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Assessment of the biliary tree 

during gallbladder surgery 
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I ;;\.::',;:;;:ttoren,:;,-bi het proefschrift 'Ass:::::::f the biliary tree during gallbladder 
Grvn: .. g�u C:., surgery' door K.T. Buddingh 

1. Het intraoperatief cholangiogram wordt geacht te behoren tot het arsenaal van 
iedere chirurg. 

2. lntraoperatieve cholangiografie dreigt in Nederland verloren te gaan als 
maatregel om galwegletsel te voork6men en choledocholithiasis op te sporen. 
(dit proefschrift) 

3. lmplementatie van routinematige intraoperatieve cholangiografie leidde in een 
universitair medisch centrum tot een daling van het aantal galwegletsels en peri
operatieve ERCPs. (dit proefschrift) 

4. De Kumar cannulatietechniek voor intraoperatieve cholangiografie is niet sneller 
en ook niet gemakkelijker dan de Olsen techniek. (dit proefschrift) 

5. Het Best Practice lnitiatief Laparoscopische Cholecystectomie heeft er toe geleid 
dat de 'critical view of safety' techniek door 98% van de Nederlandse chirurgen 
wordt gehanteerd. (dit proefschrift) 

6. Statische beelden en teksten zijn suboptimaal om de biliaire anatomie voor 
medicolegale doeleinden vast te leggen. (dit proefschrift en Wauben et al 2011} 

7. Alleen met een 'black box recorder', zoals die in de luchtvaart wordt gebruikt, 
kan maxima le transparantie warden bereikt over wat zich afspeelt in de 
operatiekamer. 

8. Perorale cholangioscopie heeft meerwaarde boven conventioneel onderzoek 
van onbegrepen galwegafwijkingen. (dit proefschrift) 

9. Fluorescentiecholangiografie is een veelbelovende manier om de galboom 
peroperatief in beeld te brengen. 

10. Gallbladder surgery is not exactly brain surgery. (vrij naar That Mitchell and 

Webb look, Series 3, BBC Two) 

11. Het Soedanees gezegde 'y6m 'asal, y6m ba�al' (dagen van honing en dagen van 
uien) is van toepassing op het doen van wetenschappelijk onderzoek. 

12. Zowel in het dagelijks leven als in wielerkoersen kan men beter in 'een treintje' 
zitten dan in 'de bus.' 
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Introduction, aim and outline of the thesis 



Chapter 1 __________________________ _ 

Surgical removal of the gallbladder, or cholecystectomy, is on e of the most frequen tly 

performed operation s in the Western world. Importan t topics in gallbladder surgery are the 

preven tion of bile duct in jury (BDI) an d the detection of common bile duct (CBD) ston es. 

ln traoperative assessmen t of the biliary tree plays a crucial role in both of these issues. 

A short history of gallbladder surgery 

Although description s of both gallston es an d biliary colics date from the first cen turies AD, 

the causal lin k between the two was n ot established un til 1609 AD by Johan n Schen k1 . 

Recen t population -based studies reveal that gallston es are presen t in 5 to 2 5% of the 

population in the Western world, varyin g with risk factors as ethn icity, gen der, an d age2-4. A 

substan tial proportion of these ston es will at some poin t become symptomatic. This may 

presen t as un complicated gallston e disease (biliary colic) , or complicated gallston e disease 

(choledocholithiasis, cholecystitis, cholan gitis or pan creatitis) . The latter group forms serious 

con dition s with sign ifican t morbidity an d mortality. 

The main stay of therapy for an y form of symptomatic gallston e disease is surgical removal of 

the gallbladder. Carl August Lan gen buch was the first to perform the procedure in 1882 

(figure 1 ) . Prior to this, removal of gallston es from the gallbladder (or cholecystostomy) had 

been reported as early as 17431
. To date, cholecystectomy is on e of the most frequen tly 

performed operation s in the western world, with 750, 000 an n ual procedures in the Un ited 

States5 an d 2 4'000 per year in the Netherlan ds6• 

An importan t developmen t in gallbladder surgery was the adven t of laparoscopy. Eric Muhe 

is recogn ized to have performed the first laparoscopic cholecystectomy in 1985 7• There is 

quite some eviden ce that demon strates a marked reduction in recovery time usin g the 

laparoscopic techn ique compared to the con ven tion al open techn ique usin g a subcostal 

in cision8• Hen ce, the 'lap chole' is curren tly used for more than 9 5% of cholecystectomies 

an d has become an in tegral part of modern surgical practice. 

Bile duct injury 

The procedure of cholecystectomy in cludes tran sectin g the cystic duct. Other parts of the 

biliary tree (i. e. the common bile duct (CBD) an d the left an d right hepatic ducts) are to be 

left in tact. In jury of these ducts (bile duct in jury, (BDI) ) is a feared complication of 

cholecystectomy, an d is as old as the procedure itself9• The BDI rate of tradition al open 

cholecystectomy was aroun d 0.2 %. When laparoscopic techn ique was widely implemen ted 

10 



______________________ In troduction , aim an d outlin e 

in the n in eties, a marked in crease in the n umber of major BDI was n oted to approx imately 

0.5%10 (figure 2 )  . 

Figure 1: Carl August 
Langenbuch {1846 -1901) 

Several classification systems for BDI have been proposed. The most straightforward system 

is that of the Amsterdam criteria11 • This classification will be used throughout this thesis. In 

short, the Amsterdam criteria classify cystic stump leaks an d leaks form accessory (Luschkan ) 

bile ducts as type A. Common bile duct leakage, with or without stricture, is type B in jury. 

Pure CBD strictures are classified as type C. Complete tran section s of the CBD or hepatic bile 

ducts are the most severe in juries an d are classified as type D. 

1 1  
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Figure 2: graphical representation of trends observed in the incidence of bile duct injury as 

laparoscopic cholecystectomy was introduced10 

The thesis of Philip de Reuver (2 008, Un iversity of Amsterdam) describes a large Dutch 

population of BDI patien ts referred to the Academic Medical Cen tre (Amsterdam). His work 

provides in sight in the con sequen ces for patien ts in terms of morbidity an d n ecessary re

in terven tion s usin g surgical, en doscopic or radiologic procedures12 • He defin es importan t 

parameters that deteriorate patien t outcome, such as delay in referral to a specialist 

cen tre13
• Patien ts with BDI retain poorer quality of life years after the even t14

• From time to 

time, BDI leads leads to malpractice litigation in the Netherlan ds15
• Based on the n umber of 

patien ts referred with BDI it has been suggested that the in ciden ce of BDI in the Netherlan ds 

is relatively high. The thesis of de Reuver does n ot assess the role of safety measures in the 

preven tion of bile duct in jury. 

The severity of the in juries an d the in creased in ciden ce of BDI in laparoscopic 

cholecystectomy have sparked ren ewed in terest in safety measures to preven t BDI. 

12 



______________________ Introduction, aim and outline 

lntraoperative assessment of the biliary tree for prevention of bile duct injury 

The main cause of major BDI (types B-D, involving CBD) , is misperception of the biliary 

anatomy16
'
17

• Factors that impede visual assessment and increase the risk of BDI include 

previous or ongoing inflammation10
•
18

'
19

, variation in ductal anatomy2° and limited surgical 

ex perience10
•
21

. Safety precautions are geared towards improving intraoperative assessment 

of biliary anatomy. The most frequently used safety precautions are the 'critical view of 

safety' (CVS) surgical approach, and intraoperative cholangiography (IOC) . The CVS is a 

particular view of the operating field that must be obtained before clipping and transecting 

any structures. IOC is an imaging technique that consists of cannulating the cystic duct, 

injecting radiopaque contrast and obtaining x -ray images of the biliary tree. IOC 

demonstrates whether the cystic duct has been correctly identified, whether there are 

anatomic variations and whether there are gallstones in the CBD. Besides the CVS technique 

and IOC, several other safety interventions have been assessed in the past decades. 

The low absolute risk of BDI poses a challenge assessing the efficacy of preventive measures. 

Sufficiently powered randomized controlled trials would need to include thousands of 

patients and such trials are almost impossible from a logistic point of view. The evidence for 

the different safety measures therefore consists mainly of retrospective population-based 

studies. One of the frequently heard criticisms on currently available studies is that these 

were performed in the era before completion of the global learning curve for laparoscopic 

cholecystectomy. Cohort studies investigating the prevention of bile duct injuries in the 

modern surgical era are therefore warranted. 

lntraoperative assessment of the biliary tree for detection of common bile duct stones 

Another purpose of intraoperative assessment of the biliary tree is the detection of 

concomitant CBD stones. CBD stones, if left untreated, may cause cholestasis, cholangitis and 

pancreatitis. There are different methods for detection of CBD stones. Preoperatively, 

several patient characteristics increase the odds of concomitant CBD stones. Age above 55 

years, elevated bilirubin levels and a dilated CBD upon transabdominal ultrasound, 

especially, seem to predict the presence of CBD stones. Figure 3 demonstrates how low and 

high risk patients may be identified in this manner. Yet the algorithm provides only general 

guidance and limited sensitivity and specificity in most patients22
• 

Magnetic resonance cholangiopancreatography (MRCP) and endoscopic ultrasound (EUS) are 

very accurate, but are quite ex pensive. Endoscopic retrograde cholangiopancreatography 

(ERCP) is also accurate and immediate treatment of CBD stones is possible. However, ERCP is 

13 



Chapterl ___________________________ _ 

associated with potentially hazardous complications such as post-ERCP pancreatitis and post

papillotomy hemorrhage. Therefore, ERCP is not recommended unless the presence of CBD 

stones is highly likely22 • 

lntraoperative imaging by IOC is safe and accurate for detection of CBD stones. In skilled 

hands, stones may be ex tracted transcystically during the same procedure. 

Age>55 Bilirubin CBD dilated Probability of 
years >30�lmOl/1 on USS CBD stone at 

ERCP 

(+) 72% 

---------
( 
+

) 
H 50% 

(+)� (+) 61% 
(-) 

H 38% 

(+) 49% 

�

(

+

) 
(-) 28% 

H 

-------- (-) 
(+) 38% 

(-) 19% 

Figure 3: algorithm for prediction of common bile duct stones22 

Medico-legal aspects of correct assessment of the biliary anatomy 

Bile duct injury is a frequent reason for malpractice claims. In the United States, settlements 

and liability payments are often above 100,000 dollars}23
'
24

• In the United Kingdom costs are 

slightly lower at an average of 54,000 pounds25
• Although there is a limited tradition of 

medical claims in the Netherlands, BDI remains a recurring cause of malpractice complaints. 

For this reason, as well as part of increasing transparency of surgical practice, ex plicit 

guidelines were issued by the Dutch Society of Surgery (Nederlandse Vereniging voor 

Heelkunde) regarding the documentation that the biliary anatomy had correctly been 

assessed. 

The guidelines dating from 2 007 specify that the CVS ought to be recorded in the operative 

notes. Furthermore, they suggest that the CVS is captured as a still image or a short 

14 



______________________ In troduction , aim an d outlin e 

videoclip. Besides images of the CVS, IOC also serves as documen tation of correct 

assessmen t of biliary an atomy. There has been very little research ex plorin g the value of the 

abovemen tion ed methods for documen tation of the biliary an atomy. 

Assessing the endoluminal surface of the biliary tree 

In the previous section , we have focused upon 'ben ign ' con dition s of the biliary tree: bile 

duct in jury an d common bile duct ston es. In certain cases, however, the bile ducts n eed to 

be assessed because of suspected bile duct can cer (cholan giocarcin oma) . This relatively 

in frequen t can cer type has on e of the least favourable progn oses of all gastroin testin al 

can cers26• Progn osis depen ds largely upon a radical surgical resection , an d thus a timely 

diagn osis of the lesion . 

Common in vestigation s when a malign an t lesion of the bile duct is suspected are CT-scan , 

MRCP, EUS an d ERCP with brush cytology. However, in a proportion of patien ts the suspicion 

of cholan giocarcin oma persists despite n egative con ven tion al in vestigation s. Peroral 

cholan gioscopy is a techn ique by which the en dolumin al surface of the biliary tree may be 

directly visualized. For this purpose, a thin en doscope is advan ced from the duoden um 

through the papilla of Vater in to the biliary tree. The techn ique has been aroun d for a few 

decades but was always very un wieldy, requirin g two ex perien ced en doscopists an d yieldin g 

mediocre images. The apparatus was ex pen sive, fragile an d high-main ten an ce. In the past 

few years, thin n er flex ible fibre en doscopes have been developed that allow for sin gle

operator peroral cholan gioscopy27• As a result, ex perien ce is growin g with this diagn ostic 

modality. Curren tly, the literature is still in sufficien t to determin e the precise role of 

cholan gioscopy in the work-up of patien ts with in determin ate bile duct lesion s. 

Novel technique for intraoperative assessment of the biliary tree 

New ex perimen tal techn iques are bein g developed for in traoperative visualization of bile 

ducts. On e promisin g n ew modality is in traoperative fluorescen ce imagin g. This techn ique is 

based upon the prin ciple that fluorescen t agen ts, when ex cited by a laser at a specific 

wavelen gth, subsequen tly release a light of a slightly lon ger wavelen gth. For visualization of 

bile ducts fluorescen t agen ts may be admin istered directly in to the biliary tract. 

Altern atively, if an agen t is used that is ex creted in to the bile, it may be admin istered 

systemically (i. e. in traven ously) . 

15 



Chapter 1 ____________________________ _ 

Light in the n ear-in frared spectrum {NIR, 750-l000n m) has the best properties for in vivo 

in traoperative imagin g. Imagin g at shorter wavelen gths {400-750 n m) is impeded to some 

ex ten t by autofluorescen ce of human tissue, lowerin g the sign al-to-backgroun d ratio, an d by 

poor pen etran ce of through human tissue at this wavelen gth. light of lon ger wavelen gths 

than NIR (i. e. 1000 n m-0.5 cm) is absorbed by water, an d is thus un suitable for in-vivo 

imagin g. Also, scatterin g of the sign al is min imal in NIR ran ge. 

There is curren tly on e agen t that is fluorescen t in the NIR ran ge that has been approved for 

use in clin ical patien ts: in docyan in e green {ICG) . ICG is ex creted in the bile an d may therefore 

be admin istered directly in the biliary tract or in traven ously for NIR fluorescen ce 

cholan giogra phy28• 

Light in the NIR spectrum is n ot visible for the n aked eye an d n eeds to be detected by an 

in traoperative camera system. In collaboration with the Techn ical Un iversity Mun ich, such a 

camera system was developed for in traoperative use29• The system con sists of a white light 

source for illumin ation of the surgical field, a laser beam for ex citation of the fluorescen t 

dye, dichroic mirrors which separate the sign al in to visible light, fluorescen ce an d in trin sic 

fluorescen ce, an d sen sitive charge-coupled device (CCD) cameras which tran sfer the sign al 

into a color image an d a fluorescen ce image (figure 4) . 

Figure 4: lntraoperative fluorescence camera (A) and close-up (B) 

16 



______________________ In troduction , aim an d outlin e 

Aim and outline 

From the previous section it is apparen t that in traoperative assessmen t of the biliary tree 

remain s an importan t issue in modern surgery. There is con cern that the tradidtion al 

techn ique of in traoperative cholan giography is n o  lon ger of value in the laparoscopic era. 

In n ovative techn iques for bile duct imagin g are on ly just begin n in g  to emerge. The goal of 

this thesis was to evaluate established an d ex perimen tal techn iques for in traoperative 

assessmen t of the biliary tree. The main outcome parameters that will be assessed are 

preven tion of BDI, detection of CBD ston es, documen tation for medico-legal purposes an d 

iden tification of malign an t lesion s of bile ducts. 

We have attempted to carefully ex amin e an d an alyse the curren tly available literature 

con cern in g the differen t techn iques for bile duct imagin g. Subsequen tly, we hypothesized 

that IOC is in frequen tly used in the Netherlan ds an d assessed this with a n ation -wide survey. 

We suspected that the bile duct in jury rate at our own Un iversity Medical Cen tre had 

decreased after implemen tation of a routin e IOC policy. This hypothesis was tested with a 

retrospective cohort study, which also ex amin ed whether the n eed for ERCP decreased as a 

result of this policy. In addition , we aimed to in crease the speed an d ease at which IOC is 

performed testin g an altern ative in strumen t for IOC. Where documen tation of biliary 

an atomy is con cern ed, we felt that still photographs are probably n ot sufficien t, an d 

proposed that stored IOC images may be more adequate. 

Movin g from ben ign to malign an t biliary disease an d from the ex terior of the bile ducts to 

the en dolumin al surface, we aimed to assess the diagn ostic accuracy of peroral 

cholan gioscopy in patien ts with in determin ate biliary irregularites. We con tin ue to describe 

the techn ique of in traoperative fluorescen ce imagin g, a n ovel techn ique that may prove 

useful in delin eatin g the biliary tree, both for ben ign con dition s an d malign an t lesion s. 

Fin ally, the results of this thesis are summarized. Recommen dation s an d possible future 

developmen ts in patien t safety durin g laparoscopic cholecystectomy are discussed. In the 

appen dices, a few practical an d theoretical aspects of gallbladder surgery are discussed in 

form of a n umber of submitted letters. This thesis con cludes with a short tale with a light

hearted referen ce to the daily worries in clin ical research. 

17 
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ABSTRACT 

Background: Bile duct injury (BDI) is a dreaded complication of cholecystectomy, often 

caused by misinterpretation of biliary anatomy. To prevent BDI, techniques have been 

developed for intraoperative assessment of biliary anatomy. This paper reviews the evidence 

for the different techniques and discusses their strengths and weaknesses in terms of 

efficacy, ease and cost-effectiveness. 

Method: PubM ed was searched from January 1980 through December 2 009 for articles 

concerning bile duct visualization techniques for prevention of BDI during laparoscopic 

cholecystectomy. 

