplantation is tear film. The correlations 
between the tear secrection, situation of MGD and the 
quality transplantation sites as well as healing time 
were statitistically significant (p < 0.05). The healing 
time were statitistically significant longer in the group 
of reduction of cornea sensation. These factors (tear 
film, cornea sensation) also contributed to PEDs 
mechanism, so the medical treatments to ameliorate 
them before and after CLECs transplantation were 
also played important role in the result of CLECs 
surgery. 

In our study, the cells sheet with scaffold was 
placed on the defect with the epithelium side down 
with the fixation of two Vicryl 8/0 sutures. This method 
showed the good result: 22/37 eyes complete healing 
after removing fixation sutures (a week 
postoperatively), 10 eyes more in 2 weeks 
postoperatively and 2 eyes healed in 3 weeks. Using 
directly scaffold of cells sheets instead of collagen 
shield with concave shape (in Parmar method [7]) 
made the cultivated procedure simplier and cheaper. 
However the cultured-well scaffold was flat so it was 
to difficult to force adherently 100% cells sheets on 
corneal surface, especilally when the defect was 
larger than 50% corneal area. Our method to fix the 
tissue sheet with 2 cross sutures press on soft contact 
lens is quite easy and simple with good effect. 
Although these sutures on sclera easily created 
subconjunctival haemorrhage that made difficult to fix 
contact lens. We usually used vasoconstriction eye 
drops to prevent this complication (adrenaline 0.1%). 

In conclusion, tissued-cultured human cord 
lining epithelial cells transplantation is a safe and 

effective treatment of persistent corneal epithelial 
defect. This transplantation open a new method in 
treatment of this complicated diseased. However, 
more studies with long follow up time were need to re-
evaluate the efficacy as well as the mechanism of 
corneal healing of this cells tranplantation. 
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Abstract 

BACKGROUND: Some studies have shown that there is a certain rotation of the eye in the sitting and lying 
position of the patient. The Visumax system used for the Refractive Lenticule Extraction-Small Incision Lenticule 
Extraction (ReLEx SMILE) surgery lacks the rotation of eye control function. So, is the ReLEx SMILE surgery for 
patients with astigmatism safe and effective? 

AIM: To evaluate the outcomes of the ReLEx SMILE surgery in cases with myopic astigmatism. 

METHODS: The case series included 120 eyes with myopic astigmatism undergoing ReLEx SMILE surgery from 
January 2018 to November 2018. The distribution of patients for two subgroups based on the power of 
astigmatism, low astigmatic group (≤ 1.50D) and high astigmatic group (> 1.50D). All patients were measured 
UDVA, CDVA, refractive sphere, astigmatism and sphere equivalent before and after surgery one week, one 
month and three months carefully. The astigmatic correction was evaluated by the vectorial analysis Alpins. 

RESULTS: The mean efficacy index of the low and high astigmatic group was 1.035 and 1.082 (respectively); the 
mean safety index was 1.113 and 1.215 (respectively). 93% of eyes in the low astigmatic group had an angle of 
error (AE) within ± 15 degrees and 100% in high astigmatic group. There was an undercorrection in astigmatic 
treatment. No complications during and after surgery were recorded. 

CONCLUSION: ReLEx SMILE surgery for the myopic astigmatic treatment was safe and effective. 

 

 

 

Introduction 

 

The development history of refractive surgery 
has gone through three generations. The first 
generation is photorefractive keratectomy (PRK) 
surgery. The second generation is LaserAssisted In 
Situ Keratomileusis (LASIK) surgery that creates a 
corneal flap. And now with the introduction of the 
femtosecond laser, in 2011, the third generation of 
refractive surgery occurred and have been called 
Refractive Lenticule Extraction-Small Incision 
Lenticule Extraction (ReLEx SMILE) with a no-flap 
technique [1]. Many researches have been indicated 
that the ReLEx SMILE had excellent results. This 
technique was extremely safe and effect because of 
avoiding the complications concerning to corneal flap. 
Moreover, the studies indicated that it had excellent 
predictability and stability for the correction of myopia. 
Together, the rate of dry eye syndrome and the 

amount of corneal aberration were also decreased [2], 
[3], [4], [5]. However, the Visumax system (Carl Zeiss 
Meditec, Germany) that has been used for this 
surgery lacks the rotation of eye control function. That 
has made the surgeons had to control the rotational 
eyes completely by hand and personal experience. 
Some surgeons have worried about the capability of 
this technique for the treatment of moderate or high 
astigmatism compared to LASIK surgery while at 
present, many excimer laser modern machines have 
cyclotorsion control function. Anyway, few papers 
report the results of the astigmatic correction by vector 
analysis, and very little researches have been still 
concerned with those patient’s relative high 
astigmatism (especially > 3.0D). On the other hand, 
we have not found any reports about this issue in 
Vietnam. This study would like to assess the results of 
the ReLEx SMILE surgery in cases with myopic 
astigmatism. 
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Materials and Methods 

 

The design of the study 

The study method is case series. Selection 
criteria were patients with myopic astigmatism 
undergoing the ReLEx SMILE surgery from January 
2018 to November 2018 at Vietnam National Institute 
of Ophthalmology (VNIO), Vietnam. Exclusion criteria 
were patients with combined systemic diseases or 
other problems of the eye. Distribution of patients for 
two subgroups was based on the power of 
astigmatism: low astigmatic group (astigmatism 
preoperative ≤ 1.50D) and high astigmatic group 
(astigmatism preoperative > 1.50D). The study was 
accepted by the institutional ethics committee of 
VNIO. All patients understood and voluntarily 
participated in this study. 

 

Preoperative and postoperative 
 examinations 

If the patients wear contact lens, they need to 
discontinue at least two weeks with the soft contact 
lens or at least four weeks with the rigid contact lens 
before the initial examination. 

All patients were examined carefully before 
surgery, including slit-lamp biomicroscopy, tonometry, 
uncorrected and corrected distance visual acuity 
(UDVA and CDVA), fundus evaluation, keratometry, 
non-contact specular microscopy, and corneal 
topography. Automated refraction was implemented 
before and after instilling cycloplegic solution 
(Cyclogyl 1%). Refractive indices were carefully 
measured several separated times before surgery to 
indicate the final refractive result for the treatment 
program. 

After surgery one week, one month and three 
months, the UDVA and CDVA, tonometry, slit-lamp 
biomicroscopy and measurement of corneal 
topography were repeated. The refractive sphere, 
refractive astigmatism, the axis of astigmatism, 
manifest refraction spherical equivalent (MRSE) were 
also measured. The complications were recorded. 

 

Astigmatic correction 

The astigmatic correction was based on the 
method of Alpins, which allowed to analyze astigmatic 
vectors. Through the amount of astigmatic treatment, 
they could evaluate the efficacy of astigmatic 
correction. The first vector had been determined was 
the target induced astigmatism vector (TIA), which 
was manifest initial astigmatism, and needed to treat. 
The second vector had been known was the surgically 
induced astigmatism vector (SIA), which was the 
amount of astigmatic correction caused by surgery. 
The third vector was the difference between the TIA 
and the SIA, called the difference vector (DV) [6], [7]. 

Based on these above three vectors, many other 
indices have been identified to evaluate the 
characteristics of astigmatic correction further. The 
index of success (IOS) [8] would like to indicate the 
proportion of residual astigmatism, and was the value 
obtained by the DV division for the TIA; the ideal value 
was zero. The correction index (CI) was the ratio 
achieved by the SIA division for the TIA. If the CI was 
higher than 1.0, the treatment had shown 
overcorrection, while CI was lower than 1.0, the 
procedure had been under correction. The magnitude 
of error (ME) was the arithmetic difference between 
the magnitude of the SIA and the TIA. If the ME was 
positive the treatment had been an overcorrection, 
and if the ME was negative, the treatment had 
occurred under correction. The angle of error (AE) 
was the arithmetic difference between the angle of the 
SIA and the TIA. If the TIA was positive, the correction 
had shown counter clockwise with the initial astigmatic 
axis, and if the TIA was negative, the treatment had 
defined clockwise with the initial astigmatic axis. 

 

Surgical technique 

The procedure was performed by using the 
VisuMax system (Carl Zeiss Meditec, Germany) which 
emits femtosecond laser beam with near-infrared 
wavelengths in an extremely short time (10

-15
 

seconds). The diameter of lenticule was set between 
6.3 and 7.0 mm; the thickness of cap that was 
established 110 µm or 120 µm depends on the power 
of spherical refraction equivalent. The length of the 
incision was set 2 mm. In all cases, the patient was 
lying on the operation bed and align the head and the 
body. It was necessary to avoid head tilt. Topical 
anesthesia was achieved with one drop proparacaine 
hydrochloride (Alcaine, Alcon) every three minutes for 
three times before surgery. The time of treatment 
laser was 23 seconds. Then, a hook was used to 
separate two planes of the lenticule. The first, the 
surgeon delineated the upper interface and then was 
the lower interface. When both interfaces had been 
completely separated, the lenticule was extracted 
through the small incision. Finally, one drop antibiotic 
solution (Ofloxacin 0.3%, Santen) was instilled. 

 

Statistical analysis 

Data were analyzed using SPSS 16.0. The 
number of data was presented as X ± SD, and the 
percentage of data were shown in %. A p-value less 
0.05 was considered statistically significant. Student’s 
t-test was used to compare refractive indices, UDVA, 
CDVA, MRSE, corneal thickness, average 
keratometry, TIA, SIA, DV, ME, AE, CI, IOS…between 
two groups (low and high astigmatism). To compare 
proportions, using Fisher’s exact test if the number of 
data was too small to do the Chi-square test. 
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Results 

 

 The Table 1 showed the characteristics of 
patients were presented, and no significant 
differences about the patient’s age as well as the 
MRSE, refractive sphere, corneal thickness and 
average keratometry were found in both groups (low 
and high astigmatism) with p > 0.05. 

Table 1: Preoperative patient characteristics 

Characteristics Total 
(74 patients) 

Low Astigmatism 
(≤ -1.50D) 

High Astigmatism 
(> -1.50D) 

P 

Female/male sex (n) 50/24 40/20 10 /4  
Patients (n) 74 60 14  
Eyes (n) 120 97 23  
Age (X ± SD) 21.21 ± 3.84 21.30 ± 3.66 20.83 ± 4.56 0.648 
CDVA (X ± SD) 0.02 ± 0.06 0.004 ± 0.019 0.08 ± 0.12 < 0.001 
MRSE (D) -4.31 ± 1.74 -4.20 ± 1.59 -4.77 ± 2.25 0.262 
Refractive Sphere (D) 
[9] 

-3.75 ± 1.68 
(-0.50 to -8.00) 

-3.77 ± 1.59 
(-0.50 to -6.50) 

-3.66 ± 2.07 
(-0.50 to -8.00) 

0.826 

Refractive 
Astigmatism (D) 
[9] 

-1.14 ± 0.67 
(-0.50 to -4.50) 

-0.88 ± 0.33 
(-0.50 to -1.50) 

-2.22 ± 0.64 
(-1.75 to -4.50) 

< 0.001 

Corneal Thickness 
(µm) 

544.10 ± 24.47 544.45 ± 23.73 542.61 ± 27.89 0.771 

Average Keratometry 
(D) 

43.74 ± 1.15 43.73 ± 1.15 43.75 ± 1.18 0.957 

Note: CDVA = corrected distance visual acuity; MRSE = manifest refraction spherical 
equivalent. 

 

The corrected distance visual acuity (CDVA) 
in the group of patients with low astigmatic myopia 
was worse than that in the group of patients with high 
astigmatic myopia (p < 0.001). The average refractive 
astigmatism preoperative was -0.88 ± 0.33D in the low 
astigmatic group and -2.22 ± 0.64D in the high 
astigmatic group. The significant difference was less 
than 0.001. The minimum astigmatic value was -
0.05D and maximum was -4.50D. 

Table 2: Parameters during surgery 

Parameter Value 

Thickness of cap (%) 
120 µm 
110 µm 

 
97 
3 

Central thickness of lenticule (µm) 70 ± 36 
Minimum lenticule thickness (µm) 13 ± 3 
Optical zone (mm) 
[9] 

6.4 ± 0.3 
(6.3 to 7.0) 

 

Some technical parameters during surgery 
were showed in table 2. The popular cap thickness 
was 120 µm in 97% of cases. The mean of the 
lenticule central thickness was 70 ± 36 µm. The 
average of the optical zone was 6.4 ± 0.3 mm with 
ranged from 6.3 mm to 7.0 mm.  

The refractive outcomes of both groups were 
presented in Table 3. A significant difference was 
found in the UDVA logMar postoperative between the 
low astigmatic group and high astigmatic group (0.004 
± 0.105; 0.057 ± 0.099, respectively, p = 0.031). 
However, the CDVA logMar postoperative in both 
groups had no significant difference with p = 0.136. 
Most of the refractive outcomes had not statistic 
significant between 2 groups (p > 0.05), such as the 
sphere, cylinder, MRSE, efficacy index, safety index, 
DV [10], MA, and AE. The TIA and the SIA in the low 
astigmatic group were less than those in the high 

astigmatic group (p < 0.001). The CI and IOS [9] were 
also significantly lower in the low astigmatic group 
than in the high astigmatic group with p = 0.026. 

Table 3: Comparison of refractive outcomes between low and 
high astigmatic groups 

Characteristics 
Low Astigmatism 

(≤ -1.50D) 
High Astigmatism 

(> -1.50D) 
P 

 Mean SD Mean SD  

UDVA LogMar 0.004 0.105 0.057 0.099 0.031 

CDVA LogMar -0.03 0.093 0.004 0.098 0.136 

Sphere (D) 0.214 0.317 0.087 0.298 0.078 

Cylinder (D) -0.271 0.548 -0.207 0.209 0.366 

MRSE (D) 0.093 0.313 -0.015 0.312 0.145 

Efficacy index 1.035 0.264 1.082 0.219 0.384 

Safety index 1.113 0.235 1.215 0.221 0.057 

TIA 0.879 0.335 2.217 0.641 < 0.001 

SIA 0.608 0.615 2.011 0.725 < 0.001 

DV 0.271 0.548 0.207 0.209 0.366 

CI 0.656 0.504 0.896 0.116 0.026 

ME -0.271 0.548 -0.207 0.209 0.366 

AE -2.99 7.265 -1.087 6.735 0.238 

IOS 0.344 0.504 0.104 0.116 0.026 

Note: UDVA = uncorrected distance visual acuity; CDVA = corrected distance visual 
acuity; MRSE = manifest refractive spherical equivalent; TIA = target induced astigmatism; 
SIA = surgically induced astigmatism; DV = difference vector; CI = correction index; ME = 
magnitude of error; AE = angle of error; IOS = index of success 

 

Figure 1 illustrated the UDVA postoperative in 
both groups. The UDVA postoperative was better than 
or equal to 20/20 Snellen in 75.3% (with the low 
astigmatic group) and in 69.6% (with the high 
astigmatic group). The UDVA of 20/30 or less in the 
low astigmatic group was approximately half of that in 
the high astigmatic group (8.3% and 17.4%, 
respectively). 

 

Figure 1: Uncorrected distance visual acuity postoperative  

 

Result of comparison of UDVA between the 
low astigmatic group and the high astigmatic group 
was indicated in Table 4. Value of Pearson Chi-
Square with 0.575 which meaned that the 
percentages of UDVA (≥ 20/20 and < 20/20) between 
two groups were similar. 

Table 4: Comparison of Uncorrected distance visual acuity 
between two groups 

UDVA 
Low astigmatism 

(≤ 1.50D) 
High astigmatism 

(> 1.50D) 
Pearson Chi-Square 

≥ 20/20 73 (75.3%) 16 (69.6%) 
0.575 

< 20/20 24 (24.7%) 7 (30.4%) 

 

The correlation between the TIA and the SIA 
were indicated in Figure 2. This was a high positive 
correlation. We could see that most of the values were 
in undercorrection area that suggested the SIA was 
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less than TIA, and there was an undercorrection in 
astigmatic treatment. 

 

Figure 2: Target induced astigmatism and surgically induced 
astigmatism 

 

Angle of Error (AE) was showed in Figure 3 
and Table 5. The average absolute AE was 6.227 ± 
4.758 and 5.348 ± 4.086 degrees (in the low 
astigmatic and the high astigmatic group). The result 
was not statistically different with p = 0.375.  

Table 5: Average of Angle of Error 

Angle of Error 
(degrees) 

Low astigmatism 
(≤ 1.50D) 

High astigmatism 
(> 1.50D) 

p 

Arithmetic -2.99 ± 7.265 -1.08 ± 6.73 0.238 
Absolute 6.227 ± 4.758 5.348 ± 4.086 0.375 

 

In the low astigmatic group, 93% of eyes had 
the AE within ± 15 degrees, and 100% was the rate of 
the AE within ± 15 degrees in the high astigmatic 
group. The difference in arithmetic and the absolute 
mean of the AE were not significantly (p = 0.238 and 
0.375, respectively) (Figure 3). 

 

Figure 3: Refractive Astigmatism Angle of Error 

 

 There were not any cases which occurred a 
suction loss or other complications (such as an 
incomplete lenticule extraction) during the procedure. 
No eyes of corneal ectasia postoperative were 
recorded. This study did not also find keratitis after 
surgery. 

 

Discussion 

 

Some studies indicated that there was a 
certain rotation of the eye in the sitting and lying 
position. With the patients undergoing refractive 
surgery, the preoperative measurement refraction in 
the sitting position and the surgical intervention in the 
lying position may exist the rotational eye motions 
which could lead to reducing the efficacy of laser 
procedure, especially the eyes with high astigmatism 
[6]. Nowadays, many modern excimer laser systems 
have cyclotorsional control function that helps to 
increase the quality of treatment significantly by 
LASIK surgery [7]. Through the comparison between 
the iris images in the sitting and lying position, the 
laser system automatically analyzes to define the 
rotational eye. Then, the machine calculates and 
compensates for cyclotorsional eye motions. In the 
ReLEx SMILE surgery, Visumax machine has not the 
cyclotorsional control function that is considered the 
main limitation of this method. As a result, we would 
like to evaluate the outcomes of the ReLEx SMILE 
surgery for the eyes with myopic astigmatism (power 
of astigmatism ≥ 0.50D). In our study, we distributed 
the patients to two groups based on the power of 
astigmatism, which were the low astigmatic group (≤ 
1.50D) and the high astigmatic group (> 1.50D). To 
minimizing the cyclotorsional eyes motions, we 
attempted to put the patients straight on the bed so 
that the patient’s head aligns with his body, avoiding 
head tilt. 

The outcomes of the ReLEx SMILE in this 
study was generally very good. In particular, the 
UDVA postoperative was better than or equal to 20/20 
Snellen in 75.3% (with the low astigmatic group) and 
in 69.6% (with the high astigmatic group). The UDVA 
of 20/30 or less in the low astigmatic group was 
approximately half of that in the high astigmatic group 
(8.3% and 17.4%, respectively). However, when we 
compared the percentages of UDVA (≥ 20/20 and < 
20/20) between the low astigmatic group and the high 
astigmatic group, we recognized that there was no 
difference between two groups (p = 0.575). It that 
means ReLEx SMILE surgery provided good 
outcomes of UDVA in both two groups which did not 
depend on the power of astigmatism preoperative. 
This result was consistent with the study of Zhang et 
al., who presented the UDVA postoperative of 20/20 
Snellen or more was in 79.6% [8]. One another 
research also showed the UDVA after the ReLEx 
SMILE surgery two years was better than or equal to 
20/20 in 90% [9]. The authors all confirmed that 
ReLEx SMILE surgery gave good result of visual 
acuity in patient with astigmatic myopia. 

To assess whether this surgery was effective 
and safe, we based on the efficacy index and the 
safety index. The efficacy index was the proportion 
between the UDVA decimal postoperative and the 
CDVA decimal preoperative, and the safety index was 
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the proportion between the CDVA decimal 
postoperative and CDVA decimal preoperative. In our 
study, the efficacy index was basically 1.035 ± 0.264 
with the low astigmatic group and 1.082 ± 0.219 with 
the high astigmatic group. There was no significant 
difference in the efficacy index between the two 
groups (p = 0.384). This index was similar with the 
result of Lin et al. (1.04 ± 0.20) [5]. Similarly, the 
safety index of this study was 1.113 ± 0.235 and 
1.215 ± 0.221 in the low astigmatic group and the high 
astigmatic group, respectively, with no significant 
difference (0.057). This index was also approximately 
to result of Lin et al., (1.01 ± 0.05) [5]. Another study 
of Chan et al., showed the efficacy of ReLEx SMILE 
surgery with 79.6% of eyes had a UDVA of 20/20 or 
better, and the safety with 57.1% of eyes gained one 
line of visual acuity, only one eye lost one line, no 
case lost two or more lines [10]. The outcomes 
provided evidence to the consideration that ReLEx 
SMILE surgery was extremely effective and safe in 
correcting low to moderate astigmatism [10]. 

The MRSE postoperative was generally good 
and no statistic difference between two groups (Table 
3). Residual astigmatism postoperative (equal to the 
difference of vector) in the low astigmatic group and 
the high astigmatic group was 0.271 ± 0.548 and 
0.207 ± 0.209D, respectively, with no significant 
difference (0.366). However, the correction index (CI) 
and index of success (IOS) [11] were 0.896 and 0.104 
(respectively) in the high astigmatic group and 
significantly higher than those in the low astigmatic 
group (p = 0.026). This difference may be correlated 
with the results of the angle of error (AE). In the low 
astigmatic group, the AE within ± 5 degrees was only 
accounted in 45%, and 61% in the high astigmatic 
group. Moreover, 93% of eyes had an AE within ± 15 
degrees in the low astigmatism group, and 100% was 
the rate of the AE within ± 15 degrees in the high 
astigmatic group (Figure 3). In our results (Table 5), 
although the difference of the AE was not statistically 
significant, the lower value of high astigmatic group 
may occur due to pay special attention to aligning that 
was occupied less than in the low astigmatic group. 

We observed the undercorrection in this study 
(Figure 2). Several previous researches also showed 
a trend toward undercorrection [8], [11]. There was a 
study that compared the astigmatic treatment between 
two methods (the LASIK and the ReLEx SMILE) 
indicated excellent results with both techniques. 
However, an undercorrection postoperative was found 
in both surgeries in the eyes with high astigmatism (> 
2.25 D) that agreed with our results. The high AE 
values might be the reason for those undercorrections 
[12]. 

To compensate for the rotational eye 
movements, Ganesh introduced a manual technique 
[13]. They used a pen to mark the horizontal axis of 
the limbal cornea when the patient sat up straight. 
After the patient lay down on the operation bed, the 
docking and suction progress were implemented 

through the contact glass. The surgeon looked in the 
microscope eyepiece and corrected the horizontal 
axis of the centering grid (inside of the microscope 
eyepiece) to coincide with the marked axis on the 
patient’s eye by manual rotation contact glass. The 
authors of this study indicated the average 
cyclotorsion was 5.64 ± 2.55 degrees in 82% of eyes 
and the rotational contact glass technique 
compensated well for it. However, this method still 
existed some drawbacks. The first, the initial marking 
might be not incorrect. The second, the marking might 
lead the damage of the cornea, which could make the 
patients uncomfortable during and after surgery. The 
third, loss of suction might occur because of the 
above discomfort or the manual rotation contact glass. 
The final, the ink marks or the lesions could appear on 
the cornea might result due to the black spots after 
laser performance. 

However, we did not implement corneal 
marking before surgery because we had only four 
eyes with real high astigmatism (≥ 2.50D) in this 
study. Therefore, we have just aligned exactly the 
patient’s body and head, central fixation of eyes, we 
have achieved good astigmatic correction. 

In conclusion, although the Visumax machine 
has not any modern eye-tracking systems as well as 
the cyclotortional control function, the ReLEx SMILE 
surgery still has had high safety and efficacy index. 
The most important in treatment for myopic 
astigmatism undergoing SMILE surgery is to carefully 
align the patient’s body and head, central fixation of 
eyes during the procedure. 

Results of the ReLEx SMILE surgery might be 
improved with cyclotorsional control systems in the 
newer generations in the future. 

 

 

Ethical approval 

 

Our study was accepted by the institutional 
ethics committee of the Vietnam National Institute of 
Ophthalmology. All patients understood and 
voluntarily participated in this study. 
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Abstract 

BACKGROUND: Glaucoma is a common cause of blindness in the world as well as in Vietnam. It is treated by 
many different methods but trabeculectomy is still the most popular and highly effective surgical method to treat 
this condition. 

AIM: To analyze the status of 5 years filtering blebs following trabeculectomy and to explore multiple factors 
associated with filtering blebs. 

METHODS: This is a retrospective, cross-sectional descriptive study. Eyes had been performed trabeculectomy 
for 5 years were included in these results. The filtering blebs were assessed using slit lamp and OCT. the OCT 
captured bleb area to evaluate fluid subconjunctival spaces, thickness and height of bleb and to evaluate the 
related factors 

RESULTS: A group of 106 primary glaucoma eyes of 97 patients (88 patients with 1 eye, 9 patients 2 eyes) had 

been performed trabeculectomy for 5 years were taken OCT anterior image. The proportion of female patients is 
1.5 times that of male patients. IOP was controlled with or without topical medication in all eyes. The filtering bleb 
had a high echo reflection, which accounted for 42.5%, the average echo reflection was 38.6%, the low echo 
reflection response of 18.9%. 66% of the eyes had the aqueous space under the conjunctiva, 65.1% have the 
aqueous space under sclera flap, the average height of the bleb on OCT was 0.4 mm ± 0.3 mm. Young patients 
often have a higher rate of bleb fibrosis and loss of function than older patients 

CONCLUSION: OCT is capable of assessing the function of bleb. After 5 years of trabeculectomy, on the OCT 
image, most cases of blebs are maintaining drainage function. 

 

 

 

 

Introduction 

 

Glaucoma is a common cause of blindness in 
the world as well as in Vietnam. In most countries, 
glaucoma is the second-leading cause of blindness 
and a dangerous threat to public health. The disease 
has many different pathogenesis and pathophysiology 
mechanisms and is treated with many different 
methods but trabeculectomy is still the most popular 
and highly effective surgical method to treat glaucoma 
[1], [2]. The aim of the surgery is to create a pathway 
which allows the aqueous humor to drain from the 
anterior chamber into an area underneath the 

conjunctiva where it creates a filtering bleb and 
subsequently absorbed into the conjunctival capillary 
system. However, with time, the effect of lowering 
pressure of the surgery tends to decrease. According 
to Ehrnooth P, the rate of IOP below 21mmHg after 1 
year of trabeculectomy is 82%, after 2 years is 70%, 
after 3 years is 64%, after 4 years is 52% [3]. Studies 
by many authors show that the cause of failure of PT 
has many reasons, but mainly the increase in fibrosis 
after surgery causes failure of filtering bleb. The 
structural manifestations of bleb indicate the ability of 
fluid to pass through the fistula. So that assessment of 
bleb manifestations can predict its drainage function. 
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Beside of clinical assessment, OCT images of 
anterior part of the eyeball allows to accurately record 
and measure the internal structures of bleb such as: 
the thickness of the bleb wall, the echo reflection 
inside of the bleb, the aqueous space subconjunctival 
or under the sclera flap, the scleral flap thickness, 
aqueous pathway under the sclera flap and the fistula. 
This is a non-invasive examination that can help 
doctors clearly assess the condition of bleb as well as 
determine the cause of failure of filtration surgery. 
There are many filtrating bleb classification system but 
Zang Yi ‘one is a clear, complete and easy to use in 
practice [4], [5]. 

According to Zhang Yi, there are 4 types of 
filtering bleb [4]: 1). Diffuse bleb: bleb function. There 
are several microcapsules under the conjunctiva with 
low or moderate echogenicity gaps. These blebs have 
a thick conjunctiva, a fluid space above sclera flap, an 
aqueous pathway under sclera flap and a visible 
fistula; 2) Cystic bleb: also a bleb with function. The 
walls of the scar are relatively thin (usually below 0.2 
mm), varying in height and are composed of a wide 
aqueous cavity or some small or medium space 
above sclera flap, some of which are fused with the 
space subconjunctiva. The fluid fistula under sclera 
flap is clearly visible; 3) Encapsulated bleb: is a non-
functional bleb in which the fluid space above sclera 
flap is surrounded by tissues with high echogenicity. 
The tissue of the sclera and conjunctiva is not clearly 
distinguished, may even stick (the entire scar wall is 
thickened). The fluid cavity on the sclera is 
surrounded by dense connective tissue with high 
echogenicity, aqueous pathway under the sclera flap 
and fistula are usually very thin; and 4) Flattened bleb: 
is a non-functional bleb. Flat blebs are similar to an 
encapsulated bleb but there is no aqueous space 
under the conjunctiva or above the sclera flap. The 
whole scar is low, the wall is thick. Conjunctiva and 
sclera are intertwined, with high echogenicity, similar 
to the echogenicity of the sclera. The aqueous 
pathway under the sclera flap is often not visible, 
although openings are visible. 

Therefore, we conducted the study to 
investigate the bleb of trabeculectomy on the OCT 
image taken 5 years after surgery. 

 

 

Materials and Methods 

 

A retrospective, cross-sectional descriptive 
study was conducted on 106 eyes of 97 patients 
diagnosed with primary glaucoma who had been 
performed trabeculectomy at the Glaucoma 
department – Vietnam National Institute of 
Ophthalmology from September 2008 to March 2009. 
Among them, 97 patients had unilateral 
trabeculectomy and 9 patients had bilateral 
trabeculectomy. 

Selection criteria 

Primary glaucoma eyes which were 
performed trabeculectomy with or without anti-
metabolic drugs. The study ruled out the patients who 
had trabeculectomy more than one-time, combined 
phaco-trabeculectomy, patients with a history of 
trauma or other pathological treatment surgery of the 
eye. 

 

The protocol included 

Gathering all medical records of patients in 
the selected subjects, inviting the patients to re-
examine, assessing the functional and physical 
condition, then all patients will be taken OCT to 
assess filtering blebs. During OCT images were 
taken, the patients were asked to look down, the 
photographer gently pulled the upper eye lash to 
reveal the limbus, filtering bleb and conjunctival area, 
avoiding pressing on the eyeball and the bleb. The 
first slice was directly taken through the bleb center, 
the second horizontal slice was taken passed through 
the center of the bleb, parallel to the cornea limbus 
[6], [7]. 

 

Capturing and observing filtering blebs 

The echogenicity within filtering blebs, the sub 
conjunctiva aqueous space, the fluid cavity and 
pathway under sclera flap, the fistula were recorded. 
Measuring the height, width, the wall thickness of the 
blebs was calculated on OCT images. 

Clinical bleb assessment is performed by slit 
lamp examination: - Height of blebs was recorded with 
flattened, low, medium and high performance; - The 
diffuse of blebs were recorded and classified to less 
than 1 hour, from 1 hour to 2 hours, from 2 hours to 4 
hours, over 4 hours; - Blood vessels were observed 
on the surface of bleb and were classified to no blood 
vessels, little blood vessels, average blood vessels, 
many blood vessels and whether there is congestion 
or not; - Seidel test: The rate of Seidel negative (blebs 
had no drainage fluid), Seidel positive within 5 
seconds, Seidel positive after 5 seconds (those had 
drainage fluid); and - In addition, we noted the cases 
with excessively large filtering blebs, blebs with thin 
walls with a risk of wound leakage. 

General clinical assessment based on 
classification of Buskirk (1992) [8]: - Good bleb: 
diffuse and avascular blebs with the presence of small 
micro- cysts intra conjunctival epithelium; - Moderate 
bleb: diffuse blebs with many blood vessels on the 
surface or tend to stick at the bleb margin; and - Bad 
bleb: Excessively large filtering blebs, bleb fibrosis, 
conjunctiva lacks mobility, presence of many blood 
vessels on the surface of the blebs. 
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The OCT images were taken and filtering 
 blebs were evaluated 

The height of bleb measured at highest axis 
and recorded with less than 1 mm, from 1 – 2 mm and 
over 2 mm. The echogenicity of blebs was divided to 
low, medium high echo reflection. Status of fluid 
space under the conjunctiva or under sclera flap was 
recoded as visible or invisible. The fluid pathway 
below the sclera flap and the fistula of sclerectomy 
was also recorded as visible or invisible. In overall, the 
blebs were classified into Type D, Type C, Type E, 
Type F according to Zhang Yi [4]. 

 

 

Results 

 
Demographic characteristics  

The average age of the study group is 60.27 ± 
9.13, majority of patients aged 55 and over. Of the 97 
patients in the study group, there were 39 males and 
58 females. 

The average intraocular pressure before 
surgery was 30.3 ± 4.1 mmHg, the IOP level from 26 
– 32 mmHg accounted for the highest rate (62.3%). At 
the time of re-examination, the average intraocular 
pressure was 19.97 ± 3.3 mmHg with/without 
glaucoma eye drops, none of which had IOP above 32 
mmHg. 

In 106 primary glaucoma eyes, there were 89 
angle-closure glaucoma (83.9%) and 17 open-angle 
glaucoma eyes (16.1%). Only 18 (PACG and POAG) 
eyes were at the primary stage with no glaucomatous 
optic damages or glaucomatous visual field damages 
identified. 21/106 eyes were applied 5FU or MMC 
during the operation. 81.1% had more than 1 anti-
glaucoma drop before surgery. 

 

Filtering bleb status after 5 years of 
 surgery  

Most of cases had medium size bleb. The 
proportion of flat blebs was 23.6% and very high blebs 
accounted for 11.3%. The width of the blebs is mainly 
2 to 4 hours (79/106 eyes). The number of eyes with a 
width of bleb smaller than 1 hour or larger more than 4 
hours was very low. 23.6% of eyes had moderate 
vessels on the bleb surface, 58.5% had few, 6.6% had 
many blood vessels and 11.3% avascular on the bleb 
surface. All eyes in the study resulted in a negative 
Seidel test. 

Clinically, the number of eyes with flat fibrous 
blebs accounted for 44.3% (Figure 1), followed by 
diffuse blebs and those with small microcysts, 
accounting for the lowest percentage was capsule-
shaped bleb. Besides, we have recorded 7 
excessively large blebs, these blebs have thin walls, 

high roughness, great width. 

 

Figure 1: Clinical classification of filtering blebs 

 

Assessing filtering bleb status on OCT 

In our study, the rate of bleb with high 
echogenicity accounted for the highest rate (42.5%), 
then the bleb had an average echogenicity (38.6%), 
the lowest was the blebs with the least echo-genecity 
(18.9%). There were 66% of the eyes which showed 
visible subconjunctival aqueous spaces, 34% of the 
eyes showed no aqueous accumulation. 82.1% of 
cases had aqueous space under sclera flap, 17.9% 
had blebs without aqueous cavity under the sclera 
flap. 

Fluid pathway under the sclera flap was 
visible in 69 eyes (accounting for 65.1%), 85/106 of 
cases had visible fistula while the fistula was not 
observed in 21eyes (accounting for 34.9%). 61.3% of 
the eyes had bleb height less than 1 mm; 38.7% were 
1 to 2 mm and none of eyes had big bleb with the 
height more than 2 mm 

 

Figure 2: Classification of filtering bleb on OCT 

 

The bleb classification on OCT according to 
Zhang Yi is described according to the above chart 
[4]. Type D is the diffuse bleb, which accounts for the 
highest rate of 38.7%, type C is the bleb with small 
microcysts that accounts for 21.7%, type E is capsule-
like bleb, accounting for 23.6%, type F is the flat bleb, 
accounting for 16%. 

 

Factors related to blebs 

At the age more than or equal to 55, the 
percentage of eyes with type D was 47.3%, much 
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higher than the age less than 55, which was 18.8%. 
Meanwhile, the percentage of eyes with type E blebs 
at age less than 55 is 40.6%, much higher than those 
with type E which is 16.2%. 

Table 1: IOP at the time of re-examination and bleb status 
IOP/re- examination 

 

Type C Type D Type E Type F Total 

No of 
eyes 

Rate 
(%) 

No of 
eyes 

Rates 
(%) 

No of 
eyes 

Rate 
(%) 

No of 
eyes 

Rate 
(%) 

No of 
eyes 

Rate 
(%) 

14 - 25 mmHg 23 23.2 41 41.4 22 22.2 13 13.1 99 100 
26 - 32 mmHg 0 0 0 0 3 42.9 4 57.1 7 100 
Total 23 21.7 41 38.7 25 23.6 17 16.0 106 100 
P < 0.01 

P value were determined by Chi-square test. 

 

At the time of re-examination, there were 
99/106 eyes with IOP from 14 mmHg to 25 mmHg and 
7 eyes with IOP from 26 mmHg to 32 mmHg 
(Maclakov tonometer). In IOP controlled group, the 
rate of type D accounted for the highest rate (41/99 
eyes), then the eye had type C (23/99 eyes), followed 
by the eyes in type E (22/99 eyes), finally the eyes of 
type F had the lowest rate (13/99 eyes) (Table 1). 

On the contrary, uncontrolled IOP group, the 
rate of type F accounted for the highest proportion 
(4/7 eyes), followed by those with type E (3/7 eyes), 
whereas no eye in this group had blebs of type C and 
type D. 

Table 2: Anti-metabolite application and blebs status 

 
Anti-
metabolic 
application 

The bleb classification on OCT Total 

Type C Type D Type E Type F 

Number 
of eyes 

Rate 
(%) 

Number 
of eyes 

Rate 
(%) 

Number 
of eyes 

Rate 
(%) 

Number 
of eyes 

Rate 
(%) 

Number 
of eyes 

Rate 
(%) 

Yes 13 61.9 4 19.0 4 19.0 0 0 21 100 
No 10 11.8 37 43.5 21 24.7 17 20.0 85 100 
Total 23 21.7 41 38.7 25 23.6 17 16.0 106 100 
p < 0.01 

P values were determined by Chi-square test. 

 

5FU or MMC had been applied during 
operation in 21 eyes, in which the number of type C 
blebs accounted for the highest percentage of 61.9% 
(13/21), followed by the number of type D and type E 
all accounted for the proportion 19% (4/21), no eye 
has bleb in type F. 85 eyes were not applied anti-
metabolic drugs. In this group, the number of eyes 
with type D had the highest rate of 43.5% (37/85), 
followed by the type E 24.7% (21/85), type F 
accounted for 20% (17/85), the lowest was Type C 
accounted for 11.8% (10/85) (Table 2). 

 

 

Discussion 

 

Most blebs can spread from 2-4 hours, 
number of blebs which spread under 1 hour is less, 
usually only seen on very fibrous, flattened eyes, 
sometimes with these eyes must be examined 
carefully to find out conjunctival wound. The blebs 
spread > 4 hours, which is more common in patients 

with anti-metabolic drugs, is also very small number. 
In our study, there were 7 cases of excessively large 
blebs causing discomfort for patients and sometimes 
spreading over the edge of the upper limbus, leading 
a risk of leakage and being ruptured. Good functional 
blebs often spread, flattened, not too stretch, no 
vessels on the surface, many microcapsules are 
adjacent to the conjunctival epithelium. In contrast, 
poorly functioning blebs are located blebs, many 
blood vessels, conjunctival fibrosis anchored to sclera 
underneath or over stretch. In fact, the blebs that 
function are not necessarily complete avascular but 
still have a few blood vessels on the surface of the 
bleb, but these blood vessels are small and not 
dense. That is why the number of blebs with blood 
vessels is the lowest, not the avascular blebs [6], [7]. 

With the Visante-OCT machine, the image 
inside the bleb will be clearly observed thanks to the 
high resolution. In OCT image, type D blebs (diffuse 
blebs) and type C (blebs with microcysts) usually have 
low or moderate echogenicity found in homogeneous 
tissue as a liquid, E-type blebs (capsule-like blebs) 
and F-type blebs (flat blebs) often have high 
echogenicity. In this study, of the 61 blebs with low 
and medium echogenicity, up to 43 blebs in type D 
and type C, accounting for 70.5% are functional blebs. 
The rate of low echogenicity was less than those in 
studies of Leung CK, Nghiem Thi Hong Hanh (2010) 
due to longer follow up (Leung CK study in 12 months, 
Nghiem Thi Hong Hanh's study in 26 months) [6], [9]. 
The longer the time after surgery, the more fibrosis 
the bleb, so the higher echogenicity inside the bleb. 

Besides, in the functional blebs, which means 
that the pathway for aqueous humor is created, IOP 
were well controlled, a good bleb was usually highly 
visible to see the fluid pathway below the sclera flap 
[10], [11]. In 106 research eyes, 69 eyes have bleb 
seeing the fluid under the sclera flap, accounting for 
65.1%, of which 58/69 eyes are blebs in type D and 
type C (accounting for 84%), 11/69 eyes are blebs 
belonging to type E (accounting for 16%), no bleb of 
type F, p < 0.01. In our study, there was a significant 
higher rate of the eye with visible fluid pathway under 
the scleral flap than the Leung CK study [9] probably 
because this author used the Stratus-OCT which is 
more limited about depth penetration than the Visante 
OCT machine we used in the study. Thus, the age 
group ≥ 55 has the rate of blebs of type D and type C 
(the blebs that were still functional), accounting for a 
high proportion (67.6%). On the contrary, at the age of 
< 55, the rate of type E blebs and type F blebs (which 
were not functional) is higher than the rate of type D 
and type C (functional blebs). This difference has 
statistical significance with p < 0.05. This is also 
understandable because in the elderly, the fibrosis 
after surgery is always reduced compared to young 
people. 

In the study group, Of the 21 eyes had anti-
metabolic application up to 17/21 eyes had blebs of 
type D and type C accounted for 81%, only 19% type 
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E and type F. Meanwhile, in the eyes that do not use 
anti-metabolite, the rate of type D and type C is 
55.3%. This difference is statistically significant with p 
< 0.01. Thus, anti-metabolic application with 
trabeculectomy increased markedly the rate of bleb 
function (type D and type C). In histopathological 
studies, it has also been shown that anti-metabolite 
has the effect of inhibiting fibroblast proliferation, thus 
improving the hydrological drainage efficiency of bleb 
after trabeculectomy [12], [13], [14]. 

At the time of re-examination, in IOP 
controlled group, 64.6% of cases had blebs belonged 
to type D and type C and 35.4% type E and type F 
was statistically significant difference (p < 0.01) 
comparing to 100% blebs belonged to type E and type 
F in uncontrolled IOP group. Our results are similar to 
Zhang Yi's study, with 72% eyes was Type F in goup 
IOP uncontrolled [4], this result is similar to the study 
by Weizer JS [15]. 

In conclusion, five years after trabeculectomy 
for primary glaucoma treatment, 93% of blebs in these 
cases were maintaining the function of lowering IOP, 
65.1% blebs had low and medium echogenicity, 
74.5% bleb with a width of 2 to 4 hours zones and a 
few blood vessels, most of these blebs on OCT 
examination still observe the cavity under the 
conjunctiva, the fluid pathway under the sclera flap.  

Young patients often have a higher rate of 
bleb fibrosis and loss of function than older patients. 
Anti-metabolite application increase IOP controlled but 
also increase the the excessively large blebs. The 
uncontrolled IOP eyes use to have its bleb belong to 
type E or type F on OCT. 
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Abstract 

BACKGROUND: Myopia is most prevalent type of refraction error. In some Asian countries, the prevalence of 
myopia can be 80 – 90% in the population aged 17 – 18. 

AIM: To analyze the correlation between ocular biometric indices and refraction status in Vietnamese young 
myopes. 

METHODS: A prospective cross – section study was conducted in young myopes. Data on axial length, central 

cornea thickness, corneal topography & anterior chamber depth and spherical equivalent were collected. 
Independent Sample T Test and ANOVA test were used to compare between groups. The correlations between 
ocular biometry and myopic spherical equivalent refraction were examined by Pearson Correlation with the level 
of significance p < 0.05. 

RESULTS: Totally, 418 eyes from 209 patients were recruited. The average axial length, central cornea 
thickness, cornea refraction & anterior chamber depth were 25.68 ± 1.09 mm, 539.78 ± 32.665 µm, 43.16 ± 1.369 
D, 3.30 ± 0.243 mm, respectively. The correlation between axial length and spherical equivalent refraction (SER) 
was high (r = - 0.742, p < 0.0001) while those between central cornea thickness and cornea refraction were 
negligible (r = - 0.107, p = 0.029; r = -0.123, p = 0.012; respectively). There was no correlation between anterior 
chamber depth and spherical equivalent refraction (r = 0.019, p = 0.697). 

CONCLUSION: Among ocular biometric indices, axial length was significantly correlated with spherical equivalent 
of young adult patients. 

 

 

Introduction 

 

Refraction error is one among leading 
preventable blindness causes all over the world [1]. In 
“VISION 2020: The Right to Sight: A Global Initiative 
to Eliminate Avoidable Blindness”, according to World 
Health Organization, refraction errors ranks among 
top five avoidable blindness causes globally [2]. 
Myopia is most prevalent type of refraction error, and 
it is anticipated that myopia will account for 50% of the 
world population by 2050 [3]. In some Asian countries, 
the prevalence of myopia can be 80 – 90% in the 
population aged 17 – 18 [4]. 

Ocular biometric indices including axial length 
(AL), anterior chamber depth (ACD), central cornea 
thickness (CCT) and cornea refraction (CR) are 
crucial in evaluating and treating myopia. There have 

had some studies concerning the correlation between 
these indices and the refraction status [5], [6]. 
However, ocular biometry can vary among ethnic 
groups [7], [8], [9], which may make an impact on this 
relation. For understanding of ocular biometry in Asia 
and around the world, we conducted this study to 
examine the correlation between ocular biometric 
indices and the refraction status in a Vietnamese 
young population with myopia. 

 

 

Materials and Methods 

 

This was a prospective cross – section study 
carried out in DND International Eye Hospital from 
October, 2016 to September, 2017. In the current 
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study, we recruited 418 eyes from 209 participants 
aged from 18 to 30 and diagnosed with myopia (> 0.5 
D). Myopia severity was classified in three stages: low 
(> 3D), moderate (3D - 6D) and high (> 6D) [10]. 
Patients with any anterior or posterior segments 
abnormalities, ocular motility disorders and lid 
diseases were excluded from the study. 

Each patient underwent a through history 
taking and comprehensive examination process. Auto-
refraction measurement (Nidek autorefractor), 
Cyclogyl 1% retinoscopy and subjective refraction 
assessment were performed by qualified 
refractionists. Slit – lamp, fundus examination and B – 
ultrasound investigation were carried out by registered 
ophthalmologists to rule out any ocular diseases. IOL 
master 500 from Zeiss and SCHWIND Sirius - 
Topography with Scheimpflug camera were employed 
to evaluate the AL ACD, CCT and CR. 

Independent Sample T Test and ANOVA test 
were used to compare means of groups. Pearson 
correlation was applied to analyze the correlation 
between AL, ACD, CCT and CRand myopic spherical 
equivalent refraction (level of significance, p < 0.05). 
Data was analyzed by SPSS version 20.0. 

 

 

Results 

 

We recruited 418 eyes from 209 patients for 
the current study. Table 1 gives information on some 
main features of the study population. The majority of 
participants were female (56%). 77% of patients were 
in the 18 – 23 age group (undergraduated). The 
number of patients with moderate myopia accounted 
for 58.1 % of the study population (58.1%). Nearly 
95% of participants had used spectacles before 
whereas approximately 15% of them worn soft contact 
lens. 

Table 1: Demographic characteristics of study population 

Charateristics Mean ± Standard deviation 

No. Gender (men/women) 92 / 117 
Age 21.33 ± 3.196 
No. Age group (18 – 23 / 24 – 30) 161 / 48 
SER - 4.85 ± 1.99 
No. Myopia severity (low / moderate / high) 82 / 243 / 93 
No. Treatment (spectacle / soft contact lens / none) 198 / 32 / 11 

 

Table 2 shows the calculation of different 
ocular biometric indices by myopia classification. The 
average AL, CCT, CR and ACD were 25.68 ± 1.09 
mm, 539.78 ± 32.665 µm, 43.16 ± 1.369D and 3.30 ± 
0.243 mm, respectively. The AL of low myopia group 
was significantly shorter than that of moderate group 
(p < 0.0001), and the AL of high group was 
significantly higher than that of moderate group (p < 
0.0001). Central cornea of low myopia group was 
significantly thinner than that of the moderate group (p 
< 0.05). CR of the group with low myopia was 

significantly higher than that of the high myopia group 
(p < 0.05). There was no difference among three 
groups in terms of ACD (p > 0.05). 

Table 2: Ocular biometric indices and myopia classification 

 
Index 

Myopia severity 

Low 
n = 82 

Moderate 
n = 243 

High 
n = 93 

AL 24,61 ± 0,85 mm 25,63 ± 0.78 mm 26,79 ± 0,93 mm 
CCT 530,24 ± 35,56 μm 541,76 ± 32,30 μm 539,78 ± 32,67 μm 
CR 43.46 ± 1.51 D 43.15 ± 1.38 D 42,93 ± 1.15 D 
ACD 3.34 ± 0.27 mm 3.29 ± 0.22 mm 3.31 ± 0.28 mm 

 

The correlation between myopic SER and a 
variety of ocular biometric indices was studied (Figure 
1). There was a significant correlation between the 
refraction status and AL (r = - 0.742, p < 0.001), which 
implies the equation SER = - 1.358 * AL + 30.042. 
The correlation between the refraction status and CCT 
& CR was negligible (r = -0.107, p < 0.05; r = 0.123, p 
< 0.05; respectively) while there was no correlation 
between the refraction status and ACD (r = 0.019, p > 
0.05) (Figure 1). 

 

Figure 1: The correlation between ocular biometric indices and 
refraction status 

 

Table 3 gives information about the 
correlation between myopic SER and the ocular 
biometry by myopia classification. AL significantly 
correlated with the refraction status across all stages 
of myopia. CCT only significantly correlated with the 
refraction status in the group with low myopia. There 
was no significant correlation between the refraction 
status and remains. 

Table 3: The correlation between the ocular biometry and 
myopia severity 

Myopia severity 
Low 

n = 82 
Moderate 
n = 243 

High 
n = 93 

SER & AL 
r = - 0.380 
p = 0.000 

r = - 0.428 
p = 0.000 

r = - 0.595 
p = 0.000 

SER & CCT 
r = -0.240 
p = 0.030 

r = 0.019 
p = 0.770 

r = 0.116 
p = 0.226 

SER & CR 
r = 0.006 
p = 0.960 

r = 0.001 
p = 0.987 

r = 0.129 
p = 0.218 

SER & ACD 
r = - 0.189 
p = 0.090 

r = - 0.063 
p = 0.329 

r = 0.120 
p = 0.250 
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Discussion 

 

The current study examined the correlation 
between ocular biometric indices and the refraction 
status. To the best of our knowledge, the present 
study provides the first comprehensive assessment of 
the ocular biometry in Vietnamese young patients with 
myopia. 

In this study, we found that the average AL 
was 25.68 ± 1.09 mm, which was similar to other 
studies in myopic population. [11], [12], [13]. There 
was the significant difference in AL among stages of 
myopia, and this was consistent with previous 
researches [12], [13], [14]. AL strongly affects the 
refraction status because its elongation leads to the 
progression of myopia. CCT in our study was 539 ± 
36.74 µm, which was higher than that of Chang et al., 
(533 ± 29 µm) [15] and tied with those of Kadhim and 
Farhood [16] (543.95 ± 32.58 µm) and Kawesch (548 
± 33 µm) [17]. CCT plays a key role in the surgical 
plan or refractive surgeons. Any candidate without 
enough residual stromal bed will be eligible for other 
approaches such as Ortho – keratology or Phakic ICL. 
In the current study, CR was 43.16 ± 1.369 D, which 
was consistent with other authors [16, 18]. Cornea 
holds two – third of the refraction power of the whole 
eye globe; hence appropriate interventions on CR can 
be supportive to myopia treatment. ACD is very critical 
in Phakic ICL surgery for patients with high myopia or 
thin cornea. Phakic ICL is contraindicated in any 
candidates with shallow anterior chamber (ACD < 3 
mm). In the present study, ACD was shorter than 
findings of other studies [5], [12], [19], [20]. 

Not surprisingly, there was the significance 
correlation between the refraction status and AL in 
general (r = -0.742, p < 0.001) and in each stage of 
myopia progression. This means that the higher AL is, 
the worse myopia gets and is consistent with other 
studies [6], [11], [12], [15], [21], [22]. Some researches 
indicated that AL ≥ 26.5 mm was a risk factor of 
pathological changes in myopia such as lattice 
degeneration, retinal detachment, choroidal 
neovascularization, and retinal atrophy [23], [24]. 
Hence, because of the predictive value, identifying AL 
in examining myopic patients is very important to the 
prevention of high myopia complications. 

Our result that the correlation between CCT 
and the refraction status was negligible (r = - 0.107, p 
< 0.05) was similar to that of male patients in the 
study of Suzuki et al., (right eye: r = - 0.080, p < 
0.001; left eye: r = -0.039, p = 0.036; no correlation in 
female participants) [25]. This can be inferred that 
CCT is an independent factor and not correlated with 
myopic status [6], [26], [27]. 

Our analysis demonstrated that the 
correlation between CR and the refraction status was 
negligible (r = 0.123, p < 0.05). This was consistent 
with studies of Chen in 2009 [6] and Zeng in 2015 

[28]. We also found no correlation between ACD and 
the refraction status (r = 0.019, p > 0.05) while other 
studies [5], [6], [21] revealed that this correlation was 
significant. 

There are certain strong and weak points of 
our study. The time for data collection was limited, so 
we could not increase the sample size. However, we 
used modern equipment with cutting – edge 
technologies; hence, our findings were reliable. 

In conclusion, among 4 ocular biometric 
indices examined, AL significantly correlated with 
myopia status. This factor plays a vital role in the 
diagnosis, management and prediction of myopia. 
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Abstract 

BACKGROUND: Keratoconus is an ectatic corneal disorder that can impair the visual acuity. Up to now, 
penetrating keratoplasty (PK) remains the most common surgical procedure to treat severe keratoconus. In 
Vietnam, most keratoconus patients come to visit doctor at severe stage and were treated by PK, so we conduct 
this study. 

AIM: To evaluate the results of PK for keratoconus in Vietnamese patients. 

METHODS: This was a retrospective study of 31 eyes with keratoconus who underwent PK in VNIO from January 

2005 to December 2014. 

RESULTS: The average visual acuity was 0.86 ± 0.37 logMAR (20/145). In the group of patients without 
amblyopia, best spectacle-corrected visual acuity of 20/60 or better was recorded in 75.9% of eyes and 93.1% of 
eyes achieved a best corrected visual acuity with hard contact lenses of 20/40 or better. Mean postoperative 
corneal power was 43.8 ± 4.5D. Mean corneal astigmatism was 5.9 ± 2.7D. 94.6% of grafts remained clear. 
Posterior subcapsular cataract developed in 22.6% of eyes. Graft rejection was recognized in 12.9% of eyes. 

CONCLUSION: PK is an effective procedure with high rate of graft survival for keratoconus patients. However, 
patients should be aware of the necessary of optical correction to gain the best VA after surgery. 

 

 

 

Introduction 

 

Keratoconus is a noninflammatory ectatic 
corneal disorder characterized by localized cornical 
protrusion owing to thinning of the corneal stroma. 
This condition can lead to high myopia, irregular 
astigmatism, and impairment of visual acuity (VA) [1]. 
The treatment of keratoconus depends on its severity, 
including spectacle, contact lens, intracorneal rings, 
collagen cross-linking and keratoplasty [2]. In recent 
years, deep anterior lamellar keratoplasty (DALK) has 
been selected to treat this disease as an alternative to 
PK by some surgeons [3], [4]. However, DALK is a 
difficult and long-time surgery, especially in patients 
with acute hydrops or corneal scar. Therefore, PK 
remains the most popular surgical procedure in the 
severe stage.  

About 10-20% of keratoconus patients require 
PK for corneal scar, contact lens intolerance, or 
unsatisfaction with best-corrected visual acuity 
(BCVA) [1], [5]. Previous studies have noted that 
keratoconus is one of the common indications for 
corneal transplantation all over the world. The 
successful rate of PK for keratoconus is higher than 
other diseases. After 5 to 12 years, the graft survival 
rate is more than 90% [6], [7], [8]. 

In Vietnam, keratoconus is a rare disease and 
was well described in 2014 [9]. PK has been 
performed to treat patients with advanced 
keratoconus over the past fifteen years. This condition 
accounts for 1.4% of all PK operations [10]. This study 
was conducted to evaluate the outcomes of PK in 
Vietnamese patients with keratoconus.  
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Materials and Methods 

 

All keratoconus patients who underwent PK at 
Vietnam National Institute of Ophthalmology (VNIO) 
between January 2005 and December 2014 were 
enrolled in this retrospective study. 

PK surgeries were done under general 
anaesthesia. We used hand-held trephine to punch in 
the corneas. The host diameter ranged from 7.0 to 8.0 
mm, and the donor diameter was same-size or 0.5 
mm larger. The PK technique was 16-bite interrupted 
suture or a combined 8-bite interrupted suture and a 
16-bite running suture. Postoperative treatment 
consisted of topical antibiotic and steroids 4 times per 
day. Steroids were tapered after one month and 
discontinued after 1 year. 

Medical records were reviewed for 
demographic data, pre-and postoperative VA, 
keratometry, ocular conditions and general diseases 
associated with keratoconus, surgical technique, 
intraoperative and postporative complications such as 
graft rejection episodes, infection, trauma, and the 
requirement of glaucoma surgery or cataract surgery. 
After that, patients were recalled for the last follow-up 
examination. Patients who did not come for the last 
examination were excluded. 

At the last follow-up examination, VA, 
BSCVA, and BCVA with hard contact lens were noted. 
The Icare tonometer was utilized to mesure the 
intraocular pressure. Patients were examined on the 
slit lamp to evaluate the graft clarity and other ocular 
conditions. Corneal topography was measured with 
the OPD-Scan III topographer. Two topographic 
indices were calculated and registered: average K-
value and corneal astigmatism. 

 

Statistical analysis 

SPSS 16.0 was utilized to analysed the data. 
Chi-square test was applied to compare the difference 
of grouping variables. Fisher’s exact test was the 
alternative algorithm to Chi-square test when the 
number of data was small. We used t-test to compare 
continous variables.  

 

 

Results 

 

From January 2005 to December 2014, there 
were 31 eyes of 28 keratoconus patients underwent 
PK. Mean age at the time of surgery was 20.4 ± 8.4 
(range 8-58 yrs). There were 24 males (85.7%) and 4 
females (14.3%) (p < 0.001). Preoperative VA of all 
patients was less than 20/200. Of all 31 eyes, 28 eyes 
(90.3%) had the VA less than count finger (CF) 3 m. 

Indications for PK involved corneal scar (54.8%), 
corneal hydrops (25.8%), unsatisfactory best 
corrected visual acuity (19.4%). 

Recipient trephine size ranged from 7.0 to 8.0 
mm. The most common host diameter was 7.0 mm 
(15 eyes). Donor-recipient disparity was 0.5 mm in 17 
eyes (54,8%) and 0 mm in 14 eyes (45.2%). Suture 
technique was interrupted sutures in 28 eyes (90.3%) 
and combined sutures in 3 eyes (9.7%). 

 

 Visual Outcome 

Of all 31 eyes, 2 eyes had amblyopia with 
the BCVA less than 20/200. The first patient was 
diagnosed keratoconus at the age of 2 years and 
underwent PK at 8 years old. His post-op BCVA 
was 20/160. The second patient had congenital 
cataract combined with nystagmus. He had 
undergone ECCE combined with IOL implantation 6 
years before PK. At the last examination, the VA 
was CF 2.5 m and didn’t improve with pinhole. In 
the group of 29 eyes without amblyopia, mean 
UCVA and BSCVA at the last examination was 0.86 
± 0.37 logMAR (20/145) and 0.43 ± 0.18 logMAR 
(20/54) (p = 0.024), respectively. Hard contact 
lenses were fitted in 27 eyes, and the average 
BCVA was 0.09 ± 0.1 (20/25). 

Table 1: Visual outcome at the last visit 

VA UCVA BSCVA BCVA with HCL* 

< CF 3m n 2 0 0 
% 6.9 0 0 

CF 3m - < 20/200 n 5 0 0 
% 17.2 0 0 

20/200 - < 20/60 n 15 7 0 
% 51.7 24.1 0 

20/60 - < 20/40 n 7 12 0 
% 24.1 41.4 0 

≥ 20/40 n 0 10 27 
% 0 34.5 93.1 

Total n 29 29 29 

*BCVA with HCL was not performed in 2 eyes of the non-amblyopia group, including 
1 eye had corneal scar and 1 eye was being performed suture removal. 

 

Table 1 show that the majority of patients had 
UCVA ranged from 20/200 to 20/60 (51.7%). Mean 
BSCVA at the final follow-up was at least 20/60 in 
75.9% of the group without amblyopia. BCVA with 
hard contact lens of 20/40 or better was recorded in 
27 eyes (93.1%) of this group including 14 eyes had 
BCVA of 20/25 or better. 

 

Refractive outcome 

Corneal topography could not be measured in 
2 eyes due to nystagmus and corneal scar. Mean 
keratometry of the remaining 29 eyes at the last visit 
was 43.8 ± 4.5D (range 32-52.25D). Of 29 eyes, 
51.7% (15 eyes) had the keratometry in the normal 
range (40-44D). Corneal astigmatism was high with 
the average result of 5.9D (SD 2.7D, range 1-11.5D), 
and overall, 75.9% (22 eyes) had the corneal 
astigmatism more than 4D. There were 2 eyes had 
corneal astigmatism more than 10D. There were only 3 
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eyes (10.3%) had corneal astigmatism less than 2D.  

 

Graft survival outcome 

The rate of clear graft after PK was very high. 
A total of 94.6% (29 of 31 grafts) of the examined 
eyes had a clear graft. 1 eye had opaque graft after 
PK 43 months. 1 eye had corneal scar due to keratitis 
1 month postoperatively.  

 

Figure 1: Clear grafts after PK (a.8.8yrs; b.27months) 

 

 

Complications 

 Graft rejection was recorded in 4 eyes 
(12.9%). However, there was no case of graft 
rejection cause graft failure. Secondary glaucoma 
occurred in 2 eyes (6.5%) due to prolonged topical 
corticosteroid therapy to treat graft rejection. 

Table 2: Complications after PK 

Complication n Percentage (%) 

Loose suture 9 29.0 
Corneal neovascularization 8 25.8 
Posterior subcapsular cataract 7 22.6 
Graft rejection 4 12.9 
Secondary glaucoma 2 6.5 
Keratitis 1 3.2 

 

Of the 2 glaucoma eyes, 1 eye required 
trabeculetomy 10 months after PK because the IOP 
had not been controlled by 4 types of topical 
antiglaucoma eyedrops. There was 1 eye developed 
bacterial keratitis on the graft 1 month postoperatively, 
leading to graft failure due to corneal scar. 

 

Figure 2: Complications after PK; A) Corneal scar; B) Posterior 
subcapsular cataract 

 

 

 

 

Discussion 

 

Keratoconus is a progressive disease 
characterized by paracentral or central thinning, and 
ectasia of the cornea. This disease often appears in 
the second decade of life and progresses at a variable 
rate. It causes severe myopia and irregular 
astigmatism. Keratoconus patients who underwent 
keratoplasty are very young because this disease 
often occurs at puberty. 

In our study, most patients were male, which 
is similar to the results of some other authors [11], 
[12], [13]. The recent studies indicate that keratoconus 
is more common in men than women due to the 
combination of this disease and vernal conjunctivitis, a 
common disease in men [14]. Furthermore, this 
disease also progresses faster in men [15]. These 
findings contribute to explain that male patients tend 
to have to undergo keratoplasty than women. 

Corneal scar was the leading indication for 
keratoplasty in our study, which account for the 
proportion of 54.8%. However, the main indication of 
surgery in Lim's study was contact lens intolerance 
(51.6%) [8]. The indications for PK in patients with 
keratoconus vary greatly in different studies. In 
Vietnam, almost keratoconus patients were 
discovered in severe stage, and most of them have 
corneal scars [9]. Therefore, they could not be treated 
by hard contact lens, collagen cross-linking or 
intrastromal ring implantation. Penetrating 
keratoplasty was a good treatment for them. 

Postoperative VA is the most important 
criteria when assessing the success of PK in terms of 
eye function. Before surgery, almost patients had VA 
less than CF 1 m. The average VA was 1.94 ± 0.14 
logMAR. Postoperatively, the patients’ VA was 
improved significantly. The average UCVA was 0.86 ± 
0.37 logMAR (20/145). The BCVA with hard contact 
lens of 29 eyes without amblyopia in our study was 
20/27. This result is similar to the results of previous 
studies, with the BCVA ranged from 20/25 to 20/32 
[7], [8], [11], [13]. 

For patients with PK, postoperative corneal 
astigmatism is still a big problem to overcome. 
Although the postoperative VA is improved 
significantly, most patients need to wear glasses or 
hard contact lens to gain the best VA. Wearing a hard 
contact lens is a non-surgical method, which is often 
selected to help patients achieve good VA after 
keratoplasty. It helps to correct corneal astigmatism 
and refractive deflection. In our study, the BSCVA of 
22 non-amblyopia eyes (75.9%) was at least 20/60. 
93.1% (27 eyes) of the non-amblyopia group had the 
BCVA of 20/40 or better with hard contact lens, 
including 14 eyes had BCVA of 20/25 or better. 

Preoperative corneal refraction could not be 
measured in 26 eyes due to corneal scars, corneal 
hydrops and over-refraction. After surgery, there were 
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29 eyes which could be measured corneal topography 
with the average keratometry of 43.8 ± 4.5 D (range 
32-52.25 D). Similar results were found in some 
previous studies [11], [16]. We could not measure 
topography in one eye with nystagmus and one eye 
with corneal scar. 

With an average postoperative follow-up of 
49.5 months, the rate of clear grafts was 94.6%. PK 
remains the main surgical procedure to treat severe 
keratoconus. The result of the other studies has 
shown that this is a high successful treatment method 
with the rate of clear grafts is about 95% after 2-5 
years [8], [11], [17]. Although the cause of graft failure 
varies in different studies, the overall survival rate of 
the graft is still very high because the surgery is 
performed on the eye without inflammation and neo-
vessel. In our study, the rate of graft rejection was 
12.9% (4 eyes). Some studies of other authors shown 
the same result, which had the rate of graft rejection 
ranging from 4.3-31% [6], [18], [19], [20]. However, all 
cases of graft rejection were detected and treated 
promptly with topical and oral corticosteroids, so none 
of them led to graft failure. 

