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Abstract 
Background. ‘Critical view of safety’ (CVS) technique was introduced to avoid 
bile duct injury (BDI) due to misidentification of anatomy during laparoscopic 
cholecystectomy (LC). This study aimed at assessing the feasibility and comparing 
the outcome of LC through CVS with those performed by ‘infundibular technique’ 
(INT). 
Patients and Methods. A prospective randomized study included patients who 
had LC as an elective procedure from January 2009 to December 2011, at Sohag 
University Hospital. Patients were classified into 2 groups; the first included patients 
underwent LC with CVS and the second included patients underwent LC with INT. 
The study analyzed the outcome of both techniques. 
Results. The study included 441 patients underwent LC of them 282 patients with 
CVS, and 159 patients with INT. We reported zero BDI with both techniques. 
Significant differences were found in the operative times in favor of CVS technique 
(P=0.003) and conversion rate was found more significant in favor of group I 
(P=0.047). No differences were found regarding minor complication rates, time for 
re-feeding, time to first passage of stool, or discharge. No operative mortality 
occurred. 
Conclusion. Meticulous application of CVS defines the anatomic structures whish 
should be divided, so has a protective role in avoidance of BDI and should be 
adopted in LC.  
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Introduction 
LC has become the 

standard management for 
symptomatic cholelithiasis, but its 
use has doubled the incidence of 
BDI from 0.2% to 0.4% and 
remained constant despite 
advances in knowledge, technique, 
and technology.1 Also severe and 
complex injuries such as duct 
lacerations, aberrant duct injuries 
and associated vascular injuries are 
becoming more common.2 These 
preventable injuries increase the 
operative complications, increase 
the mortality rate during follow-up 
compared with uninjured patients, 

and increase cost while decreasing 
the patient’s quality of life.3,4 
Three risk factors found to be 
responsible for an increased 
incidence of BDI probability 
during LC; the surgeon’s 
experience, the severe 
inflammatory local conditions, and 
biliary anatomical anomalies.5 
Different features inherent to 
laparoscopy are also involved in 
BDI including the two dimensions’ 
image with loss of depth of 
perception, loss of manual 
palpation done in open surgery, the 
use of tangential and inferior 
approach to the common bile duct 
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(in comparison with the vertical 
approach obtained with open 
cholecystectomy “OC”) giving 
inaccurate visualization of the Y 
shaped junction of the bile duct-
cystic duct, the increased difficulty 
to control bleeding, the surgeon’s 
dependence on the  camera holding 
assistant, the blind manipulation of 
the instruments, the abuse of 
electrocautery and the relative 
surgeon’s inexperience with this 
maneuver.6 Finally, the use of hook 
dissector in LC rather than the 
classic dissection in OC. 

Most BDI are not 
recognized intra-operatively, so 
postoperative diagnosis is delayed 
and depends on the clinical picture 
and investigations after 
readmission of the patient. There 
are 2 general types of injuries—
biliary obstructions and bile 
leaks—and sometimes both. 
Obstructed patients present with 
vague abdominal pain, anorexia, 
jaundice, and increase of liver 
enzymes indicative for obstruction. 
Unfortunately pneumoperitoneum 
can cause a transient liver enzyme 
elevation and hyperbilirubinemia 
which are not reflecting biliary 
obstruction.7 This transient 
increase resolves after 1 week, 
again contributing to an average 
delay of 1 to 2 weeks in the 
diagnosis.8 Obstructions secondary 
to biliary strictures appear weeks to 
months later and may present as 
recurrent cholangitis, obstructive 
jaundice, or secondary biliary 
cirrhosis.9 

Hepatic bile leaks, as a 
result of bile duct fistula, do not 
cause extreme peritoneal irritation. 
Patients often complain of vague 
symptoms, such as nonspecific 
abdominal fullness, distension, 
nausea, vomiting, abdominal pain, 
fever, and chills. These symptoms 

may represent and lead to bilomas, 
biliary fistulas, cholangitis, sepsis, 
or multiorgan system failure.9  