Results: N ine techniques were identified. The critical view of safety approach, indirectly 

establishing biliary anatomy, is accepted by most guidelines and commentaries as the 

surgical technique of choice to minimize BDI risk. lntraoperative cholangiography is 

associated with lower BDI risk (OR 0.67 ,  Cl 0.61-0. 75) . However, it carries ex tra costs, 

prolongs the operative procedure and may be ex perienced as cumbersome. A n  established 

reliable alternative is laparoscopic ultrasound, but its long learning curve limits widespread 

implementation. 

Easier to perform are cholecystocholangiography and dye cholangiography but these yield 

poor quality images. Light cholangiography, requiring retrograde insertion of an optical fibre 

into the common bile duct, is too unwieldy for routine use. Ex perimental techniques are 

passive infrared cholangiography, hyperspectral cholangiography and near-infrared 

fluorescence cholangiography. The latter two are performed non- invasively and provide real

time images. Q uantitative data in patients is necessary to further evaluate these techniques. 

Conclusions: The critical view of safety approach should be used during laparoscopic 

cholecystectomy. l ntraoperative cholangiography or laparoscopic ultrasound is 

recommended to be performed routinely. H yperspectral cholangiography and near-infrared 

fluorescence cholangiography are promising novel techniques to prevent BDI and thus 

increase patient safety. 
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INTRODUCTION 

Cholecystectomy is one of the most fr equently per for med oper ations in the W ester n wor ld, 

at over 750, 000 year ly in the United States alone1
. Bile duct injury {BDI) is a dr eaded 

complication of cholecystectomy. W hen the lapar oscopic technique was intr oduced in the 

ear ly nineties an incr ease of BDI was noted fr om ~Q .2 % to ~o .5%2• 

The bur den of BDI on patients is consider able. Re-inter ventions thr ough sur gical, endoscopic 

or r adiologic pr ocedur es in specialist center s ar e fr equently necessary3-5• BDI has a low but 

finite short and long ter m mortality r ate6.1 . A r ecent study r eported that BDI had a significant 

negative eff ect on quality of life even ten year s after the event8• BDI is also associated with 

substantial financial bur den for the health car e system: a Br itish study calculated an aver age 

cost of 108, 000 pounds (~11s ,ooo dollar s) for major BDI (hospital and society costs) . I n  

addition, BDI is a fr equent gr ound for malpr actice litigation7
'
9
'
10

• 

Dur ing lapar oscopic cholecystectomy the pr imary cause of BDI is an err or of visual 

per ception {in 71-9 7% of cases) , and not insuff icient technical skill of the sur geon11
'
12

• Factor s 

that impede visual assessment and incr ease the r isk of BDI include past or ongoing 

inflammation, var iant ductal anatomy and limited sur gical ex per ience2
'
13

• 

To pr event BDI , systematic safety interventions have been developed to pr ovide insight into 

the biliar y anatomy dur ing cholecystectomy. For such an inter vention to be eff ective, fir stly, 

it needs to be safe for patients and per sonnel. Secondly, it needs to be simple to use and 

easy to inter pr et as a wide r ange of sur geons and r esidents perfor m cholecystectomies. 

Thir dly, consider ing the lar ge volume of cholecystectomies and the continuous pr essur e to 

keep health car e ex penditur es under contr ol, ex tr a  oper ating time, mater ial ex penses and 

per sonnel ex penses need to be kept to a minimum. 

This r eview aims to pr ovide an overview of the differ ent modalities for intr aoper ative 

assessment of biliary anatomy dur ing cholecystectomy and discuss their str engths and 

weaknesses. 

METHODS 

The electr onic database PubM ed and W eb of Science wer e sear ched fr om J anuar y 1980 

thr ough November 2 010 for English language articles concer ning techniques of 

intr aoper ative assessment of biliary anatomy for pr evention of BDI .  The following sear ch 

ter ms wer e used: "bile duct injur y" , " cholecystectomy" ,  " intr aoper ative cholangiogr aphy" , 
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" cholangiogr aphy" , "bile duct visualization" , bile duct imaging and "bile duct mapping" . The 

r efer ence lists of the selected ar ticles wer e also sear ched. 

To portr ay the pr otective effect of conventional intr aoper ative cholangiogr aphy ( IOC) on BDI 

in a for est plot, all studies of more than 10, 000 patients were selected that ex plicitly 

compar ed the incidence of BDI in ( lapar oscopic) cholecystectomy with IOC to that without 

IOC . Studies that only compar ed the routine use of IOC with selective use wer e not included 

in the for est plot. Micr osof t  Office Ex cel 2 003 ( Micr osoft , Seattle, USA) and SPSS 16 . 0  for 

Windows {SPSS Inc, Chicago) wer e used for statistical anal ysis and to cr eate the for est plot. 

RESULTS 

Critical view of safety {CVS) 

Although CVS is not an imaging modality per se, the oper ative technique plays a major r ole in 

establishing the anatomical or ientation of the bile ducts and ther efor e needs to be discussed 

in this r eview. 

Alr eady in 19 95 ,  Str asberg et al descr ibed the " critical view of safety" (CVS) appr oach14
• 

Calot's tr iangle is dissected to achieve the foll owing. F ir st, one third of the gal lbl adder must 

be dissected fr ee fr om the liver bed. Second, the tr iangle of Calot must be clear ed ( with liver 

segment V visible thr ough the window) . Thir d, the cystic ar ter y and cystic duct must be the 

only two tubular structur es r emaining between the gallbladder and the hepatoduodenal 

ligament. In some cases, the cystic arter y is diather mically dissected close to the gallbladder , 

in which case only the cystic duct r emains to for m the CVS. It is not necessary or 

r ecommended that the CBD is visualized. In this manner , the bile duct remaining can be none 

other than the cystic duct. 

Achievement of the CVS is r ecor ded in the oper ation r epor t, pr efer ably augmented by 

lapar oscopic video or photogr aphic images15
• F ailur e to achieve the CVS is an absolute 

indication for conver sion or additional bile duct imaging. 

F our ser ies, totaling ~4 ,5 00 patients, have been published in which cholecystectomies have 

ex plicitly been perfor med using the CVS technique16-19} .  All these ser ies showed very low BDI 

rates ( 0- 0. 03 %) . A J apanese r eview ar ticle notes a decr ease in self-r epor ted BDI dur ing 

laparoscopic chol ecystectomy fr om 0. 77% in 2 005 to 0.58% in 2 007 and suggests that the 

incr eased implementation of the CVS technique plays a r ole in this decr ease20• Strasberg 

mentions the lack of level 1 evidence that the CVS pr events bile duct injur y in his r ecent 

commentary21
• 
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Although undoubtedly a gr eat step towards safer cholecystectomy, it is unclear wh ether the 

CVS alone is suff icient as a technique to minimize the risk of 801 . Our own da ta show 

occurr ence of major BDI even af ter the CVS approach was adopted (manuscript under 

review). Also, major BDI continues to occur in the Netherlands despite increasing adoption of 

the CVS technique4• In spite of the lack of level 1 evidence, virtually all recent reviews, 

guidelines and commentaries advocate the CVS technique22-24• Without an eligible 

alter native, the CVS should be regar ded the gold standard among operative techniques for 

assessment of biliary anatomy during laparoscopic cholecystectomy. 

lntraoperative cholangiography 

l ntraoperative cholangiography (IOC) is the most frequently applied technique for 

intr aoperative assessment of the biliar y anatomy. Aft er dissection in Calot's triangle, the 

surgeon identifies and cannulates the cystic duct at the junction with the gallbladder. 

Radiographic contrast is then injected into the cystic duct and (subtracted) X -ray fluor oscopy 

images ar e obtained. The advent of dynamic fluoroscopy has improved the speed with which 

IOC can be per formed and yields ser ies of high r esolution images which mor e accur ately 

depict the biliar y anatomy25'26• IOC identifies whether the cannulated duct is indeed the 

cystic duct or mistakenly the CBD. In the latter case, the ductotomy may be repaired by 

inserting a T- tube and complete transsection of the CBD is pr evented. IOC may also identif y  

abnormal biliary anatomy such as an accessory cystic duct or an aberr ant r ight hepa tic duct. 

IOC allows early detection of BDI, in which case a blush of contrast or iginating fr om the 

biliar y tract or clips placed over the common or hepatic bile ducts may be seen. Q uoted 

success percentages are generally around or upwar ds of 90%27
'
28 

It has been calculated that a sufficiently power ed randomized controlled tr ial assessing the 

impact of IOC on BDI would need to include > 3 0, 000 patients29• As a r esult, the evidence for 

IOC in pr evention of BDI consists mainly of population-based studies (Table l} . 

F igure 1 shows a forest plot of the six largest population-based studies (each >10, 000 

patients}30-35 that compare the incidence of BDI in cholecystectomies ex plicitly performed 

using IOC to that in cholecystectomies ex plicitly perfor med without IOC. F rom this meta

analysis, the OR for BDI when using IOC was 0. 67 (0. 61-0. 75) .  When the studies wer e 

weighted according to actual size, rather than square r oot of the size, the OR was 0.6 0  (0.52 -

0. 70). Although the strongest evidence available, these studies are prone to bias and 

confounders as they rely heavily on administr ative data of heterogeneous groups. F or 

ex ample, in these studies IOCs that ar e performed only because BDI is already suspected or 
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observ ed, are included in the 'IOC group'. For this reason , the n umber of BDls occurring 

when IOC is used could be presented to be substantially higher than the true inciden ce. 

Perhaps even more relevant than whether IOC in itself is useful, might be whether it should 

be performed routin ely or selectively. M etcalfe et al36 review eight retrospective series of 

laparoscopic cholecystectomies (totalin g 6 ,02 4 patients) with routine IOC and nine series 

(3 ,268 patients) with selective IOC policy. In this un derpowered study, the rates of complete 

CBD transsection were n ot significantly diff eren t, although a larger proportion of BDI was 

identified intraoperatively when routine IOC was used. Flum et al, in their analysis of 1 .5 

million patients found lower inciden ce of BDI in  surgeon s who used IOC routin ely: 0. 43 % 

versus 0.51- 0.54% (p< 0.001)31
. 

An important limitation of all the men tioned studies is that the cholecystectomies described 

mostly took place in the 19 9 0's. Durin g this era, the CVS techn ique was n ot yet widely 

implemented and therefore the studies can provide no in formation on the added value of 

IOC when the CVS techn ique is used. In our university hospital we retrospectively evaluated 

the implemen tation of a routine IOC policy in a population in which CVS was already the 

standard of care. We found 8/421 (1 . 9%) major BDI before implemen tation of routin e IOC 

versus 0/435 cholecystectomies after implementation of routin e IOC (p = 0. 004) (person al 

data) . Although the CVS was standard of care for all these patients, these data are limited in 

its retrospective nature. 

In an editorial, Talamin i rightly poin ted out that if the association between IOC an d BDI is 

accepted to be causal, this will " radically alter the curren t practice of cholecystectomy''37
• 

Notwithstanding the association of IOC with lower BDI rates, it has several disadvan tages 

which impede routine implementation. Cystic duct cannulation can be challengin g, especially 

when it concerns a short, thin or brittle cystic duct and the reported ex tra time needed for 

IOC is 10 to 2 7  minutes38-40• Special atten tion should be paid to the learnin g curve of 

interpretation of IOC, as some studies report high proportion s of in correctly interpreted 

cholangiograms. For ex ample, Way and colleagues demonstrated that 3 4/43(79 %) routine 

Table 1: Evidence on the different modalities for intraoperative assessment of the biliary tree. 

LC = /aparoscopic cholecystectomy; CVS = critical view of safety; BDI = bile duct injury; IOC = 

intraoperative cholangiography; LUS = laparoscopic ultrasound; CCC = cholecysto 

cholangiography; NIRF -C = near -infrared fluorescence cho/angiography; CBD = common bile 

duct; /CG = indocyanine green; OR = odds ratio; * includes dataset of Fletcher et a/84; ** 

includes dataset of Krahenbuhl et a/85• 
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Primary 

author 

No. of 

patients 

Study description 

CVS - patient series of LCs using the CVS 

Rawlings !191 

Sanjay!181 

Avgerinos 
(16) 

Yegiyants 

54 

447 

1,046 

3,046 

All patients (suffering from biliary colic) underwent single port LC using the CVS 

technique. 

All patients (acute pathology) underwent LC using the CVS technique. 

All patients underwent LC using the CVS technique. 

Administrative data of an institution in which CVS was standard. Injuries requiring 
!17> surgical repair were identified. 

IOC - studies >10,000 patients on the association between IOC and BDI 

Z'graggen 
(34) 

Flum(321 

Hobbs!30l * 

Flum(311 

Waage!33l 

Giger!35l ** 

10,174 

30,630 

33,309 

1,570,361 

152,776 

31,838 

'92-'95; Analysis of LCs in a prospective database for which numerous Swiss 

institutions provide data (SALTS). 

'91-'98; Washington State Hospital Discharge Database searched for CBD repair 

codes <90 days after LC. 

'88-'98; Western Australia Data Linkage System was searched in different ways for 

patients with complications. Medical files of these patients were assessed in 

detail. 

'92-'99; US Medicare data was searched for codes for CBD repair within one year 

after cholecystectomy. 

'87-'01; Swedish Inpatient Registry searched for codes for CBD repair within 1 year 

after cholecystectomy. 

'95-'05; Analysis of LCs in a prospective database for which numerous Swiss 

institutions provide data (SALTS). 

Outcome 

CVS in all patients; 

0 BDI, 0 bile leaks 

CVS achieved in 388 (87%); 

0 BDI, 0 bile leaks 

CVS achieved in 998 (95%); 

0 BDI, 5 bile leaks (0.5%) 

CVS percentage not assessed; 

1 BDI (0.03%), bile leaks not assessed 

OR for BDI using IOC = 0.97 (95%-CI 0.44-2.18), 

unadjusted for confounders 

OR for BDI using IOC = 0.63 (95%-CI 0.40-0.90), 

adjusted for confounders 

OR for BDI using IOC = 0.68 (95%-CI 0.42-1.03), 

adjusted for confounders 

OR for BDI using IOC = 0.58 (95%-CI 0.44-0.72), 

adjusted for confounders 

OR for BDI using IOC = 0.75 (95%-CI 0.59-0.92), 

adjusted for confounders 

OR for BDI using IOC = 1.14 (95%-CI 0.76-1.70), 

unadjusted for confounders 



Primary No. of Study description 

author patients 

LUS - patient studies on LUS during LC 

Machil44l 2,159 Review of twelve studies (from before 1999) comparing LUS to IOC during LC. 

Catheline 600 All patients underwent LCs with LUS, 498 also underwent IOC. 
(45) 

Kimural49l 

Tranter'54l 

Biffl l45l 

Catheline 
(47) 

Tranterl55l 

Onders'52l 

Machi(soi 

Perryl53l 

Hakamada'4 

8) 

Machitsii 

183 

367 

844 

900 

135 

256 

200 

236 

644 

1,381 

All patients underwent LCs with LUS and IOC. 

All Patients underwent LC with LUS. 

Non-randomized comparison between LC with LUS (n=248) and without LUS (594). 

All patients underwent LCs with LUS and IOC. 

All patients underwent LCs with LUS and IOC. 

Description of one surgeon's experience with LUS. 

All patients underwent LC with LUS. 

All patients underwent LC with LUS. 

Comparison of outcome before (n=368) and after (n=276) introduction of routine 

LUS. 

Prospective multicenter series of LC with LUS. 

Outcome 

Success of LUS and IOC 88-100%; BDI not assessed 

LUS and IOC equal success; LUS faster; (10 vs 18 

min, p=0.001) BDI not reported 

LUS success 95%; IOC success 96%; 0 BDI; 1 bile leak 

after choledochotomy 

LUS success 99%; BDI not reported 

Without LUS: 11 BDI (1.9%); routine LUS: 0 BDI 

(p=0.04) 

LUS success 100%; IOC success 85%; BDI not 

reported 

LUS success 97%, IOC success 90%; BDI not 

reported 

Increase in use of LUS from 29% in 2001 to 77% in 

2004; 0 BDI 

LUS success in 97%; 0 BDI, 0 bi le leaks 

LUS success in 95%; 0 8DI; 0 bile leaks 

Without LUS: 4 BDI (1.1%); routine LUS: 0 BDI 

(p=0.08) 

LUS success 98%; 0 BDI; 3 leaks (0.2%) 



Primary No. of Study description 

author patients 

CCC - patient studies on CCC during LC 

Wil ls'581 

Daoud'591 

Glattli'601 

Fox1611 

Koksal'621 

Moont'631 

Young'641 

Holzman'651 

76 

325 

69 

113 

40 

97 

194 

60 

Randomized controlled trial between IOC {n=36) and CCC {n=40) during LC. 

Non-randomized comparison between IOC {n=35) and CCC {n=290). 

Non-randomized comparison between IOC {n=38) and CCC (n=31). 

All patients underwent LC with CCC. 

All patients underwent LC with CCC. 

All patients underwent LC with CCC. 

All patients underwent LC with CCC. 

Patients underwent 'partial CCC' with the Kumar clamp. 

Kumar1661 50 Patients underwent 'partial CCC' with the Kumar clamp. 

Dye cholangiography - patient series on dye cholangiography during LC 

Pertsem-

lidis1671 

sad681 

Xu'691 

18 

46 

20 

lndocyanine green {ICG) was intravenously administered to patients undergoing 

LC. 

Blue dye was injected into the gal lbladder during LC. 

Blue dye was injected into the gal lbladder during LC. 

Light cholangiography - patient series 

Xul69l 16 Optical fiber led into the CBD with a duodenoscope during LC. CBD cannulation 

successful in 13/16 patients. 