In conclusion, keratoconus is a rare corneal 
degeneration that causes severe visual impairment. It 
usually occurs in young patients. In the severe stage, 
patients with keratoconus will require keratoplasty. PK 
is indicated for not only optical purpose for restoring 
VA, but also tectonic purpose for restoring the corneal 
integrity in terms of corneal thickness and shape. 
Patients with keratoconus can achieve good VA and a 
high rate of survival graft postoperatively. We propose 
that PK should be indicated in keratoconus patients 
with corneal scars. In some developing countries 
where advanced techniques as DALK or intracorneal 
ring implantation are not available, PK also should be 
considered in patients who have poor vision with 
spectacles or contact lens intolerance. However, 
some patients need to wear spectacles or hard 
contact lens to gain the best VA after PK. 
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Abstract 

BACKGROUND: Dry eye (DE) can effect on quality of life by pain, inability to perform certain activities that 
require prolonged attention (driving, reading,…) and productivity at work and finally effect to Q0L associated with 
DE. OSDI is scale questionnaire is created team to measure the quality of life related to ocular surface disease. 

AIM: To describe the dry eye disease according to OSDI scale and related factors of this disease. 

METHODS: A cross-sectional descriptive study was carried out on outpatients (≥ 16-year-old) who were 
examined and diagnosed with dry eyes at Vietnam National Institute Of Ophthalmology from April to July 2018. 
Data was collected using the OSDI questionnaire. 

RESULTS: The average age of participants was 44.6 years; 80.9% of patients were female; 39.9% were 
identified having mild dry eye. The related factors have been identified that associated with severe dry eye, 
including age OR = 1.03 (95%CI: 1.01-1.05, p = 0.005), binocular good vision OR = 0.11 (95%CI: 0.05-0.23; p < 
0.0001), medical history OR = 17.09 (95%CI: 2.24-130.25; p < 0.0001), chronic conjunctivitis OR = 0.36 (95%CI: 
0.14-0.91; p = 0.027), refractive errors OR = 0.14 (95%CI: 0.04-0.48; p < 0.0001), Sjogren's syndrome OR = 
31.13 (95%CI: 7.08-136.76; p < 0.0001). 

CONCLUSION: Several related factors have been identified associated with severe dry eye, including: age, 
binocular good vision, medical history, chronic conjunctivitis, refractive errors, Sjogren's syndrome. 

 

 

Introduction 

 

Dry eye (DE) is an increasing public health 
issue which causes the discomfort and visual 
disturbance and which affects the quality of life, 
including physical, psychological and social aspects, 
daily activities and labor productivity. 

“Dry eye is a multifactorial disease of the 
ocular surface characterized by a loss of homeostasis 
of the tear film, and accompanied by ocular 
symptoms, in which tear film instability and 
hyperosmolarity, ocular surface inflammation and 
damage, and neurosensory abnormalities play 
etiological roles” [1]. It is the most common ocular 
surface disease over the world with the prevalence 
from 4.4% to 50% in the older and middle-aged 
patients [2], [3]. In the US, it is estimated from the 
largest studies that dry eye can affect around 5 million 
people over 50 years old [4]. Many studies have 

shown that this disease “is a major cause of visual 
disturbance which can degrade the quality of daily life 
and affect health status” [5], [6]. On the other hand, 
the prevalence of DE is increasing due to the growing 
demands of modern life styles such as using 
computers, air conditioning and longevity in the last 
few years, which are considered as causes of dry eye. 
Many studies have shown that dry eye can effect on 
quality of life by pain, uneasy to perform certain 
activities that require prolonged attention (driving, 
reading, ...) and reducing productivity at work. 
Currently, therefore, the main goal of treating dry eyes 
is to improve eye comfort and maintain the quality of 
life for patients [7]. This is the main motivation for both 
patients and society in general and raising awareness 
about dry eyes in society through educational 
activities 

In recent years, there are many 
questionnaires used to assess the condition of 
patients with dry eyes. The tools to measure QoL help 
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to prove scientifically about the impact of health on 
QoL. Some tools are widely used such as and SF-36 
(Medical Outcomes Study Short Forms) and QOWBS 
(Quality of Well-Being Scale)… However, each of the 
different diseases has different characteristics, so that 
the questionnaire for measurement quality of life in 
different diseases is often developed by researchers 
with special tools. OSDI is the most commonly tool for 
frequency and severity assessment of DE in clinical. 
The scale consists of 12 questions divide into three 
categories: ocular symptoms, visual function 
disturbances, and environmental factors. The severity 
of symptoms on Likert scale is recorded on a 4-point 
from 1 to 4 points, the higher the score, the higher the 
Q0L effect. If the frequency scale is zero, the scale 
score is also 0. We believe the score represents the 
burden of patients and is more exact to evaluate the 
severity of the disease [7], [8], [9]. 

In the world, there have been many studies 
on the quality of life on people with dry eye disease in 
different aspects. However, there are very few studies 
about this issue in Vietnam until now. We think that 
this issue is very important because it provides 
information related to DE in the aspect of quality of 
life. It also provides reccommendations for 
ophthalmologists to pay more attention to the 
complaints in patients with dry eye and enables 
doctors to understand the patient's needs and offer a 
better treatment. Therefore, we carried out this study. 

 

 

Materials and methods 

 

Patient 

Subjects included 175 DE outpatients who 
were examined in Vietnam National Institute of 
Ophthalmology (VNIO) from April 2018 to July 2018. 

Selection criteria: Participants included DE 
outpatients with the age from 16 to 72 of years. 
Criteria of dry eye diagnosing include: OSDI > 12 
points; 2 out of 3 positive dry eye tests (BUT test ≤ 5 
s, Schirmer test ≤ 5 mm, Fluorescein or Rose Bengal 
staning). 

Exclusion criteria: Patients who do not agree 
to participate in the study or are unable to respond 
(mental patients, language problems). 

 

Research design 

A cross-sectional descriptive study was 
conducted. Data were collected by direct interview 
with patients using OSDI questionaires. OSDI (Ocular 
surface Disease Index) questionaire was used to 
evaluate and diagnose dry eye status. The questions 
in scale were grouped into 3 groups: ocular symptoms 
(Eyes that are sensitive to ligh, Eyes that feel gritty, 

Painful or sore eyes, Blurred vision, Poor vision), 
visual disturbance (reading, driving at night, working 
with a computer or banking machine (ATM), watching 
TV), and environmental factors (windy condition, 
Places or areas with low humidity (very dry), Areas 
that are air conditioned). OSDI score was calculated 
and classified into Normal: (0-12 points); Mild (13-22 
points); Moderate (23-32 points); Severe (33-100 
points) (Figure 1) [7]. 

 

Figure 1: https://www.collinsoptometrists.com.au/wp-
content/uploads/2016/01/OSDI-questionaire.pdf; Data entry and 
analysis using Epidata 3.0 and SPSS 16.0 

 

 

 

Results 

 

General information of research subjects 

The study was conducted on 178 subjects 
and the average age of participants was 44.6 years, 
standard deviation was 14.65 years with a range 
between 16 and 72 years of age. 

A number of demographic information was 
collected in our study including educational level, 
ethnic, occupation, geography and monthly average 
income. The majority of subjects have professional 
education of high school or lower (61.8%); 98.3% of 
subjects were Kinh people. The occupation of the 
subjects was distributed unevenly: the highest 
proportion in the farmer group (37.6%), followed by 
the office staff (25.3%); other occupations (19.7%), 
business (13.5%) and lowest proportion in worker 
group (3.9%). There was no stastically significant 
difference between geography groups. The majority of 
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research subjects had monthly average income per 
capita less than 5 million VND (63.5%). 

Table 1: Social – demographic information (n = 178) 

Characteristics Number 
(n) 

Proportion 
(%) 

Age 16-39 62 38.4 
40-59 78 43.7 
≥ 60 38 21.3 

Sex Male 34 19.1 
Female 144 80.9 

Highest professional/ 
educational level 

Secondary school 14 7.9 
High school 96 53.9 

College 28 15.7 
University 36 20.2 

Postgraduate 4 2.2 
Ethnic Kinh 175 98.3 

Others 3 1.7 
Ocupation Officer 45 25.3 

Worker 7 3.9 
Farmer 67 37.6 

Business 24 13.5 
Others 35 19.7 

Geography Rural 89 50 
Mountain region 01 0.6 

Urban 88 49.4 
Monthly average 
income per capita 

< 5 millions VND 113 63.5 
≥ 5 million VND 65 36.5 

 

In our study, the majority of patients had good 
visual acuity with pinhole or glasses (50% of right 
eyes and 52.2% of left eyes), followed by morderate 
vision (25.8% of right eyes and 27.5% of left eyes) 
and low and blind vision (24.2% of right eyes and 
20.3% of left eyes). 

 

Characteristic of medical history  

 Among 178 of research subjects, 87.6% had 
at least one type of medical history Types of medical 
history included arthritis (30.3%), allergic diseases 
(25.8%), Sjogrens’s syndrome (20.5%), chronic 
conjunctivitis (17.4%), refractive errors (15.5%), 
hypertension (5.2%), diabetes (1.3%) and other 
autoimmune diseases (1.9%), (Table 2). 

Table 2: Medical history of patients (n = 178) 

Medical history 
Number 

(n) 
Proportion 

(%) 

Medical history  
Yes 156 87.6 
No 22 12.4 

Chronic conjunctivitis 
Yes 27 17.4 
No 128 82.6 

Refractive error 
Yes 24 15.5 
No 131 84.5 

Allergic diseases 
Yes 40 25.8 
No 115 74.2 

Diabetes 
Yes 2 1.3 
No 152 98.7 

Hypertension 
Yes 8 5.2 
No 147 94.8 

Sjogren’s syndrome 
Yes 32 20.6 
No 123 79.4 

Athritis 
Yes 47 30.3 
No 108 69.7 

Other autoimmune diseases 
Yes 3 1.9 
No 152 98.1 

Chronic conjunctivitis 
Yes 31 19.9 
No 125 80.1 

 

 

Description of quality of life related vision 
  according OSDI  

According to Figure 1, regarding to the 
discomfort of ocular surface symptom the majority of 
patients complained of light sensitivity (41.1%), gritty 
sensation (31.5%), eye pain (43.3%), blurred vision 
and poor vision (29.8%).  

 

 

Figure 1: Symptoms of discomfort of ocular surface  

 

On the other hand, most of patients with the 
symptoms of blurred vision and poor vision 
experienced this condition all of the time (73.0%). The 
mean OSDI score of discomfort of ocular surface 
symptom group was 48.6 ± 26.15.  

 

Figure 2: Symptoms of visual disturbance  

 

According to Figure 2, regarding to visual 
disturbance, among patients had discomfort feeling 
when reading and watching TV, these symptoms 
occurred occasionally with the rate of 36% and 29.8% 
respectively. The majority of participants were farmer, 
therefore most of them had no answer for the question 
“when working with a computer or bank machine 
(30.3%). In patients with discomfort when driving at 
night, the proportion of disturbance frequency level 
seemed to be equal. The mean OSDI score of visual 
disturbance symptom group was 43.64 ± 25.29.  

 

Figure 3: Symptoms of dry eyes related environmental condition 

 

Most of participants answered that they felt 
uncomfortable at the frequency “half of time” in the 
windy conditions (31.5%) and areas that are air 
conditioned (29.2%). In the condition of low humidity 
(very dry), the prevalence of participants felt 
uncomfortable at the frequency “all of the time”, “most 
of the time” and “half of the time” was 30.3%, 28.7% 
and 27.5% respectively. The mean OSDI in the goup 
of activated symptoms due to environmental factors 
was 53.37 ± 28.81.  
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Table 3: Dry eye severity according OSDI scale 

Severity Number (n) Proportion (%) 

Mild (13-22 points) 14 7.9 
Morderate (23-32 points) 93 52.2 
Severe (33 – 100 points) 71 39.9 
Total 178 100 

 

In our study, moderate dry eye accounted for 
the highest proportion in 3 groups (52.2%), followed 
by severe dry eye (39.9%) and the lowest was mild 
dry eye (7.9%), (Table 3). 

 

The relationship between some social-
  demographic factors and severe dry eye 

 Age was one of related factors of dry eye (OR 
1.03 (95%CI 1.01 – 1.05). The prevalence of dry eye 
in the group having higher educational level (above 
high school) was 58.8%, lower than that of the group 
having lower educations level (60.9%). 

Table 4: The relationship between some social-demographic 
factors and severe DE 

Factors 
Yes No OR 

95%CI 
P 

n % n % 

Age 1.03 (1.01 – 1.05) 0.005* 

Sex 
Male 12 35.3 22 64.7 

1.27(0.59 – 2.77) 0.543 
Female 59 41 85 59 

Educational 
level higher 
than high 
school 

Yes 28 41.2 40 58.8 
1.09 (0.59 – 2.02) 0.782 

No 43 39.1 67 60.9 

Occupation 
Others 24 36.4 42 63.6 _ _ 
Officer 21 46.7 24 53.3 1.53(0.71-3.31) 0.279 

Farmer 26 38.8 41 61.2 1.11(0.55-0.24) 0.771 
Binocular 
good vision 

Yes 13 15.3 72 84.7 
0.11(0.05- 0.23) 

 
0.0001* No 58 62.4 35 37.6 

OR: odds ratio; 95% CI: confident interval; *: p < 0.05; P values were determined by Anova 
test. 

 

The highest prevalence of severe dry eye by 
occupation was in farmer group (46.7%), followed by 
the farmer group (38.8%) and the lowest in other 
occupations (36.4%), (Table 4). 

Table 5: The relationship between severe dry eye and medical 
history 

Risk factors 
Yes No OR 

95%CI 
p 

N % n % 

Medical history  
Yes 70 44.9 86 55.1 17.09 

2.24 – 130.25 
0.0001* 

No 1 45 21 95.5 
Chronic 
conjunctivitis 

Yes 7 25.9 20 74.4 0.36 
0.14 – 0.91 

0.027* 
No     

Refractive 
error 

Yes 3 12.5 51 87.5 0,14 
0.04 – 0.48 

0.0001* 
No 67 51.1 64 48.9 

Allergic 
diseases 

Yes 13 32.5 27 67.5 0.49 
0.23-1.04 

0.062 
No 57 49.6 58 50.4 

Diabetes 
Yes 1 50 1 50 1.2 

0.07-19.59 
1 

No 69 45.4 83 54.6 

Hypertension 
Yes 5 62.5 3 37.5 2.1 

0.48-9.13 
0.47 

No 65 14.2 82 55.8 
Sjogren’s 
syndrome 

Yes 30 93.8 2 6.3 31.13 
7.08-136.76 

0.0001* 
No 40 32.5 83 67.5 

Athritis 
Yes 22 46.8 25 53.2 1.1 

0.55-2.19 
0.786 

No 48 44.4 60 55.6 
Other 
autoimmune 
diseases 

Yes 3 100 0 0 
0.44 

0.37-0.53 
0.09 

No 67 44.1 85 55.9 

OR: odds ratio; 95% CI: confident interval; *: p < 0.05; P values were determined by Anova 
test. 

 

We did not find any statistically significant 
relationship between severe DE disease and group of 
medical history including allergy, diabetes, 
hypertension, arthritis and other autoimmune diseases 

(Lupus) (p > 0.05). On the other hand, medical history 
of chronic conjunctivitis, refractive errors, Sjogren's 
syndrome was shown to be statistically significant 
association with severe dry eye disease (p < 0.05) 
(Table 5).  

 

 

Discussion 

 

General information of research subjects 

The mean age of participants was 44.6 years 
and the 40-59 age group comprised the most patients 
among the 3 age groups (43.7%). This characteristic 
is similar to a study of Alyscia Cheema [8]. DE 
disease can occur at any age. This study revealed the 
significant and important effects of dry eye disease on 
individual health as a public health problem. The 
prevalence of dry eye symptoms increased with age 
(p < 0.05); it is consistent with the research of BOSS 
[9]. The proportion of female participated in our study 
(80.9%) was higher than of male (19.1%). It is similar 
to the results of previous epidemiological studies of 
this disease [10], [11], [12]. 

Among the dry eye patients, the ratio of low 
education, low income was higher than the others 
rest. In fact, people with low educational level, low 
average income often work in bitter environmental 
conditions such as overheat, cold or outdoor sunny 
windy conditions. That is the cause for faster 
evaporation of tear film, more susceptible blepharitis 
which affects the adhesion forces of tear film on the 
corneal surface leads to DE disease. The percentage 
of mountainous patients who suffer from DE is very 
low. This may be due to not only the difficulty of 
mountainous people to seek medical care but also 
cool moist environment in the living area. Fresh 
climate in mountainous areas may significantly reduce 
the rate of DE in people living here. 

More than half of our patients had good 
correction vision. This seems to be suitable because 
DE disease often insignificantly reduces the visual 
acuity by altering the tear film layer, not impairing the 
transparent environment such as cornea, lens. 

 

Description of quality of life (QoL)related 
  vision according OSDI  

The symptoms of ocular surface with high 
scores and frequent occurrences make a significant 
impact on the QoL of patients with DE. The mean 
OSDI score of discomfort of ocular surface symptom 
group was 48.6 ± 26.15 and 73% of patients felt 
uncomfortable all the time. The visual disturbance was 
observed with 4 activities: reading, driving, working 
with computer and watching TV. OSDI score 
regarding to these categories was also less than half 
of the normal person (43.64). The average score of 
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DE increased under the influence of dry, windy and 
low humidity environments. Therefore, to reduce the 
effects of DE on the QoL of patients, it is necessary to 
limit dry, low humidity and windy conditions in living 
environment (Figure 3). 

 

Related factors with severe DE 

In logistic regression analysis with univariate 
model, we found an association between age and 
severe dry eye condition (p < 0.05). When the age 
increased by one year, the risk of severe dry eye 
increased by 1.03 times. This can be explained by 
hormonal changes at older age which leads to 
hyposecretion of many exocrine glands of the body 
(including glands responsible for tear film secretion). 
This condition can cause the symptoms of dry eyes. 
Also, the effect of hormonal factors on women also 
makes the prevalence of severe dry eye in women 
higher than that of men in our study (64.7% in women 
compared to 59% in men) (Table 5). 

There is a stastically difference in the 
prevalence of severe dry eye between education 
levels and occupations (p < 0.05).  

On the other hand, the variations of age and 
binocular good vision were shown to have a 
statistically significant with severe dry eye disease (p 
< 0.05). The group with binocular good vision had 
lower risk (0.11 times) of dry eye disease than the 
group without binocular good vision. 

People with a history of refractive errors are at 
lower risk of DE than other people due to regular 
examination and appropriate treatment. Sjogren's 
syndrome is an autoimmune disease characterized by 
dry mouth and signs of dry eyes due to functional 
impairment of exocrine glands [13]. This syndrome is 
the second most common autoimmune disease after 
rheumatoid arthritis [11]. In our study, we have not 
found an association with allergic diseases, arthritis. 
This result is similar to the study of Biljana and 
colleagues [6]. We also have not found the 
association between dry eyes and contact lenses 
wearees, other autoimmune diseases (Lupus), thyroid 
disease because the number of each type of medical 
history in our study was only 1-2 people [14], [15]. 

In conclusion, this is one of the first studies on 
the quality of life of patients with dry eye in Vietnam. 
The main result includes: dry eyes have a significant 
impact on visual function and it reduces the quality of 
daily life of patients. The factors that have been 
shown to be associated with severe dry eye include 
age, binocular good vision, medical history, chronic 
conjunctivitis, refractive errors, Sjogren's syndrome. 
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Abstract 

BACKGROUND: Phacoemulsification surgery has the ability to deeply alter the segment anterior morphology, 
especially in eye with shallow anterior chamber (AC), narrow anterior chamber angle (ACA). However, the 
changes of anterior chamber depth (ACD) and ACA on the close angle suspect eyes after phacoemulsification 
have not been mentioned in many studies. So, we conduct this research.  

AIM: To evaluate the alteration in the ACA and ACD after phacoemulsification in the close angle suspect eyes.  

METHODS: Interventional study with no control group. Subjects were the primary angle closure suspect (PACS) 
eyes, that were operated by phacoemulsification with intraocular lens (IOL) at Glaucoma Department of VNIO 
from December 2017 to October 2018.  

RESULTS: 29 PACS eyes with cataract were operated by phacoemulsification with intraocular lens. After 3 

months of monitoring, the average ACD augmented from 2.082 ± 0.244 to 3.673 ± 0.222 mm. AOD500 increase 
from 0.183 ± 0.088 to 0.388 ± 0.132 μm, AOD750 increased from 0.278 ± 0.105 to 0.576 ± 0.149 μm. The 
TISA500 enlarged from 0.068 ± 0.033 to 0.140 ± 0.052 mm

2
, TISA750 enlarged from 0.125 ± 0.052 to 0.256 ± 

0.089 mm
2
 at the third month (p < 0.01). 

CONCLUSION: Phacoemulsification surgery increases the ACD and enlarged the angle in the PACS eyes. 

 

 

 

 

 

 

Introduction 

 

There have been many studies showing that 
lens extraction and intraocular lens implantation, 
especially phacoemulsification surgery in cataract 
patients can increase the ACD, widening the angle 
and solving the pupil blockade to increase the 
aqueous humour outflow [1], [2], [3]. Therefore, 
phacoemulsification surgery is considered an angle-
closure glaucoma treatment method and has a 
preventive effect on the eyes with narrow AC [4]. 

Anterior segment optical coherence 

tomography (AS-OCT) is a non-contact and non-
invasive imaging technique that provides high quality 
images and it offers rapid and easy calculable of 
anterior segment, especially angle irido-corneal and 
AC [5]. 

There have been many studies on images of 
anterior segment by AS-OCT have shown that after 
phacoemulsification surgery AC was deeper, ACA 
was wider on the normal eye group, primary angle 
closure glaucoma (PACG) group and primery open 
angle glaucoma (POAG) group. 

Altan (2004) studied 53 nonglaucomatous 
eyes, the results showed that before surgery the 
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average IOP was 15.1 ± 2.8 mmHg decreased to 13.3 
± 2.7 mmHg after surgery 3 months; Preoperative 
ACD mean was 3.06 ± 0.49 mm, increased to 3.70 ± 
0.36 mm 3 months postoperative (P < 0.05) [1]. 

The study by Martha Kim (2012) [6] 
performed phacoemulsification surgery on both PACG 
and POAG, which showed mean ACD results of 
PACG groups enlarged from 1.63 ± 0.23 mm to 3.65 ± 
0.19; ACD of POAG also enlarged from 2.62 ± 0.47 
mm to 3.93 ± 0.26 mm on the second day after 
surgery (p < 0.001). The ACA in the nasal and 
temporal quadrants both increased twice in PACG 
and 1.5 times in POAG. 

However, the changes of AC and ACA on the 
close angle suspect eyes after phacoemulsification 
have not been mentioned in many studies. So, we 
conducted this research with the aim to evaluate 
changes in the ACA and ACD after 
phacoemulsification surgery in PACS eyes using AS-
OCT. 

 

 

Materials and Methods 

 

This interventional study was performed in the 
Glaucoma Department of Vietnam institute of 
ophthalmology, between December 2017 and October 
2018. The research was carried out in accordance 
with the tenets of the Declaration of Helsinki. 

We conducted the research on 29 eyes of 25 
cataract patients with close angle suspect (The eye 
has at least 3 quadrants angles at grade 2 according 
to the Shaffer classification on gonioscopy without 
indentation and eye in the primary position, with 
normal intraocular pressure (IOP), normal optic disc 
and visual fields and ACA under 25° on both nasal 
and temporal angle quadrants on AS-OCT images). 
All patients underwent preoperative evaluation 
including visual acuity testing, slit lamp examination, 
gonioscopy, Goldmann applanation tonometry and 
indirect fundoscopy. IOL was calculated by IOLMaster 
500 (Zeiss Meditec, Dublin, CA, USA). 

Surgeries were performed by one surgeon 
(ATV). Surgical technique involving 
phacoemulsification and aspiration through a 2.2 mm 
temporal clear corneal incision then acrylic 
hydrophobic IOL was implanted in the capsular bag. 
Patients with surgical complication which required 
other surgical approaches were excluded. 

AS-OCT (Visante, Zeiss Meditec, Dublin, CA, 
USA) was carried out 1 day before surgery, and 1 and 
3 months after surgery. One examiner achieved all 
images under indistinguishable lighting conditions. 
The following parameters were measured: - Central 
ACD, described the distance from the back surface of 
the cornea to the front of the lens in the center; - 

Angle opening distance at 500 μm or 750 μm 
(AOD500/750) – measured by the length of the line 
perpendicular between a point 500µm or 750 µm from 
the scleral spur and the opposing iris; and - 
Trabecular iris space area (in mm

2
) up to 500 μm or 

750 μm (TISA500/750) – the area of the quadrilateral 
define by the AOD 500 or 750, the corneal 
endothelium, trabecular meshwork and anterior iris 
surface. 

Data are presented as mean values ± 
standard deviation of the mean. Differences between 
preoperative and postoperative measurements were 
evaluated using Friedman test. All results were well 
thought out significant at p < 0.05. 

 

 

Results 

 

Ours study include 29 eyes of 25 patients; 4 
male (16%) and 21 females (84%). The mean age 
was 70.28 ± 8.95 years, from 47 to 88 years old. All 
patients were making a diagnosis with senile cataract 
and narrow angle. 

Table 1: Alterations of anterior chamber depht (ACD) 

ACD (mm)   p* 

Preoperative 2.082 ± 0.244  
1 months postoperative 3.620 ± 0.307  
3 months postoperative 3.673 ± 0.222  
ACD difference after surgery 1 month 1.538 ± 0.312 0.000 
ACD difference after surgery 3 month 1.592 ± 0.293 0.000 
ACD difference between 1 month and 3 months 0.054 ± 0.186 0.131 

* Friedman test, comparing before and after surgery. 

 

After surgery, the AC was notably profounder 
in all postoperative periods. The mean expansion in 
ACD postoperative was 1.538 ± 0.312 mm after 1 
month, and was 1.592 ± 0.293 mm after 3 months, 
about 73% profounder than before surgery. But the 
difference of ACD between 1 month and 3 months 
postoperative is not statistically significant (p = 0.131) 
(Table 1). 

Table 2: Changes in angle opening distance (AOD) 

AOD (μm) AOD500 p* AOD750 p* 

Before surgery 0.183 ± 0.088  0.278 ± 0.105  
1 months after surgery 0.370 ± 0.090  0.569 ± 0.108  
3 months after surgery 0.388 ± 0.132  0.576 ± 0.149  
AOD difference after surgery 1 month 0.187 ± 0.080 0.00 0.291 ± 0.127 0.00 
AOD difference after surgery 3 month 0.205 ± 0.108 0.00 0.298 ± 0.149 0.00 
AOD difference between 1 month and 3 
months 

0.018 ± 0.074 0.204 0.007 ± 0.083 0.654 

*Friedman test. 

 

Angle opening distance were also significantly 
augmented. AOD500 average was 0.183 ± 0.088 μm 
before surgery. One month after surgery mean 
AOD500 was 0.370 ± 0.090 μm and 0.388 ± 0.132 μm 
at the third month. AOD750 also augmented from 
0.278 ± 0.105 μm to 0.569 ± 0.108 μm at the first 
month and 0.576 ± 0.149 μm at the third month. 
However, the change in AOD500 and AOD750 at 1 

X SD
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month and 3 months postoperative is not statistically 
significant (p > 0.05) (Table 2). 

Table 3: Changes in trabecular iris space area (TISA) 

TISA (mm
2
) TISA500 p* TISA750 p* 

Before surgery 0.068 ± 0,033  0.125 ± 0.053  
1 months after surgery 0.132 ± 0,038  0.248 ± 0.058  
3 months after surgery 0.140 ± 0,052  0.256 ± 0.089  
TISA difference after surgery 1 month 0.064 ± 0,023 0.00 0.123 ± 0.042 0.00 
TISA difference after surgery 3 month 0.072 ± 0,040 0.00 0.132 ± 0.07 0.00 
TISA difference between 1 month and 3 
months 

0.009 ± 0,026 0.087 0.008 ± 0.049 0.373 

*Friedman test. 

 

Trabecular iris space area increased roughly 
2 times after surgery 1 month in both the temporal and 
nasal angle (p < 0.001). But the difference of TISA500 
and TISA750 at 1 month and 3 months postoperative 
is not statistically significant (p > 0.05) (Table 3). 

 

 

Discussion 

 

Recent developments in morphological 
evaluation of angle irido-cornean, specifically by 
means of AS-OCT, have exposed that all indicators of 
the width of angle are increased after lens extraction 
on all subjects, especially in Asians patients [3]. 

Lens volume expansions when age increases 
and the anterior lens surface move toward the cornea 
[7]. Therefore, almost cataractous lenses are thicker 
than normal lenses [8]. After cataract extraction and 
replaced the thinner intraocular lens the iris to back 
out, extending the anterior chamber and angle irido-
cornean. 

In this study, we only selected patients at risk 
of angle closure, so ACD was lower than other studies 
[9]. The average of ACD before surgery only was 
2.082 ± 0.244 mm, but 1 month after surgery ACD 
was measured at 3.620 ± 0.307 mm. This depth is 
equivalent to the postoperative ACD value on the 
senile cataract in normal eye [10], [11]. 

Among 25 study patients, the rate of women 
was 5.25 times higher than men. This ratio is also 
consistent with epidemiology of closed angle 
glaucoma because the anterior chamber in women 
are shallower than men, and the average life 
expectancy for women is higher than for men. 

Similar to ACD, the indicators of the AC width 
are significantly increased at first and third 
postoperative month, statistically significance with p < 
0.001. Many researches have shown that the lens 
plays an important role in primary angle closure [7]. 
ACA closure is generally established in eyes with a 
shallow AC, narrow angle. Studies have revealed an 
important lens participation in these eyes [12], [13]. 
One of the mechanisms of angle closure is said to be 
an augmented lens volume. Also, it has been 
proclaimed that lens curvature might have a bigger 

role in angle closure than an enlarged diameter of the 
lens. A continuous increase in lens volume and lens 
curvature are suspected to be related to the 
pathogenesis of angle closure particularly in women in 
the 3rd or 4th decade. 

Therefore, lens removal has special effects on 
the treatment and prevention of PACG [6]. There are 
studies that demonstration a diminution in the IOP up 
to 8,5 mmHg [4] after phacoemulsification. In close 
angle and close angle suspect eyes, lens removal can 
enlarge the angle, extend the anterior chamber, and 
reduce the irido-trabecular contact. This attribute has 
been related with a stable reduction in the IOP. Some 
studies have also displayed a diminution in peripheral 
anterior synechiae after phacoemulsification surgery 
[14]. 

Pereira [2] found significant intensify in the 
ACA opening after cataract extraction. There was a 
exceptional correlation between the ACA preoperative 
values and after surgery alterations: "the shallower the 
preoperative AC, the greater the postoperative 
deepening; the narrower the preoperative angle, the 
greater the postoperative opening of the angle". 

In ours study, the indicators of anterior 
chamber angle AOD500, AOD750, TISA500, TISA750 
all increased approximate 2 times after surgery. This 
result is completely consistent with the others studies, 
the change of the ACA after cataract extraction on 
angle-closure glaucomatous eyes [9], [10]. Even on 
normal eyes and open-angle glaucoma, 
phacoemulsification surgery also extends the ACA but 
with a smaller margin compare with closed-angle 
glaucoma [4]. Amount alteration on these parameters 
was always lesser in the open angle glaucoma 
against angle close group [6]. The study of Nonaka 
(2005) on 13 eyes were taken phacoemulsification in 
27 eyes residual angle closure after laser peripheral 
iridotomy. Before surgery, all eyes are positive or 
suspected positive responses to the prone position 
test in the dark room. After surgery all eyes becames 
negative with that test and IOP lowered 4.5 mmHg 
compared to before surgery. 

In conclusion, through studying 29 eyes on 25 
PACS patients by AS-OCT machine, we found that 
phacoemulsification surgery and foldable intraocular 
lens increases the ACD and widens the ACA of the 
PACS eyes. Results of this research suggest that 
phacoemulsification might be considered as an 
effective treatment option for patients at risk of angle-
closure glaucoma.  
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Abstract 

BACKGROUND: Cataract is one of the reasons which causes impaired visual acuity (VA) of the eyes after 
penetrating keratoplasy (PK), which can be treated by cataract surgery after PK or triple procedure. Cataract 
surgery after PK has advantages that parameters of the eyes such as axial length, anterior chamber depth (ACD) 
as well as corneal curvature are stabilized after removing all sutures postoperatively, and intraocular lens (IOL) 
power can be calculated correctly. Therefore, postoperative VA will be improved significantly. In Vietnam, there 
have not been any study about cataract surgery after PK, therefore we conduct this research.  

AIM: To evaluate the outcomes of phacoemulsification cataract surgery following primary PK.  

METHODS: Non-randomized controlled intervention study. Ninteen eyes (19 patients) that underwent 
phacoemulsification plus IOL insertion after initial PK in Cornea department, Vietnam National Institute of 
Ophthalmology, from December 2013 to September 2014. 

RESULTS: All patients presented with reduced VA, including 17 eyes (89.9%) with VA ≤ 20/200, mean 
astigmatism was 7.9 ± 1.0 D. Clear corneal grafts in 16 eyes while corneal opacity was seen in 3 eyes. All eyes 
with cataract were diagnosed from grade 2. After cataract surgery, improved VA > 20/200 was achieved in 
72.22% of cases. There was a markable reduce of postoperative astigmatism with 1.8 ± 0.8 D (p < 0.05). 
However, the immunologic graft reaction was presented in one eye, and two edematous corneas also reported 
after cataract surgery. After treatment, there was one cornea achieved its clarity.  

CONCLUSION: Phacoemulsification cataract surgery following initial PK showed good outcomes with improved 
postoperative VA, reduced astigmatism, and the ultimate graft survival rate was high. 

 

 

 

Introduction 

 

Cataract is considered as one of the reasons 
that cause impaired VA of the eyes after penetrating 
keratoplasy (PK). It could be occurred before or after 
the initial PK. There are several reasons which cause 
postoperative cataract, that is an accelerated pre-
existing cataract, steroid-induced cataract or corneal 
graft rejection [1], [2]. However, whenever penetrating 
keratoplasty is considered and cataract is present, 
one must decide whether to remove the cataract at 
the same time as corneal transplantation. The 
arguments suggested that an advantage of a triple 
procedure (which performing PK, extracapsular 
cataract extraction as well as intraocular lens (IOL) 
implantation as one-stage surgery) are less expense 
for one combined procedure [3], less damage to the 
endothelium of the transplanted cornea from 

subsequent cataract surgery and faster visual 
improvement [4], [5]. However, a triple procedure has 
some potential intraoperative complications that 
encountered during the open-sky technique, for 
example, expulsive hemorrhage, IOL implantation 
failure due to posterior capsule rupture, prolapse of 
the vitreous body [6], [7]. Particullarly, the main 
drawback of this procedure is that intraocular lens 
(IOL) power calculation could not performed 
accurately, resulting in a high degree of myopia or 
hyperopia postoperatively [8], [10]. The reason is that 
axial length, ACD and corneal curvature could be 
considerably changed after keratoplasty, affecting the 
accurate biometric information. Therefore, the 
postoperative keratometric readings can only be 
estimated, and estimates can be quite inaccurate. 
This drawback will be fixed by cataract surgery after 
PK when all these parameters have been stabilized 
after removing all sutures, and IOL power can be 
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calculated correctly. Corneal astigmatism can be 
reduced with corneal incisions placed in the steepest 
meridian in cataract surgery. Therefore, postoperative 
VA will be improved significantly. However, cataract 
surgery after initial PK is a difficult surgical procedure 
which requires experienced surgeons to do. The aim 
of our study is to assess the phacoemulsification 
cataract surgery outcomes after primary PK in 
Corneal Department – VNIO. 

 

 

Patients and Methods  

 

Patients 

This study got an approvement from the 
Scientific Board of VNIO. Patients received 
phacoemulsification and IOL implantation who 
underwent a primary PK were included. 19 eyes (19 
patients) were included in this study and they all 
signed an informed consent forms before surgeries. 
All phacoemulsification cataract surgeries were 
performed from December 2013 to September 2014 
at the Cornea department, VNIO.  

 

 Methods 

It was a non-randomized controlled 
intervention study. Patients were asked about their 
medical records and medical history was collected as 
well. Patients were examined by a complete 
ophthalmic examination, such as VA by the standard 
Snellen chart, IOP measurement with applanation 
tonometry, slit-lamp biomicroscopy, fundus 
examination after dilating pupil, A-scan ultrasound for 
axial length, and keratometric readings measured by 
topography. Preoperative evaluations including the 
status of the corneal graft (clear, edema, endothelial 
decompensation, endothelial immunological rejection, 
corneal incision), anterior chamber, iris, pupil shape, 
and the grades of cataract. IOL power calculation 
used the SRK/T formula and targeted emmetropia. 

 

 

 Keratoplasty 

 All PKs were performed under general 
anesthesia. The donor corneas for the PKs taken from 
our eye bank and imported from CorneaGens eye 
bank. We used the endothelial punch to prepare the 
corneal donors and Teflon block with a diameter of 
0.50 mm that greater than the recipient bed. Recipient 
corneas were trephined using handle corneal 
trephines. 16-bite interrupted sutures using 10-0 nylon 
were placed. Then we made the suture adjustment to 
reduce the corneal astigmatism post operation. 

Cataract Surgery 

Nuclear hardness was defined using the 

Emery‑Little lens opacities classification system. 
Topical anesthesia with 2% Alcain was administered 
three times before performing the surgery. Making 
main corneal incision by using a 2.8 mm knife, and the 
position of corneal incision was in the steepest 
meridian to reduce astigmatism. Then, the next step is 
to put a viscoelastic agent into anterior chamber, 
followed by making the second incision in a position of 
90 degrees away from the main incision on cornea. A 
continuous curvilinear capsulorhexis is made about 6 
mm using a rhexis forceps and after that, injecting 
BSS during hydro dissection to isolate the lens cortex 
from the capsule. After that, to sculpt the nucleus 
using Phaco tip, and the energy using for 
phacoemulsification is often low not to cause 
endothelial damage. Then, IOL implantation in the 
capsular bag will be done, followed by hydration of the 
corneal incision with BSS or 10-0 nylon suture, if 
needed. Topical antibacterial and steroid eyedrop 
were administered four times per day, then it was 
tapered over several months. 

 

Postoperative examination 

Patients will be evaluated on the first 
postoperative day, one week, one, three and six-
month postoperation. At each follow-up visit, operated 
eyes were examined: VA, IOP, refractive error, 
astigmatism, corneal graft clarity, graft rejection signs, 
infection, IOL centeration in the capsular bag and 
posterior capsule’s status. Good results will be 
corneal graft clarity, stable in-the-bag IOL, posterior 
capsule clarity, improved VA. Moderate results are 
blurry graft, stable in-the-bag IOL, posterior capsule 
clarity or light posterior capsular opacity, little 
increased VA or unchanged VA. Bad results are graft 
edema, IOL dislocation, severe posterior capsular 
opacity, reduced vision compared with pre-op VA. 

 

 

Results 

 

There were 19 eyes of 19 patients had 
phacoemulsification plus IOL implantation after 
original PK. The mean age in our study group was 
49.3 ± 17.4 years old, patients aged over 50 
accounted for the highest rate (57.95) and the ratio of 
male/female was the same. 

Table 1 shows the preoperative VA. Of 19 
eyes included in the study, VA ≤ 20/200 accounted for 
89.9%. 

Table 1: Preoperative VA 

VA Countfinger (CF) < 3m CF 3 m – 20/200 > 20/200 

Eye 13 4 2 
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 Preoperative IOP was all normal, ranged 
from 12.05 ± 1.6 mmHg, using Icare tonometer. The 
mean keratometric was highest at 41.67 D and lowest 
at 29.48 D. The mean preoperative astigmatism was 
7.9 ± 1.0 D with the highest was 12 D, and the lowest 
was 2.2 D. Characteristics of cataract in pre-op 
examination showed 4 eyes had complete cataract 
due to herpes simplex keratitis and 3 eyes had 
therapeutic keratoplasty.  

Table 2: Postoperative VA 

 VA 
Time 

CF < 3m 
(n, %) 

CF 3m – < 
20/200 (n, %) 

20/200- 
20/100 (n, %) 

> 20/100 (n, 
%) 

Total (n, %) 

Pre-op 13 (68.42%) 4 (21.05%) 2 (10.53%) 0 (0%) 19 (100%) 
1

st
 pre-op day 6 (31.58%) 3 (15.79%) 6 (31.58%) 4 (21.05%) 19 (100%) 

1-week post-op 3 (15.79%) 4 (21.05%) 9 (47.37%) 3 (15.79%) 19 (100%) 
1-month post-op 6 (31.58%) 1 (5.26%) 7 (36.84%) 5 (26.32%) 19 (100%) 
3 months post-op 2 (11.11%) 3 (16.67%) 7 (38.89%) 6 (33.33%) 18 (100%) 
6 months post-op 2 (25%) 1 (12.5%) 4 (50%) 1 (12.5%) 8 (100%) 

  

Besides, a majority of eyes identified nuclear 
sclerosis cataract (57.9%). This suggests that age-
related cataract also plays a vital role in cataract 
development after keratoplasty. Regarding 
postoperative VA, all data showed in Table 2. It is 
clear in the table 2, VA showed improvement 
gradually and reached the best vision after 3 months 
(72.22% cases had VA ≥ 20/200) (Table 2 and Table 
3). 

Table 3: Corneal graft status 

Time 
Graft 

1 week 
post-operation 

(n, %) 

1 month 
post-operation 

(n, %) 

3 months 
post-operation 

(n, %) 

6 months 
post-operation 

(n, %) 

Corneal clarity 17 (89.47%) 16 (84.21%) 16 (88.88%) 8 (100%) 
Edema 2 (10.53%) 2 (10.53%) 1 (5.56%) 0 
Immunological rejection 0 1 (5.26%) 1 (5.56%) 0 
Infection 0 0 0 0 
Total (%) 19 (100%) 19 (100%) 18 (100%) 8 (100%) 

 

 The first week post-operation, 1-month post-
operation and 3 months post-operation, corneal clarity 
was noted in 17 eyes, 16 eyes, 16 eyes, respectively 
(Figure 1). 

 

Figure 1: Cataract in PK eye; A) before cataract surgery; B) after 
cataract surgery 

 

After 6 months post-operation, there were 8 
eyes remaining the corneal clarity. According to Table 
3, at the presentation of the first postoperative week, 
there was one eye had endothelial immunological 
rejection because the patient could not follow the 
treatment, stop using steroid eyedrop for one week 
(Figure 2). There were two edematous corneas from 
the 1st post-op day to 3 months follow-up visit. Then, 
after treatment, the graft status of this eye was back to 

corneal clarity, improved vision, while the other eye 
had endothelial decompensation. IOL position in all 
examinations was in the capsular bag.  

 

Figure 2: Corneal graft rejection after cataract surgery  

 

We reported 2 of 19 eyes, 4 of 19 eyes and 3 
eyes had the posterior capsular opaque in the first-
month post-operation, 3 months post-operation and 6 
months post-operation, respectively. However, the 
posterior capsular opaque only happened slightly, and 
it is no need to do YAG laser posterior capsulotomy. 
The reduced astigmatism was 1.8 ± 0.8 D 
postoperatively, and it shows statistically significant 

difference. 

Table 4: Comparison of astigmatism 

Astigmatism  X  ± SD p 

Pre-op Astigmatism  7.9 ± 1.0 
< 0.05 

Post-op Astigmatism  6.1 ± 0.6 

Note: P values were determined by T-test. 

 

The Table 4 shows the post-operative 
astigmatism was decreased to 1.8 ± 0.8D. The result 
was statistically significant difference with p < 0.05.  

 

 

Discussion 

 

Cataract is an age-related disease considered 
as a leading cause of blindness worldwide. Apart from 
age-related factor, corneal transplantation can also 
cause the cataract formation significantly after 
surgery. Rathi VM studied on 184 eyes underwent PK 
as the first surgery, reported that 45 eyes developing 
cataract a few years later, accounted for 24.45% of 
cases. Particularly, of 45 eyes, 31 had cataract in their 
first corneal transplantation year [1]. Therefore, 
cataract surgery is an essential requirement to provide 
better vision for transplanted eyes. 

Regarding cataract surgery outcomes, final 
VA is an important criterion. In our preoperative 
evaluation, there were 17 of 19 eyes (89.47%) had the 

b 
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VA ≤ 20/200, 13 of which considered profound visual 
impairment with VA of counting fingers lower than the 
distance at 3 meters. These data showed remarkably 
very inferior vision of all patients before cataract 
surgery. 

After compared with the high rate of 
postoperative refractive error in a triple procedure, we 
performed cataract surgery after PK to achieve better 
refraction outcomes. In our findings, with the 
stabilization of keratometric readings after removing 
all sutures, we had a reliable calculation of IOL 
powers. The mean keratometric reading was 41.76 D. 
However, there were only two eyes had keratometric 
readings ranged from 40 – 44 D. Given the majority of 
keratometric readings in transplanted eyes were not 
identified in the normal range (40 – 44 D), our study 
showed similar findings with a study of Dietrich T, 
Duran JA [11], [12]. These findings support the 
benefits of phacoemulsification cataract surgery after 
initial PK (2-stage procedure), compared with PK 
combined with extracapsular cataract extraction and 
IOL insertion (a triple procedure). In previous studies, 
there was a high astigmatism generally observed after 
a triple procedure [9], [13] up to 17.0 D in a study of 
Mohammad-Ali Javadi [14]. 

Because of the accurate IOL powers 
calculation using keratometric readings of the 
transplanted clear cornea in a 2-stage procedure, this 
technique is preferred in terms of better postoperative 
refraction. This is also the main drawback of a triple 
procedure in an attempt to achieve optimal 
postoperative target refraction. Additionally, in our 
study, the mean astigmatism was 6.35 D (ranged from 
2.2 D to 12 D). Based on corneal topography, we 
reduced corneal curvature by placing a corneal 
incision in phacoemulsification surgery at the highest 
refractive meridian, thereby reducing astigmatism. 
This is a significant benefit of a 2-step procedure 
compared with a triple procedure. 

In our study, there was no dislocation of the 
inserted IOL or endophthalmitis was documented. At 
the first postoperative day, the uncorrected VA was 
20/200 or even better that noted in 10 of 19 eyes 
(52.6%). This VA increased gradually over time. VA in 
13 of 18 eyes stabilized completely after 3 months 
follow-up, in which 6 eyes had VA of above 20/100. 
Binder’s study reported the similar result of VA, that is 
VA in 19 of 33 eyes (57%) was 20/100 or better [15]. 
Hsiao CH showed the similar result in 22/24 eyes 
(81%) [16]. Some authors reported higher results such 
as Nagra PK with 13/29 eyes achieving 20/70 VA or 
better, Geggel HS ‘s study with 91% (20/22) eyes was 
20/100 or better. The explanation for the difference 
between our results and other studies is that the 
majority of corneal grafts in other studies was optical 
transplantation, while our PKs were therapeutic 
keratoplasty. 

Postoperative astigmatism reduced 1.8 ± 0.8 
D in comparison with preoperative values, and this 

indicated statistically significant difference (p < 0.05). 
Our finding of astigmatism is similar to other reports, 
that are HsiaoC (1.55 ±1.3 D) [16], Shi WY (1,0D) 
[17], Geggel HS (1.96 D) [18], FeiziS (3.03 D) (P < 
0.05) [19], Nagra PK (2.77 ± 2.36 D), Dietrich T (3.3 ± 
2.1 D) [11]. The reduced postoperative astigmatism in 
our study was partly due to the selection of the 
corneal incision at the steepest meridian, and the 
removal of sutures at the time of follow-up visits as 
well. The study of Kamal A. M. Solaiman conducted 
from 2014 – 2017 also reported the similar result to 
our study with better visual outcomes. Therefore, even 
though a triple approach using a standard keratometry 
value, or keratometry values in the fellow normal eye 
still has the major drawback of refraction [4], [5], [20]. 

In postoperative evaluation, we found 17 eyes 
(89.47%) had clear corneal grafts, while two eyes 
presented graft edema. There were two edematous 
corneas experienced difficulties during cataract 
surgery due to scarring, vascularization and pupil 
posterior synechia, causing a prolonged time of 
surgery. After treatment, these two eyes were stable 
without any presence of endothelial decompensation. 
Unfortunately, one eye had graft rejection episodes 
resulting in corneal opacity, while other grafts showed 
graft transparency at the last visit. 

To control postoperative intraocular 
inflammation after corneal transplantation is essential 
to maintain the graft clarity and prepare well for the 
cataract surgery later. Once postoperative 
inflammation is controlled well, the situation of 
capsular adhesions and pupillary membranes hardly 
happens. Phacoemulsification cataract surgery had 
some difficulties due to the tough observation through 
scarring transplanted eyes, irregular corneal 
astigmatism or unstable anterior chamber, pupil 
posterior synechia or even contracted pupil. The 
phacoemulsification cataract surgery with IOL 
implantation was successfully done with no 
complications in all our patients. A study of Binder P.S 
also presented a similar outcome with 100% cases 
that in-the-bag IOL successfully inserted. posterior 
capsular Opaque presented in 4 of 19 eyes (21.05%), 
2 of which showed early opaque in 1-month post-op. 
However, there were no cases needed YAG laser 
posterior capsulotomy. 

In summary, the findings in our study showed 
the remarkable safety and efficacy of 
phacoemulsification cataract surgery after initial PK. 
IOL stayed safely in the capsular bag, and the rate of 
posterior capsular opaque was not significant. 
Reduced astigmatism leads to significant visual 
improvement, and the ultimate graft survival rate was 
good. However, we need to do long-term follow-up 
examinations for patients to identify more accurate 
long-term outcome. 
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Abstract 

BACKGROUND: Pediatric endophthalmitis after open-globe injury had its clinical features, microbiological profile 
different from those in aldults. In Viet Nam, there was no report on the clinical and microbiological characteristics 
of pediatric posttraumatic endophthalmitis. Therefore, we conduct this study. 

AIM: To describe clinical features, ultrasound results, gram stain and culture results of endophthalmitis in 
pediatric open globe injuries. 

METHODS: Prospective non-controlled study. Case series of 30 eyes presenting with post-traumatic 
endophthalmitis between 2015 and 2016 were reviewed. 

RESULTS: Mean age was 8.03 ± 3.99 years. Metallic and organic etiologies were the most common causes for 
injuries (n = 11). 27 cases had penetrating corneal trauma. Dense opaque vitreous was seen in 25 eyes. Retinal 
necrosis < 1 quadrant and chorioretinal abscess > 1 quadrant were the most common fundus lesions. Dense 
vitreous opacity on ultrasound was most common (n = 28). Gram stain bacteria positivity was 93.3%, gram-
positive was isolated in 63.3%. Vitreous samples were more often positive than aqueous (P = 0,002). 

CONCLUSION: Posttraumatic endophthalmitis in children is more common in boys aged 6-10 years and most 
often caused by injury with metallic and organic matters. Culture results were very low. Vitreous samples were 
more often positive than aqueous. Gram-positive bacteria were the most common causative organism. 

 

 

 

 

 

Introduction 

 

Post-traumatic endophthalmitis is one of the 
severe complications of open globe injuries. It is the 
infection of the intraocular tissues and intraocular 
fluids, including hypopyon, vitreous cavity, retina, and 
the uvea. The pathogens enter intraocular cavities 
through a corneal wound and/or scleral wound. Post-
traumatic endophthalmitis is usually acute with clinical 
manifestations mainly with symptoms: hypopyon, loss 
of red pupil reflex, and progressive vitritis. The 
disease causes intraocular structure damages leading 
to visual impairment, and severe cases may even 
require enucleation. Endophthalmitis was estimated at 
5%-14% of cases of open globe injuries [1], [2]. In 
children, according to some recent studies, this rate is 

much higher. The prevalence of post-traumatic 
endophthalmitis in children could increase up to 
54.1% of all open globe injury cases [3]. In a study by 
Thordsen et al., post-traumatic endophthalmitis was 
the most common cause of pediatric endophthalmitis 
[4]. Regarding pediatric open globe injury, 
endophthalmitis is considered as the most severe 
complications. It can occur in very diverse 
circumstances and causes sight-threatening leading 
to blindness in many children. On the other hand, 
because of the physiological characteristic of the age 
group, the disease situation is complicated with the 
strong inflammation reaction, the diagnosis and 
treatment are much difficult with a high sequelae rate. 
Early diagnosis and treatment can improve prognosis, 
but it is often delayed because the children do not 
cooperate well during the examination, the symptoms 
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of endophthalmitis were covered by signs of open 
globe injury, and their parents/ guardian do not notice 
a pain, red eye or visual loss. There are many reports 
of post-traumatic endophthalmitis, but few reports on 
the pediatric group. Most of these reports focus on the 
outcome and factors that influenced it. In Viet Nam, 
there are some studies of post-traumatic 
endophthalmitis, but all of them have executed on 
both adults and children [1], [5], [6], [7]. However, 
pediatric endophthalmitis after open-globe injury had 
its clinical features, microbiological profile such as the 
late hospital presentation leading to delayed primary 
repair, lack of information about the nature of injury. 
The spectrum of pathogens seems different from 
those in adults. Staphylococcus epidermis and 
Bacillus species are the two most common organisms 
which cause post-traumatic endophthalmitis, whereas 
Streptococci are the preference pathogen in children 
[2], [8]. It is necessary to conduct a separate research 
on children to understand further accurate clinical data 
and microbiological characteristics. Therefore, this 
study aims to identify the clinical and microbiological 
features of post-traumatic endophthalmitis in children.  

 

 

Material and Methods 

 

It is a descriptive prospective, single-center, 
interventional case series analysis on 30 eyes of 30 
patients under 16 years, diagnosed and treated 
endophthalmitis following open globe injuries in 
Vietnam National Institute of Ophthalmology from 
August 2015 to August 2016. The exclusion criteria 
were a history of any ocular surgeries up to 3 months 
prior to trauma, sepsis, or any systemic sources of 
infection. Informed consents were obtained from 
parents or guardians of all participating subjects, the 
epidemiological data of each patient was documented 
including age, gender, type and mode of trauma, initial 
visual acuity, the interval between the trauma and the 
closure of the wound. Regarding pre-school children, 
visual acuity was evaluated with Allen card test. All 
patient underwent comprehensive ophthalmic 
examinations in which some cases needed to be 
examined under general anesthesia if they were 
unable to cooperate with the examination. Clinical 
examination will detect the following lesions: location 
and size of the wound, corneal edema, hypopyon, 
lens the rupture of lens, vitreous opacity grade and 
retinal lesions such as vessel occlusion, retinal 
necrosis, retinal abscess through microscopic 
examination or observation during surgery. Ultrasound 
was only performed in case an initial surgery was 
done to close the wound. Plain-film radiology or orbit 
CT scan should be done when suspected of 
intraocular foreign body (IOFB). An aqueous or/and 
the vitreous tap was carried out in all patients, then 
Gram stain or wet mount preliminarily identifies the 
microorganisms and culture isolated into appropriate 

environments to identify the causative agents. 

Evaluation criteria: Wound locations were 
cornea, sclera, and corneosclera. There were three 
wound sizes including < 5 mm, 5-10 mm, > 10 mm. 
Associated lesions consisted of lens rupture, IOFB, 
retinal detachment, retinal tear, and choroidal 
detachment. The fundus lesions such as vessel 
occlusion, retinal necrosis, and retinal abscess were 
documented in quadrants. Vitreous opacity had five 
grades clinically based on the visibility of retinal 
details: 1. All the retinal blood vessels are well visible; 
2. Only are observed the retinal blood vessels in the 
2nd division or above; 3. Only is still observed the 
large root vessels; 4. All the retinal blood vessels are 
not visible but the red reflex; and 5. Absent reflex due 
to dense pus on the vitreous cavity. On ultrasound, 
the vitreous opacity had three grades: 1. Scatter small 
dots opacities ≤ 2 mm small; 2. Spreading opacity with 
dots/ areas, in which a large turbid glass with 3-8 mm, 
spreading; and 3. Dense opacity. 

Microbiological results are divided into groups 
of microorganisms: Gram (+) bacteria, Gram (-) and 
fungi. 

The statistical analysis of our data was 
analysed with the SPSS program version 20.0 (SPSS 
Inc, Chicago, IL, USA).  

 

 

Results 

 

The mean age of our patients was 8.03 ± 3.99 
(ranging from 2 years to 15 years). Children aged 1-3 
years old, 3-6 years old, and 10-15 years old 
accounted for 10%, 20% and 26.7% of cases, 
respectively. Notably, primary school-aged 6-10 years 
is the most common age group in the study, with 
43.3% of cases. The number of male children is 
higher than that of female children with a ratio of 6.5 / 
1 (P = 0.000).  

Rural trauma is one of the common risk 
factors causing endophthalmitis after open-globe 
injuries. The proportion of injuries occurring in rural 
areas accounts for the majority (76.7% of cases), only 
23.3% of injuries occur in urban areas; the difference 
is statistically significant (P = 0.003) (Table 1). 

Table 1: Baseline characteristics 

The mean age 8.03 ± 3.99 

The most common age group 6-8 years old (43.4%) 
Male/Female children ratio 6.5 / 1 
Rural trauma / Urban trauma 76.7% / 23.3% 

 

Corneal wounds occupy the highest rate, with 
90%. 80% of injuries are less than 5 mm in size 
(Table 2). Five children had a wound length of 5-10 
mm (16.7%) and one child with a corneal wound over 
10 mm (3.3%). There is no perforating and rupture 
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wound in our study. 50% of the eyes had the iris 
prolapse; only 26.7% of eyes did not have intraocular 
tissue incarceration. 

Table 2: Clinical characteristic lesions 

Characteristics 
Number of eyes 

(n = 30) 
Ratio 

(100%) 

Cornea 
 

Edema 27 90 
Abscess 3 10 

Hypopyon 28 93,3 
Vitreous opacity 
 

Grade 4 5 16.7 
Grade 5 25 83.3 

Vessel occlusion 
≤ 1 quadrant 21 70 
> 1 quadrant 9 30 

Retinal necrosis 
No 3 10 

≤ 1 quadrant 26 86.7 
> 1 quadrant 1 3.3 

Retinal abscess 
No 2 6.7 

≤ 1 quadrant 12 40 
> 1 quadrant 16 53.3 

Retinal detachment 6 20 

 

The leading cause was sharp metal objects 
(36.7%) such as knives, scissors, nails ... and wood 
(36.7%) such as wooden sticks, tree branches ... 
Other causes included animals (fish and stork) bites 
(10%), plastic toy (6.6%). The remaining three 
children (10%) could not identify traumatic cause 
because the children did not remember, and the 
family members were not present when the child was 
injured.  

The average interval between injury and 
closure repair was 31.88 ± 30.96 hours (ranging from 
3 hours to 120 hours). 60% of the wound was repaired 
early in the first 24 hours, 30% were closed within 24-
72 hours, 10% were delayed after 72 hours. 

Visual acuity at presentation was very low: 
70% of eyes had VA of LP (+) to HM, VA better than 
HM accounted for only 6.6% (n = 2). There was no 
eye with no light perception and only 1 eye with VA 
better than 20 / 200. Visual acuity could not be tested 
in 23.4% of eyes due to children’s non-cooperation. 

Penetrating wound without IOFB accounted 
for the highest percentage of 93.4% (28 eyes). The 
IOFB was detected in 2 cases, in which there was one 
case of metal located in the anterior segment, causing 
cataract rupture (3.3%). In the other case, the wooden 
piece was in the vitreous cavity (3.3%). 

The infection in anterior chamber expressed 
by corneal edema and abscess. 90% of eyes 
presented corneal edema, 10% of eyes (n = 3) 
appeared corneal abscess. 93.3% of the children in 
the study had hypopyon with different levels from a 
little to filling all anterior chamber. 

We recorded vitreoretinal lesions and 
associated lesions by microscopic examination or 
observation during surgery with intraocular 
endocamera. Our research has 83.3% of children with 
vitreous opacity of grade 5. Vascular occlusive 
inflammation was seen in all patients; retinal necrosis 
occurs in 90% of cases. However, the area of 
vascular occlusive inflammation and retinal necrosis is 
usually less than a quadrant (70% and 86.7%). 10% 
of cases do not suffer from retinal necrosis. In 

contrast, retinal abscesses tend to spread over one 
quadrant in 53.3% of cases. The difference between 
retinal necrosis and the retinal abscess was 
statistically significant (p = 0.006). Retinal tears and 
retinal dialysis were seen in 12 cases (40%). 

Endophthalmitis after open globe injury is 
mostly accompanied by lens rupture with the rate of 
63.3% of cases (n = 19), 13.3% of cases (n = 4) had 
cataract with intact anterior capsule, 23.3 % (n = 7) of 
cases had clear lens. 

Evaluating during surgery and on ultrasound, 
we also reported that 20% of cases (n = 6) had a 
retinal detachment. 

Some associated factors have been reported 
to have a greater risk of post-traumatic 
endophthalmitis. They are retained IOFB, the rupture 
of lens, delayed timing of initial repair surgeries more 
than 24 hours, large wound sized over 10 mm and 
rural trauma. The number of patients with two risk 
factors accounted for the highest proportion of 46.7%, 
followed by the case of 1 risk factor (33.3%). There is 
one eye with all five risk factors. Two children had 
endophthalmitis without any risk factors. 

 

Microbiological characteristics 

In all cases, we collected aqueous or/and 
vitreous sample for direct wet mount and direct 
microscopic then a culture to isolate bacteria/ fungi 
(Table 3). The microorganism was found in 93.3% (n 
= 28) of eyes with direct wet mount or direct 
microscopic. Two eyes (6.7%) had negative 
microbiological results, but the clinical manifestations 
of acute infections as well as dense vitreous opaque 
on ultrasound B helped diagnose endophthalmitis. 

Table 3: Microbiological results 

Microbiological results Number of eyes (n) Ratio (%) 

Gram-positive Cocci 8 26.7 
Gram-positive Bacilli 11 36.7 
Gram-negative Bacilli 9 30 
Fungii 5 16.7 
Negative 2 6.7 

 

Gram-positive was accounted for 63.3% (n = 
19) of cases, followed by Gram-negative bacteria with 
30%. Fungii was identified in 16.7%. In the bacteria 
group, Bacilli got the highest rate (66.7%) followed by 
Cocci at 26.7%. In which, 16.7% had multiple 
organisms found. 

Our study has only 1 case (3.3%) that 
successfully cultured, isolated Pneumococci from both 
aqueous and vitreous samples. 

In our study, only 13 cases were tested for 
microbiology from both aqueous and vitreous 
samples. The positive rate in aqueous and vitreous 
samples were 92.3% and 100% respectively. 
Statistical tests showed that the ability to detect 
microorganism of the aqueous sample is lower than 
that of the vitreous sample with P = 0.002. 
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Discussion 

 

The average age in our study is similar to the 
reports of Alfaro, Rishi, Sheng, and Jin respectively, 8, 
9.2, 7 and 7.84 years old [9], [10], [11], [12]. The 
primary age group from 6 to 10 years of age accounts 
for the highest proportion, similar to the results of 
some recent studies [12], [13], [14]. Because the 
percentage of boys with penetrating eye is higher than 
that of girls, the rate of boys with endophthalmia after 
penetrating eye also was higher than that of girls [3], 
[10], [11], [12], [14], [15]. Our report shows that the 
number of injuries occurring in rural areas was a 
majority; this result was similar to other reports [3], 
[13]. The reason for this difference was that compared 
to the city, rural children were likely to lack of the 
supervision or care of their parents and teachers, 
while they were exposed to many agents, especially 
sharp objects in the environment that contaminated 
with soil and sand (bamboo sticks, twigs, pieces of 
metal). 

Moreover, their parents did not fully 
understand how to prevent these accidents. 
Therefore, it explains the reason for the increased 
incidence of ocular injuries in rural areas. 

In our study, the pure corneal tear wound 
occupied the majority of cases. Reports of 
endophthalmitis after penetrating eye injuries in 
children of Junejo (2010) and Wu (2016), Sheng 
(2017), have similar results with the percentage of 
corneal tear injuries being respectively 62.7%, 86, 7% 
and 81.4% [11], [13], [14]. 

Traumatic agents are mainly sharp metal 
objects (36.7%) such as knives, scissors, nails, and 
plant agents (36.7%) such as wooden sticks, twigs. 
Narang and Wu, Sheng, Jin, Zhang also indicated that 
the cause of injury is mainly metal agents, especially 
in the report of Sheng, the primary etiology was 
syringe needle [3], [11], [12], [14], [15]. In contrast, 
Rishi studied 143 children with endophthalmitis after 
penetrating eye injury in India found that organic 
agents such as broomsticks and pencils accounted for 
the highest proportion with 55.3%, while that sharp 
metal objects accounted for only 10% of cases [10]. 
We believed that the rate of plant agents in our study 
and those of Indian authors such as Narang and Rishi 
is probably higher than other studies because the rate 
of children living in rural areas is quite higher while 
these agents are mainly seen in rural injuries. 

The delay in primary repair of the wound was 
considered as one of the most risk factors for 
endophthalmitis. Especially, closing the wound after 
24 hours after the injury is one of the factors that 
increase the risk of endophthalmitis after penetrating 
eye injuries. In our study, 40% of injured eyes were 
closed after 24 h which is similar to the study of 
Junejo and Zhang that 46.6% and 53.3% of children 
came to the hospital after 24 hours [13], [15]. Alfaro 

(1995) reported an average time from injury to the 
primary repair higher than our study of 4 days and this 
time in the report of Sheng (2017) was 9.3 days [9], 
[11]. In a series of other authors about the pediatric 
open-globe injury, there was  also a high rate of 
patients who had primary repair late after 24 hours 
and who got endophthalmitis [16], [17], [18]. 

The initial VA was very low in our series. The 
eyes with VA of LP to HM accounted for 70% (n = 21) 
and VA better than HM was only 6.6% (n = 2). 
Meanwhile, only 3.3 % of cases had a presenting VA 
of 20/200 or more. This result was similar to other 
reports about pediatric endophthalmitis posttraumatic. 
Wu also showed that the majority of children had very 
low initial VA, with 73.3% of cases with VA of LP to 
HM [7]. Junejo reported that, 51.2% patients had VA 
of LP to HM, 16.3% was NLP or not co-operated; 
Sheng had 78% of eyes with initial VA < 5 / 200 in 
which 9.9% was NLP, 25.5% was LP and 25.6% was 
HM and 67.1% of eyes in Zhang’s report had VA at 
presentation of LP to HM [11], [13], [15]. 