The commonest reported 
cause of BDI is misidentification 
of the biliary anatomy (70-80% of 
injuries).10 Strasberg et al. 
introduced a technique for 
identification of the important 
anatomical structures which may 
be injured during LC based on a 
CVS11, which is not a dissection 
technique, but a technique based 
for duct identification.12 
Aim of the work 

Most surgeons practice INT 
in LC with a considerable degree 
of BDI, we tried to evaluate the 
feasibility and outcome of the CVS 
technique comparing it with the 
INT with special consideration of 
avoidance of BDI. 
Patients and methods 

Patients who had 
laparoscopic cholecystectomies as 
an elective procedure, for treatment 
of chronic cholecystitis with 
cholelithiasis were enrolled in this 
study from January 2009 to 
December 2011 at Sohag 
University Hospital. Patients 
underwent randomization into 2 
groups using a blinded envelope 
system, group I underwent LC with 
the CVS technique and group II 
underwent LC with the INT. All 
patients underwent 
ultrasonography examination, liver 
function tests and complete blood 
picture preoperatively. Standard 
Karl Storz® instruments were used 
for all laparoscopic techniques 
with monopolar electrocautery for 
hemostasis. All operations were 
performed by qualified surgeons. 

Patients were excluded if 
they were <18 years or >65 years 
old, those with acute attacks (based 
on clinical and ultrasonographic 
findings), had an additional 
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procedure planned at the time of 
cholecystectomy, those performed 
because of trauma, had a presumed 
diagnosis of biliary cancer, 
obstructive jaundice, liver 
cirrhosis, coagulopathies, patients 
with severe morbid obesity, or 
those associated with co-
morbidities (ASA >2). Patients 
who suffered conversion to OC 
before any identification technique 
of the cystic and common bile 
ducts could be performed due to 
dense adhesions and non-
visualization of gall bladder (GB) 
were also excluded from this study. 

LC was performed with the 
classical four-port technique; 
creation of pneumoperitoneum 
with CO2, ports were inserted 
under direct vision, and graspers 
were placed on the GB for 
retraction. A complete incision of 
the serosa is performed both in the 
medial and lateral aspect of the 
infundibulum and extended 
upwards almost to the fundus. 
Clearance of the triangle off fat 
and mobilization of the 
infundibulum, both anteriorly and 
posteriorly, permit visualization of 
the liver surface through the 
triangle, well above Ruviers’ 
sulcus, as described by Strasberg et 
al.11 So, 2 structures are entering 
the GB; the cystic duct and the 
cystic artery thus establishing 
attaining of the CVS (Figure 1).  

Then clipping and division 
of the artery followed by clipping 
and section of the duct, next to the 
GB, the artery is divided first 
(Figure 2).13 Then dissection of GB 
from liver bed and extraction of 
GB and any spilled stone (Figure 
3) followed by irrigation and 
suction of operative field, removal 
of instrument with complete exit of 
CO2, and wound closure. 

Intraoperative cholangiography 
was not used in any case. 

The INT focuses first on 
the infundibulum where the cystic 
duct enters the GB; lateral traction 
is applied over the infundibulum. 
The serosa is incised parallel to the 
cystic duct and artery, just caudally 
to the infundibulum edge, thus 
dissecting the duct and artery to 
open Calot’s triangle. Once 
isolated it is traced on to the GB. 
Identification occurs when one 
sees the cystic duct widens to 
become the GB infundibulum. 
Often this is referred to as seeing a 
funnel shape. After the 
identification of the 2 structures, 
passing through a fatty free 
triangle, they are sectioned 
between clips, and then complete 
dissection of the GB from its liver 
bed. 

All patients had a 
subhepatic drain left in place for 1 
day, started oral intake on day 1, 
and generally were dismissed on 
the second postoperative day 
unless complication happened. 