Outcome 

IOC success in 100%, CCC in 72% (p<0.001); CCC 

images of poor qual ity 

IOC success 83%, CCC success 86% 

IOC success 92%, CCC success 48%; CCC images of 

inferior quality 

CCC was successful in 81% 

CCC was successful in 90% 

CCC was successful in 85% 

CCC was successful in 81% 

Kumar CCC was successful in 83% 

Kumar CCC was successful in 98% 

Cystic duct and CBD colored green in all patients. 

No images provided 

Cystic duct and CBD colored blue in 43/46 patients 

Extrahepatic bile ducts colored blue in 18/20 

patients. No images provided 

CBD visualized in 13 cases, cystic duct only in 4 

cases. No images provided 



Primary 

author 

No. of 

patients 

Study description 

Passive infrared cholangiography - animal study 

Liu!7Dl 6 pigs Room temperature saline was infused into the biliary tract. Images were taken 

with an infrared camera. 

Near-infrared cholangiography (NIRF-C) - patient studies on NIRF-C 

Mitsuhashi! 

73) 

lshizawa !71l 

lshizawa !74l 

Aokf5l 

Tagaya!76
, 

lshizawa (S6J 

5 

1 

10 

14 

12 

52 

Open cholecystectomy after intravenous infusion of ICG. A NIRF camera system 

was used to capture images. 

First laparoscopic experience with NIRF-C during cholecystectomy. 

Open cholecystectomy after intravenous infusion of ICG. A N IRF camera system 

was used to capture images. 

LC after intravenous administration of ICG.  

LC after intravenous ICG. Hepatoduodenal ligament was compressed with plastic 

device for improved exposure. 

LC after intravenous ICG. 

Hyperspectral cholangiography - animal studies 

Zuzak(si) 1 pig A laparoscopic near-infrared, hyperspectral imaging system was used to assess bile 

duct anatomy in a pig. 

Livingston 
(81) 

8 pigs Characteristics of different types of tissue were assessed using a laparoscopic 

hyperspectral imaging system. 

Outcome 

Infrared images correlated well with IOC. Artificial 

stones and BDI detected 

Fluorescence was observed in the liver, gallbladder 

and bile ducts of all patients 

Fluorescence observed in cystic duct and CBD 

Cystic duct and CBD were identified in 9/10 

patients using NIRF-C 

CBD-cystic duct junction identified in 10/14 

patients 

The CBD-cystic duct junction was identified in a l l  

patients 

CBD-cystic duct junction identified in 50/52 patiens 

Bile ducts, arteries and veins all have unique 

reflectance spectra 

Bile ducts, arteries and veins a l l  have unique 

reflectance spectra 
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Figure 1: Forest plot of protective effect of IOC on BO/ during cholecystectomy3o-35
• OR = odds 

ratio, BO/ = bile duct injury, IOC = intraoperative cholangiography . (u) unadjusted OR; ** the 

dataset of Fletcher et at84 is included in the study by Hobbs et at3° .; *** the dataset of 

Krahenbuhl et af5 is included in the study by Giger et al35
• Studies were weighted by the 

square root of the study size . Results are plotted on a natural logarithmic scale . 

Z'graggen 1 998 (u) 

Flum 2001 

Flum 2003 ■ 

Hobbs 2006 ••• • 

Waage 2006 ■ 

Giger 201 0 (u) .. 

TOTAL ♦ 
0 ,0 0,5 1,0 

<- IOC decreases odds of B01 

1 ,5 2,0 2,5 

IOC increases odds of B01 -> 

cholan giograms showin g BDI were in correctly in terpreted11 • The radiation receiv ed durin g 

IOC is on ly aroun d 0 .18 mSv an d represen ts a <0 .001% lifetime added risk of dev elopin g 

can cer41 • Radiation ex posure is therefore n o  argumen t again st routin e use of IOC in the adult 

population. An other adv an tage of IOC is that the learn in g curv e is gen erally short: a success 

rate of 95% was reached in an in stitution of eight superv isin g surgeon s after 46 42• Our own 

data, too, in dicate a short learn in g curv e: a success rate of 90% was reached in the first three 

mon ths after implemen tation of routin e IOC (person al data} . 

Whether routin e IOC is cost-effectiv e depen ds on the estimated cost of IOC, the reduction of 

BDl-rate an d the cost of repair of BDI, patien t death an d malpractice litigation . Flum et al 

en tered v ary in g  estimates in to cost-effectiv en ess models an d con cluded that if the 
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relationship between IOC and lower BDI is indeed causal, routine application of IOC is cost

ef fective43 . 

In summary, there is a well-established r elationship between IOC and lower incidence and 

incr eased early detection of BDI. It should be taken into account that these data ar e from 

before the CVS era, and might not be ex trapolated. Also the sometimes cumbersome and 

time- consuming procedure limits the routine use of IOC in clinical practice. 

Laparoscopic ultrasound 

An alternative to r adiography for intraoperative assessment of biliary anatomy is 

laparoscopic ultr asonogr aphy (LUS) 47 . Lapar oscopic flex ible multifrequency ultrasound 

tr ansducer s  with a Doppler flow detection system visualize tissue 4 cm in length and 6 cm in 

depth. The ex trahepatic bile ducts may be scanned in the tr ansverse and longitudinal planes. 

LUS can identify the CBD, the bifurcation cystic duct-CBD, hepatic artery, por tal vein, inferior 

vena cava, and ampulla. 

In 1999 M achi et al r eviewed 2 , 059 patients that underwent both LUS and IOC44 finding 

success rates of over 9 0% for both modalities. In the subsequent years ex tra evidence has 

amassed on the value of LUS45-55 (Table 1 ) . Virtually all these studies report success r ates of 

mor e than 95%, comparable to or higher than in IOC. The intrapancreatic and intrahepatic 

par ts of the biliary system are not always accurately depicted. The time needed for LUS 

ranges between 5 and 10 minutes. 

One retrospective cohort study achieved significance in the main endpoint of BDI: 11/59 4 

without LUS ver sus 0/248 with LUS (p= 0.04)46 . A prospective multicentr e cohort study by 

M achi et al r epor ted no BDI and only three bile leaks in 13 81 patients. The ability of LUS to 

detect BDI intraoperatively is limited to two studies in pigs, in which it successfully identified 

wr ongfully placed clips and complete transsections56'57 . 

All evidence shows ex cellent results of LUS in delineating biliary anatomy. The advantages of 

LUS over IOC are the shorter pr ocedure time, the non- invasive nature and avoiding the use 

of r adiation. Fur thermore, it may be per formed pr ior to dissection in Calot' s triangle and 

repeated in uncer tain cases. One of the main drawbacks of LUS is the r epor ted long lear ning 

cur ve. Strangely, little data is available on this lear ning cur ve. M achi et al suggest that it 

takes 50-100 operations before one can successfully apply LUS51 . Although no eff icient 

technique should be discar ded simply because it takes time to lear n, this does pose a 

limitation for the widespr ead implementation of LUS. 
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Cholecystocholangiography 

Cholecystocholangiography (CCC} is performed by injecting radiographic contrast directly 

into the gallbladder. An alternative instrument for " partial" CCC is the so-called 'Kumar 

clamp', which is placed across the base of the gallbladder, after which radiographic contrast 

is injected into Hartmann's pouch. 

The only randomized controlled trial found a lower success rate of CCC compared to IOC 

{72 % versus 100%, p= 0, 0005)58
• Also, CCC yielded inferior image quality and a 2 .3 times 

longer radiation ex posure. In comparative studies, Daoud et al report comparable success 

rates for CCC and IOC59 whilst G lattli et al found a very low success rate of 3 6%  in CCC versus 

90% in IOC60
• Mostly, success rates in series of CCC vary between 72 % and 90%61

-
64

• CCC 

reduces operative time compared to IOC58
, times quoted as necessary for CCC are between 2 

and 14 minutes59
'
61

'
64

• The Kumar clamp for " partial" CCC was only used in two series, with 

success rates of 98% and 83 %65
'
66

• Abovementioned studies are further described in Table 1.  

CCC is  a simple technique with a steep learning curve61
, requires no cystic duct cannulation 

and is faster than IOC. However, the success rate is low (~BO %} , and even when successful, 

the image quality is often poor. Of ex tra concern is the report of hypotension and gallbladder 

perforation when the gallbladder is distended58
• Based on these arguments CCC is not 

recommended as a standard procedure for cholangiography. An ex ception may be partial 

CCC using the Kumar clamp, as this instrument allows the injection of contrast under higher 

pressure and only needs to fill part of the gallbladder. However, this instrument has yet to 

prove its non-inferiority to standard IOC. 

Dye cholangiography 

Intravenous injection of high doses of indocyanine green (ICG) in patients undergoing LC has 

been reported to color the ex trahepatic bile ducts dark blue for two hours67
• Sari et al 

injected methylene blue directly into the gallbladder and were able to identify the 

gallbladder, cystic duct and CBD in 43/46 cases (9 3 %)68
• X u  et al69 report a success rate of 

9 0% (18/2 0) (see also Table 1) . 

Dye cholangiography has the advantage of visualizing the bile ducts prior to dissection. The 

technique is reasonably safe, although ex travasation of the dye is not easily washed away 

and may obscure the view of the surgeon. The evidence for its effectiveness is limited. X u  et 

al indicate that the images obtained had a low resolution69 None of the mentioned studies 

provide convincing images or quantitative data in support of dye cholangiography. From a 

technical perspective, dyes in the visible light spectrum (3 80 - 6 00 nm) may not ex hibit the 
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necessar y penetr ation necessar y for a successful cholangiogr aphy, especially when Calot's 

tr iangle is filled and surr ounded by fatty tissue or fibr osis r esulting fr om a sur passed 

inflammator y pr ocess. This pr esents a ser ious limitation, as it is in these par ticular cases that 

cholangiogr aphy has the gr eatest value. 

Light cholangiography 

X u  et al descr ibe an ex per imental technique denominated as light cholangiogr aphy69
• An 

optic fiber is endoscopically passed up thr ough the papilla of Vater and illuminates the 

ex tr ahepatic duct system. Unfor tunately, no images ar e pr ovided, limiting the r eader s' ability 

to judge it on its clear mer its. 

Even if shown to be eff ective, light cholangiogr aphy in this manner may find difficulties to be 

intr oduced as a r outine pr ocedur e dur ing lapar oscopic cholecystectomy as it r equir es 

endoscopy with r etr ogr ade maneuver ing of the optical fiber . Besides being time-consuming 

this pr ocedur e is potentially hazar dous, consider ing the r epor ted morbidity and mor tality 

associated with ERCP. 

Passive infrared cholangiography 

Liu et al ex per imented with a passive infr ar ed camer a70• In nine pigs they infused r oom 

temper atur e  saline or war m saline into the biliar y tr act, which contr asted with body 

temper atur e  so that the biliar y tr act could be delineated (Figur e 2 ) .  Also, ar tificially cr eated 

BDI and stones could be identified with this technique. 

This method, using the br illiantly simple pr inciple of small temper atur e  differ ences, bypasses 

the ionizing r adiation of IOC and can ther efor e take place r epeatedly and r eal- time. 

However , it only wor ks by dir ect infusion into the biliar y system, as intr avenous infusion 

would r esult in r egr ession to body temper atur e within seconds. Mor eover , the temper atur e 

of the saline within the bile duct may r egr ess along the pr ocedur e necessitating r epetitive 

injections. Ther ef or e, infr ar ed cholangiogr aphy is r egar ded as suboptimal technique in the 

oper ating theatr e. 

Near-Infrared fluorescence cholangiography 

In the past few year s a new imaging modality has been tested for bile duct visualization: 

near -infr ar ed fluor escence cholangiogr aphy (NIRF-C)71
• This technique uses a laser to ex cite 

fluor escent agents and an imaging filter to r egister the light (of a slightly higher wavelength) 
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which is subsequen tly emitted. Light in the NIRF spectrum (~soon m) has optimal pen etration 

an d min imal absorban ce an d scatterin g in human tissue. Fluorophores cleared by the liver, 

such as in docyan in e green ( ICG ) an d IRDye® BOOCW (LI-COR Bioscien ces) , may be 

admin istere d in traven ously or directly in to the biliary syste m for imagin g purpose s. 

Aft er prelimin ary an imal studies72 , NIRF-C was applied in a small n umber of patien ts sin ce 

2 008 in open an d laparoscopic (Figure 3 )  cholecystectomv71
'
73

-
76

• Fluorescen t sign al was 

dete cted in the bile ducts of most patien ts but the images were n ot very cle ar an d had with 

limited resolution . These studies are listed in Table 1. Figueire do et al published high quality 

images of detection of BDI in a mouse model77
, although their relevan ce was limited through 

the absen ce of peri-ductal fat in the mouse. 

Very recen tly, lshizawa et al published a large r series of 52 patien ts in whom laparoscopic 

n ear-in frare d fluorescen ce images were achieved of a higher re solution than in previous 

series78• Eight preope rative ly diagn osed accessory bile ducts were also visualized by NIRF-C. 

Although the authors, in a letter to the editor, state that ICG is an e x cellen t fluorophore , 

n ovel improved fluorophores will probably further in crease the quality an d the resolution of 

the images. This is n ece ssary to decrease the poten tial for misin terpretation of the 

fluorescen ce images, which is vital for widespre ad implemen tation of safe ty me asure s. 

A multispectral NIRF imagin g system as re cen tly described by Themelis et al79 simultan eously 

acquires real-time color an d NIRF images of the operative fie ld. A possible drawback of 

fluorescen ce imagin g is the limited pene tration depth. However, up to three cen timeters 

pen etration through medium resemblin g human adipose tissue has been de scribed80
, which 

is sufficien t to visualize structures in Calot' s trian gle. NIRF-C is still in its ex perimen tal stage 

an d images acquire d are n ot as in formative as IOC. However, prope rly developed usin g high 

quality cameras an d bile-cleared fluorophores, NIRF-C has the poten tial to be a sim ple-to

perform, easy-to-in terpre t, radiation -fre e an d personn el sparin g bile duct visualization 

techn ique. 

Hyperspectral cholangiography 

The group of Livin gston an d Z uzak investigated the use of hype rspectral cholan giography in 

pigs81
'
82

• This method re lies on differen t absorption an d reflection pattern s of diffe ren t tissue 

(n ot upon ex citation an d emission as in fluorescen ce) . The authors differen tiate b etween 

gallbladde r tissue an d vascular tissue in pigs with a sen sitivity an d specificity of 98% 81
• Also, 

they processe d the data in to images that delin eate the cystic duct in the hepatoduoden al 

ligamen t (Figure 4)82• 
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Syringe 

Figure 2: Passive infrared 

cholangiography in a porcine 

model depicting the common bile 

duct (CBD), left and right hepatic 

ducts and the duodenum70
• With 

kind permission from Springer 

Science + Business Media, 

copyright © (2008) . 

Figure 3: Fig . 3 Near infrared fluorescen cholangiography during laparoscopic 

cholecystectom86
• A Cystic duct running parallel to common hepatic duct, B isolation of cystic 

duct from anterior side of Calot's triangle, C isolation of cystic duct from posterior side of 

Calot's triangle, D closure of cystic duct (with kind permission from John Wiley and Sons Ltd 

2010, all rights reserved) . 
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Hyper spectr al cholan giogr aphy is appealin g as it r equir es n o  ex ogen ous con tr ast agen t at all. 

Pr elimin ar y studies in pigs may be misleadin g as the por cin e biliar y system is often less 

obscur ed by fibr osis than is the human system. Validation studies in human s will n eed to 

take place befor e hyper spectr al cholan giogr aphy may be con sider ed a poten tial modality for 

in tr aoper ative visualization of bile ducts. 
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Figure 4: Hyperspectral cha/angiography . Near infrared (NIRJ /aparoscopic hyperspectral 

image of the hepatoduodenal ligament in live anesthetized pigs (AJ . An artery indicated by 

spectra with broad oxyhemoglobin peak and a small water peak at 970 nm (BJ . A vein is 

identified by spectra containing a deoxyhemog/obin shoulder, a broad oxyhemog/obin peak 

and a small water peak (CJ . The common bile duct is associated with spectra containing a 

lipid shoulder and a prominent water peak (0)82• With kind permission from Elsevier Inc ., 

copyright © (2008J Elsevier Limited . 

DISCUSSION 

T his paper has pr ovided an overv iew of the differ en t modalities for in tr aoper ative 

assessmen t of biliar y an atomy, summar ized in table 2 .  The CVS appr oach is con sider ed the 

gold stan dar d sur gical techn ique to pr even t BDI. As of yet, on ly a few ser ies wer e foun d in 

which achievemen t of CVS was specifically appr aised. Although these studies suggest 
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protecti ve eff ect of the CVS, future studi es are necessary apprai si ng the ef fect of the CVS 

techni que on BDI. Wi thout an eli gible alternati ve, and based on worldwi de consensus, the 

CVS should be regarded the gold standard among operative techni ques for assessment of 

bi li ary anatomy duri ng laparoscopi c cholecystectomy. 

Level 1 studi es on conventi onal IOC have not been publi shed (Ox ford Centre for Evi dence 

Based Medi ci ne83), but the consi stent large cohort studi es warrant a grade B 

recommendati on. Further research wi ll need to show the added val ue of IOC as the CVS 

techni que gai ns acceptance. The i nherent di sadvantages of IOC cannot be deni ed: 

someti mes techni cally challengi ng cysti c duct cannulati on, need for X- ray equi pment, 

prolonged operati on ti me and addi ti onal costs. Any developments i n  reduci ng these 

challenges, i . e. i mprovement i n  technology for the cannulati on techni que, would ai d i n  

i ncreasi ng acceptance by the general surgeon of routi ne IOC duri ng cholecystectomy. Also, 

an appropri ate fi nanci al i ncenti ve to perform IOC needs to be provi ded by the healthcare 

i nsurance system to ensure regular use of thi s techni que. 