In the anterior segment, the infection status is 
evaluated by the corneal edema and hypopyon. In our 
study, 90% of eyes had corneal edema, and 10% of 
eyes (n = 3) appeared corneal abscess, which is a 
sign of particularly severe infection of endophthalmitis. 
Rishi’s study (2016) found that 15% of eyes with 
corneal abscess and all these eyes had poor 
treatment outcome at the last visit of follow-up 
examinations. Rishi also identified this as one of the 
factors that increased the rate of cases with treatment 
failure (P = 0.04) [10]. Our research showed that 
93.3% of children had hypopyon at varying degrees 
from very little to all anterior chamber occupied. This 
result was similar to some recent studies [3], [9], [13]. 
However, Wu's study only observed 60% of eyes with 
hypopyon, and in Rishi's study this rate is only 31% 
[10], [14]. 

In our study, most cases were accompanied 
by cataract (63.3%) similar to other authors like 
Narang, Wu, Sheng [3], [11], [14]. However, Rishi and 
Junejo showed that the cataract rate was significantly 
lower at 35% and 27.9%, respectively [10], [13]. 

When evaluating during surgery and on 
ultrasound, we also recorded 20% of cases (n = 6) 
with retinal detachment, similar to the reports of Rishi, 
Sheng [10], [11]. The presence of retinal and 
choroidal detachment made the condition of 
endophthalmitis after penetrating eye more severe, 
and the treatment outcome was worse. 

Specimens were sent to microbiological 
workup after taking from two procedures: aqueous tap 
(n = 13) and vitreous tap (n = 30). Of 30 specimens 
from vitreous, Gram (+) found in 63.3% (n = 19), 
followed by Gram (-) bacteria in 30%. The results are 
similar to many other studies. However, the Fungii 
rate in our study was higher, with the rate of 16.7% 
[9], [10], [11], [14], [15], [17]. In the bacteria group, 
bacilli were detected with the highest rate (66.7%), 
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and the Cocii was 26.7%. This result was quite 
different from most other study in which the main 
causes were Cocii (streptococcus and Streptococcus) 
[3], [9], [10], [11], [12], [13], [14], [15], [17]. We 
supposed that, in our series, the majority of injuries 
occurred in the rural areas where many infected 
wounds were caused by twigs, wooden sticks… which 
contained a variety of bacilli organism. Multiple 
pathogens were found in 16.7% of vitreous tap 
specimens. This ratio was quite different between 
studies, the multiple pathogens rate in studies of 
Alfaro, Wu, Rishi and Zhang were respectively 33.3%, 
13.3%, 7.3% and 18.4%   [9], [10], [14], [15]. Multiple 
pathogens were considered as risk factors causing 
the poor prognosis of endophthalmitis after 
penetrating eye injury in children. 

In many reports, the positive isolated rate of 
culture according to studies in developed countries 
was about from 41% to 75% [9], [10], [13], [14], [17], 
[19]. However, Narang (2004) and colleagues 
reported only 27% of positive cultures [3]. In our 
series, organism isolated in only 1 case (3.3%) was 
identified as Streptococcus Pneumonia from both 
aqueous and vitreous samples. Thus, the positive 
culture rate in our study was much lower than in other 
studies in the world. Some reasons are a small 
number of available organisms or a history of long-
time using an antibiotic (frequent in Viet Nam) or our 
technique of taking samples or culture can affect our 
results Statistical analysis showed that, the aqueous 
samples had lower rate of bacteria positive than that 
of vitreous with P = 0.002. These results were similar 
to the study of Cornut in 17 cases of posttraumatic 
endophthalmitis [20]. The reports of Melo and Do Tan 
on endogenous bacterial endophthalmitis also showed 
a much higher rate of detecting pathogenic bacteria in 
vitreous specimens than aqueous specimens [21], 
[22]. 

In conclusion, pediatric endophthalmitis after 
open globe injuries had a higher incidence in children 
of primary school age boys with predominantly 
corneal laceration and the leading cause was sharp 
metal objects. It damages both anterior and posterior 
segments. Even 60% of wounds were closed within 
24 hours, clinical and ultrasound features were very 
severe with very low presenting visual acuity. Gram-
positive bacteria were the major causes but Bacillii 
were the highest pathogen detected in pediatric 
endophthalmitis following open-globe trauma in the 
North of Viet Nam. 
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Abstract 

BACKGROUND: Penetrating ocular trauma with intraocular foreign body is a serious injury often resulting in loss 
of vision. Anterior chamber foreign bodies account for a considerable portion of all cases of all intraocular foreign 
bodies (up to 15%); however, they can be missed due to inconspicuous location. 

CASE REPORT: We report two cases of retained intraocular foreign bodies in the iridocorneal angle that was 

missed at the first ophthalmic examination. They were only discovered when complications occurred, such as 
corneal edema and increased intraocular pressure. In the case whereby the foreign body was taken out early, 
corneal damages were reversible. However, in the case whereby the foreign body was taken out late, endothelial 
damage was irreversible and endothelial transplantation was needed. 

CONCLUSION: Regarding trauma patients, a careful examination should be performed to discover foreign bodies 
in the iridocorneal angle. If local peripheral corneal edema occurred, attention should be paid to the trauma history 
and to timely discovery of the foreign body. This will prevent any irreversible corneal damages. 

 

 

 

 

 

 

 

 

Introduction 

 

Intraocular foreign bodies present commonly 
in penetrating ocular trauma. Large foreign bodies 
with conspicuous entry sites are often detected at the 
first ophthalmic examination. However, in the case of 
small foreign bodies locating at the anterior chamber 
angle, they may not be detected or removed promptly. 
Thus, in patients with an unclear history of trauma and 
insignificant symptoms, intraocular foreign bodies may 
be missed [1], [2]. 

Anterior chamber foreign bodies can be 
asymptomatic and only manifest after many years with 
various complications such as corneal edema, 
anterior uveitis, cataract, and endothelial 

decompensation, etc. Late diagnosis and 
management of a retained intraocular foreign body 
may lead to complications that affect the structure and 
function of the penetrating eye [3]. 

Intraocular foreign bodies’ surgical 
management depends largely on the origin, location, 
nature of the foreign material, structural and functional 
damages. It is advised not to remove the foreign body 
if it is small and does not affect visual acuity [4], [5]. 

In this article, we report two cases of a 
retained intraocular foreign body at the iridocorneal 
angle that were missed at the first ophthalmic 
examination, and were only discovered when severe 
complications occurred, such as corneal edema and 
increased intraocular pressure. 
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Case Reports 

 

Case N
o.

 1 

A 35-year-old man presented with a history of 
traffic accident. His left eye had a penetrating ocular 
wound and retinal detachment. The wound was 
closed promptly. Unfortunately, the eye globe 
gradually shrunk and lost its function due to severe 
injury and complications (Figure 1 and Figure 2). 

 

Figure 1: Inferior corneal edema and paracentral corneal scarring 

 

             One month after the accident, inferior corneal 
edema, increased intraocular pressure, and 
decreased vision (20/200) developed in his right eye. 
After being treated with topical steroids and glaucoma 
medications, the cornea became clear and intraocular 
pressure was well controlled. However, it relapsed 
after one to two months when medications were 
stopped. 

 

Figure 2: Glass-like foreign body at 6 o’clock (arrow) 

 

At the time of examination, the cornea was 
clear; on detailed anterior chamber examination, a 
small glass-like foreign body at 6 o’clock of the inferior 
iridocorneal angle was detected. In the paracentral 
cornea, small corneal scarring was observed, this may 
be the foreign body’s point of entry. Consequently, the 

intraocular foreign body (a piece of glass at 1 × 2 mm) 
was removed in the operating room. After surgery, 
corneal edema and increased intraocular pressure 
disappeared completely without any medications. 
Visual acuity was 20/40. 

 

Case N
o.

 2 

A 56-year-old woman presented at our 
department complaining of blurred vision, glare, 
grittiness and epiphora in her left eye, which first 
occurred 4 months ago. She had been diagnosed with 
keratitis at the provincial eye hospital and was treated 
with topical steroids, nonsteroidal anti-inflammatories 
and artificial tears. There was no improvement and 
the symptoms worsened. She had strabismus surgery 
done in both eyes 20 years ago. Other personal and 
familial history was unremarkable. 

 

Figure 3: Superior corneal edema and corneal scarring at 1 o’clock 

 

On clinical examination, her best-corrected 
visual acuity was 20/80 in the right eye and counting 
finger at 0.3 m in the left eye. Intraocular pressure 
was 17 mmHg in both eyes. 

The left eye experienced irritation, epiphora, 
and redness. Slit lamp examination revealed central 
stromal edema, diffuse epithelial microcystic edema, 
corneal epithelial erosion, Descemet’s membrane 
thickening and peripheral corneal scarring at the 1 
o’clock meridian. Gonioscopic examination revealed a 
retained 1 x 1 mm foreign body located at 1 o’clock in 
the anterior chamber angle, on the surface of the iris 
and surrounded by pigments. The iris and pupil were 
normal. Grade 3 nuclear cataract was observed. 
Failure to examine the vitreous body and the fundus 
was due to corneal edema and cataract. The right eye 
was normal and only had a grade 3 nuclear cataract. 

The presence of the anterior chamber foreign 
body was confirmed by ultrasonic biomicroscopy. It 
also showed vitreous opacities and no retinal 
detachment in both eyes. 

The patient was finally diagnosed with bullous 
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keratopathy secondary to anterior chamber foreign 
body, with peripheral corneal scarring at 1 o’clock in 
the left eye, and nuclear cataract in both eyes (Figure 
3 and Figure 4).  

 

Figure 4: Tube-like anterior chamber foreign body, behind corneal 
scarring (arrow) 

 

The tube-like anterior chamber foreign body 
suggested the structure of a glaucoma drainage 
device but the patient had neither been diagnosed 
with glaucoma nor undergone any glaucoma drainage 
surgery. On the other hand, the corneal scarring may 
be the foreign body’s entry site. Thorough history 
taking revealed a penetrating ocular trauma in her left 
eye caused by a bamboo branch one year ago. At the 
first ophthalmic examination after trauma, the 
symptoms were transient, and insignificant; which 
spontaneously disappeared after one day and only 
manifested 6 months after the injury. 

The foreign body was removed surgically with 
foreign body forceps, through a clear corneal incision 
at 11 o’clock (Figure 5).  

 

Figure 5: Plastic foreign body (arrow) 

 

The foreign body was plastic with rolled edges 
and measured about 1.0 x 0.5 mm in size. Due to 
nuclear cataract in both eyes, phacoemulsification 
was also performed and then followed by intraocular 

lens insertions. Unfortunately, 4 months after the 
surgery, symptoms and signs of bullous keratopathy 
still existed and progressed worse. Thus, Descemet 
Stripping Automated Endothelial Keratoplasty was 
performed to replace the damaged endothelium. After 
keratoplasty, the graft and recipient cornea became 
clearer and symptoms and signs disappeared 
completely. Her best corrected vision was 20/40 
(Figure 6). 

 

Figure 6: After foreign body removal and endothelial keratoplasty 

 

 

 

Discussion 

 

Penetrating ocular trauma is a common injury 
in ophthalmic emergency, which can result in 
structural and functional damage to the affected eye. 
Intraocular foreign bodies take up 40%-53% of 
penetrating ocular trauma and open globe injuries. In 
these cases, the prevalence of anterior chamber 
foreign bodies is about 15% [1]. The velocity of entry, 
and the size of the foreign body will determine the 
location at which a foreign body comes to rest. Small 
non-metallic foreign bodies generally have a lower 
velocity compared to metallic. Once they have 
penetrated the cornea, they tend to remain in the 
anterior chamber. Clinical manifestations and course 
of progress can vary, depending on the foreign body’s 
composition, shape, and reaction to adjacent 
structures. In patients with a clear history of 
penetrating ocular trauma and significant symptoms, 
the diagnosis of intraocular foreign bodies is often 
confirmed at the first visit. However, intraocular 
foreign bodies can be missed by both the doctor and 
the patient due to its unapparent presence and 
absence of symptoms [4]. 

In the first patient, localized corneal edema 
occurred episodically with increased intraocular 
pressure. Treatment with medications to control 
inflammatory reaction and intraocular pressure only 
had temporary effects and it relapsed after 
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medications were stopped. However, corneal edema 
and high intraocular pressure completely disappeared 
after the foreign body’s removal. 

The second patient’s history revealed a 
previous penetrating ocular injury caused by a 
bamboo branch. At the first ophthalmic examination 
after injury, symptoms were transient and insignificant. 
She presented in the first visit with grittiness, irritation 
and epiphora, which developed 6 months after 
trauma. Only when the anterior chamber foreign body 
was detected by gonioscopy, we found out about the 
history of trauma by thorough history taking. Before 
coming to our service, the patient was diagnosed with 
keratitis and managed accordingly at another eye 
hospital. The reason for this late discovery was that 
the small foreign body could have been hidden by 
corneal scarring. There was also no inflammatory 
response in the anterior chamber, which made it 
clinically undetectable. Thus, gonioscopic examination 
plays an important role in detecting intraocular foreign 
bodies in patients with doubtful history of penetrating 
trauma, peripheral corneal scarring near the limbus 
and localized corneal edema. Many authors have also 
emphasized the importance of gonioscopy to assess 
anterior chamber damage and identify the retained 
intraocular foreign bodies in penetrating ocular trauma 
[4], [6]. Anterior chamber foreign bodies can cause 
endothelial damage due to their sudden shifting or 
repeated small movements and mechanical contacts 
between them and the corneal endothelium [1], [7], 
[8], [9]. Furthermore, due to the endothelium’s ability 
to compensate, patients may be asymptomatic for a 
long period of time. Thus, the anterior chamber 
foreign body can be easily missed. The existence of 
an anterior chamber foreign body may result in 
corneal edema and severe conditions such as 
endothelial decompensation. 

Acher et al., reported ten cases of non-
metallic anterior chamber foreign bodies, in which 
seven cases caused by glass foreign bodies, two 
cases of wooden and the rest of plastic material. The 
most common complication was corneal edema, 
which may not develop until months or even years (up 
to 20 years) after the original injury. There was one 
case whereby the foreign body was removed one year 
after trauma, and corneal edema consequently 
progressed to bullous keratopathy [1]. 

In our first case, corneal edema and 
increased intraocular pressure occurred one month 
after injury and only completely disappeared after the 
foreign body’s removal. The second case presented 
with significant symptoms six months after the trauma 
but was diagnosed and treated as viral keratitis for a 
long time. Thus, although the foreign body was taken 
out, severe bullous keratopathy resulted in 
decompensation of the cornea and the need for 
keratoplasty. Similarly, Zengin et al., also reported a 
case that was treated as herpetic stromal keratitis and 
the history of ocular injury was not found out until the 
foreign body was detected by careful gonioscopic 

examination [7]. These interesting cases showed that 
the anterior chamber foreign body should be kept in 
mind as a differential diagnosis, and we should pay 
more attention to look for and detect it. 

In conclusion, anterior chamber foreign body 
is a cause of decompensation of the corneal 
endothelium. Patients may be asymptomatic for a long 
period of time and corneal edema may not develop 
until the cornea has decompensated. Our cases 
highlighted the need to have a careful examination to 
detect intraocular foreign bodies, especially those 
located in the anterior chamber, based on the history 
of the ocular trauma. In patients with localized corneal 
edema near the limbus, thorough history taking and 
careful examination are necessary to diagnose the 
intraocular foreign body and manage promptly, which 
can minimize corneal lesions, and decrease the risk of 
complications such as endothelial damage, increased 
intraocular pressure, and loss of vision. 
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Abstract 

BACKGROUND: The cerebral arterial aneurysm, especially in the circumstances of ateriovenous malformation 
(AVM), has higher risk of rupture than normal isolated aneursym. Therefore, the treatment strategy needs to be 
plan very carefully in such case.  

CASE PRESENTATION: We report a patient with 2 wide-neck aneurysms located in the feeding artery of the 
arteriovenous malformation and he, then, was treated by using Surpass stent (flow-diverter) to eliminate the 
aneurysms. 

CONCLUSION: In our case, multiple wide-neck aneurysms in combination with low risk unruptured AVM, using 
long Surpass stent-diversion is an effective way to eliminate all the aneurysms in the main feeding artery while still 
preserving the AVM anatomy. 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

 

Cerebral arteriovenous malformation (AVM) is 
a brain vascular abnormality with incidence ranging 
from 0.89 – 1.34 case/100.000 people/year [1]. In this 
circumstance, the aneurysms associated with the 
AVM always has higher risk of rupture than the 
isolated ones [2], [3], [4], [5]. This is due to the high-
flow in the feeding arteries of the AVM. In our case 
study, we want to report an AVM-patient having 2 
wide-neck aneuryms in his feeding artery of right 

middle cerebral artery (MCA) which was treated later 
by Surpass stent flow-diverter (Stryker). The rate of 
multiple aneurysms normally in case of subarachnoid 
hemorrhage ranged from 7%-45% in some previous 
studies [6], [7], [8], [9], [10], [11]. Additionally, 
aneurysms with wide-neck are defined by neck 
diameters greater than 4 mm or dome-to-neck ratios 
less than 2 and are the most difficult to treat with the 
endovascular method. With the appearance of flow-
diverter recently, these wide-neck aneurysms can be 
treated in an easier way with a low rate of recurrence 
and complications [12].  
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Case Presentation 

 

A female patient, 56 years old, was 
hospitalized due to slight to mild headache for a long 
time. A base-line CT-Scanner revealed a right parietal 
lesion with hyperdensity and calcification (Figure 1A) 
that suggested a brain AVM. Digital subtraction 
angiography (DSA) then confirmed the AVM diagnosis 
in combination with multiple aneurysms of the right 
ICA, the main feeding artery. The malformation size 
was 5x5x4 cm and its venous drained into the 
superior sagittal sinus (SSS) (Figure 1B). The 
Spetzler Martin score was 3. The first aneurysm 
located at the bifurcating terminal of M1 (size: 12 x 7 
mm; neck: 8.3 mm) meanwhile the second aneurysm 
(size: 4 x 4.2 mm; neck: 3 mm) was at the M2 
segment and 25 mm further from the previous one. 
Both aneurysms need to be treated, especially the 
first due to their high risk of rupture. 

 

Figure 1: Fifty six year old female patient admitted to hospital due to 
slight headache; A) Base-line CT Scanner image showed 
heterogeneous hyperdensity of the right parietal lesion; B) DSA 
revealed the AVM with main feeding artery from right MCA; C) and 
D) Morphology and location of two MCA aneurysms 

 

Dual antiplatelet therapy (DAPT) including 
clopidogrel 75mg/day and aspirin 100 mg/day was 
indicated for this patient in 5 days. The antiplatelet 
resistance test with ADP later showed good result of 
28%. The procedure was performed under general 
anesthesia. Long sheath Neuron MAX 6F was placed 
from groin puncture to the cavernous segment of right 
ICA. We advanced the AXS Catalyst-5 Distal Access 
Catheter co-axial to the M2 segment, 10 mm further 
from second aneurysm location. A 4/50 Surpass flow-
diverter was deployed from this point upstream to the 

M1 segment to cover both aneurysms neck. 

Figure 2 showed good result of stent position 
and coverage post deployment; no thrombus but slight 
vasospasm seen at M1 segment closed to the 
proximal part of flow-diverter. This condition was 
solved by 15 mins infusing solution of Natriclorid 0,9% 
500 ml + heparin 5000 UI + 1,5 mg nimodipine 
through theLong Sheath. The final angiography 
showed normal contrast material through carotid 
vessel system.  

 

Figure 2: Angiography result during procedure; A) Surpass 4/50 
after deployment: good aneurysm neck coverage and no stenosis 
inside stent; B) and C) Good result post flow-diversion placement 
with contrast material remained inside both aneurysm 

 

Patient was discharged after 1 week and the 
modified Rankin scale (mRS) was 0. She was 
prescribed to continuously use DAPT for 6 months 
and followed by aspirin 100 mg daily for the rest of 
life. 

 

 

Discussion 

 

The normal hemorrhagic risk for unruptured 
AVM is low (about ~ 1.3%) meanwhile this risk of 
unruptured aneuryms with diameter ≥ 12 mm, 
according to Williams L.N. et al., is higher and need to 
be treated as soon as possible [13], [14]. Additionally, 
this patient had superficial drainage venous system 
(lower rate of bleeding) so that we strategized that 2 
wide-neck aneurysms in the high-flow feeding MCA 
should be our treatment priority. 

Considering between two kinds of intervention 
including ballon assisted-coiling or flow-diverter, we 
chose stent diversion because it could help to treat 
both wide-neck aneurysms in one phase with high 
rate of success and less complications [15], [16]. 
Akgul E. reported his case using 1 Surpass stent to 
treat 3 aneurysms in 2016 [17]. In our patient, to cover 
2 aneurysms with 25 mm of distance between them, 
we needed the length of stent ≥ 50 mm. Among these 
available flow-diverter stents in Vietnam, only Surpass 
and FRED adequated this length. Moreover, with 
good coverage and delievery system (3.7F delivery 
catheter/outer catheter in combination with pusher 
catheter), Surpass stent was reported to have easier 
procedural deployment compared to other systems 
[18]. Therefore, surpass 4/50 was our first option in 
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this case. The good result post-operation showed that 
it was a good choice. 

In conclusion, the unruptured aneurysms 
related to AVM have the higher risk than normal 
isolated one due to high-flow of main feeding artery. 
We need to consider the bleeding risk of both AVM 
and aneurysm to identify which one is our first 
treatment goal. In our case, multiple wide-neck 
aneurysms in combination with low risk unruptured 
AVM, using long Surpass stent-diversion is an 
effective way to eliminate all the aneurysms in the 
main feeding artery while still preserving the AVM 
anatomy. 

 

 

Ethical Statements 

 

This study was approved by a local Ethics 
Committee of Military Hospital 103. 
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The patient has agreed in writing for using her 
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Abstract 

BACKGROUND: Fluoride therapy has long been used extensively to prevent dental caries. Fluoride appears in a 

variety of dental care products such as mouth rinses, dentifrices, gels, etc. HMU Fluorinze is the first mouthwash 
containing fluoride in Vietnam. 

AIM: This research was conducted to evaluate the efficacy of HMU Fluorinze mouthwash on remineralizing 
enamel in laboratory conditions.  

METHODS: 20 third molar teeth were cleaned and covered with nail polish, except for a 3 x 3 mm square on their 
buccal surfaces. These teeth underwent two steps: demineralization using Coca-cola and remineralization for 20 
daysusing standard calcifying solution (control group) and standard calcifying solution + HMU Fluorinze 
mouthwash 2 times/day (experimental group). The index measured of enamel structure after demineralization and 
remineralization was assessed by a DIAGNOdent pen 2190. 

RESULTS: The indices measured of the control group and experimental group at baseline were 3.65 ± 0.76 and 

3.35 ± 0.64 respectively. After demineralization the control group measured 21.78 ± 4.48 and the experimental 
group, 20.25 ± 2.26. Following remineralization, the control group scores were 6.30 ± 1.03 and the experimental 
group, 3.90 ± 1.24, demonstrating statistical significance (p < 0.01) between the two groups. After 20 days, the 
results for the experimental group did not differ from the original results (p = 0.272), in contrast with the control 
group (p < 0.01). 

CONCLUSION: Results show that HMU Fluorinze mouthwash is better at remineralizing than standard calcifying 
solution. 

 

 

 

 

 

 

 

Introduction 

 

Historically, fluoride therapy has been used 
extensively to prevent dental caries. The fluoride ions 
replace hydroxyl elements leading to more stable 
enamel crystals [1]. Alternatively, it was observed that 
low levels (1 ppm or lower) of fluoride in a dissolved 
liquid can decrease and even inhibit enamel 
demineralisation [2] as well as increase mineralization 

[3]. Fluoride pathways originate from many different 
products containing fluoride. Patients at high risk of 
caries are frequently advised to use a mouthwash and 
brush-on gel at home, as an adjunct to brushing with a 
fluoride dentifrice [4]. Rinses containing 100 ppm F or 
230 ppm F (0.05% sodium fluoride) are as available 
over-the-counter and recommended to be used less 
than three times a day [5]. 

The re-mineralization effect of fluoride 
mouthwash on dental enamel and the prevention of 
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tooth decay have been proven [5], [6], [7]. A meta-
analysis study combining the results of 35 trials 
showed that, on average, there was a reduction of 
27% in decayed, missing and filled surfaces on 
permanent teeth exposed to fluoride mouthwashes 
compared to those that were not [5]. Another 
experimental study conducted by Faller RV et al., 
(2011) demonstrated the ability to prevent tooth decay 
and remineralization of four fluoride mouthwash 
products (100 ppm) from ACT, Listerine, and Crest 
brands [6]. This research showed that treating with 
any mouthwash had significantly higher concentration 
of fluoride absorption than using water alone as a 
rinse. Phan Bhongsatiern et al., (2019) conducted a 
study comparing the remineralization effect of sodium 
fluoride (NaF) mouthwash and NaF gel with 
toothpaste on early tooth lesions. The average 
amount of mineral absorption from NaF mouthwash 
and NaF gel is similar, and both greater than that of 
NaF toothpaste [7]. 

Most mouthwash brands sold in Vietnam are 
imported from overseas, with the exception of a few 
domestic products such as Dr. ECA solution, which 
has been proved to treat gingivitis [8], and more 
recently, HMU Fluorinze mouthwash. HMU Fluorinze 
is a solution developed by Hanoi Medical University 
that is less expensive than imported products; 
however, its effectiveness has not yet been 
demonstrated. Therefore, the aim of this study is to 
evaluate the effects of HMU Fluorinze mouthwash on 
enamel remineralization. 

 

 

Materials and Methods 

 

Twenty human third molar teeth, extracted 
from people from 18 to 25 years old, due to 
complications or for orthodontic reasons, were used in 
this research. The teeth selected for the study were 
those that were intact with pulpal vitality at the time of 
extraction. Teeth that were broken, partially cracked 
or identified as having a loss of enamel or an enamel 
defect were excluded from the study. 

 

Ethical research 

The teeth used in this study were collected 
with consent from patients. This in vitro study was 
approved by High Technique Center, School of 
Odonto-Stomatology, Hanoi Medical University. 

 

Preparation 

The selected teeth were cleaned with a 
prophy cup and polishing gel using a slow-speed 
handpiece, then rinsed under water. The teeth were 
immersed in a formol solution and stored in the 

refrigerator for preservation. The investigators 
covered the surfaces of each tooth, except for a 3 x 3 
mm window on the buccal surfaces, with an acid-
resistant layer (nail varnish). The teeth were labelled 
respectively and stored in saline solution. 

 

Figure 1: Experimental teeth and control teeth have been labeled 

 

Demineralization 

The teeth were immersed in Coca-cola for 20 
minutes to demineralize the exposed buccal surfaces 
of the teeth. Coca-cola the teeth were thoroughly 
rinsed with water and dried for 1 minute. A 
DIAGNOdent pen 2190 was used to measure the 
index before and after demineralization of all teeth. 

 

Remineralization 

The four corners of each exposed buccal 
square were used as reference points. All teeth were 
randomly divided into two groups. The control group 
(Group A) was exposed to a standard calcifying 
solution containing 1,5 mM/L calcium, 0.9 mM/L 
phosphate and 20 mM/L cacodylate with a pH of 7 for 
twenty days at 37°C. The calcifying solution (30 
ml/tooth) was changed out daily. The experimental 
group (Group B) received the identical treatment 
except that a 0.05% NaF solution (HMU Fluorinze 
mouthwash) was added to the solution twice daily at 8 
am and 4 pm, followed by a two-minute rinse with 
distilled water. At the end of the twenty-day period, the 
extent of enamel demineralization from the four 
corners of exposed buccal squares were assessed 
using the DIAGNOdent pen.  

 

Statistics 

The data was analyzed using SPSS 20.0. Pair 
T-test was used to analyse the difference between 
demineralization and remineralization stages. The 
difference between exeperimental and control groups 
was investigated using independent T-test. P ≤ 0.05 
was established as statistical significance. 
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Results 

 

At baseline, the mineralization value of the 
control group was 3.65 ± 0.76 and that of the 
experimental group was 3.35 ± 0.64. There was no 
significant difference between the two groups (p = 
0.35) (Table 1). 

Table 1: Baseline mineralized value 

Group N max min X  SD p 

Experimental group 15 5 2 3.35 0.64  
0.35 Control group 15 6 2 3.65 0.76 

 

After demineralization, the DIAGNOdent pen 
value of the experimental group (20.55 ± 2.26) and 
the control group (21.78 ± 4.89) produced similar 
results (p = 0.48) (Table 2). 

Table 2: Mineralized value after demineralization 

Group n X  SD p 

Experimental group 15 20.55 2.26 0.48 
Control group 15 21.78 4.89 

 

Differences between these two groups were 
first identified after remineralization, as shown in 
Table 3. The index measured for the experimental 
group and that of the control were 3.90 ± 1.24 and 
6.30 ± 1.03 respectively, with a statistical significance 
of p < 0.01. 

Table 3: Mineralized value after remineralization 

Group n X  SD p 

Experimental group 15 3.90 1.24 0.000 
Control group 15 6.30 1.03 

 

To compare the measured DIAGNOdent pen 
values after mineral deposition and post-
remineralization, the results in both groups indicated a 
statistically meaningful difference (p < 0.01), shown in 
Table 4.  

Table 4: Compared mineralized value after demineralization to 
after treatment 

Demineralization- 
Remineralization 

Group n Mean SD p 

Experimental 
group 

15 16.65 2.59 0.000 

Control 
group 

15 15.47 4.96 0.000 

 

However, the value following mineralization in 
the control group was significantly more compared 
with the initial mineralized value (p < 0.01), whereas 
the group using HMU Fluorinze mouthwash after 20 
days did not differ from the original results (p = 0.272) 
(Table 5). 

Table 5: Compared mineralized value after remineralization to 
the initial period 

Remineralization- 
Beginning 

Group n Mean SD p 

Experimental 
group 

15 0.55 1.49 0.272 

Control group 15 2.65 1.48 0.000 

 

Discussion 

 

In order to create tooth enamel surface 
lesions similar to dental caries, many authors have 
used the pH cycle, an experimental method whereby 
tooth enamel is successively immersed in a 
demineralizing and then a remineralizing solution, 
repeating for a certain period of time to form a closed 
circle. The duration of immersion and the repetitive 
process between cycles depends on the author and 
the research purpose [9]. However, the pH cycle 
requires a solution that has a strict mixing method, 
which is only available in the laboratory with the 
appropriate facilities and materials. For the purposes 
of this study, the mixing portion of the pH cycle was 
not possible. In this study, the enamel 
demineralization was performed by Coca-cola 
immersion (pH = 2.52) for 20 minutes [10, 11]. 

According to Neel et al., 2016, Coke may lead 
to demineralization in all, the outermost surface, 
subsurface and superficial demineralisation. Erosion 
begins when the acids in soft drinks encounter the 
tooth enamel, which is the outermost protective layer 
on your teeth. Their effect is to reduce the surface 
hardness of the enamel. Moreover, they also effect on 
the surface and subsurface erosion [12], [13]. 

The teeth for this research were the extracted 
teeth of people from 18 to 25 years old, the age group 
that found a percentage no carbonated soft drink 
consumption of 20.3%, less than once a day 44.7%, 
once a day 25.4% and two or more times a day 9.6% 
[14]. 

In this experimental study, the investigators 
used the tooth decay evaluation device, the 
DIAGNOdent pen 2190, which is a reliable tool for 
detecting the detection and extent of surface lesions 
[15]. The principle of using a laser beam for diagnosis 
relies on the fact that an altered mineralized surface 
irradiated by a longitudinal light wave emits 
fluorescent radiation. Diagnodent is a diagnostic 
device that has a probe that emits light directed on the 
mineralized surface to be examined. If this surface 
has some form of structural change, it will emit a 
fluorescent light that is captured back by the probe 
and the device will display values ranging from 0 to 99 
[16], [17]. 

The results show that the values measured by 
the DIAGNOdent for the control group were 3.65 ± 
0.76, the research group were 3.35 ± 0.64, 
demonstrating that all teeth were without enamel 
damage. After demineralizing with by Coca-cola for 20 
minutes, the DIAGNOdent pen value measured by the 
control group was 21.78 ± 4.89 andthe research 
group, 20,55 ± 2,26, indicating all teeth were affected. 
White spots equivalent to clinical a code of 1-2 
according to the International Caries Detection and 
Assessment System (ICDAS). The difference in 
means between the two groups was not statistically 
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significant (p > 0.05). After 20 days of 
remineralization, the DIAGNOdent pen value of the 
control group was 6.30. ± 1.03, the experimental 
group was 3.90 ± 1.24, all corresponding to that of a 
sound tooth with a clinical ICDAS code of 0-1. The 
difference between the experimental and control 
groups was statistically noticeable (p < 0.001). This 
shows that the mouthwash solution containing 
Fluoride is more effective at re-mineralizing than the 
remineralizing solution alone. 

Comparing the values of the two groups after 
post-mineralization with the initial values, the 
difference in the control group was 18.13 ± 4.48 and 
the research group was 17.20 ± 2.49 (p < 0.001). This 
result shows the damaging effect of Coca-cola on 
enamel minerals. Following remineralization, the 
mineralization value in the control group was 15.48 ± 
4.96 and the experimental group, 16.65 ± 2.59, 
demonstrating a statistically significance difference. (p 
< 0.001). These measured results of the two groups 
after remineralization comparing to initial value, this 
difference in the control group was 2.65 ± 1.48 (p < 
0.001) and the experimental group is 0.55 ± 1.49 (p > 
0.05). It suggests that if only using a solution with a 
mineral composition, the enamel lesions will be 
recovered but will not reach the initial value before 
mineral destruction. It is suggested that using 
mouthwash containing Fluoride may recover 
mineralization level to baseline. 

In 2003, Krithikadatta performed a 
comparison of the re-mineralization efficiency of three 
Fluoride-containing products, resulting in NaF 
mouthwash 0.05% treatment of 18.6 ± 0.9 and after 
30 days treatment of 10.47 ± 4.1 [18]. The difference 
between the two time points demonstrated statistical 
significance, and showed that NaF mouthwash 0.05% 
was effective in re-mineralizing tooth enamel. the 
results of this study are also consistent with the 
results of the Bahrololoomi et al., study in 2013 
investigating toothpaste containing 1450 ppm fluoride 
using the DIAGNOdent pen 2190 to measure 
mineralized values [19]. Initial value results were 4.04 
± 2.39; after mineral depletion, 11.38 ± 5.95 and 
following mineral reclamation, 5.48 ± 2.48.  

In conclusion, HMU Fluorinze mouthwash 
demonstrated enamel remineralization; however, the 
results were not statistically significant for all 
groupings and comparisons. Further research is 
required to confirm the remineralization effectiveness 
of mouthwashes containing fluoride.  
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Abstract 

BACKGROUND: Idiopathic epiretinal membrane (iERM) is an avascular proliferation of different types of cells 

between the posterior vitreous cortex and the internal limiting membrane. That causes visual impairment including 
blurry, distortion, scotoma. Many studies of iERM were done to describe the clinical characteristics and 
investigate the histopathology of this disease. Nonetheless, there has not been a study of iERM histopathology in 
Vietnam. 

AIM: To describe clinical characteristics and histopathological results of idiopathic retinal membrane and the 
association between them. 

METHODS: A cross sectional decriptive study of 35 iERMs (33 patients) in Vietnam National Institute of 
Ophthalmology (VNIO). 

RESULTS: High morbidity incidence was in group age >50 years (32/35), female gender (26/35), limited 
movement works (27/35), and high educational levels (28/35). Distortion was the highest (77.14%), scotoma and 
floater was less frequent (28.5%, 45.7%). Macular edema in all cases and PVD and exudate were high frequent 
(65.7%, 62.8%). Symptom duration was 8.2 ± 4.7 months, (1-21 months). Mean of central macular thickness was 
468.51 ± 97.24 µm (656-274 µm). Six types of cell were detected, including glial cell (35/35), fibroblast (23/35), 
myofibroblast (23/35), macrophage (13/35), lymphocyte (5/35) and neutrophil (2/35). The number of cell types in 
one sample ranged from 1-5 types (2.85 ± 1.28 cell types). Number of cell types were correlated to symptom 
duration (r = 0.47, p = 0.004, Pearson's test) and central macular thickness (r = 0.72, p < 0.001, Pearson's test). 

CONCLUSION: There were 6 types of cells in iERM. Glial cell was the most frequent cell, inflammatory cells 
(macrophage, lymphocyte, neutrophil) was also detected. The number of cell types was stastitically correlated to 
symptom duration and CMT. 

 

 

 

 

 

Introduction 

 

Epiretinal membrane (ERM) is described as 
cellophane maculopathy or macular pucker, which is 
also a proliferation of avascular cellular between the 
posterior vitreous membrane and internal limiting 
membrane (ILM), it causes visual impairments, 
primarily due to the mechanical distortion of the 
macular area [1], [2], [3]. Idiopathic epiretinal 
membrane (iERM) is an ERM in cases there is not 

any causative factors or ocular pathology was found 
and its pathophysiology has remained unclear. That 
membrane contracts to the layers of retina, that due to 
changing of retinal surface to most of its layers, and 
causes macular edema [2]. 

There have been many studies about clinical 
characteristics and histopathology of the iERM to 
investigate the pathogenesis of this disease. Clinical 
characteristics include risk factors, symptom 
durations, visual impairment such as blurry, distortion, 
scotoma; and retinal structure change that was 
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observed by OCT (Optical Coherence Tomography) 
as central macular thickness (CMT), macular volume 
(MV) [1], [3], [4], [5]. In histopathology, two 
components of iERM were usually detected: the 
proliferative cells (origin or deprivation) and 
extracellular matrix (collagen, fibronectin) [2], [6], [7], 
[8], [9]. The proliferative cells were the most important 
component that formed extracellular matrix, thus 
always were the main investigated subjects in studies. 
Some types of cells were often found in iERM, such 
as glial cell, hyalocyte, retinal pigment epithelium 
(RPE) cell, macrophage, fibroblast, myofibroblast, and 
inflammatory cells (macrophage, lymphocyte, 
neutrophil). The glial cells were the most frequent 
cells in iERMs which caused a little traction while 
myofibroblasts were cell type caused significant 
traction to the retina. Glial cells were included three 
types of cells: muller cells, astroglia, microglia. These 
cells formed supported structures that stretched 
across full thickness of the retina, and were also at the 
limits of the retina at the OLM and ILM [2]. By using 
immunohistochemistry, glial cell was proven able to 
differentiate to other cells (macrophages, fibroblasts, 
myofibroblasts). On the other side, myofibroblasts (the 
major cell type in traction iERMs) did not appear in 
normal human retina. They could be differentiated 
from Muller cell, hyalocyte or RPE cell [2], [6], [8]. 
Others cells such as hyalocyte, RPE were only 
detected in some recent study using 
immunochemistry. Inflammatory cells were recently 
detected in iERM, that suggested the inflammatory 
mechanism in iERM formation [6]. 

These diversities of the cell types and the cell 
density in iERMs may be explained by different 
methods of histopathology (including chemical 
staining such as Hematoxylin Eosin (HE), Periodic 
Acid Schiff (PAS), immune marker staining such as 
immunocytochemistry, immunohistochemistry or 
detecting by transmission electron microscopy) and 
small sample sizes of researches (often less than 20 
cases) [6], [8], [10]. The other difficult factor for 
histopathology of iERM was the small size of 
membrane sample after peeling that was not enough 
for analyzing. In Viet Nam, the number iERM cases 
has increased, but there were only few researches 
about clinical characteristics of iERM based on 
examinations and OCT imaging. Thus, we did this 
study to describe clinical characteristics and 
histopathological results of idiopathic retinal 
membrane and association between them. 

 

 

Material and Methods 

 

A cross sectional descriptive study was done 
in 35 iERM eyes (33 patients) whom were treated with 
vitrectomy and membrane peeling in Department of 
Vitreous and Retina, Vietnam National Institute of 

Ophthalmology (VNIO) from 7/2016-12/2016. The size 
requirement of the iERM specimens was more than 2 x 2 
mm. Then these specimens were histopathologically 
tested in pathology laboratory of VNIO and were 
rechecked in laboratory of 103 Military hospital. 

Patients with iERM were diagnosed on clinical 
and OCT at stage 1 or 2 (Gass J.D 1993) [11]. 
Patients marked the checklist about history of 
diseases, then an across retinal section image was 
done by OCT (RTVue-100 Fourier-Domain Optical 
Coherence Tomography, Optovue, Inc.) to measure 
CMT, macular volume (MV). After that, 23 G vitrectomy 
with 3 ways through parsplana trocar with BIOM system 
was done to obtain the retinal membrane [12]. The 
epiretinal membrane was stained by Trypan blue (0.5 mL, 
0.25%; Fluoron GmbH, Neu-Ulm, Germany) [13]. Then, 
the membrane was peeled by intraocular forceps, the 
epiretinal membrane was fixed immediately in 0.9% saline 
solution to transported to histopathological laboratory. 
These specimens were flattened on the antiseptic glass 
slide and dried in alcohol solution several times with 
decreasing alcohol concentration (100%, 90%, 80%, 
70%). Afterwards, that were stained with Hematoxylin-
Eosin Y 1% solution in 10 minutes and re-washed with 
distilled water within 5 minutes. The fixed specimens were 
checked by optical microscope with different 
magnifications (x 100, x 200, x 400). The cell 
density and cell type were identified based on the 
cell morphology by a histopathologist. A density of 
cells in specimen was classified to be dense and 
sparse. The dense density specimens were that there 
were 10 or more cells in a field with the magnification 
x 400. The other specimens were sparse density [2]. 

 

Statistical analysis 

According to statistical methods Medicine by 
Excel and SPSS 16.0 program (SPSS, Inc., Chicago, 
IL, USA). In the analysis, the value of p < 0.05 as 
statistically significant. 

 

 

Results 

 

Clinical characteristics 

Thirty-five eyes with iERM of 33 patients (9 
men, 24 women) were collected in our study. The 
ages of our patients were from 38 to 76 years old and 
two third cases (22 patients) were more than 50 years 
old. Most of studied cases (25 patients) have limited 
movement works (who spends more time for sitting 
than moving) and 26 patients have high educational 
level (beyond high school). 

Distortion was the highest ratio in each group 
of visual acuity and overall (77.1%). Scotoma and 
floater are less frequent (28.5%, 45.7%). In patients 
with high visual acuity (> 20/100), the symptoms were 
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easier to be realized (Table 1). 

Table 1. Distribution of symptom by visual acuity 

Visual acuity Distortion Scotoma Floater 

≤ 20/100 (n = 25) 17 (68.4%) 3 (8.6%) 7(28.1%) 
20/100 – 20/40 (n = 9) 9 (100%) 7 (77.3%) 8 (88.4%) 
≥ 20/40 (n = 1) 1 (100%) 0 1 (100%) 
Total 27 (77.1%) 10 (28.5%) 16 (45.7%) 

 

ME were in all of cases (100%), PVD and 
exudate were high frequent in iERM (65.7% and 
62.8% respectively). There was only one case of RH 
in our study group (Table 2). 

Table 2: Distribution of signs by iERM grade  

Grade ME PVD RH Exudate 

1 (n = 6) 6 (100%) 3 (50 %) 0 (0%) 4 (66.6%) 
2 (n = 29) 29 (100%) 20 (68.9%) 1 (2.4%) 18 (62.1%) 
Total 35 (100%) 23 (65.7%) 1 (2.8%) 22 (62.8%) 

ME: macular edema; PVD: posterior vitreous detachment; RH: retinal hemorrhage. 

 

 Up to surgery time, symptom duration was 
from 1 to 21 months (8.2 ± 4.7 months). Mean of CMT 
was 468.51 ± 97.24 µm (656-274 µm). The details of 
distribution of symptom duration and central macular 
thickness in study patients were shown in Figure 1, 
and Figure 2. 

 

Figure 1: Distribution of symptom duration of iERM 

 

 

Figure 2: Distribution of central macular thickness in OCT 

 

 

Histopathological results 

There were 12 cases with sparse density A) 
and 23 cases with dense density B) (Figure 3). 

 

Figure 3: A) sparse density; B) dense density 

 

The number of cell types ranged from 1 to 5 
types of cells in one sample (average 2.8 ± 1.2 types 
of cells). There were statistically a greater number of 
cell types in dense density group (4.7 ± 2.1) than 
sparse density group (2.2 ± 1.1) (p = 0.02). 

There were 6 types of cells in iERMs 
samples, including glial cell, contractile cells 
(myofibroblast, fibroblast), inflammatory cells 
(macrophage, lymphocyte, neutrophil) (Figure 4). 

 

Figure 4: The cell types in our study sample; A) fibroblast; B) 
myofibroblast; C) macrophage; D) neutrophil; E) lymphocyte; F) glial 
cell 

Glial cell was the most popular cell type 
(35/35 samples) that must have proved the important 
role of this cell in the mechanism of iERM. Fibroblast 
was the second frequent type of cell in 23 specimens 
(65.7%). Myofibroblasts was detected in 23 cases 
(65.7%). Macrophage was detected in 13 cases 
(37.2%). Lymphocyte was detected only in 5 cases 
(16.7%). Neutrophil was detected in only 2 cases in 
our study. The cells of connective tissue (glial cell, 
fibroblast, myofibroblast) were the main part of iERM 
which were detected in most samples. Otherwise, the 
inflammatory cells (macrophage, lymphocyte, 
neutrophil) just appeared in few samples with high 
number of cell types (from 3 cell types in a sample) 
(Table 3). 

Table 3: Distribution of cell types in a sample 

 Number of cell types in a sample 

Cell type 1 (n = 7) 2 (n = 7) 3 (n = 8) 4 (n = 10) 5 (n = 3) 

Glial cell 7 7 8 10 3 
Fibroblast 0 6 6 8 3 
Myofibroblast 0 6 7 8 2 
Macrophage 0 0 2 9 2 
Lymphocyte 0 0 0 2 3 
Neutrophil 0 0 0 0 2 

 

             Association between clinical 
characteristics and histopathology 

We had looked for the association between 
histopathology and some of symptoms and sign of 

c 

f 
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iERMs in our patients. We found that number of cell 
types in a sample correlated to symptom duration (r = 
0.47, p = 0.004, Pearson's test) and to central macular 
thickness was statistically significant (r = 0.72, p < 
0.001, Pearson's test) (Figure 5). 

 

Figure 5: Association between number of cell types in a sample and 
symptom duration and central macular thickness 

 

 

 

Discussion 

 

The distortion was the most frequent iERM 
symptoms (77.1%) in our patients. This symptom is a 
manifestation of macular edema as a result of ERM. 
When the ERM contracted to the layers of macular, it 
changed the macular structure and made the fluid 
appear in the extra layers. Thus, after peeling this 
membrane, the distortion was standard criteria to 
assessment of surgery outcome [4]. There was 
macular edema in OCT images in all 35 eyes of our 
study, so the distortion was more specific symptom 
than others such as floater, scotoma or blurry and 
may be used for screening ERM. However, this 
symptom depends crucially on visual acuity, there 
were all ten eyes (100%) with visual acuity above 
20/200 having the symptom of distortion, but there 
were only 17 eyes (68.4%) in poor vision group (visual 
acuity was lower than 20/200). 

The manifestation of macular edema in higher 
level is scotoma. When the edema lasted long time 
and the function of retinal photoreceptor cells was 
damaged, the symptom of scotoma appeared. The 
other reason of scotoma in ERM is the thick 
membrane over the retina. If the scotoma was in the 
center or enlarged, visual acuity also decreased 
making difficult to clinically detect this symptom. This 
characteristic explained why there were only 10 eyes 
(28,5%) having scotoma in our study, and most of 
them (7 eyes) was in group with visual acuity from 
20/200 to 20/40.  

Central macular thickness (CMT) is 
quantitative measure of macular edema in OCT. It 
was an important factor in the pathophysiology of 
iERM and directly affected vision and other visual 
functions [5]. In our study, the average of CMT 
(468.51 µm) was higher than previous studies, which 
can be explained by the fact that all iERM eyes had 
been prepared to operate and were in severe stage of 

disease [14]. 

In this study, 6 cell types were detected, 
including glial cell (35/35), fibroblast (23/35), 
myofibroblast (23/35), macrophage (13/35), 
lymphocyte (5/35) and neutrophil (2/35). Glial cells 
was most frequent detected, its collagen was also the 
important formation of iERM [15]. The importance of 
these cells in iERM formation had been proven by 
many researches [16], [17], [18],[15]. However, the 
subtype of glial cells (Müller cells, astrocytes...) that 
was the major cell type in iERMs have been 
controversial. A recent study that used 
immunohistochemical staining for glutamine 
synthetase (GS) (expressed specifically in Müller cells 
and did not appear in astrocytes) on surgically excised 
iERMs showed the characteristics of continuous, 
isodense pattern of immunoreactivity for GS. This 
result proved that Müller cell was the predominant cell 
type for iERM formation [15]. Using HE staining, this 
study did not find any other cells such as hyalocyte, 
astrocyte, retinal pigment epithelium. Fibroblast and 
myofibroblast which could produce fibril forming the 
membrane and cause significant traction to the retina 
were also major component cell in iERMs [6], [8]. 
These cells that normally did not appear in retina 
might be differentiated from hyalocytes, glial cell – 
normal cell in retina. In our study, there were 27 
samples in 35 iERMs having this contractile cell 
(myofibroblast, fibroblast or both of them). This result 
explained why the CMT in OCT of the study eyes was 
higher than that in previous studies. 

Inflammatory cells (macrophage, lymphocyte, 
neutrophil) were detected in 14 samples. When 
comparing the iERMs with inflammatory cell to the 
sign of retinal hard exudate, we found the significantly 
statistic correlation (p < 0.05, Chi-Square test). Hard 
exudative was lipoprotein structure that appeared intra 
retina as a consequence of increased retinal vascular 
permeability in inflammation. There were 22 eyes with 
retinal hard exudate with twelve iERMs having 
inflammatory cell, that may demonstrate the role of 
inflammation in iERMs mechanism. Some studies also 
proved the inflammation mechanism in 
pathophysiology of iERMs [6]. 

Number of cell types in a sample was different 
in studies, it ranged from 2 to 4 cell types in Bu S.C. 
research (2014), 2-3 cell types in Wang L.C. research 
(2015), 1-4 cell types in Marie Ueki [2], [19], [20]. This 
difference may be explained due to the method of 
histopathology. Most studies used HE staining to 
classified the type of cells and used 
immunohistochemistry to re-confirm. However, the 
identification of cells using immunohistopathology 
method depended on available specific marker and 
usually used to find out the cell origin. Some specific 
markers that were often used were glial fibrillary acidic 
protein (GFAB), vimentin, cellular retinaldehyde-
binding protein (CRDLBP), Kir4.1, CD 45, CD 64, CD 
168, pan cytokeratin, neurofilament [2], [6], [6], [17]. 
The cell types in iERM sample could be divided to 3 



Basic and Clinical Medical Researches in Vietnam 
_______________________________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________________________ 

4328                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

groups: the original glial cells, the secondary cells 
(fibroblast and myofibroblast) and others, and 
inflammatory cells. In our study, using HE staining 
images identification, there were 6 cell types and 
maximum 5 cell types in a sample. Looking for the 
association between histopathology results and some 
signs and symptoms, we only found the correlation 
between number cell type and symptom duration (r = 
0.47, p = 0.004, Pearson's test), and CMT (r = 0.72, p 
< 0.001, Pearson's test). 

The cell types in iERMs of the study were only 
identified by the cell morphology in HE staining, so it 
may not be very accurate in cell type classification 
and origin. The immunohistochemistry should be used 
to recognize exactly the origin and the type of cells.  

In conclusion, our study found that the most 
frequent symptom of iERM was distortion and the 
CMT was 468.51 ± 97.24 µm (656-274 µm). In 
histopathology result, the cell density was higher in 
dense group (> 10 cells/field 40 x). There were 6 
different cell types, including glial cell (35/35), 
fibroblast (23/35), myofibroblast (23/35), macrophage 
(13/35), lymphocyte (5/35) and neutrophil (2/35). The 
number of cell types in a sample was from 1 to 5 and 
it correlated to CMT and symptom duration. 

 

 

Ethical approval 

 

All procedures performed in studies involving 
human participants were in accordance with the 
ethical standards of institutional and/or national 
research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable 
ethical standards. This study was approved by the 
institutional ethical review board of Vietnam National 
Institute of Ophthalmology. 

 

 

Informed Consent 

 

Informed consents were obtained from the 
patients included in the study. 
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Abstract 

BACKGROUND: The fungal disease caused by invasive fungus Saprochaete capitata is becoming an 
increasingly popular infection. Fungal pathogens mainly occur in patients with immunocompromised disorders 
such as hematologic malignancies, acute myeloid leukemia, transplant patients.  

CASE REPORT: In this study, we presented a COPD patient infected with S. capitata. At the first check, the 
patient showed cough, dyspnea, chest pain on both sides. The clinical laboratory test result was characterized 
with high White blood cell (12.8 G/L), HIV negative. The X ray showed bronchitis and emphysema. Bronchoscopy 
illustrated bronchial mucositis. CT scanner demonstrated pneumonia with fuzzy nodular lesions and thick 
interstitial organization in both lungs. The patient was treated with ciprofloxacin 800 mg/day; cefuroxime 2250 
mmg/day. However, the fever appeared 2 weeks thereafter. The S. capitata was discovered in the bronchial fluid. 
The patient was then treated with fluconazole 400 mg/day for 14 days. At the end of treatment, all signs and 
symptoms of S. capitata infection disappeared and the patient recovered.  

CONCLUSION: This case study showed that S. capitata infection can occur in the COPD patients and 

fluconazole is a pertinent drug for treatment of the infection. 

 

 

 

Introduction 

 

Candida and Aspergillus spp. are mainly the 
causes of invasive fungal infections in hospitals. 
However, infection with rare fungal pathogens has 
become more popular in recent years. Infections 
caused by Saprochaete capitata are one of the 
emerging diseases. S. capitata, previously known as 
Geotrichum capitatum, Trichosporon capitatum, 
Blastoschizomyces capitatus, Dipodascus capitatus, 
is a non-fermentative, urease-negative ascomycetous 
yeast classified in Saccharomycetaceae family [1], [2], 
[3], [4], [5], [6], [7]. S. capitata fungus grows well in the 
Saboraud agar, their colonies are similar to yeast, but 
their morphology characterizes with long and short 
segments with different sizes. This fungus is mainly 
found in natural environments such as soil, sand and 
wood pulp [8]. In addition, it has also been found in 
poultry feces, gastrointestinal tract, respiratory tract, 

and is a part of the normal microflora of human skin 
[9]. They are known as the fungi that live in the 
respiratory tract and digestive tracts of humans, they 
are invasive pathogens like other yeast species [10]. 

S. capitata infection is mainly seen in patients 
with neutrophil leukemia (87%), more rarely in 
patients with other non-hematological diseases such 
as diabetes, neuralgia, organ transplantation and 
inflammations [11] (Table 1). In this report, we 
described a case of fungal infection caused by S. 
capitata in COPD patients. 

Table 1: Some report cases cause by Saprochaete capitata 

No. Case Age Symptoms/ problems Treatment References 

1 
Acute myeloid 

leukemia 
41 Erythema, high fever 

caspofungin and 
liposomal amphotericin 

B 
[12] 

2 
Kidney 

transplant 
82 

hypertensive 
nephrosclerosis 

liposomal amphotericin 
B 

[13] 

3 
Burkitt 

lymphoma 
74 

fever and central nervous 
system 

fluconazole and 
caspofungin 

[12] 

4 
Acute myeloid 

leukemia 
57 

Fever, diarrhoea and skin 
rash 

levofloxacin 
fluconazole 

[14] 

5 
Pneumonia, 

asthama 
86 

shortness of breath, 
productive cough and 

fatigue 
itraconazole [15] 
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Clinical Case 

 

An 80-year-old man was diagnosed with 
COPD and Gout 10 years ago. The patient came to 
the hospital with productive cough, dyspnea, chest 
pain on both sides a week before. Examination 
revealed symptoms including vesicular breathing, 
coarse crackle and wheeze in both lungs, no 
hypertension, non-diabetic, no fever. The laboratory 
blood test results were: Red blood cell 4.36 T/L, 
hematocrit 138 g/l, White blood cell 12.8 G/L 
(Lymphocyte 17.4% and Granulocyte 74.1%), HIV 
negative, Genxpert DPG (-), AFB (-). The X-ray 
showed bronchitis and emphysema. Bronchoscopy 
illustrated bronchial mucositis (Figure 1).  

 

Figure 1: X – ray of patient before treatment 

 

CT scanner demonstrated the pneumonia 
with fuzzy nodular lesions and thick interstitial 
organization in both lungs (Figure 2). The patient was 
treated with ciprofloxacin 800mmg/day; cefuroxime 
2250 mmg/day; ventolin 40mg/ day; pulmicort 500mg; 
salbutamol 16mg/ day. 

 

Figure 2: CT scan of the patient before treatment 

After 2 weeks, cough and shortness of breath 
decreased, fever, however, developed. The patient 
was then treated with methylprednisolon 40 mg per 
day for 7 days. After the cease of drug, fever again 
developed. Therefore, the patient was treated with 
raxadin 2000 mmg + moxifloxacin 400 mmg + 
doxycyclin 1000 mmg per day for another 7 days. The 
patient was still feverish, tired, screeching and snoring 
was in both sides of the lung. The phlegm of patient 
was sampled and cultured to find fungi. S. capitate 
was detected by semi-automatic Vitek system (Figure 
3 and 4), the blood cultured showed negative.  

 
Figure 3: Saprochaete capitata on SAB media at 72 hour at 37°C 

 

After 14 days of treatment with fluconazol 400 
mg per day, the patient recovered and all the 
symptoms disappeared. The phlegm cultured showed 
negative. 

 

Figure 4: Saprochaete capitata staining with lactophenol cotton blue 
under microscope (X 400) 
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Discussion 

 

Saprochaete capitata has determined 
considerable taxonomic evaluation [16]. Evaluation of 
this fungus under microscopy showed the septal 
pores and cell wall structurewith lots of arthroconidia 
and few blastoconidia [1]. In our case, S. capitata 
grow well on the Saboraud agar at 37°C, the colonies 
are similar to those of yeast. However, it is, with 
different dimensions of segments under microscope 
(Figure 4), similar to the filamentous fungi. 
Conventionally, detection of these fungi in the culture 
medium basing on their morphology is an important 
diagnosis. Using automatic or semi-automatic system 
may be a great choice. The Vitek 2 system version 
07.01 was used to confirm S. capitata. This system 
has been shown to possess an accuracy rate of 98%. 
Besides, D 32C (bioMérieux), and RapID Yeast Plus 
(Innovative Diagnostic Systems) systems also were 
applied to diagnosis of this fungus [17], [18]. 
Unfortunately, their mophology is very similar to that 
of S. clavata [17]. 

S. capitata infection is becoming an emerging 
disease, particularly in immunocompromised such as 
haematological malignancies, asscociated cancer and 
onychomycosis [19]. Factors such as extended 
neutropenia, active chemotherapy, broad-spectrum 
antibiotics use and reduced local defense system by 
breaking down the skin and mucosa were mainly 
beneficial factors for this infection [20]. The 
haematological malignancy including acute leukemia 
is the disease in the most popular patients and 
estimated incidence is around 0.5% [1], [21]. 
Extremely, all of breaking through infections with 
acute leukemia developed in patients who were in 
intentive chemotherapy [1]. Moreover, broad spectrum 
antibiotic was used for treatment of all patients who 
developed neutropenic fever. The 30-day mortality is 
30 days it related with invasive disease ranges from 
60 – 80% [1]. In this case, the patient was treated with 
two antibioticsfor 14 days. The symptoms decrease at 
the end of antibiotic treatment. However, the patient 
appeared fever in the afternoon. This case indicates 
the antibiotics ciprofloxacin and cefuroxime are not 
really effective with S. capitata. Positive blood culture 
was found in almost of case infection with 77.3%. 
While our case showed negative in blood culture. The 
pneumonia in S. capitata usually associated in 
haematological malignancies or multiple diseases. It 
could make the infection becomes more severse [15].  

The in vitro study of susceptibility S. capitata 
is quite weak. Published literature showed that S. 
capitata is susceptible to flucytosine (MIC values 0.25-
0.5 mg/mL), itraconazole (MIC values 0.12-0.50 
mg/mL), voriconazole (MIC values 0.25-0.5 mg/mL) 
and posaconazole (MIC values 0.03-0.25 mg/mL). 
However, these organisms are less susceptible to 
fluconazole with a MIC between 16 and 32 mg/mL in 
most studies [3], [22], [23]. Amphotericin B was 

effective in inhibition of these fungus only with high 
concentration (MIC values 0.5-2.0 mg/mL) [24]. S. 
capitata was demonstrated to intrinsically resist to 
echinocandins [25]. Girmenia et al. reported that 
amphotericin B, flucytosine, fluconazole, itraconazole, 
and voriconazole hadhigh efficacy against S. capitata 
isolates. Other authors indicated that amphotericin B 
and voriconazole were more potent than other drugs 
in inhibition of S. capitata [23]. In these cases, 
demonstrated S. capitata reduce susceptive to 
anidulafungin at 8 mg/mL MIC value as expected. 
Fluconazole is less effective than itraconazole, 
voriconazole and azoles against S. capitata. The data 
of optimal treatment to S. capitata infection is not 
enough. In this infection indicated use of amphotericin 
B alone or in combination with flucytosine is a quality 
treatment. S. capitata infection treat with fluconazole 
and echinocandins were also quite good choice. 
Breakthrough infections of S. capitata reported in 
neutropenic patients collected echinocandins [7], [26], 
[27]. In our case, S. capitata was effectively treated 
with fluconazole 400 mg/day per 14 days, but it is 
need more evidence of MIC value. This case also 
demonstrates that antibiotic treatment of this infection 
only reduces some symptoms, but it is unable to 
thoroughly treat the infection. Identification of fungi is 
the most important for diagnosis and treatment. 

In conclusion, S. capitata infected mostly to 
haematological malignancies patients, also with 
immunosuppressive and immunocompetent patients. 
In this case, the COPD patient was infected with S. 
capitata, treated with fluconazole 400 mg/day. The 
signs and symptoms disappeared after 2 weeks. The 
MIC of S. capitata should be do in the further study. 
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Abstract 

BACKGROUND: Nowadays, cone beam computed tomography (CBCT) are commonly used in dentistry with an 
advantage about significantly lower dose comparing with CT-Scanner. Utilizing CBCT images which are indicated 
in dentistry like orthodontics can help diagnose diseases beyond dentistry field. One rare phenomenon can be 
seen in maxillary sinus, which is often overlooked by dentists, is ectopic teeth. 

CASE REPORT: This article describes one orthodontic case found accidentally an ectopic tooth in maxillary sinus 
by inspecting CBCT images. 

CONCLUSION: Dentists and oral radiologists should carefully inspect non-dental structures, like maxillary sinus, 
even its distance from the dentoalveolar region, especially in asymptomatic patients. 

 

 

 

 

 

 

 

Introduction 

 

Nowadays, cone beam computed tomography 
(CBCT) have been an efficient tool for imaging 
diagnosis with a variety of dentomaxillofacial 
applications. Malocclusion and dentomaxillofacial 
anomalies are the most common indications for CBCT 
in the age groups of primary and permanent dentition 
[1]. CBCT provides adequately images about both 
dental structures, for instance teeth and jaws, and 
other non-dental structures like maxillary sinus, nasal 
cavity, and palate. Nevertheless, dentists or oral 
radiologists occasionally neglected these non-dental 
structures due to its distance from the dentoalveolar 
region, especially in asymptomatic patients. Thus, 
abnormalities and anatomic changes in this region is 
frequently overlooked. One rare abnormality can be 
seen in maxillary sinus is ectopic teeth [2], [3], [4]. 
Ectopic eruption may derive from one of three 

processes: developmental disturbance, pathological 
process and iatrogenic activity [5]. Most of these 
cases are recurrent sinusitis or asymptomatic and are 
found accidentally by routine examination and 
radiography like CBCT. This article describes one 
orthodontic case with recurrent sinusitis, found 
accidentally an ectopic tooth in maxillary sinus by 
inspecting CBCT images. 

We run 5 keywords: “ectopic tooth in maxillary 
sinus”, “ectopic teeth in maxillary sinus”, “ectopic tooth 
in maxillary antrum”, ”ectopic molar in maxillary sinus” 
and ”ectopic molar in maxillary antrum” via EndNote 
X9, using Pubmed database, we have had 40 results, 
from 1972 to 2018. 

After reading titles, abstracts, whole articles, 
we eliminated those articles with non-English 
language (Chinese), non- molar tooth (canines, 
incisors), could not find abstracts/ full-text (too old, 
often before year of 2000) or content not relevant to 
ectopic tooth, we have had 26 articles described case 
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reports about ectopic tooth in maxillary sinus (Figure 
1). 

 

Figure 1: Data Collection 

 

In this review, 33 patients were observed. 
Compared to the position in maxillary sinus, 16 cases 
(48.5 %) were on the right and 17 (51.5%) on the left. 
They are likely located in variable areas of the sinus: 
antrum, floor, roof, orbital floor, superomedial and 
anterosuperior aspects, and posterior and 
anterolateral walls. Among the 33 case reports, the 
incidence is higher in male (n = 22; 66.7%) compared 
with female (n = 11; 33.3%). 

The age spectrum was relatively wide, varied 
from 15 to 73 years old. The mean age was 33. 
According to previous articles, most patients with a 
dentigerous cyst are likely younger than 20 years [32], 
[33]. However, patients are likely to have the condition 
for many years before being diagnosed and treated. 
The dentigerous cyst develops gradually in maxillary 
sinus for several years without any symptoms. When 
the sinus space is occupied significantly, symptoms 
will occur. Therefore, the ectopic teeth might be 
symptomatic or asymptomatic. There were 4 cases 
(12.1%) with asymptomatic [6], [12], [18], [19], 13 out 
of 33 cases observed pain condition, most of them 
were mild pain. Other symptoms can be found on 
these patients includes: Swelling (11 cases), purulent 
rhinorrhea (10 cases). Few more rare symptoms 
were: decrease in sensation [19], phonatory difficulties 
[9], and blurred vision [15]. 

Table 1: Literature review of the dentigerous cyst associated 
with an ectopic third molar in maxillary sinus 

Authors, year Symptoms 
Age 
(yrs) 

Gender Side of sinus 

L. G. F. Lombroni et al., 
(2018) [6] 
 

Asymptomatic 37 Female Left 

I. L. Liau et al., (2018) [7] 
Chronic nasal obstruction, 
purulent rhinorrhea 

63 Male Right 

O. D. Topal et al., (2017) [8] 
Swelling, pain in eye, left upper 
teeth and ear 

32 Female Left 

O. L. M. Chagas Junior et 
al., (2016) [9] 

Discomfort, phonatory 
difficulties. 