Data analyzed included; 
patient demographics (i.e., age, 
gender), and operative time. Also, 
outcome measures were analyzed 
and compared in-between both 
groups e.g. the frequency of major 
complications as extrahepatic BDI, 
minor ones as wound infection, 
minor biliary leak, time for re-
feeding, first passage of stool, 
postoperative length of hospital 
stay, and also intra-operative 
mortality. No long-term follow-up 
was done to assess late 
complications. 
Post-opereative investigations 
included liver function tests, 
alkaline phosphatase levels and 
ultrasonography to identify the 
presence of intra-abdominal 
collection, ascites or proximal 
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biliary dilatation if there was 
suspected BDI. Contrast studies 
through the drains were done if 
there was bile leakage, magnetic 
resonance 
cholangiopancreatography to 
determine biliary anatomy. 
Endoscopic retrograde 
cholangiopancreatography was 
diagnostic to the severity of injury. 
and allowed therapeutic 
management with biliary stent 
insertion bypassing a minor duct 

leak (small intrahepatic biliary 
radical or cystic duct leak). 

The results were analyzed 
using the IBM-SPSS (version 18) 
software. For qualitative data, 
Pearson Chi square was used to 
determine significance, and 
Student t test was used to 
determine statistical significance in 
univariate analysis. In all tests 
used, a P value is considered 
significant if it is <0.05 and highly 
significant if it is < 0.001

. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                               
 
 
 
     
 
 
 

Figure1. A picture of the critical view is shown. 
This view shows the wider white triangle 

enclosing the smaller red and green ones to 
provide a convincing demonstration of the two 
structures entering the GB, the cystic duct and 

artery 
 

Figure2. Clipping and division of both the cystic 
artery and duct next to the GB 

Figure3.Dissection of GB from liver bed 
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Results 
There were a total of 441 patients who had laparoscopic 

cholecystectomies as an elective procedure, for treatment of chronic cholecystitis 
with choleithiasis enrolled in this study. Patients were divided into 2 groups; group I 

included 282 patients underwent LC with the CVS technique and group II 
included 159 patients underwent LC with the INT. The two groups underwent 
LC were more or less similar regarding age, sex and pathology and the 
changes in-between both groups were nonsignificant (Table 1). 

 
Table 1. Patient Characteristics 
 Group I Group II P 
Age (years) 42.46±9.4 (range 25 to 63) 43.37±11.31 (range 22 to 61) 0.386 
Sex ratio (F :M) 15:11 14:12 0.482 
No. of conversions to open 
cholecystectomy 

32 9 0.047 

 

In group I there was no BDI. Bile leak from GB bed or from the cystic duct 
happened in 2 patients but it was transient and stopped 3 days after endoscopic 
sphincterotomy. One reoperation was performed in a patient with severe postoperative 
hemorrhage from the GB bed. No major vascular injury was reported. Finally, the GB 
was ruptured intra-operatively in 3 patients because of undue traction rather than 
electrocautery puncture and in 2 of these there were stone and bile spillage in the 
peritoneal cavity which was cleared and the stone was retrieved without any 
postoperative sequelae. Also 6 cases developed postoperative wound infection, all of 
these complications were considered as minor ones which had no relation to the CVS 
technique and were not significant. So collectively minor complications happened in 
12 patients (4.8%) (Table 2). 

While in group II there were no recorded major complications regarding BDI, 
but there were other recorded minor complications, GB was ruptured intra-operatively 
in 2 patients because of undue traction with stone and bile spillage in the peritoneal 
cavity which was cleared and the stone was retrieved without any postoperative 
sequelae, add to them 5 cases developed postoperative wound infection and 1 case of 
transient bile leak which stopped in 3 days post-operative. So, collectively minor 
complications happened in 8 cases (5.3%), and the difference in the incidence of 
minor complications in-between the two groups were not significant (Table 2). No 
operative mortalities occurred in both groups.  