Many " outcome" studi es ( level 2 c  evi dence83) support laparoscopi c ultrasound (LUS) for 

preventi on of BDI. The outcome i s  generally ex cellent, thus warranti ng grade B 

recommendati on. It should be kept i n  mi nd that the reported studi es were ex ecuted i n  

dedi cated centers wi th ex peri enced surgeons. As a consequence, thei r results cannot be 

automati cally ex trapolated to general surgi cal practi ces worldwi de. However, i n  trai ned 

hands, LUS i s  at l east as effecti ve as IOC i n  defi ni ng bi li ary anatomy, and does so i n  less ti me 

and radi ati on- free. Fai lure of LUS to achi eve wi der acceptance probably li es wi thi n the 

presumed long learni ng curve. 

Cholecystocholangi ography, dye cholangi ography and li ght cholangi ography may be 

di smi ssed as vali d modali ti es for bi le duct vi suali zati on. They ei ther have too low a success 

rate, yi eld i nferi or i mages, or are too unwi eldy for routi ne i mplementati on. Passi ve i nfra red 

cholangi ography may also prove too unpracti cal for l arge scal e uti li zati on. 

The most promi si ng novel developments i n  the fi el d of bil e  duct vi sual i zati on are NIRF-C and 

hyperspectral cholangi ography. The mai n poi nts to be proven i n  the future are whether they 

can provi de suffi ci ent anatomi cal resoluti on through the fatty fibrous ti ssue i n  Calot's 

tri angle. Wi th the development of more sensi ti ve charge- coupled devi ce camera systems and 

superi or cli ni cal- grade NIR-fluorophores, these i magi ng modali ti es may provi de the i deal tool 

for i ntraoperati ve bi le duct i magi ng. 
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Table 2: Summary of techniques and modalities for intraoperative visualization of bile ducts. BDI = bile duct injury. CBD = common bile duct. 

Modality Application Evidence Safety Ease Success Time 
rate 

Critical view of safety Worldwide consensus that the CVS technique is 90-95% 
(CVS} the golden standard for performing laparoscopic 

cholecystectomy, but l imited evidence. 
Intra operative After dissection in Several very large retrospective datasets report Safe At times 90-95% 15 min 
cholangiography (IOC} Ca lot's triangle association of IOC with lower rates of BDI. (Minimally invasive) cumbersome 
Laparoscoplc Repetitively One retrospective study reported lower rates of Very safe Requires >95% 5-10 min 
ultrasound (LUS) BDI with LUS compared to no imaging modality. (Non-invasive) considerable 

Many prospective studies report higher success experience 
rates of LUS than of IOC. 

Cholecysto- Before dissection One randomized controlled trial and several Reasonably safe Easy ~so% 5-10 min 
cholangiography (CCC) in Calot's triangle retrospective studies al l show inferiority of (Possible added risk of 

images compared to IOC. gallbladder rupture) 

Dye cholangiography Real time Several series describe visualizing the biliary Reasonably safe Easy ~go% 5-10 min 
tract but convincing images and quantitative (Risk of dye extravasation) 
data are lacking. 

Light cholangiography Real time One series in patients is reported but no images Potentia l ly hazardous Requires Unknown Unknown 
are provided. (Retrograde maneuvering endoscopy 

of an optical fiber into skills 
CBD) 

Passive infrared Real time One study in pigs yielding excellent images. Safe Unknown Unknown Unknown 
cholanglography (Minimally invasive) 
Near-Infrared Real time Several animal studies yielding high quality Safe Easy Unknown Unknown 
fluorescence cholangio- images of the biliary tract and BDI. A few small {Non-invasive when 
graphy (NIRF-C) studies in patients yielding images of l imited intravenous agents are 

quality. One study of 52 patients with fair used) 
results. 

Hyperspectral Real time Two studies in pigs report positive Very safe Easy Unknown Unknown 
cholangiography differentiation between gallbladder tissue and (Non-invasive) 

blood vessel tissue. 
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This r eview has focused solely on bile duct visualization for pr evention and ear ly detection of 

BDI. A second function of bile duct visualization is the detection of CBD stones dur ing 

sur ger y. IOC and LUS ar e curr ently the only pr oven modalities for clinical pur pose. Some 

sur geons assess for stones only if ther e ar e clinical symptoms of cholestasis or abnor mal liver 

function tests indicative of cholestasis, in which case a r outine bile duct visualization 

modality does not necessar ily need to convey infor mation on the pr esence of stones. 

In summar y, the sear ch is still ongoing for an optimal bile technique for intr aoper ative 

assessment of biliar y anatomy that is safe, easy- to-per for m, simple- to-inter pr et, per sonnel

spar ing, cheap and r adiation- fr ee. For now, we r ecommend that all sur geons should use the 

cr itical view of safety appr oach. Based on the available liter atur e, intr aoper ative 

cholangiogr aphy or lapar oscopic ultr asound of the biliar y tr ee is r ecommended to be 

per for med r outinely (gr ade B r ecommendation) . In the futur e, hyper spectr al 

cholangiogr aphy and near -infr ar ed fluor escence cholangiogr aphy may pr ove super ior 

techniques for intr aoper ative visualization of the biliar y anatomy. 
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ABSTRACT 

Background: This study aimed to iden tify safety measures pr acticed by Dutch sur geon s 

durin g laparoscopic cholecystectomy. 

Method: An electron ic question n aire was sen t to all members of the Dutch Society of 

Surger y with a registered e- mail addr ess. 

Results: The r espon se r ate was 40.4% an d 453 respon ses were an alyzed. The distr ibution of 

the respon den ts with r egar d to types of hospitals was similar to that in the gen eral 

population of Dutch sur geon s. 

The CVS techn ique is used by 97 . 6 %  of the surgeon s. It is documen ted by 92 . 6 %, mostly in 

the operation report ( 80. 0%) , but often augmen ted by photography ( 42 .  7%) or video 

( 3 0.2 %) .  If the CVS is n ot obtain ed 50. 9%  con ver t  to open approach, 3 9 .1% con tin ues 

laparoscopically an d 10. 0% performs addition al imagin g studies. 

Of the Dutch surgeon s, 53 .2 % n ever perform IOC, 41 . 3 %  perform it in ciden tally an d on ly 

2 .6 %  of the surgeon s perform it routin ely. 

A total of 105 BDI were reported in aroun d 143 87 cholecystectomies ( 0. 7 3 %) .  The self

reported major BDI r ate ( in volvin g the common bile duct) was 0.13 % but these figures n eed 

to be con firmed in other studies. 

Conclusions: The CVS approach in laparoscopic cholecystectomy is embraced by virtually all 

Dutch surgeon s. The cour se of action when CVS is n ot obtain ed varies. IOC seems to be an 

en dan gered skill as over half the Dutch surgeon s n ever per form it an d the rest performs it 

on ly in ciden tally. 
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__________________ Safe ty me asure s: a n ation -wide survey 

INTRODUCTION 

Afte r  laparoscopic chole cy ste ctomy was in troduce d in the e arly n ine tie s an in cre ase in the 

n umbe r of bile duct in jurie s (BDI) was n ote d1• BDI has se rious me dical, fin an cial an d me dico

le gal con se que n ce s  for patie n ts an d he alth care profe ssion als24• Subse que n tly , addition al 

patie n t  safe ty in te rve n tion s we re imple me n te d. 

A major ste p  towards safe chole cy ste ctomy was the de scription of the 'critical vie w of safe ty' 

(CVS) te chn ique by Strasbe rg in 1 9 955• The CVS te chn ique is advocate d by virtually all re ce n t  

guide line s an d e x pe rt comme n tarie sG-9• The Dutch Socie ty of Surge ry issue d a be st practice 

guide line in 2 005 e n dorsin g the CVS te chn ique10• Accordin g to the guide line , CVS is achie ve d 

on ce one third of the gallbladde r is disse cte d off the live r, an d the pre sume d cy stic duct an d 

arte ry are the on ly structure s run n in g  from the gallbladde r to the he patoduode n al ligame n t. 

The guide line s we re promote d through publication an d pre se n tation at n ation al 

con fe re n ce s; all Dutch surge on s  are e x pe cte d to follow the m. 

An othe r safe ty in te rve n tion is in traope rative cholan giography (IOC) . Population -base d  

an aly se s  have shown a re duction in major BDI by 25 - 3 9 % whe n IOC is pe rforme d11-13• The 

guide line s of the Dutch Socie ty of Surge ry curre n tly do n ot re comme n d  routine IOC. 

It has bee n  sugge ste d that the in cide n ce of BDI in the Ne the rlan ds is highe r than in othe r 

coun trie s2 • Nume rous pape rs have bee n  publishe d on pre ve n tive me asure s durin g 

chole cy ste ctomy ,  but it re main s un cle ar which safe ty me asure s are actually be in g e mploye d 

by Dutch surge on s. This study aime d to ide n tify practice as we ll as opin ion s on CVS 

te chn ique an d IOC. 

METHODS 

An e le ctron ic que stion n aire was compose d by a pane l of five abdomin al surge on s  an d a 

me dical psy chologist (Appe n dix A) . The survey was comple te ly an ony mous. E-mail addre sse s 

we re obtaine d of all me mbe rs of the Dutch Socie ty of Surge ry , in cludin g surgical trainee s The 

e le ctron ic que stion n aire was se n t  to all addre sse s. Two wee ks afte r the first e -mail, one 

re min de r  was se n t. The study close d for re cruitme n t  two wee ks late r. 

Hospitals in the Ne the rlan ds may be classifie d as 'un ive rsity te achin g' (te rtiary re fe rral, 

spe cialist train in g an d me dical re se arch) , 'n on -un ive rsity te achin g' (ge ne ral hospitals lice n se d  

to train surgical trainee s) or 'n on- te achin g' (ge ne ral hospitals that do n ot train surgical 

trainee s) . On ce dee me d  sufficie n tly qualifie d, surgical trainee s may pe rform 

chole cy ste ctomie s without supe rvision of a con sultan t pre se n t  in ope ratin g the atre . 
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Statistical an alysis was perf ormed with SPPS 16. 0 for Win dows (SPPS In c, Chicago, Illin ois) . 

Descriptive statistics were used to portray the respon ses. The accumulated n umber of 

cholecystectomies performed by groups of surgeon s was calculated usin g the median of the 

self- reported ran ge of cholecystectomies (i. e. 17 for the ran ge 10-25) . In case of >50 

cholecystectomies per year, the arbitrarily chosen n umber of 6 0  was used. Chi-squared tests 

were used to compare the in ciden ce of BDI in diff eren t groups. A P < 0. 05 was con sidered 

sign ifican t. 

RESULTS 

The electron ic survey was successfully delivered to 12 06 addresses. There was a 40.4% 

(487 /12 06 ) respon se rate. Thirty- four surgeon s in dicated that they n o  lon ger performed 

cholecystectomies. Thus, 453 question n aires were in cluded for an alysis. 

Clinical profile 

The clin ical profile of the respon den ts is shown in table 1. M ost respon den ts were abdomin al 

or hepatobiliary surgeon s (31 . 3 %) ,  surgeon s of other subspecialties (28 . 9%) an d surgical 

train ees (2 3 . 8%) . The majority of respon den ts worked in n on -un iversity teachin g hospitals 

(56 . 7%) ,  followed by un iversity hospitals (22 . 7%) an d n on -teachin g hospitals (2 0.5%) . This 

closely resembles the gen eral distribution in the Netherlan ds14• The total n umber of 

estimated cholecystectomies in the last 12 mon ths accumulated to approx imately 14, 3 87 .  

Operative technique 

The CVS techn ique was used by 97 . 6 %  of the respon den ts (table 2 ) .  It was documen ted by 

91 . 6 %, usually in the operation n otes. Photographs of the CVS were stored by 42 . 7% of 

surgeon s an d video images by 3 0.1%. If the CVS can n ot be obtain ed, 50. 9 %  opt for 

con version to open surgery, 3 9 .1% con tin ue laparoscopically an d 10. 0% perf orm addition al 

imagin g studies. 
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Table 1. Clinical profile of the respondents. 

Differentiation 

Surgeon, abdominal or hepatobiliary 

Surgeon, other subspecialty 

General surgeon / Fellow 

Surgical trainee 

Type of hospital 

University hospital 

Teaching hospital 

Non-teaching hospital 

No of cholecystectomies in past 12 months 

< 10 

10 - 25 

26 - 50 

> 50 

lntraoperative imaging studies 

N 

142 (31.3%) 

131 (28.9%) 

49 (15.9%) 

108 (23.8%) 

103 (22.7%) 

257 (56.7%) 

91 (20.5%) 

60 (13.2%) 

117 (25.8%) 

194 (42.8%) 

82 (18.1%) 

More than half of the surgeon s (53 .2 %) n ever perform IOC. The remain in g group uses it 

in ciden tally (< 5%) . O n ly 2 .6 %  of the surgeon s perform IOC routin ely ,  (>80% of 

cholecy stectomies) . I n dication s for IOC accordin g to the surgeon s w ere suspected BDI 

(53 . 0%} ,  un clear an atomy (46 . 6 %) an d suspected common bile duct (CBD) ston es (3 8 .0%) , as 

portray ed in table 3. Laparoscopic ultrasoun d w as used by 2 .1% of the surgeon s. 

Opinions on IOC 

IOC w as regarded as cumbersome by 3 9 . 0% of the surgeon s (table 3 ) .  Most surgeon s (77.5%) 

assume IOC to take 10 - 3 0  min utes. Aroun d on e third of the surgeon s thin k IOC reduces the 

risk of major BDI , on e third does n ot, an d on e third does n ot kn ow .  92 .9% of the surgeon s 

feel that IOC should n ot be performed routin ely .. 

Trainees 

All train ees reported use of the CVS versus 96 .8% of other surgeon s (p= 0.074) . There w ere 

more train ees w ho n ever performed IOC than other surgeon s (72 .2 % versus 47.2 %, p= 0.002 

in lin ear-by -lin ear association ) .  
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Table 2. Operative technique and imaging 

CVS = critical view of safety; IOC = intraoperative cholangiography; CBD = common bile duct; 

BDI = bile duct injury; N/A = not applicable; * multiple answers were possible 

N 

CVS technique used 442 (97,6%) 
CVS documented 

Yes 405 (91.6%) 
No 37 (8.4%) 
N/A 11  

CVS documented by* 
Operation notes 324 (80.0%) 
Photograph 173 (42.7%) 
Video 122 (30.1%) 
N/A 48 

What course when CVS is not obtained 
Usually continue laparoscopically 165 (39.1%) 
Usually convert to open 225 (50.9%) 
Usually additional imaging studies 44 (10.0%) 
N/A 11  

IOC performed 
Never 241 (53.2%) 
< 5% 187 (41.3%) 
5 - 20% 8 (1.8%) 

21 - 80% 5 (1.1%) 
> 80% 12 (2.6%) 

Indications for IOC* 
Routine 17 (3.8%) 
Suspected CBD stones 172 (38.0%) 
Unclear anatomy 211 (46.6%) 
Suspected BDI 240 (53.0%) 
Other 54 (11.9%) 

Laparoscopic u ltrasound performed 
Never 443 (97.8%) 
< 5% 7 (1.5%) 
5 - 20% 2 (0.4%) 
21 - 80% 0 
> 80% 1 (0.2%) 

BDI in the past 12 months 
None 361 (79.7%) 
1 79 (17.4%) 
2 13 (2.9%) 
>2 0 

Types of BDI 
Cystic stump leak 53 
Luschkan duct leak 28 
CBD leak 9 
CBD transsection 10 
Other 5 
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Table 3. Opinions on IOC; IOC = intraoperative cha/angiography; BDI = bile duct injury; IOC = 

intraoperative cha/angiography 

N 

Performing IOC is cumbersome 
Usually 74 (16.3%) 
More often than not 103 (22.7%) 
Sometimes 127 (28.0%) 
Usually not 114 (25.2%) 
Missing 35 (7.7%) 

How long does IOC take 
< 10 minutes 30 (6.7%) 
10 - 20 minutes 179 (39.5%) 
20 - 30 minutes 170 (37.5%) 
30 - 40 minutes 50 (11.0%) 
> 40 minutes 24 (5.3%) 

IOC reduces the risk of major BDI 
Yes 134 (29.6%) 
No 153 (33.8%) 
Don't know 136 (36.6%) 

IOC should be performed routinely 
Not 421 (92.9%) 
In all teaching hospitals 21 (4.6%) 
In all hospitals 11 (2.4%) 

Bile duct injuries 

Of the respon den ts, 2 0. 3 %  had ex perien ced on e ore more cases of BDI in the past 12 

mon ths. These in juries inv olv ed the cystic an d Luschkan ducts (type A in juries according to 

the Amsterdam criteria15) in 77 .2 % of cases an d the CBD ( n in e  cases of type B an d ten type 

D )  in 18.1% (table 2 ) .  The self-reported BDI rate was 105/14, 3 87 = 0. 73 %. The self- reported 

rate of major BDI (i. e. inv olv in g  the CBD ) was 19/14, 3 87 = 0.13 %. 