60 Male Left 

U. A. Aydin et al., (2016) 
[10] 

Pain, feeling of pressure, 
especially during biting 

21 Male Left 

S. H. B. Kang et al., (2015) 
[11] 

Swelling 49 Male Right 

Y. N. Furuya et al., (2015) 
[12] 

Asymptomatic 73 Male Right 

N. M. Touiheme, et al., 
(2014) [13] 

Pain, mucopurulent rhinorrhoea 
 

23 Female Left 

MaMatha N.S et al., (2014) 
[14] 

Foul smelling, salty discharge, 
Mild pain and slight swelling 

17 Male Left 

N. K. Demirtas et al., (2014) 
[15] 

Pain, discomfort, and fullness 
Blurred vision 

19 Male Right 

A. P. Datli et al., (2014) [16] Chronic sinusitis 41 Male Right 
S. A. O. Bello, et al., (2014) 
[17] 

Swelling, mild pain, discharging 
sinus 

17 Male Right 

S. G. Viterbo et al., (2013) 
[18] 

Asymptomatic 29 Male Right 

S. H. Ramanojam et al., 
(2013) [19] 

Pain 
and swelling 

21 Female Right 

Heaviness, decrease in 
sensation 

48 Female Left 

Occasional dull pain 22 Male Left 
Asymptomatic 26 Male Left 
Repeated dull pain 24 Male Left 
Continuous dull pain 32 Female Right 

A. R. Rai et al. (2013) [20] 
Watering from the left eye, pain 
and swelling 

46 Female Left 

Y. T. L. Lai, et al., (2013) 
[21] 

- 52 Female Left 

Y. C. Guruprasad et al. 
(2013) [22] 

Swelling, discharge of pus from 
the nostril 

21 Female Right 

S. M. Abdollahifakhim et al., 
(2013)[23] 

Chronic mucopurulent 
rhinorrhoea 

17 Male Right 

V. O. K. Kasat, et al. (2012) 
[24] 

Discharge from upper right 
posterior region 

22 Male Right 

G. N. Thakur et al., (2011) 
[25] 

Cough, recurrent purulent 
discharge, facial pain 

25 Male Left 

L. G. Nisa, et al., (2011) [26] 
Dental pain, purulent oral 
discharge 

15 Male Right 

S. K. Mohan et al., (2011) 
[27] 

Recurrent purulent rhinorrhea 28 Female Right 

T. K. Saleem et al., (2010) 
[28] 

Recurrent episodes of 
haemoptysis 

45 Male Left 

M. C. O. Buyukkurt et al., 
(2010) [29] 

Swelling 19 Female Left 
Swelling 32 Male Left 
Enlarged soft swelling 30 Male Left 

T. S. Srinivasa Prasad et 
al., (2007) [30] 

Recurrent purulent rhinorrhea 45 Male Right 

S. C. Dagistan et al., (2007) 
[31] 

Multiple missing teeth 37 Male Right 

 

 

 

Case Report 

 

 A 15 year-old-male patient came to a Dental 
Clinic with orthodontic requirement but accompanied 
with mild pain and recurrent pus discharge from his 
left maxillary sinus since last 1 year. The symptoms 
reduced with antibiotics but recurred after 1-2 weeks. 
Patient also reported about stuffy nose and 
congestion. There was no history of any systemic 
disorders or maxillofacial trauma. Extraoral 
examination revealed no facial swelling (Figure 2A). 
Intraoral examination showed no carious teeth or 
abnormality in oral mucosa (Figure 2B). 

Patient was indicated CBCT for orthodontic 
purpose and also maxillary inspecting. CBCT image 
revealed an ectopic maxillary third molar near the roof 
of left maxillary sinus with a cystic lesion surrounded. 
The mucosa of the sinus was thickened suggested the 
chronic sinusitis condition in CBCT images. (Figure 
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2C and 2D). 

 

Figure 2: Imaging examination of the patient; Extraoral photo A); 
Oral mucosa B); Coronal image C); Sagittal image D) 

 

The patient then was referred to an Ears, 
nose, and throat (ENT) clinic for tooth removal. 
Caldwell-Luc approaching on the left side were 
operated under general anesthesia. A vesicular 
incision was made from tooth 22 to tooth 26. A bony 
widow was created, 0-degree ENT endoscope 
revealed an ectopic molar located in the left wall, near 
the roof of the sinus (Figure 3A), as same as CBCT 
images. An elevator was used to separate the root 
from the mucosa then both tooth and surrounded cyst 
were clipped out by forceps (Figure 3B and 3C). The 
patient has remained asymptomatic after the 
operation and 6-month follow-up.  

 

Figure 3: Treatment for the patient; Tooth via ENT endoscope A); 
Tooth clipped out by forceps B); Post-operation C) 

 

 

Discussion 

 

Thanks to advantages (low effective dose, 
short time working…) of cone beam computed 
tomography (CBCT), imaging diagnosis in dentistry 
have been easier and more accurate. Effective dose 
for CBCT values ranged from 13 to 82 μSv, much 
lower than dose from multi-slice computed 
tomography (MSCT) (474 to 1160 μSv) [34]. In this 
case, the patient was indicated CBCT for orthodontic 
need. Utilizing CBCT images indicated in dentistry like 
orthodontics requirement for beyond-dentistry field 
diagnosis bring to patients’ great benefits. 
Nevertheless, dentists or oral radiologists occasionally 
neglected these non-dental structures, for instance 
maxillary sinus, due to its distance from the 
dentoalveolar region, especially in asymptomatic 
patients. Hence, ectopic teeth are often overlooked in 
dentistry. 

Tooth development results from a complex 
multistep interaction between the oral epithelium and 
the underlying mesenchymal tissue. The development 

begins from the 6th week in utero at the time of 
maxillary and mandibular dental lamina formation. 
This ectodermal structure then forms into crowns and 
roots. Any abnormality occurring in this progress may 
result in ectopic eruption of teeth [35]. Although there 
have been reports of teeth in the nasal septum, 
mandibular condyle, coronoid process, palate and 
maxillary antrum, ectopic eruption of teeth into other 
regions instead of the oral cavity is rare. [36]. This 
article reported an ectopic tooth located in the roof of 
the left maxillary sinus. According to a review of L.G. 
Lombron et al., there were 19 cases on the right and 
18 on the left maxillary sinus. They occupied different 
areas of the sinus: antrum, floor, roof, orbital floor, 
superomedial and anterosuperior aspects, and 
posterior and anterolateral walls [6]. 

Teeth removal procedure invading severely 
into maxilla sinus requires experienced surgeons and 
dedicated equipment. Hence, interdisciplinary 
collaboration involved dentistry and ENT is of 
importance in best health care providing. The patient 
came to the Dental clinic for orthodontic need but 
sinusitis condition and an ectopic tooth accidentally 
found by dentists, treated by otolaryngologists. If there 
is no well managed for ectopic teeth, they are likely to 
form a cyst or a tumor. The symptoms may include: 
facial pain, facial swelling, headache, recurrent 
purulent rhinorrhea, chronic nasal obstruction, 
phonatory difficulties. The most popular approaching 
for teeth removal is Caldwell-Luc operation [6]. 

In conclusion, utilizing CBCT images 
indicated in dentistry like orthodontics requirement for 
beyond-dentistry field diagnosis bring to patients’ 
great benefits. Dentists and oral radiologists should 
carefully inspect non-dental structures, like maxillary 
sinus, even its distance from the dentoalveolar region, 
especially in asymptomatic patients. Ectopic teeth are 
likely to become a cyst or tumor without well 
managed. The most popular approaching for teeth 
removal is Caldwell-Luc operation. 

 

 

Informed consent 

 

Informed consent was obtained from the 
patient's parents included in the study. The family 
read and signed to allow their child as a volunteer to 
participate in research. 
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Abstract 

BACKGROUND: Anatomic variations in palatal canal morphology in maxillary first molars (MFMs) are relatively 
rare occurrences. Therefore, omission is common unless clinicians recognize their presence.  

CASE REPORT: The aim of this report is to point out new signs that can be viewed as indicators of the existence 
of additional canals in the palatal root (PR) in this upper first molar endodontic retreatment case. Moreover, the 
role of preoperative cone-beam computed tomography (CBCT) in both discovering and determining the location of 
those additional canals will also be discussed. 

CONCLUSION: Besides formerly discussed signs that indicate the existence of this canal, clinicians should also 

pay attention to other signals on periapical radiograph, including the aberrant divergence of a palatal canal at 
apical third and an unusual lesion occurring laterally in the periapical area of palatal root. 

 

 

 

 

 

 

 

Introduction 

 

For successful endodontic treatment, 
clinicians should pay attention to anatomic variations 
in root canal systems besides canal instrumentation 
and obturation [1]. The canal configurations of 
maxillary first molars (MFMs) is complex as a result of 
the presence of additional canals with an extremely 
high prevalence of the second mesiobuccal (MB2) 
canal, at over 60% [2], [3], [4], [5]. In contrast, only 
one single canal, which has one orifice and one 
foramen, is found in the palatal root (PR) [2], [4]. 
Nevertheless, there have been reports [6], [7], [8] 
about cases in which canals split at the last third of 
the PR are classified type V (1-2 anatomy) according 
to Vertucci’s classification [9]. This means one orifice 
for the canal and two distinct apical foramina. Ali 
Nosrat et al., [10] also presented 5 clinical cases 
involving the treatment of upper first molar whose 

canal morphology was far from 1-1 anatomy, four out 
of which, were classified type V. 

The omission of root canals with such internal 
complexities is one of the principal causes of the 
failure in treating MFM [11]. To uncover the 
morphology and variations of root canal systems, lots 
of researches have been carried out with many 
different approaches; and a combination of techniques 
such as dental loupes and microscopes, periapical 
radiographs or CBCT have been employed [2], [12]. 
Among all of these, CBCT scanning is considered as 
an ideal tool to easily visualize root canal systems 
thanks to its ability to produce high-resolution three-
dimensional images [8]. However, compliance with the 
ALARA rule – “the radiation should be as low as 
reasonably achievable” – is essential upon the use of 
CBCT. 

This report presents a clinical case that 
involved the application of preoperative CBCT in 
retreatment of upper first molar whose previous 
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therapeutic attempt had been a failure due to missed 
S-shaped MB2 canal and bifurcated palatal canal. 
This work will also review earlier reports on the same 
issue and point out new signs on two-dimensional 
images that suggest the existence of additional palatal 
canals. 

 

 

Case Report 

 

A 23-year-old male medical student visited 
our endodontic department due to the dull and 
persistent pain on his right maxillary first molar (tooth 
#16) while eating, especially hard food. The dental 
history showed that the tooth had received previous 
endodontic treatment and got a porcelain-fused-to-
metal (PFM) crown because of asymptomatic 
irreversible pulpitis 10 months ago. There was also no 
medical history of systemic diseases or allergy. 

The clinical examination revealed: (1) a 
marginal deficiency at the buccal surface of the crown 
(Figure 1A); (2) no percussion sensitivity; and (3) a 
negative result of pulp test. In addition, there were no 
signs of swelling, sinus tract, abnormal mobility, and 
pathological periodontal pocket. 

 

Figure 1: The preoperative examination; A) A marginal deficiency at 
the buccal surface of the crown; B) The abnormal lesions were 
indicated in the periapical radiograph; C) A bifurcated palatal canal 
at the apical third on the coronal slices of CBCT; D) Remaining 
obturating material in the mesiodistal root; E) Axial slices showed 
an untreated MB2 orifice which is located along the MB groove, 
heading 2 mm palatally from the main MB orifice 

 

The periapical radiograph (Figure 1B) of tooth 
#16 showed abnormal signs: (1) an incomplete 
endodontic therapy with underfilled obturating 
materials in the palatal canal; (2) atypically enlarged 
periodontal ligament that surrounds the J-formed 
mesiobuccal (MB) root, suggesting the appearance of 

curved canals; and (3) and a periapical radiolucent 
lesion towards the distal side in PR and a vague distal 
divergence of the palatal canal. 

To clarify the dubious signs in the periapical 
film, a CBCT evaluation of high-resolution scanning 
(Planmeca ProMax 3D Max; Planmeca Oy, Helsinki, 
Finland) was performed. CBCT scanning were 
obtained following the parameters: 96 KV (tube 
voltage), 5 mA (tube current), a field of view (FOV) 80 

X 80 mm, and 150  m voxel size. The result of CBCT 
images illustrated: - Firstly, there was a branched 
canal diverging to the mesial side at the last third of 
the PR (Figure 1C). The precise location and 
dimension of the apical lesion around this root were 
determined; Secondly, remaining root-filling material, 
though unclear on the periapical radiograph at a 
coronal third of the mesiodistal root, was observed on 
the sagittal slices (Figure 1D); and Lastly, a second 
mesiobuccal (MB2) canal was detected on the axial 
slices. It was located along the MB groove, heading 
2mm palatally, from the main MB orifice (Figure 1E).  

Based on clinical and radiographical 
evaluations, the final diagnosis of tooth #16 was 
symptomatic apical periodontitis after root canal 
therapy and non-surgical endodontic retreatment was 
indicated. The retreatment was performed after written 
consent had been obtained. 

First, the PFM crown was removed by 
Transmetal bur (Dentsply Sirona, Victoria, Australia). 
The abutment tooth #16 was exposed, displaying 
temporary filling material and a protruded portion of 
gutta-percha at the occlusal surface (Figure 2A) which 
could be the root canal filling material of distobuccal 
canal poorly obturated with single cone technique. 
The tooth was then isolated by applying a rubber dam. 
The Endo Z bur (Dentsply Maillefer, Ballaiges, 
Switzerland) allowed us to regain direct access to the 
pulp chamber. During the procedure, a dental loupe 
with three-time magnification was used to assist in the 
inspection of the location of orifices. As all intrapulpal 
materials were removed, it was easier to visualize the 
pulpal chamber comprising palatal, distobuccal and 
mesiobuccal orifices. In particular, a conspicuous pink 
of gutta-percha inside the palatal canal was exposed. 

Therefore, the next plan was eliminating the 
root filling materials using both mechanical and 
chemical methods (Figure 2B): - Firstly, removed a 
coronal portion of gutta-percha with a Gates-Glidden 
drill #3 (Mani, Tochigi, Japan); - Next, put Eucalyptol 
solvent (Cerkamed, Stalowa Wola, Polska) into the 
palatal canal within 2 minutes to dissolve the 
remaining gutta-percha; and Finally, used a C+ file 
#15 (Dentsply Maillefer) to penetrate into the 
remaining gutta-percha and remove it. 

In the following treatment, the detection of 
only 3 orifices and the existence of MB2 canal on 
preoperative CBCT also showed that this canal was 
omitted in the previous dental treatment and had to be 
located. 
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Figure 2: During the procedure; A) The abutment tooth #16 was 
exposed with temporary filling material and Gutta-percha at the 
occlusal surface; B) The elimination of filling materials from palatal 
canal using both mechanical and chemical methods; C) The 
locating of the MB2 root canal based on CBCT; D) The Glide-Path 
preparation was carried out with PathFile rotary files; E) S-shaped 
MB2 canal on the working-length radiograph; (F) The master cone 
radiograph 

 

MB2 canal was identified based on initial 
assessments on the axial slices. In sequence, the 
access cavity was enlarged mesially using the Endo Z 
bur (Dentsply Maillefer) to enhance the observation of 
the orifices, making the outline of the access cavity 
transform into rhombus shape. Then, the dentin layer 
covering the MB2 orifice was removed following a 
path that run along the MB groove and headed 2 mm 
towards the palatal canal from the main MB orifice. 
This allowed MB2 to be located using DG 16 explorer 
(Hu-Friedy, Chicago, United States). The MB2 canal 
at the coronal third was then flared with Gate-Glidden 
drill #3 (Mani) (Figure 2C). Following the 
determination of four orifices, the #10 K-files (Dentsply 
Maillefer), which were initially curved following the 
canal direction on CBCT images, were applied to 
negotiate the root canals. 

The working-length (WL) of each canal was 
measured by using Propex II apex locator (Dentsply 
Maillefer) and then verified through the working-length 
radiographs. On the confirmation film of MB2’s 
working-length, an S-shaped curvature was revealed 
and then measured by Schneider’s method [13]. The 
angle of the first curvature portion was 13O while the 
second one was 42O. (Figure 2E). In the glide-path 
preparation, the PathFile rotary files (Dentsply 
Maillefer) were inserted into the root canals 
corresponding to the ascertained working-length in the 
following order: Pathfile 13/.02, 16/.02 and 19/.02 
(Figure 2D). 

At the second appointment, the complete 
canal preparation was performed with the Protaper 
Next X1 (17/.04) and X2 (25/.06) rotary file (Dentsply 
Maillefer). The branched canal in the palatal root is 
shaped with precurved hand files from size #10/.04 to 
#30/.04. Throughout the instrumentation, The 
Intracanal lubricant with 15% EDTA was applied and 
the canals were then irrigated with sonic-activated 
sodium hypochlorite 3% between file insertions. 

Finally, the root canals were flushed with 
chlorhexidine 2% and rinsed with saline. Utilized 
intracanal medicament was calcium hydroxide and 
CavitTM (3MTM ESPE, United States) was applied as 
a temporary sealing material. 

On the next visit, the root canals were filled 
with the pre-curved ProTaper Next gutta-percha (GP) 
X2 and evaluated by means of radiographs (Figure 
2F). After drying canals, the GP cones were coated 
with the AH Plus sealer (Dentsply Maillefer) and 
inserted into the canals to working-length. The 
obturating procedure was achieved using continuous 
wave technique with System B-Cordless Obturation 
(SybronEndo, Orange, CA). The completed obturation 
process was evaluated through an immediate 
postoperative radiograph. Finally, the access cavity 
was directly restored with composite (Surefil SDR and 
Ceram X universal; Dentsply Sirona). The male 
patient, eventually, was introduced to the prosthetic 
department for full crown restoration. 

After 6 months of following up, the tooth #16 
was asymptomatic as well as complete healing was 
shown on the radiograph (Figure 3B). 

 

Figure 3: After the procedure; A) Immediate-postoperative image; 
B) 6-months-follow-up radiograph 

 

 

 

Discussion 

 

The case in question represents the root 
canal retreatment of a right MFM missing MB2 canal 
with the bifurcated palatal canal. The canal bifurcation 
is classified as type V (1-2) according to Vertucci’s 
classification [9]. Previous studies have reported rare 
cases of PR containing more than one root canals in 
MFM, especially that of the Vertucci type V. In one 
research conducted by Tian et al., [8], CBCT scanning 
method was applied to study the canal morphology of 
1558 MFMs. The findings then revealed statistics on 
the presence of additional canals, at only 0.7% in the 
palatal root and an extremely low figure for type V 
canal anatomy, at 0.05%. As stated in the study done 
with the same method by Neelakantan et al., [7], the 
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corresponding figures for additional canals and 1-2 
canal morphology canal were 9.6% and 1.3% 
respectively while Vertucci type I (1-1) palatal canal 
was prevalent in these studies. This indicates that 
clinicians should carefully examine the existence of 
bifurcated canals in palatal root through initial 
radiograph images or clinical inspection besides their 
typical anatomy (Vertucci type I).  

Earlier studies provided two clues about the 
bifurcation of the palatal canal on periapical 
radiograph: 1) the unusual diverging gutta-percha on 
the master cone radiograph or the weird divergence of 
a master apical hand-file on the working-length film 
[10], 2) the abnormal divergence of root canal filling 
material which was obturated previously in palatal 
canal [10]. In this case, the upper first molar 
undergoing incomplete endodontic treatment with 
underfilled obturating material in the palatal canal 
posed an obstacle to discovering the canal 
morphology. However, observations of preoperative 
radiograph showed that the discreet periapical lesion 
was located on the distal portion of the apical root, 
suggesting an inflamed canal on that side. Moreover, 
a distal deviation of the palatal canal at apical third 
was also disclosed at the film. We supposed that 
detecting this deviation without gutta-percha point or 
working-length file was possible because of the canal 
shaping and cleaning phase in previous treatment. 
This procedure facilitated the removal of debris, 
calcified tissues as well as apparently shaped the 
pathway of the palatal canal. As a consequence, the 
canal became more radiopaque on the two-
dimensional film. This leads to the conclusion that 
endodontic clinicians should identify both mentioned 
clues and these following features when determining 
the possible presence of a bifurcated canal: (1) The 
aberrant divergence of a palatal canal at apical third 
on the preoperative radiograph, and (2) An unusual 
lesion occurring laterally in the periapical area of 
palatal root. 

Once there are signs of the bifurcated palatal 
canal, clinicians need to re-examine and determine its 
presence with certainty. On the one hand, according 
to earlier reports on the case, the canal was only 
detected after instrumentation with the support of a 
microscope [6], [10]. More seriously, clinical dentists 
made a mistake when assuming the palatal root had 
one canal and one foramen (1-1 anatomy) on the 
initial periapical film, resulting in failure in the first 
treatment [10]. On the other hand, the branched canal 
in the case, which was located at the last third of the 
PR and barely visible on the two-dimensional 
radiograph, demonstrated complicated root canal 
morphology and the need for further examination on 
the CBCT scan [14]. Therefore, applying preoperative 
high-resolution CBCT scanning was needed and this 
method made it possible to confirm the existence and 
exact position of the bifurcated canal. The use of 
CBCT not only helped clinically locate additional 
canals but also avoid complications during canal 

preparation such as root canal perforation and ledging 
[15]. In this case, high-resolution CBCT images were 
taken with the protocol: a FOV 80 x 80 mm, voxel size 
150 mm, anode parameters (96 KV and 5 mA). High-
resolution scanning mode with voxel size 0.125 mm 
has been reported to reveal bifurcated canal at apical 
third of roots as opposed to modes with larger voxel 
size ( 0.20 mm and 0.25 mm) [16]. The branched 
canal located at apical third is likely to be identified 
under CBCT scanning with a voxel size below 0.20 
mm.  

The process of canal instrumentation for the 
type V palatal canal is also worth considering. 
Ultrasonic irrigation combined with irrigants should be 
applied in the branched canal at the last third of the 
root due to the capability of removing smear layer 
efficiently [17]. Once the blockage at the apical third 
has disappeared, precurved files can slide down the 
entire working length easily and the risk of separating 
instruments will be minimized. 

Managing the S-shaped curvature MB2 canal 
is also a major challenge for clinicians. Besides the 
application of double flare technique [18], the Ni-Ti 
rotary files by Dentsply, Pathfiles which prove to be 
flexible, should be applied to create a smooth glide-
path in curved canals before the shaping phase with 
rotary files. Compared to previous manual stainless 
steel files, conducting canal preparation with Pathfiles 
considerably minimize canal defects at curvature 
portion [19] as well as periapical infections of the root 
[20]. Thus, glide path preparation with these files 
enables rotary shaping files to not only eliminate 
infected tissues more effectively but also contribute to 
obturating the curved canal more tightly in three-
dimensions. 

Last but not least, the removal of previous 
filling material in the retreatment should also be 
considered. When the palatal canal is poorly 
obturated with underfilled gutta-percha (GP) using 
single cone technique, manual removal of GP with 
rigid C+ file and solvent is the chosen method. By 
adopting this approach, the risk of excessive 
enlargement at the coronal third of the canal can be 
reduced. However, the solvent should be injected into 
the canal through a small-sized needle to avoid being 
pushed down to the periapical area. 

In conclusion, figures have indicated that the 
existence of type V palatal canals in MFM is just 
roughly 1%, which is extremely low. Besides formerly 
discussed signs that indicate the existence of this 
canal, clinicians should also pay attention to other 
signals on periapical radiograph, including the 
aberrant divergence of a palatal canal at apical third 
and an unusual lesion occurring laterally in the 
periapical area of palatal root. In addition, further 
research should be conducted to determine 
appropriate parameters on CBCT for identifying the 
presence of branched canals, which can help lower 
the risks of treatment failure. 
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Abstract 

BACKGROUND: Intertrochanteric fracture (ITF) is a major part of fracture in femoral head fracture. 95% of ITF 
are found in elderly patients. Osteosynthese is the preferred method of choice. However, elderly patients had 
osteoporotic, combined with many of chronic disease conditions that increase the rate of osteosynthese failure. 
Hemiarthroplasty bipolar long-stem is a surgical method that helps patients relieve pain, facilitate early 
rehabilitation, limit long-term complications, and improve quality of life for patients. 

AIM: The aim of our study is to evaluate the clinical of result of primary cementless bipolar long stem 
hemiarthroplasty in treatment for unstable ITF in the elderly patients who have severe osteoporosis. 

METHODS: Between 01/2016 and 12/2017, 35 patients with ITF type A2.2 and A2.3 (AO) were included in our 
prospective study. These patients were over 70 years old and treatment by hemiarthroplasty cementless long 
stem at E hospital and Saint Paul hospital by one group surgeons. 

RESULTS: Mean age of studied subjects was 84.29 ± 6.17, the lowest was 71, the highest was 96; ratio 
male/female was 1/4. Follow-up of 35 patients for at least 6 months showed 88.6% caused by a low-energy injury; 
Average rehabilitation time was 4.63 ± 1.7 days. The average Harris point at the end was 90.4 ± 4.72. 

CONCLUSION: Primary cementless bipolar long stem hemiarthroplasty is one of good choices in treatment 
unstable ITF in elderly patients with severe osteoporosis helped patients improve the quality of life. 

 

 

 

Introduction 

 

ITF is a major part of fracture in femoral head 
fracture. Ninety-five percent of ITF are found in elderly 
patients [1]. The most common cause is the poor 
bone with low energy injury [2]. 90% patients over the 
age of 70, the mortality rate after fracture from 15%-
20%, treatment cost about 10 billion dollars a year [3]. 
Osteosynthese is the preferred method of choice. 
However, elderly patients had osteoporotic, combined 
with many of chronic disease conditions that 
increased the rate of osteosynthese failure. Won Sik 
Choy (2010) studied and reported 40 patients with 
cardiovascular disease and diabetes at the highest 
percentage of patients in the study 45% and 27.5% 

[4]. 

Hemiarthroplasty bipolar long-stem is a 
surgical method that helps patients to relieve pain, 
facilitate early rehabilitation, limit long-term 
complications, and improve quality of life for patients. 
For more than a decade, many authors have studied 
and evaluated the result of this surgery. Won Sik Choi 
(2009) has evaluated in 45 patients with ITF, aged 70 
and over, after 2 years follow the average Harris hip 
score (HHS) at the last time was 80.6 ± 9.3 [4]. That 
was excellent result with patients osteoporotics have 
fractures unstable intertrochanterics. The author 
concluded that “the short-term result of cementless 
bipolar hemiarthroplasty in elderly patients with 
unstabe ITF demonstrated satisfactory results” [4]. 
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Materials and Methods 

 

Between 01/2016 to 12/2017, 35 patients with 
unstable comminuted ITF and osteoporosis (Figure 1) 
were treated by primary cementless bipolar long stem 
hemiarthroplasty at E Hospital and Saint Paul 
Hospital. The track period was 6 months. Average age 
was 84.29 years (range 71-96). They were included 
from the AO classification A2.2 in 14 patients and 
A2.3 in 21 patients. The Singh index was 2 in 27 
patients and 3 in 8 patients. Average time from 
hospitalisation to intervention was 3.4 days. The 
elderly patients often have many chronic diseases 
association, including cardiovascular disease, 
diabetes mellitus, lung disease, and others. 

 

Figure 1: Pre-operative X-ray  

 

Operative technique 

Posterior lateral approach was used. 
Orientation of the prosthesis was made out using the 
lesser trochanter anatomically and posterior condylar 
plane. The fracture trochanter was reduced and fixed 
to the prosthesis with stainless steel wires (Figure 2). 

 

Figure 2: Post-operative x-ray 

 

Pre-operation 12h, we used antibiotic and 
low-molecular weight heparin (enoxaparin) for the 

patients. In post-operative phase, we used antibiotic 
and enoxaparin for 5 days. Non-weight bearing (WB) 
exercises were stared on the second day after 
operation, partial WB exercises were stared in 4 post-
operation days. 

Patients were followed in 1 month, 3 months, 
and 6 months. Follow-up patients were assessed 
according to the score of HHS. 

Data in our study were analysed and 
calculated by the medical statistics software SPSS 
20.2  

 

 

Results 

 

Average follow up time was 6 months. Mean 
age was 84.29 ± 6.17 years (range 71-96). The ratio 
men/women were ¼. 88.6% were caused by a low-
energy injury. Average Singh index was 2.23 ± 0.426. 
Most patients with chronic disease in which the two 
groups accounted for the highest rate of 
cardiovascular disease and diabetes accounted for 
40% and 22.9% (Table 1). 

Table 1: Accompanied medical diseases 

Medical disease n % 

Respiratory disease 2 5.7 
Cardiovascular 14 40 
Diabete 8 22.9 
Urinary disease 5 14.3 
Rheumatology disease 3 8.6 
Other 9 25.7 

 

Mean operation time was 64 ± 24.9; mean 
peri-operative blood transfer was 643.7 ml; mean time 
rehabilitation was 4.63 days; mean time hospital was 
14.69 days. 

Complications post-operative was included in 
3 patients accounted 8.6% (Table 2). One patient was 
superficial infection and two others were pulmonary 
infection. All of them were treated well before being 
discharged from the hospital. 

Table 2: Complication post-operative 

Complication  n % 

Superficial infection 1 2.9 
Dislocation 0 0 
Lung infection 2 5.7 
Cardiovascular 0 0 
Die 0 0 
Total 3 8.6 

 
After 6 months, 22 patients had no pain, 13 

had mild pain; 30 patients without aids, 5 patients with 
crutches; The mean HHS was 90.4 ± 4.72, of which 
24 were excellent (68.6%), 10 were very good 
(28.6%), 1 was good (2.9%) and none show poor 
results (Table 3). 
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Table 3: Harris hip score post-operative 6 months 

Result  Excellent Very good Good Poor Total 

n 24 10 1 0 35 
% 68.6 28.6 2.9 0 100 
Average  90.4 ± 4.72 

 

 

 

Discussion 

 

According to the previous researches, the 
method osteosynthese is prefered with a lot of 
materiel such as lock plate, DHS plate, Pfna nail, and 
gamma nail. However, there are many problems are 
associated with osteosynthese of unstable ITF in 
senile patients with osteoporotic bone: pseudarthrose, 
loss of fixation, and cut-out of the lag screw. For 
earlier WB after operation and to protect the fracture 
stable, some surgeons have recommended prosthetic 
replacement, especially with a long stem prosthesis 
hemiarthroplasty for the treatment of unstable ITF [5], 
[6], [7]. 

Our results indicate that a primary partial 
replacement with long stem prosthesis decrease pain, 
early rehabilitation, stability of the implant in long time, 
decrease complications in unstable ITF of femur 
osteoporosis severe. 

Mean time rehabilitation in our study is 4.63 ± 
1.7 days. This is a period of early rehabilitation, helps 
patients to move early, facilitate the process of care, 
avoid the risk of long-term complications such as 
pressure sores, pneumonia, urinary tract 
inflammation. According to Su-Hyun Cho (2014) the 
average time to partial weight-bearing is 7 days after 
hemiarthroplasty surgery for patients with fracture 
intertrochanteric [8]. Shin-Yoon Kim (2005) compared 
two groups of arthroplasty and osteosynthese with 
PFNa, showing the average time of rehabilitating 
exercise in the arthroplasty group was 7.8 ± 1.6 days, 
while in the group osteosynthese was 8.8 ± 2.9 days 
[9]. Parvjeet et al., (2009) compared two groups of 
hemiarthroplasty biplar long stem and osteosynthese 
with DHS plate, which resulted in an average partial 
stand-up time of the arthroplasty group was 7 days, 
while osteosynthese group was 10.1 days. The 
reason is the hemiarthroplasty bipolar long-stem 
strengthened the joints and fractures so that the 
patient could practice early and weight-bearing early 
[10]. 

When compared with previous results of 
osteosynthese, hip replacement surgery gave the 
same or better results[9], [11], [12], [13]. In the 
osteoporotic patients, treatement osteosynthese for 
unstable ITF needed a long time to WB. And this 
solution has many complications such as loss of 
fixation, pseudarthrose, and cut-out of the lag screw 
[14]. 

Some authors supported the point of view 

primary hemiarthroplasty to evade these 
complications of osteosynthese and help the patient 
have early rehabilitation, early come back to the 
normal activity before fracture. However, with a canal 
of osteoporotic femur, the stable fixation of stem into 
the canal is very poor. And they prefered cemented 
stem to get an immediate stability of the prosthesis 
[14]. Though, the intervention with cement rise the risk 
of embolism and may cause secondary 
cardiopulmonary complications, particularly in 
senilepatients with many chronic diseases. With the 
cementless long stem we can avoid using cement 
while still ensuring the stability of the fracture. The 
stem which was used is a tapered round-rectangular 
stem.It fits into the distal dyaphysis of femur (Figure 
2). This method is based on the principle of fixation at 
the distal of femur which reduces the impact on the 
level fracture. With this stem, first stability and long-
term biologic fixation can be got even in osteoporotic 
proximal femur with large bone defect [15]. 

In the study of Rothman, the author has 
noticed that the problems such as bleeding, and 
operative time in cementless stems is lower than 
cemented stems [16]. 

Deniz et al., (2013) compared two 
hemiarthroplasty groups: cemented and cementless 
treatment to fracture intertrochanteric, resulting in 
HHS of the group cemented higher than the 
cementless group, however the rate of complications 
in and after surgery of the group cemented much 
higher. The ratio of patients who died after surgery 
during hospital stay was 13% compared to 0% in 
cementless group with p < 0.05 with statistical 
significance. Therefore, the author still recommends 
the use arthroplasty cementless, and a method to 
improve the stability of postoperative joints is using a 
long stem to fix at the distal of the femoral [13]. 

Keating (2017) the ratio of patients with 
general complications (including infection, pneumonia, 
deep vein thrombosis ...) in the osteosynthese group 
was 22.73% in the hemiarthroplasty group was 
18.01% [17]. 

Florian Geiger (2007) studied the ratio 
mortality patients postoperative with osteosynthese 
group and arthroplasty group, the results as follows: 
mortality after 1 year in osteosynthese group is 39.8% 
also in arthroplasty group is 33% [14]. 

Jaswinder compared two groups including 
hemiarthroplasty (group 1) and totalarthroplasty 
(group 2) in the elderly, showing that the HHS on 
group 2 were higher than that of the group 1. 
However, the rate of articular dislocation in the group 
2 was higher than that of the group 1 (8% vs 0%), 
while the length of surgery was longer, the cost of 
surgery was higher. The authors recommend that 
although total joint replacement should be more 
effective, the option of hemiarthroplasty should be 
selected in treatment unstable ITFs in the elderly 
patients [18]. 
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A study compares between hemiarthroplasty 
and osteosynthese of Khadoun Sinno in 2010. Result 
post-operative: for the group arthroplasty time fullWB 
was earlier than group osteosynthese and the point 
Harris was higher [19]. 

Yeesuk Kim followed 161 elderly patients 
after bipolar hemiarthroplasty with the time average 
was 3.8 years, the result obtained was positive with 
an average HHS at the last time was 82 [20]. The 
author also recommends that bipolar hemiarthroplasty 
is a good choice for senile patients with osteoporotic 
unstable ITFs [20]. 

In the study of Kayali et al., [21], when they 
compared 2 groups in treatment un stable ITF . group 
1 included 42 hemiarthroplasties with group 2 
included 45 osteosynthese. And they found that 
average time rehabilitation of group 1 lower than 
group 2. 

 In this study, we obtained excellent and very 
good about 97% post-operative 6 months, there were 
no dislocation and loosening. Time rehabilitation was 
about 4 days. Short- term cementless long stem 
bipolar seems to give better results than 
osteosynthese with the death rate, complication, early 
WB and early return to pre-fracture activities. 

In 2011 Young Kyun Lee reported 87 patients 
with long stem bipolar for unstable intertrochanteric 
results 14.7 points for the scale Merle d’Aubigné [22], 
[23]. The author assumed even if the final results were 
not quite good and good, the long-term 
hemiarthroplasty method is still an effective method 
which can be applied for the unstable ITF in senile 
patients [22]. 

In our study, there were some restrictions. 
First, our study had short follow-up. Because a long 
follow-up study is very difficult for us, and has a few of 
clinical relevance in senile patients who have a short 
life and limited activity during their life. Secondly, our 
study has not compared between osteosynthese and 
arthroplasty. In addition we have not conducted a 
collation with cemented procedure. This is because 
we were afraid of the complications of cemented 
procedure. We will elaborate further on this matter in 
our future work reports. 

Although these restrictions, we has 
successfully demonstrated that primary cementless 
bipolar long stem hemiarthroplasty is a satisfactory 
indication for elderly patients with unstable ITF of 
femur osteoporosis severe. 

In conclusion, the difficulty is that we cannot 
say this method is better than internal fixation, but 
according to the result of our study, cementless 
bipolar long stem hemiarthroplasty is also a good 
indication when treating unstable ITF in elderlys 
patients osteoporotic. The patients have better 
prognosis, early WB, early rehabilitation, decrease the 
complications and increase quality of life. In order to 
better evaluate the effectiveness of this method, 

research on larger numbers of patients is required, 
and in the longer term, with more evaluation criteria, 
this helps to open up ideas for our studies next. 

 

 

Ethical approval 

 

This is a one of indications to treat unstable 
ITF in the elderly patients who have severe 
osteoporosis. This method has been applied in many 
countries as well as many hospitals in Vietnam, so 
this study does not require the ethical approval. 

 

 

Informed consent 

 

The consent and commitment were signed by 
the patients in the study and their families. 
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Abstract 

BACKGROUND: “False patellar duplication” is a situation where there are two pieces in the position of a knee-
joint like patella. It can derive from cartilage tumors, soft tissue tumors, or gout tumors, or due to the heterotopic 
ossification, forming a sub patella in the knee joint. 

CASE REPORT: A woman, 57 years old, healthy history, she has hospitalized for right knee joint pain since 2 
years. Diagnosis: the synovial osteochondromatosis of the right knee. We decided to conduct and arthroscopy 
and removal. After 18 months surgery, the patient knee joint is currently good, range of motion (ROM) (-10)°- 0°-
160°, Lysholm Knee Scoring Scale 85/100 point. 

CONCLUSION: This is the second case in the world and the first case in Vietnam. This is an experience in the 

process of diagnosis, arthroscopic treatment and differentiation from the "double patellae" status. 

 

 

 

 

 

 

Introduction 

 

The synovial osteochondromatosis are a 
begin metaplasia of the synovial fluid, in which the 
connective cells have the ability to self-produce 
cartilages. The relapse rate is high, about 7.1%-39% 
[8], [9], [14], [13]. The synovial osteochondromatosis 
are commonly present in the knee joint, accounting for 
50%-60%, then in other joints such as hip and 
shoulder joints, elbows and ankles joints. When the 
synovial osteochondromatosis in the knee joint have 
large size, they will limit the knee joints movement, 
cause pain for patient, limit movement, causing knee 
joint effusion; making doctors mistakenly think that it is 
patellar duplication, sub patella, nonunion of patella 
fracture, ... There have been many cases report of 
synovial osteochondromatosis in knee joint causing 
reported deformity, as reported by Tushar Kambale 
[3], Sunil Kukreja [4], Samir Dwidmuthe [7] , Hugh 
Mackenzie [5] …. and all authors had to open surgery 

to remove the cartilage osteochondromatosis. 

"Double patellae" or "patellar duplication" 
means there are two patellae on one knee, this is a 
very rare case and in the world medical literature, 
currently only about 15 published cases [12]. When a 
child, the central cartilage develops into the patella. In 
some cases, the cartilages divides into another 2, 3 
partite (this is very rare) which will develop into the 
patella, resulting in a “True patella duplication” [2]. 
“False patellar duplication” is a situation where there 
are two pieces in the position of a knee joint like 
patella, in which one is a true patella that originate 
from the central cartilage, another is a non- patella, 
but in an adjacent position and we think it is a patella 
too. It can derive from cartilage tumors, soft tissue 
tumors, or gout tumors, or due to the heterotopic 
ossification, forming a sub patella in the knee joint. In 
the world medical literature, there is only one case of 
“false patellar duplication” that originated from 
synovial osteochondromatosis published in 2012 by 
Yoshiteru Kajikawa [12] and he had to open surgery to 
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remove the these block, my case is the second case 
in the world and the first case in Vietnam of false 
patellar duplication originated from synovial 
osteochondromatosis that I had arthroscopic 
treatment and followed for the past 18 months. 

 

Case Report 

 

The patient is a woman, 57 years old, healthy 
history, no history of right knee joint injury, not 
detected abnormalities in the right knee joint. She has 
hospitalized for right knee joint pain for 2 years. 
According to the patient, she felt an abnormal mass 
under the right patella 10 years ago. At the beginning, 
the mass was small that she could only touch but not 
see. She didn’t have pain or feel pain. Gradually it 
increases the volume, in the last 2 years it has 
affected her knee joint function: more difficult walking, 
reduced movement, swollen knees, pain, not hot, no 
fever. She had many examinations and was 
diagnosed: right knee osteoarthritis and treated 
towards the knee joint osteoarthritis. After 2 years, it is 
not better, movement limit increased so she went to 
the Saint Paul Hospital for examination. 

 

Figure 1: X-ray and MRI before surgery. A. X-ray before surgery; B 
and C. MRI before surgery 

 

Through the examination, the doctors at the 
Saint Paul Hospital detected a positive mass of 26mm 
x 62mm size at the lower patella, with clear 
boundaries and not existence of penetration or 
metastasis, swollen knee, ROM 20°-30°-90° degree, 
Lysholm Knee Scoring Scale 50/100 points, no 
infection syndrome, leukocyte 4.5 G/l, neutral 58%, X-

ray: a mass with calcium deposits in the right lower 
patella; on MRI film, there is image of knee joint 
effusion, the thickest is 21 mm, the wall of the synovial 
fluid is thick with medicine after injection, the lower 
part of synovial fluid has the structure of 26 mm x 62 
mm size, increasing and decreasing uneven signal on 
T1W and T2W, do not absorb the medicine after the 
magnetic contrast injection (Figure 1). Diagnosis 
before surgery: the synovial osteochondromatosis of 
the right knee. 

We decided to conduct an arthroscopy, we 
may use the“ bone cutter shaver blade” if the mass is 
hard and had an open surgery plan if it was not 
possible to cut them for arthroscopy removal. We 
carried out arthroscopy into the knee joint with 2 trocar 
holes, because cartilage takes up most of the lower 
inner cavity so our inlet hole must be placed higher 
than the normal position, from about 1cm to avoid the 
tumor. When we were checking, we found knee 
osteoarthritis, femoral condylar offset began to 
disappear, bilateral meniscus tear, the anterior 
cruciate ligament and the posterior cruciate ligament 
are normal with a lot of fluid. A cartilage mass located 
at the injury, not attached to the patella, derived from 
the synovial membrane, occupying the entire area of 
the anterior cavity and the inner cavity in the knee 
joint, limiting the right knee movement (Figure 2A). 

 

Figure 2: Image in surgery; A) Images in arthroscopy; B) Synovial 
osteochondromatosis after surgery; C) The anapatthology of 
synovial osteochondromatosis 

 

We used the bone cutter shaver blade and 
soft tissue cutter shaver blade, proceeded to clean the 
knee joint, meniscectomy, repaired the cartilage, cut 
and planed this cartilage tumor, then used the forceps 
to hold them out of the knee one after another and 
send to the anapathology (Figure 2B). After removing 
all of the masses, we checked the knee joint 
movement and saw that its movement is good, ROM 
0°-5°-120°, we placed the drain and closed the skin. 
The operation time is 90 minutes. The patient used 
betalactam antibiotics, anti-inflammatory, analgesics 
and rehabilitation training on the first day after 
surgery, withdrew the drain after 2 days and 
discharged 5 days after surgery. The result of 
anapathology is synovial osteochondromatosis 
(Figure 2C). Through regular check-ups after 2 weeks, 
1 month, 3 months, 6 months, 12 months, 18 months, 
the patient knee joint is currently good, ROM (-10)°-
0°-160°, without pain while sitting, painful while 
walking due to the condition of knee osteoarthritis, 
Lysholm Knee Scoring Scale 85/100 point (Figure 3). 
We didn’t find any signs of relapse of synovial 
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osteochondromatosis. 

 

Figure 3: Knee function after 18 months of surgery; A) Extending 
knee posture; B. Flexing knee posture 

 

 

 

Discussion 

 

The proportion of congenital "patellar 
duplication" or "double patella" is extremely low, very 
rare in the clinical world and in the world medical 
literature, now only about 15 cases have been 
published in the world; in which "false patellar 
duplication" due to the synovial osteochondromatosis, 
this is the second case published in the world, the first 
case was published by the Japanese author Yoshiteru 
Kajikawa [12] in 2012 and he had to open surgery to 
remove the these block . The "false patellar 
duplication" has many causes, probably of cartilage 
tumor, gout tumor, soft tissue tumor or sub patella, 
sometimes false knee joint of the patella. To know 
exactly what the "false patellar duplication" is and 
where it comes from, the best method is surgery to 
draw the false patella out and send it to the 
anapathology. However, we based on the question of 
the disease history, medical history and clinical 
examination, and we can also determine up to 80% of 
what the false patella is and where it came from. For 
example, if the false patella due to gout tumor, the 
patient has a gout history, this false patella was 
usually not mobile, has lied next to the bone for a long 
time; or the false patella originated from cartilage 
tumors, so these cartilage tumors were often mobile 
and have appeared for a long time. "False patellar 
duplication” is usually benign, just lies next to the 
patella and affects the patella's movement, not 
malignant, invasive and metastatic. It is for this reason 

that in the image of X-ray film, the real patella, the 
femur condyle and the tibia higher head are normal, 
no secondary injury caused by the "false patellar 
duplication"; on the contrary, when "false patellar 
duplication" is malignant, invades the surrounding 
organs, making the surrounding soft tissues change 
the nature, the bone part will have the image of bone 
defect, periosteum reaction, bone deformity, .... 

In case the first "false patellar duplication" 
originates from the synovial osteochondromatosis 
published by Yoshiteru Kajikawa, the author described 
the mass behind the patella in large size and there are 
many smaller cartilage tumors in the joint. Normally, 
the synovial osteochondromatosis are not rare, but 
often they are small in size and located in the joints for 
many years, however, there are some favorable 
conditions that facilitate the synovial 
osteochondromatosis to develop, the authors Itaru 
Tojyo [15] and Seiya Jingushi [11] have found a 
relation between hormones to the growth factor the 
synovial osteochondromatosis, which is specifically 
related to fibroblast growth factor (FGF: FGF-2 and 
FGF-3). These factors will facilitate the synovial 
osteochondromatosis to develop, promote cartilage 
division that makes the cartilage size grow larger than 
usual. 

The false patellar duplication can be located 
anywhere in the knee joint, either inside or outside the 
patella, or can come out behind the patella. The 
authors Eric Yeung and John Ireland reported a case 
of the false patellar duplication appeared after a 6-
year knee joint injury, after the surgery, the author 
concluded that the mass was bone, limiting movement 
for injured knee joints. In addition, the most recently in 
2017, the author Annemieke [1], has published a case 
of the false patellar duplication behind the patella due 
to Multiple Epiphyseal Dysplasia (MED), causing a 
double layer of patella, that means the true patella 
lying on the other patella, the author asked to have 
MRI to accurately assess the level of the compression 
of the tendon, the patella cartilage and strange things 
hidden in the joint before treatment. The author Eric 
Saupe [6] studied and classified double patella into 3 
types, each type has its own characteristics. The first 
type is that the patella is divided in the lower part, 
making the patella have 2 pieces: big piece at the top 
and the small piece at the bottom. The second type is 
the patella split vertically, a big piece and a small 
piece on the opposite side. The last type is the third 
type, the divider line at the upper corner into the big 
piece at the bottom and the small piece at the top. 

The condition of false patellar duplication is 
largely asymptomatic, but in some cases, it may be 
the cause of knee joint pain that cannot be explained 
by other causes, which can cause knee joints 
movement limitations because they caused joints 
obstruction or block the movement of the patella and 
femoral condyle and tibial plateau. In addition, if their 
size is too large, they can cause patella dislocation, 
causing joint deformities, joint effusion or joint 
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stiffness. According to author Goebel [10], the surgery 
requests was set when the false double patella has 
complications, depending on the size and nature of 
that mass that the surgeons should consider 
arthroscopy surgery or open surgery to remove the 
mass and send it to the anapathology. The principle is 
to remove all the masses and correct the 
complications caused by them. In our opinion, if 
arthroscopy surgery is possible, it will still be used for 
arthroscopy surgery for patients to intervene at the 
minimum incision, avoiding damaging the surrounding 
parts, shortening the hospitalization time and early 
rehabilitation training. 

In conclusion, this is the second case report 
of "false double patella" with the cause of the synovial 
osteochondromatosis in the world and the first case 
report in Vietnam and Southeast Asia. This status of 
"false double patella" needs to be distinguished from 
many other causes such as soft tissue tumors, gout 
tumor or "congenital double patella". Arthroscopic 
treatment is the treatment method that is planned 
because of complications for the patient. After 18 
months of follow-up, this patient is now well-traveled, 
with good knee function and 85/100 points Lysholm 
Knee Scoring Scale. 

 

 

Informed consent 

 

The consent and commitment were signed by 
the patient. 
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Abstract 

BACKGROUND: Arthroscopic anterior cruciate ligament reconstruction is one of the most successful operations 
in sports medicine. At present, ligament autografts have been the best method due to good histocompatibility, 
rapid healing, no cross-contamination, and low cost of treatment. However, autografts do not have infinite amount 
and are also not always feasible. Anterior half of peroneus longus tenden autograft is likely to become a source of 
autograft with many advantages. This study aims to evaluate the clinical outcomes of arthroscopic anterior 
cruciate ligament reconstruction using anterior half of peroneus longus tendon autograft (AHPLT). 

AIM: To evaluate the initial outcome of ACL reconstruction arthroscopy by anterior half of peroneus longus 
tendon. 

METHODS: This is a prospective non-controlled case series. 

RESULTS: A prospective study on 30 patients (from 9 / 2016 to 01 / 2019) had both ACL and MCL injury who had 

operated ACL reconstruction using anterior half of peroneus longus tendon autograft (AHPLT) at Department of 
General Orthopaedic and Trauma, Viet Duc hospital. Our outcome: the year average 35.4 ys, the rate of ACL 
rupture combined with meniscus injury was 40%. The average diameter AHPLT autograft is 7.0 mm. The function 
Lysholm scores improved from 59 to 94.27 postoperative 6 months. No difference beetwen the AOFAS scale of 
preoperative and postoperative. 

CONCLUSION: Peroneus longus tendon is recommended to be a safe and practical autograft resource for 
arthroscopic anterior cruciate ligament reconstruction. 

 

 

 

 

Introduction 

 

Sport injury and vehicle collision are among 
the most striking problems. In these circumstances, 
ligaments are the main suffered organ. The graft used 
for reconstruction surgery requires good 
biomechanics, rapid healing and easy ability to ligate 
from the body. Many different kinds of graft have been 
successfully used in clinical settings [1], [2]. Research 
about biomechanical features of anterior half of 
peroneus longus tendon auto-graft began in 1977, 
mostly for knee ligament reconstruction in general and 
ACL reconstruction in specific for preserving the 

function of peroneus longus tendon [3]. 

In 2012, Jinzhong Zhao did a research about 
biomechanical features, application of anterior half of 
peroneus longus and its safety and effectiveness. This 
study compared the ankle function before and after 
operation of ligament reconstruction using AOFAS 
score [4]. It showed that AOFAS score pre- and post- 
operation was 97.4 ± 2.0 and 97.2 ± 1.6 respectively 
(p = 0.85). Author’s conclusion was that it is a good 
autograft by advantages in bearing force, safety and 
risk. 

Hong-Bin Cao (2012) treated ACL injury by 
using AHPLT tendons and assessed the clinical 
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results of ankles function. There were 35 patients 
suffering from injury requiring surgery following up 
from January 2006 to December 2009, average age 
31.8 (21 to 56 years). Postoperative evaluation 
includes clinical assessment, Lysholm score, KT 3000 
and AOFAS scale. Mean follow-up evaluation time 
was 55 months of follow-up. Lysholm score is 
classified as very good in 25 cases, quite good in 3 
and poor in 1 case. AOFAS scores are not statistically 
different (p > 0.05). The author concluded that AHPLT 
is good enough to apply in ACL regeneration and did 
not affect the ankle joint function [5]. 

In the study done by Nhan TT in 2016, the 
research conducted over 61 patients with ACL 
reconstruction using AHPLT showed that post-op 
Lysholm score is classified as very good and good in 
93.44% of patients (57 / 61 patients) [6]. In another 
done by Vinh PQ in 2017, the research recruited 150 
patients over 18 years of age treated by arthroscopic 
ACL reconstruction. Results showed that Lysholm 
score is classified as good in 84.67% of patients and 
the function of ankle joint (AOFAS scale) before 
surgery was 97.13 ± 1.92 [7]. 

 These studies demonstrated that the impact 
of taking AHPLT in ankle was not significant. At Viet 
Duc Hospital, research about AHPLT application in 
arthroscopic ACL reconstruction has been conducted, 
but no research has evaluated the effectiveness of 
AHPLT in arthroscopic ACL reconstruction. The 
patients in our research are both ACL and MCL injury. 
We do not use Hamstring tendon as standard 
technique for reconstruction because of adding more 
medial unstability of the knee.Therefore, we 
conducted this study with two objectives [1]. Clinical 
symptoms and imaging of patients with ACL injury, 
and [2]. Evaluate the results of arthroscopic ACL 
reconstruction by AHPLT. 

 

 

Material and Method 

 

Thirty patients were diagnosed ACL injury 
with or without meniscus injury combined with mild 
and moderate MCL injury. All the patients were 
treated with conservation of MCL and arthroscopy 
ACL reconstruction by anterior half of peroneus 
longus tenden auto-graft in Vietduc hospital from 
September, 2016 to January,2019 with more than 6 
months follow-up. 

 

Subjects 

Recruitment criteria: The patient has ACL 
injury with or without meniscus injury with mild and 
moderate MCL injury based on MRI and clinical 
features. The patients agree to take part in the 
research. 

Exclusion criteria: Simple ACL injury or PCL 
injury or external ligament. Patients with pathological 
injury of ankle joint and common fibular nerve. 

 

Sample size and place 

Thirty patients are appropriate to those criteria. 
We conducted the prospective non-controlled case 
series study from September, 2016 to January,2019 at 
Department of General orthopedic and Trauma, Viet duc 
hospital. 

 

Surgical technique 

The endoscopic surgical instrument ACL 
reconstruction by anterior half of peroneus longus 
tendon, fixed the graft by Tightrope with all-inside 
technique. Exam the patient before surgery: (1) The 
patients selected for the study will be conducted for 
clinical examination and follow-up medical records 
(sample medical records). Record preoperative 
variables such as Lysholm score, IKDC score, AOFAS 
score; and (2) Surgical procedure for ACL 
reconstruction using anterior half of peroneus longus 
tendon auto-graft through arthroscopy including 4 
steps: Step 1: Arthroscopy check the meniscus, treat 
the meniscus if injury available. Then reconstruct the 
ACL; Step 2: Take the graft: Skin incision 2-3 cm 
along the back of fibula and 2cm above the lateral 
malleolus, the peroneus longus tendon just below it. 
Separate the peroneus longus tendon at the farthest 
possible location without damage the upper 
retinaculum. Split the anterior half and posterior half of 
peroneus longus tendon and cut the anterior half. 
Using the surgical instrument to take the graft (Figure 
1); Step 3: Preparing the graft: Four-fold the graft. 
Using tendon frames to stretch the graft with force of 
about 5 kg (50 – 60 N) for 10 minutes. Put 2 Tight-
rope and sew 2 sides of graft on the piece about 2 cm. 
Measure the diameter and the length of the graft; and 
Step 4: Take the graft through endoscopy: Through 
endoscopy drilling tunnel tibial plateau and thigh the 
diameter of graft. Fix the graft to the tibial and thigh 
tunnel by Tight-rope. Check again by Lachman test. 
Maximum stretching the knee to assess the ligament. 
The post operation rehabilitation has been done by 
following Karistinos A. and James A. Walker [8]: 

- Phrase 1: 6 weeks after surgery. 

+ Patella glides and tilts 

+ Decrease swelling 

+ Quad sets 

+ Straight leg raise and short arc quads 90° – 
40° 

+ Hamstring PRE and move to aquatic 
therapy after wound is completely healed or a 
protective waterproof dressing is available 

+ Proprioception exercises and prone terminal 
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knee extensions  

- Phrase 2: from 7 weeks to 10 weeks after 
surgery 

+ Bicycle with resistance  

+ Leg press, progressive resistive exercises  

+ 0
o
-30

o 
leg extension exercises 

+ Increase flexion as fast as possible  

-Phrase 3: from 11 weeks to 16 weeks after 
surgery 

+ Full PREs 

+ Hamstrings and quads 

+ Stair stepper 

+ Patient may golf and hike 

-Phrase 4: from 17 weeks to 24 weeks after 
surgery: Transition to Sport and Work 

+ No contact or competition 

+ Full weight lifting program 

+ Advanced balance exercises 

+ Begin progressive running program 

-Phrase 5: from 6 months to 9 months: Return 
to play 

+ Run up or down stairs  

+ Progress cutting, jumping, and sport-
specific drills 

+ Transition to sport 

+ Quad strength and Hamstring strength must 
be 90% of opposite side 

 

Figure 1: Skin incision to approach AHPLT tendon A) and Tendon 
stripping B) 

 

Variable research and study tool 

Genders, location of knee, and time of 
injury, clinical features: knee pain, knee instability, 
Lach-man test, Pivot shift test, Lysholm score, 
AOFAS score, IKDC score. We used optimal MR360 
1.5T MRI scanning system, made in Florida, USA, 
November 2009, serial 037255, thin cut 1 mm, 256 
slice and X-ray machine. Data were analysed by 
using SPSS software version 22. Frequency and 
percentage were used to show quanlitative variable 
and mean and the standard deviation was used to 
show the quantitative variables. 

Results 

 

General characteristics 

The average age of research group is 35.4 
years old, of which the smallest is 18 years old, the 
oldest is 51 years old. There are 19 male patients 
accounting for 63.3%, higher than female with 11 
patients occupy 36.7%. The most common cause is 
sport injury in 12 cases accounting for 40%, 12 cases 
of daily activities accident accounting for 40%, traffic 
accident occupy 20% (Figure 2). 

 

Figure 2: The cause of ACL injury 

 

Common clinical symptoms are knee pain 
when strongly activities, loosen knee in daily activities, 
most of the patients have problems when going up 
and down the stairs. Clinical symptoms are valuable 
for preoperative diagnosis including Lachman sign, 
anterior drawer test and Pivot shift test with 82.3%, 
100% and 86.7% sensitivity, respectively. 

The average length of anterior half of 
peroneus longus tendon graft is 60 mm, the shortest 
is 60 mm and the longest is 65 mm. The graft mainly 
four-fold or three-fold to achieve the shortest length 
approximately 60 mm. We use All-in-side technique 
with Tightrope 2 head fixed. The average diameter of 
the research group is 7.0 mm, the smallest is 6.0 mm, 
the largest is 8.5 mm. 

Through many studies, we found that the 
average of ACL size ranges from 7-12 mm, in the 
study group, the diameter of tendon mainly greater 
than 7mm (22 over 30 patients), just 4 patients were 
from 6.5 to 7mm. Graft size in ACL reconstruction is 
an important factor. Magnussen et al., [9] considered 
7mm as the minimum graft size to avoid the revision 
surgery. In a study of 256 patients with hamstring 
autograft ACL reconstruction, grafts larger than 
8.5 mm had a 1.7% revision rate, and grafts between 
8.0 and 8.5 mm and 7.5 and 8.0 mm had a revision 
rate of 6.5% and 6.2%, respectively. In the same 
study, grafts that ranged from 7.0 to 7.5 mm and 
7 mm or less had a revision rate of 11.3% and 33%, 
respectively. 

Preoperative determination of hamstring graft 
size is challenging. Magnetic resonance imaging and 
ultrasound scanning have been used to predict 
hamstring graft sizes with moderate success 
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[10]. Anthropometric data collection has also been 
used with more success in the literature [11] though 
the confidence intervals remain too large for an 
accurate clinical use. 

 

Clinical post-operative outcome 

The stability of knee was evaluated through 
the results of Lachman sign after surgery: the rate of 
negative is 90%; level 1 is 10% and no longer level 
2,3 (Table 1). Compared to the Lachman before 
surgery, it was 76.7% in level 2 and level 3 was seen 
16.7%. 

Table 1: Lachman sign after surgery 

Lachman Negative Level 1 Level 2 Level 3 Total 

n 27 3 0 0 30 
Percentage 90% 10% 0% 0% 100% 

 

The stability of knee was evaluated through 
the results of anterior drawer test postoperation: the 
rate of negative is 96.7%; level 1 is 3.3% and no 
longer level 2,3. Compared to the Lachman before 
surgery, it was 96.7 positive (Table 2). 

Table 2: Anterior drawer test after surgery 

Anterior drawer test Negative Level 1 Level 2 Level 3 Total 

N 29 1 0 0 30 
Percentage 96.7% 3.3% 0% 0% 100% 

 

These are two methods to determine the 
displacement of anterior tibial plateau compared with 
femoral condyle or the instability of knee joint. There 
was a sinificant improvement before and after surgery. 

The percentage of stability knee in our 
research higher or lower in comparison with other 
authors may due to the rate of meniscus injury when 
ACL reconstruction. Because cutting the meniscus 
also contributes to the instability of knee joint after 
surgery. 

The results of knee recovery following Pivot 
Shift test after 6 months: negative is 93.3%; level 1 is 
6.7%; no longer level 2 and 3 (Table 3). Compared to 
before surgery, Pivot Shift test: there is 1 patient 
accounting for 3.3% at level 1; 25 patients occupy 
83.3% at level 2; 13.3% at level 3. 

Table 3: Pivot Shift test after surgery 

Pivot Shift Negative Level 1 Level 2 Level 3 Total 

n 28 2 0 0 30 
Percentage 93.3% 6.7% 0% 0% 100% 

 

This shows a significant improvement before 
and after surgery. 

Twenty-five patients (86.7%) achieved good 
outcome, 5 patients (13.3%) are medium and no 
patients achieved bad results (Table 4). The average 
Lysholm score after surgery of the study group is 
95.13 ± 3.98 (highest is 99 and the smallest is 80) 
compared to Lysholm before surgery is 59 (highest is 

69 score, smallest is 56 with statistically significance 
difference. 

Table 4: Lysholm score after sugery 

Lysholm score 
Time 

Good Mediun Bad Total 

≤ 6 months 10 2 0 12 
7 - 11 months 8 1 0 9 
≥ 12 months 7 2 0 9 
Total 25 5 0 30 
Rate % 86.7% 13.3% 0% 100% 

 

In our research, there is no case of infection 
or deterioration of strength first ray plantar flexion or 
foot eversion. 

 

 Ankle joint function after surgery 

 The function of ankle joint following AOFAS 
score before surgery is 97.3 ± 1.67 and after surgery 
is 97.3 ± 1.54 (smallest is 93 and the highest is 100 
scoring). There was no complaint about the weakness 
of the ankle joint after surgery from the patients in the 
study. No vascular neurological complications were 
noted and no cases of ACL rupture recurrence. 

 

 

Discussion 

 

The average age of the researched patients is 
35.4 ± 8.8 years, similar to the average age in 
previous studies by Nam Anh Ha Tang [12] (32.1 
years), and Muoi Le Van [13] (28.73 years). ACL 
injury can be encountered at all ages, in this study, a 
large proportion of the patients is in the age group 31 
to 40, accounts for 56.7%. This is the age group in 
which patients usually participate in highly combative 
sports. 

A majority of our patients is male, accounts 
for 63.3%, or 1.7 times the number of female patients. 
This result is consistent with studies by other authors, 
for example, Hoang Anh Dang [14] reported 85.1% of 
the patients were male. This high proportion can be 
explained by the tendency of male patients in 
participating in intense activities, and their need for 
healthy knees to resume participating in such 
activities, thus more male patients choose surgery. 
The most common cause of for ACL injury in our 
study group is sport injury, accounts for 40%. 

The average length of our graft is 60 ± 0.8 (60 
– 65) mm, of Khanh Nguyen Manh [15] is 60.3 ± 0.5, 
and of Nam Anh Ha Tang [12] is 67 ± 2.04 mm. The 
tendon length in most studies ranged from 61 mm to 
69 mm. 

The average diameter of our graft is 7.0 ± 0.8 
mm, ranging from 6.0 mm to 8.5 mm, most of the 
grafts (66.7%) have a diameter of 7.0 to 7.5 mm, 
16.6% of the grafts have a diameter of 7.5 to 8.0 mm. 
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Vinh Pham Quang [7] reported an average diameter 
of 7.5 ± 0.57 mm. Our diameter is smaller because we 
included more female patients, and our female 
patients have smaller tendons. Khanh Nguyen Manh 
[15] reported an average graft diameter of 7.6 ± 0.7 
mm. In comparison with other technique, for example, 
a study by Hoang Anh Dang [14] using 
semitendinosus-gracilis graft with a diameter of 7.25 
mm, our grafts were much larger. 

We assessed the stability of the knees using 
Lachman and Pivot-Shift tests. Lachman test 
assesses the level of forward movement of the tibial 
plateau and has high sensitivity. Among 30 patients 
operated, 27 patients (90%) had a negative Lachman 
test, only 3 patients had a positive grade 1 result. This 
result is consistent with Khanh Nguyen Manh [15] who 
reported a 92.7% negative rate. Pivot-Shift test is 
used to assess rotational stability of the knee. In our 
study 93.3% of the patients had a negative result for 
this test, while 6.7% of the patients had a positive 
grade 1 result. Khanh Manh Nguyen [15] reported a 
100% negative rate, while this rate, as reported by 
Hoang Anh Dang [14] was 97.6%. Average post-
operative Lysholm Knee Score after 6 month for all-
inside technique by Nam Anh Ha Tang [12] was 96.9 
points, Khanh Nguyen Manh [15] was 96.5 points and 
Mohammad Mahdi Omidian [16] was 91.5 points. 
Average AOFAS score at 6 months after the operation 
was 97.2 ± 1.6 points, ranging from 93 to 100. Among 
that, very good and good results accounted for 96.7%, 
moderate result accounted for 3.3% and there was no 
case with bad result. One patient had an AOFAS 
score of 88 points because of unadequate 
postoperative physical therapy for their ankle. The 
increase in preoperative and postoperative AOFAS 
score is statistically significant. 