 
Table 2. Operative data and outcome 

 Group I   
(Number=250) 

Group II   
(Number=150) 

P 

Operative time (min) 53.67±12.68 min  (range 45 to 90) 57.24±8.96 (range 50 to 100) 0.003  
Complications 

Bile duct injury 
Major vascular injury 
Bile leak 
Gall bladder rupture 
Wound infection 
Postoperative 
hemorrhage 
Complication rate 

 
0 
0 
2 
3 
6 
1 

4.8% 

 
0 
0 
1 
2 
5 
0 

5.3% 

 
- 
- 

0.881  
0.907  
0.581  
0.438  

- 

Length of postoperative hospital 
stay 

1.3±0.7 (range 1 to 4 days) 1.2±0.5 (range 1 to 3 days) 0.103  

Time of re-feeding 13.3±4.1 (range 6 to 18 hours) 12.5±4.4 (range 6 to 20 hours) 0.054 
Time of first passage of stool 2±0.49 (range 1to 3 days) 1 .98±0.28 (range 1 to 3 days) 0.224  
 
N.B. There were 32 cases in group I and 9 cases in group II excluded from the study as they converted 
early into OC before the start of the technique 
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The CVS was successfully performed in 250 patients (88.6%) out of 
282 patients and 32 patients (11.4%) who were planned for LC suffered 
conversion to OC early intraoperative before any identification technique of 
the cystic and CBD could be performed mainly due to firm marked adhesions 
due to repeated inflammation, adhesions from previous operations, or 
profound hemorrhage masking Calot’s triangle making dissection and LC 
could not be done safely without hazards (Table 3).  

While LC with the INT was successfully performed in 150 patients 
(94.3%) out of 159 patients and 9 patients (5.7%) were converted to OC early 
intraoperative before any identification technique of the cystic and common 
bile duct could be performed mainly due to local pathological causes making 
dissection and LC could not be done safely without hazards (Table 3). 

 
Table 3. Causes for conversion to open cholecystectomy 

Cause for Conversion GroupI (%) Group II (%) 
Firm adhesions 22 (7.8) 6 (3.8) 
Adhesions from previous 
operations 

5 (1.8) 1 (0.6) 

Hemorrhage in surgical field 5 (1.8) 2 (1.3) 
Total 32 (11.4) 9 (5.7%) 

 

Significant differences in-between the two groups were found in the 
operative times being less in group I (P=0.003), also the conversion rate 
being more significant in group I (P=0.047) (Table 1). No significant 
differences were found regarding wound infections (P=0.581), time for re-
feeding (P= 0.054), and first passage of stool (P=0.224). The length of 
postoperative hospital stay was more or less similar and there was no 
significant difference in-between both groups (1.3±0.3 days) versus (1.2±0.9 
days) for group I and II respectively (P = 0.103).  
 

Discussion 
Since Carl-Langenbuch did 

his first cholecystectomy and one 
of the plagues of surgery is BDI, 
but its incidence reduced to 
approximately 0.125% as surgeons 
became more experienced with the 
technique.14 OC remained the gold 
standard for treatment of GB 
stones until the late 1980s when 
LC was introduced by Philipe 
Mouret in Lyon.15 It gained 
widespread acceptance and became 
the new standard for management 
of gall stone diseases. On the other 
hand BDI was sharply raised to a 
matter of 2-5 folds more than that 
happened with OC and persisted 
through the years indicating that it 
is something inherent to the 
technique, so there are different 
techniques developed in the hope 

of minimization of such injury. 
These include the INT, trying to 
focus first on the infundibulum 
where the cystic duct enters the 
GB. Second, is the “critical look”, 
dissecting free the lower part of the 
GB adjacent to the liver and 
making sure there is no structure 
rather than the cystic duct and 
cystic artery attached to the GB. 
Third, is fundus first, taking the 
GB off the liver from the top down 
in a way similar to that done during 
OC and leaving only the cystic 
artery and the cystic duct to divide 
at the end. Fourth, a cholangiogram 
revealing the anatomy of the 
biliary channels with 
cholangiography then proceeding 
with any of the previous 
techniques.16,17 Add to this is 
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asking for help and advice from 
another laparoscopic surgeon 
trying to work out what is going 
on, and lastly conversion to OC.18  