The rate of self-reported major BDI was n ot correlated with the lev el of train in g of the 

surgeon , the course of action if CVS could n ot be obtain ed or the use of IOC (table 4) . T here 

was a n on -sign ican t lower rate of major BDI in un iv ersity hospitals (p = 0. 098) an d higher rate 

in surgeon s who perform <10 cholecystectomies per year (p = 0. 082 ) .  These figures are 

based upon self-reportin g an d were n ot corrected for the in dication for the cholecystectomy, 

i. e. cholecystitis or biliary colic. 
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Table 4. Factors associated with major BO/ (i.e. involving the CBO) 

* calculated by multiplying the number of surgeons by the median of the reported range of 

cholecystectomies performed yearly,, and by 60 for those who reported to perform more than 50 

per year; t these constituted nine type B injuries and ten type O injuries(15); :t for the surgeons 

who indicated to use the CVS technique; BO/ = bile duct injury; /QC = intraoperative 

cha/angiography; CVS = critical view of safety 

No. of Accumulated no. of Major BOit p 

surgeons cholecystectomies* 

Differentiation 0.621 
Abdominal/HPB surgeon, 142 5267 6 (0.11%) 
Other subspecia lty 131 3786 7 (0.18%) 
General surgeon / fellow 49 2580 4 (0.16%) 
Surgical trainee 108 2754 2 (0.07%) 

Type of hospital 0.098 
University teaching 103 2005 0 
Non-university teaching 257 8679 11 (0.13%) 
Non-teaching 91 3703 8 (0.22%) 

No of cholecystectomies in 0.082 
past 12 months 
< 10 60 300 2 (0.67%) 
10 - 25 117 1989 2 (0.10%) 
26 - 50 194 7178 9 (0.13%) 
> 50 82 4920 6 (0.12%) 

What course when CVS is not 0.350 
obtained* 

Usually continue 165 5139 8 (0.16%) 
laparoscopically 
Usually convert to open 225 7291 11 (0.15%) 
Usually additional 44 1369 0 
imaging 

IOC performed 0.505 
Never 241 7495 12 (0.16%) 
< 5% 187 6342 6 (0.09%) 
5 - 20% 8 218 1 (0.46%) 
21 - 80% 5 136 0 
> 80% 12 196 0 
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__________________ Safet y m easur es: a nat ion- wide sur vey 

DISCUSSION 

The curr ent st udy is an invent or y  of safet y measur es dur ing cholecyst ect omy in a br oad 

populat ion of gener al sur geons and tr ainees in t he Net her lands. The r esponse r at e  was fair 

wit h 40. 4%, allowing a compar ison wit h a similar sur vey in t he Unit ed St at es16 and a sur vey 

among Br it ish and Ir ish upper GI sur geons17
• The distr ibut ion of t he r espondent s wit h r egar d 

t o  t ypes of hospit als r esembled t he gener al distr ibut ion in t he Net her lands. The self-r eport ed 

number of cholecyst ect omies perfor med year ly r epr esent s  about 60% of t he 2 4,000 

perfor med year ly18• The survey t her efor e pr ovides a r eliable r epr esent at ion of t he gener al 

Dut ch pr act ice. 

The cr it ical view of safet y (CVS) was found t o  be widely accept ed in Dut ch pr act ice: 97 . 6 %  of 

t he r espondent s use t his t echnique. Reviewing 13 Dut ch cholecyst ect omy pr ot ocols in 2 008, 

Wauben et al found t hat only one of t hem ex plicit ly incor por at ed t he use of CVS19
• It seems 

t hat alt hough pr ot ocols need t o  be updat ed in some hospit als, t he CVS is widely accept ed in 

t he Net her lands as t he gold st andar d. The implement at ion of t he most import ant safet y 

measur e t o  pr event bile duct injur y (BDI) can t hus be consider ed highly successful, and is 

pr aisewort hy. In a similar sur vey by Sanjay et al, 82 % of t he Br it ish and Ir ish upper GI 

sur geons advocat ed t he CVS t echnique17
• It is unknown how oft en t his t echnique is act ually 

pr act iced by Br it ish gener al sur geons or how well inst it ut ionalized t he CVS t echnique is in 

ot her countr ies. 

Document at ion of CVS in t he oper at ion not es is done by 80. 0% of sur geons, and augment ed 

by a major it y  by video or phot ogr aphs. The cour se of act ion when CVS is not obt ained var ies. 

Alt hough t he nat ur e  of t he quest ion does not addr ess some of t he nuances in difficult 

cholecyst ect omies, a diver gent str at egic appr oach of t he sur geons is illustr at ed. Timely 

conver sion in case of uncert ain anat omy is seen by many sur geons as an import ant safet y 

measur e. However , as t he open appr oach is incr easingly r eser ved for " difficult cases" and 

t he ex per ience wit h t he open t echnique diminishes, t her e ar e incr easing r eport s of BDI 

occurr ing after conver sion20
;
21

• Depending on t he ex per ience of t he sur geon, ot her 

alt er nat ives such as lapar oscopic subt ot al cholecyst ect omy may in some cases be safer t han 

conver sion. In a Dut ch ser ies of 1509 pat ient s, ex per ienced lapar oscopic sur geons wer e four 

t imes less likely t o  convert t han less ex per ienced lapar oscopy sur geons (3 . 6%  ver sus 

15.6 %)22
• Conver sion r at es in t he Net her lands var y; up t o  18% has been r eport ed23

• These 

paper s, like most , do not assess whet her CVS was achieved. 

lntr aoper at ive cholangiogr aphy (IOC) is ver y seldomly perfor med in t he Net her lands; 53 .1% 

of sur geons never use it and 41. 3 %  per for m it incident ally (<5% of cholecyst ect omies) . This 
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contr ast s  wit h t he pr act ice in t he Un ite d St ate s an d t he Un ite d King dom, where over 25% of 

surge on s r out ine ly per for m  IOC an d t here are fe w surge on s who ne ver apply it16;17• In 

Austr alia IOC is per for me d  in over 6 0% of chole cyste ct omie s12 • De spite t he fact t hat man y 

Dut ch surge on s fee l  t hat suspe cte d CBD st one s, un cle ar an at omy an d suspe cte d  bile duct 

in jur y (BDI) are in dicat ion s for IOC, in clin ical pr act ice t he y  on ly r are ly apply it . 

Ar oun d one t hir d of t he surge on s be lie ve t hat IOC re duce s t he r isk of BDI, one t hir d did n ot 

an d one t hir d in dicate d t hat t he y  did n ot kn ow. Opin ion s were divide d on whet her IOC is a 

cumber some pr oce dure an d how much t ime it con sume s. The gre at major it y of surge on s 

(9 3 %) be lie ve t hat IOC should n ot be r out ine ly pr act ice d. This is re mar kable as man y of t he se 

surge on s be lie ve d t hat IOC re duce s t he r isk of BDI. Appare nt ly, t he arg ume nt s  ag ain st 

r out ine IOC are t houg ht t o  out we ig h  t he be ne fit s. Addit ion ally, Dut ch in sur an ce compan ie s  

curre nt ly do n ot re imbur se t he surge on for per for ming IOC. The g uide line s curre nt ly do n ot 

advise se le ct ive or r out ine IOC, an d t his is re fle cte d in t he daily pr act ice of Dut ch surge on s. 

Alt houg h t he discussion on whet her t o  per for m IOC r out ine ly or se le ct ive ly is far fr om 

close d, it see ms un de sir able t hat surge on s would lose t he skill of IOC alt oget her . We 

advocate a low t hre shold for IOC, e spe cially in complicate d biliar y dise ase such as cholang it is 

an d pan cre at it is, an d cert ain ly in case s of un cle ar an at omy. An att it ude change may be 

ne ce ssar y in or der for Dut ch surge on s t o  apply IOC more fre que nt ly as an in ve st me nt in 

pat ie nt safet y. 

The se lf-re porte d major BDI r ate (i.e. in volving t he CBD) of 0.13 %. This is much lower t han 

t he fig ure s me nt ione d in liter at ure an d similar t o  t he r ate obser ve d  be fore t he lapar oscopic 

er a11;24• Caut ion is ne ce ssar y inter pret ing t he se fig ure s as a sur ve y such as t his is n ot t he 

opt imal t ool t o  asse ss t he occurre n ce of complicat ion s. No e vide n ce could be foun d in t he 

liter at ure on t he validit y  of se lf-re porte d complicat ion s by surge on s. Furt her re se ar ch is 

nee de d  t o  con fir m  t his low complicat ion r ate The most import ant limit at ion of t his st udy is 

t hat it re lie s  on se lf-re port ing . It can n ot be con fir me d  t hat t he surge on s use t he te chn ique s 

t hat t he y  re port t o  use , an d t o  what e xte nt .  Howe ver ,  t he re sult s  are cert ain ly of intere st as 

t he y  re fle ct opin ion s on an d t he acce pt an ce of safet y me asure s dur ing chole cyste ct omy. 

In summar y, our sur ve y pr ovide s in sig ht int o safet y pre caut ion s t ake n by Dut ch surge on s t o  

pre ve nt BDI dur ing chole cyste ct omy. The CVS appr oach is e mbr ace d  by virt ually all Dut ch 

surge on s. W he n  CVS is n ot obt aine d, differ net appr oach are use d wit h half of t he surge on s 

choosing t o  con vert . IOC see ms t o  be an e n dangere d skill as over half t he Dut ch surge on s 

ne ver per for ms it , an d t he re st on ly doe s so in cide nt ally. Alt houg h  one may arg ue as t o  

whet her IOC should be per for me d r out ine ly or se le ct ive ly, it see ms an un de sir able 

de ve lopme nt t hat surge on s would loose t he skill of IOC alt oget her . 
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Surgeon survey (translated from Dutch) 

Part A: Profile 

1. What is your differentiation? 
a. Abdominal or hepatobiliary surgeon 
b. Otherwise differentiated surgeon 
c. General surgeon 
d. Fellow 
e. Surgical trainee 

2. What type of hospital do you work in? 
a. University medical centre 
b. Teaching hospital 
c. Non-teaching hospital 

3. How many cholecystectomies have you performed or supervised in the past 12 months? 
a. < 10 
b. 10-25 
C. 25-50 
d. > SO 

Part B: Operative technique 

4. Do you use the "Critical View of Safety'' technique? 
a. Yes 
b. No 

5. Do you document the "Critical View of Safety''? 
a. Yes 
b. No 
c. Not applicable 

6. How do you usually register the "Critical View of Safety''? (Multiple answers possible) 
a. Not 
b. Operation report 
c. Photograph 
d. Video 

7. What do you do when you cannot achieve the "Critical View of Safety''? 
a. Usually continue laparoscopically 
b. Usually convert 
c. Usually perform additional imaging studies 

8. How often do you perform intraoperative cholangiography during cholecystectomy? 
a. Never 
b. 1-5% 
C. 5-20% 
d. 20-80% 
e. > 80% 

9. What are indications for you to perform intraoperative cholangiography? 
a. Routinely during every cholecystectomy 
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b. Suspected common bile duct stones 
c. Unclear anatomy 
d. Suspected bile duct injury 
e. Othe 

10. How often do you perform laparoscopic ultrasound for intraoperative visualization of bile ducts? 
a. Never 
b. 1-5% 
C. 5-20% 
d. 20-80% 
e. > 80% 

11. How often, in the past 12 months, was one of your cholecystectomies complicated by bile duct 
injury? 

a. 0 
b. 1 

C. 2 
d. 3 
e. > 3 

12. If there was a bile duct injury, what type was it? 
a .  Cystic stump leakage 
b. Luschkan duct 
c. Common bile duct leakage 
d. Common bile duct transsection 
e. Other injuries 

Part C: Opinions on intraoperative cholangiography 

6 0  

13. Performing intraoperative cholangiography is a cumbersome procedure 
a. Usually 
b .  More often than not 
c. Sometimes 
d. Usually not 

14. By how much time does intraoperative cholangiography prolong the procedure? 
a .  1-10 minutes 
b. 10-20 minutes 
c. 20-30 minutes 
d. 30-40 minutes 
e. >40 minutes 

15. lntraoperative cholangiography reduces the risk of major bile duct injury. 
a. Agree 
b. Disagree 
c. Don't know 

16. lntraoperative cholangiography shou ld be performed routinely. 
a. Not 
b. In all teaching hospitals 
c. In all hospitals 
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ABSTRACT 

Background: Our un iversity medic al c en ter is the on ly c en ter in the Netherlan ds that has 

adopted a polic y  of routin e IOC durin g c holec ystec tomy. This study aimed to desc ribe the rate 

of bile duc t in jury (BDI) an d the man agemen t of c ommon bile duc t (CBD) ston es before an d 

after implemen tation of a routin e in traoperative c holan giography (IOC) polic y. 

Study design: M edic al rec ords were reviewed of all patien ts un dergoin g c holec ystec tomy in 

three years prior to implemen tation of routin e IOC an d three years thereaf ter. Dissec tion 

with the goal to ac hieve the c ritic al view of safety was the stan dard operative tec hn ique 

durin g the en tire study period. 

Results: Four hun dred an d twen ty-on e patien ts un derwen t c holec ystec tomy with selec tive 

IOC, 435 patien ts with routin e IOC. The groups were similar in age, gen der, c o-morbidity, 

in dic ation for surgery an d surgic al approac h._ lOC was attempted in 5. 9%  in the selec tive IOC 

group an d 59 .8% in the routin e IOC group ( p< 0. 001 ) . 

The rate of major BDI was 1 . 9% in the selec tive IOC group an d 0% in the routin e IOC group 

( p= 0.004). The in juries c omprised five type B an d three type D in juries acc ordin g to the 

Amsterdam c lassific ation . The rate of min or BDI did n ot dif fer sign ific an tly between the 

groups. 

M ore CBD ston es were detec ted in the routin e IOC group (4. 8% versus 1 . 0%, p= 0.001) an d 

they were man aged in traoperatively more frequen tly (2 . 8% versus 0.7 %, p= 0.02 3 ) .  There was 

a tren d towards fewer preoperative an d postoperative ERCPs an d other in terven tion s for CBD 

ston es (19.1% versus 2 4.2 %, p= 0. 067 ) .  

Conclusions: Implemen tation of routin e IOC polic y was followed by fewer major BDI an d 

higher rates of in traoperative CBD ston e man agemen t. 
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INTRODUCTION 

Cholecy stec tomy is a frequen tly performed operation in the Western world, at over 750, 000 

per y ear in the Un ited States alon e111 an d over 2 0, 000 per y ear in the Netherlan ds(2 ) .  A 

dreaded c omplic ation of c holecy stec tomy is iatrogen ic bile duc t  in jury (BDI) an d an inc rease 

in the rate of BDI was n oted after the in troduc tion of laparosc opic c holecy stec tomy in the 

early n in eties13•41• Previous studies have shown that BDI is a major health c are problem in the 

Netherlan ds13•51 an d the inc idenc e is believed to be higher than the 0. 3 %  to 0.5% that is often 

desc ribed in literature161 • 

To min imize the risk of BDI, c areful dissec tion in the trian gle of Calot is essen tial. Addition ally ,  

in traoperative c holan giography (IOC) may be performed. Performin g IOC has been assoc iated 

with sign ific an tly lower inc idenc e of major BDI in large population -based studies17'81• It is also 

a prelude to in traoperative bile duc t  ex ploration , thus allowin g a sin gle stage proc edure for 

the man agemen t of gallston es in the gallbladder an d bile duc ts. Whether to perform IOC 

selec tively or routin ely is still a matter of debate an d prac tic e varies between an d within 

c ou n tries19•10A,lll .  

The Dutc h Soc iety of Surgery c urren tly does n ot rec ommen d routin e IOC, statin g that " the 

value of IOC with regards to iden tific ation of the an atomic al struc tures an d preven tion of BDI 

is unc lear"1121• In spite of these guidelin es our un iversity medic al c en ter adopted a policy of 

routin e IOC in 2 007, to the best of our kn owledge the first an d on ly c en ter in the Netherlan ds 

to do so. The aim of this study was to desc ribe the outc ome of c holecy stec tomies before an d 

after the implemen tation of routin e IOC in terms of (a) major bile duc t in juries an d (b) 

in terven tion s for CBD ston es. 

METHODS 

Setting 

In the Un iversity Medic al Cen ter G ron in gen most c holecy stec tomies are performed by 

surgic al train ees an d are supervised by a c on sultan t surgeon or fellow of the abdomin al 

surgery un it. Durin g the study period, the abdomin al surgery un it c omprised seven 

ex perienc ed abdomin al surgeon s. On e c on sultan t surgeon left the group an d was replac ed by 

a differen t surgeon who in troduc ed the policy of routin e in traoperative c holan giography 

(IOC) . At any given time there were on e or two fellows in the abdomin al surgery un it, who 

spen t either on e or two y ears with the un it. 
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The 'Critical View of Safety' {CVS) techn ique as described by Strasberg et al1131 , i. e. careful 

dissection in the trian gle of Calot before clippin g an y tubular structures has been the 

stan dard operativ e techn ique for laparoscopic cholecystectomy in our cen ter sin ce 2 003 . This 

is sev eral years before the Best Practice Guidelin es were published in which the CVS was 

established as gold stan dard for all laparoscopic cholecystectomies in the Netherlan ds. If the 

CVS can n ot be obtain ed, conv ersion is con sidered. Also, IOC may be performed at this stage 

to reach certain ty about the biliary an atomy. 

Selective or routine IOC 

Before implemen tation of routin e IOC in Jan uary 2 007, IOC was performed selectiv ely. 

In dication s for selectiv e IOC were liv er fun ction test abn ormalities, dilated bile ducts upon 

abdomin al ultrason ography an d failed pre-operativ e  en doscopic retrograde 

cholan giopan creatography {ERCP) . 

In 2 007 , all residen ts an d con sultan t surgeon s were train ed to perform IOC. After completion 

of train in g in the skills lab, residen ts an d con sultan t surgeon s started to adopt the policy of 

routin e IOC. Sin ce the implemen tation of routin e IOC, it is hospital policy to attempt IOC in all 

adult patien ts un dergoin g cholecystectomy ex cept pregn an t women . The policy of routin e 

IOC was deliberately n ot strictly en forced upon surgeon s at first. In stead, a period of gradual 

in troduction allowed the surgical team to become familiar with the techn ique. 

Gen erally, IOC is attempted when the CVS has been achiev ed, but in case of difficult 

dissection it may be performed at an earlier stage of the operation . IOC was by performed by 

cystic duct can n ulation . The stan dard in strumen t used for IOC was the Olsen cholan giogram 

fix ation clamp {Karl Storz En doscopy-America, In c., Culv er City, CA) in combin ation with 

cholan giography catheters by Cook® Medical, Bloomin gton , IN. Images were obtain ed by 

dyn amic fluoroscopy. No chan ges were made in operativ e  techn ique durin g the study period, 

an d n o  other major chan ges were made in the laparoscopy equipmen t. 