Chayanin Angthong (2015) assessed 
biomechanical and clinical features of the ankle after 
using peroneus longus graft to reconstruct the ACL. 
The average follow-up time was 12.8 months. 
Average preoperative AOFAS score was 97.7 ± 1.1 
points and after 13 months of follow-up, the 
postoperative score was 95.4 ± 12 points (p = 0.09). 
The author concluded that peroneus longus graft 
could be selected if more of the graft were needed to 
reconstruct ACL [3]. The average AOFAS score by 
Pham Quang Vinh [7] was 97.37 ± 1.67 before the 
operation, and the postoperative score was 97.3 ± 
1.54 (p = 0.88). 

Sholahuddin Rhatomy et al., (2019) [17] 
conducted a research on patients who suffered 
isolated ACL injury were enrolled and underwent 
isolated single bundle ACL reconstruction using 
peroneus longus autograft at pre-operative and 2-
years after surgery. Graft diameter was measured 
intraoperative. Donor site morbidities were assessed 
with thigh circumference measurement and ankle 
scoring using AOFAS and FADI. Peroneus longus 
graft diameter was 8.38 ± 0.68 mm. There was 
significant difference between pre and 2-years post-

operative functional score in IKDC, Lysholm score. 
Mean of AOFAS was 98.93 ± 3.10 and FADI was 
99.79 ± 0.59. 

Khajotia and Shakti Chauhan (2018) [18] 
conducted a research with 25 patients, ranging 18-42 
years to evaluate the functional outcome of 
arthroscopic reconstruction of ACL tear using triple 
layered PLT autograft and to study its effect on ankle 
stability. IKDC score was normal or near normal in 21 
patients and only 4 patients were rate as abnormal or 
severely abnormal. Mean IKDC Score was 83.53. 
Stability of the ACL was assessed using the Lachman 
test: normal in 18 cases (72%), 1+ laxity in 5 cases 
(20%), 2+ and 3+ in 1 case (4%) each. Pivot shift was 
negative in 15 cases (60%), Pivot glide was seen in 9 
cases (36%) and gross pivot shift was seen in 1 
patient. Partial meniscectomy of the medial meniscus 
was performed in 5 patients. No patient experienced 
ankle dysfunction however 2 patients had pressure 
pain in the region of the graft harvest. 

Fu-Dong Shi et al., (2017) [19] utilized 
peroneus longus tendon as an autograft for ACL 
reconstruction of patients with ACL rupture and grade 
III MCL injury. Thirty-eight patients with acute ACL 
ruptures and grade III MCL injuries were treated with 
ACL reconstruction with a doubled autologous PLT or 
quadrupled autologous HT. Knee stability and function 
was evaluated clinically with the Lachman test and 
KT-2000 arthometer as well as subjectively with 
functional scores. Effects on the donor ankle were 
evaluated by biomechanical testing. For the results of 
subjective index appraisal at 6 months 
postoperatively, Lysholm scores between group A (94 
± 6.02) and group B (95 ± 2.35), nor was there a 
statistical difference of IKDC knee functional score 
(group A: 89.45 ± 2.89, group B: 90.12 ± 4.56). For 
the results of ankle functional testing at 12 and 24 
months, there were no significant differences in ankle 
dorsiflexion strength preoperatively (80.92 ± 0.26 N) 
and postoperatively (80.00 ± 0.57 N at 12 months and 
81.46 ± 0.48 N at 24 months postoperatively) of the 
PLT resected donor ankle, and no marked differences 
in ankle plantar flexion strength preoperatively (147.96 
± 0.38 N) and postoperatively (147.76 ± 0.25 N at 12 
months and 150.22 ± 0.35 N) of the donor ankle. 

In conclusion, through the evaluation of the 
surgery results of 30 patients with ACL rupture were 
arthroscopic surgery ACL reconstructions, anterior 
half of peroneus longus tendon may be an alternative, 
complementing the source of the autologus graft in 
ACL reconstruction. 

 

 

Ethical approval 

 

This study is approved by the ethics 
committee of Hanoi Medical University in Vietnam 
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Informed consent 

 

The consent and commitment were signed by 
the patients in the study 
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Abstract 

BACKGROUND: The posterior cruciate ligament (PCL) is crucial to restrain the posterior translation of the tibia. 
Its anatomical structure is complex. A proper understanding of PCL anatomy may assist surgeon in reconstructing 
anatomically native PCL. 

AIM: To describe the anatomical numerical measurement of the PCL in Vietnamese adults. 

METHODS: Twenty-one fresh cadaveric knees were examined. The macroscopic details of the intra-articular 
PCL, the attachment of the anterolateral bundle (ALB), posteromedial bundles (PMB) to the femur and tibia were 
analysed. We used a digital camera to photograph the cadaveric specimens and used the ImageJ software to 
analyse the collected images. 

RESULTS: The ALB and PMB length were 35.5 ± 2.78 and 32.6 ± 2.28 mm, respectively. The smallest and the 
biggest diameter of middle third of the PCL were 5.9 ± 0.71 and 10.0 ± 1.39 mm, respectively. The area of cross 
section of middle third of the PCL was 53.6 ± 12.37 mm

2
. The femoral insertion area of ALB and PMB were 88.4 ± 

16.89 and 43.5 ± 8.83 mm
2
, respectively. The distance from the central point of femoral ALB, PMB, and total PCL 

insertion to the Blumensaat line were 5.5 ± 0.91, 11.5 ± 1.98, and 7.6 ± 1.42 mm, respectively. The shortest 
distance from medial femoral cartilage rim to the central point of femoral ALB, PMB, and total PCL insertion were 
7.0 ± 0.79, 7.3 ± 0.95, and 7.8 ± 1.73 mm, respectively. The tibial insertion area of ALB and PMB were 84.5 ± 
12.52 and 47.8 ± 6.20 mm

2
 respectively. The shortest distance from the posterior cartilage corner of the medial 

tibial plateau to the central point of ALB, PMB, and total PCL insertion to tibia were 8.5 ± 1.02, 9.4 ± 1.11, and 8.3 
± 1.1 mm, respectively. The central point of tibial PCL insertion was 9.7±1.08 mm below cartilage plane of the 
medial tibial plateau. 

CONCLUSION: This study describes the detailed anatomical measurement of the PCL and its bundles in adults. 

 

 

 

 

 

 

Introduction 

 

The posterior cruciate ligament (PCL) is crucial to 
restrain the posterior translation of tibia. Shelbourne et 
al., found that 1%-44% of all acute injuries of the knee 
are PCL injuries [1]. Although non-operative and 
operative management have been described, the 
optimal management strategy remains to be 
determined. In general, non-operative management 
has been advocated for patient with isolated grade 1 
or 2 PCL injuries or for those with grade 3 injuries with 
non-serious symptoms or low activity requirement. 
PCL reconstruction is typically indicated for patients 

with acute or chronic symptomatic grade 3 PCL 
injuries in whom non-operative management was 
unsuccessful. Bedi et al., reviewed the literature and 
reported that PCL reconstruction generally have 
worse post-operative clinical outcomes than ACL 
reconstruction [2]. Excellent post-operative clinical 
outcome of PCL reconstructions depends on 
appropriate reproduction of the PCL anatomy [2], [3], 
[4]. Therefore, orthopaedic surgeons pay great 
attention to the comprehension of anatomical PCL 
structure. Up to now, there have been little research 
on numerical anatomical measurement of PCL. The 
study objective is to measure anatomical sizes of 
intra-articular PCL and attachment footprints of the 
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PCL bundles in Vietnamese adults in order to help 
surgeons to understand the principles of anatomical 
reconstruction of PCL. 

 

 

Materials and Method 

 

 The study was designed to be a descriptive 
anatomical study. We studied twenty-one articulated 
knees. Eight cadaveric knees from 4 donors were 
dissected in the Anatomy Department of University of 
Medicine and Pharmacy in Ho Chi Minh city. Thirteen 
knees from above knee amputation specimens were 
dissected in Anatomic Pathology, Cytological 
Pathology and Forensic Medicine Department in Viet 
Duc University Hospital. We excluded all cadavers 
with a history of knee surgery or trauma. We exposed 
21 articulated knees and confirmed that all of them 
had intact anterior cruciate ligament (ACL) and PCL 
without any signs of osteoarthritis. The mean age of 
the specimens were 44 ± 13.3 years (24-59 years). 21 
studied knees, which are composed of 8 right knees 
and 13 left knees, were from 15 males and 2 females. 

 All specimens had been only used to study 
the anatomy of PCL. We removed all adjacent soft 
tissue and surrounding structures, and isolated the 
knee by cutting the femur and tibia. The proximal tibia 
was cut at 2 cm below the anterior tubercle. We cut 
the distal femur above the intercondylar notch. 

 

Figure 1: The femoral attachment of PCL when we viewed the knee 
from the anterior aspect 

  

We removed all tissues except PCL (Figure 1) then 
cut the femoral intercondyle between the insertion of 
ACL and PCL to the femur. Next step, we separated 2 
bundles of the PCL based on the level of tension and 
fibre orientations at different position when the knee is 
flexed. The PCL was marked to divide into an ALB 
and PMB with a small soft wire (Figure 2). We 
measured the length of the intra-articular part of ALB 
when the knee is flexed 90 degrees and the length of 
the intra-articular part of PMB in extended knee. We 
measured both the smallest and biggest diameter of 
the middle PCL. 

 

Figure 2: PCL imaging when the knee was full extended (A) and 
when the knee was flexed at 90 degrees (B) 

 

 We separated the body of the PCL into ALB 
and PMB from the middle part of the ligaments to the 
femoral and tibial attachment footprints. Two bundles 
of PCL were removed from the bone and the 
attachment footprint was marked with ink pen (Figure 
3). We photographed the femoral and tibial specimens 
with a measurement scale using a Canon EOS 70D 
with macro lens. All the images were perpendicular to 
the PCL attachment footprint area. The images were 
transfered into a computer. We performed all 
measurement and analysis by the use of the ImageJ 
software (https://imagej.nih.gov/ij/index.html). 

 

Figure 3: Femoral and tibial footprint of PCL 

 

 To define the central point of the native ALB, 
PMB and total PCL insertion footprint on the femur 
and tibia, the entire morphed ALB, PMB and total PCL 
footprint were analysed and best-fit ellipses applied 
using the ImageJ software. The center of these 
ellipses were defined as the central point of ALB, PLB 
and total PCL insertion footprint. 

 We performed anatomical measurements on 
the tibial and femoral attachment footprint of ALB, 
PMB and total PCL. At the femoral site, we measured 
the distance from the central point of ALB, PMB, and 
total PCL footprint to the Blumensaat line and the 
articular cartilage rim of medial femoral condyle. The 
measure from central point of the ALB, PMB and PCL 
were perpendicular to the Blumensaat line and 
articular cartilage rim. We calculated the area of every 
footprint of attachment to the femur (Figure 4). 

https://imagej.nih.gov/ij/index.html
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Figure 4: Femoral PCL attachment footprint analysis 

 

 At the tibial site, we measured the 
attachments of ALB, PMB, and PCL on the posterior 
tibial plan. The area of each tibial attachment footprint 
was determined. The shortest distance from the 
central point of tibial ALB, PMB and total PCL footprint 
to posterior cartilage corner of the medial tibial plateau 
to were measured (Figure 5). The distance from the 
articular plane of the medial tibial plateau to the 
central point of total PCL attachment footprint and to 
the inferior margin of total PCL attachment footprint 
were measured.  

 

Figure 5: Tibial PCL attachment footprint analysis 

 

 

 

Results 

 

 The anatomical features of intra-articular 
 PCL 

 The numerical measurement of intra-articular 
PCL including the length of the ALB and PMB, the 
smallest and the biggest diameter of the middle third 
of the PCL, and the area of cross section of middle 
third of the PCL were shown in Table 1. 

Table 1: Anatomical features of intra- articular PCL 

Anatomical index Mean ± SD Min- Max 

ALB length at 90 degree of knee flexion (mm) 35.5 ± 2.78 31.2-38.8 
PMB length at full knee extension (mm) 32.6 ± 2.28 30.1-36.9 
Smallest diameter of middle third (mm) 5.9 ± 0.71 5.0-7.6 
Biggest diameter of middle third (mm) 10.0 ± 1.39 7.7-12.3 
Cross- sectional area of middle third (mm

2
) 53.6 ± 12.37 30.7-75.2 

 

 The anatomical femoral attachment of PCL 

 The femoral insertion of PCL presented as an 
oval shape. The femoral insertion area of PCL and its 
bundles and the distance from the central point of the 
femoral ALB, PMB and total PCL footprint to the 
Blumensaat line and the articular cartilage rim were 
shown in Table 2. 

Table 2: Quantitative measurements on femoral insertion of 
PCL 

Anatomical index Mean ± SD Min-Max 

ALB footprint (mm
2
) 88.4 ± 16.89 60.7-128.3 

PMB footprint (mm
2
) 43.5 ± 8.83 31.8-61.4 

Total PCL footprint (mm
2
) 131.9 ± 23.94 95.3-182.0 

Distance from the rim of cartilage to the central point of    
ALB (mm) 7.0 ± 0.79 5.1-8.2 
PMB (mm) 7.3 ± 0.95 5.9-9.3 
Total PCL (mm) 7.8 ± 1.73 5.5-11.1 
Distance from Blumenssat line to the central point of   
ALB (mm) 5.5 ± 0.91 4.2-7.4 
PMB (mm) 11.5 ± 1.98 7.8-16.2 
Total PCL (mm) 7.6 ± 1.42 5.3-11.0 

 

 

 The anatomical tibial attachment of PCL 

 The attachment of PCL to the tibia is 
trapezoidal in shape. The tibial PMB footprint is 
placed distally and medially to the ALB footprint. 

 The tibial attachment area of PCL and its 
bundles, the shortest distance from the central point of 
tibial ALB, PMB and total PCL footprint to posterior 
cartilage corner of the medial tibial plateau along with 
the distance from the articular plane of the medial 
tibial plateau to the central point of total PCL 
attachment footprint and to the inferior margin of total 
PCL attachment were shown in Table 3. 

Table 3: Quantitative measurements on tibial insertion of PCL 

Anatomical index Mean ± SD Min-Max 

ALB footprint (mm
2
) 84.5 ± 12.52 68.8-110.2 

PMB footprint (mm
2
) 47.8 ± 6.20 37.0-57.3 

Total PCL footprint (mm
2
) 132.3 ± 16.64 105.8-164.8 

Shortest distance from the posterior cartilage corner of the 
medial tibial plateau to the central point of 

  

ALB (mm) 8.5 ± 1.02 6.5-10.8 
PMB (mm) 9.4 ± 1.11 7.4-11.5 
PCL (mm) 8.3 ± 1.1 6.5-10.5 
Distance from articular plane of the medial tibial plateau to 
the central point of PCL attachment footprint (mm) 

9.7 ± 1.08 8.1-12.2 

Distance from articular plane of the medial tibial plateau to 
the inferior margin of PCL attachment footprint (mm) 

13.6 ± 0.96 11.6-15.5 

 

 

 

Discussion 

 

 Our study focused on describing the 
numerical anatomical data of PCL. So far, there is a 
limited number of reports on the numerical anatomical 
data of the PCL. As reported by Girgis et al., the 
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length and width of PCL are about 32-38 mm and 11-
13 mm respectively [5]. It is reported by Makris et al., 
that the PCL length is 38 ± 2 mm when the knee is 
flexed at 90 degrees, and the middle third 
anteroposterior diameter and mediolateral diameter of 
PCL ligament were approximately 5 ± 0.5 mm and 14 
± 0.8 mm respectively [6]. In our evaluation, we noted 
a shorter intra-articular length of the ALB and PMB, 
and a smaller diameter of the middle third of the PCL, 
as compared to other author’s findings. Knowledge of 
the intra-articular length and diameter of PCL is critical 
for the selection of an appropriate graft size in PCL 
reconstruction. 

 According to Amis et al., the footprint of 
femoral attachment of the PCL to the femur makes a 
“haft- moon” shape [7]. In our study, all described 
femoral attachments of the PCL were oval shaped. 

 Regarding the areas of the PCL attachment to 
femur, a study by Takahashi et al., on 32 femurs 
revealed that the mean area of attachment of the ALB 
and PMB to femur were 58.0 ± 25.4 mm

2
 and 64.6 ± 

24.7 mm
2
, respectively [8]. In this study, 

measurements were obtained by evaluating 
photographs integrated with a measure scale, and 
computer analyses were performed using a 
MacSCOPE software. By the help of a specific 
software, Lopes et al., evaluated photos of 20 knees 
obtained from a specific digital camera equipped with 
three-dimensional laser. According to this study, the 
mean femoral attachment areas of ALB, PMB and the 
PCL were 118.0 ± 23.95 mm

2
, 90.0 ± 16.13 mm

2
, and 

209.0 ± 33.82 mm
2
 respectively [9]. Gali et al., 

photographed 24 knees using Canon EOS Rebel T1i 
camera with a measure scale, and performed 
subsequent computer analyses using ImageJ 
software. As reported by this study, the mean 
attachment area of the ALB, PMB, and the total 
femoral attachment area of PCL were 47.13 ± 19.14 
mm

2
, 40.67 ± 16.19 mm

2
, and 87.80 ± 31.42 mm

2
 

respectively [10]. In our evaluation, the insertion area 
of ALB was greater than that of PMB. The results of 
this study were like that of Lopes et al., and Gali et al., 
but oppose to the findings of Takahashi et al. 

 There have been several reports about 
numerical measurements description of the central 
point of femoral PCL insertion [11]. According to 
Cosgarea and Jay, the central point of the attachment 
of the PCL to the femur is described 10 mm behind 
the cartilage rim of the medial condyle of femur [3]. 
However, Wind et al., found that this point is 10 mm 
proximal to this border [12]. According to the study 
conducted by Takahashi et al., the average measure 
from the central point of the attachments of ALB and 
PMB to the Blumensaat line were 4.8 mm and 11.4 
mm, and to the anterior cartilage rim were 9.6 mm and 
10.6 mm, respectively [8]. As reported by Gali et al., 
the shortest distance from the edge of the posterior 
cartilage corner of medial tibial plateau to the central 
point of ALB and PMB were 5.00 ± 2.06 mm and 5.58 
± 1.64 mm, respectively [10]. In our evaluation, we 

used two anatomical index that may be clearly view 
during knee arthroscopy to identify the center of 
femoral ALB, PMB and total PCL insertion to support 
surgeon in creating femoral tunel. 

 Regarding the anatomical tibial footprint of the 
PCL, it is reported by Harner et al., that the average 
area of ALB and PMB were 70 ± 26 mm

2
 and 62 ± 17 

mm
2
, respectively [13]. According to the report by 

Tajima et al., the average areas of attachment of the 
ALB and PMB were 93.1 ± 16.6 mm

2
 and 150.8 ± 31.0 

mm
2
, respectively [14]. In this study, three-

dimensional laser photography was used to evaluate 
the tibial attachment area of 21 unpaired cadaveric 
knees, and collected data were analysed with a 
specific software. Takahashi et al., evaluated 
photographs integrated with measurement scales of 
33 tibias and use MacSCOPE software to analyse 
collected data, which revealed that the mean area of 
attachment of the ALB and PMB were 46.7 ± 15.6 
mm

2
 and 115.8 ± 54.6 mm

2
, respectively [8]. Gali et 

al., photographed 24 knees using Canon EOS Rebel 
T1i camera equipped with a measurement scale and 
subsequently analysed their photos using the ImageJ 
software. According to this study, the mean 
attachment area of the ALB and PMB were 46.79 ± 
14.10 mm

2
 and 41.54 ± 9.15 mm

2
, respectively. The 

total area of insertion of PCL to tibia was 88.33 ± 
21.66 mm

2
 [15]. In our study, the attachment area of 

ALB was greater as compared to that of PMB. 

 Few reports on numerical anatomical 
description of the center of tibial PCL insertion have 
been done. This point is located 2 – 3 mm below the 
articular plane, according to the study by Girgis et al., 
[5]. According to Cosgarea and Jay, it is 10 – 15 mm 
below the articular plane [3]. According to report by 
Takahashi et al., the tibial ALB attachment is nearly 
on the articular plane (that means the tibial PMB 
attachment center is close to 0 mm), and the central 
point of the tibial PMB attachment is located 4.6 mm 
below the articular plane [8]. According to our 
evaluation, the central point of the tibial PCL footprint 
is 9.7 ± 1.08 mm below the articular plan. In this 
study, we described two anatomical index that can 
clearly view during knee arthroscopy to identify the 
center of tibial PCL insertion to support surgeon in 
creating tibial tunnel. 

 Our study has some limitations. We had a 
relatively small sample size. Additionally, a three-
dimensional view of PCL ligament attachment areas 
was not possible with the use of photographs taken 
with a digital camera. 

 In conclusion, our study described the detail 
numerical measurements of the intra- articular PCL 
and attachment footprint of the ALB, PMB, and total 
PCL in adults. These findings can assist surgeons in 
performing graft preparation and anatomical tunnel 
placement in anatomical native PCL reconstruction. 
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Abstract 

BACKGROUND: The femoral rotation angle is important element in total knee replacement (TKR).  

AIM: To measure this angle, we determine through the axes: the transepicondylar axis (cTEA and sTEA), the 
posterior condylar axis (PCA), the anteroposterior axis (APA – Whiteside axis). 

METHODS: Measuring the angles created by the four axes: cTEA, sTEA, PCA and APA in magnetic resonance 
imaging (MRI); determining the femoral rotation angle and application TKR. 

RESULTS: the angle between APA and cTEA: 90.41° ± 3.35°, the angle between APA and sTEA: 94.47° ± 3.31°, 
the angle between APA and PCA: 96.40° ± 4.59°, the angle between cTEA and sTEA: 4.00° ± 1.02°, the angle 
between cTEA and PCA: 6.53° ± 2.55°, the angle between sTEA and PCA: 3.48° ± 1.91°. 

CONCLUSION: The angle between sTEA and PCA is the angle that best represents the femoral rotation angle. 
However, in case of sTEA or PCA is difficult to identify, it can be measure via the APA or cTEA. These angles 
don’t differ by age, gender and place of knee joint. 

 

 

 

 

 

 

Introduction 

 

Knee osteoarthritis is a very common disease 
and one of the biggest causes of disability in the 
elderly. According to many epidemiology researches, 
approximately 13% of people over 60 years old has 
symptom of knee osteoarthritis [4]. There are many 
treatments for knee osteoarthritis: medicine treatment 
in combination with rehabilitation, weight reduction, 
joint arthroscopy, hight tibial osteotomy. Finally, when 
all the above methods fail, patient suffers severe pain, 
articular cartilage is destroyed, joint is deformed, 
mechanical axis is misaligned and knee osteoarthritis 
is shown clearly on the X-ray scan, then the decision 
to perform knee replacement is made. 

Total knee replacement (TKR) is the surgery 

method of cutting the damaged articular cartilage and 
replacing it with artificial joint. The aim of TKR is to 
repair and to restore the mechanical axis of leg and 
reduce pain and improve the function of knee joint 
thanks to the precise placement of artificial joint and 
balance of soft tissues surrounding knee joint. To do 
this, the suitable surgical technique is very crucial and 
the access to well-designed artificial joint is available. 
The structure of an artificial knee joint set includes 
femur, tibia and patella, in which the femoral rotation 
angle is an important element that directly affect the 
result of the TKR. Many researches show that 
incorrect femoral rotation angle can lead to 
complications such as femur and patella pain after 
surgery, limitation in knee function, wear increment of 
artificial joint material and so forth. Although clinical 
reports of TKR usually show good results, the optimal 
femoral rotation angleis only 75% of cases [9]. 
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Many surgery techniques can determine the 
femoral rotation angle and while each technique has 
its own theoretical basis, all of them rely on the 
anatomical landmarks of femoral condyle and related 
components. Today, to measure this angle, we 
determine through the axes: the transepicondylar axis 
(cTEA và sTEA) [11], the posterior condylar axis 
(PCA), the anteroposterior axis (APA – Whiteside 
axis) [2]. The TEA is considered to be the most 
accurate of the four in reflecting the folding axis of 
knee joint and it is perpendicular to the mechanical 
axis. It is difficult to be identified and mark during 
surgery, thus the PCA is more commonly used [16]. 
Many researches in Europe and America evaluated 
that the PCA has an femoral rotation angle of 3

o 

compared to the TEA, which mean the femoral 
component external rotation angle is about 3°

 

compared to the knee transverse axis [7], [5]. 
Currently our country is using this 3°

 
external rotation 

angle to cut the femoral condyle. However, several 
researches on Asian races such as Chinese, Korean, 
and Japanese indicate that this angle varies in a wide 
range, from 1.7° to 9.7° [15], [17] . Specifically, 
researches in Japan indicated that the external 
rotation angle is 5°. This may be due to difference in 
races, living and working habits in each region. The 
determination of the femoral rotation angle or the 
relationship between anatomical landmarks have 
been researched multiple times through analyzing and 
measuring on corpses, or using diagnostic imaging 
tools such as MRI and CT scanner of knee joint. 
However, there has not been any research on these 
anatomical axes in Vietnam, causing many difficulties 
for surgeons during TKR.  

Therefore, we decided to conduct this 
research to measuring the angles created by the four 
axes: cTEA, sTEA, PCA and APA in MRI; determining 
the femoral rotation angle and appling in TKR. 

 

 

Materials and Methods 

 

Subjects 

Inclusion criteria: All patients with MRI scans 
of knee taken, above 16 years old, and have all four 
axes (APA, cTEA, sTEA and PCA) identifiable on 
axial slices. 

Exclusion criteria: Foreign patients, patients 
under 16-year-old, patients with bone damage or 
surgical intervention at distal femur detected on MRI 
scan, and patients with any of the four axes (APA, 
cTEA, sTEA and PCA) not identifiable on axial slices. 

 

Sample size calculation formula 

We use the sample size calculation formula to 
determine the average value 

N=Z(1-α/2)
2
.δ

2
/d

2
 [3] 

δ : Standard Deviation. 

D: Confident limit around the point estimate. 

Z(1-α/2): score corresponds to the desired level 
of statistical significance, usually taken 95%-95% CI, 
2-side test Z = 1.96. 

So, totally we had 280 patients conform to the 
requirement for selection. 

 

Method of research 

Retrospective research and prospective 
research using the descriptive cross-sectional 
method. 

 

Research variables 

Age, gender, place of knee, average 
measurement of 6 angles (APA, cTEA), (APA, sTEA), 
(APA, PCA), (cTEA, sTEA), (cTEA, PCA), (sTEA, 
PCA) calculated by age, gender and place of knee. 

 

Tools 

GE Optima MR360 1.5 Tesla MRI Scanner, 
made in Florida, USA, November, 2009, serial code 
037255, high definition, 1 mm slice, 256 rows. 

Simple Angle Measurement software. It is 
written using C#, uses Visual Studio 2015 and is 
designed to measure the angle between 
predetermined lines, and measures to the nearest 
0.01%. This software is completely accurate. 

 

Methods 

The angles are measured using the Simple 
Angle Measurement software, then the data is 
collected using a uniform research form. 

 

Statistical analysis 

STATA 12.0 software to calculate Kruskal 
Wallis test, T-test. 

 

Reduce errors 

 For one measurement, taking an 
average of these three measurements as the result of 
final research will minimize mistakes, and I use the 
four-digit figures after the comma. I use the software 
fully on my machine; therefore, the probability of 
errors has been greatly reduced. 
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Results 

 

General characteristics 

The age range of most patients participating 
in the research is 16-45 years old (195/280 patients). 
The average age of researched patients is 39.78 ± 
15.14 (Table 1). 

Table 1: Characteristics of age 

Age range Number of patients Average age of each team Rate (%) 

Age 16-45 195 31.40 ± 7.32 69.64 
Age > 45 85 59,00 ± 10.02 30.36 
Total 280  100 
Average age 39.78 ± 15.14  

 

In the young patient team, most of them are 
male, with the ratio between male and female being 
2.7/1. In the elderly patient team, the ratio between 
male and female is 1/2.4. The ratio between male and 
female ratio of the entire team is 1.5/1 (Figure 1).  

 

Figure 1: Characteristics of gender 

 

The right knee/left knee ratio in the young 
patient team, elderly patient team and both teams 
combined are all approximately 1/1 (Figure 2).  

 

Figure 2: Characteristics of MRI scanning place 

The APA and the cTEA are perpendicular to 

each other. The (sTEA, PCA) angle has an average 
measurement of 3.48° ± 1.91° (Table 2). 

Table 2: Average measurement of anatomical angle (n = 280) 

Angle Average (°) Smallest angle (°) Biggest angle (°) 

(APA, cTEA) 90.4 ± 3.35 78.68 103.14 
(APA, sTEA) 94.47 ± 3.31 83.79 106.44 
(APA, PCA) 96.40 ± 4.59 77.07 105.71 
(cTEA, sTEA) 4.00 ± 1.02 1.11 7.38 
(cTEA, PCA) 6.53 ± 2.55 0.01 13.74 
(sTEA, PCA) 3.48 ± 1.91 0.08 13.36 

 

Comparison of average measurement of 
 angles created by 4 anatomical axes: APA, 
 cTEA, sTEA and PCA between the young 
 and the elderly patient teams 

The result of analysis shows a relationship 
between anatomical axes of femoral condyle has no 
significant statistical difference in both the young and 
the elderly patient team (p > 0.05 in all 6 angles-
Kruskal Wallis test) (Table 3). 

Table 3: Comparison of average measurement of anatomical 
angles between the young and the elderly patient teams 

Angle Young patient team (n = 195) Elderly patient team (n = 85) p 

(APA, cTEA) 90.33° 90.60° 0.21 
(APA, sTEA) 94.34° 94.75° 0.13 
(APA, PCA) 96.34° 96.54° 0.85 
(cTEA, sTEA) 3.94° 4.15° 0.12 
(cTEA, PCA) 6.60° 6.38° 0.45 
(sTEA, PCA) 3.56° 3.29° 0.25 

 

 

 

Discussion 

 

In this research, we researched over 280 
knee joints of patients from 16 to 88 years old, the 
most common age range was from 16 to 45 years old, 
the working age range. Perhaps because of that, 
there are many risk factors leading to knee disease 
such as injury, accident, soft tissue rheumatic 
syndromes, arthritis, and so forth. Thus, people in this 
age range should get MRI scanning more often. In the 
elderly patient team, the number risk factors decrease 
with the main factor being degeneration, so the 
patients go for examination less often. 

Since this is a team of patients in working 
age, men often work harder, play more sports, and the 
male weight index is higher than that of women. 
Because of that the risk of men suffering from knee-
related injuries is higher than that of women. In the 
elderly patient team, the male/female ratio is 1/2.4, 
which means women are the majority in this age 
team. This is reasonable because for women, after 
menopause, the estrogen level drops rapidly, which 
cause osteoporosis and osteoarthritis conditions to 
increase, especially in knee joint. This means more 
MRI scanning. 

Researches by international authors show 
that the ratio of male patients and female patients is 
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equal (Figure 1), according to Ye-Yeon Won [17] and 
Jai Gon Seo [15], or the ratio of male patients is lower 
than that of female patients, according to Grinffin [7] 
(Table 4). 

Table 4: Characteristics based on gender according to several 
international authors 

Author 
Average 

age 
Male ratio Female ratio 

Research sample 
(n) 

References 

Ye-Yeon Won 44.7 50% 50% 100 [17] 
Jai Gon Seo 68 50% 50% 20 [15] 
Griffin 42.8 40% 60% 104 [7] 
Andrew Park 64 47% 53% 114 [13] 

 

This is due to customs, practices and labor 
activities in each region. In Vietnam, men are 
predominantly heavy workers and most of them also 
participate in high intensity sport activities, so the risk 
of them having knee joint disease is higher than that 
of women. In foreign countries, women are more 
involved in social activities and the intensity of 
physical activities is higher than that of Vietnamese 
women, which means there are more factors that can 
lead to knee joint injuries. This is the reason leading to 
the difference of femoral condylar angles between 
Vietnamese and foreign countries people. 

Looking at Figure 2, we see no difference 
between right knee position and left knee joint position 
in both young and elderly patient teams, similar to the 
research result of Anay R. Patel [14], Ye Ye-on Won 
[17] (right/left knee ratio is 1/1). In researches by 
international authors, the right/left ratio changes 
depending on the criteria for selecting patients. 
However, if patients are selected regardless of 
diagnosis or only patients with knee joint degeneration 
are selected, the right/left ratio is usually 1/1. This is 
due to the fact that joint degeneration usually happens 
on both knees and rarely on only one knee. The risk 
element of knee joint injuries for both knees are also 
the same. 

During this research, we found that the APA is 
perpendicular to the cTEA and nearly perpendicular to 
the sTEA. Our result are similar to the results of 
international authors Kobayashi [10] and Adrew Park 
[13]. The cTEA and the sTEA are very difficult to 
accurately identify during surgery, as this is the 
attachment point of ligament lateral internes and is 
shielded by femoral muscles. Jerosch [8] proved that 
the change in position selected between surgeons 
was 22.3 mm at the medial and 13.8 mm at the lateral 
femoral condyle. When researching the accuracy in 
determining the femoral condyle in 74 cases of TKR, 
Kinzel [9] discovered that the TEA was only accurately 
determined within ± 3° in 75% of the cases when 
examined by CT scaner after surgery. The deviation 
stretches in a wide range: from 6° external rotation 
angle to 11° internal rotation angle, including the TEA 
not identified during surgery. Thus, determining the 
cTEA and the sTEA indirectly through the PCA and/or 
the APA gives higher accuracy and does not cause 
damage to the muscles in the knee. 

In our researches, the (cTEA, sTEA) angle is 

4.00° which is similar to the results of Victor J. [16] 
and Kumar [11]. This angle is mostly unnoticed by 
surgeons as well as authors, which is because it is 
made by two axes that are difficult to distinguish 
clinically. Many authors assume that the sTEA is the 
approximate axis of the transverse axis rather than 
the cTEA. Since the cTEA des not coincide with the 
sTEA and they also create a 4° angle together, this 
means that the two axes are significantly different in 
clinical practice, so accurately determining the cTEA 
is very important. Using the cTEA as the transverse 
axis of knee may cause mistake and directly affect the 
results of TKR. In researches by international authors, 
only 50%-80% of cases managed to identify the 
sTEA. For the remaining patients, since the sTEA was 
unidentifiable, they used the cTEA as the transverse 
axis of knee joint. In our research, the sTEA was only 
unidentifiable in 8 cases. Since the ratio was very 
small, we did not count them in this research. This is 
because we used a GE Optima MR360 1.5 Tesla with 
1 mm slice cut so the scans were of high quality and 
we were able to get the slice we wanted. 

The angle created by the cTEA and the sTEA 
with the PCA is the highest concern of surgeons, in 
which the sTEA is the approximate axis with the 
transverse axis of knee. Accurately identifying this 
axis and using it as a landmark is very important in 
TKR surgery. Surgeons have tried to find another axis 
that is more easily identified clinically and has the 
most accuracy when using it to identify the sTEA. 
Many authors agree to take the PCA as an indirect 
axis to determine the sTEA. Many international 
authors have published the measurement results 
between these two angles as follows: Victor J. [16] 
measured of (cTEA, PCA) angle = 6.4°, (sTEA, PCA) 
angle = 3.1°; Nobuyuki Yoshinno [18] measured the 
(cTEA, PCA) angle = 6.4°, (sTEA, PCA) angle = 3°; 
and Jai Gon Seo [7] measured the (cTEA, PCA) angle 
= 5.3°, (sTEA, PCA) angle = 2.2°, and many others 
show similar results. In our research, by analyzing 280 
MRI scans of knee joint, we found that the (cTEA, 
PCA) angle = 6.53° ± 2.55° and the (sTEA, PCA) 
angle = 3.48° ± 1. 91°. The results are quite similar to 
those of Asian and European authors [6], [13], [1]. 
This shows that although there are differences in 
anthropometric indicators, regions and living habits, 
the PCA always spins about 3° compared to the 
transverse axis of knee joint, or in other words, the 
posterior condylar angle is about 3° and the condylar 
twist angle is about 6°. This has a very important 
application in TKR, specifically in the cutting of the 
front and back of the distal extremity of femur, we let 
the cross-section rotate about 3° apart from the PCA, 
the transverse axis of knee will ensure the most 
physiological similarity. However, since the deviation 
of the (sTEA, PCA) angle between individuals is quite 
large, from 0.08° to 13.36°, we should evaluate this 
angle before surgery by using MRI scan of knee to 
optimize the femoral rotation angle, the femoral 
rotation angle of each patient will be different. 
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The measurement results of anatomical 
angles of young patients are equal to the results of the 
corresponding anatomical angles of elderly patients (p 
> 0.05 in all 6 angles-Kruskal Wallis test), which is 
shown in table 3. We found that the APA is 
perpendicular to the cTEA in both teams and the APA 
is not perpendicular to the sTEA but creates with that 
axis an angle of 94°. In 2000, Griffin [7] researched 
104 knee joints, in which he also divided the team of 
patients into young and elderly teams, and his results 
were exactly the same as the results of our research. 
This means that the PCA rotated about 3° with the 
transverse axis and there is no difference between the 
young and the elderly. In TKR surgery, the PCA will 
be an important landmark to determine the transverse 
axis of knee. 

Currently, other than the posterior condylar 
angle, the remaining angles are rarely researched. 
This is because on one hand these angles have little 
clinical significance, on the other hand they are also 
difficult to measure, their values are not high. 
According to Olcott [12], after comparing four methods 
of TKR, he determined that the method of using the 
sTEA is the most accurate, but since it is difficult to be 
identified during operation, he suggested using the 
PCA to determine the transverse axis of knee joint. 
According to Anay R. Patel [14], his research also 
shows that the relationship between the APA and the 
TEA is more volatile than the relationship between the 
TEA and the PCA, he also confirms that the 
anatomical angle is not affected by age. Therefore, 
authors focus on researching the angle created by the 
PCA with the cTEA and the sTEA, while the remaining 
angles are less researched. We researched all angles 
created by four anatomical axes of femoral condyle, 
which are APA, cTEA, sTEA and PCA, and use the 
result as reference data for research on Vietnamese 
people to serve the research of later Vietnamese 
authors. 

Through the above analysis, in each team of 
patients, we found no difference between male and 
female, as well as right knee and left knee. When 
comparing the young and elderly patient team, the 
results of anatomical angles were not different (p > 
0.05-Kruskal Wallis test), this result is consistent with 
the research results of European and Asian authors. 

In conclusion, the angle between sTEA and 
PCA is the angle that best represents the femoral 
rotation angle. However, in cases sTEA or PCA is 
dificults to identify, it can be measure via the APA or 
cTEA. The value of the femoral rotation angle is about 
angle between sTEA and PCA, (sTEA, PCA) angle = 
3.48° ± 1.91°. These angles don’t differ by age, 
gender and place of knee joint. 

 Recommendation: The aim of TKR surgery is 
to restore the mechanical axis of leg, thus reduce pain 
and improve function of knee joint. In order to 
accomplish this, the precise placement of artificial 
knee joint and balance of the soft tissues surrounding 

knee joint is required. However, the relationship of 
anatomical axes of each patient is different. 
Therefore, through this research as well as 
researches of other authors around the world, we 
believe surgeons should evaluate the anatomical 
values on MRI scans before operation and identify the 
suitable femoral component external rotation for each 
patient, at the same time use multiple axes together to 
achieve the best surgery result.  
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Abstract 

BACKGROUND: Hepatocellularcarcinoma (HCC) metastasis include intrahepatic and extrahepatic metastasis. 
Similar to intrahepatic metastasis, extrahepatic metastases are not unusual in cases with HCC. However, colonic 
metastasis is infrequent. 

CASE REPORT: We describe a clinical case, he was diagnosed with HCC a year ago, treated with TACE 

(transarterialchemoembolisation), re-examined with abdominal pain and defecation disorder. The tests such as 
CT scan, colorectal endoscopy, fine needle aspiration (FNA) revealed secondary metastatic lesion of HCC in 
sigmoid colon. This is the first gastrointestinal (GI) tract metastatic we have encountered. 

CONCLUSION: HCC metastases of the colon are rare, especially cases of hematogenous spread. The prognosis 
of these patients is often very critical. Indications for surgical removal of the lesion may be used if the general 
situation of patient is acceptable. 

 

 

 

 

 

 

 

Introduction 

 

In the top ten frequent cancers worldwide, the 
cancers of lung, breast, prostate, colon, nonmelaoma 
of skin, and stomach are followed by primary liver 
cancer. On the other hand, primary liver cancer is one 
of most common causes of death which relative to 
cancer diseases globally due to its extremely poor 
prognosis [1]. It is not denying that many patients 
could not be diagnosed at early stage. Even though 
surveillance programs for early liver cancer and 
hepatocellular carcinoma (HCC) have been 
implemented. Consequently, only 30% of them take 
advantage of radical treatment such as hepatectomy, 
liver transplant surgery [2]. Extrahepatic metastasis of 
HCC is not rare, lung and adrenal are two of typical 
side. Gastrointestinal (GI) tract metastasis from HCC 
is not common. Distal colon metastasis is extremely 
uncommon situation of extrahepatic metastasis. This 
article aims to present a case of HCC patient with a 

single colonic metastatic lesion which derive from 
HCC treated with TACE. 

 

 

Case Report 

 

The patient was 60 years old; he had been 
infected hepatitis B virus for 15 years was determined 
to have HCC in 2018. He received TACE. This man 
has been reexamined every three months. The result 
of CT scans and AFP test were normal. He visited our 
center because tenesmus and left lower quadrant 
abdominal pain lasting for several days. 

Nothing abnormal was found during physical 
examination. The result of AFP was 9.48 ng/ml. Other 
laboratory tests were within normal limits. A 
colonoscopy revealed a mass located in sigmoid 
colon with intact overlying mucosa so the biopsy 
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procedure was not performed. CT scan revealed a 50 
x 60 mm sized, bulging contoured mass located in 
sigmoid colon (Figure 1E and 1F). A natural 
hypodense mass with 39 x 41 mm located in segment 
IV – VIII of liver (Figure 1A), no enhancement at 
arterial phase. Several hypervascular lesions located 
in both lobes (Figure 1B and 1C). An ultra sound – 
guided FNA biopsy was performed. Result of 
pathology demonstrated metastasis of carcinoma. 

 

Figure 1: CT scan result: A natural hypodense mass with 39 x 41 
mm located in segment IV – VIII  

 

At the multidisciplinary team meeting, we 
decided that he would undergo surgical treatmet first. 
The patient underwent anterior resection. He tolerated 
that surgical procedure without any complication. 

Gross examination, the 15 cm rectosigmoid 
segment with smooth surface mucosa had two well-
circumscribed masses measuring 50 x 40 x 35 mm 
and 15 x 10 x 10 mm and pushing the serosa. The cut 
surface was tan-yellow. Nine masses ranging from 15 
x 10 x 10 mm to 30 x 30 x 20 mm attaching to adipose 
tissue were removed from the mesentery. They 
shared similar features with intestinal masses. 
Histopathological examination showed the tumor 
found under the mucosa was composed of atypical 
polygonal cells with irregular hyperchromatic nuclei, 
prominent nucleoli and clear or eosinophic cytoplasm 
(Figure 2A). They were arranged in large sheets or 
trabeculae. Vascular invasion was seen (Figure 2B). 

 

Figure 2: The tumor is in submucosa, was composed of a typical 
polygonal cells that resemble HCC 2A) and vascular invasion 2B) 

 

Immunohistochemistry staining were utilized. 
They show the reacting positively for Hepar-1 and 
Arginase-1 (Figure 3A and B). 

 

Figure 3: Immunohistochemicalstaiing, the tumor cells were positive 
for Hepar-1 3A) and Arginase-1 3B) 

 

After completing recovery, he started received 
HAIC (hepatic arterial infusion chemotherapy). We 
concluded that the metastasis lesion in sigmoid colon 
appeared due to the seeding which occurs after some 
interventional techniques such as TACE. The lesion 
had been removed completely. On the other hand, 
there was no evidence of other extrahepatic 
metastasis. Moreover, the patient did not accept the 
expense of target therapy. As result, we decided HAIC 
is convenience therapy for him. The patient had been 
treated with HAIC-mFP, 3 cycles. The response was 
quite good. AFP and PIVKA-II were decrease. 

 

 

Discussion 

 

Currently, liver cancer is classified as the third 
cause of death due to malignant diseases over the 
world, approximately 800 000 per year. Liver cancer 
has particular age, sex and geographic distributions, 
likely influenced by certain etiologic variables. 
Histologically, the majority of liver cancer falls into one 
of two categories: HCC and ICC (intrahepatic 
cholangiocarcinoma), and cholangiocarcinoma is less 
common. Even though malignant hepatic tumor is 
more common in developing countries, it is still 
significantly prevalent in other developed regions such 
as North America and central Europe [3]. While other 
cancers, like breast, lung, and colorectal cancer are 
on the decline, the mortality rate for primary liver 
cancer has increased in both sexs in recent decades 
[4]. While hepatitis B is a paving hepatic cancer risk 
factor in Asia, hepatitis C infection is reason why the 
incidence of liver cancer is increasing in the US. 
Furthermore, other significant risk factors include 
aflatoxin B1 poisoning, diabetes, alcoholicabuse, non-
alcoholoc fatty liver disease [5]. 

Among malignant diseases of the liver, the 
most frequent is HCC, the direct cause of the disease 
is unclear, the mechanism of the disease is thought to 
be a disorder of the DNA structure of the cell nucleus 
[6]. According the Globocan 2018 data base, the 
number new HCC cases in Vietnam (both sexes, all 
ages) is highest (25 335 – 15.4%). As reported by a 
recently published study on HCC in southern and 
central Vietnam, statistics show that there were 24 
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091 patients between 2010 and 2016, with a 
significant increase over the years (from 2793 cases 
in in 2010 to 4069 in 2016), men were the majority 
compared to women, most patients were positive for 
viral hepatitis (88.3% positive for hepatitis B or 
hepatitis C and 2.7% simultaneously positive for both 
of them) [7]. 

HCC is considered to be a cancer with a very 
high degree of malignancy, it has the tend to invade 
the portal vein as well as the liver vein. Therefore, 
lymph node metastases and distant metastases are 
also common, about 50% [8], especially for tumors 
larger than 5 cm in diameter [9]. Most extrahepatic 
HCC has been observed in cases with advanced 
stage of disease (stage VIa), as expected [10]. The 
longer a patient survives, the more risk of extra-
hepatic metastases increases and metastases to the 
lungs, bones, lymph nodes are most common [8]. 

Signs and symptoms of patients suffering 
from HCC primarily focused on the manifestation of 
the primary tumor and the metastatic features later. 
Recently, the metastatic characteristics of HCC has 
displayed two alluring new behaviors: the unexpected 
spread site, and the discovery of the metastatic lesion 
before the primary tumor is recognized. Metastases to 
the gastrointestinal tract are rare and mainly reported 
by clinical case reports. Direct invasion through the 
adjoining serous tumor due to the excessive growth of 
a primary tumor is a common mechanism and the 
invasive organ is often the duodenum, the stomach, 
jejunum, and colon (anatomical location close to the 
liver) [11], [12]. Metastases to other parts of the 
gastrointestinal tract are rarer and have not been 
adequately explained. Hematogenous dissemination 
is a hypothesis of distant GI tract metastasis. The 
explanation of haematogenous spread has been 
supposed to be the blockage of portal vein come after 
the vascular was infiltrated. The existence of tumour 
thrombosis in the portal vein may lead to a reversal of 
flow, which likely acts as the medium of 
haematogenous metastasis of HCC to the GI tract 
[13]. Transarterial embolization (TAE) and TACE can 
also cause increased portal vein pressure to cause 
blood clots and reverse flow [12], enabling HCC to 
invade nearby organs such as the colon or other parts 
of the digestive tract. 

Main local symptoms of colon metastasis from 
HCC patient are blood in stool, changed defecation 
pattern, abdominal pain, very similar with primary 
colorectal cancer. Unfortunately, gastrointestinal 
endoscopy is easy to confuse metastatic damage of 
HCC with polyps, mucosal tumors or colorectal ulcers. 
Sometimes, it is really difficult to identify them through 
endoscopic examination and performed biopsy, 
especially the lesions which have intact overlying 
mucosal. Therefore, immunohistochemistry is 
considered an effective tool for the differential 
diagnosis between liver cancer and adenocarcinoma 
of the colorectal. Hepar-1, Arg-1, GPC-3, p-CEA, 
BSEP are some popular inmmunohostochemical 

markers which are available for establishing the 
diagnosis. As previously study, Hepar-1 and p-CEA 
are the two most widely used markers for high 
sensitivity and specificity [14], [15]. 

Some reports indicate GI metastasis usually 
could be dectected between 3 months to 8 years from 
the initial confirmation of HCC [11], [16], [17]. 
Nasuizaka et al., reported an average survival time of 
HCC patients with metastatic gastrointestinal tract 
was 7 months (1-59 months) and only 24.9% lived 
more than 1 year or more [10]. Another aspect for 
these patients is whether the treatment to eliminate 
extrahepatic metastatic lesions is effective, especially 
in the early cases with good liver function and no 
portal vein invasion [18]. Although there is too little 
evidence and insufficient data to prove the 
effectiveness of surgical treatment, especially for 
colon metastases in HCC patients, we believe that 
surgery removes this type of metastatic injury is 
especially necessary for patients with only a single 
metastatic lesion and good physical condition. 

In conclusion, this article aims to report a 
patient with HCC who has metastases of sigmoid 
colon. This is a very rare clinical morphology and is 
the first case in our clinic. Medical history has noted 
that HCC's extrahepatic metastases are quite 
common but colon metastases are very rare. Like 
other metastatic cases, colon metastasis patients 
have not delight outcome. Surgery to remove 
metastatic lesions is thought to be a treatment option 
especially for patients who had good liver function and 
acceptable condition. 
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Abstract 

BACKGROUND: Spirulina platensis contains a large amount of chlorophylls, chlorophyll a, that are starting 

materials to synthesize functionalized chlorins. Chlorin e6 (Ce6) as well as its derivatives are second generation 
sensitizers using in photodynamic therapy (PDT) of various cancers. In this study, we transfer chlorophyll a of S. 
platensis to Ce6 derivatives and determine their several applications. 

AIM: We aimed to evaluate the effects of Ce6 derivatives to treat cancer cells. 

METHODS: Ce6 trimethylester was created from methyl pheophorbide a2 in S. platensis provided by the Hidumi 
Company, Nghe An province, Viet Nam. Hela cells were incubated with Ce6 trimethylester and the irradiated with 
the diode laser dose of 1.2 J/cm

2
/min through the system of filters £ 650 nm. MTT assay and clonogenic assay 

were used to determine survival rate and cloning efficiency of cells. Antimicrobial effect of Ce6 trimethylester with 
halogen light were studied with Propionibacterium acnes VTCC 0218 and Staphylococcus aureus VTCC 0173. 

RESULTS: From dry biomass (700 g) of S. platensis, after extracting chlorophyll a and methanolysis, 4.2 g of 

methyl pheophorbide a was obtained. The reaction to give Ce6 trimethylester with 82% yield was performed with 
potassium hydroxide (KOH) in MeOH/THF/CHCl3. After irradiation with a 650 nm laser at 1.2 J, the cell viability in 
all samples decreased with Ce6 trimethylester treatment, the survival declining trend of Hela cells treated with 
Ce6 trimethylester were proportional when concentration of Ce6 trimethylester increased. The rate of colony 
formation was declined as the concentration of Ce6 trimethylester treated was increased. The growth of both S. 
aureus and P. acnes can be inactivated by Ce6 trimethylester PDT. The MIC99 value against P. acnes VTCC 
0218 and S. aureus VTCC 0173 of Ce6 trimethylester with halogen light was 1.25 μg/ml. 

CONCLUSION: The Ce6 trimethylester from S. platensis cultivated in Viet Nam could be used as a potential 
photosentizer for photodynamic therapy for treatment of cancer and acne. 

 

 

 

Introduction 

 

 Spirulina platensis has been used for 
production nutritional supplements, functional foods, 
cosmetics as well as other biomaterials [1], [2]. 
Spirulina contains the very large amount of 
chlorophylls, specially chlorophyll a [3]. Chlorophylls 
are starting materials to synthesize functionalized 
chlorins that have the ability to improve the 
photodynamic activity [4]. Chlorophyll a, as a natural 
chlorin, is a potential renewable resource to product 
chlorin photosensitizers [5] which can use for 
photodynamic therapy to treat cancer. Chlorins, that 

are a class of tetrapyrroles derived from plant, are 
potential photosensitizers because they can absorb 
remarkably strongly in the light with high phototoxic 
red spectrum [6]. 

 Photodynamic therapy (PDT), is a treatment 
therapy for cancer, uses some photosensitizers [6]. 
The photosensitizer molecules have singlet state with 
two electrons with opposite spins. They are activated 
by absorption a photon of light with appropriate 
wavelength to transfer from the excited singlet state to 
more stable excited triplet state. The photosensitizers 
in triplet state can participate in photochemical 
reactions with oxygen to form reactive oxygen species 
(ROS) which can destroy pathogenic bacteria, tumors, 
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cancer cells and target tissues [7]. Ce6 that is 
synthesized readily from natural chlorophyll is a 
second-generation photosensitizer. It can absorb 
strongly in the light with red spectrum. Ce6 and its 
derivatives have the ability to accumulate more 
effectively in tumors than normal cells, to absorb at 
longer wavelengths (670 nm) more strongly to be 
clear faster from organism so they can be used as 
second generation sensitizers for PDT of various 
cancers. It was report using in PDT successfully, 
namely C6-mediated PDT (Ce6-PDT), to treat some 
various cancer types such as nasopharyngeal cancer, 
bladder cancer as well as melanoma [8], [9]. 

 Cervical cancer that is caused by infection of 
the human papilloma virus is the third common cancer 
in women in the word [10]. This infection of virus 
persistently causes intraepithelial transformations, 
following form a cancer if left untreated. The PDT can 
be an alternative method for the traditional invasive 
treatment to treat cervical cancer [11], [12].  

 Therefore, using PDT with Ce6 
photosensitizer can be a potential treatment for 
cervical cancer. In the present study, Ce6 that was 
obtained from chlorophylls of S. platensis cultured in 
Viet Nam were used to evaluate the effects in Hela 
cells. Our findings might provide experimental 
evidence to support Ce6-PDT in treatment for 
cancerous cervical tumor. 

 

 

Materials and Methods 

 

 Isolation of methyl pheophorbide a2 and 
 transferred it to Chlorin e6 trimethylester
 Chlorophyll was extracted and purified from 
dried S. platensis powder provided by the Hidumi 
Company, Nghe An province, Viet Nam. Isolation of 
methyl pheophorbide a2 as a mixture of 13

2
R:13

2
S 

diastereomers from S. platensis was carried out by 
the method of Bauer D et al., (2019) [5]. Spirulina 
powder (700-800 g) was taken into a Sohxlet thimble 
(length 32.5 cm, diameter 8 cm). Then add acetone 
(500 ml) Sohxlet thimble to soaks up all the Spirulina 
powder inside the thimble and add liquid nitrogen (2.5 
liters) slowly into thimble. The Soxhlet thimble was put 
in Soxhlet extractor, and let the thimble returned to 
10-20°C. Acetone (2.0 liters) was added into extractor. 
Spirulina powder was extracted 24 hours under an Ar 
atmossphere, 75 extraction cycles. The acetone 
extract was filtered and distilled vacuum to recover 
acetone. Then, add CH2Cl2 (200 mL) into the 
concentrated extract container and continue the 
vacuum distillation to remove the water in the mixture. 
Methyl pheophorbide a in the mixture was extracted 
and purified on chromatographic column. The methyl 
pheophorbide was crystallized to give dark green 
crystals. 

 Methyl pheophobide a was transferred to Ce6 
trimethylester by two methods: (1) Methylphephorbide 
a (2.4 g, 2.8 mmol) was dissolved under an Ar 
atmosphere in degassed dry THF (25 mL) and CHCl3 
(125 mL) was added followed by 1 M KOH in MeOH 
(12 mL) and (2) methylpheophorbide a (186.5 mg, 
0.25 mmol) was dissolved under an Ar atmosphere in 
THF (12 mL) and then MeOH (125 mL) was added 
followed by KOCH3 in MeOH (2.5 mL 35% solution). 
Then, they were treated according to method of Bauer 
D et al., (2019) [5]. 

 

 Hela cell culture 

 Hela cell line was purchased from Sigma 
Chemical Company (St Louis). The cells were 
seeded in 12-well plates containing E’MEM medium 
(GIBCO, serum-free medium) supplemented with L-
glutamine (200 mM), HEPES (1 M), amphotericin B 
(0.1%), penicillin-streptomycin 200 x and 10% (v/v) 

FBS. The cells were cultured under a humidified 5% 

CO2; at 37°C to achieve ~90% confluency was used 
in the photodynamic and laser treatment. 

 

 Treatment cells with laser light 

 The cells were incubated with 0.5, 1, 2.5, 5, 
10 µg/ml of Ce6 trimethylester in serum-free E’MEM 

for 2, 4, 6, 8, 10 hours in dark at 37°C in humidified 

5% CO2. After that, the cells were twice washed with 
RPMI and irradiated with the diode laser dose of 1.2 
J/cm

2
/1min through the system of filters £ 650 nm. 

Control cells were incubated with serum-free 
E’MEM without Ce6 trimethylester for equivalent 
times. Treatment cells were trypsinized and 
washed by PBS for measuring the specific 
fluorescence intensity of Ce6 trimethylester by flow 
cytometry, determined the cell survival by MTT 
assay and colony formation assay to evaluate the 
long-term proliferative potential of Hela cells 
following photodynamic therapy. 

 

 Flow cytometry 

 The accumulation and removal of Ce6 
trimethylester in the cells was studied with the flow 
fluorometer FACS Canto II (Becton Dickinson, USA). 
The cell suspension was omitted at the rate 500 cells/s 
in the flow solution under the argon laser emitting 
excitation light at wave length 488 nm. The data was 
analyzed with the use of FACSDiva verion 2.1 
sofware. 

 

 MTT assay 

 The cells were trypsinized after being 
washed by PBS and then was resuspended in 
E’MEM medium with 10% FBS. 10 µl MTT solution 
(2 mg/mL) was added and incubated for 4 hours at 



Basic and Clinical Medical Researches in Vietnam 
_______________________________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________________________ 

4374                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

37°C in 5% CO2. The crystals formed were dissolved 
within one night by addition 25% SDS solution and 

using a shaker overnight. The result was recorded by 
microplate reader at wavelength 540 nm. The rate 
of cells survival (%) was calculated by formula: [1-
(OD of treatment cells/OD of control cells)] x 100. 

 

 Clonogenic assay 

 The treatment and trypsinization cells 
were seed in E’MEM medium with 10% FBS, the 
experiment was carried out in five replicates. The 
cells were incubated at 37°C in the environment 
with 5% CO2 for colony formation. The colonies 
were dried then stained with Giemsa for 30 
minutes; the ones containing more than 50 cells 
were counted manually. Cloning efficiency was 
determined by the equation: 

 

 

 Antimicrobial effect of TME with halogen 
 light 

 Propionibacterium acnes VTCC 0218 and S. 
aureus VTCC 0173 from the Vietnam Type Culture 
Collection were treated with Ce6 and halogen light to 
determine antimicrobial effect of Ce6. P. acnes VTCC 
0218 and S. aureus VTCC 0173 strains were cultured 
and treated with TME in condition with or without light 
irradiation. The bacterial suspensions with 
concentration 10

6 
CFU/ml were added in 96-well 

microtiter plate containing TME with different 
concentration and irradiated with halogen light (12 
V/50 W; 30,000 lx) for 30 min. Incubation proceeded 
at 37°C, for 12 h, in optimal aerobic conditions for 
each bacterial strain. Absorbance at 620 nm of 
bacterial suspensions after treatment was measured 
to determine bacterial growth. MIC99 is the TME 
concentration at which bacterial growth was more 
than 99% inhibited.  

 

 

Results 

 

 Transformation chlorophyll a of S. 
 platensis to Ce6 derivatives 

 Ce6 derivatives were obtained by 
transformation of chlorophyll a using standard protocol 
described by Bauer D et al., (2019). Briefly, 900 g of 
dry biomass of S. platensis containing more than 
0.4% of chlorophyll was subjected into a 10 mm x 38 
mm Soxhlet thimble with 400 mL of acetone in 
addition of nitrogen liquid. The solvent was then 
refluxed using Soxhlet extractor, under Ar atmosphere 
for 24 h to ensure 70-75 of deep green chlorophyll 

extraction cycles. The extract was filtered and acetone 
was removed by evaporating. The water containing 
residue was dissolved in 250 mL of CH2Cl2 and the 
water was removed in a rotavapor. The residue was 
then dried, suspended in 750 mL of dry MeOH and 
37.5 mL of H2SO4 and stirred at ambient temperature 
for 20 hours. 500 mL of CH2Cl2, 1000 mL of H2O, 250 
mL of saturated NaCl and 350 ml of NaHCO3 were 
added and the aqueous layer was extracted three 
times with 250 mL of CH2Cl2, washed twice with H2O, 
then filtered and evaporated. The red crude extract 
was dried and dissolved in 35 mL of CH2Cl2 and 
eluted in column chromatography (200 g silica gel, 
32–63 mm, 60 Å). The main fraction of methyl 
pheophorbide a was recovered after elution with 
CH2Cl2 and CH2Cl2: acetone (30: 1). The minor 
fraction of methyl pheophorbide a was obtained by 
elution with H2SO4/MeOH.  

 The dark green crystal of methyl 
pheophorbide a was obtained by crystallization from 
CH2Cl2/MeOH (1.5: 10) of the two fractions to form 89: 
11 mixture of 132R: 132S diastereomers and the final 
yield was 4.95 g (0.55% of biomass), mp 226-227°C. 
TLC (Alox, CH2Cl2/Acetone: 10/0.4) Rf = 0.58. IR 
(KBr): v = 3377 cm

-1
 (w, N-H), 2958 (w), 1734 (s, C- = 

O, ester), 1701 (s, C = O, ester), 1619 (m, C = C, 
aromatic), 1556 (w), 1498 (w), 1432 (w), 1365 (w), 
1345 (w), 1297 (w), 1213 (s, C-O-C, ester), 1164 
(s,br, C-O-C, ester), 1122(w), 1035 (w), 990 (w), 909 
(w), 895 (w), 829 (w), 752 (w), 671(w). UV/VIS (THF): 
λmax (Ɛx10-3) = 321 (21.64), 411 (109.05), 505 
(10.39), 535 (9.98), 610 (8.72), 670 (45.55). MS: (EI, 
70 eV, direct, T = 200°C): m/z (% rel. intensity) = 606 
(100) [M+], 548 (28), 459 (16), 236 (10), 44 (39), 28 
(100) [C2H4]+. MS: (ESI, positive, CH2Cl2/MeOH 
1:10): 607.3 [M + H]+, 629.2 [M + Na]+, 645.2 [M + 
K]+. MS: (ESI, negative, CH2Cl2/MeOH 1:10): 605.2 
[M – H]- 

 

Figure 1: UV/V is spectrum of Methyl pheophobide a in MeOH 

 

 The 2.4 g of the first variant (variant A) of 
methyl pheophorbide a 2 was dissolved in 25 mL dry 
THF, 125 mL CHCl3 and 12 mL 1 M KOH in MeOH 
was added. The mixture was stirred and poured into 
500 mL ice water. After extraction twice with 100 mL 
of diethyl ether, the combined organic layer was 



Bui et al. Transformation Chlorophyll A of Spirulina Platensis to Chlorin E6 Derivatives and Several Applications 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

4375                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

washed four times with water and filtered. The solvent 
was removed and the residue was purified by column 
chromatography (200 g silica gel, 32 – 63 mm, 60 Å). 
Blackblue crystals of Ce6 were obtained by 
crystallization of residue from Acetone/MeOH. Yield 
1.84 g (77%), mp 210°C. 186.5 mg of the second 
variant of methyl pheophorbide a 2 was dissolved in 
12 mL of THF, then mixed in dark with 125 mL of 
MeOH and 2.5 mL of KOCH3 in MeOH 35% for 30 min 
in ambient temperature. 400 mL of water was added 
an extraction with 100 mL diethy ether will be carried-
out. The organic extracts were washed with water for 
4 times and filtered. The solvent was eliminated and 
the crude product was purified by column 
chromatography (40 g silica gel, 32–63 mm, 60 Å). 
The blackblue crystals of Ce6 trimethyester 3 were 
obtained after crystallization of the fraction from 
acetone/MeOH. Yield 151 mg (80%), mp 
(acetone/MeOH) 207 – 208°C. TLC (silica gel, 
CH2Cl2/EtOAc, 7:1): Rf = 0.58. IR (KBr): v = 3298 cm

-1
 

(w, N-H), 2953 (m, C-H), 2916 (s, C - H), 1726 (s), 
1600 (s), 1440 (m), 1243 (m), 1165 (m), 1063 (m). 

UV/VIS (MeOH): λmax () = 303 nm (9543), 401 
(126760), 501 (21134), 605 (11775), 660 (50134). 
MS: (EI, 70 eV, T = 200°C): m/z (% rel. intensity) = 
638 (100) [M+], 579 (15), 565 (27), 479 (21), 289 (6), 
236 (8) MS (DCI, negative, NH3, 8 mA/sec): m/z (%) 
641 (2) 640 (14), 639 (51), 638 (100) MS: (ESI, 
positive, CH2Cl2/MeOH 1:10): 639.2 [M + H]+. MS: 
(ESI, negative, CH2Cl2/MeOH 1:10): 637.3 [M – H]- 

 

Figure 2: Chlorophyll a extraction from S. platensis and its 
transformation into Ce6 trimethylester; A) Dry spirulina mass, 
acetone, N2 (liquid), ca, 60 min, then warm up to room temperature, 
acetone, reflux, 24 hours; B). H2SO4 conc, MeOH, Ar, rt, 20 hours. 
(c). 1M KOH in MeOH, THF/CHCl3, Ar, rt, 30 min (73%) or KOMe, 
MeOH, acetone, Ar, rt, 30 min, 85% 

  

 Efficacy of Ce6 trimethylester for 
 photodynamic on Hela cells 

 Cellular uptake of Ce6 trimethylester following 
various concentration and different incubation times 
was analyzed based on the fluorescence of Ce6 
trimethylester, using fluorescence microscopy and a 
flow cytometer. In Figure 3, Ce6 trimethylester 
treated Hela cells had a strong red color, the 
fluorescence intensity rapidly increased at the few 
hours after Hela cells were incubated with various 

concentration of Ce6 trimethylester and reached a 
relatively high level at 8 hours after incubation. The 
result in Figure 2 suggested that 4 hours may be the 
optimal incubation time of Ce6 trimethylester with 
Hela cells for our experiments. Then, we varied the 
concentration of each sample from 0.5; 1.0; 2.5; 5 
and 10 μg/mL of Ce6 trimethylester and compared 
the cellular uptake,  t he cellular uptake of Ce6 
trimethylester increased with the concentration, 
the cells treated with any of Ce6 trimethylester 
concentrations had higher intensity than 
untreated control cells. 