We reported zero major 
complications regarding BDI with 
CVS technique, but the number of 
our patients is quite small in 
comparison to a relatively small 
expected rate of BDI which 
reaches 0.2% to 0.4%1, so the 
power of this study analyzing the 
outcome of BDI is insufficient and 
to increase such significance a 
multicenter study is required. The 
operative time was significantly 
shorter in patients underwent 
cholecystectomy with the CVS 
technique (P=0.003) reflecting 
increased confidence of surgeons 
with the maneuver. Now many 
surgeons all over the world 
practicing CVS have the result of 
zero BDI.19,20 Furthermore a study 
reported that surgeons who 
mentioned in their operative data 
that CVS has been obtained, were 
less likely to injure the bile ducts.21 

Simple surgical techniques 
as CVS is very important in 
avoidance of BDI, especially those 
happen because of surgeons’ 
technical errors due to 
misinterpretation of the anatomy. 
We found the technique is easy to 
perform, reproducible; offers the 
surgeons firm confidence that BDI 
has been avoided, with no increase 
in surgical time and cost, and 
applicable in most patients.  

Experience alone is not the 
only factor responsible for 
avoidance of BDI but the judge 
and decision making are equally 
important as one-third of BDI still 
happen after the surgeon has 
performed more than 200 cases.22 

Judgment is an important skill of 
any competent surgeon “A good 

surgeon knows how to operate, a 
better surgeon knows when to 
operate and the best surgeon knows 
when not to operate”.23 The best 
way to avoid BDI is to abort the 
laparoscopic procedure if attempts 
at laparoscopy do not allow a 
comfortable anatomical orientation 
then the surgeon has to convert to 
an open procedure24, as the 
drawbacks of conversion or even 
aborting the procedure and placing 
a cholecystostomy tube are less 
than the complications of a BDI.17 

In our study, there were a 
conversion rate of 11.4% versus 
5.7% for group I and II 
respectively; those should not be 
considered as a failure or a 
complication of the technique but 
rather a change in the strategy of 
surgery to avoid complication, it is 
a matter of surgeon’s clinical judge 
and decision making. This higher 
conversion rate in group I was 
statistically significant (P=0.047); 
it ascertains the advantage of the 
technique in avoidance of BDI as 
in these cases there were inability 
to achieve the CVS because of 
masking the triangle by the 
inflammatory process which makes 
dissection hazardous so the right 
decision was to convert these cases 
to OC. 

Finally, CVS was found to 
be a mimic of OC technique 
identifying the Calot’s triangle, 
clipping and cutting the cystic 
artery and cystic duct after proving 
their relation to the GB and 
keeping dissection almost always 
away from the bile duct, next to the 
GB. We tried application of the 
technique over elective cases with 
mild to moderate inflammation; we 
hope to apply it in the future over 
the emergency cases with severe 
inflammation

. 
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Conclusion 
CVS technique is a safe 

technique which demonstrates the 
anatomy within the Calot’s triangle 

and reduces misidentification of the 
ducts; accordingly avoids duct injury 
and should be used widely in LC.
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 اإلیجاز العربى
 

 لتحاشى تقنیة :بالمنظار المرارة إستئصال عملیات فى لألمان الحرج المنظر
  بشریة لعوامل نتیجة المراریة القنوات إصابات

   حسام فاروق عبد الحمید/  و دكتورعلى احمد محمد أیمن/ دكتور

 سوھاج جامعة العامة الجراحة بقسم

  مقدمة
د ل لق ر أدخ رج المنظ ان الح ى لألم ات ف صال عملی رارة إستئ ار الم ى بالمنظ ابات لتحاش وات إص  القن