Successful IOC was defin ed as passage of con trast in to the CBD v isualized durin g fluoroscopy. 

If in ten t to perform cholan giography was ex pressed in the operation report but a duct image 

was n ot obtain ed, cholan giography was classified as 'un successful'. If n o  in ten t to perform 

cholan giography was ex pressed, cholan giography was classified as 'n ot attempted' . 
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Patients and data 

M edical charts were retrospectively reviewed of all patien ts > 18 years old that un derwen t 

open or laparoscopic cholecystectomy between Jan uary 2 004 an d December 2 009 . The 

patien ts wer e divided in to a selective IOC gr oup (2 004-2 006 )  an d a r outin e IOC gr oup (2 007-

2 009 ) . Patien ts that un derwen t cholecystectomy as part of a diff er en t  surgical pr ocedure (i.e. 

hemihepatectomy or pan creaticoduoden ectomy) were n ot in cluded. A lso, patien ts in whom a 

choledochotomy was plan n ed beforehan d wer e n ot in cluded. The followin g data was 

ex tr acted from the medical r ecords: epidemiologic characteristics, A merican S ociety for 

A n esthesiology (ASA ) scor e, in dication for sur gery, whether IOC was attempted an d 

successful, an d perioper ative complication s. A lso, data was collected on the preoper ative, 

in traoperative an d postoper ative man agemen t of CBD ston es. Patien ts' medical r ecor ds were 

reviewed after July 2 010 so that at least six mon ths of follow-up was available for all patien ts. 

Bile duct injury 

Bile duct in juries wer e classified accordin g to the A msterdam cr iteria(14) . In shor t, cystic 

stump leaks an d leaks of accessory br an ches of the right hepatic duct or Luschkan ducts are 

type A in juries. Type B in juries compr ise common bile duct (CBD) leaks with or without 

str ictur es. Type C in jur ies ar e biliar y str ictur es without leakage an d type D in jur ies ar e 

complete tran ssection s of the common or hepatic bile ducts. I n jur ies of type B, C an d D wer e 

con sider ed major BDI, type A in juries were r egarded as min or BDI . Bile duct in jur ies were 

r egister ed if they were con firmed by re-operation , bile duct imagin g or pr olon ged drain 

output of fluid with a high bilir ubin con ten t(> 3 times serum bilir ubin ) .  

Management of CBD stones 

ln traoperative man agemen t of CBD ston es was classified as 'milkin g' (massagin g the ston e to 

the cystic duct an d thus ex tr action ) ,  ' flushin g' (detection of a CBD- ston e which is 

subsequen tly flushed in to the duoden um) an d common bile duct ex plor ation (CBDE) . CBDE 

compr ises tran scystic ex ploration of the CBD or choledochotomy. 

Per ioper ative man agemen t of CBD ston es in cluded pr eoper ative ERCP (up to six mon ths 

before cholecystectomy) , postoper ative ERCP (up to six mon ths aft er cholecystectomy) an d 

r e-operation with CBDE (also up to six mon ths after cholecystectomy) . Postoper ative ERCP for 

treatmen t of BDI r ather than for suspected ston es was n ot in cluded in the an alysis of 

perioper ative man agemen t of CBD ston es. 
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Statistical analysis 

Statistical an alysis was performed with SPPS 16 . 0  for Win dows (SPPS In c, Chicago, Illin ois) . 

Two-sided tests were used to compare patien ts in the selective IOC group (2 004-2 006) to 

patien ts in routin e IOC group (2 007-2 009) . The Pearsson chi-square test was used to compare 

proportion s where all values in the table were >5. The Fisher Ex act test was used to compare 

proportion s where on e or more values in the table were <5. The in depen den t Studen t's t-test 

was used to compare the mean age an d mean operatin g time between groups. The Man n

Whin ey U test was used to compare the ASA-scores between groups. The Wilcox on sign ed 

ran ks test was used to compare the median time till postoperative ERCP for remn an t ston es 

between the two groups. A p-value < 0. 05 was con sidered sign ifican t. 

RESULTS 

Patients 

A total of 835 patien ts were iden tified; 421 patien ts un derwen t cholecystectomy between 

2 004 an d 2 006 (selective in traoperative cholan giography {IOC)) an d 435 patien ts un derwen t 

cholecystectomy between 2 007 an d 2 009 (routin e IOC) . The two groups are portrayed in 

Table 1. Patien ts in both groups were similar in age, gen der an d ASA-score. The in dication for 

cholecystectomy was un complicated cholecystolithiasis in just over half of the patien ts in 

both groups. The remain in g patien ts had complicated biliary disease in cludin g cholecystitis, 

choledocholithiasis an d pan creatitis. In both groups the procedure was started 

laparoscopically in aroun d 90% of patien ts. IOC was attempted in 5. 9% of the patien ts in the 

selective IOC group an d in 59 . 8% of the patien ts in the routin e IOC group (p < 0. 001) . The 

proportion of patien ts in which IOC was attempted in creased gradually from 38 .1% in the first 

six mon ths after implemen tation to 76 . 8% in the secon d half of 2 009 . 

The outcome of the cholecystectomies in terms of perioperative complication s is shown in 

Table 2 .  The conversion rate was 15. 0% in the selective IOC group an d 16 . 7% in the routin e 

IOC group (p = 0.52 7) .  The complication rate was 15. 9% usin g selective IOC an d 13 . 3 %  usin g 

routin e IOC (p = 0.285) . The distribution of surgical an d n on -surgical complication s was similar 

in both groups. There were n o  IOC-related complication s 
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Table 1: Baseline characteristics of patients in the selective and the routine JOC group 

* p < 0.05; t i.e. cho/ecystitis1 cho/edocholithiasis1 pancreatitis; SD = standard deviation; /OC = 

intraoperative cha/angiography; 

Selective IOC Routine IOC (2007- p 

(2004-2006) 2009) 

n = 421 n = 435 

Age (mean ± SD in years) 53±16 53±17 0.930 
Female gender 271 (64.4%) 278 (63.9%) 0.888 

Median ASA-score (range) 2 ( 1-5) 2 (1-4) 0.903 
Complicated biliary diseaset 181 (43.0%) 214 (49.2%) 0.069 
Laparoscopic intent 379 (90.0%) 389 (89.4%) 0.773 
IOC attempted 25 (5.9%) 260 (59.8%) <0.001* 

Operating time (mean ± SD in minutes) 100±47 110±44 0.001• 

Bile duct injury 

The r ate of major bile duct in jur y  (BDI} was sign ifican tly lower after implemen tation of 

r outin e IOC {1. 9%  ver sus 0%, p = 0. 004} . The char acter istics an d man agemen t of the major 

bile duct in jur ies ar e shown in Table 3 .  In the selective IOC gr oup ther e wer e thr ee type D 

in jur ies an d five type B in jur ies. The type D in jur ies wer e all man aged dur in g  pr imar y sur ger y 

by hepatojejun os tomy or choledochojejun ostomy. Four type B in jur ies wer e man aged dur in g  

pr imar y sur ger y, the fifth r equir ed r e-oper ation . Ther e was n o  mor tality in this gr oup of 

patien ts 

The cholecystectomies in the eight patien ts with major BDI wer e super vised by seven 

differ en t  sur geon s. Ther efor e, apar t fr om on e sur geon who ex per ien ced two in jur ies , ther e 

was n o  cluster in g  of major BDI per sur geon . Ther e wer e n o  cases of acciden tal CBD 

can n ulation for which placemen t of a T-tube was n ecessar y. 

The r ate of min or BDI was n ot sign ifican tly diff er en t  after implemen tation of r outin e IOC. In 

total ther e wer e  six cystic s tump leaks, n in e  L uschkan duct leaks an d thr ee bile leaks of 

un kn own or igin or fr om the gallbladder bed. Most cases of min or BDI (16/18} wer e  detected 

postoper atively. Of the BDI that was detected postoper atively seven patien ts r equir ed r e

oper ation (main ly dr ain age of biloma} , s even could be man aged by ERCP with s ten t  an d two 

patien ts wer e  man aged con ser vatively. On e of the patien ts with min or BDI died as a r esult of 

in testin al ischemia. 
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Table 2: Complications and bile duct injuries before and after introduction of routine 

intraoperative cha/angiography 

* p < 0 .05; t Amsterdam classification; JDC = intraoperative cholangiography; 

Selective IOC Routine IOC (2007- p 

(2004-2006) 2009) 

n = 421 n = 435 

Conversion to open 57 (15.0%) 65 (16.7%) 0.527 
Com plications 

Surgical complications 29 (6.7%) 27 (6.2%) 0.687 
Other complications 31 (7.4%) 32 (7.4%) 0.997 
Total complications 67 (15.9%) 58 (13.3%) 0.285 

Bile duct injury 
Major leaks and injuries (type B-D:J:) 8 (1.9%) 0 (0%) 0.004* 

Minor bile leaks (type A=!:) 7 (1.7%) 11 (2.5%) 0.377 
Total 15 (3.6%) 11 (2.5%) 0.378 

Management of CBD stones 

The detection an d man agemen t of common bile duct (CBD) ston es is shown in Table 4. CBD 

ston es were detected in traoperatively in four patien ts {1.0%} usin g selective IOC versus 21 

patien ts (4.8%) usin g routin e IOC (p = 0.001) . Successful in traoperative man agemen t of CBD 

ston es took place in three patien ts (0. 7%} in the selective IOC group versus twelve patien ts 

(2 . 8%} in the routin e IOC group (p = 0.026 ) .  

The n umber of patien ts that un derwen t preoperative ERCP was 95 (22 .6 %) in the selective 

IOC group versus 72 (16 .6 %) in the routin e group (p = 0.026 ) .  The n umber of postoperative 

ERCPs (ex cludin g ERCP for BDI } an d secon dary CBD ex ploration was n ot sign ifican tly diff eren t 

between the two groups 11 (2 .6 %} versus 18 (4.1%, p = 0.218} . There was a tren d towards 

fewer total perioperative in terven tion s for CBD ston es in the routin e IOC group: 102 (2 4.2 %) 

versus 83 (19 .1%, p = 0. 06 7 ) . 

Also, the time between the cholecystectomy an d the postoperative ERCP was shorter in the 

routin e IOC group: median 6 days versus 42 days (p = 0. 044) . 
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Table 3 - Detection and management of major bile duct leaks and injuries 

:t Amsterdam classification; CBD = common bile duct; LHD = left hepatic duct; 

RHO = right hepatic duct 

Operative Description Type Detection Treatment IOC 

approach * attempted 

Primary Near complete D Visual inspection Primary No 

laparoscopic, CBD transsection during primary reconstruction by 
BDI after procedure choledocho-
conversion jejunostomy 

Primary open Near complete D Visual inspection Primary After BDI 

CBD transsection during primary reconstruction by was noted 
procedure hepaticojejunostomy 

Primary LHD transsection, D Visual inspection Primary After BDI 
laparoscopic, aberrant anatomy during primary reconstruction by was noted 
BDI after of the RHD procedure choledocho-
conversion jejunostomy 
Primary CBD-leak B Visual inspection Primary surgical repair No 
laparoscopic, during primary by suturing the CBD 
BDI after procedure 
conversion 

Laparoscopic CBD-leak close to B Postoperative Secondary surgical No 
the confluence of detection drain placement and 
cystic duct and endoscopic stenting 
CBD 

Primary CBD-leak close to B Visual inspection Primary surgical repair After BDI 
laparoscopic, the confluence of during primary by suturing the CBD was noted 
conversion cystic duct and procedure 
after BDI CBD 

Primary open CBD-injury B Visual inspection Primary surgical repair No 
during primary by suturing the CBD 
procedure over a biliary splint 

Primary CBD-leak B Visual inspection Primary surgical repair No 
laparoscopic, during primary 
BDI after procedure 
conversion 
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Table 4: Management of common bile duct stones before and after introduction of routine 
intraoperative cha/angiography 

* indicates p < 0.05; IOC = intraoperative cholangiography; ERCP = endoscopic retrograde 

cho/angiopancreatography; CBD = common bile duct; CBDE = common bile duct exploration 

Selective IOC 
(2004-2006) 

n = 421 
lntraoperative management of CBD stones 

Detection CBD stones 4 (1.0%) 
CBDE 1 (0.2%) 
'Flushing' or 'milking' 2 (0.5%) 
Total intraoperative interventions 3 (0.7%) 

Perioperative interventions for CBD stones 
Preoperative (< 6 months) ERCP 95 (22.6%) 
Postoperative (< 6 months) ERCP 11 (2.6%) 
Days to postop ERCP; median (range) 42 (2-161) 
Secondary CBDE 2 (0.5%) 
Total perioperative interventions 102 (24.2%) 

Success rate and extra operating time for IOC 

Routine IOC (2007-
2009) 

n = 435 

21 (4.8%) 
5 (1.1%) 
7 (1.6%) 
12 (2.8%) 

72 (16.6%) 
18 (4.1%) 
6 (1-176) 
0 (0.0%) 

83 (19.1%) 

p 

0.001* 
0.110 
0.104 
0.023* 

0.026* 
0.218 

0.044* 
0.150 
0.067 

Selective IOC was attempted in 25 patients, routine IOC in 260  patients (Table 1 ) . The success 

rates were 91. 7% and 86 .5% respectively (p = 0.4 75) . The reasons for failure of IOC were 

inability to cannulate the cystic duct (18) , a fragile cystic duct (5) ,  a very short cystic duct (4 ) ,  

leakage of contrast agent (4 ) and other reasons (6 ) .  In the first three months af ter 

implementation of routine IOC, the success rate was 9 0%. 

The mean time for cholecystectomy with routine IOC was 110 minutes versus 100 minutes 

with selective IOC (p< 0. 001 ) . These times include anesthesia and positioning time. As IOC was 

performed in 60% of cases compared with 6 %, the average of 10 minutes time difference 

needs to be multiplied by 1/ 0.54 . This yields an estimated 19 minutes per patient to perform 

IOC. This time includes cystic duct cannulation time, waiting time for the radiographer, 

interpretation time and possible time spent on intraoperative interventions. 
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DISCUSSION 

This study assessed the outcome of cholecystectomies before and after implemen tation of 

routine intraope rative cholangiography (IOC) . In our un iversity hospital a relatively large 

proportion of patients have complicated biliary disease such as cholec ystitis, 

c hole docholithiasis and pan creatitis. These patients are at higher a-priori risk of bile duct 

in jury (BDI) an d remn ant common bile duct (CBD) stones'4•71 • Also, more of our patients have 

severe c o-morbidity than in gen eral hospitals. The relatively high conversion rate is 

influenced by a large proportion of patients with previous abdominal surgery. An attempt at 

laparoscopic acc ess is almost alway s made , but conv ersion is frequently necessary in this 

patient category . After in troduction of routine IOC a marke d reduction in major BDI was 

n oted, as well as in creased intraoperative man agement of CBD ston es. 

Generally , IOC is ve ry infrequently employed in Dutch hospitals. In the era of open 

cholecy stectomy ,  routin e IOC was widely practiced. In the mid n ineties surgeon s and surgical 

residen ts adopted the laparoscopic cholecy ste ctomy but the practice of routin e IOC was 

aban done d. Probable reasons for this we re the improved acce ssibility to e ndoscopic 

retrograde cholan giopancre atography (ERCP) facilities and the perception that laparosc opic 

IOC is a cumbersome and time con suming proce dure. The guidelines of the Dutch Association 

for Surgery dictate the use of the critical view of safety, but c urren tly do n ot recommend 

routin e IOC. F urthermore , IOC is currently n ot reimburse d by Dutch health insurance 

companies. The reluctance of surgeons in the N etherlan ds to adopt a policy of routine IOC 

has been noted an d questioned before(lS ) ,  but n o  c enter othe r than ours has come forward 

with a change of policy as a result of it. 

The decision to adopt a policy of routine IOC is unique in the N etherlan ds. It was m ade to 

offer trainee surgeon s the opportunity to become familiar with the technique , to reduce the 

incide nce of BDI an d to increase intraoperativ e  detection of CBD stone s. Trainees as well as 

s upe rv ising surgeon s completed a skills lab training. The policy of routine IOC was de liberately 

not strictly enforced upon surge ons at first. Instead, a period of gradual in troduction allowed 

the surgical team to become familiar with the technique . F or this reason, the complian ce with 

IOC was relativ ely low immediate ly followin g in troduction. At this time, some surgeons did 

n ot pe rform IOC for cases in whic h the anatomy was very apparent an d in whom the risk of 

CBD stones was v ery low. Other reasons for n ot performin g IOC, in a minority of patients, 

were pre gn an cy or unav ailability of the fluoroscopy equipmen t. Thre e y ears af ter 

implemen tation of the policy, the proportion of attempted IOC was up to 80%. 
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This study demonstrated a substantial decrease in major BDI after the introduction of routine 

IOC from 1. 9% to 0% (p= 0. 004) . In hindsight it is diff icult to conclude whether IOC would have 

prevented these injuries but the reduction in major BDI is remarkable. IOC lowers the risk of 

major BDI in different ways. Firstly, IOC will reveal if the ductotomy for the cholangiocatheter 

was accidentally placed in the CBD instead of the cystic duct, thus preventing complete 

transsection of the CBD. Secondly, IOC will demonstrate any aberrant biliary anatomy that 

may predispose to BDI, such as a right hepatic bile duct or posterior segment duct originating 

from or close to the cystic duct. Thirdly, if the ductotomy is placed in close prox imity of the 

CBD this will be noted by IOC and thus stricture or leakage from clips placed too close to the 

CBD (compromising the vasculature of the CBD or causing stricture of the CBD) are 

prevented. Fourthly, any BDI already present may be detected early by ex travasation of 

radiographic contrast agent, or obliteration of a duct that has been accidentally clipped. 