 

Figure 3: Alterations of Ce6 trimethylester fluorescence intensity in 
Hela cells at various Ce6 trimethylester concentrations with different 
incubation time (measured by flow cytometry) 

 

 Survival rate of cells was determined by 
the MTT assay after 8 hours treatment with Ce6 
trimethylester (0, 0.5, 1, 2.5, 5, 10 µg/ml, 
respectively) and the subsequent photodynamic 
irradiation (Figure 3).  

 

Figure 4: The cell survival rates of Hela cells were assessed by the 
MTT assay 

 

 Hela cells, which was treated with Ce6 
trimethylester at corresponding concentrations and 
without photodynamic irradiation, were used as 
controls. The results in Figure 3 showed that, 
different treatment concentrations of Ce6 
trimethylester alone could not influence the 
survival rate of cells. After irradiation with a 650 
nm laser at 1.2 J, the cell viability in all samples 
decreased with Ce6 trimethylester treatment, the 
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survival declining trend of Hela cells treated with 
Ce6 trimethylester were proportional when Ce6 
trimethylester treatment concentration increased 
(Figure 4). 

 Assay of colony formation assay was used to 
evaluate the ability of proliferation and clonogenicity of 
single Hela cells following PDT therapy. Following the 
Ce6 trimethylester treatment at various 
concentrations, Hela cells without photodynamic 
irradiation were control groups. The results in 
Figure 5 showed that the colony formation rate 
was declined as the Ce6 trimethylester treatment 
concentration was increased.  

 

Figure 5: Colony formation assay of Hela after different treatment 

  

 Antimicrobial effect of Ce6 trimethylester 
 with halogen light 

 The antibacterial activity of Ce6 trimethylester 
with halogen light was tested by the ability of P. acnes 
and S. aureus against (Figure 6). TME was prepared 
at 11 concentrations, include 0.25, 0.5; 0.75; 1.0; 
1.25; 1.5; 1.75; 2.0; 2.25; 2.5; 2.75; 3.0 µg/mL. After 
treatment with TME, halogen light (12 V/50 W, 
30000 lx) irradiation had done during 30 min.  

 

Figure 6: Antimicrobial effect of Ce6 trimethylester using halogen 
light 

 

 The results in Figure 6 indicated that halogen 
light did not affect the bacterial growth at this 
condition. The combined treatment TME and halogen 
light inhibited the growth of bacteria, and this inhibition 
was dependent on the dose of treatment. The MIC99 

value against P. acnes VTCC 0218 and S. aureus 
VTCC 0173 of TME with halogen light was 1.25 μg/ml. 
The results showed that the growth of both S. aureus 
and P. acnes can be inactivated by TME PDT. 

 

 

Discussion 

 

 Photodynamic therapy (PDT), which used to 
treat several diseases (cancers, skin disease, 
rheumatoid arthritis), includes three essential factors: 
light, a photosensitizer, and oxygen [13], [14], [15]. 
These factors are not toxic if they separated; however 
together they create a photochemical reaction that 
can generate a highly-reactive product called singlet 
oxygen [16]. Ce6, as a second generation 
photosensitizer, is a hydrophilic photosensitizers 
extracted from porphyrin [17]. It has remarkable 
characteristics: easy and simple production, selective 
accumulation ability in target tissues, shorter 
photosensitizing period,deep penetration into tissues if 
it is absorbed light having longer wavelength, as well 
as having minimal side effect [18], [19]. 

 There are three interconnected mechanisms 
of PDT to treat tumor: (1) direct toxic for the cells of 
tumors; (2) destroy the vasculature of tumors; and (3) 
causing a robust inflammatory reaction which can 
contribute for development of the systemic immunity. 
These mechanisms have different effects in treatment 
tumors, which depend on: the dose of photosensitizer 
used the time interval between photosensitizer 
administration and light exposure, light flounce rate as 
well as total light dose. In the present study, the 
subcellular localization of Ce6 trimethyleste in Hela 
cells increased with its concentration. These 
results suggest that the Ce6 trimethylester treatment 
could inhibit the proliferation of Hela cells as well as 
decrease the colony formation rate of it, in a dose-
dependent manner. In previous report, Ce6 could 
enhance the production of ROS (reactive oxygen 
species) and cell apoptosis, inhibit proliferation of the 
cells, decline abilities of the migration as well as 
colony formation in SW480 cells. These effects 
depended on in a Ce6 dose [8]. 

 Antibacterial PDT that used photosensitizer 
(PS) with laser light may become a potential method 
to treat acne. Halogen lights that have approximately 
35% amount of light emitted falling into the range 600 
to 900 nm, emit light spectra similar to sunlight [20] . 
In this study, we have demonstrated that combination 
of Ce6 trimethylester and halogen light is a potential 
method for antibacterial therapy to treat acne. The 
results showed that Ce6 trimethylester with halogen 
light has strong antibacterial activity against skin 
bacteria such as P. acnes and S. aureus in vitro. With 
the treatment of 1.25 μg/mL Ce6 with and without 
irradiation of halogen light, the growth of both P. 
acnes and S. aureus were inactivated completely.  
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 In conclusion, the data generated of this study 
demonstrated that the Ce6 trimethylester obtained 
from S. platensis which was cultivated in Viet Nam 
could be used as a potential photosentizer for 
photodynamic therapy for treatment of cancer and 
acne. 

 

 

Ethical Approval 

 

 All procedures performed in studies involving 
human participants were in accordance with the 
ethical standards of institutional and/or national 
research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable 
ethical standards.  
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Abstract 

BACKGROUND: N-methyl-d-aspartate receptor (NMDAR) antibody encephalitis appears common in the world, 
but the number of clinical cases in Vietnam which were recorded is rare. 

CASE REPORT: We describe two new cases of disease in recent years with the aim of contributing to diagnosis 
and treatment experiences. These cases were noted over the past 3 years with the patients who have been 
treated at lower levels but have no results. They came to us when symptoms became worse and therefore 
required prolonged treatment with special intensive care facilities. The atypical and easily confused symptoms are 
the reasons that make the disease be detected late; leading to a much higher cost of treatment and the 
complication may appear in the patient. In the past, patients with these manifestations were diagnosed with 
unexplained encephalitis and severe sequelae or death. Autoimmune encephalitis has many types; NMDA 
encephalitis associated with ovarian teratoma is the most common autoimmune encephalitis in young women. 

CONCLUSION: In conclusion, based on the case report, we hope to contribute some experiences on the 
diagnosis and the strategy in early treatment. With most female patients at very young age, early treatment to 
avoid complications will help patients have a quality life and maintain reproductive function. 

 

 

 

 

 

 

Introduction 

 

Anti–N-methyl-D-aspartate–receptor (anti –
NMDAR) encephalitis is defined as an autoimmune 
disorder connected with ovarian teratomas [1]. 
Patients regularly show noticeable psychiatrical signs 
and unintentional movements and rapidly progress to 
unresponsiveness with central hypoventilation and 
dysautonomia [2]. In spite of the fact that the 
occurrence of anti – NMDAR encephalitis linked with 
ovarian teratomas is different across studies, it could 
lead to severe consequences and the health of a 
person might be under threat. Although the symptoms 
are very serious but when the tumor is removed, 
those symptoms improve quickly [2]. The reason why 
this syndrome was not depicted until 2007 is related to 
the lack of radiologic discovery and precise laboratory. 

This explains why the majority of earlier cases likely 
diagnosed as viral encephalitis [1]. Accordingly, the 
prognosis is very important, and in many cases, 
disease can be fatal with irreversible damage to 
cortical areas in those who suffer delay in diagnosis 
and medical care. As a result, patients could end up 
with weakening neuropsychiatric dysfunction or even 
being death. However, if the antibodies are 
pathogenic, doctors can determine that their effects 
on NMDA receptors would be reversible because 
most of the patients did recover [2]. When studying 
this antibody based on pharmacological and genetic 
properties, these antibodies show a relationship 
between the ability to decline receptor function and 
the clinical presentation of the disease [3]. 

The exact diagnosis of the disease is still 
difficult because the symptoms of the disease are not 
typical and easily confused with neurological diseases 
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[4]. Grassroots hospitals will face difficulties to 
diagnose due to the lack of specific clinical cases and 
treatment experience. The type of immunotherapy that 
is often claimed as most effective in controlling the 
symptoms of the disease still remains a matter of 
debate. Hence, there is a vital lack of data concerning 
the optimum treatment of the disease and the cases 
may show some confounding factors that leading to a 
delay in diagnosis [3].  

Therefore, with the aim of contributing part of 
the experience in diagnosis anti- NMDAR encephalitis 
and early treatment, we report cases of two young 
women with teratoma removal and treatment therapy 
after surgery, a patient with plasmapheresis and a 
patient without plasmapheresis.  

 

 

Case Reports 

 

Case 1 

The first patient was an 18-year-old female 
who had not yet been found any abnormal in medical 
history. She presented with vomiting, headache, high 
fever (always over 39,5°C) and acute disorientation 
for one week, then high fever accompanied with urine 
incontinence, confusion and dull response. She was 
admitted with the identification of meningitis- 
encephalitis since January 7

th
, 2017 after one day at 

Thanh Hoa Province General hospital. She was 
treated by high dose and a combination of intravenous 
(IV) antibiotic which were Meronem 500 mg and 
Pamecillin 1 g, antiviral drugs, antimicrobial treatment, 
solumedrol (Methylprednisolone 1 g), sedative drugs 
to against brain edema. However, her disease 
progressed more serve despite having drug treatment. 
As her Glasgow Coma score was 10, her prognosis 
had become worsen, therefore, we must open the 
trachea, support with mechanical breathing. As a 
result, the patient then fell into unconscious condition. 

MRI brain showed a condition of mild 
posterior hemisphere edema. Her abdominal CT 
(Computed Tomography) and ultrasound (Figure 1) 
revealed a 90 x 60 mm ovarian teratoma in the right 
ovary. 

 

Figure 1: Imaging of the ovarian teratoma on the ultrasound; A) 
Ovarian teratoma on the vaginal ultrasound imaging; B) Ovarian 
teratoma on the abdominal ultrasound imaging 

After a consultation within the most important 
departments of the hospital (including neurologists, 
internists, psychiatrists, intensivists, infectious disease 
specialists, radiologists, gynecologists and 
pathologists), we decided to used immunoglobulin 
therapy and the gynecologist removed the ovarian 
teratoma by using laparoscopic method at the 
Obstetrics Department in Bach Mai Hospital. She was 
treated with intravenous immunoglobulin to against 
anti-NMDA receptor encephalitis and went through 
minimal changes in neurologic symptoms. We used 
Intratect (Immunoglobulin G2,5g) for her with the dose 
of 20 gr per day on 5 consecutive days. Besides, she 
also received corticosteroid therapy by IV 5 days after 
surgery with Methylprednisolone 1 g per day. She 
experienced a successful surgery (Figure 2). Within 
24 hours after surgery, she achieved a remarkable 
improvement in her cognitive function (the patient 
could recognize herself, her parents’ names, and in 
few days later she could remember previous events). 
The result of histopathology showed the present of 
mature teratoma and nerve tissue. Several days later, 
she had recovery with good condition and could be 
discharged. 

 

Figure 2: Imaging of the ovarian teratoma after surgery 

 

In conclusion, after 3 months of treatment, the 
patient was able to resume normal activities, 
recognize and exercise completely normally, return to 
school and memory recovers well. 

 

Case 2 

The second female patient was 17 years old 
who has no history of medical or psychiatric problems. 
She began with headache, memory loss, and 
intermittent fever (38°C) for 6 days. The patient had 
high continuous fever during days, the average 
temperature was over 38.2 Celsius degrees 
continuously and her mental was affected, such as 
she spoke all day without determined topics, laughed 
for whole day then lost appetite. Also, her mother 
reported to doctor that she had been enduring 
increasingly memory loss over the past few weeks. 
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Later, she developed disjointed and unintelligible 
speech and an irregularly aggressive behavior 
including shouting at everyone. She was brought to 
the Hanoi Mental Hospital but the doctors were not 
sure about the diagnosis and treatment there. 
Afterwards, she was admitted to the National Hospital 
of Tropical Diseases and was treated for 4 days 
before hospitalized in the National Institute of mental 
health on June 4

th
 with the present of sporadically 

incoherent language and altered manner. The results 
of basic tests and initial investigations were normal. 
Brain CT and MRI (Magnetic resonance imaging) 
(Figure 3) were checked without findings, Ultrasound 
and abdominal CT revealed a 61 x 116 mm mass 
likely an ovarian teratoma. 

After 1 week, the mental of the patient got 
worse, acute confusion and a subjective fever with 
infectious respiratory organs and two weeks into 
admission, the patient developed many complications, 
including severe pneumonia.  

 

Figure 3: Imaging of the patient on MRI result; A) Imaging of a 
normal condition; B) Imaging did not show a condition of brain 
edema 

 

More thorough methods were carried out to 
analysis and found out the reason. The Electro-
encephalograms (EEG) were accomplished and they 
showed general slower with unspecific characteristics 
and there was no evidence of abnormal paroxysmal 
activity. She was given a course of IV solumedrol and 
antibiotics (high dose and combined three types of 
antibiotics). We considered to find out the anti – 
NMDA glutamate receptor antibodies and it was 
positive. And surgeons removed ovarian mass by 
laparoscopic cystectomy after one month from the 
moment she had her first symptoms (Figure 4). In the 
following days, the patient’s condition was fast 
improving under ongoing corticosteroid therapy with 
intravenous Methylprednisolone 1 g per day for seven 
days and followed the routine supportive care. Hence, 
the histopathology was consistent with mature cystic 
teratoma. The results verified the appearance of 
nervous system tissue. The microscopic examination 
showed the tumor of ovary tissue and the tumor 
included different embryonal component. The well – 
differentiated element was cutaneous tissue. The 
mesodermal comprised of bone and cartilage tissue. 
In addition, there was a presence of poor 
differentiated element that contained immature 

neuroepithelium (amount of immature neuroectoderm 
occupies ≤ 3 low-power magnification fields). 

 

Figure 4: Imaging of the ovarian teratoma after laparoscopic 
cystectomy. After surgery, the patient had recovered significantly 

 

According to the information above, we 
created a comparison between two patients (Table 1). 
The table shows the same symptoms and some basic 
tests to find out the cause to the disease, it also gives 
the differences in the treatment of two patients. Thus, 
it is possible to draw experience in diagnosis and 
treatment.  

Table 1: Comparison between two cases 

 Case 1: The 1
st
 Patient Case 2: The 2

nd
 Patient 

Gender  Female Female 
Age  18 17 
Medical history  Normal Normal 

First symptoms  

Vomiting, headache 
High fever 
(> 39 degree) 
Acute disorientation 

Headache 
Intermittent fever 
(38 degree) 
Memory loss 
Speak and laugh whole day 

Late symptoms 
Urine incontinence 
Confusion 
Dull response 

Incoherent speech 
Abnormally aggressive behavior. 

Complication  Hypoxic respiratory failure 
Infectious respiratory organ by 
Pseudomonas bacteremia. 

First diagnosis Meningitis encephalitis Psychosis 
Blood test  Normal White blood cells increase 
Biochemical test  Normal Normal 
Coagulation Normal Normal 
Urine sediment  Positive for leukocytes Negative 

PCR  
HSV: negative 
Tuberculosis: negative 

Fever test: negative 
Dengue test: negative 
Tuberculosis: Negative 

MRI brain  
Mild posterior hemisphere 
edema 

Normal 

EEG Normal 
Generalized slowing 
characteristics 

Lumbar puncture 
Protein 0,81 g/L 
Glucose 3,9 mmol/L 
Pandy: positive 

Protein 0,21 g/L 
Glucose 3,4 mmol/L 
Pandy: negative 

Abdominal CT  
90x60 mm teratoma in the right 
ovary 

61x116 mm ovarian teratoma 

Anti-NMDA 
glutamate receptor 

Positive Positive 

Treatment 

-Immunoglobulin therapy 
-Laparoscopic cystectomy 
-Corticosteroid therapy 
 

Laparoscopic cystectomy 
Corticosteroid therapy 

Histopathology 
The present of nerve tissue and 
mature teratoma 

The present of nervous system 
tissue and ovary tissue 

Recovery Recharged after several days Recharged after two weeks 
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Discussion 

 

Base on a previous study, Anti-NMDA 
encephalitis often happens in young women and it is 
usually combined with ovarian tumors, particularly 
teratomas [2]. The presence of a tumor in men and 
children is unusual [3], while in young women, 
encephalitis is regularly attached with ovarian 
teratomas [4]. Eventually, the average age of the 
patients in two cases are very young. The disorder 
causes a mental condition that appeared with 
noticeable psychiatric syndrome or, less often, 
memory decline, accompanied by the level of 
consciousness, abnormally behavior and unintentional 
movements. Two patients in this report are very 
young, one is 17 years old and another is 18 years 
old, and the first symptoms are the same (high 
temperature and headache). The derangement is 
usually beginning with headache, or malaise, then 
followed by a series of mental symptoms and behavior 
changes that lead to loss of consciousness around. 
The patients came in condition the psychiatric 
symptoms were often the most prominent but they did 
not respond to anti-psychotics. The patient after 
suffering psychiatric symptoms may have some 
complications related to respiratory tract and severe 
pneumonia appears most often. Hence, we can see 
that the symptoms of two cases often effected on the 
particular organs which were responsible for ability to 
remember, character, movement, autonomic control, 
which accounts for the unique assemblage of changes 
related to personality, impairments in perception and 
motor disorder. With cases of patients who had acute 
onset of psychiatric symptoms but had no 
unresponsive to anti-psychotic medication, we should 
consider that it is due to autoimmune encephalitis and 
should find out the cause. The progression of these 
manifestations in a young woman should raise a 
question in the dysfunction and motivate the search of 
an ovarian teratoma [5]. 

When comparing the above two cases, we 
found that surgical removal of ovarian tumors 
combined with immunotherapy would bring better 
results and patients would also recover faster. The 
first patient, although the symptoms were worse, the 
time for diagnosis and surgery was later, but thanks to 
the combination of immunoglobin, the recovery 
process was faster than the second patient. The 
analysis suggests that the use of more 
immunoglobulin is helpful in the postoperative 
treatment of patients and addition to surgery to 
remove ovarian tumors. Eliminate of an abnormal 
ovarian mass accompanied by plasma exchange and 
using corticosteroids led to a brisk neurological 
reaction and final full recuperation. In the first case, 
we required more time to diagnose, and then the 
patient was operated and was treated with 
immunotherapy. And in the second case, the fact that 
we had previous experience so we could diagnose 
earlier. Therefore, the patient had teratoma ovary was 

cured sooner. Due to some reasons, the second 
patient did not have enough condition to be used 
immunoglobulin but when she had surgery 
immediately right after diagnosis and was treated with 
intravenous corticosteroids for post-operative days, 
she could be eventual full recovered without 
immunotherapy. Thus, we determine that 
immunotherapy is frequently efficient, and it has been 
recommended that brisk excision of the teratoma 
accelerate recovery [2]. 

From many researches in the world, the 
scientists had proved that immune balancing methods 
eliminating causes and risk factors are the main 
options and chief supports of treatment plan [3]. 
Immune methods such as with steroids, 
plasmapheresis and IV Immuno globulin supports 
decrease antibody titers. Ovarian teratoma removal 
results in shorten clinical improvement. Besides, we 
specify that early tumor excision is the most essential 
way enabling brisk and full recuperation from anti-
NMDAR encephalitis. If we do the operation as soon 
as possible, we can shorten the duration of the 
treatment. When comparing the results of treatment 
between two cases, it is clear that immunotherapy 
offers much better results. Indeed, the lesson is that 
we should try to combine both surgical and 
immunotherapy, not just remove ovarian tumors. In 
addition, early diagnosis will help patients to avoid 
severe neurological complications and restore 
memory faster. In the previous study, scientists 
indicated that ovarian teratomas accounted for 94% of 
all neoplasms which are responsible for the creation 
of anti-NMDAR encephalitis, with clinical improvement 
after tumor resection [6]. There are several methods 
of immunosuppressive treatments such as 
immunoglobulin therapy, intravenous steroids, 
plasmapheresis therapy or cyclophosphamide but if 
we just use only immunosuppressant drugs, the 
disease cannot be cured [7]. In contrast, the removal 
of ovarian tumor may be curative, so we can notice 
that all the immunosuppressive methods give the 
further support for treatment. Moreover, these drugs 
cost high prices so if the patients do not have the 
insurance, their hospital fee will be very expensive. 
When we compare with the results of other patients 
who have been reported before we see that about 
80% of patients have improvement in neurological 
symptoms after tumor removal and 
immunosuppressive treatment [3]. However, there has 
not been any specific study to evaluate the possibility 
of recurrence, the disease relapses less likely in 
patients who do not have microscopic germ cell 
tumors undetectable by imaging [8]. There are even 
patients who are discovered with ovarian tumor after 
many years since they have had neurological 
manifestations. Therefore, after being discharged from 
the hospital, the patients should be examined at follow 
up visits to prevent recurrence. In addition, these 
patients should be checked for their fertility in the 
future. 
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In conclusion, Anti-NMDA-R encephalitis can 
be defined as a diverse syndrome with a broad 
differential diagnosis, disease manifestations often 
change but the disease responds quickly if it is treated 
in the right direction. Definitive diagnosis is confirmed 
when anti – NMDA-R antibodies are determined in the 
blood or cerebrospinal fluid [7]. In order to have 
prompt diagnosis and management, the awareness 
and communication between medical professionals 
from the various specialties are necessary, the 
gynecologists have an important role to make the 
patients have positive outcome, not only treat the 
disease by removing the ovarian tumors but also 
preserve the reproductive function for patients. 
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Abstract 

BACKGROUND: β-thalassemia is one of the most common monogenic diseases worldwide. Preimplantation 
genetic testing (PGT) of β-thalassemia is performed to avoid affected pregnancies has become increasingly 
popular worldwide. In which, the indirect analysis using short tandem repeat (STRs) linking with HBB gene to 
detect different β-globin (HBB) gene mutation is a simple, accurate, economical and also provides additional 
control of contamination and allele-drop-out ADO. 

AIM: This study established microsatellite markers for PGT of Vietnamese β-thalassemia patient. 

METHODS: Fifteen (15) STRs gathered from 5 populations were identified by in silico tools within 1 Mb flanking 
the HBB gene. The multiplex PCR reaction was optimized and performed on 106 DNA samples from at-risk 
families. 

RESULTS: After estimating, PIC values were ≥ 0.7 for all markers, with expected heterozygosity and observed 
heterozygosity values ranged from 0.81 to 0.92 and 0.53 to 0.86, respectively. One hundred percent of individuals 
had at least seven heterozygous markers and were found to be heterozygous for at least two markers on either 
side of the HBB gene.  

CONCLUSION: In general, a pentadecaplex marker (all < 1 Mb from the HBB gene) assay was constituted for β-
thalassemia PGT on Vietnamese population. 

 

 

 

 

Introduction 

 

β-Thalassemia is one of the most common 
monogenic diseases, accounting for 1.5% of the 
population [1], concentrated in Central and Southern 
Asia, the Middle East, Northern Africa and the 
Mediterranean including Vietnam with the carrier. HBB 
mutations have more than 200 different types which 
have been knowns [2] lead to insufficient β-globin 
synthesis. The frequency of Vietnamese carriers 
ranged from 1.5 to 25.0% depending on ethnic group 
[3], [4], [5]. PGT-M (Preimplantation genetic testing for 
monogenic disease) promises to prevent monogenic 

disease in children born to at-risk couples by avoiding 
transferring mutation embryos to women in vitro 
fertilization. In which, PGT-M for β-Thalassemia has 
become the most common application among 
monogenic disorders. 

There have been various studies that 
established direct or indirect PGT procedure for β-
Thalassemia. Among numerous techniques, 
microsatellite markers such as STRs have provided 
many advantages in the indirect analysis. STRs are 
the repetitive DNA fragments of 2-6 bp which structure 
is highly conservative, inherited through generations 
and characteristic for each individual. The STRs is 
also highly diverse and can be amplified by PCR. 
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Thus, microsatellite markers linking with HBB gene 
has played an essential role in linkage analysis for β-
Thalassemia. 

Currently, there have been many typical 
studies on indirect linkage-based PGT for β-
thalassemia published in the world. Wen Wang (2009) 
combined the Nested-PCR method amplifying STR 
markers and minisequencing method on nine embryos 
and concluded five unaffected embryos for 
transferring [6]. Li Fan (2017) used STR markers to 
perform PGT on WGA products from 147 day-5 
embryos and identified 24 non-mutations, 38 carriers, 
and 18 mutation embryos [7]. 

Nevertheless, these direct analysis methods 
have no probability of controlling contamination and 
ADO phenomenons, which are considered as the 
main reasons leading to misdiagnosis in PGT. Thus, 
β-Thalassemia with wide range of gene and variety of 
mutations is recommended applying with indirect 
analysis method. These methods were proved to be 
sensitive, accurate, reliable and rapid to control the 
pitfalls of PCR-based PGT, including PCR failure, 
contamination, and ADO. 

Despite the preeminence of STRs, the limited 
number of researches and available markers for the 
Vietnamese population, this hampers their utility in 
linkage-based β-Thalassemia PGT. In this study, we 
developed a multi-marker panel consisting of 15 STRs 
for Vietnamese β-Thalassemia patients. The data 
suggested that the STRs set was qualified to perform 
PGT-M with high heterozygous values, number of 
heterozygous markers on each individual and the 
equal distribution of markers on either side of HBB 
gene. 

 

 

Materials and methods 

 

Control Samples for Method Optimization  

One hundred six genomic DNA samples were 
extracted from blood and amniotic fluid of at-risk 
families at the Vietnam National Institute of 
Hematology and Blood Transfusion (NIHBT), Vietnam 
from 07/2016 to 6/2018. DNA was used either to pre-
screen of microsatellite markers or to determine 
heterozygosity values of them. 

 

Short tandem repeat 

Initial selected STRs were identified based on 
the STR database and Tandem Repeat Finder 
provided by Gary Benson 
(http://tandem.bu.edu/trf/trf.html). DNA sequence 
within 1 Mb upstream and downstream of the HBB 
gene (11p15.4) (genome assembly GRCh37/hg19, 
Feb 2009, annotation) was extracted from the UCSC 

Genome Browser. Initial selection criteria for the STRs 
followed Machado 2009 [8]. The first microsatellite 
markers were subsequently compared and selected 
for Vietnamese population based on report from 
populations of Malaysia, China, and India [9]. Primers 
were designed by Primer3 Tool. UCSC In-silico PCR 
with downloaded reference DNA sequence (genome 
assembly GRCh37/hg19, Feb 2009, annotation) and 
BLAST from NCBI were used to determine and 
exclude the primer complementing with Alu and non-
specific sequences.  

 

DNA Extraction 

DNA was extracted from blood or amniotic 
fluid by Blood DNA Extraction QIAamp® DNA Mini Kit 
(Cat No./ID: 51304, QIAGEN) following the optimal 
instruction from QIAGEN Producer. Purified DNA was 
qualified and quantified by NanoDrop One 
Spectrophotometer with criteria: OD A260/A280 
between 1.7-2.0 and concentration above 10 ng/µl. 

 

PCR amplification 

Single PCR: Followed Tm of 15 primers on 
http://www.operon.com/tools/oligo-analysis-tool.aspx, 
determined the average theoretical annealing 
temperature of these 15 primer pairs which is 60°C. 
Thus, PCR single primer was conducted according to 
the temperature range set at 55°C-60°C-65°C, and 
products were analyzed on the agarose gel. Single 
PCR amplification was performed in a 50 µL reaction 
volume consisting of 2 µL genomic DNA 
(concentration: 10-20 ng/µL), 25 µL 2X QIAGEN 
Multiplex Master Mix, and 0.2 µM of each primer 
(Table 1). Thermal cycling involved an initial 15 
minutes enzyme activation at 95°C, 30 cycles of 
denaturation at 95°C for 30 seconds, annealing at 
60°C for 1 minute 30 seconds, and extension at 72°C 
for one minute, and a final extension at 60°C for 30 
minutes. 

Table 1: Singleplex PCR components (Total volume: 50 µL) 

Component Concentrattion Volume (µL/tube) 

HPLC H2O  21 
2X QIAGEN Multiplex MasterMix 1 X 25 
Forward primer 0.2 µM 1 
Reverse primer 0.2 µM 1 
DNA template  2 

 

 

Multplex PCR optimization 

Multiplex PCR was performed at optimal 
annealing temperature and primer concentrations 
initially keeping at the same concentration of 0.2 µM. 
Then, each primer concentration was adjusted based 
on product signal strength by increasing or decreasing 
0.05 µM. The multiplex PCR amplification was 
performed in 50 µl reaction consisted of 1X QIAGEN 
Multiplex PCR Master Mix, 0.05-0.4 µM of each primer 
and 100 ng DNA template; followed the protocol: an 

http://tandem.bu.edu/trf/trf.html
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initial 15 min enzyme activation at 95°C, 30 cycles of 
denaturation at 95°C for 30 seconds, annealing at 
60°C for 1 min 30 s at the first cycle and 6 additional 
seconds for every next cycle, and extension at 72°C 
for 1 min.  

 

Capillary electrophoresis  

The PCR products were fluorescently labeled 
in a 20 µL mixture consisted of 1X QIAGEN Multiplex 
MasterMix, 0.2 µM each fluorescent primer with M13 
sequences as in Table 2, following cycling condition: 
an initial denaturation step at 95°C for 15 min, 
followed by 5cycles of denaturation at 98°C for 45 s, 
annealing at 60°C for 1 min, and extension at 72°C for 
1 min, and a final extension at 72°C for 5 min. 

One µL aliquot of fluorescent PCR product 
was mixed with 8.5 µL of Hi-Di Formamide (Applied 
Biosystems, Foster City, CA, USA) and 0.5 µL of 
GeneScan 500 LIZ size standard, denatured at 95°C 
for 5 minutes, cooled to 4°C, and resolved in ABI 
3130XL Fragment Analyzer (Applied Biosystems). 
Post-electrophoresis analysis was performed using 
GeneMapper 5.0 software (Applied Biosystems). 

 

Statistical analysis 

Allele frequency, PIC, expected 
heterozygosity (He) and Observed Heterozygosity 
(Ho) of the 15 microsatellite markers were calculated 
using Microsoft Excel.  

 

 

Results 

 

Identification of STR 

Fifteen (15) STRs were identified within 1 Mb 
around the HBB gene (6 upstream STRs and nine 
downstream STRs) (Table 2). HBB4506 located 
farthest to HBB gene (0.74 Mb) and all other markers 
were comparatively closer. Thus, all STRs had high 
linkage to the HBB gene. 

Table 2: Information on initial selected STR 

No. STR Repeat Size (bp) 
Location with 

HBB gene 

1 HBB4506 (AC) n 366-398 Downstream 
2 D11S988 (TG) n 103-147 Downstream 
3 HBB4677 (AC) n 172-214 Downstream 
4 D11S2362 (AAT) n 87-123 Downstream 
5 HBB5089 (AC) n 241-265 Downstream 
6 D11S1243 (TG) n 220-256 Downstream 
7 HBB5138 (AC) n 404-428 Downstream 
8 HBB5178 (TG) n 158-192 Downstream 
9 HBB5205 (AGAT) n 401-449 Downstream 
10 D11S1760 (CA) n 195-241 Downstream 
11 HBB5576 (AAGG) n 327-369 Upstream 
12 HBB5655 (AC)n(AT) n 272-320 Upstream 
13 HBB5820 (AC)n(AG) n 311-331 Upstream 
14 HBB5859 (ATCT) n 375-417 Upstream 
15 D11S1338 (AC) n 137-157 Upstream 

 
Forward primer had an additional sequence 

for fluorescent primer M13 were shown in Table 3. 

Table 3: Information of primers for STR amplification 

STR Primer Sequence (5'-3') 
Tm 

(
o
C) 

HBB 
4506 

B1F
* GTAAAACGACGGCCAGTGGTTTGACATATCTGTGAG

GAAG 
71.9 

B1R GTTTCAGCAAGTAAATAGGGCACTG 62.9 

D11S988 
B2F

** GGTTTTCCCAGTCACGACGGACAAGAGAAAGTTGAA
CATACTG 

72.3 

B2R GTTTCCACCATTTAAGATGCCAATAAGC 63.2 

HBB 
4677 

B3F
*
 

GTAAAACGACGGCCAGTGTGTAAAAGGGCCTCTAAT
CAG 

72.1 

B3R GTTTCACTGATATACAAATGGCAAAGTG 61.7 

D11S236
2 

B4F
*
 

GTAAAACGACGGCCAGTGCTTCCCTRATCTGGAATG
AACTC 

73.2 

B4R GGGTTTCCCAGTCCTTTTAC 60.4 

HBB 
5089 

B5F
**
 

GGTTTTCCCAGTCACGACCAATTTCCTTTTCTTCTCC
CTATAC 

71.4 

B5R GTGAGTCTAGCATTTGTCTTGC 60.8 

D11S124
3 

B6F
*
 

GTAAAACGACGGCCAGTGCTGCCCTAATTCTGTCTAC
C 

73.3 

B6R GTTGTGCACYATGAAGATACAC 59.9 

HBB 
5138 

B7F
*
 

GTAAAACGACGGCCAGTGAGAAATGTCCTTTAGAGA
AATACCTTC 

71.1 

B7R GTGGAGAGGAATCTRTTACTG 59.6 

HBB 
5178 

B8F
**
 

GGTTTTCCCAGTCACGACCGTAATTGCTTTCAGTACC
ATTTATG 

71.2 

B8R GATGTATTCGTCAACAGATAAATGG 59.7 

HBB 
5205 

B9F
**
 

GGTTTTCCCAGTCACGACCCAGGGTAGGTGACATAT
AC 

73.3 

B9R GTAACTCAAAAAATGGGACCCAAAC 61.3 

D11S176
0 

B10F
**
 

GGTTTTCCCAGTCACGACACCCTGAGTGTCTTCAAAA
CTC 

72.9 

B10R GTTTCCAAKACTGCTGCATCATGAC 63.8 

HBB 
5576 

B11F
**
 

GGTTTTCCCAGTCACGACTCCTTCAGGTAAGAAGGA
GC 

73.3 

B11R CTTGAAGAGGCTAGGTGC 59.9 

HBB 
5655 

B12F
**
 

GGTTTTCCCAGTCACGACTCATTGTTTTGGTAGGTAC
TGAAAG 

71.4 

B12R AGTTGTAGTAAGTTTGTCAGGCTA 59.4 

HBB 
5820 

B13F
*
 

GTAAAACGACGGCCAGTGCTGAGATTATTTATACAGC
AACACTTG 

71.1 

B13R GTTTCCAGTTATTGGTTGCTTTAGATTAC 63.3 

HBB 
5859 

B14F
**
 

GGTTTTCCCAGTCACGACCTGTCTATTTCATCTGTCA
GCTTC 

72.5 

B14R GTTTAAAGTGTTGGCGTGAGC 60.6 

D11S133
8 

B15F
*
 

GTAAAACGACGGCCAGTGAAGGACACACAGATTCAC
TTAAAG 

71.5 

B15R GCTACTTATTTGGAGTGTGAATTTC 59.7 
 Tm means 66.6 

* Primer fluorescently labeled with HEX; ** Primer fluorescently labeled with FAM. 

 

Multiplex PCR Optimization 

Annealing temperature (Ta) and primer 
concentration optimization were performed. The 
results of Ta optimization of 15 primer were shown in 
Figure 1. 

 

Figure 1: Annealing temperature optimization of 15 STRs. 
Annealing temperature at 60°C gave clear bands and most uniform 
signal. The products were electrophoresed on 1% agarose gel, at 
120V for 30 minutes. The 10 µl sample was each well 



Basic and Clinical Medical Researches in Vietnam 
_______________________________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________________________ 

4386                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

The optimal annealing temperature showed 
clear bands and fair signals for all 15 primers (Figure 
1). We finally concluded that 60°C was the optimal 
annealing temperature.  

After adjusting primer concentrations (0.05-
0.4 µM), optimal Multiplex PCR gave clear peaks. The 
PCR products were fluorescently labeled for capillary 
electrophoresis (Figure 2). 

 

Figure 2: Representative electropherogram of multiplex PCR 
product after optimization 

 

 

Polymorphism evaluation 

To determine the polymorphism and 
informativeness of the 15 markers, the allele 
frequencies, PIC, He, and Ho values of each marker 
were calculated. Most STRs sequences were 
successfully amplified in all individuals except 
D11S1760 (84/106) and HBB5655 (81/106) caused by 
PCR Failure. 

In summary, 270 alleles were observed with 
11-28 alleles per marker. Allele frequency ranged 
from 0.0047 to 0.3255 (Table 4). All marker had PIC 
values of ≥ 0.7 and among these markers ranged, 
HBB5178 showed the lowest polymorphism (0.79), 
and D11S1760 showed the highest polymorphism 
(0.91). 

The data showed that He values ranged from 
0.81 (HBB5138) to 0.92 (D11S1760), and all markers 
had Ho values of ≥ 0.5, guaranteeing high 
polymorphic information. The Ho values of markers 
ranged from 0.53 (HBB5655)-0.86 (HBB5205). Thus, 
HBB5205 was the most informative marker, while 
HBB5655 was the least informative marker. 
Furthermore, the number of heterozygous markers of 
each individual was also counted.  

Data showed 100% of individuals had at least 
seven heterozygous markers (Figure 4). Also, all were 
observed to be heterozygous for at least two markers 
on either side of the HBB gene (Figure 5). Based on 
the results, all 15 markers are high in polymorphism 
and informativeness for the Vietnamese population. 

 

 

Table 4: Distribution of observed allele frequencies of 15 
microsatellite markers 

HBB4506   D11S988  HBB4677  D11S2362  HBB5089 

Allele Frequency   Allele Frequency  Allele Frequency  Allele Frequency  Allele 
Frequenc

y 
364  0.0094   115 0.0472  173 0.0047  99 0.0048  242 0.0142 
369  0.0283   116 0.0236  179 0.0047  101 0.0095  243 0.0425 
371  0.0566   120 0.0047  183 0.0283  103 0.0095  244 0.0189 
372  0.0047   121 0.0142  184 0.0047  104 0.0429  248 0.0142 
373  0.1651   122 0.0283  185 0.2123  105 0.0048  249 0.0236 
375  0.0755   123 0.0189  186 0.0283  106 0.1095  250 0.0991 
376  0.0047   124 0.2783  187 0.0047  107 0.2048  251 0.1321 
377  0.0094   125 0.0142  188 0.0047  108 0.0048  252 0.0519 
380  0.1651   126 0.1038  190 0.0142  109 0.219  253 0.0142 
381  0.1462   128 0.1274  191 0.0047  110 0.0857  254 0.0472 
382  0.066   129 0.0047  192 0.0094  111 0.0095  255 0.0896 
383  0.0425   130 0.0472  193 0.0189  112 0.1  256 0.1274 
384  0.1509   131 0.0094  194 0.1085  113 0.1095  257 0.283 
385  0.0142   132 0.033  195 0.1179  114 0.0095  258 0.0142 
386  0.0142   134 0.0189  196 0.0236  115 0.019  259 0.0094 
387  0.0047   136 0.0613  197 0.0236  116 0.0286  260 0.0189 
388  0.0377   137 0.1132  198 0.0047  118 0.0048  242 0.0142 
390  0.0047   138 0.0189  200 0.0189  119 0.0143  243 0.0425 
    139 0.0189  201 0.0047  121 0.0095  244 0.0189 
    140 0.0047  203 0.0189       
    141 0.0047  204 0.0755       
    143 0.0047  205 0.0566       
       206 0.1321       
       207 0.0472       
       208 0.0047       
       210 0.0142       
       212 0.0047       
       213 0.0047       
D11S1243   HBB5138  HBB5178  HBB5205  D11S1760 

Allele Frequency   Allele Frequency  Allele Frequency  Allele Frequency  Allele 
Frequenc

y 
224  0.0047   404 0.0802  164 0.1557  392 0.0047  201 0.0833 
235  0.0047   405 0.3208  165 0.1698  409 0.0047  202 0.0476 
236  0.0094   406 0.0142  166 0.1179  413 0.0094  203 0.0893 
237  0.0094   414 0.0189  167 0.1274  417 0.0802  204 0.0179 
238  0.0283   415 0.0047  168 0.0094  418 0.0047  205 0.0476 
239  0.0943   416 0.0047  169 0.0142  420 0.0047  206 0.0119 
240  0.1415   417 0.0189  170 0.0377  421 0.2311  210 0.1607 
241  0.0189   418 0.184  171 0.3255  422 0.0142  211 0.0476 
242  0.1651   419 0.1557  172 0.0189  425 0.2358  213 0.006 
243  0.1085   420 0.1368  173 0.0094  426 0.0047  214 0.119 
244  0.2406   421 0.033  177 0.0047  429 0.2217  215 0.0417 
245  0.033   422 0.0142  181 0.0047  430 0.0189  216 0.0238 
246  0.066   423 0.0094  183 0.0047  431 0.0283  217 0.006 
247  0.0189   424 0.0047     433 0.066  218 0.0893 
248  0.0283         435 0.0472  219 0.0357 
249  0.0047         437 0.0094  221 0.006 
250  0.0189         439 0.0047  222 0.0238 
254  0.0047         440 0.0047  226 0.006 
          442 0.0047  227 0.0298 
             228 0.0714 
             230 0.0119 
             231 0.0119 
             277 0.0119 
HBB5576   HBB5655  HBB5820  HBB5859  D11S1338 

Allele Frequency   Allele Frequency  Allele Frequency  Allele Frequency  Allele 
Frequenc

y 
330  0.0047   283 0.0123  294 0.0047  374 0.0047  142 0.0047 
338  0.0047   284 0.0988  313 0.0047  383 0.283  143 0.1651 
339  0.0047   285 0.1049  315 0.1179  384 0.1604  144 0.1274 
340  0.0283   286 0.0556  316 0.0991  387 0.0755  145 0.0142 
341  0.0094   287 0.0123  317 0.2877  388 0.0472  146 0.0236 
342  0.0425   288 0.0679  318 0.0472  391 0.0991  147 0.0047 
343  0.1368   289 0.179  319 0.1038  392 0.1226  149 0.033 
344  0.0708   290 0.1543  320 0.0094  395 0.0236  150 0.217 
345  0.0425   291 0.0247  321 0.0189  396 0.1274  151 0.0377 
346  0.0472   292 0.0494  323 0.0047  397 0.0094  152 0.2311 
347  0.1415   293 0.0247  324 0.0377  400 0.0472  153 0.0943 
348  0.0142   294 0.037  325 0.0472     154 0.033 
349  0.0142   315 0.0247  326 0.0142     156 0.0094 
350  0.2217   316 0.0864  327 0.0094     157 0.0047 
351  0.0047   318 0.0617  328 0.0236       
352  0.0142   325 0.0062  329 0.1274       
353  0.1179      330 0.0283       
354  0.0377      331 0.0094       
357  0.0377      333 0.0047       
360  0.0047              

 

In general, the study had established a high 
polymorphic STR panel and relatively close with HBB 
gene. The panel should be potential to perform PGT 
for β-thalassemia  

Table 5: Observed Heterozygosity, Expected Heterozygous and 
Polymorphic Information Content values of 15 STRs 

Order Markers Heterozygous Total Ho He PIC 

1 HBB4506 84 106 0.79 0.883 0.872 
2 D11S988 87 106 0.82 0.87 0.86 
3 HBB4677 90 106 0.85 0.896 0.888 
4 D11S2362 88 105 0.84 0.865 0.851 
5 HBB5089 75 106 0.71 0.859 0.847 
6 D11S1243 86 106 0.81 0.866 0.853 
7 HBB5138 59 106 0.56 0.811 0.789 
8 HBB5178 67 106 0.63 0.809 0.785 
9 HBB5205 91 106 0:86 0.827 0.805 
10 D11S1760 53 84 0.63 0.919 0.914 
11 HBB5576 83 106 0.78 0.883 0.873 
12 HBB5655 43 81 0.53 0.898 0.89 
13 HBB5820 70 106 0.66 0.858 0.846 
14 HBB5859 85 106 0.80 0.842 0.825 
15 D11S1338 68 106 0.64 0.843 0.824 

 

 



Truong et al. Short Tandem Repeats Used in Preimplantation Genetic Testing of Β-Thalassemia: Genetic Polymorphisms For 15 Linked Loci 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2019 Dec 30; 7(24):4383-4388.                                                                                                                                                4387 

 

Discussion 

 

For many years, despite medical advances, 
the treatment of a β-Thalassemia patient still confronts 
many obstacles because it is impossible to completely 
treat the disease. Along with the treatment of 
individuals with β-Thalassemia, the application of 
PGT-M to help at-risk couples of having healthy 
babies is an extensively studied field. 

 

Figure 4: Percentage of individuals for number of heterozygous 
markers 

 

 Direct techniques have been commonly 
applied in diagnosis. However, for a wide gene such 
as HBB with a various kind of mutations, direct 
methods may be ineffective when using Multiplex 
PCR to simultaneously amplify many mutation 
sequences, and indirect techniques applying 
microsatellite markers should be the only option for 
this situation. 

 

Figure 5: Percentage of individuals heterozygous for different 
numbers of upstream and downstream flanking microsatellite 
markers (n = 106) 

 

The application of both direct and indirect 
techniques will increase the accuracy of the diagnosis. 
Therefore, linked markers play an essential role in 
PGT-M β-Thalassemia disease. There have been 
many studies of microsatellite markers [10], [11], [12], 
[13], [14], [15], [16], [17], but the number of STRs is 
still limited, so the detection of new STRs and surveys 
on different populations are crucial. 

In this study, we developed a linked-marker 
set consisting of 15 STRs used for PGT-M of 
Vietnamese β-Thalassemia patients. Fifteen published 

STR located < 1 Mb distance from HBB were 
successfully amplified in one PCR amplification on 
Vietnamese at-risk individuals with high results in Ho, 
He and PIC estimation. We observed that 100% 
individuals were heterozygous for at least 7 of the 15 
markers and at least 2 of these heterozygous markers 
were on either side of HBB gene, reliably proving the 
high polymorphism and informativeness of them in 
most if not all Vietnamese β-Thalassemia cases. 

The studied STRs panel was first established 
and researched on five populations by Cheng [9]. Our 
data on Vietnamese cases were consistent with their 
result and replicated the previous result in the 
Vietnamese Population Beside the PCR failure 
happening with D11S1760 (84/106) and HBB5655 
(81/106), other STRs were successfully amplified with 
no contamination and ADO phenomenons. Most 
previous PGT-M on β-Thalassemia cases included 
nested-multiplex PCR, however by combining 15 
microsatellite markers into a standard multiplex PCR 
reaction, nested PCR should be removed. For the lack 
of available published STRs on Vietnamese 
population, establishment of STR set that compatible 
with Vietnamese population contributed great support 
to decline the high rate of Vietnamese β-Thalassemia 
carriers. 

STRs contained different polymorphism and 
informativeness, but all showed the high values of 
PIC, Ho, He proving their clinical application. Our 
method had high sensitivity and specificity along with 
sufficient contamination and ADO monitoring. 
Microsatellite markers became a reliable tool when 
using alone in indirect mutation detection or 
conjunction with direct mutation detection for more 
precise diagnosis. Besides, this method required 
highly trained staffs, accurate instrument, and optimal 
procedures. Therefore, a particular training program 
needs carrying out before performing this method. 

In addition to the previous study from different 
populations, the STRs panel continuously showed 
tremendous potential when applying on various kinds 
of population. Thus, we suggest applying this STRs 
panel for PGT in clinical cases. 

In conclusion, All 15 STR markers were 
polymorphic and informative with high Ho, He and 
PIC. At least 7 of 15 markers were informative for 106 
studied individuals, and all were observed to be 
heterozygous for at least two markers on either side of 
the HBB gene. Thus, these STRs markerhave 
significant meaning when applied in PGT-M widely. 
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Abstract 

BACKGROUND: Lung volume reduction surgery (LVRS) was introduced to alleviate clinical conditions in selected 
patients with heterogenous emphysema. Clarifying the most suitable patients for LVRS remained unclear. 

AIM: This study was undertaken to specifically analyze the preoperative factor affecting to LVRS. 

METHODS: The prospective study was conducted at 103 Military Hospital between July 2014 and April 2016. 
Severe heterogenous emphysema patients were selected to participate in the study. The information, spirometry, 
and body plethysmographic pulmonary function tests in 31 patients who underwent LVRS were compared with 
postoperative outcomes (changing in FEV1 and CAT scale). 

RESULTS: Of the 31 patients, there was statistically significant difference in the outcome of functional capacity, 
lung function between two groups (FEV1 ≤ 50% and > 50%) (∆FEV1: 22.46 vs 18.32%; p = 0.042. ∆CAT: 6.85 vs 
5.07; p = 0.048). Changes of the FEV1 and CAT scale were no statistically significant differences in three groups 
residual volume. Patients with total lung capacity < 140% had more improved than others (∆FEV1: 23.81 vs 
15.1%; p = 0.031). 

CONCLUSION: Preoperative spirometry and body plethysmographic pulmonary function tests were useful 
measures to selected severe heterogenous emphysema patients for LVRS. Patients with FEV1 ≤ 50%, TLC in the 
range of 100-140% should be selected. 

 

 

 

 

 

Introduction 

 

Emphysema is an incurable with high 
prevalence in adults worldwide [1]. It has been treated 
according to the guideline of GOLD [1]. In severe 
emphysema, treatment included lung volume 
reduction (LVR) therapy in accordance with medical 
treatment to maximize clinically meaningful benefits 
[2]. Three common LVR therapies were surgery, 
endobronchial valve, endobronchial coil but each 
therapy was considered to feasible in selected 
patients [2]. LVR coil treatment for bilateral lung 
emphysema resulted in good safety and sustained 
outcomes with significant clinical improvements [3]. 

Endobronchial valves for intact interlobar fissures in 
emphysema improved significantly in lung function [4]. 
In severe emphysema with selected cases, LVRS has 
been showed good outcomes [5]. It was more widely 
used in the treatment of emphysema [6], [7] with 
selection criteria depended on characteristics of 
diseases and patients. In most series, LVRS was 
chosen for patients who had heterogenous 
emphysema with upper lobes occupying almost that 
present in about 25 percent of moderate-to-severe 
patients [8]. Thus, the benefit of LVRS did not 
generate to all patients. The reason behind this is that 
LVRS is suitable for selecting patients. It showed 
effective in patients with bilateral upper lobe 
heterogeneous emphysema but did not use for the 
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arbitrary patient [9]. The NETT study pointed out the 
condition that benefits for LVRS were heterogenous 
disease, low baseline exercise capacity, and upper 
lobe predominance [5]. Beyond the NETT selection 
criteria, more patients with different conditions also 
can be suitable for LVRS [10]. To get successful 
outcomes, patient selection and preoperation care 
were crucial [11]. 

Clarifying the most suitable patients for LVRS 
remained unclear. This study, therefore, was 
undertaken to specifically analyze the preoperative 
factor affecting to this surgery. This contributed to 
further refine the selection criteria when LVRS is 
performed for patients with severe heterogeneous 
emphysema. 

 

 

Materials and Method 

 

Patients  

This prospective study was conducted at 103 
Military Hospital between July 2014 and April 2016. 
Severe emphysema patients were selected to 
participate in the study. Patients had inclusion and no 
exclusion criteria underwent LVRS. Selecting criteria 
for LVRS showed in Table 1. Indications for LVRS 
included clinical symptom (severe dyspnea), 
spirometry (airflow obstruction), and image of 
emphysema (on chest radiography and computed 
tomographic (CT) scanning). Any history of childhood 
asthma/atopy, bronchiectasis, inhalation injury or 
drug-caused bronchiolitis was excluded from the 
study. 

Table 1: Selecting criteria for LVRS 

Inclusion criteria 

Age 40-80 years  
Severe, heterogeneous emphysema, at CT 
Forced expiratory volume in one second ≤ 60% but > 20% 
Residual volume ≥ 150% 
Total lung capacity ≥ 100% 
Resting room PaO2 > 45 mmHg 
Quit smoking since at least 4 months 

 

 

Evaluation before surgery 

Six months before performing surgery, all 
patients stopped cigarettes and six-week before that, 
a pulmonary rehabilitation program for all patients was 
required. The final routine evaluation for surgery was 
managed without abnormal findings [12], [13], [14]. 
Patients had any contraindications to surgery at that 
time were excluded such as severe concurrent 
diseases, pleural scarring, pulmonary-artery 
hypertension or; using inappropriate glucocorticoids; 
and failure to complete the requirements above before 
surgery [5]. Dividing patients into two groups: group 1: 
17 patients with FEV1 ≤ 50% before surgery and 
group 2: 14 patients with FEV1 > 50% before surgery. 

Surgical Technique 

Choosing a surgical technique depended on 
the condition of patients [15]. After placing lateral 
decubitus position, general anesthesia was used with 
provision for single-lung ventilation. Unilateral 
thoracoscopic surgery was performed in 6 patients 
and video-assisted thoracoscopic surgery (VATS) was 
performed in 25 patients to reduce lung volume. 
Approximately about 30% of the lung (estimating 30-
40 grams) was resected (Figure 1). 

 

Figure 1: Lung resection in lung volume reduction surgery (LVRS) 

 

Follow-up 

Three months after surgery, change FEV1 
and CAT scale were compared to evaluate the 
valuable index for LVRS. 

 

Statistical Analysis 

Using SPSS ver. 20.0 software (IBM 
Corporation, Armonk, NY, USA) to analyze. 
Descriptive analysis was presented as a means ± 
standard deviations. Using Student’s paired t-test to 
compare with p-value that considered statistically 
significant was < 0.05. 

 

 

Results 

 

Patients’ characteristics  

Thirty-one patients participated in and 
completed the study. There were no hospital deaths in 
all group, no patient died three months after surgery. 
Preoperative patient’s characteristics showed in Table 
2. Functional capacity was assessed by the COPD 
Assessment Test scale (CAT). Spirometry 
demonstrated FEV1, TLC, and RV. All FEV1 values 
were less than normal with the mean was 49.46 
percent and the lowest value was 23 percent. TLC 
was only minimally elevated with the value was more 
than 100 percent. Whereas RV was significantly 
elevated with patients, the value was more than 150 
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percent in all patients and the maximum value was 
479 percent. 

Table 2: Preoperative characteristics 

Characteristics Value 

Age (years) 62.13 ± 5.77 
Gender (M/F) 31 / 0 
CAT scale 18.42 ± 5.57 

Forced expiratory volume in one second (FEV1) 
Mean (%) 49.46 ± 12.22 
≤ 50% 17 
> 50% 14 
Geansler index (%) 58.0 ± 11.93 

Total lung capacity (TLC) 
Mean 137.29 ± 23.83 
Range 106-227 

Residual volume (RV) 
Mean 219.25 ± 72.14 
Range 153-479 

 
 

Postoperative outcome 

After LVRS, FEV1 significantly increased as a 
whole. Two groups were compared before surgery 
and three months after surgery. Detail information 
showed in Table 3. Changes in FEV1 and CAT scale 
in group 1 was 22.46% and 6.85. Group 1 had more 
improved than group 2. 

Table 3: Comparison between two groups 

Variable 
∆FEV1 

Mean (95% CI) 
∆CAT 

Mean (95% CI) 

FEV1   
≤ 50% 22.46 (7.75 – 37.16) 6.85 (5.84 – 7.4) 
> 50% 18.32 (7.55 – 29.10) 5.07 (3.36 – 6.77) 
 Significance p = 0.042 p = 0.048 

RV   
 150-200% 19.81 (7.33 – 32.28) 5.3 (3.81 – 6.79) 
 200-250% 29.75 (8.87 – 50.64) 7 (5.11 – 8.88) 
> 250% 16.37 (9.90 – 42.73) 6.4 (3.97 – 8.82) 
 Significance p = 0.123 p = 0.19 

TLC   
100 – 140% 23.81 (10.21 – 37.41) 5.76 (4.45 – 7.06) 
> 140% 15.10 (7.23 – 22.97) 6.27 (4.68 – 7.86) 
 Significance p = 0.031 p = 0.6 

 
 

Patient with a preoperative RV less than 
200%, the mean of change FEV1 was 19.81% and 
change of CAT scale was 5.3. The FEV1 increased 
29.75% for patients with RV from 200 to 250% 
compared with 16.37% for patients with RV greater 
than 250% (p > 0.05). Preoperative, 10 patients had 
TLC than 100% and less than 140% of the predicted 
value. Their postoperative mean FEV1 increased by 
23.81% compared with 15.10% changes in patients 
with preoperative TLC greater than 140% of the 
predicted value. 

 

 

Discussion 

 

LVRS showed more benefits in the patient 
with severe heterogeneous emphysema in terms of 
many clinical outcomes [16]. One of the key factors to 
achieve these benefits is selecting the right 
candidates for surgery. It includes general risk and the 
emphysema characteristics regarding morphology and 

function. From morphological perspectives, the 
diseased regions in emphysema were detected by 
computed tomography densitometry [17]. It helped to 
target and treat with segmental approach that was 
promise method to improve efficacy and safety 
outcomes.[18] But from functional perspectives, many 
questions for the selection of ideal candidates for 
LVRS remained unclear [19]. 

The core concept of LVRS is resecting non-
functional areas to allow improving functional areas 
[20]. This is why it does not benefit in the case of 
patients who had airway obstruction. In our study, we 
reasoned that spirometry and body plethysmographic 
pulmonary function tests would be valuable factors in 
selecting patients for LVRS. In patients with highly 
airway resistance, the expiratory flow seems to not 
improving in response to LVRS [21], [22]. Vice versa, 
lung function improved when performing LVRS in 
patients with less airway resistance [23], [24], [25], 
[26]. In line with the lung function test, functional 
capacity assessed by CAT that presented the 
limitation of activity with moderate-to-severe level [27], 
[28]. It is valuable indicator to fully evaluate patients 
after LVRS. 

In this study, the measures of clinical 
outcomes include changing in FEV1 and changing in 
CAT scale. After LVRS, the apparent improvement in 
FEV1 and CAT scale has improved quality of life, 
reduced dyspnea, and increased physical activities. 
The improvement in clinical outcomes following LVRS 
best correlates with the activity of respiratory muscle. 
Patients with FEV1 ≤ 50% have relatively severe 
obstruction. Meanwhile, patients with FEV1 > 50% of 
the degree of dyspnea and moderate obstruction, and 
the improvement was not as obvious as the FEV1 
group under 50%. However, the patients who have 
too low FEV1 face a high risk of complications after 
surgery, especially those with FEV1 below 20% [29]. 
In addition, TLC is also a factor in recommending 
patients for LVRS. In our study, the results showed 
that TLC patients in the range of 100-140% given 
better postoperative results than patients with TLC 
above 140%. High TLC patients exhibit severe 
emphysema. With these patients, the lung 
parenchyma was less elastic, reducing perfusion, so 
LVRS recovery was also worse than that of the small 
TLC group. Our data showed that it was reasonable to 
perform LVRS on the patients with FEV1 ≤ 50 and 
TLC < 140 percent of the predicted value. These 
findings will optimize evaluating patients with 
heterogeneous emphysema who consider for LVRS. 

In conclusion, preoperative spirometry and 
body plethysmographic pulmonary function tests were 
useful measures to selected severe heterogenous 
emphysema patients for LVRS. Patients with FEV1 ≤ 
50%, TLC in the range of 100-140% should be 
selected. 
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Abstract 

BACKGROUND: Evaluating the antibiotic susceptibility and resistance genes is essential in the clinical 

management of bloodstream infections (BSIs). But there are still limited studies in Northern Vietnam. 

AIM: The aim of the study was to determine the antibiotic resistance profile and characteristics of subtypes genes 
in Escherichia coli causing BSIs in Northern Vietnam. 

METHODS: The cross-sectional study was done in the period from December 2012 to June 2014 in two tertiary 

hospitals in Northern Vietnam. Tests were performed at the lab of the hospital. 

RESULTS: In 56 E. coli strains isolating 39.29 % produced ESBL. 100% of the isolates harbored blaTEM gene, 
but none of them had the blaPER gene. The prevalence of ESBL producers and ESBL non-producers in blaCTX-
M gene was 81.82%, and 73.53%, in blaSHV gene was 18.18% and 35.29%. Sequencing results showed three 
blaTEM subtypes (blaTEM 1, 79, 82), four blaCTX-M subtypes (blaCTX-M-15, 73, 98, 161), and eight blaSHV 
subtypes (blaSHV 5, 7, 12, 15, 24, 33, 57, 77). Antibiotic resistance was higher in ampicillin (85.71%), 
trimethoprim/sulfamethoxazole (64.29%) and cephazolin (50%). Antibiotics were still highly susceptible including 
doripenem (96.43%), ertapenem (94.64%), amikacin (96.43%), and cefepime (89.29%). 

CONCLUSION: In Escherichia coli causing BSIs, antibiotic resistance was higher in ampicillin, 

trimethoprim/sulfamethoxazole and cephazolin. Antibiotics was highly susceptible including doripenem, 
ertapenem, amikacin, and cefepime. 

 

 

Introduction 

 

Escherichia coli (E. coli) took the highest 
position in causative gram-negative bacterium from 
bloodstream infection (BSIs) patients in Asia region 
[1]. It led to severe infections with a high rate of shock 
and mortality [2]. Currently, the worldwide incidence of 
E. coli BSI is still increasing over time [3] with the 
overall incidence increased year on year [4] that 
suggested an increasing burden of disease [5]. The 
estimation of infections worldwide showed that third-
generation cephalosporin-resistant E. coli and K. 
pneumoniae caused 6.4 million (interval estimate 3.5-

9.2) BSIs and 50.1 million (27.5-72.8) serious 
infections in 2014[6]. In addition, it was difficult to treat 
because of the emergence of multi-drug resistance 
(MDR) of E. coli [7]. Thus, evaluating antibiotic 
susceptibility is essential to decide what types of 
antibiotics and what appropriate doses that improving 
treatment efficiency and minimizing the antibiotic 
resistance rate. Over 20 years, the susceptibility of E. 
Coli BSIs was alarmed with the prevalence 
of antimicrobial-resistant isolates was increased [8]. In 
these cases, the patients had a worse prognosis with 
partial effect on correct empirical treatment [9]. 
Antimicrobial resistance-related encoding gene in 
each E. coli strain. Extended-spectrum β-lactamases 
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(ESBLs) was one of the most important genes [10]. It 
minimized the antibiotic efficiency in treatment [11]. 
Besides, the ability of inter-transmission within 
different E. Coli strains and transmission between E. 
Coli and other bacteria led to the state of becoming 
widespread resistance genes around the world. It 
becomes public-health concern [12] with increasing 
burden and cost of hospital-acquired infections [13], 
[14]. 

In Vietnam, there was one study in Northern 
Vietnam showed 25.1% of ESBLs among 
Enterobacteriaceae causing BSIs [15] but there are 
still limited studies in Northern Vietnam. Thus, this 
study aims to determine the antibiotic resistance 
profile and characteristics of subtypes genes in 
Escherichia coli causing bloodstream infections in 
Northern Vietnam. 

 

 

Materials and Methods 

 

The cross-sectional study was done in the 
period from 12/2012 to 6/2014 in two tertiary hospitals 
in Northern Vietnam (National Hospital of Tropical 
Diseases and 103 Military Hospital). Isolating from 
hospitalized BSIs patients in two hospitals 56 E. coli 
strains were inoculated in BHI Broth with 20% glycerol 
after being identified at the labs of these two hospitals. 

Antimicrobial susceptibility assessed through 
MIC test by VITEK

®
2 Compact (BioMérieux, France and 

provided by DEKA Limited Liability Company) 
standardized by CLSI [16]. Antibiotics which has been 
used are were (with number coding - abbreviation): 
amikacin (1-AK), ampicillin (2-AM), ceftazidime (3-
CAZ), ciprofloxacin (4-CIP), ceftriaxone (5-CRO), 
cefazolin (6-CZ), doripenem (7-DOR), ertapenem (8-
ETP), cefepime (9-FEP), gentamycin (10-GM), 
levofloxacin (11-LVX), ampicillin/sulbactam (12-SAM), 
trimethoprim/sulfamethoxazole (13-SXT), tobramycin 
(14-TM) , piperacillin/tazobactam (15-TZP). 

Using QIAamp DNA Mini Kit (USA) for DNA 
extraction (including isolation and quantification), we 
performed the experimental procedure according to 
manufacturer’s instruction. PCR amplification 
performed in PCR master mix (Invitrogen – USA) that 
consisted of 200 µM of each dNTPs (dATP, dCTP, 
dGTP, dTTP), 100 pM primers, 1 U Taq DNA 
polymerase, 10 mM Tris-HCl, 50 mM KCl, 1,5 mM 
MgCl2 and 10 µl DNA template. Specific primers for 
blaTEM, blaSHV, blaCTX-M, blaPER genes showed in Table 
1. The experiments were performed using the protocol 
with 30 cycles that each of them consisted of 3 steps 
including denaturing (95°C for 30 seconds), annealing 
(58, 57, 60, 54°C for 30 seconds), elongating (72°C 
for 1 minute). PCR products were performed 
electrophoresis, imaged routinely and sequenced. The 
sequence of PCR products was compared with the 

original gene’s sequence on GenBank to confirm 
blaTEM, blaSHV, blaCTX-M and blaPER gene. 