ة ة المراری دم نتیج رف لع ى التع شریح عل ضوى الت ود الع ى الموج ذه ف ة ھ اء المنطق راء أثن ة إج  عملی
صال رارة إستئ ار الم ذه. بالمنظ ة ھ دف الدراس ى تھ دیر إل ة تق ق إمكانی ر تطبی رج المنظ ان الح ى لألم  ف
ات صال عملی رارة إستئ اربا الم ا و لمنظ ات مقارنتھ صال بعملی رارة إستئ ار الم ن بالمنظ ق ع ع طری  قم
  .المرارة

  العالج وأسالیب المرضى
ت  ة تم یم الدراس أثر للتقی ستقبلى ب شوائى م االت ع ى للح ت الت ل أدخل ة لعم صال عملی رارة استئ  للم

ار ة بالمنظ ة بطریق ى اختیاری رة ف ن الفت ایر م ى ٢٠٠٩ ین سمبر إل ى ٢٠١١ دی شفى ف وھاج مست  س
امعى م. الج سیم ت ى تق ى المرض وعتین، إل ة مجم ى المجموع ى:األول ة ھ ى المجموع م الت ا ت راء فیھ  إج
ق  عن  بالمنظار المرارة إستئصال عملیات ق  طری ان  الحرج  المنظر  تطبی ى  لألم ا  ف  المجموعة  و إجرائھ
ة ى: الثانی م الت ا ت راء فیھ ات إج صال عملی رارة إستئ ار الم ن بالمنظ ق ع ر طری ع الم د و ارةقم ت ق  حلل

                 .نتائجھما و المتبعتین الطریقتین كلتا الدراسة
  النتائج

تملت  ي  الدراسة  اش ضا  ٤٤١عل ت  مری م  أجری ات لھ صال  عملی رارة  استئ ق  عن  للم نھم المنظار،  طری  م
ان  الحرج  المنظر تطبیق طریق عن مریضا ٢٨٢ ى  لألم ات  ف صال  عملی رارة  إستئ  ١٥٩ و بالمنظار  الم

ضا  ن  مری ق ع رارة  طری ع الم م و ، قم ن  ل اك  یك ابة أى ھن ة  إص وات  جراحی ة للقن ى  المراری ا ف  كلت
ن  لم و الطریقتین، اك  یك م  اختالف  ھن ى  مھ ت  ف ین  الوق ا  ب ھ  إال الطریقتین  كلت ان  ان ة  ذو ك  إحصائیة  دالل

صالح  ات  ل صال  عملی رارة  استئ ن  للم ق  ع ار طری ن  المنظ ق  ع ق  طری ر  تطبی رج  المنظ ان الح  لألم
(P=0.003)، تح  طریق عن عادیة جراحات إلى المنظار جراحات تحویل معدل كان و ر  الف ة  وذو أكث  دالل

ات  حاالت فى إحصائیة صال  عملی رارة  استئ ق  عن  للم ق  عن  المنظار  طری ق  طری  الحرج  المنظر  تطبی
ان،  م و لألم ن ل اك  یك تالف ھن ى اخ دل ف ت و المضاعفات  مع ة وق رز بدای د  التب ة بع دل العملی ة وع  بدای

  .الطریقتین كلتا فى المستشفى من المریض خروج ووقت العملیة بعد كلاأل
  الخاتمة
ستنتج ن ن ك م ق أن ذل دقیق التطبی ر ال رج للمنظ ان الح ى لألم ات ف صال عملی رارة إستئ ار الم  بالمنظ

ف ات للتعری شریحیة بالتركیب ى الت ى الت ا ینبغ ذا قطعھ ھ ل ى دور ل ة ف ى و حمای ابة تحاش وات إص  القن
ذا  و المنظار طریق عن للمرارة استئصال ثناءأ المراریة ى  ل ھ  ینبغ ى  تطبیق ل  ف ى  الحاالت  ك  سیجرى  الت

 .المنظار طریق عن للمرارة استئصال عملیات لھا