Finally, at a higher level, routinely performing IOC provides the (trainee) surgeon with 

increasing insight into the diversity of the biliary anatomical variations, particularly if they are 

trained to regularly identify the segmental ducts on the right side. 

Since the introduction of the laparoscopic approach, open cholecystectomy (primary or 

converted) is applied only in 'difficult' cases. The historically lower risk of BDI using the open 

approach does not apply to this select group. Also, recent reports show BDI occurring after 

conversion as a result of inex perience with the open approach116'17l ,  In the current study, too, 

several cases of BDI occurred in primary open cholecystectomy or after conversion. It 

therefore seems justified that routine IOC should also be employed in these patients, as it 

was prior to the adoption of the laparoscopic approach. 

A landmark study appealing for IOC to prevent BDI was that by Fletcher et al of over 19  000 

patients undergoing cholecystectomy. The adjusted odds ratio of BDI when IOC was 

performed was 0.50 (95%-CI 0. 35 - 0. 70) '71• M oreover, the protective effect of the IOC was of 

greater magnitude in the more complex cases. Other large population-based studies yielded 

similar relative risks118'8'191• 

In an editorial comment in the JAMA, Talamini stated that if the relationship between IOC and 

lower rate of BDI is indeed causal "[ .. . ] it will radically alter the current practice of 

cholecystectomy, since the standard practice for surgeons is to not routinely perform an /QC 

during laparoscopic cholecystectomy. [ ... ] Therefore, if a patient sustained a CBD injury and 
the surgeon had not performed a routine /QC this could be used as possible evidence of 
malpractice1201

. "  Currently, BDI is a common ground for claims against hospitals and individual 

doctor throughout the Western world, although the frequency and the magnitude of the 

average compensation is highest in the United States121•22•231 • 
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Repor ts of a switc h from selec tive IOC policy to a routin e IOC policy are rare. On e of these 

in fr equen t reports is the public ation by Nic kkholgh et al in 2 0061241• They c ompared 800 

lapar osc opic with selec tive IOC (in the period 1 9 92 -19 96 )  to 13 3 0  c holecy stec tomies with 

routin e IOC (19 96 -2 001) an d foun d rates of CBD in jury of 0. 3 %  in the selec tive IOC gr oup 

versus 0% in the routin e IOC gr oup (p = 0.09 ) . The c urr en t  study supports these fin din gs an d 

also suggests that the protec tive effec t  of IOC is c orrelated with the a-priori odds of major 

BDI. 

In addition to pr even tin g BDI, IOC also ser ves to detec t CBD ston es in traoperatively . CBD 

ston es may be treated dur in g  the operation by simple tec hn iques like 'flushin g' or 'milkin g' 

the ston es out of the CBD, or by CBDE, inc ludin g c holedoc hotomy or tran scy stic CBD 

ex plor ation . If the ex per tise for suc h proc edures is n ot pr esen t, in traoper ative detec tion of 

remain in g ston es is an acc urate method to selec t patien ts for postoperative ERCP125'261 • 

However, it is desirable to keep the n umber of ERCPs as low as possible, as they are 

assoc iated with disc omfort for the patien t, ex tra hospitalization time for the two- step 

pr oc edure, an d the in frequen t but poten tially grave c omplic ation s of ERCP suc h as post

papillotomy hemorrhage an d post-ERCP panc reatitis. 

In the pr esen t study , CBD ston es were detec ted in four patien ts (1.0%) usin g selec tive IOC 

an d in 21 patien ts (4.8%) usin g routin e IOC (p = 0. 001 ) . These figures are similar to those 

foun d by Nic kkholgh et al1241 • More CBD ston es were also man aged in traoperatively . There 

was a tr en d towards fewer peri-operative in terven tion s for CBD ston es; espec ially c aused by a 

lower n umber of preoperative ERCPs. This reduc tion was the result of a c han ge in hospital 

policy on patien ts with suspec ted c holedoc holithiasis after implemen tation of routin e IOC. 

Befor e 2 007, preoperative ERCP was performed in most patien ts with sy mptomatic gallston es 

an d elevated liver func tion tests. Aft er 2 007 , sy mptomatic gallston e patien ts with moderately 

elevated liver func tion tests (serum bilirubin < 5 0  mmol/L) an d without radiologic al sign s of 

large CBD ston es (>10 mm) were primarily operated by (laparosc opic ) c holecy stec tomy with 

IOC, in acc ordanc e with the sin gle step proc edure advoc ated by Cushieri1271 • Fur ther more, the 

c ur ren t study demon strates that the median time between sur gery an d post-operative ERCP 

was r educ ed after implemen tation of r outin e IOC (6 day s ver sus 42 day s, p = 0.044) , 

in dic atin g that the patien ts requirin g ERCP c ould be iden tified earlier, possibly before they 

bec ome sy mptomatic. As a result of surgeon in terest in IOC, in traoperative CBD ex ploration 

play s an inc reasin g (though still modest) r ole at our c en tre. It is an tic ipated that as surgeon s 

bec ome more c omfortable with laparosc opic duc t ex ploration , the n umber of per ioperative 

in terven tion s for CBD ston es will dec lin e further. 
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Complic ation s assoc iated with IOC are rare and were n ot seen in this c ohort. The risk of an 

allergic reac tion to c on trast med ium ad min istered in the biliary trac t is very small, even in 

patien ts who have previously had an allergic reac tion to in traven ous c on trast med ium1281 • IOC 

d oes n ot seem to be assoc iated with postc holec ystec tomy panc reatitis. 

This stud y is limited in its retrospec tive d esign . Also, IOC was n ot attempted in some patien ts 

after implemen tation of the routin e polic y. The fac t that n o  BDI occ urred in these partic ular 

c ases may partly be attributed to the fac t that these were of ten c ases of very apparen t biliary 

an atomy. The protec tive effec t of IOC may be lower in suc h c ases. As men tion ed earlier, 

patien ts with c omplic ated biliary d isease and severe c o-morbid ity are overrepresen ted in this 

c ohort, whic h may have en hanc ed the yield of in traoperative c holan giography in terms of 

preven tion of BDI and presenc e of CBD ston es. Assumin g the population n orm of around 0.5% 

BDI, thousand s of patien ts would be n ec essary to d emon strate a similar red uc tion in risk. 

Furthermore, on e may argue that the red uc tion in major BDI c ould have been c aused by 

atten tion al bias toward s id en tifyin g the biliary an atomy. In other word s: n ot the IOC itself but 

the mere in ten tion to perform IOC c ould result in a lower rate of major BDI. Even so, this 

would be an in ten tion al and welc ome atten tion al bias d urin g c holec ystec tomy. Fin ally, a type 

2 error c an n ot be c ompletely exc lud ed as a c ause of the red uc tion in BDI. 

Whereas stud ies of patien ts in the late n in eties may still have been affec ted by the global 

learn in g c urve of laparosc opic c holec ystec tomy, this c ohort was operated on from 2 004 

on ward s, well af ter c ompletion of the learn in g c urve. The c urren t stud y assesses the value of 

routin e IOC in the CVS era. Although we c an n ot provid e a d efin itive an swer on the issue of 

routin e IOC d urin g laparosc opic c holec ystec tomy, our stud y illustrates that un its who are 

c onc ern ed about a high BDI rate ought to c on sid er implemen tin g a routin e IOC polic y. The 

in stitution al learn in g c urve fo r IOC is short. Spec ial atten tion should be paid to the evaluation 

of the c holan giograms, as there have been c onc ern s about misin terpretation 129'301 • The c ost

effec tiven ess of routin e IOC was n ot assessed in this stud y, but a previous stud y by Flum et al 

d emon strated in a n umber of mod els that if the relation ship between routin e IOC and lower 

rates of BDI is ind eed c ausal, then routin e IOC is c ost- effec tive1311 • We rec ogn ize that we n eed 

to improve our own performanc e  and aim to ac hieve 100% c omplianc e with c holan giography. 

The results of this stud y have further motivated surgeon s at our c en ter to perform IOC d urin g 

every c holec ystec tomy. In add ition to the ben efit of c holan giography d esc ribed above, the 

importanc e  of it bec omin g a routin e part of the proc ed ure is that the whole team ex pec ts it, 

is read y for it and c an plan for it. If this is ac hieved , it fits smoothly in to the operative routin e 

and operative skills are en hanc ed .  
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Conclusion 

This st ud y d emonst rat es a marked red uct ion in major BDI following t he implement at ion of 

rout ine IOC in a universit y med ical cent er wit h an unaccept able major BDI rat e. Even in t he 

first few years aft er t he policy change reaching only 6 0% compliancy wit h IOC, t here were no 

more major BDI in our unit .  Also, t here was a t rend t oward s  few er perioperat ive 

int ervent ions for remnant CBD st ones. 
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ABSTRACT 

Background and aim: There is resist an ce t o  rout in e  int raoperat ive cholan giography (IOC) 

durin g cholecyst ect om y because it prolon gs surgery an d m ay be ex perien ced as cumbersome. 

An alt ern at ive in st rument may help t o  reduce t hese drawbacks an d lower t he t hreshold for 

IOC. This t rial compared t he Kumar can n ulat ion t echn ique t o  t he m ore comm on ly used Olsen 

clamp for IOC (KOALA t rial; Dut ch Trial Regist er NTR2582 ) .  

Methods: Pat ient s un dergoin g elect ive laparoscopic cholecyst ect om y  were ran dom ized 

bet ween IOC usin g t he Kum ar clamp an d t he Olsen clamp. Prim ary en dpoint s were t he t im e  

t hat t he IOC procedure t ook an d it s perceived ease as m easured on a visual an alogue scale 

from O (im possible) t o  10 (effort less) . To det ect a differen ce of 3 3 %  in IOC t im e, a t ot al 

sam ple size of 40 pat ient s was required. 

Results: Fift y-n in e pat ient s were ran dom ized. Nin e were ex cluded because of con version t o  

open cholecyst ect om y  before t he IOC procedure. Twent y-eight pat ient s un derwent IOC wit h 

t he Kum ar clamp an d 22 wit h t he Olsen clam p. 

The success rat e  was 2 3/28 (82 .1%) for t he Kumar clam p an d 19/22 (86 .4%) for t he Olsen 

clamp (p > 0.9 9 9 ) . The m ean IOC t ime was 10 m in 2 7s ± 6 min 17s usin g t he Kumar clam p an d 

11 m in 3 4s ± 7 min 2 7s usin g t he Olsen clam p (p = 0.53 7 ) . Surgeon s graded t he ease of t he 

Kum ar clamp as 6 . 8  ± 2 . 7  an d t he Olsen clamp as 6 .8 ± 2 .1 (p = 0. 977 ) . 

Conclusion: IOC usin g t he Kumar clamp was n eit her fast er n or easier t han usin g t he Olsen 

clam p. Bot h  clam ps facilit at ed IOC in just over t en min ut es. In dividual surgeon preferen ce 

should dict at e which clamp is used. 
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__________________ Ku mar versus Olsen : a rand omized t rial 

I NTRODUCTION 

Surgical removal of the gall bladder is one of the most commonly performed operations on 

the digestive tract. A major complication of cholecystectomy, and especially laparoscopic 

cholecystectomy, is bile duct injury (BDI ) ,  which occurs in around 0.5% of cases. There is 

general consensus that the main factor that leads to BDI during laparoscopic cholecystectomy 

is misperception of the biliary anatomy1 . Several techniques have been tested for 

intraoperative visualisation of the bile ducts, but the widely accepted golden standard 

remains intraoperative cholangiography (IOC)2 • 

Whether IOC is performed routinely, selectively or not at all, varies widely between and 

within countries. H igh rates of IOC use are reported in Australia and the United States3;4• I n  a 

recent survey by our group, however, we found that IOC is hardly performed at all by the 

majority of the surgeons in the Netherlands5 • I t  seems that, despite the frequently reported 

beneficial effects of IOC, there is resistance to its routine application during laparoscopic 

cholecystectomy. I mportant reasons for this objection to the procedure are the fact that IOC 

lengthens the operation time and that bile duct cannulation may be ex perienced as a 

cumbersome procedure. 

The most commonly used technique for IOC is cystic duct cannulation. An incision is made in 

the cystic duct through which a catheter is advanced. The catheter is then fix ed using a clamp. 

A frequently used instrument for this is the the Olsen Clamp ® (Cook medical, Limerick, 

I reland) . 

An alternative to standard IOC via cystic duct cannulation, is cholangiography using the Kumar 

PRE-VIEW ® clamp (Nashville Surgical I nstruments, Springfield, United States; in this paper 

referred to as 'Kumar clamp' ) .  The instrument consists of a clamp which is placed over the 

base of the gallbladder and an attached needle which ex tends into the gallbladder to 

puncture Hartmann's pouch (figure 1 ) . The radiopaque contrast is then injected through the 

needle. The Kumar clamp may decrease the time necessary for cholangiography and increase 

the ease with which it is performed. 

To our knowledge, there are no studies that compare the efficacy of these two cannulation 

techniques. The aim of this study, therefore, was to assess whether IOC using the Kumar 

clamp is faster and easier to perform than IOC using the standard Olsen catheter in a 

randomized trial. 

85 



Chap ter 5 ____________________________ _ 

Figure 1: The Kumar clamp with needle tip extending into Hartmann's pouch (A) and the 

corresponding cholangiogram (B) . In the lower row the Olsen clamp holding in place the 

catheter in the cystic duct (C) and the corresponding cholangiogram (D) . 

METHODS 

Study design and primary outcomes 

The pri mary en dpoi nt s  were i) t ime n ecessary for IOC (defi n ed as t he t ime bet ween st art of 

t he cholan giography pr ocedur e t o  t he ti me t hat t he IOC had been int erpr et ed) an d ii ) t he 

ease of t he cholan giogr aphy procedure, r ecorded on a vi sual an alogue scale (VAS) by t he 

surgeon just aft er perfor min g t he operat ion . These t wo primary en dpoint s rat her t han on e 

wer e chosen as it was felt t hat a subst anti al reducti on i n  eit her on e would result in a lower 
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threshold to perform IOC. Stati sti cal an alysi s on multi ple pri mary en dpoi n ts has been 

previ ously described i n  the li terature 6 . 

Secon dary en dpoi n ts were: i ) , the success rate of IOC (defi n ed as the proporti on of pati en ts i n  

whom radi opaque con trast was seen at least i n  the common bi le duct) , i i ) the n umber of 

bi li ary tree segmen ts depi cted on the cholan gi ogram (cysti c duct, common bi le duct, ri ght, 

left an d posteri or hepati c ducts) , i i i ) the total ex posure to X -ray radi ati on (mGym21 , iv) the 

n umber of bi le duct i n juri es an d v) the n umber of overall compli cati on s. 

Sample size calculation 

A sample si ze calculati on was performed on the ti me n eeded for IOC (fi rst pri mary en dpoi n t); 

n o  referen ce n umbers were avai lable for the ease of IOC (secon d pri mary en dpoi n t) .  

Esti mated ti me n eeded for stan dard IOC (Olsen clamp) i s  quoted i n  the li terature at 15 ± 8 

mi n utes7 , 10 mi n utes{8) an d 2 7  mi n utes9• In a retrospective an alysi s of all cholecystectomi es 

performed at our cen tre between 2 007 an d 2 008, we foun d an added ti me of 18 mi n utes for 

procedures i n  whi ch an IOC was performed (un publi shed data) . Based on these data we 

assumed that the stan dard IOC techni que (Olsen catheter) ti me i s  18 ± 8 mi n utes. To detect a 

di fferen ce of 33 % wi th the Kumar clamp (thus assumed to be 12 ± 5 mi n utes) wi th a power of 

0.80 an d an alpha of 0.05, group si zes would be n eeded of 2 0  pati en ts i n  each arm, totalli n g  

40 ( Dean et al. OpenEpi : Open Source Epi demi ologi c Stati sti cs for Publi c Health, Versi on 2 .3; 

www.open epi .com, accessed September 2 010). As these n umbers are esti mates an d i n  order 

to allow for un ex pected ex clusi on s, thi s study con ti n ued un ti l  a total of 50 laparoscopi c 

cholecystectomi es was reached, as defi n ed i n  the study protocol. 

Ethics and registration 

The study was approved by the local Ethi cs Board, study n umber METc 2 009/33 9 ,  an d the 

Dutch Cen tral Commi ttee on Research i nvolvi n g  Human Subjects (CCMO) , study n umber 

NL3 063 8.042 .09. All pati en ts gave wri tten i n formed con sen t. The tri al was regi stered i n  the 

Dutch Tri al Regi ster, study n umber NTR 2582 pri or to i n clusi on .  Results are presen ted i n  

accordan ce wi th the CONSORT gui deli n es 2 001. 
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Setting and follow-up 

The study was con ducted at a un iversity hospital. The in clusion started on November 1st 2 010 

an d the last patien t was in cluded on November 21st 2 011. Follow- up was at least six weeks for 

all patien ts. 

Patients 

Patien ts were eligible for participation if they were 18 y ears or older an d scheduled to 

un dergo elective laparoscopic cholecy stectomy with IOC. IOC is performed routin ely at our 

cen ter ex cept in patien ts who are pregn an t or allergic to radiopaque con trast agen t. Patien ts 

in whom the operation date was plan n ed to be within 72 hours were con sidered to be acute 

or semi-acute an d were n ot in cluded in this study .  Patien ts were ex cluded if they did n ot 

provide in formed con sen t or if they already participated in a differen t ran domized trial. 

Instruments and training 

The Kumar PRE-VIEW* Cholan giography Clamp ® (Nashville Surgical I n strumen ts, Sprin gfield, 

Un ited States) was ordered via Apgar, Bnzm dby , Den mark. I t  was used in con jun ction with the 

Kumar PRE-VIEW Cholan giography Catheter ® (19ga. Needle, 76 cm lon g, 16 ga.; Nashville 

Surgical I n strumen ts, Sprin gfield, Un ited States; in this paper referred to as 'Kumar 

catheters1 ). 