Table 1: Specific primers for blaTEM, blaSHV, blaCTX-M, 
blaPER genes 

Target 
gene 

Primer Nucleotide sequence (5’ – 3’) Size (bp) 
AT 
(°C) 

blaTEM 
TEM-F 
TEM-R 

5’ – TGC GGT ATT ATC CCG TGT TG – 3’ 
5’ – TCG TCG TTT GGT ATG GCT TC – 3’ 

300 52.2 

blaSHV 
SHV-F 
SHV-R 

5’ – TCT CCC TGT TAG CCA CCC TG – 3’ 
5’ – CCA CTG CAG CAG CTG C – 3’ 

600 51.2 

blaCTX-M 
CTX-M-F 
CTX-M-R 

5’ – CGA TGT GCA GTA CCA GTA A – 3’ 
5’ – TTA GTG ACC AGA ATC AGC GG – 3’ 

650 60 

blaPER 
PER-F 
PER-R 

5’ – ATG AAT GTC ATT ATA AAA GC – 3’ 
5’ – TTA ATT TGG GCT TAG GGC AGA A – 3’ 

933  

 

Statistical Analysis 

The statistical analysis was conducted using 
the R language [17]. Graphics also were performed by 
R language (version 3.5.2). The analysis of such 
enormous volumes of information in the acquisition of 
data from 56 strains, each strain companion with 
subtype genes (three blaTEM subtypes, four blaCTX-M 
subtypes, eight blaSHV subtypes) and 15 antibiotics 
with 3 level of resistance (susceptible, intermediate, 
resistance). For this reason, we used R language to 
analyze. 

 

 

Results 

 

Clinical characteristics of the patient in this 
study showed in Table 2. 

Table 2: Clinical characteristics of patients 

Age (subgroup) 
16-19 
20-29 
30-39 
40-49 
50-59 
≥ 60 

 
0 (0) 

8 (14.29) 
3 (5.36) 

9 (16.07) 
17 (30.35) 
19 (33.93) 

Gender 
Male 
Female 

 
37 (66.07) 
19 (33.93) 

History of medical condition 
Cirrhosis 
Self-report alcoholism 
Diabetes 
Hypertension 
Long-term corticosteroid use 
Renal failure 
Pregnancy 
Spinal cord injury 
Urinary tract stone 
Heart failure 
Cancer 
No 

 
13 (23.21) 
10 (17.86) 
8(14.29) 
6 (10.71) 
4 (7.14) 
2 (3.57) 
2 (3.57) 
1 (1.79) 
1 (1.79) 
1 (1.79) 
1 (1.79) 
7 (12.5) 

Time to hospitalization 
< 5 
5-14 
> 14 

 
40 (71.43) 
14 (25.00) 

2 (3.57) 

 

Among 56 E. coli strains isolated analyzed, 
39.3% strains were identified as producing ESBL. 
Detail information of sequencing results showed in 
Table 3 highlighting three blaTEM subtypes (blaTEM 1, 
blaTEM 79, blaTEM 82), four blaCTX-M subtypes (blaCTX-M-
15, blaCTX-M-73, blaCTX-M-98, blaCTX-M-161), and eight 
blaSHV subtypes (blaSHV-5, blaSHV-7, blaSHV-12, blaSHV-
15, blaSH -24, blaSHV-33, blaSHV-57, blaSHV-77). 
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Table 3: ESBL-producing E. coli strains and ESBL encoding 
genes 

Result Number of strains (n = 56) 
Percentage (%) 

 

ESBL-positive 22 (39.29 %) 
ESBL-negative 34 (60.71 %) 
blaTEM  

TEM-1 
TEM-79 
TEM-82 
 

56 
34 
19 
3 

blaCTX-M  
CTX-M-15 
CTX-M-73 
CTX-M-98 
CTX-M-161 

 

43 
12 
11 
17 
3 
 

blaPER 0 
blaSHV  

SHV-5 
SHV-7 
SHV-12 
SHV-15 
SHV-24 
SHV-33 
SHV-57 
SHV-77 

16 
3 
2 
6 
1 
1 
1 
1 
1 

blaTEM + blaCTX-M 32 (57.2 %) 
blaTEM + blaSHV 5 (8.9 %) 
blaTEM + blaSHV + blaCTX-M 11 (19.6 %) 

 

The results of gene analysis revealed that 
100% of isolates harbored blaTEM gene, but none of 
them had the blaPER gene (Table 4). The prevalence 
of blaCTX-M gene of overall strains, ESBL-producing, 
and non-ESBL-producing were 76.79%, 81.8%, and 
73.5%, respectively. The prevalence of blaSHV gene 
among ESBL-producing and non-ESBL-producing 
strains were 18.2% and 35.3%. More information 
showed in Table 4. 

Table 4: Encoding gene of ESBL subtypes 

 
Gene 

ESBL-positive 
(n = 22) 

ESBL-negative 
(n = 34) 

(+) (-) (+) (-) 

n (%) n (%) N (%) n (%) 

blaPER   22 100   34 100 
blaTEM  
 

22 100   34 100   

blaTEM + blaCTX-M 18 81.82 4 18.18 25 73.53 9 26.47 
blaTEM + blaSHV 4 18.18 18 81.82 12 35.29 22 64.71 
blaTEM + blaSHV + blaCTX-M 3 13.64 19 86.36 8 23.53 26 76.47 

 

Figure 1 showed a high prevalence of 
resistance to ampicillin (AM-85.7% of strains), 
trimethoprim/sulfamethoxazole (STX-64.3% of 
strains), cephazolin (CZ-50% of strains), ciprofloxacin 
(CP-35.7% of strains) and levofloxacin (LVX-35.7% of 
strains).  

 

Figure 1: Antibiotic resistance profile; Antibiotics are 1 to 15 
following 15 antibiotic have been coded Amikacin (1-AK); Ampicillin 
(2-AM); Ceftazidime (3-CAZ); Ciprofloxacin (4-CIP); Ceftriaxone (5-
CRO); Cefazolin (6-CZ); Doripenem (7-DOR); Ertapenem (8-ETP); 
Cefepime (9-FEP); Gentamycin (10-GM); Levofloxacin (11-LVX); 
Ampicillin/Sulbactam (12-SAM); Trimethoprim/sulfamethoxazole 
(13-SXT); Tobramycin (14-TM); Piperacillin/Tazobactam (15-TZP) 

 

Figure 2 showed highly active antibiotics such 
as doripenem (DOR-96.4% of strains), ertapenem 
(ETP-94.6% of strains), amikacin (AK-96.4% of 
strains), and cefepime (PEP-89.3% of strains). In 
each antibiotic, detail information of genes was 
shown. 

 

Figure 2: Antibiotic sensitivity profile; Antibiotics are 1 to 15 
following 15 antibiotic have been coded Amikacin (1-AK); Ampicillin 
(2-AM); Ceftazidime (3-CAZ); Ciprofloxacin (4-CIP); Ceftriaxone (5-
CRO); Cefazolin (6-CZ); Doripenem (7-DOR); Ertapenem (8-ETP); 
Cefepime (9-FEP); Gentamycin (10-GM); Levofloxacin (11-LVX); 
Ampicillin/Sulbactam (12-SAM); Trimethoprim/sulfamethoxazole 
(13-SXT); Tobramycin (14-TM); Piperacillin/Tazobactam (15-TZP) 

 

Figure 3 showed that in patients who carried 
gene had high rate of antibiotic resistance with the 
main antibiotics were ceftazidime (3-CAZ), cefazolin 
(6-CZ), doripenem (7-DOR), gentamycin (10-GM), 
levofloxacin (11-LVX), ampicillin/sulbactam (12-SAM), 
trimethoprim/sulfamethoxazole (13-SXT) in line with 
blaCTX-M gene with the same allocation. Tobramycin 
(14-TM) with intermediate response had blaSHV and 
blaTEM as main genes. Figure 3 supported Figures 1 
and 2 to visualize the association between gene and 
antibiotic resistance. 

 

Figure 3: The antibiotic resistance level with genes. Gen antibiotic is 
1 to 5 following CTX-M gene, ESBL gene, PER gene, SHV gene 
and TEM gene; Anti – biotic RSI is 1 to 3 following R (resistance), S 
(sensitive), I (intermediate); Antibiotics are 1 to 15 following 15 
antibiotic have been coded Amikacin (1-AK), Ampicillin (2-AM), 
Ceftazidime (3-CAZ), Ciprofloxacin (4-CIP), Ceftriaxone (5-CRO), 
Cefazolin (6-CZ), Doripenem (7-DOR), Ertapenem (8-ETP), 
Cefepime (9-FEP), Gentamycin (10-GM), Levofloxacin (11-LVX), 
Ampicillin/Sulbactam (12-SAM), Trimethoprim/sulfamethoxazole 
(13-SXT), Tobramycin (14-TM) , Piperacillin/Tazobactam (15-TZP) 
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Table 5 clarified the detail of antibiotic 
resistance with the ESBL gene. While ESBL-positive 
strains were highly resistant to ampicillin (AM), 
ceftriaxone (CRO), cephazolin (CZ), and 
trimethoprim/sulfamethoxazole (SXT) at the rate of 
100%, 100%, 100%, and 81.8%, respectively, ESBL-
negative strains had a lower prevalence of resistance 
to these agents at the rate of 76.5%, 11.8%, 17.7%, 
and 53%, respectively. Both groups were susceptible 
to doripenem (DOR), ertapenem (ETP), and amikacin 
(AK) at the rate of more than 90%. 

Table 5: The antibiotic resistance profile of ESBL subtype 

Antimicrobial Agents 

ESBL-positive 
(n = 22) 

ESBL-negative 
(n = 34) 

S 
(%) 

I 
(%) 

R 
(%) 

S 
(%) 

I 
(%) 

R 
(%) 

Ampicilin    22 (100) 7 (20.59) 
1 

(2.94) 
26 (76.47) 

Ceftriaxone    22 (100) 30 (84.24)  4 (11.76) 

Cephazolin    22 (100) 27 (79.41) 
1 

(2.94) 
6 (17.65) 

Trimethoprim/ 
sulfamethoxazole 

4 
(18.18) 

 18 (81.82) 16 (47.06)  18 (52.94) 

Ampicilin/sulbactam 10 (45.45)  12 (54.55) 13 (38.24) 
8 

(23.53) 
13 (38.24) 

Ciprofloxacin  
11 

(50) 
 

11 
(50) 

25 (73.53)  9 (26.47) 

Levofloxacin  
11 

(50) 
 

11 
(50) 

25 (73.53)  9 (26.47) 

Piperacilline/ 
Tazobactam 

11 (73.33) 
2 

(13.33) 
2 (13.33) 19 (82.61) 

1 
(4.35) 

3 (13.04) 

Ceftazidime  15 (68.18)  7 (31.82) 30 (88.24)  4 (11.76) 

Cefepime  18 (81.82) 
1 

(4.55) 
3 (13.64) 22 (94.12)  

2 
(5.88) 

Doripenem 
22 

(100) 
  32 (94.12)  

2 
(5.88) 

Ertapenem  21 (95.45) 
1 

(4.55) 
1 

(4.55) 
32 (94.12)  

2 
(5.88) 

Amikacin  
22 

(100) 
  32 (94.12)  

2 
(5.88) 

Gentamycin  15 (68.18)  7 (31.82) 25 (73.53) 
1 

(2.94) 
8 (23.53) 

Tobramycin  14 (63.64) 
5 

(22.73) 
3 (13.64) 25 (73.53) 

7 
(20.59) 

2 
(5.88) 

 

 

 

Discussion 

 

ESBL-producing E. coli is common genotypes 
and its incidence varies from region to region. ESBLs 
are typically inhibitor-susceptible B-lactamases that 
are encoded by mobile genes with the blaCTX-M, blaSHV, 
and blaTEM families were the most frequently. In our 
study, among 56 E. coli strains have been analyzed, 
39.3% strains were identified as ESBL-producing. Our 
finding is higher than that of study in Northern, 
Vietnam (25.1% of strains produced ESBL among 
Enterobacteriaceae) [15]. Comparing with other 
countries, it is higher than Singapore (33%) [18], Chile 
(23.8%) and Brazil (12.8%) but lower than that of India 
(60%), Hong Kong (48%) [18] Mexico (48.4%) [19]. All 
cases with ESBL-producing E. Coli had blaTEM gene 
and the 100% resistance to ampicillin was found that 
in line with the present study [20].  

Our results about blaCTX-M gene also 
corroborated another study that reported blaCTX-M bla 
(beta-lactamase) gene was common in all the ESBL 
isolates [21]. This result is also in agreement with 
study Gurntke et al., of that among 19% ESBL-
positive cases, blaCTX-M-15 was the most common 
genotypes (60%), followed by blaSHV-5 (27%) [22]. 
Other studies showed the same results with blaCTX-M-

14 (48% of the isolates) were the most frequent ESBL 
[11], [23]. It was observed that the predominant of 
subtypes blaCTX-M gene was diverse from study to 
study. Analyzing 552 isolates from BSIs that 
resistance to third-generation cephalosporin showed 
more detail with blaCTX-M-15 (50%), blaCTX-M-14 (14%), 
blaCTX-M-27 (11%) and blaCTX-M-101 (5%) [24]. 

ESBL-producing E. Coli in BSIs have been 
shown a substantial increase in the 21

st
 century [25]. 

Besides that, its burden was growing worldwide [26]. 
Finding the appropriate therapy became crucial and 
carbapenems emerged as 'best therapy' for ESBL-
producing bacteria [25]. But in the time of antibiotics 
and resistance becoming popular, E. Coli also starts 
resistance to carbapenem that leading a high financial 
burden and increased mortality [27].  

The knowledge of antibiotic resistance profile 
is key in clinical practice. The high rate of resistance 
to some routine antibiotic agents which were 
commonly used in most hospitals in our area was 
provided in this study. The results also showed that 
amikacin and carbapenems (doripenem and 
ertapenem) emerged as choices for empiric therapy 
instead. Sinha et al., showed similar findings with high 
prevalence of ESBL-positive, high rate of resistance to 
ampicillin (86%), ceftriaxone (80.6%), and 
fluoroquinolones (80%) and the clear choice for 
empirical treatment were carbapenems in these cases 
[21]. 

Knowing the risk factors of antibiotic 
resistance is crucial for management strategy. The 
time before hospitalization was an only independent 
risk factor among ESBL in BSIs [28] while previous 
use of oxyimino-beta-lactams was the only modifiable 
risk factor among nosocomial BSIs [11]. In our study, 
ESBL encoding genes showed high correlation with 
antibiotic resistance.  

While ESBL-positive strains were highly 
resistant to ampicillin, ceftriaxone, cephazolin, and 
trimethoprim/sulfamethoxazole at the rate of 100%, 
100%, 100%, and 81.8%, respectively, ESBL-negative 
strains showed a lower prevalence of resistance to 
these agents at the rate of 76.5%, 11.8%, 17.7%, and 
53%, respectively. Both groups were susceptible to 
doripenem, ertapenem, and amikacin at the rate of 
more than 90%. This finding was similar to the study 
in Finland from 1999 to 2013 that showed most (88%) 
of the isolates reported as non-susceptible to third-
generation cephalosporins had ESBL phenotype [29]. 

In conclusion, in Escherichia coli causing 
bloodstream infections, antibiotic resistance was 
higher in ampicillin, trimethoprim/sulfamethoxazole 
and cephazolin Antibiotics was highly susceptible 
including doripenem, ertapenem, amikacin, and 
cefepime. 
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Abstract 

BACKGROUND:  Evaluating the antibiotic susceptibility and resistance genes is essential in the clinical 
management of bloodstream infections (BSIs). Nevertheless, there are still limited studies in Northern Vietnam.  

AIM: This study aimed to determine the antibiotic resistance profile and methicillin-resistant encoding genes of 
Staphylococcus aureus (S. aureus) causing BSIs in Northern Vietnam.  

METHODS: The cross-sectional study was done from December 2012 to June 2014 in two tertiary hospitals in 
Northern Vietnam. Tests performed at the lab of the hospital.  

RESULTS:  In 43 S. aureus strains isolating, 53.5 % were MRSA. Distribution of gene for overall, MRSA, and 

MSSA strains were following: mecA gene (58.1 %; 95.7%, and 15%), femA gene (48.8%, 47.8%, and 50%), femB 
gene (88.4%, 82.6%, and 95%). Antibiotic resistance was highest in penicillin (100%), followed by erythromycin 
(65.1%) and clindamycin (60.5%). Several antibiotics were susceptible (100%), including vancomycin, tigecycline, 
linezolid, quinupristin/dalfopristin. Quinolone group was highly sensitive, include ciprofloxacin (83.7%), 
levofloxacin (86%) and moxifloxacin (86%). 

CONCLUSION: In S. aureus causing BSIs, antibiotic resistance was higher in penicillin, erythromycin, and 
clindamycin. All strains were utterly susceptible to vancomycin, tigecycline, linezolid, quinupristin/dalfopristin.  

 

 

 

 

Introduction 

 

 Bloodstream infections (BSIs) became a 
significant concern with increasing in incidence [1]. 
Understanding the aetiology of BSI was essential for 
management. In Asian countries, S. aureus was one 
of the leading causes of bloodstream infections [2], 

and its incidence was increasing worldwide [3], [4]. It 

was responsible for many severe clinical conditions, 
especially in bloodstream infections [5] with rates of 
mortality was 50% [6]. With subtype of methicillin-
resistant staphylococcus aureus (MRSA), the 
prevalence and mortality were higher than methicillin-

susceptible staphylococcus aureus (MSSA) [7]. The 
burden of MRSA disease was quantifiable and 
substantial [8]. In European, Cassini et al. used 
population-level model estimating that MRSA caused 

148 thousand infections and 32.6 thousand BSIs in 
2015 [9]. In Asia, among patients with community-
associated S. aureus infections, MRSA accounted for 
25.5% [10]. Under increasing in prevalence, 
increasing resistance also reported, especially MRSA 
[11]. It caused many clinical conditions with poor 
outcomes [12]. Patients with MRSA in BSIs had a 
worse prognosis because of partially effect on correct 
empirical treatment [13]. It became a global concern 
[14] with the increasing burden of cost [15] and the 
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resistance to all classes of antibiotics [16]. Therefore, 
evaluation of the antibiotic susceptibility of bacteria is 
essential to decide what types of medicines and what 
appropriate doses that are improving treatment 
efficiency and minimising the antibiotic resistance 
rate.  

 In Vietnam, MRSA accounted for 67.4% of S. 
aureus healthcare-associated infections [10]. The 
study of causes in BSIs patients in Northern Vietnam 
showed 37% of methicillin-resistance among S. 
aureus [17], but there are still limited studies in 
Northern Vietnam. Thus, our research aims is to 
determine the antibiotic resistance profile and the 
prevalence of methicillin-resistant encoding genes in 
S. aureus, causing bloodstream infections in Northern 
Vietnam. 

 

 

Materials and Methods 

 

 The cross-sectional study was done from 
12/2012 to 6/2014 in the National Hospital of Tropical 
Diseases and 103 Military Hospital. Isolating blood 
samples from septicemia patients in two hospitals, 43 
S. aureus strains were identified at the labs of those 
hospitals. The information of patients collected on the 
same forms.  

 Antimicrobial susceptibility assessed 
through MIC test by VITEK

®
2 Compact (BioMérieux, 

France and provided by DEKA Limited Liability 
Company) standardised by CLSI [18]. Antibiotics which 
have been used arewere (with number coding – 
abbreviation for Figure 3): penicillin (1-PEN), 
gentamycin (2-GM), ciprofloxacin (3-CIP), levofloxacin 
(4-LVX), moxifloxacin (5- MXF), tetracycline (6-TE), 
erythromycin (7-ERY), clindamycin (8-CM), 
trimethoprim/sulfamethoxazole (9-SXT), vancomycin 
(10-VAN), rifampin (11-RIF), quinupristin/dalfopristin 
(12-QD), linezolid (13-LZD), oxacillin (14-OXA), 
tigecycline (15-TGE). 

 Using QIAamp DNA Mini Kit (USA) for DNA 
extraction (including isolation and quantification), we 
performed the experimental procedure according to 
manufacturer’s instruction. PCR amplification 
performed in PCR master mix (Invitrogen – USA) that 
consisted of 200 µM of each dNTPs (dATP, dCTP, 
dGTP, dTTP), 100 pM primers, 1 U Taq DNA 
polymerase, 10 mM Tris-HCl, 1.5 mM MgCl2 and 10 µl 
DNA template. Specific primers for mecA, femA, and 
femB genes showed in table 1. The experiments were 
performed using the protocol with 25 cycles that each 
of them consisted of 3 steps including denaturing 
(94

0
C for 1 minute), priming (57

0
C for 1 minute), 

synthesising of sequence (72
0
C for 1 minute). PCR 

products were performed electrophoresis, imaged 
routinely and sequenced. The sequence of PCR 
products was compared with the original gene’s 

sequence on GenBank to confirm mecA, femA, and 
femB genes. 

Table 1: Specific primers for mecA gene 

Target 
gene 

Primer  Nucleotide sequence (5’ – 3’) 
Size 
(bp) 

Location 

mecA 
Mec-A1 5’ – AAA ATC GAT GGT AAA GGT TGG C – 3’  

533 
1282-1303 

Mec-A2 5’ – AGT TCT GCA GTA CCG GAT TTG C – 3’ 1739-1814 

femA 
Fem-A1 5’ – AGA CAA ATA GGA GTA ATG AT – 3’ 

509 
595-614 

Fem-A2 5’ – AAA TCT AAC ACT GAG TGA TA – 3’ 1084-1103 

femB 
Fem-B1 5’ – TTA CAG AGT TAA CTG TTA CC – 3’ 

651 
1904-1923 

Fem-B2 5’ – ATA CAA ATC CAG CAC GCT CT – 3’ 2535-2554 

 
 
 Ethical considerations 

 The Ethics Committee of the National Hospital 
of Tropical Diseases and Military Hospital 103 
approved the protocol of the study. The study was in 
line with the Declaration of Helsinki. Written informed 
consent has been signed by all participants after full 
explanation. After that, the blood samples were 
collected. 

 

 Statistical Analysis  

 The statistical analysis was conducted using 
the R language. Graphics also were performed by the 
R language. In this study, the analysis of such 
enormous volumes of information in the acquisition of 
data from 43 strains, each strain companion with 
genes (mecA, femA, and femB) and 15 antibiotics with 
3 levels of resistance (susceptible, intermediate, 
resistance). For this reason, we used R language to 
analyse. 

 

 

Results 

 

 Characteristics of the patient in this study 
showed in Table 2. 

Table 2: Characteristics of patients 

Characteristics Number (Percentage) 

Age (subgroup) 

16-19 
20-29 
30-39 
40-49 
50-59 
≥ 60 

 
5 (11.63) 
5 (11.63) 
11 (25.58) 
7 (16.28) 
9 (20.93) 
6 (13.95) 

Gender 
Male 
Female 

 
40 (93.02 %) 
3 (6.98 %) 

History of the medical conditions 
Cirrhosis 
Self-report alcoholism  
Spinal cord injury 
Diabetes 
Hypertension 
Hepatitis 
Chronic arthritis 
Urinary tract stone 
Heart failure 
Deep vein thrombosis 
No 

 
4 (9.3) 
4 (9.3) 
3 (6.98) 
2 (4.65) 
2 (4.65) 
2 (4.65) 
2 (4.65) 
1 (2.33) 
1 (2.33) 
1 (2.33) 
21 (48.83) 

 Time to hospitalization 
< 5 
5-14 
>14 

 
17 (39.53) 
21 (48.84) 
5 (11.63) 
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 Among 43 S. aureus strains isolated 
analysed, 23 S. aureus strains were MRSA strains 
(53.5 %), and 20 S. aureus strains were MSSA strains 
(46.5%). Detail information of showed in Table 3.  

Table 3: Methicillin-resistant S. aureus and methicillin-resistant 
encoding genes 

Result Number of strains (n = 43) 

Percentage (%) 

MRSA 23 (53.49%) 

MSSA 20 (46.51%) 

mecA 

 

25 (58.13%) 

 

femA 

 

21 (48.84%) 

 

femB 

 

38 (88.37%) 

mecA + femA 11 (25.58%) 

mecA + femB 23 (53.84%) 

mecA + femA + femB 10 (23.25%) 

 
 And among that, 58.1 % strains were 
identified as producing mecA, and 22 of 23 MRSA 
strains (95.7%) proved to be having mecA gene when 
15% strains in the MSSA group possessed this gene. 
The prevalence of femB gene of overall strains, 
MRSA, and MSSA was 88.4%, 82.6%, and 95%, 
respectively. The prevalence of femA gene of whole 
strains, MRSA, and MSSA was 48.8%, 47.8%, and 
50%, respectively. More information showed in Table 
4. 

Table 4: Encoding genes of methicillin-resistant in S. Aureus 

 
Gene 

MRSA 
(n = 23) 

MSSA 
(n = 20) 

Positive (+) Negative (-) Positive (+) Negative (-) 

n (%) n (%) n (%) n (%) 

mecA 22 95.65 1 4.34 3 15 17 85 

femA 11 47.83 12 52.17 10 50 10 50 

femB 19 82.6 4 17.4 19 95 1 5 

mecA + femA 10 43.47 13 56.53 1 5 19 95 

mecA + femB 17 73.91 6 26.09 6 30 14 70 

mecA + femA + femB 9 39.13 14 60.87 1 5 19 95 

 
  

 Figure 1 showed the highest prevalence of 
resistance to penicillin (PEN -100%), followed by 
erythromycin (ERY - 65.1%) and clindamycin (CM - 
60.5%).  

 

Figure 1: Antibiotic resistant profile  

 

 While Figure 2 showed highly active 
antibiotics in quinolone group, include ciprofloxacin 

(CIP - 83.7% of isolates), levofloxacin (LVX - 86.1% of 
isolates) and moxifloxacin (MXF - 86.1% of isolates). 
Several antibiotics were susceptible (100%), include 
vancomycin, tigecycline, linezolid, quinupristin/ 
dalfopristin.  

 

Figure 2: Antibiotic sensitivity profile  

 

 The level of resistance (MIC) in MRSA group 
to clindamycin, erythromycin, tetracycline, 
levofloxacin, ciprofloxacin, moxifloxacin was higher 
than MSSA group. In each antibiotic, detail 
information of genes showed. Figure 3 showed that 
the distribution of three femA, femB, and mecA genes 
is equivalent to 15 antibiotics.  

 

Figure 3: Distribution the antibiotic resistance level with genes. 
Antibiotic gene: 1.FemA; 2.FemB; 3.MecA. Antibiotic resistance 
level: From 1 to 3 are R, S, I, respectively; Antibiotic: From 1 to 15 
is the ordinal number of 15 antibiotics  
 
 

 

 The rate of sensitivity also accounts for the 
majority of ciprofloxacin, levofloxacin, moxifloxacin, 
linezolid, quinupristin/ dalfopristin, rifampin, 
tigecycline, vancomycin distributed in all three genes 
but most in the femB gene. The intermediate 
response is concentrated in moxifloxacin and rifampin 
antibiotics. Antibiotic resistance focused on antibiotics 
clindamycin, erythromycin, oxacillin, penicillin, and 
tetracycline. Figure 3 supported figures 1 and 2 to 
visualise the association between the gene and 
antibiotic resistance. 
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 Table 5 clarified the detail of antibiotic 
resistance with S. aureus. While MRSA strains were 
highly resistant to penicillin, erythromycin, 
clindamycin, and tetracycline with the rate following: 
100%, 82.6%, 87%, 73.9%, respectively, MSSA 
strains showed a lower prevalence of resistance to 
these agents with the rate following: 20%, 9%, 6%, 
3%, respectively. Both groups were susceptible to 
vancomycin, tigecycline, linezolid, quinupristin/ 
dalfopristine at the rate of 100%. 

Table 5: The antibiotic resistance profile of S. Aureus 

Antimicrobial 
agents 

MRSA MSSA 

S 
(%) 

I 
(%) 

R 
(%) 

S 
(%) 

I 
(%) 

R 
(%) 

Penicillin    23 (100)   20 (100) 

Erythromycin  4 (17.39)  19 (82.61) 11 (55)  9 (45) 

Clindamycin  3 (17.04)  20 (86.96) 14 (70)  6 (30) 

Tetracycline  6 (26.09)  17 (73.91) 17 (65)  3 (35) 

Gentamycin  16 (69.57)  7 (30.43) 17 (85)  3 (15) 

Trimethoprim/sulf
amethoxazole  

17 (73.91)  6 (26.09) 16 (80)  4 (20) 

Ciprofloxacin  18 (78.26) 0 (0) 5 (21.74) 18 (90) 1 (5.0) 1 (5.0) 

Levofloxacin  18 (78.26)  5 (21.74) 19 (95)  1 (5.0) 

Moxifloxacin  18 (78.26) 1  (4.35) 4 (17.39) 19 (95) 0 (0) 1 (5.0) 

Rifampin  22 (95.65) 0 (0) 1 (4.35) 14 (70) 5 (25) 1 (5.0) 

Vancomycin  23 (100)   20 (100)   

Quinupristin/dalfo
pristin 

21 (100)   22 (100)   

Linezolid  23 (100)   20 (100)   

Tigecycline 23 (100)   20 (100)   

 
 

 

Discussion 

 

 The methicillin-resistant in S. aureus strains 
are encoded by mobile genes with the mecA and 
femB gene was the most frequently. The incidence of 
MRSA varies from region to region. In our study, 
among 43 S. aureus strains have been analysed in 
BSI patients, 53.5% strains were identified as MRSA 
that was higher than study in Northern Vietnam (37%) 
[17]. Comparing with other countries, it was higher 
than the Philippines (38.1%), India (22.6%) [19] but 
lower than that of Korea (77.6%), Taiwan (65%), Hong 
Kong (56.8%), Sri Lanka (86.5%) [19].  

 Almost cases (22/23) with MRSA had mecA 
gene and the 100% resistance to penicillin was found 
that in line with the present study [20]. Our results 
about mecA gene have been shown that 
the mecA gene is responsible for resistance to 
methicillin [21] with the mechanisms have been 
proved [11] and 15% strains in MSSA group 
possessed this gene. Mohanasoundaram et al. 
showed similar findings with 100% MRSA possessed 
mecA gene, and only one MSSA strain had 
maintained this gene [22]. The 15% rate of MSSA 
positive for the mecA gene is quite high, and field 
literature reported a rate of 3% for MSSA positive for 
mecA [23]. The potential explanation regarding this 
high number is that the resistance gene transmitted in 
the hospital between bacteria. Thus, this finding in our 
study provides useful information to determine the 
prevalence of mecA gene in MSSA patients. In our 

study, femB gene was detected in almost S. aureus 
isolates, 82.6% in MRSA and 95% in the MSSA 
group, respectively. This result corroborated with 
Kobayashi et al. [24] but the differences between two 
studies that needed to highlight were the expression 
of femA gene showed very high (89.4%) [24] in 
Kobayashi’s study and lower rate in our research 
(48.8%). Further analysis of the expression of these 
genes in staphylococci will be needed. 

 MRSA in BSIs has been shown substantial 
increase in the 21 century [25]. As a result, its burden 

was growing not only in Europe [15], [26] but also 

worldwide [27]. Finding the appropriate therapy 
became crucial and glycopeptides had been used as 
an effective empirical antibiotic therapy for MRSA[28]. 
But in the time of antibiotics and resistance becoming 
popular, S. aureus also starts resistance to 
vancomycin that leading high financial burden and 
increased mortality [29], [30], [31]. The knowledge of 
antibiotic resistance profile is critical in clinical 
practice. In our study, some routine antibiotic agents 
used commonly in our area showed high resistance. 
The results of our study also showed that vancomycin, 
tigecycline, linezolid, quinupristin/dalfopristin emerged 
as choices for empiric therapy instead. Fan Zhang et 
al. showed similar findings with a high rate of 
resistance to penicillin (100%), erythromycin (73.3%) 
and clindamycin (57.3%) and the clear choice for 
treatment were vancomycin in these cases [20]. In our 
study, methicillin-resistant encoding genes showed 
high correlation with antibiotic resistance. Penicillin, 
erythromycin, clindamycin, and tetracycline showed 
resistant to MRSA but susceptibility to MSSA. The 
remarkable results in our study were that vancomycin, 
tigecycline, linezolid, quinupristin/dalfopristin were 
entirely susceptible to both groups. It guides to use 
antibiotics in case of suspecting bloodstream infection 
caused by S. aureus. 

 Limitation of study: The isolates of S. aureus 
strains included seem to be quite old (2012-2014), but 
it still plays an important role in the reflection of the 
current epidemiological situation. The isolates 
included were small (43 isolates) because we focused 
on only bloodstream infection patients and these 
results of our study were useful for this kind of patient. 

 As a conclusion, in S. aureus causing 
bloodstream infections, antibiotic resistance was 
higher in penicillin, erythromycin, and clindamycin. All 
strains were entirely susceptible to vancomycin, 
tigecycline, linezolid, quinupristin/dalfopristin.  

 

Ethical approval 

 

 This study is approved by the ethics 
committee of National Hospital of Tropical Diseases 
and Military Hospital 103.  
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Informed consent 

 

 The consent and commitment were signed by 
the patients in the study. 
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Abstract 

BACKGROUND:  Evaluating the antibiotic susceptibility and resistance genes is essential in the clinical 
management of bloodstream infections (BSIs). Nevertheless, there are still limited studies in Northern Vietnam.  

AIM: This study aimed to determine the antibiotic resistance profile and methicillin-resistant encoding genes of 
Staphylococcus aureus (S. aureus) causing BSIs in Northern Vietnam.  

METHODS: The cross-sectional study was done from December 2012 to June 2014 in two tertiary hospitals in 
Northern Vietnam. Tests performed at the lab of the hospital.  

RESULTS:  In 43 S. aureus strains isolating, 53.5 % were MRSA. Distribution of gene for overall, MRSA, and 

MSSA strains were following: mecA gene (58.1 %; 95.7%, and 15%), femA gene (48.8%, 47.8%, and 50%), femB 
gene (88.4%, 82.6%, and 95%). Antibiotic resistance was highest in penicillin (100%), followed by erythromycin 
(65.1%) and clindamycin (60.5%). Several antibiotics were susceptible (100%), including vancomycin, tigecycline, 
linezolid, quinupristin/dalfopristin. Quinolone group was highly sensitive, include ciprofloxacin (83.7%), 
levofloxacin (86%) and moxifloxacin (86%). 

CONCLUSION: In S. aureus causing BSIs, antibiotic resistance was higher in penicillin, erythromycin, and 
clindamycin. All strains were utterly susceptible to vancomycin, tigecycline, linezolid, quinupristin/dalfopristin.  

 

 

 

 

Introduction 

 

 Bloodstream infections (BSIs) became a 
significant concern with increasing in incidence [1]. 
Understanding the aetiology of BSI was essential for 
management. In Asian countries, S. aureus was one 
of the leading causes of bloodstream infections [2], 

and its incidence was increasing worldwide [3], [4]. It 

was responsible for many severe clinical conditions, 
especially in bloodstream infections [5] with rates of 
mortality was 50% [6]. With subtype of methicillin-
resistant staphylococcus aureus (MRSA), the 
prevalence and mortality were higher than methicillin-

susceptible staphylococcus aureus (MSSA) [7]. The 
burden of MRSA disease was quantifiable and 
substantial [8]. In European, Cassini et al. used 
population-level model estimating that MRSA caused 

148 thousand infections and 32.6 thousand BSIs in 
2015 [9]. In Asia, among patients with community-
associated S. aureus infections, MRSA accounted for 
25.5% [10]. Under increasing in prevalence, 
increasing resistance also reported, especially MRSA 
[11]. It caused many clinical conditions with poor 
outcomes [12]. Patients with MRSA in BSIs had a 
worse prognosis because of partially effect on correct 
empirical treatment [13]. It became a global concern 
[14] with the increasing burden of cost [15] and the 
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resistance to all classes of antibiotics [16]. Therefore, 
evaluation of the antibiotic susceptibility of bacteria is 
essential to decide what types of medicines and what 
appropriate doses that are improving treatment 
efficiency and minimising the antibiotic resistance 
rate.  

 In Vietnam, MRSA accounted for 67.4% of S. 
aureus healthcare-associated infections [10]. The 
study of causes in BSIs patients in Northern Vietnam 
showed 37% of methicillin-resistance among S. 
aureus [17], but there are still limited studies in 
Northern Vietnam. Thus, our research aims is to 
determine the antibiotic resistance profile and the 
prevalence of methicillin-resistant encoding genes in 
S. aureus, causing bloodstream infections in Northern 
Vietnam. 

 

 

Materials and Methods 

 

 The cross-sectional study was done from 
12/2012 to 6/2014 in the National Hospital of Tropical 
Diseases and 103 Military Hospital. Isolating blood 
samples from septicemia patients in two hospitals, 43 
S. aureus strains were identified at the labs of those 
hospitals. The information of patients collected on the 
same forms.  

 Antimicrobial susceptibility assessed 
through MIC test by VITEK

®
2 Compact (BioMérieux, 

France and provided by DEKA Limited Liability 
Company) standardised by CLSI [18]. Antibiotics which 
have been used arewere (with number coding – 
abbreviation for Figure 3): penicillin (1-PEN), 
gentamycin (2-GM), ciprofloxacin (3-CIP), levofloxacin 
(4-LVX), moxifloxacin (5- MXF), tetracycline (6-TE), 
erythromycin (7-ERY), clindamycin (8-CM), 
trimethoprim/sulfamethoxazole (9-SXT), vancomycin 
(10-VAN), rifampin (11-RIF), quinupristin/dalfopristin 
(12-QD), linezolid (13-LZD), oxacillin (14-OXA), 
tigecycline (15-TGE). 

 Using QIAamp DNA Mini Kit (USA) for DNA 
extraction (including isolation and quantification), we 
performed the experimental procedure according to 
manufacturer’s instruction. PCR amplification 
performed in PCR master mix (Invitrogen – USA) that 
consisted of 200 µM of each dNTPs (dATP, dCTP, 
dGTP, dTTP), 100 pM primers, 1 U Taq DNA 
polymerase, 10 mM Tris-HCl, 1.5 mM MgCl2 and 10 µl 
DNA template. Specific primers for mecA, femA, and 
femB genes showed in table 1. The experiments were 
performed using the protocol with 25 cycles that each 
of them consisted of 3 steps including denaturing 
(94

0
C for 1 minute), priming (57

0
C for 1 minute), 

synthesising of sequence (72
0
C for 1 minute). PCR 

products were performed electrophoresis, imaged 
routinely and sequenced. The sequence of PCR 
products was compared with the original gene’s 

sequence on GenBank to confirm mecA, femA, and 
femB genes. 

Table 1: Specific primers for mecA gene 

Target 
gene 

Primer  Nucleotide sequence (5’ – 3’) 
Size 
(bp) 

Location 

mecA 
Mec-A1 5’ – AAA ATC GAT GGT AAA GGT TGG C – 3’  

533 
1282-1303 

Mec-A2 5’ – AGT TCT GCA GTA CCG GAT TTG C – 3’ 1739-1814 

femA 
Fem-A1 5’ – AGA CAA ATA GGA GTA ATG AT – 3’ 

509 
595-614 

Fem-A2 5’ – AAA TCT AAC ACT GAG TGA TA – 3’ 1084-1103 

femB 
Fem-B1 5’ – TTA CAG AGT TAA CTG TTA CC – 3’ 

651 
1904-1923 

Fem-B2 5’ – ATA CAA ATC CAG CAC GCT CT – 3’ 2535-2554 

 
 
 Ethical considerations 

 The Ethics Committee of the National Hospital 
of Tropical Diseases and Military Hospital 103 
approved the protocol of the study. The study was in 
line with the Declaration of Helsinki. Written informed 
consent has been signed by all participants after full 
explanation. After that, the blood samples were 
collected. 

 

 Statistical Analysis  

 The statistical analysis was conducted using 
the R language. Graphics also were performed by the 
R language. In this study, the analysis of such 
enormous volumes of information in the acquisition of 
data from 43 strains, each strain companion with 
genes (mecA, femA, and femB) and 15 antibiotics with 
3 levels of resistance (susceptible, intermediate, 
resistance). For this reason, we used R language to 
analyse. 

 

 

Results 

 

 Characteristics of the patient in this study 
showed in Table 2. 

Table 2: Characteristics of patients 

Characteristics Number (Percentage) 

Age (subgroup) 

16-19 
20-29 
30-39 
40-49 
50-59 
≥ 60 

 
5 (11.63) 
5 (11.63) 
11 (25.58) 
7 (16.28) 
9 (20.93) 
6 (13.95) 

Gender 
Male 
Female 

 
40 (93.02 %) 
3 (6.98 %) 

History of the medical conditions 
Cirrhosis 
Self-report alcoholism  
Spinal cord injury 
Diabetes 
Hypertension 
Hepatitis 
Chronic arthritis 
Urinary tract stone 
Heart failure 
Deep vein thrombosis 
No 

 
4 (9.3) 
4 (9.3) 
3 (6.98) 
2 (4.65) 
2 (4.65) 
2 (4.65) 
2 (4.65) 
1 (2.33) 
1 (2.33) 
1 (2.33) 
21 (48.83) 

 Time to hospitalization 
< 5 
5-14 
>14 

 
17 (39.53) 
21 (48.84) 
5 (11.63) 
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 Among 43 S. aureus strains isolated 
analysed, 23 S. aureus strains were MRSA strains 
(53.5 %), and 20 S. aureus strains were MSSA strains 
(46.5%). Detail information of showed in Table 3.  

Table 3: Methicillin-resistant S. aureus and methicillin-resistant 
encoding genes 

Result Number of strains (n = 43) 

Percentage (%) 

MRSA 23 (53.49%) 

MSSA 20 (46.51%) 

mecA 

 

25 (58.13%) 

 

femA 

 

21 (48.84%) 

 

femB 

 

38 (88.37%) 

mecA + femA 11 (25.58%) 

mecA + femB 23 (53.84%) 

mecA + femA + femB 10 (23.25%) 

 
 And among that, 58.1 % strains were 
identified as producing mecA, and 22 of 23 MRSA 
strains (95.7%) proved to be having mecA gene when 
15% strains in the MSSA group possessed this gene. 
The prevalence of femB gene of overall strains, 
MRSA, and MSSA was 88.4%, 82.6%, and 95%, 
respectively. The prevalence of femA gene of whole 
strains, MRSA, and MSSA was 48.8%, 47.8%, and 
50%, respectively. More information showed in Table 
4. 

Table 4: Encoding genes of methicillin-resistant in S. Aureus 

 
Gene 

MRSA 
(n = 23) 

MSSA 
(n = 20) 

Positive (+) Negative (-) Positive (+) Negative (-) 

n (%) n (%) n (%) n (%) 

mecA 22 95.65 1 4.34 3 15 17 85 

femA 11 47.83 12 52.17 10 50 10 50 

femB 19 82.6 4 17.4 19 95 1 5 

mecA + femA 10 43.47 13 56.53 1 5 19 95 

mecA + femB 17 73.91 6 26.09 6 30 14 70 

mecA + femA + femB 9 39.13 14 60.87 1 5 19 95 

 
  

 Figure 1 showed the highest prevalence of 
resistance to penicillin (PEN -100%), followed by 
erythromycin (ERY - 65.1%) and clindamycin (CM - 
60.5%).  

 

Figure 1: Antibiotic resistant profile  

 

 While Figure 2 showed highly active 
antibiotics in quinolone group, include ciprofloxacin 

(CIP - 83.7% of isolates), levofloxacin (LVX - 86.1% of 
isolates) and moxifloxacin (MXF - 86.1% of isolates). 
Several antibiotics were susceptible (100%), include 
vancomycin, tigecycline, linezolid, quinupristin/ 
dalfopristin.  

 

Figure 2: Antibiotic sensitivity profile  

 

 The level of resistance (MIC) in MRSA group 
to clindamycin, erythromycin, tetracycline, 
levofloxacin, ciprofloxacin, moxifloxacin was higher 
than MSSA group. In each antibiotic, detail 
information of genes showed. Figure 3 showed that 
the distribution of three femA, femB, and mecA genes 
is equivalent to 15 antibiotics.  

 

Figure 3: Distribution the antibiotic resistance level with genes. 
Antibiotic gene: 1.FemA; 2.FemB; 3.MecA. Antibiotic resistance 
level: From 1 to 3 are R, S, I, respectively; Antibiotic: From 1 to 15 
is the ordinal number of 15 antibiotics  
 
 

 

 The rate of sensitivity also accounts for the 
majority of ciprofloxacin, levofloxacin, moxifloxacin, 
linezolid, quinupristin/ dalfopristin, rifampin, 
tigecycline, vancomycin distributed in all three genes 
but most in the femB gene. The intermediate 
response is concentrated in moxifloxacin and rifampin 
antibiotics. Antibiotic resistance focused on antibiotics 
clindamycin, erythromycin, oxacillin, penicillin, and 
tetracycline. Figure 3 supported figures 1 and 2 to 
visualise the association between the gene and 
antibiotic resistance. 
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 Table 5 clarified the detail of antibiotic 
resistance with S. aureus. While MRSA strains were 
highly resistant to penicillin, erythromycin, 
clindamycin, and tetracycline with the rate following: 
100%, 82.6%, 87%, 73.9%, respectively, MSSA 
strains showed a lower prevalence of resistance to 
these agents with the rate following: 20%, 9%, 6%, 
3%, respectively. Both groups were susceptible to 
vancomycin, tigecycline, linezolid, quinupristin/ 
dalfopristine at the rate of 100%. 

Table 5: The antibiotic resistance profile of S. Aureus 

Antimicrobial 
agents 

MRSA MSSA 

S 
(%) 

I 
(%) 

R 
(%) 

S 
(%) 

I 
(%) 

R 
(%) 

Penicillin    23 (100)   20 (100) 

Erythromycin  4 (17.39)  19 (82.61) 11 (55)  9 (45) 

Clindamycin  3 (17.04)  20 (86.96) 14 (70)  6 (30) 

Tetracycline  6 (26.09)  17 (73.91) 17 (65)  3 (35) 

Gentamycin  16 (69.57)  7 (30.43) 17 (85)  3 (15) 

Trimethoprim/sulf
amethoxazole  

17 (73.91)  6 (26.09) 16 (80)  4 (20) 

Ciprofloxacin  18 (78.26) 0 (0) 5 (21.74) 18 (90) 1 (5.0) 1 (5.0) 

Levofloxacin  18 (78.26)  5 (21.74) 19 (95)  1 (5.0) 

Moxifloxacin  18 (78.26) 1  (4.35) 4 (17.39) 19 (95) 0 (0) 1 (5.0) 

Rifampin  22 (95.65) 0 (0) 1 (4.35) 14 (70) 5 (25) 1 (5.0) 

Vancomycin  23 (100)   20 (100)   

Quinupristin/dalfo
pristin 

21 (100)   22 (100)   

Linezolid  23 (100)   20 (100)   

Tigecycline 23 (100)   20 (100)   

 
 

 

Discussion 

 

 The methicillin-resistant in S. aureus strains 
are encoded by mobile genes with the mecA and 
femB gene was the most frequently. The incidence of 
MRSA varies from region to region. In our study, 
among 43 S. aureus strains have been analysed in 
BSI patients, 53.5% strains were identified as MRSA 
that was higher than study in Northern Vietnam (37%) 
[17]. Comparing with other countries, it was higher 
than the Philippines (38.1%), India (22.6%) [19] but 
lower than that of Korea (77.6%), Taiwan (65%), Hong 
Kong (56.8%), Sri Lanka (86.5%) [19].  

 Almost cases (22/23) with MRSA had mecA 
gene and the 100% resistance to penicillin was found 
that in line with the present study [20]. Our results 
about mecA gene have been shown that 
the mecA gene is responsible for resistance to 
methicillin [21] with the mechanisms have been 
proved [11] and 15% strains in MSSA group 
possessed this gene. Mohanasoundaram et al. 
showed similar findings with 100% MRSA possessed 
mecA gene, and only one MSSA strain had 
maintained this gene [22]. The 15% rate of MSSA 
positive for the mecA gene is quite high, and field 
literature reported a rate of 3% for MSSA positive for 
mecA [23]. The potential explanation regarding this 
high number is that the resistance gene transmitted in 
the hospital between bacteria. Thus, this finding in our 
study provides useful information to determine the 
prevalence of mecA gene in MSSA patients. In our 

study, femB gene was detected in almost S. aureus 
isolates, 82.6% in MRSA and 95% in the MSSA 
group, respectively. This result corroborated with 
Kobayashi et al. [24] but the differences between two 
studies that needed to highlight were the expression 
of femA gene showed very high (89.4%) [24] in 
Kobayashi’s study and lower rate in our research 
(48.8%). Further analysis of the expression of these 
genes in staphylococci will be needed. 

 MRSA in BSIs has been shown substantial 
increase in the 21 century [25]. As a result, its burden 

was growing not only in Europe [15], [26] but also 

worldwide [27]. Finding the appropriate therapy 
became crucial and glycopeptides had been used as 
an effective empirical antibiotic therapy for MRSA[28]. 
But in the time of antibiotics and resistance becoming 
popular, S. aureus also starts resistance to 
vancomycin that leading high financial burden and 
increased mortality [29], [30], [31]. The knowledge of 
antibiotic resistance profile is critical in clinical 
practice. In our study, some routine antibiotic agents 
used commonly in our area showed high resistance. 
The results of our study also showed that vancomycin, 
tigecycline, linezolid, quinupristin/dalfopristin emerged 
as choices for empiric therapy instead. Fan Zhang et 
al. showed similar findings with a high rate of 
resistance to penicillin (100%), erythromycin (73.3%) 
and clindamycin (57.3%) and the clear choice for 
treatment were vancomycin in these cases [20]. In our 
study, methicillin-resistant encoding genes showed 
high correlation with antibiotic resistance. Penicillin, 
erythromycin, clindamycin, and tetracycline showed 
resistant to MRSA but susceptibility to MSSA. The 
remarkable results in our study were that vancomycin, 
tigecycline, linezolid, quinupristin/dalfopristin were 
entirely susceptible to both groups. It guides to use 
antibiotics in case of suspecting bloodstream infection 
caused by S. aureus. 

 Limitation of study: The isolates of S. aureus 
strains included seem to be quite old (2012-2014), but 
it still plays an important role in the reflection of the 
current epidemiological situation. The isolates 
included were small (43 isolates) because we focused 
on only bloodstream infection patients and these 
results of our study were useful for this kind of patient. 

 As a conclusion, in S. aureus causing 
bloodstream infections, antibiotic resistance was 
higher in penicillin, erythromycin, and clindamycin. All 
strains were entirely susceptible to vancomycin, 
tigecycline, linezolid, quinupristin/dalfopristin.  

 

Ethical approval 

 

 This study is approved by the ethics 
committee of National Hospital of Tropical Diseases 
and Military Hospital 103.  
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Informed consent 

 

 The consent and commitment were signed by 
the patients in the study. 
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Abstract 

BACKGROUND: After coronary artery bypass graft (CABG) surgery, heart failure is still major problem. The 
valuable marker for it is needed. 

AIM: Evaluating the role of serial NT-proBNP level in prognosis and follow-up treatment of acute heart failure after 
CABG surgery.  

METHODS: The prospective, analytic study evaluated 107 patients undergoing CABG surgery at Ho Chi Minh 

Heart Institute from October 2012 to June 2014. Collecting data was done at pre- and post-operative days with 
measuring NT-proBNP levels on the day before operation, 2 hours after surgery, every next 24 h until the 5

th 
day, 

and in case of acute heart failure occurred after surgery.  

RESULTS: On the first postoperative day (POD1), the NT-proBNP level demonstrated significant value for AHF 
with the cut-off point = 817.8 pg/mL and AUC = 0.806. On the second and third postoperative day, the AUC value 
of NT- was 0.753 and 0.751. It was statistically significant in acute heart failure group almost at POD 1 and POD 2 
when analyzed by the doses of dobutamine, noradrenaline, and adrenaline (both low doses and normal doses). 

CONCLUSION: Serial measurement of NT-proBNP level provides useful prognostic and follow-up treatment 
information in acute heart failure after CABG surgery. 

 

 

 

 

 

Introduction 

 

 Acute heart failure emerged as the primary 
cause of mortality after heart surgery in general and 
CABG surgery in particular [1]. It needs to early 
recognize before operation that helps clinicians 
consider patients who had heart failure into subgroups 
and allocate resources to maximize benefit from 
treatment and minimize risks such as adverse events. 
To predict early outcomes from cardiac surgery, both 
clinical tools (scoring systems) and biochemical tests 

were used. The two most common scoring systems 
were the EuroSCORE [2] and the Parsonnet score [3]. 
Although frequently used, it also had some limitations 
[4], [5]. To resolve, some biochemical tests were 
considered. Among that, NT-proBNP was emerged as 
one of the promise markers in heart disease, 
especially in heart failure [6]. It was used to predict 
postoperative outcomes in heart surgery in both early 
[7] and long-term effects [8]. The Canadian guideline 
recommended using it in persons with HF as a 
prognostic factor [9].  
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 The guideline of ESC also remarked NT-
proBNP as one of prognostic factors [10]. Moreover, 
in CABG surgery, it independently predicted 
postoperative outcome [11]. In combination with 
existing clinical tools such as EuroSCORE II, it 
showed more accuracy than using it alone [12]. 

 Besides predictive ability before 
cardiac surgery [13], NT-proBNP levels contribute a 
valuable role in heart failure management [14] evenly 
in acute or unstable state [15]. Elevating NT-proBNP 
levels in these situations was associated with poor 
clinical outcomes [16], [17]. To optimize 
medical therapy, serial NT-proBNP measurement was 
used in stable CHF patients [18]. But in acute heart 
failure after CABG surgery, data of this biochemical 
marker were too limited.  

 Therefore, this study aimed to evaluate the 
serial NT-proBNP level that could provide prognostic 
and follow-up treatment information of acute heart 
failure after CABG surgery. 

 

 

Materials and Methods  

 

 We conducted this prospective study on 107 
patients who underwent CABG surgery at Ho Chi 
Minh Heart Institute from October 2012 to June 2014. 
Inclusion criteria included patients with established 
diagnoses of coronary artery stenosis based on 
angiography; aged 18 and older; consultation of 
internal medicine and surgery, and indication for 
CABG according to the recommendation American 
Internal Medicine Association (ACC/AHA/ACP /ASIM).  

 The exclusion criteria were: aged <18; 
damage of 1 or 2 branches of coronary artery; overall 
50 - 60% of coronary artery stenosis with excepting 
main body; < 50% diameter of coronary artery 
stenosis; concomitant cardiac surgery such as valve 
surgery and septal surgery ; renal function 
insufficiency (eGFR <30 ml/min/1.73m

2
). 

 

 Monitoring  

 Chronic heart failure (CHF) before surgery 
was diagnosed according to the Framingham criteria, 
while postoperative diagnosis of acute heart failure 
(AHF) was followed the guidelines of Viet Nam Heart 
Association 2015 with staging A, B, C and D 
according to ACC/AHA and grading according to 
NYHA. Indexes in heart failure were recorded in 
echocardiography. The main prognosis factor of heart 
failure after surgery were EuroSCORE and the level of 
serial NT-proBNP. NT-proBNP level was quantified at 
the Department of Biochemistry at Ho Chi Minh Heart 
Institute, using the electrochemiluminescence 
immunoassay (ECLIA). The optimal cutting points of 

NT-proBNP to determine acute heart failure for ages 
younger than 50, from 50 to 75 and older than 75 
years are 450, 900 and 1800 pg/ml, respectively. The 
NT-proBNP-independent age cut point less than 300 
pg/ml had a negative diagnostic value to rule out 
acute heart failure at 98%.Collecting time was noted 
as following: B0: the day before surgery; B1: 2 hours 
after surgery; B2, B3, B4, B5 were collected at 8 a.m 
on days 2, 3, 4, 5 after surgery; Bx: at the time of 
expression of cardiac dysfunction (continuous 
monitoring of cardiac index on the Flo-Trac system) or 
when the patient presents with acute heart failure. 

 We also recorded data about dosage and 
using time of dobutamine, noradrenaline, and 
adrenaline in collecting time after surgery to follow-up 
treatment. Collecting time was noted as following: N0: 
the day before surgery; N1: 2 hours after surgery; N2, 
N3, N4, N5 were collected at 8 a.m on days 2, 3, 4, 5 
after surgery. In addition, follow-up at times when 
patients showed cardiac impairment or when acute 
heart failure occurred. 

 

 Statistical analysis 

 Statistical analysis was performed by Epidata 
6 and STATA version 14.0 software.  

 Descriptive analysis presented as mean ± 
standard deviation (95% confidence interval). Testing 
t-Student/Mann-Withney U test/Wilcoxon/ANOVA and 
Chi-square/ Fisher's exact test, Kolmogorov test, 
Person correlation, single and multivariate linear 
regression methods used in the study. p-value < 0.05 
was known as statistically significant. 

 

 

Results 

 

 Out of 107 patients, 67.3% was male. Medical 
history was chest pain (98.1%), hypertension (77.6%), 
myocardial ischemia (77.6%), heart failure (28.0%), 
diabetes (24.3%), myocardial infarction (9.4%), 
dyslipidemia (7.5%), arrhythmias (4.7%), COPD 
(3.7%), and renal failure (1.9%). Demographics of CHF 
before surgery and AHF after surgery showed in Table 
1. 

Table 1: Demographics of chronic heart failure before surgery and 
acute heart failure after surgery 

Pre-operative 
condition 

Post-operative condition 

 Without AHF AHF Total p-value 

Without CHF 64 (78.1 %) 7 (28.0 %) 71 (66.4 %) < 0.0001 

CHF 18 (21.9 %) 18 (72.0 %) 36 (33.6 %) < 0.0001 

Total 82 (76.6 %) 25 (23.4 %) 107 (100%) < 0.0001 

Note: CHF: Chronic heart failure; AHF: Acute heart failure. 
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On the first postoperative day (POD1), the NT-
proBNP level demonstrated significant value for AHF 
in patients undergoing CABG surgery with the cut-off 
point = 817.8 pg/mL and AUC = 0.806 (95% CI = 0.71 
to 0.90; p<0.0001; sensitivity = 70%; and specificity = 
80.5%). The values of NTproBNP for AHF on the 
second and third postoperative days (POD 2 and 
POD3) showed detail in Table 2.  

Table 2: Cut-off values of NT-proBNP according to Euro-score 

Post-
operative day 
(POD) 

Cut-off 
value 

Sensitivity Specificity AUC 
(95% CI) 

Youden – 
Index 

POD 1 817.8 70.0 % 80.5 % 0.806 (0.71 – 0.90) 0.505 

POD 2 2,516 66.7 % 77.9 % 0.753 (0.64 – 0.87) 0.446 

POD 3 3,556 60.0 % 81.6 % 0.751 (0.64 – 0.86) 0.416 

Note: AUC: Area under the curve; CI: Confidence Interval. 

 

 Table 3 performed detail analysis of NT-
proBNP cut-off value according to EuroSCORE.  

Table 3: Detail analysis of cut-off value of NT-proBNP 
according to EuroSCORE 

 EuroSCORE Cut-off NT-proBNP 

L and I 

risk 

High 

risk 

Indexes ≤  

Cut-off 

>  

Cut-off 

Indexes 

Sen Spe Acc P-
value 

Sen Spe Acc P-
value 

Pre-

operative 

Cut-off 

(508.8 
pg/ml) 

Without 

CHF (71) 

58 (81.7) 13(18.3) 47.2 81.7 70.1 0.002 56 (78.9) 15 (21.1) 80.6 78.9 79.44 0.000 

CHF (36) 19 (52.8) 17 (47.2) 7 (19.4) 29 (80.6) 

POD 1 

Cut-off 

(871.8 
pg/ml) 

No AHF 

(94) 

73 (77.7) 21 (22.3) 77.7 69.2 76.64 0.002 70 (74.5) 24 (25.5) 74.5 92.3 76.64 0.000 

AHF 

(13) 

4 (30.8) 9 (69.2) 1 (7.7) 12 (92.3) 

POD 2  

Cut-off 

(2516 

pg/ml) 

No AHF 

(98) 

74 (75.5) 24(24.5) 75.5 66.7 74.8 0.014 68(69.4) 30(30.6) 69.4 77.8 70.1 0.008 

2(22.2) 7 (77.8) 

AHF (9) 3 (33.3) 6 (66.7) 

POD 3 

Cut-off 

(3556 
pg/ml) 

Without 

AHF(104) 

76(73.1) 28(26.9) 66.7 73.1 72.9 0.189 74(71.8) 29(28.2) 100 71.8 72.6 0.026 

AHF (3) 1 (33.3) 2 (66.7) 0 (0)  3 (100) 

Note: Sensitivity = Sen; Specificity = Spe ;Accurac = ACC , POD: Postoperative day; CHF: 
Chronic heart failure; AHF: Acute heart failure; Low and Intermediate risk = L and I risk. 
 

 To follow-up treatment, the general dosage 
and using time of inotrope was shown in Table 4.  

Table 4: Dosage and using time of inotrope (µg/kg/min) 

Factors 

Post-operative condition p-values 

Without AHF 
(n=82) 

AHF 
(n=25) 

 
Noradrenalin 

 Dosage 0.85 ± 1.59 0.14 ± 0.12 0.75
f
 

Using time 43.1 ± 28.9 112.9 ± 37.5 0.000
c
 

 
Dobutamine 
 

 Dosage 3.32 ± 1.82 6.25 ± 2.47 0.000
f
 

Using time 29.1 ± 28.2 101.1 ± 47.3 
0.000

f
 

Adrenalin 
 

 Dosage 0.026 ± 0.048 0.15 ± 0.15 0.000
f
 

Using time 16.6 ± 30.7 82.9 ± 55.6 0.000
f
 

Note: AHF: Acute heart failure. 

 

 More detail showed in Table 5 (dobutamine), 
table 6 (noradrenaline), and table 7 (adrenaline). The 
level of NT-proBNP level in AHF group was 
statistically significant compared to the without AHF 
group at POD 1 and POD 2 when analyzed by the 
normal doses of dobutamine. In low doses, it just 
showed statistically significant at POD 2 (Table 5). In 
AHF group it was statistically significant compared to 
the without AHF group at POD 1 and POD 2 when 
analyzed by the low doses of noradrenaline. In low 
doses, it did not show statistically significant at POD 
all three days after surgery (Table 6).  

 

Table 5: Level of serum NT-proBNP and dobutamine doses 

Time 
Dobutamin doses 

Post-operative condition 
p-values 

Without AHF AHF 

POD 1 Low doses (< 5 µg) 496.1 ± 609.9 2885 0.1
f
 

Normal doses (5-15 µg) 1.077.5 ± 2.154.5 2.499.8 ± 1.646.7 0.000
f
 

p-values 0.041
f
 0.59

f
  

POD 2 Low doses (< 5 µg) 1.956.8 ± 1.728.9 6.088 ± 4.774.8 0.023
f
 

Normal doses (5-15 µg) 3.465.2 ± 3.224.7 9.387.5 ± 8.623.8 0.036
f
 

p-values 0.049
f
 0.796

f
  

POD 3 Low doses (< 5 µg) 3.653.3 ± 4.984.2   

Normal doses (5-15 µg) 5.797.8 ± 3.937 8.123.7 ± 4.636.0 0.393
f
 

p-values 0.001
f
   

Note: POD: Post-operative day; AHF: Acute heart failure.; f. Mann-Withney U test. 

 

 When analyzed by the normal doses of 
adrenaline, in AHF group it was statistically significant 
compared to the without AHF group at POD 1 and 
POD 2.  

Table 6: Level of serum NT-proBNP and noradrenalin doses 

Time 
Noradrenalin dosage 

Post-operative condition 
p-values 

Without AHF AHF 

POD 1 Low dosage (<0.01 µg) 862.7 ± 1.855.5 2.447.2 ± 628.5 0.0001
f
 

Normal dosage (≥0.01 µg) 749.8 ± 871.9 2.578.7 ± 2.172.9 0.062
f
 

p-values 0.7
f
 0.81

f
  

POD 2 Low dosage (<0.01 µg) 2.335.5 ± 2.436.2 9.252.8 ± 9.681.3 0.014
f
 

Normal dosage (≥0.01 µg) 3.509 ± 2751.1 7.081.3 ± 4.235.8 0.073
f
 

p-values 0.03
f
 0.807

f
  

POD 3 Low dosage (<0.01 µg) 3.952.7 ± 5.067.4 13.415 0.13
f
 

Normal dosage (≥0.01 µg) 5.804.9 ± 3.476.9 5.478 ± 994.2 0.89
f
 

p-values 0.003
f
 0.221

f
  

Note: POD: Post-operative day; AHF: Acute heart failure.; f. Mann-Withney U test.
  

 It is statistically significant in POD 2 and POD 
3 when analyzed by the low doses of adrenaline 
(Table 7). 

Table 7: Level of serum NT-proBNP and adrenalin doses 

Time 
Adrenalin 

Post-operative condition 
p-values 

Without AHF AHF 

POD 1 Low dosage (<0.05 µg) 585.3 ± 726.6 2.595 0.12
f
 

Normal doage (≥0.05) 1.444.4 ± 2.911 2.523.9 ± 1.650.3 0.004
f
 

p-values 0.051
f
 1

f
  

POD 2 Low dosage (<0.05 µg) 1.855.6 ± 1.725.2 2.733.8 ± 8.32.3 0.07
f
 

Normal doage (≥0.05) 4.047.4 ± 3.237.4 12.730.8 ± 7.332.3 0.004
f
 

p-values 0.000
f
 0.014

f
  

POD 3 Low dosage (<0.05 µg) 3.140.1 ± 3.890.3 9.095 ± 6.109.4 0.045
f
 

Normal doage (≥0.05) 8.015.2 ± 5.590.9 6.181 0.694 

p-values 0.000
f
 1

f
  

Note: POD: Post-operative day; AHF: Acute heart failure.; f. Mann-Withney U test. 

 

 

 

Discussion  

 

 NT-proBNP reflected the grade of heart failure 
[19] and proved to be useful indicator for evaluating 
heart failure [16] In cardiac surgery, it pointed out as 
independent indicator to predict postoperative 
outcomes [20]. Compared with other indicators, it 
seems to be equal to euroSCORE but superior than 
ejection fraction [21]. It was used in various types of 
cardiac surgery such as percutaneous coronary 



Basic and Clinical Medical Researches in Vietnam 
_______________________________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________________________ 

4414                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

intervention [22], surgery for aortic stenosis.[23], and 
CABG [11]. As the role of prognosis in CABG patients, 
NT-proBNP in combined with EuroSCORE II provided 
better prognosis accuracy with AUC = 0.93 and the 
cut-off point of NT-proBNP level was 1028 pg/ml [12]. 
When using it alone as an independent indicator to 
predict postoperative mortality, NT-proBNP also 
showed as valuable factor with HR = 2.02 and the cut-
off point was 2,000 pg/ml [24]. To maximize the 
accuracy of NT-proBNP level, the cofounders that 
affected it must be eliminated. In general, factor 
affecting systolic function such as valve disease that 
can be elevated NT-proBNP level through elevating 
filling pressure of left ventricle [6]. Patients with heart 
valve abnormality (aortic or mitral stenosis) often had 
higher pre-operative levels than coronary diseases 
[25]. In our study, there was no patient with 
concomitant valve disease that reduced the risk of 
bias. The other important element affecting NT-
ProBNP level was renal function. The relation 
between them was associated inversely [26] with 
increasing NT-proBNP level as decreasing eGFR [27]. 
Thus, in our study we excluded patients with renal 
function insufficiency to reduce the bias of NT-proBNP 
level. 

 NT-proBNP had shown evidence as a 
predictor of prognosis but what collecting time was 
better to predict also remained unknown [28]. One of 
the most advantages in our study was serial 
measurements of the NT-ProBNP that help to 
optimize the cut off value for specific circumstances. 
Using single NT-proBNP level measured before 
surgery to predict both severe circulatory failure and 
mortality in hospital after surgery [11]. Although 
preoperative measurement was independently 
predictive of postoperative outcome [29], [30], clinical 
assessment combined with biomarker tests also 
showed more useful value [7], [31]. However, 
natriuretic peptides were not included in post-
operation follow-up. To further understanding, 
evaluating NT-proBNP in this period was needed. It 
was more valuable in prediction of mortality when 
using serial measurements within 12 hours [32]. It 
showed as strong predictors for both short-term and 
long-term prognosis [33]. 

 When acute heart failure develops, NT-
proBNP also increases and vice versa. That is why we 
used serum NT-proBNP level as an indicator of follow-
up treatment in this study. It had been proved superior 
to standard care in guiding heart failure treatment with 
cost-effective, improving quality of life, and reversing 
ventricular remodeling [34]. Single NT-proBNP 
measurements can provide a diagnostic index, but it is 
unreasonable for treatment because of disease 
changing rapidly and need to use medical therapy to 
stabilize individual patients directly. Serial NT-proBNP 
measurements may provide intraindividual variation of 
NT-proBNP that reflects the real condition of patients. 
In our study, we used day by day measurements to 
follow continuously.The exact interpretation will lead 

to set up suitable treatment strategies. It can predict 
predicts adverse events during follow-up [35] and from 
that individually optimizing medical therapy for each 
patient [18]. In our study, level of NT-proBNP in AHF 
group was statistically significant compared to the 
without AHF group almost at POD 1 and POD 2 when 
analyzed by the doses of dobutamine, noradrenaline, 
and adrenaline (both low doses and normal doses). 
The dose of inotrope drugs was in line with NT-
proBNP level. These results provide a valuable 
indicator in intensive management after CABG. 

 In conclusion, serial measurement of NT-
proBNP level provides useful prognostic and follow-up 
treatment information in acute heart failure after 
CABG surgery. 
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Abstract 

BACKGROUND: Stroke patients are at high risk for stroke-associated pneumonia (SAP). If patients suffer from 
pneumonia their prognosis will worsen.  

AIM: To identify factors that increases the risk of SAP in stroke patients.  

METHODS: A group of 508 patients hospitalized within 5 days after the onset of stroke were enrolled 
prospectively.  

RESULTS: The incidence of SAP was 13.4%. Some major risk factors for SAP are: mechanical ventilation (MV) 
had odds ratio (OR) 16.4 (p <0.01); the National Institutes of Health Stroke Scale (NIHSS) > 15 OR 9.1 (p <0.01); 
the Gugging Swallowing Screen (GUSS) 0-14 OR 11.7 (p <0.01).  

CONCLUSION: SAP is a frequent complication. We identified some risk factors of SAP, especially stroke severity 
(NIHSS > 15), swallowing disorder (GUSS < 15) and mechanical ventilation. 

 

 

 

 

 

 

 

 

Introduction 

 

 Stroke is dangerous because it causes cause 
high rates of death and disability. Stroke-related 
DALYs (disability-adjusted life-years) ranked second 
in the list of 10 leading causes of DALYs [1]. The 
proportion of DALYs and deaths caused by stroke had 
been increased when compared with all diseases, 
from 3.5% (in 1990) to 4.6% (in 2013) [1]. Previous 
studies demonstrated that complications have a bad 
effect on the disability rate and mortality rate. Of all 
post-stroke complications, SAP is considered a major 
one with a strong impact on the outcome [2]. SAP is 
associated with increased mortality, prolonged the 
time of stay in hospital, and poor outcome on 
discharge [2]. Early identification of the probability of 

SAP is required to improve outcomes of SAP patients. 
Although various studies on risk factors for SAP were 
conducted, their results were inconsistent. In 
particular, according to our search results at the 
National Library of Vietnam, there is currently no 
research on this topic in Vietnam. So we conducted 
this study to identify the risk factors for stroke-related 
pneumonia in stroke patients. 

 

 

Subjects and Methods 

 

 Patient selection 

 All adult patients aged from 18 years and 
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more admitted to the Stroke Department from March 
2014 to April 2016, were diagnosed with stroke based 
on the WHO definition [3]. 

 SAP diagnosis was based on Pneumonia In 
Stroke Consensus (PISCES) [4]: pneumonia 
(according to CDC standards) occurred within 7 days 
after onset of stroke. 

 

 Methods 

 We enrolled prospectively 508 stroke patients 
during the first 24 hours after admission and followed 
continuously until discharge. The collected data 
included medical history, routine blood test, chest X-
rays, electrocardiogram and cranial computed 
tomography. The severity of stroke was evaluated by 
NIHSS [5]. NIHSS is a simple, reliable and validated 
scale whereby higher scores indicate a more severe 
stroke. NIHSS is a scale with values from 0 (normal 
neurological functions) to 42 (absolutely neurological 
deficiency). Patients' swallowing ability was evaluated 
by the GUSS [6]. Total GUSS score ranges from 20 
(normal swallowing function) to 0 (absolutely no ability 
to swallow).  

 During the prospective follow-up, SAP 
occurrence was recorded. Descriptive measures were 
applied for quantitative variables. We used Student t-
test for normality distribution and Mann-Whitney test 
for abnormality distribution. Two categorical variables 
were compared by the Chi-Square test. Odds ratios 
(OR) were used in discovery the relation between 
pneumonia and the risk factors. All the tests in this 
study were 2-tailed and we determined the statistical 
significance level of 0.01. Data were analyzed by IBM 
SPSS version 22. 

 

 

Results 

 

 We collected data from 508 patients admitted 
to the Stroke Department, Military Hospital 103. The 
results in Table 1 show the characteristics of the 
patient. The mean age was 65.6 ± 12.4 years. 
Ischemic stroke accounted for 60% and the incidence 
rate of SAP was 13.4%. 

 Comparing results between SAP and non-
SAP groups showed that: SAP group had higher 
NIHSS (15.1 ± 8.6 and 7.7 ± 5.9, respectively, p < 
0.01) lower GCS (12.6 ± 2.8 and 14.2 ± 1.7, 
respectively, p < 0.01), and lower GUSS (9.2 ± 6.6 vs 
17.0 ± 4.8, respectively, p < 0.01), all differences were 
significant (p <0.01). The SAP group had a higher 
mechanical ventilation rate than the non-SAP group 
(39.7% and 3.9%, respectively, p < 0.01). 

 

Table 1: Characteristics of patients 

Characteristics SAP 
n (%) 

non-SAP 
n (%) 

Total 
n (%) 

p 

Stroke types     
 Ischemic 31 (45.6) 274 (62.3) 305 (60.0) 0.070 
 Hemorrhagic 37 (54.4) 166 (37.7) 203 (40.0)  
Sex      
 Female 26 (38.2) 160 (36.4) 186 (36.6) 0.432 
 Male 42 (61.8) 280 (63.6) 322 (63.4)  
Age (years)     
 ≤ 70 35 (51.5) 279 (63.4) 314 (61.8) 0.620 
 > 70 33 (48.5) 161 (36.6) 194 (38.2)  
 Mean ± SD 69.2 ± 12.2 65.6 ± 12.4 66.0 ± 12.5 0.024 
GCS (median) 13 15 15 < 0.01 
NIHSS (median) 15 6 7 < 0.01 
GUSS (median) 11 19 18 < 0.01 
Diabetes     
 Yes 18 (26.5) 42 (9.5) 60 (11.8) < 0.01 
      
Smoke     
 Yes 5 (7.4) 34 (7.7) 39 (7.7) 0.910 
Mechanical ventilation     
 Yes 27 (39.7) 17 (3.9) 44 (8.7) < 0.01 
Total  68 (13.4) 440(86.6) 508 (100)  

 

 The univariate logistic regression analysis 
showed that hemorrhagic type, prior medical history of 
diabetes mellitus, mechanical ventilation, Glasgow 3-
8, NIHSS 16-42, GUSS 0-14 and hyperglycemia at 
admission were associated with SAP (shown in Table 
2). Among them, 3 outstanding SAP risk factors are 
mechanical ventilation (OR 16.4, 95%CI 8.2-32.5, p < 
0.01), GUSS < 15 (OR 11.7, 95%CI 6.6 - 20.8, p < 
0.01) and NIHSS > 15 (OR 9.1, 95%CI 5.2 - 16.0, p < 
0.01). 

Table 2: Some risk factors of SAP (n = 508) 

Risk factors OR, CI 95% p 

Stroke type: Hemorrhagic 2.0 (1.2 - 3.3) < 0.01 
Diabetes 3.4 (1.8-6.4) < 0.01 
Mechanical ventilation 16.4 (8.2-32.5) < 0.01 
GCS ≤ 8 7.2 (3.2 - 16.0) < 0.01 
NIHSS > 15 9.1 (5.2 - 16.0) < 0.01 
GUSS < 15 11.7 (6.6 - 20.8) < 0.01 
Hyperglycemia at admission 3.0 (1.7 - 5.2) < 0.01 

 

 

 

Discussion 

  

 SAP is a common complication after stroke 
[7]. In our study, 13.4% (68/508) developed SAP. 

 A lot of studies were conducted to find out 
factors that increase the probability of SAP. Some of 
them developed prognosis scales of the pneumonia 
risk in stroke patients (Table 3).  

 Because of too many scoring systems for the 
prognosis of the pneumonia risk are existent, Kishore 
et al. conducted a study investigating the accuracy of 
the existing scales of risk factors for pneumonia in 
2016 [16]. The authors found that prognostic factors 
included in the scoring systems are: age; sex; NIHSS; 
GCS; speech disorder; swallowing disorder; falls at 
onset of stroke; blood pressure increase > 200mmHg; 
disability before stroke; atrial fibrillation; heart failure; 
COPD; smoking; drinking a lot of alcohol; prior 
medical history of pneumonia; diabetes mellitus; 
mechanical ventilation; CT or MR brain images 
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(location of lesions, intra-ventricular hemorrhage, 
hematoma volume). 

Table 3: Risk factors for SAP in some scales 

Risk factor 

S
c
h

e
p

p
 e

t 
a

l 
(2

0
1

2
) 

[8
] 

F
ri

e
d

a
n
t 

e
t 

a
l 
(2

0
1

5
) 

[9
] 

S
m

it
h

 e
t 

a
l 
(2

0
1

5
) 

[1
0

] 

C
h
u

m
b

le
r 

e
t 

a
l 
(2

0
1

0
) 

[1
1

] 

H
o

ff
m

a
n

n
 e

t 
a

l 
(2

0
1

2
) 

[1
2

] 

K
u

m
a

r 
e

t 
a

l 
(2

0
1
7

) 
[1

3
] 

H
a
rm

s
 e

t 
a

l 
(2

0
1
3

) 
[1

4
] 

J
i 
e

t 
a

l 
(2

0
1

3
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[1
5

] 

Old age × × × × × × × × 

Male   ×      

mRS prior to 
hospital 

  ×     × 

Prior history of 
pneumonia 

   × ×    

AF ×       × 

COPD ×       × 

Diabetes  ×       

Heart failure      ×  × 

Smoking        × 

Drinking too 
much 

       × 

Hemorrhagic 
stroke 

×        

GCS 
decreased 

      × × 

Falls at onset    ×     

NIHSS 
increased 

× × × × ×   × 

Swallowing 
disorders 

   × × ×  × 

Systolic blood 
pressure> 
200mmHg 

      ×  

Hyperglycemia         × 

 

 Hemorrhagic stroke was related to the risk of 
SAP with OR = 2.0. Our research results are 
consistent with those of Divani et al that: hemorrhagic 
type was related to a higher risk of SAP [17]. Schepp 
et al. conducted their research on 1,008 stroke 
patients and found that: hemorrhagic stroke patients 
have a higher risk of SAP than cerebral infarction 
patients with OR = 1.67 [8] . 

 Diabetes is a common risk factor of stroke. 
Hyperglycemia was an independent prognostic factor 
for bacteria infection and SAP [18]. In our study, 
patients with a history of diabetes in the SAP group 
was 26.5%, higher than that of the non-SAP group 
(9.5%), the difference was significant (p < 0.01). 
Patients who had a history of diabetes had an 
increased risk of SAP with OR 3.4. The study by 
Zhang in 2016, conducted on 1,149 ischemic stroke 
patients showed that the proportion of diabetes in the 
SAP group is 24.4% higher than in the non-SAP group 
(18.4%). According to Sari et al. (2017) diabetes was 
related to the risk of SAP (OR = 2.09; 95% CI: 0.83-
5.29; p = 0.12) [19]. 

 Patients with consciousness disorders which 
lead to an increased risk of swallowing disorder, 
aspiration, reduction in the ability to cough, spit. GCS 
at admission below 8 was an independent prognostic 
factor of infection and SAP [18]. These factors 
increase the risk of SAP. As our results, stroke 
patients with severe consciousness disorders 
(Glasgow 3-8) had a high risk of SAP with OR 7.2, p < 
0.01. 

 The proportion of severe stroke (the NIHSS 
over 15) in the SAP group was higher than that in the 
non-SAP group (47.1% and 9.1%, respectively, p < 
0.01). NIHSS > 15 increased the risk of SAP with OR 
16.4 (95%CI 8.2 - 32.5, p < 0.01). Our results are 
consistent with other authors, such as Smith et al., the 
patients who had NIHSS > 15 caused the risk of 
pneumonia with OR=9.58 [10]. Results from other 
studies had also shown that high scores of NIHSS 
increased the risk of SAP [11], [12], [13], [15], [19], 
[20]. 

 A stroke happens in the cerebral hemisphere, 
cerebellum, or brain stem can damage swallowing 
physiology. Cerebral stroke lesions can destroy the 
voluntary function of mastication and interrupt the 
bolus transport process of the oral phase. The lesions 
in the precentral gyrus may cause not only 
contralateral disorder in facial, tongue and lip motor 
function but also contralateral compromise in 
peristalsis of pharynx. Brain stem stroke may cause 
sensation loss of the mouth, cheek, and tongue, delay 
the trigger of the pharynx and glottis. [21]. Due to 
swallowing disorders, foreign objects, food, pathogens 
easily enter the lower respiratory of pneumonia 
patients. The study conducted by Bray et al., (2016) 
with nearly 60,000 stroke patients showed that if the 
patient were examined for early swallowing disorders 
in order to have appropriate preventive measures, the 
rate of pneumonia after stroke would reduce from 13.8 
% to 8% [22]. 

 The patients who had GUSS 0-14 would have 
a higher risk of pneumonia than patients with GUSS 
15-20: OR = 11.7, p < 0.01. There are various scales 
to measure swallowing disorders, of which GUSS is 
the most popular one. According to Trapl et al., when 
comparing the diagnostic value of swallowing disorder 
by GUSS with the esophageal endoscopy, Kappa 
coefficient was 0.835 [23]. The author divided 
swallowing disorder into 4 levels: severe (GUSS 0-9 
scores); medium (GUSS 10-14); mild (GUSS 15-19) 
and no swallowing disorder (GUSS 20). Of which, risk 
of aspiration will be high for the patients with GUSS ≤ 
14 scores [23]. GUSS had 100% sensitivity, 69% 
specificity in assessing the risk of aspiration [24]. The 
study conducted by Zhang et al. in 2016 [25] on 1,149 
patients with ischemic stroke showed that swallowing 
disorder was a risk of pneumonia with OR = 16.68 
(95% CI: 10.28-27.07; p <0.05). Sari et al. (2017) [19] 
studied on SAP in Indonesia and Japan. The results 
showed that swallowing disorder is a risk of 
pneumonia, OR = 12.62 (p = 0.001). Therefore the 
authors concluded that swallowing impairment is an 
independent risk for pneumonia [26].  

 Mechanical ventilation caused a high risk of 
pneumonia with OR 16.4 (p <0.01). Hinduja et al. 
(2015) [18] conducted research on 202 primary 
intracerebral hemorrhage patients: mechanical 
ventilation was an independent prognostic factor 
infection and SAP. Alsumarain et al. [27] studied on 
290 stroke patients with cerebral hemorrhage and 
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found that mechanical ventilation increased the risk of 
pneumonia with OR = 9.42 

 In conclusion, our study identified the risk 
factors related to SAP in stroke patients. We have 
shown that SAP is a frequent complication. We 
identified some risk factors of SAP, especially stroke 
severity (NIHSS > 15), swallowing disorder (GUSS < 
15) and mechanical ventilation. 
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Abstract 

BACKROUND: The reversation of NMBA (neuromuscular blocking agents) prevents numerous postoperative 
complications, increases quality of recovery and decreases the time, expenditure spending in hospital. The choice 
of medicine used to reverse NMBA depends  considered as a key fators to gain the best outcome and to avoid the 
side effects. 

AIM: To evaluate the postoperative effect on muscle relaxation reversal and side effects of sugammadex 2 mg/kg 

versus the combination of  neostigmine and atropine sulfate in the living kidney donors.  

METHODS: A randomised controlled trial on 70 patients undergoing living kidney donation surgery were allocated 
to 2 groups. Patients in group I (SUGA) were reversed with sugammadex 2 mg/kg and in group II (NEO/ATR) with 
the combination of neostigmine and atropine sulfat. 

RESULTS: With 35 patients in each group, the study results showed that after 3 mintutes of reversal patients 
reaching TOF value ≥ 0.9 in group SUGA is 91.4%, after 5 minutes 100% of patients in group SUGA reached 
TOF value ≥ 0.9 . In group NEO/ATR after 3 minutes 28.6% patients reached TOF ≥ 0.9 and 40% patients 
reached TOF≥ 0.9 after 5 minutes. The difference in percentage of patients reaching TOF ≥ 0.9 after 3 minutes, 5 
minutes of reversal between two groups is significant (p<0.05). After 10 minutes, 100% patients in both group got 
TOF ≥ 0.9. Time to exutubation of group SUGA was 249.43 ± 81.75 seconds and it was 456.29 ± 146.45 seconds 
in group NEO/ATR. Nausea, bradycardia, and increased phlegm production in group NEO/ATR was 22.9%; 
28.5%; 25.7% respectively; while those side effects were not met in group SUGA, the difference was significant 
(p<0.05). 

CONCLUSION: The muscle relaxation reversal effect of sugammadex was faster than that of neostigmine, the 
duration TOF ≥ 0.9 and the time to extubation was significantly faster. Sugammadex did not cause hemodynamic 
changes before and after muscle relaxation reversal, neostigmine resulted in the bradycardia, increased phlegm 
secreting and other side effects. The renal function after 24 hours postoperatively of two groups was similar. 

 

 

Introduction 

 

 Nowadays, living donor nephrectomy in Viet 
Nam is usually performed under laparascopic 
methods, due to numerous advantages for the donors 
such as reduced blood loss, decreased tissue trauma, 
lower analgesia requirement, faster resumption of 
food and drinks intake, shorter hospitalisation and 
better postoperative cosmetic appearance. However, 
increasing abdominal pressure due to 
pneunoperitonium can affect the kidney function by 
impairing renal perfusion flow and does not facilitate 

surgeon’s procedure [1]. Therefore, profound 
neuromuscular blockade plays essential role in 
limitting the increase in abdominal pressure and 
facilitating surgical field for kidney removal. 
Postoperative residual curarization is a common 
complication after surgery that impacts the patient's 
safety. Postoperative residual curarization reduces 
ventilation response to hypoxia; induces laryngeal 
muscle and esophageal sphincter dysfunction which 
causes reflux, choking lungs; thus increasing risk of 
postoperative respiratory complications. Therefore, 
finding a safe way to reverse muscles relaxation is 
fundamental to achieving successful outcomes of 
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surgery. Neostigmine is a common neuromuscular 
blockade reversal agent; with anticholinesterase 
mechanism which allows acetylcholine to build up at 
the neuromuscular junction and subsequently results 
in competitively inhibiting non-depolarizing blocking 
drugs at the nicotinic receptor of motor nerve 
terminals. On the other hand, this drug simultaneously 
acts on muscarinic receptor that leads to several side 
effects, so neostigmine is frequently used with 
anticholinergic drugs such as atropine. The dose of 
neostigmine should be adjusted according to TOF 
count, and postoperative residual curarization may still 
exist after neostigmin administration [2], [3]. If 
neostigmine is used when TOF < 0.9, it may also 
increase the residual neuromuscular blockade [4], [5], 
[6]. Sugammadex, a cyclodextrin, is thought to be an 
antagonist - a selective relaxant-binding agent 
(SRBA), which reverses the aminosteroid group like 
rocuronium through an encapsulating mechanism to 
form a rigid sugammadex-rocuronium complex and 
then excreted in urine. Sugammadex has some 
advantages such as allowing reversal of profound 
blockade, rapid onset as well as no muscarinic side 
effects and no atropine combination requirement [7], 
[8], [9]. Dose of sugammadex and neostigmin chosen 
for reversal are based on TOF value [10]. In the world, 
there are several studies demonstrating the safety 
and efficacy of sugammadex and comparing the 
neuromuscular blockade reversal effect of 
sugammadex versus that of neostigmine.  

 An analyzed randomized controlled trial on 
the reversal function of sugammadex and neostigmine 
conducted by M.Carron et al in 2016 shows that in 
comparison to neostigmine, sugammadex reverses 
the neuromuscular block faster (p < 0.0001), has a 
stronger relation to TOF during extubation period, and 
decreases risk of recurarization after endotracheal 
tube withdrawing (OR = 0.05, CI 95%: 0.01 – 0.43; p = 
0.0068). Sugammasex also has a significant relation 
to reduction of all complications (p < 0.00016) [1]. 

 In Vietnam, there have been rare studies 
comparing the reversal effectiveness and side effects 
between sugammadex and the combination of 
neostigmine and atropine, especially on patients 
experiencing living donor nephrectomy. For that 
reason, we conducted this study to evaluate the 
differences in efficacy, undesirable effects between 
sugammadex 2 mg/kg and the combination of 
neostigmine and atropine at different doses and 
atropine sulfate in the living kidney donors. 

 

 

Materials and Methods 

 

 Criteria for selection 

- Age 18-60 years old, ASA I - III. 

- Laparocopic donor nephrectomy. 

- General anesthesia. 

- Normal results of complete blood count, 
physiochemical tests, echocardiogram. 

-  Surgery duration > 60 minutes. 

 

 Criteria for exclusion 

- Patient’s disagreement to participate in study. 

- Patients did not meet selection requirement. 

- Patients who have renal or hepatic 
dysfunction. 

- Patients having history of malignant 
hyperthermia or neuromuscual diseases. 

- Patients with difficult airway. 

- Prolonged diabetes patients with 
complication, neurological complication. 

- Patients with BMI < 17 kg/m
2
 or > 30 kg/m

2
. 

- Patients taking medications interacting with 
neuromuscular relaxants such as anticonvulsants, 
magnesium, and some antibiotics. 

- Patients having allergy to opioid, NMBA, 
anesthetics. 

 

 Patients rejected from study  

- Patients had allergy to medications, or 
anaphylaxis shock to anesthetics. 

- Patients with surgical complications. 

- Patients had postoperative severe condition 
which required treatment in ICU and mechanical 
ventilation > 24h. 

 

 Study methods 

 This study was a single blinded randomized 
controlled trial. Patients were allocated to 2 groups: 

- Group I (SUGA) : Sugammadex 2 mg/kg were 
used to reverse NMBA. 

- Group II (NEO/ATR): Different doses of 
neostigmine combined with atropine sulfate were used  

 The study was perfomed at Center of 
Anestheisa and Surgical intensive care, Viet Duc 
hospital from March to September of 2018. Convenience 
sampling with 35 patients in each group, and patients 
were ramdomly assigned into group SUGA or NEO/ 
ATR by ballot when they were in operation center. 

 

 Research process 

 Preparing patients included: Anesthesia 
examination, explaining to patients about anesthesia 
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method and research. After ASA standard monitoring 
was applied, induction was carried out with fentanyl 
1.5 mcg/kg, propofol 2 mg/kg, rocoronium 0.6 mg/kg, 
then an endotracheal tube was intubated when the 
TOF was 0. Anesthesia was maintained by 
sevoflurane at the MAC of 1-1.5 and intraoperative 
TOF was observed, additional dose of rocuronium 
(0.15 mg/kg) was utilised when TOF count reached 2 
out of 4. TOF value after surgery was recorded right 
after operation. The patients were reversed 
neuromuscular blockade when TOF count > 0: Group 
SUGA (n = 35) was reversed with sugammadex 2 
mg/kg, group NEO/ATR (n = 35) was reversed with 
neostigmine at different doses based on TOF Scan 
which were 60; 50; 40; 30 mcg/kg to TOF value of 
1;2;3;4 respectively [10] and neostigmine was 
combined with atropine at ratio of 3:1. The TOF 
values were recorded at the time of blockade reversal, 
after reversal every minute until 20 minutes and then 
at 30 minutes and 60 minutes. Endotracheal tube 
extubation was performed when patients met criteria 
of full awareness; heart rate < 100 bpm; systolic blood 
pressure > 90mmHg; respiratory rate 10-12 rates/min; 
SpO2 > 95%; body temperature >35.5

0
C; TOF ratio ≥ 

0.9 [11]. 

 

 Analyzing data 

 The research data was analyzed and 
processed by SPSS 20.0 software. Quantitative 
variables were described in average and standard 
deviations. Qualitative variables were described in 
percentage (%). Chi square, T-test with 95% 
confidence, the difference was statistically significant 
when p <0.05. 

 

 

Results 

 

 Common features of study groups 

 Of 70 patients assessed for eligibility, 35 
patients were randomly allocated to two groups. There 
are no significant differences in baseline 
characteristics between 2 groups such as gender, 
age, BMI, hemoglobin concentration or serum 
electrolyte (Table 1). 

Table 1: Patients demographic 

Features Group SUGA 
(n = 35) 

Group NEO/ATR 
(n = 35) 

P 

Gender (male/female) 28/7 25/10  
 
 
 
> 0.05 

Age (yrs): X ± SD 33 ± 7.37 31.83 ± 7.70 

BMI (kg/m²): X ± SD 21.86 ± 3.39 20.77 ± 2.32 

Hemoglobin: X ± SD 147.09 ± 9.81 147.17 ± 9.82 

Serum sodium (mmol/l): X ± SD 136.8 ± 1.98 136.66 ± 2.04 

Serum potassium (mmol/l): X ± SD 3.88 ± 0.33 3.82 ± 0.30 

Serum calcium (mmol/l): X ± SD 2.30 ± 0.12 2.27 ± 0.11 

Serum creatinine (mmol/l): X ± SD 80.69 ± 14.20 81.66 ± 13.28 

Serum albumin (mmol/l): X ± SD 45.49 ± 2.67 44.58 ±2.58 

Blood loss (ml): X ± SD 114.29 ± 53.64 118.57 ± 40.38 

  

 In our study, the rate of right kidney collection 
in group I was 60% and group II was 71.4%, there 
was no significant difference in the two groups (p> 
0.05). The average anesthesia time of group I was 
178.43 ± 36.54 minutes and group II was 171.43 ± 
25.71 minutes, this time of the two groups did not 
differ significantly (p > 0.05). The average amount of 
blood loss between the two groups was not 
statistically significant with p > 0.05. 

 

 Anesthesia time and medication used in 
 surgery 

 The total amount of propofol, fentanyl and 
sevoflurane used to induce and maintain anesthesia 
in the two groups were matching. The average 
rocuronium used in group I, II are the same which are 
76.15 ± 17.78 mg and 71.20 ± 11.53 respectively. 
There was no difference in the total amount of 
rocuronium used as well as the quantity of rocuronium 
in the last 45 minutes of the operation and the 
repeated dose of rocuronium of the two groups (p> 
0.05) (Table 2). 

Table 2: Characteristics of drugs used in surgery 

Group 
Index 

Group I 
(n = 35) 

Group II 
(n = 35) 

P 

Fentanyl (mg) 0.21 ± 0.05 0.9 ± 0.04 

> 0.05 

Propofol (mg) 125.71 ± 24.53 117.74 ± 18.43 

Sevoflurane (ml) 29.69 ± 6.69 28.14 ± 6.95 

Rocuronium (mg) 76.15 ± 17.78 71.20 ± 11.53 

Rocuronium used in the last 45 min (mg) 9.0 ± 2.56 8.17 ± 2.68 

Times of repeating rocuronium 3.14 ± 0.73 3.17 ± 0.66 

  

 Postoperative indexes 

 Patients were monitored at the end of surgery 
the temperature; MAC (Minimum aveolar 
concentration) and Et Sevoflurane (expiratory 
sevoflurane concentration). The temperature at the 
end of surgery in group SUGA was 36.42 ± 0.37

0
C 

which is 36.41 ± 0.37
0
C in group NEO/ATR. MAC got 

to 0.44 ± 0.07 and 0.43 ± 0.06 in group SUGA and 
NEO/ATR. The expiratoty Sevoflurane concentration 
of group SUGA is 0.5 ± 0.06 comparing to 0.47 ± 0.07 
in group NEO/ATR. All showed no differences with p 
value > 0.05 

 

 Rate of TOF ≥ 0.7 and ≥ 0.9 after reversal of 
 NMBAs over time 

 After 2 minutes of reversal: 94.3% of patients 
in group SUGA achieved TOF ≥ 0.7, while only 31.4% 
of patients achieved TOF ≥ 0.7 in group NEO/ATR, 
the variance was statistically substantial with p <0.05. 
After 4 minutes of reversal: 100% patients of group 
SUGA achieved TOF ≥ 0.7, which statistically 
significantly distinguished from 65.7% in group 
NEO/ATR with p < 0.05. After 7 minutes of reversal: 
100% of patients in both study groups achieved TOF 
≥ 0.9 (Figure 1). 
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Figure 1: The ratio reaches TOF 0.7 after reversal of NMBAs over 
time 

 

 After 3 minutes of reversal: group SUGA had 
91.4% patients achieving TOF ≥ 0.9, contrasting with 
only 28.6% patients in group NEO/ATR and the 
difference was also statistically significant with p <0.05 
. After 5 minutes of reversal: 100% patients in group I 
gained TOF ≥ 0.9, whereas in group II only 40% of 
patients obtained TOF ≥ 0.9 and the mismatch was 
also substantial with p <0.05. After 10 minutes of 
reversal: 100% patients in the two study groups 
acquired TOF ≥ 0.9 (Figure 2). 

 

Figure 2: The ratio reaches TOF ≥ 0.9 after reversal of NMBAs over 
time 

 

 Time to TOF ≥ 0.7; ≥ 0.9 and time to 
 extubation 

 Time from starting reversing neuromuscular 
block to reach TOF ≥ 0.7 and TOF ≥ 0.9 in group I is 
faster signigicantly than the one in group II with p 
<0.05 (Table 3). 

Table 3: Time to TOF ≥ 0.7; ≥ 0.9 and time to extubation 

Group 
Time (second) 

Group I 
(n = 35) 

Group II 
(n = 35) 

p 

Time to TOF ≥ 0.7 
  

 

± SD 107.57 ± 54.87 215.57 ± 81.76 <0.05 

Min – Max 30-300 75-435 
 

Time to TOF ≥ 0.9    

± SD 155.29 ± 62.51 313.29 ± 105.77 <0.05 

Min – Max 45-360 120-570 
 

Time to extubation after NMBAs 
reveral  

249.43 ± 81.75 456.29 ± 146.45 <0.05 

 

 

 

 Side effects of NMBAs reversal 

 Sugammadex did not cause changes in the 
heart rate and blood pressure as well as other side 
effects, while heart rate was recorded to decrease in 
the neostigmine and atropine group. There were 2.9% 
patients experiencing xerostomia, 2.9% patients 
undergoing headaches in sugammadex group. In 
group used combination of neostigmine and atropine: 
28.5% patients had bradycardia; 25.7% increased 
phlegm production; 11.4% suffered xerostomia; 11.4% 
had headaches; 22.9% represented nausea. Among 
them, bradycardia, increased secretion of mucus, and 
nausea were statistically significantly different from 
group S with p <0.05. All patients in both groups had 
neither arrhythmias nor bronchospasm. 28.5% 
patients with bradycardia were sinus one (Table 4).  

Table 4: Side effects 

Group 
Side effect 

Group I 
n (%) 

Group II 
n (%) 

P 

Nausea 1(2.9) 8(22.9) <0.05 

Bradycardia 0 10(28.5) <0.05
 

Increased phlegm production 0 9(25.7) <0.05
 

Xerostomia  1(2.9) 4(11.4) >0.05
 

Headache 1(2.9) 4(11.4) >0.05 

  

 

 

Discussion 

 

 The patients in the two study groups did not 
differ in terms of common characteristics: patient age, 
height, weight, BMI classification. As far as surgical 
type, perioperative used drugs, postoperative 
parameters, arterial blood gas of the two groups were 
concerned, there were not significant difference. 

 In the regard of the effect of neuromuscular 
blockade reversal agent, the results of the study 
showed that the group of patients receiving dose of 2 
mg/kg sugamadex had a significantly faster recovery 
time of TOF compared with the patients receiving the 
combination of neostigmine and atropine at the ratio 
3:1. The dose of sugammadex or neostigmine was 
adjusted according to TOF count value mearsured 
right after operation. In the study, time to start 
reversing neuromuscular blockade was when there 
was at least one twitch of TOF [12]. Acorrding to 
Hristovska’s study, time to get TOF 0.9 when reversed 
by sugammadex is significantly faster than that by 
neostigmine at every different dose in patients who 
were maintained by either intravenous anesthetics or 
volatile agents during anesthesia [13]. After 3 minutes 
of sugammadex injection, 91.4% patients achieved 
TOF ≥ 0.9, whereas only 28.6% of patients obtained 
TOF ≥ 0.9 after 4 minutes of neostigmine injection, 
this difference was statistically significant with p <0.05. 
After 5 minutes of reversal, 100% patients of group I 
achieved TOF ≥ 0.9, while the figure for group 2 was 
40%. 

 Neostigmine is a neuromuscular blockade 
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reversal agent that has been used for a long time and 
is clinically popular. The drug causes inactivation of 
acetyl cholinesterase through the irreversible 
carbamylation process. Neostigmine cannot resolve 
the muscle relaxant when the neuromuscular 
blockade is deep. Neostigmine's neuromuscular 
blockade reversal effect usually initiates in about 1-2 
minutes and reaches maximum within 6-10 minutes, 
so it takes about 10 minutes for neostigmine to fully 
perform [14],[15]. In our study, the group treated with 
neostigmine combined with atropine had an average 
recovery time of TOF ≥ 0.7 was 215.57 ± 81.76 
seconds, the slowest recovery time of TOF ≥ 0.7 was 
435 seconds; the average recovery time of TOF ≥ 0.9 
was 313.29 ± 105.77 seconds, the latest was after 
570 seconds. In this group, the number of patients 
who received neostigmine when there was 1-2-3-4 
stimulating response (TOF 1/4) was 4-13-7-11 
respectively. In our study, the time to achieve TOF ≥ 
0.9 was shorter than that of Manfred, Blobner [16], 
and Tiffany Woo [17], Cheong Ho [18]; in the study of 
Blobner and plus, the average recovery time of TOF ≥ 
0.7 is 7.2 minutes, recovery of TOF ≥ 0.9 is 18.6 
minutes. This difference may be due to the fact that 
Blobner and Woo administered reversal agent at the 
time of TOF =2/4, while we injected reversal agent at 
times of different TOF values. In our study, patients 
who recieved neuromuscular blockade reversal at the 
time of TOF=2/4 had average recovery time of TOF ≥ 
0.7 and TOF ≥ 0.9 was 238.85 ± 80.89 seconds and 
339.23 ± 115.80 seconds respectively. This result is 
longer than that of Wu Xinmin [19], this difference can 
be attributed to the fact that we used sevofluran for 
anaesthesia maintenance. Sevofluran has been 
shown to slow neostigmine's muscle relaxant recovery 
[20]. 

 Sugammadex was approved for use in 
Europe in 2008 by the European, Pharmaceutical 
Authorities. In 2015, sugammadex was accepted by 
the American Pharmaceutical Society, and now it has 
been used in 70 countries [21]. With the mechanism 
of direct action through rapid chemical interaction, 
sugammadex forms a stable complex with non-
depolarizing muscle relaxants. Sugammadex 16 
mg/kg can be used in case of rescue when intubation 
is not possible after 1.2 mg/kg rocuronium injected, 
TOF achieved the value of ≥ 0.9 after 2 - 3 minutes 
[22]. In our study, we used dose of 2mg/kg 
sugammadex for all TOF count values. The results 
showed that after sugammadex injection, average 
time of TOF achieved ≥ 0.7 was 107.57 ± 54.87 
seconds; and TOF ≥ 0.9 was 155.29 ± 62.51 seconds. 
The fastest time to recover TOF ≥ 0.7 was 0.30; and 
the fastest time to reach TOF ≥ 0.9 was 45 seconds. 
In this group, the number of patients receiving 
neuromuscular blockade reversal agent at the 
moment of TOF count = 1-2-3-4 stimulus response 
was 15-14-5-1 respectively. In patients who were 
reversed at TOF score of 2 stimuli, the average 
recovery time of TOF ≥ 0.7 and TOF ≥ 0.9 was 84.64 
± 24.67 seconds and 136.43 ± 32.10 seconds, 

correspondingly. Our results was similar to other 
studies, which showed that sugammadex can quickly 
dissolves rocuronium molecule: the average time of 
TOF ≥ 0.9 was 155.29 seconds; after 3 minutes, 
91.4% patients recovered TOF ≥ 0.9; after 5 minutes, 
100% patients recover TOF ≥ 0.9. 

 In the regard of undesirable effects: The rate 
of patients with bradycardia, nausea, and increased 
secretion of group 2 was significantly higher than 
group I, this result is shown in Table 3.7. Group 2 had 
10 patients with heart rate <50 beats/minute 
accounting for 28.5%, 9 patients had increased 
sputum secretion mounting to 25.7%, 4 patients with 
dry mouth and 4 patients with headache occupying 
11.4% and 8 patients (22.9%) had nausea. On the 
contrary, Group I had only 1 patient with headache, 1 
patient with nausea, 1 patient with xerostomia, each 
accounting for 2.9%. In our study, we did not see any 
patients with allergies, dizziness, hypotension ... after 
reversal. Nausea and vomiting are common concern 
after surgery. There are many factors that are thought 
to be related to postoperative vomiting and nausea 
such as laparoscopic surgery with 
pneumoperitoneum, usage of atropine for 
neuromuscular blockade reversal compared to 
patients without postoperative reversal (68% vs. 32%) 
[23]. In our study, we had 8 patients (22.9%) with 
nausea in group II, including 2 patients had severe 
nausea, this patient was given metoclopramide 10 mg 
intravenously, and responded well to treatment. In the 
group of using sugammadex for neuromuscular 
blockade reversal there was 1 patients (2.9%) who 
suffered from nausea and vomiting after surgery. 
Some other studies recorded the rate of postoperative 
nausea and vomiting in patients with neuromuscular 
blockade reversal by sugammadex: Blobner 4%, 
Tiffany Woo 7%, Yazar 5%; [16], [17], [22]. We did not 
document any patients with bronchospasm after 
extubation. But 25.7% patients in group II increased 
sputum production, whilst in group I there was no 
patient with this symtom. Emine Yazar noted that 2 
patients (3.4%) had bronchospasm after 
neuromuscular blockade reversal with sugammadex, 
but the author did not describe these two cases [22]. 1 
patient (2.9%) in group I and 4 patients (11.4%) in 
group II had headache after surgery, there was no 
difference between the two groups, p > 0.05. In 
Tiffany Woo's study, the headache rate of 
neuromuscular blockade reversal with sugammadex 
and neostigmine was 12% and 15% respectively [11]. 
The rate of dry mouth in group II was 11.4%; group I 
is 2.9%. Xerostomia in patients receiving 
neuromuscular blockade reversal with neostigmine 
are associated with the use of combined atropine. In 
addition, the evaluation of this symptom is also 
difficult, because the patient must fast to prepare for 
surgery, so the patient had a feeling of dry mouth 
before. In the Blobner study, the rate of dry mouth 
was 6% in both groups used neostigmine and 
sugammadex [16]. 
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 The objects of our study were patients who 
experienced laparoscopic nephrectomy, so it is 
necessary to monitor and evaluate plasma creatinine 
level before and after 24 hour of surgery which were 
shown to be not significantly different between the two 
groups. 

 In conclusion, Sugammadex has better 
neuromuscular block reversal effects than 
neostigmine. Recovery time reaching TOF ≥ 0.9 of 
group using sugammadex 2mg/kg is significantly 
faster than the one of group using neostigmine 
combined with atropine at the rate of 3:1 following 
TOF count. Sugammadex also reduces side effects 
induced by neuromuscular blockade reversal agents 
in living donor nephrectomy surgery. 

 

 

Ethical approval 

 

 All procedures performed in studies involving 
human participants were in accordance with the 
ethical standards of institutional and/or national 
research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable 
ethical standards. The study has been approved by 
Science and Medical Ethics Review Board of Viet Duc 
hospital and Committee of Science and Ethics of 
Hanoi Medical University. 

 

 

Informed consent 

 

 The patient's family was fully explained about 
the research process and agreed to participate. Risk 
patients had been excluded to minimize the unwanted 
effects of monitoring methods. Information about 
medical records and images were kept confidentially. 
Informed consents were obtained from the patients 
included in the study. 
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Abstract 

BACKGROUND: Aneuploidy is a major cause of miscarriages and implantation failure. Preimplantation genetic 
testing for aneuploidy (PGT-A) by Next Generation Sequencing (NGS) is able to detect of the numeral and 
structural chromosomal abnormalities of embryos in vitro fertilization (IVF).  

AIM: This study was aimed to assess the relationship between maternal age and chromosomal abnormalities 
NGS technology.  

METHODS: A group of 603 human trophectoderm (TE) biopsied samples were tested by Veriseq kit of Illumina. 
The relation of marternal age and chromosomal abnormality of blastocyst embryo was evaluated. 

RESULTS: Among the 603 TE samples, 247 samples (42.73%) presented as chromosomal abnormalities. The 
abnormalities occurred to almost chromosomes, and the most popular aneuploidy observed is 22. Aneuploidy rate 
from 0.87% in chromosome 11 to 6.06% in chromosome 22. The rate of abnormal chromosome increased 
dramatically in group of mother's ages over 37 (54.17%) comparing to group of mother's ages less than 37 
(38.05%) (p < 0.000). The Abnormal chromosome and maternal age has a positive correlation with r = 0.4783 
(p<0.0001). 

CONCLUSION: These results showed high rate abnormal chromosome and correlated with advanced maternal 
age of blastocyst embryos. 

 

 

 

 

Introduction 

 
 Maximizing the success rate of in vitro 
fertilization (IVF) treatments is challenge, and a 
reliable mean of determining the embryos with the 
most significant capacity for pregnancy is required [1]. 
There are several molecular methods to assess 
embryos, which are available to be applied. The major 
cause of IVF failure was showed to be abnormal 
chromosome. Recent years, aneuploidy rates were 
higher in oocytes and embryos from women of 
advanced maternal age [2], [3], [4]. The number of 
women intentionally, delaying pregnancy after year-
old age of 35, has increased significantly last decades 
because the clash between the optimal biological 
period for women to have children and to obtain 

additional education, and building a career. In fact, for 
women over 40 years old, it is common for more than 
fifty percent of the oocytes retrieved to be aneuploidy 
[1], [5]. In miscarriage couples, an abnormal 
embryonic karyotype has been found to represent the 
most frequent cause [3]. 

 PGT-A has been applied for the last over ten 
years to assess the chromosome abnormality of 
embryos to satiate the reproductive outcome of 
specific patient groups. Aneuploidies are common in 
early human embryos such as day 3 to day 5. Most 
methodologies of embryo assessment involve 
morphologic analysis at different developmental 
stages of the embryo. Blastomere number, multi-
nucleation, fragmentation of embryo, and blastocyst 
formation are the key factors associated with viability 
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of embryo. The relationship between morphology and 
embryo aneuploidy was first evaluated with 
Fluorescence in situ hybridization (FISH) studies for 
7–8 chromosomes [6]. Pellicer’s experience showed 
that a remarkable rate of embryos with chromosomal 
abnormality was able to develop to the blastocyst with 
suitable morphology parameters; in fact, 42.8% of 
chromosomally abnormal embryos reached blastocyst 
stage [7]. However, the failure of finding a better 
morphologic indicator of aneuploidy in previous 
researches had been a consequence of technical 
insufficiency. Virtually all study has evaluated only a 
few specific chromosomes in each embryo, and it is 
therefore unavoidable that some of the embryos 
categorized as aneuploidy were, in fact, abnormal, 
with aneuploidies affecting chromosomes that were 
not tested [1]. 

 More recently, in a study, array comparative 
genomic hybridization (A- CGH) could be used to 
detect 24 embryonic chromosomes. A-CGH was the 
first technology to be widely available for 
comprehensive aneuploidy screening and is now used 
extensively around the world [8]. The rapid 
development of next generation sequencing (NGS) 
technologies has generated an increasing interest to 
apply in PGT-A purposes and the technique offer 
improvements for the detection of chromosomal 
aneuploidy in IVF embryos compared with current 
technologies by reduced costs and enhanced 
precision as well as parallel and customizable 
analysis of multiple embryos in a single sequencing 
run [8], [9]. In this study, we applied NGS technology 
to screening 24-chromosome aneuploidy on embryos 
at blastocyst stages. This approach with 
trophectoderm samples from blastocyst biopsies, both 
whole chromosome aneuploidy and segmental 
chromosome imbalances would be detected. We also 
determined the chromosomal abnormalities of 
blastocyst-stage embryos in vitro fertilization using 
PGS-NGS technique and evaluating the correlation 
between the chromosomal status of blastocyst-stage 
embryos and the maternal age. 
 
 
 

Materials and Methods 

 
 Material 
 The study population consisted of 603 
embryos from consecutive patients planning to 
undergo PGS with trophectoderm (TE) biopsy. All IVF 
cycles were performed at the Andrology and Fertility 
Hospital of Hanoi, and Hanoi Hospital of Obstetrics 
and Gynecology in the period between June 2017 and 
February 2018. Genetic testing was performed at the 
DNA laboratory - Vietnam Military Medical Academy. 
 
 
 Whole genome amplification (WGA) 
 For whole genome amplification, TE samples, 

negative and positive controls were lysed, and 
genomic DNA was amplified by SurePlex kit (Illumina, 
Inc., San Diego, CA, USA), as the manufacturer's 
recommendation. Then, 5 µl of each product plus 5 µl 
gel loading dye were tested by agarose 
electrophoresis to determine the success of the 
amplification. 
 
 Libraries preparation 
 Libraries were prepared at DNA Lab using the 
VeriSeq PGS workflow (Illumina, Inc.), was briefly 
following: One nanogram of quantified dsDNA 
template at 0.2 ng/ml was added to 5 µl of Amplicon 
Tagmentation Mixture (ATM) and 10 µl of 
Tagmentation DNA Buffer (TD). The segmentation 
step was carried out at 55

o
C for 5 min and hold at 

10
o
C. The resulting segmented mixture was 

neutralized by adding 5µl of proprietary neutralization 
buffer (NT). Post-homogenization, the Tagmentation 
plate was held at room temperature for 5 min. The 
fragmented DNA was amplified via a limited-cycle 
PCR programme (one cycle of 72

o
C for 3 min, 

followed by 12 cycles of 95
o
C for 10 s, 55

o
C for 30 s 

and 72
o
C for 30 s, one cycle at 72

o
C for 30 s, followed 

by a hold at 4
o
C) after the adding of 5µl of index 1 (i7), 

5µl of index 2 (i5), and 15µl of Nextera PCR Master 
Mix (NPM) to each well. PCR product clean-up used 
AMPureXP beads (Beckman Coulter, Brea, CA, USA) 
to purify the library DNA with no salt carryover, 
providing a size selection step that removes short 
library fragments including index 1 (i7) and index 2 (i5) 
from the population. 45 µl of the PCR product was 
transferred to 96-well storage plates containing 45 µl 
of AMPure XP beads. Sealed plates were mixed using 
a microplate shaker at 1000 rpm for 2 min, then 
incubated at ambient temperature without shaking for 
5 min. Thereafter, the plate was placed on a magnetic 
stand for 2 min or until the supernatant cleared. While 
the plates were kept on the magnetic stand, the 
magnetic beads were washed twice with 200 µl of 
freshly prepared 80% ethanol. Purified libraries were 
eluted with 50 µl of the Nextera XT Resuspension 
Buffer. It could be found more detail elsewhere [8], [9]. 
  
 Sequencing 
 Single-end, dual index 36 base pair reads 
sequencing was performed at DNA Laboratory 
following the Illumina chemistry workflow on a MiSeq 
(Illumina, Inc.), using the MiSeq Reagent Kit v3 PGS 
kit (Illumina, Inc.) which contains the ready to load 
onboard clustering and SBS chemistry reagents.  
 
 Processing and analysing data 
 The following bioinformatics analysis was 
accomplished with a pre-release version of BlueFuse 
Multi for NGS (Illumina, Inc.). "Embryos were 
diagnosed as "euploidy" if the generated plot showed 
no gain or loss [8]. Secondary analysis included 
statistics; description, processing, and data analysis 
were performed by STATA software version 14. We 
compared the average values by t-testst and the 
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ratios by Chi quare test, CI 95%. We use simple linear 
regression and Pearson's correlation to find the 
relationship. 
 
 

Results 
 
 Of the blastocyst-stage embryos, 95.9% were 
succeeding in whole genome amplification (578 out of 
603). We investigated 410 embryos belong group 
mother’s age <37 years old Group 1 (32.6 ± 3.43) and 
168 embryos belong group mother’s age >37 years 
old – Group 2 (39.63 ± 2.96) (Table 1).  

Table 1: PGS-NGS results in 578 embryos at blastocyst stage, 
(Pearson chi2(1) = 12.6506 pr = 0.000) 

  
Group 1 
(<37 years old) 

Group 2 
(≥37 years old) 

Total 
P 
(Group 1 vs 
Group 2) 

Average age (Mean±SD 32.06 ± 3.43 39.63 ± 2.96 34.26 ± 4.76 0.0000 

Normal embryos (n, %) 
254 
61.95% 

77 
45.83% 

331 
57.27% 

0.0000 

Abnormal embryo (n, %) 
156 
38.05% 

91 
54.17% 

247 
42.73% 

0.0000 

Total embryo (n, %) 
410 
100% 

168 
100% 

578 
100% 

 

Note: P values were determined by t test and Chi square test. 

 
 A wide variety of aneuploidies was detected. 
Indeed, the results showed that any chromosome can 
be affected by aneuploidy at the blastocyst stage. A 
total of 322 chromosomal abnormalities were detected 
in the aneuploidy embryos represented monosomy, 
trisomy (Figure 1). Top 3 chromosomal 22, 16 and 21 
were much more represented by abnormal than 
others (35, 32 and 24, respectively) (Table 2).  

Table 2: Characteristics of aneuploidy 

Chrom-
osome 

Total 
chromosome 
tested 

Aneuplody  Euploidy 

n % n % 

1 578 9 1.56% 569 98.44% 

2 578 11 1.90% 567 98.10% 

3 578 12 2.08% 566 97.92% 

4 578 15 2.60% 563 97.40% 

5 578 13 2.25% 565 97.75% 

6 578 9 1.56% 569 98.44% 

7 578 7 1.21% 571 98.79% 

8 578 17 2.94% 561 97.06% 

9 578 6 1.04% 572 98.96% 

10 578 17 2.94% 561 97.06% 

11 578 5 0.87% 573 99.13% 

12 578 12 2.08% 566 97.92% 

13 578 15 2.60% 563 97.40% 

14 578 10 1.73% 568 98.27% 

15 578 19 3.29% 559 96.71% 

16 578 32 5.54% 546 94.46% 

17 578 10 1.73% 568 98.27% 

18 578 11 1.90% 567 98.10% 

19 578 7 1.21% 571 98.79% 

20 578 8 1.38% 570 98.62% 

21 578 24 4.15% 554 95.85% 

22 578 35 6.06% 543 93.94% 

XY 578 18 3.11% 560 96.89% 

Total 13294 322 2.42% 12972 97.58% 

 
 As expected, a strong association between 
advancing maternal age and aneuploidy was 
observed, but interestingly individual chromosomes 
were not equally affected by this phenomenon. There 
were 54.1% embryos had chromosomal abnormality 
in group 1 whereas only 38.05% in Group 1 (Table 1). 

 
Figure 1: Examples of chromosomal abnormalities detection by 
next-generation sequencing. Embryo number HU3 of patient N. T. 
H.: 42, XY, -2, -5, -6, -22, +4 

 
  
 Results from the embryos of group 1 were 
compared with those from patients in group 2. 
Chromosome 14 showed the greatest increase in the 
risk of aneuploidy (3.7-fold increase). Chromosomes 7 
and 18 displayed a 3.3 and a 2.9-fold increase, 
respectively. For chromosomes 2, 3, 12, 13, 15, 17, 
19, 20, 21 and 22 the increase was around from 1.5 to 
2-fold. Other chromosomes were found little or no 
change in aneuploidy rate with advancing age (Figure 
2). 

 
Figure 2: Incidence of chromosomal abnormalities between two 
groups 

 
 We evaluated the relationship between 
blastocyst-stage chromosomal abnormalities and 
maternal age using linear regression and Pearson's 
correlation (Figure 3). The correlation coefficients r = 
0.4783 (CI 95%) are illustrated as formula: 

Abnormalities probity of chromosomes = -0.7 + 0.01 x 
(maternal age) 

 

 

Figure 3: The linear regression line shows the correlation between 
maternal age and the rate of aneuploidy. R

2
: coefficient index 
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Discussion 

 

 The evaluation of genetic normality embryo is 
the most important criterion for the selection of 
embryos to be transferred. Thus, the present study 
attempted to re-evaluate previous studies that had 
described the relationship between chromosome 
abnormalities and maternal age using newest PGS 
method based on NGS technology [10], [11], [12], 
[13], [14], [15]. The analysis of more than 603 
embryos for 23 chromosome pairs makes this study 
the most extensive and comprehensive to date on 
chromosome abnormalities in human cleavage stage 
embryos.  

 In this study showed that the abnormal 
chromosomal IVF in Vietnam population was 42.7% 
(Confident interval 95%). This number indicated with 
Rubio’s study in 2003 analyzing similar maternal age 
that there were 45.1% embryo had abnormal 
chromosomal [16]. In 2003, Alfarawati showed that 
there was more than half of embryos tested had 
abnormal (56.7%) [17]. However, their study focused 
on recurrent miscarriage and high maternal age 
(average 37.5 years) whereas this study focused on 
patient had average age lower (34.4 years). In 1991, 
Zenzes and Casper represented the rate of 
abnormalities in embryo was fluctuate from 23% to 
40% [18]. It is possible to project used NGS method 
with high accuracy compare with karyotyping used by 
Zenzes.  

 Aneuploidy is the most error observed on the 
embryo at the blastocyst stage [19]. Notably, the 
proportion of each chromosome is the difference in 
order that testing individual chromosomal or some 
chromosomes was concluded healthy embryo due to 
an increasing false negative. Therefore, the high 
aneuploidy rates observed suggest that chromosome 
screening at the blastocyst stage may be beneficial, 
particularly for women >34 years [20]. 

 On the other hand, the results agreed with 
previous trends, such as that aneuploidy increases in 
cleavage stage embryos with maternal age. It is clear 
that maternal age is only one of the causes of 
chromosome abnormalities. The present study 
confirms that only 61.95% of embryos from young 
patients are healthy for the chromosomes studied (< 
37 years), and this frequency decreases to 45.83% 
with advancing maternal age (>37 years) (CI: 95%, p 
< 0.05). In 2003, Rubio’s study illustrated that the 
abnormalities rate of chromosomes were 33.3% at 
patients age <37 years and increased to 57.7% at 
patients age >37 years [16]. Of research made, 
Aneuploidy reached over 50% with maternal age >40 
years [20]. In addition, in the year 2017, Upadhyaya 
concluded that the number of normal embryos in 
group < 37 years was 65.5% and fallen at 40.6% 
when maternal age increasing [21]. This proportion for 
this study was very similar to the proportion of our 
study. Even Upadhyaya et al. used another 

technology (array CGH) to detected comprehensive 
chromosomes.  

 The results make us believe that 
chromosomal abnormalities of the embryo in IVF 
blastocyst stage have a relationship with maternal 
age, although the correlation coefficient is not really 
high (r = 0.4783, CI:95%). In fact, this coefficient is 
positive, that means the higher the mother's age will 
have more chromosomal abnormalities of embryos. 
Figure 3 shows that each 22.87% variation in the 
incidence of chromosome abnormalities is explained 
by the variation of maternal age factor (coefficient of 
determination R-square = 0.2287). When maternal 
age increases by one unit, the incidence of 
chromosome numbers increases by 0.01 units, and 
this change is significant, with 95% confidence [22]. 

 Overall, the probability of embryo aneuploidy 
increases when maternal age higher. This effect 
becomes more impressive for some chromosomes. 
The chromosome most affected by age is 
chromosome 14; the data show that the rate of 
multiple deviations increased by 3.7 times in the 
elderly group (≥ 37 years). Then came chromosome 
7, the rate of multiple deviations increased by 3.3 
times and chromosome 18 increased by 2.9 times 
when the mother's age increased compared with the 
average increase of about 1.5 to 2 times for all 
chromosomes 2, 3, 12, 13, 15, 17, 18, 19, 20, 21, 22. 
In addition to the study of Alfarawati and colleagues in 
2011, chromosomes 7 and 14 were the most 
prevalent group with the highest increase in maternal 
age (5-6 times higher), and for infection chromosomes 
2, 15, 17, 20, 22 doubled [17]. This conclusion is quite 
similar to our results, thus confirming the reliability of 
this study. 

 In conclusion, the rate of chromosomal 
abnormalities of embryos at blastocyst stage in vitro 
fertilization in the Vietnamese population is 42.7%. 
The most common groups of chromosomes were 
observed including chromosome number 15, 16, 21, 
22 and sex chromosomes.  

 The proportion of embryos with abnormal 
chromosome and maternal age has a positive 
correlation with the average level of contact (r = 
0.4783), meaning that the higher the age of the 
mother will make greater the risk of creating embryos 
have chromosomal abnormalities. 

 

 

Ethical approval 

 

 All procedures performed in studies involving 
human participants were in accordance with the 
ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable 
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ethical standards. This study was approved by the 
ethics committee Vietnam Military Medical University. 

 

 

Informed consent 

 

 The informed consents were signed by 
patients. 
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Abstract 

BACKGROUND: Meckel’s diverticulum (MD) is detected in approximately 2% of all individuals and only 2-4% MD 
patients may develop symptoms. Small intestinal obstruction is a frequent complication in adults.  

CASE REPORT: A 48-year-old male was admitted to emergency department for high intestinal obstruction 
symptoms. The imaging examinations were failed to detect the underlying causes. A median laparotomy revealed 
small bowel obstruction (SBO) due to a segment of ileum twisted around a giant MD axis.  

CONCLUSION: Thus, a giant MD generating torsion of ileum is an unusual complication. Preoperative diagnosis 
is challenging. Emergency surgery is preferred to make an accurate diagnosis and for treatment.       

 

 

 

 

 

 

 

Introduction 

 

 Meckel’s diverticulum (MD) is a frequent 
congenital defect of the gastrointestinal tract, 
presenting in approximately 2% of whole population. 
Only 2-4% of this anomaly may become symptomatic 
[1]. Its location and size are known by “the rule of 
twos”, in which the diverticulum is frequently located 2 
feet (60 cm) from the ileocecal valve and does not 
exceed 2 inches (5 cm) in length [2]. Gastrointestinal 
bleeding, inflammation, intussusception or SBO are 
the principle complications of MD [1].  

 According to previous studies, the 
complication rate likely increases in the giant MD 

(diameter  5 cm) cases [3]. In these cases, small 
bowel obstruction (SBO) because of torsion around 
the giant diverticulum axis is rare but is the most 
serious complication [3]. Preoperative imaging 
diagnosis is always challenging because the 
diverticulum may resemble a normal bowel loop on 

ultrasound and computed tomography (CT) scan [3]. 
Hence, we report an unusual SBO case causing axial 
volvulus of a giant MD successfully treated by 
operation.  

 

 

Case report 

 

 A 48-year-old male patient was hospitalized 
with increasing abdominal pain, abdominal distension, 
failure of passage gas and bowel movement for over 
24 hours. No abnormal medical and surgical history 
was detected. The patient reported no nausea and no 
vomiting experience, along with a normal blood 
pressure (110/80 mmHg) and heart rate (90 bpm). 
Abdominal tenderness on palpation with muscular 
defense and no palpable hernias was detected on 
physical examination. 
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Figure 1: Abdominal X-ray findings. Air fluid levels in small bowel 
(arrow) 
 

 Air fluid levels were showed in small bowel at 
the left upper quadrant and ruled out 
pneumoperitoneum on abdominal X-ray (Fig. 1). 
Ultrasound revealed SBO with dilated bowel loop, 
decreased bowel peristalsis and homogenous free 
fluid mainly located in pouch of Douglas. On CT, SBO 
signs were also detected. The most distended loop 
(52 mm in diameter) proximal to transition point (Fig. 
2A) and the thickened small bowel loops (Fig. 2B) 
were found at the left upper quadrant. Moreover, the 
whirlpool sign indicated mesenteric volvulus was 
showed at this area (Fig. 2C). No free gas, and no 
hernia was found. Blood count revealed that white 
blood cell count was 18.2 g/l, and percentage of 
neutrophil was 87.7%.  

 

Figure 2:  CT findings. A. Axial CT scan reveals the most distended 
loop (white arrow) proximal to transition point (small arrow). B. Axial 
CT reveals the thickened small bowel loops (arrow). C. Sagittal CT 
scan shows the whirlpool sign indicated mesenteric volvulus (arrow) 

  

 A median laparotomy was performed due to 
SBO with mesenteric volvulus. Operatory findings 
pointed out a 10-cm in length MD from 40 cm of 
ileocecal junction and 50 cm long of ileum twisted 
around MD axis. Segmental ileum containing the 
diverticulum was resected followed by ileo-ileostomy. 

Pathologic findings demonstrated inflammation, 
necrosis and hemorrhage of a MD and necrosis of the 
small bowel segment. The patient was discharged 
after 10 days. 

 

Figure 3: Intra-operative findings. Intra-operative photograph shows 
a giant MD (white arrow) and the location where the ileal loops 
twisted around MD axis (small arrow) 

 

 

 

Discussion 

 

 MD results from the incomplete obliteration in 
the omphalomesenteric (vitelline) duct. As it is 
consisted of all layers of the small bowel, MD is 
considered a true diverticulum [3]. While 
gastrointestinal bleeding is one of the popular 
complications in children, intestinal obstruction is 
more frequently found to be a clinical symptom among 
adults (3). Based on hypothesis of Halstead et al, MD 
can be divided in two types - unattached and attached 
diverticulum. The former type is rarer and can cause 
obstruction due to its mobility. The latter has a fibrous 
band at its apex attaches to the umbilicus or to other 
viscera. Inflammation, adhesion or inversion of the 
mucous membrane of the diverticulum and adjacent 
bowel may lead a volvulus by twisting of the gut in 
upon itself at the point where the diverticulum 
attached. Furthermore, the appearance and the size 
of MD may increase the complication rate, hence, 
may change the treatment strategy. Many authors 
discouraged the resection of a broad-base or of a 
short length MD without palpable mass in the lumen in 
case of casually found [4, 5]. In contrast, a long and 
narrow base diverticulum is prone to diverticulitis and 
torsion, while intussusception is a frequent 
complication detected with a short and stumpy base 
diverticulum [2]. Regarding the size of MD, those 

which the diameter is  5 cm may result in SBO [2]. 
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 Preoperative diagnosis is difficult in the 
symptomatic patients without per-rectal bleeding and 
can be misdiagnosed as acute appendicitis. The 
clinical symptoms of SBO by reason of volvulus of MD 
are untypical to the other causes such as hernias, 
intra-abdominal adhesions or intussusception. 
Imaging exams can easily diagnose the SBO. Mallo et 
al. showed that CT scan sensitivity and specificity 
were 92 and 94% respectively for detecting SBO [6]. 
However, the potential diagnostic tools such as 
ultrasound and CT scan have limited value in 
detecting MD even in symptomatic cases [7]. 
Ultrasound has a narrow field of view and a limitation 
due to bowel gas. Besides, it is challenging to make a 
distinction between small bowel loops and MD on CT 
by reason of similarity of two structures. Scintigraphy 
with technetium-99m is a valuable non-invasive 
diagnostic exam in case of gastrointestinal bleeding 
[7].  

 Emergency surgery via laparotomy or 
laparoscopic is the first-line option to treat SBO due to 
MD. The principle purpose of this procedure is to 
remove the diverticulum and to correct the associated 
pathologies [8]. In cases where the adjacent ileum has 
inflammatory or ischemia changes, the resection of 
involved bowel with ileo-ileostomy is favored [9]. 
According to Cullen et al. study, the mortality and 
morbidity rates of Meckel’s diverticulectomy were 2% 
and 12%, respectively, moreover, the cumulative risk 
of long-term post-operative complications was 7%. 
The author also recommended that the casually found 
MD should be resected regardless of the patient’s age 
[10]. Our unusual case shows a SBO because of the 
torsion of adjacent ileum around a giant MD axis. The 
clinical symptoms and the imaging examinations were 
typical of SBO, however, they failed to demonstrate 
the etiology which was MD. A median laparotomy was 
performed to detect the underlying cause and 
successfully managed the SBO condition. 

 In conclusion, a segment of ileum twisted 
around a giant MD axis causing SBO is exceptional. 
The preoperative diagnosis of etiology in this condition 
is limited. Hence, MD should be considered in cases 
with an unrecognized cause of SBO and without 
surgical history.  

 

 

 

 

 

 

Ethical approval 

 

 The patient and patient’s family were informed 
about the imaging exams, surgical protocol, surgical 
complications and the research. All study protocols 
were approved by a local ethics committee of the 
Department of radiology, Vietduc hospital. 

 

 

Informed consent 

 

 Informed consents were obtained from 
department of radiology and digestive surgery 
department, Vietduc hospital, the patient and patient’s 
family. 
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