The Olsen Clamp ® was ordered via Cook medical, Limerick, I relan d, as well as the catheters 

(C-NFEP3. 0-18-43 -P-NS-OECS; in this paper referred to as 'Olsen catheters1 ) . Calibre ( 4  or 5 F) 

accordin g to the surgeon 's preferen ce. 

All participatin g surgeon s received in struction s on use of the Kumar clamp an d practiced on a 

simulation model of the gallbladder. Most surgeon s were familiar with the Olsen clamp an d 

had used it before. I f  they were n ot familiar with the Olsen clamp, they received similar 

in struction s on its use. Furthermore, in struction s an d videos were available on the hospital 

n etwork on use of both of the clamps. 

Randomization and blinding 

Patien ts were ran domized just after in duction of an esthesia by open in g an opaque un marked 

en velope. The patien ts were blin ded to the in terven tion un til the day of discharge from the 

hospital. The surgeon an d the in vestigator performin g the time measuremen ts were n ot 

blin ded. 
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Procedure & time measurement 

Laparoscopic cholecystecom y was perf ormed u sin g f our laparoscopic ports. I n  the Kumar 

group, surgeon s were f ree to use the Kum ar cl am p as a stan dard in strum en t  f rom the start of 

the operation . However, the m ajority chose n ot to, in troducin g the Kumar clam p on ly f or the 

IOC procedure. The critical view of saf ety was achieved in al l patien ts an d recorded on photo 

an d video images. The f ollowin g tim e poin ts were recorded by an in vestigator n ot in vol ved in 

the surgery: f irst in cision , start of the cholan giography procedure (def in ed as open in g the 

Kumar clamp or open in g the scissors f or IOC usin g the Olsen clam p) ,  achievem en t of bil iary 

access (def in ed as in jection of sal in e  with n o  l eakage) , the time the cholan giogram had been 

in terpreted an d time of rem oval of the scope f rom the abdomen . 

Statistical analysis 

Statistical an al ysis was perf ormed usin g SPSS Statistics f or Win dows 17 . 0 (Chicago, I l l ) .  

An al ysis was perf ormed on an in ten tion -to-treat basis. The Pearson s chi- square test was used 

to com pare proportion s. The Fisher' s ex act test was used when on e of the cel l s had a coun t of 

l ess than 5. The in depen den t Studen t' s  T-test was used to compare con tinu ou s  n orm al l y  

distribu ted variabl es. 

RESULTS 

Patients 

The recruitm en t of the patien ts is shown in f igu re 2 .  Out of 84 patien ts that m et the in cl u sion 

criteria, 59 were en rol l ed an d subsequen tl y ran domized. Nin e patien ts were ex clu ded 

because of con version to open chol ecystectomy bef ore the IOC procedure took pl ace. 

Twen ty-eight patien ts un derwen t IOC usin g the Kum ar cl am p, an d 22 u sin g the Ol sen cl amp. 

The basel in e  characteristics of the patien t population is shown in table 1. There were n o  

sign if ican t diff eren ces between the two groups at baselin e. I n  two patien ts allocated to the 

Kum ar group, however, a peroperative decision was made to use the Olsen clamp in stead. I n  

on e case it was because a l esion in the cystic duct an d in the other because of a very f rail 

Hartman n 's pou ch. These cross-over patien ts were an alyzed in the Kum ar group (on 

in ten tion- to-treat basis) . 
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Figure 2: Inclusion flow chart 
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Table 1: Baseline characteristics 

Kumar (n = 28) Olsen (n = 22) p 

Age, mean ± SD 53 ± 13 48 ± 15 0.407 

Female gender 17 (60.7%) 11 {50.0%) 0.568 

ASA score, median {IQR) 2 (2-2) 2 (2-3) 0 .239 

BMI, mean ± SD 30.1 ± 7.3 30.5 ± 7.0 0.860 

Indication 

Cholecystol ithiasis 17 (60.7%) 15 {68.2%) 

Choledocholithiasis 4 (14.3%) 3 (13.6%) 

Cholecystitis (froid) 1 (3.6%) 3 (13.6%) 

Biliary pancreatitis 4 (14.3%) 0 

Other 2 (7.1%) 1 (4.5%) 

Surgeon experience* 0.289 

Trainee year 1-3 7 {26.9%) 3 (14.3%) 

Trainee year 4-6 8 (30.8%) 9 (42.8%) 

Fellow in GE surgery 3 (11.5%) 2 (9.5%) 

GE surgeon 8 (30.8%) 7 (33.3%) 

Number of previous 0.462 

cholecystectomies* 

<10 2 (7.7%) 1 (4.8%) 

10-50 12 (46.2%) 5 (23.8%) 

50-100 2 (7.7%) 3 (14.3%} 

>100 10 (38.5%) 12 (57.1%) 

Number of previous IOC* 0.849 

<10 11 (42.3%} 8 (38.1%) 

10-25 8 (30.8%) 7 (33.3%) 

26-50 1 (3.8%} 1 (4.8%) 

>50 6 (23.1%) 5 (23.8%) 

*3 missing values; SD = standard deviation; ASA = American Society of Anesthesiology; IQR = 

interquartile range; BMI = body mass index; GE = gastrointestinal; IOC = intraoperative 

cholangiography 
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Primary outcome 

The outc ome of the c holec ystec tomies is shown in table 2 .  Succ ess rates of both c lamps were 

similar: 82 .1% for the Kumar c lamp and 86 . 4% for the Olsen c lamp (p > 0.999 ) .  IOC using the 

Kumar c lamp was not faster than using the Olsen c lamp: 10 min 2 7s ± 6 min 17s, c ompared to 

11 min 3 4s ± 7 min 2 7s (p = 0.53 7 ) , as shown in figure 2 a. W hen only the time was taken into 

acc ount that it took to ac hieve biliary acc ess, there was no signific ant diff erenc e either. 

On average, surgeons judged IOC using both c lamps as being equally easy: 6 .8 ± 2 .7 (Kumar) 

and the 6 . 8  ± 2 .1 (Olsen, p = 0.9 77 ) , as portrayed in figure 2b. 

Secondary outcome 

There were no diff erenc es in the succ ess rate, the number of depic ted segments of the biliary 

tree, the amount of radiation rec eived, the number of bile duc t injuries or the number of 

c omplic ations between the Kumar and the Olsen group (table 2 ) .  The only c omplic ation that 

occ urred was an ac ute urinary retention in the Olsen c lamp group. Two patients with 

c holedoc holithiasis were treated succ essfully by postoperative ERCP. 

Further analyses 

W hen a per-protoc ol analysis was performed, the time for IOC using the Kumar c lamp was 9 

min 48 s versus 12 min 05 s using the Olsen c lamp (p = 0.2 05) . In terms of ease of IOC, a per

protoc ol analysis yielded a sc ore of 7 .2 ± 2 .5 (Kumar c lamp) versus 6 .5 ± 2 .3 (p = 0. 321) . 

Results were similar when only the first half or only the sec ond half of the patients were 

analyzed separately (data not shown) . 

DISCUSSION 

This is the first randomized c ontrolled trial to c ompare the Kumar c lamp to the more 

standard c ystic duc t c annulation method (in this c ase the Olsen c lamp) . W e  found that both 

c lamps were similar in time nec essary for IOC and in perc eived ease by the surgeon. No 

diff erenc es were found in sec ondary endpoints suc h as c omplic ations and total amount of 

radiation either. 
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Figure 3: Primary endpoints: (a) cholangiography time and (b) ease of cholangiography 

procedure; IOC = intraoperative cholangiography; VAS= visual analogue score; dotted line in 

figure B indicates the score that surgeons were instructed to view as 'average' ease of IOC 
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Table 2: Outcome 

Kumar (n = 28) Olsen (n = 22) p 

Succes rate 23 {82.1%) 19 {86.4%) >0.999 

Cannulation time, mean ± SD 4 min 14s ± 3 min 17s 5 min 33s ± 5 min 39s 0.349 

Total IOC time, mean ± SD 10 min 27s ± 6 min 17s 11 min 34s ± 7 min 0.537 

27s 

Total surgery time, mean ± SD 75 min ± 29 min 83 min ± 37 min 0.461 

Ease on VAS scale, mean ± SD 6.8 ± 2.7 6.8 ± 2.1 0.977 

No. segments depicted, median 5 {5 - 5) 5 {4 - 5) 0.115 

{IQR) 

Radiation received 0.41 ± 0.28 Gym2 0.48 ± 0.40 Gym 2 0.542 

Bile duct injuries 0 0 

CBD stones 1/23 {4.3%) 1/19 {5.3%) >0.999 

Complications 0 1/22 {4.5%) 0.440 

SD = standard deviation; VAS = visual analogue scale; IOC = intraoperative cholangiography 

The Kumar clamp has been in production since 1992 but on ly two series(10;11) of 
laparoscopic cholecystectomies with IOC have been reported using the Kumar clamp. The first 

one was described by Kumar11 in 1992. I n  a series of 50 cases IOC was performed using this 
clamp: 98% were successful, and no compl ications occurred .  

I n  t he  second series described by  Holzman  e t  a l .  i n  199410, of the 60  cases the Kumar clamp 
was used, 83% were successful .  The time to insert the Kumar clamp and introduce the 

sclerotherapy needle was reported to be approximately two minutes, the time for completing 
the entire cholangiogram was ten minutes. These resu lts are similar to the ones found in the 

current tria l .  

A possible additional advantage of the Kumar clamp is that, in contrast to the Olsen clamp, it 

a l lows visual ization of the biliary tract before any tubu lar structures are incised or can nu  lated . 
Theoretica l ly, where IOC using the Olsen clamp would downgrade a complete transection of 

the CBD (type D injury) to a CBD leak (type B), IOC using the Kumar clamp could prevent this 
i njury a ltogether. The numbers in this trial were too small and no series of IOC with the 

Kumar clamp that are large enough to assess this possible benefit are known to us. 
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On e limitation of this study is that there was a discrepan cy between the ex pected an d 

observed time for IOC. T he power an alysis for this study was performed usin g an estimate of 

18 min utes for IOC usin g the Olsen clamp. Con siderin g that the actual time was closer to 

twelve min utes, this study may be somewhat un derpowered to detect small diff eren ces in 

time. However, from the results it seems likely that use of the Kumar clamp will n ot result in a 

clin ically sign ifican t reduction of the time spen t on IOC. 

An other criticism may be that surgeon s may have been more familiar with the Olsen clamp to 

start with. We provided model train in g to all surgeon s who performed cholecystectomies in 

this trial, but this may n ot have been sufficien t to completely coun ter the ex perien ce bias. On 

post-hoc an alysis, there was n o  differen ce in IOC time when on ly the secon d half of 

cholecystectomies was an alyzed, suggestin g that also further in the learn in g curve, little 

reduction in time is to be ex pected from use of the Kumar clamp. 

As bile duct in juries con tin ue to plague ( laparoscopic) cholecystectomies, the debate on the 

role of IOC con tin ues. The Kumar clamp will probably n ot substan tially lower the threshold 

for performin g IOC. Further eff orts are n ecessary to improve the safety of cholecystectomies. 

First of all, there is little doubt that global implemen tation of the ' critical view of safety' 

surgery techn ique will in crease patien t safety. Secon dly, IOC n eeds to be addressed in the 

train in g programme of surgical train ees. T hirdly, n ovel techn iques of assessin g the biliary tree 

such as fluorescen ce cholan giography are bein g evaluated for safety an d eff icacy in clin ical 

practice. 

In con clusion , this ran domized trial foun d n o  sign ifican t differen ces in speed or perceived 

ease of IOC usin g the Kumar clamp as compared to usin g the Olsen clamp. In dividual surgeon 

preferen ce should dictate which clamp is used. 
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ABSTRACT 

Background: Correct assessment of biliary anat omy may be document ed by phot ographs of 

t he " crit ical view of safet y" (CVS} , but also by int raoperat ive cholangiography (IOC} . 

Method: Phot ographs of t he CVS and IOC images of 6 3  pat ient s were present ed t o  t hree 

ex pert observers in a random and blinded fashion. The observers answered quest ions 

pert aining t o  whet her t he biliary anat omy had been conclusively document ed. 

Results: CVS phot ographs were judged as " conclusive" in 2 7% ,  " probable" in 35% and 

" inconclusive" in 38% . IOC performed bet ter: " conclusive in 57"% , " probable" in 25% and 

" inconclusive" in 18% (p < 0.001 compared wit h  phot ographs} . 

The observers indicat ed t hat t hey would feel comfort able t ransect ing t he cyst ic duct based on 

t he CVS phot ographs in 52% of cases and based on t he IOC images in 7 3% of cases (p = 

0.004} . The int erobserver agreement was moderat e for bot h modalit ies (kappa- values 0. 4 -

0.5) . 

I n  pati ent s  wit h a hist ory of cholecyst it is, bot h t he CVS phot ographs and t he 

were less frequent ly judged sufficient t o  t ransect t he cyst ic duct (p = 0.006 

respect ively} . 

IOC images 

and 0.017 

Conclusion: I n  t his series, IOC was superior t o  phot ographs of t he CVS t o  document biliary 

anat omy during laparoscopic cholecyst ect omy. However, bot h modalit ies were judged 

conclusive only in a limit ed proport ion of pat ient s, especially in case of cholecyst it is. 

Document ing assessment of t he biliary anat omy i s  not as st rai ght forward as it seems and 

prot ocols are necessary, especially if t he images may be used for medico-legal 

purposes. 
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______________________ Documen tin g biliary an atomy 

INTRODUCTION 

Bile duct in jury (BDI) is a dreaded complication durin g both laparoscopic an d classic open 

cholecystectomy. The most severe type of BDI is the complete tran ssection of the common 

bile duct (CBD) an d occurs when the CBD is mistaken for the cystic duct. An importan t safety 

measure to iden tif y  the cystic duct is to establish the so called critical view of safety (CVS) 111 • 

In addition , in traoperative cholan giography (IOC) may be used to assess the biliary an atomy. 

IOC is associated with a reduction in the in ciden ce of major BDl12•3A,5l ,  although opin ion s vary 

on whether it should be routin ely or selectively performed. 

Curren tly, the guidelin es of the Dutch Society of Surgery advise that the CVS is to be 

documen ted for education al an d medico- legal purposes161• CVS should be documen ted in the 

operation n otes an d preferably supported by in tra-operative images. Two Dutch studies that 

assessed whether photographs or video images performed better at documen tation of the 

CVS yielded con tradictory results17•81• In both studies the CVS (an d thus cystic duct 

iden tification ) could on ly be registered con clusively in 34  - 70% of patien ts. 

Besides photographs of the CVS, stored IOC images can also be used as documen tation of 

correct iden tification of the cystic duct. IOC may actually con stitute a better way than 

photographs of the CVS. However, this has n ever been assessed. 

In our Un iversity M edical Cen tre the CVS is documen ted routin ely by photographs an d IOC is 

performed routin ely. In this study we in vestigated the quality of the documen tation of biliary 

an atomy usin g photography of the CVS an d IOC. 

METHODS 

In the Un iversity M edical Cen tre G ron in gen most cholecystectomies are performed by 

surgical train ees un der superv ision of on e of seven con sultan t surgeon s specialized in 

gastroin testin al surgery. The stan dard operative techn ique for laparoscopic cholecystectomy 

in our cen ter is the critical view of safety (CVS) techn ique as described by Strasberg et at 11l 

followed by routin e IOcl91• Digital registration of the CVS by mean s of photography has been 

hospital policy sin ce November 2 008. 
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Patients 

All ch olec ystec tomies between November 2 008 an d April 2 010 were retrospec tively 

reviewed. Patien ts were inc luded in th e an alysis wh en ever {1) th ey h ad un dergon e a 

ch olec ystec tomy wh ich was c ompleted laparosc opic ally, (2 ) ach ievemen t of th e CVS was 

doc umen ted in th e operation n otes, {3 ) ph otograph s of th e CVS was stored in th e digital 

medic al rec ords an d (4) IOC h ad been succ essfully performed an d saved in th e digital medic al 

file. 

Reviewing of the images 

Th e ph otograph s of th e CVS in Tagged Image File Format {.tiff )  an d th e IOCs in Join t 

Ph otograph ic Ex pert G roup format {.jpg) were reviewed an d rated by th ree ex pert abdomin al 

surgeon s {H.O .C.H, R.J.P. an d V.B.N.) . Each surgeon h as supervised more th an 100 

laparosc opic ch olec ystec tomies after c ompletion of surgic al train in g. Th e ph otograph s an d 

th e IOC images were presen ted in ran dom, un match ed order with out addition al patien t 

in formation . Th e surgeon s an swered c on sec utive question s pertain in g to th e quality of th e 

images an d th e doc umen tation of assessmen t of th e biliary an atomy. Q uality of th e images 

was rated on a 10-poin t sc ale with 1 bein g very poor an d 10 bein g exc ellen t. Th e tran slated 

version of th e sc orin g form is enc losed as appen dix A. 

Statistical analysis 

Statistic al an alysis was performed with SPPS 16 . 0  for Win dows {SPPS Inc , Ch ic ago, Illin ois) . For 

an alysis of c on tin uous variables th e mean of th e th ree observers was used. For an alysis of 

ordin al an d n omin al values th e median of th e th ree observers was used. 

Th e paired samples t-test was used to c ompare c on tin uous variables. Th e Wilc ox on paired 

samples sign ed ran ks test an d th e McNemar test were used to c ompare paired ordin al an d 

n omin al variables. Th e Man n Wh itn ey U test an d th e ch i-squared test were used to c ompare 

un paired ordin al an d n omin al variables. ln terobserver agreemen t was assessed by c alc ulatin g 

th e kappa values. A p-value of< 0. 05 was c on sidered sign ific an t. 
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RESULTS 

Patients 

The critical view of safety (CVS) was ex plicitly reported to have been achieved in 13 0 out of 

13 9 laparoscopically completed cholecystectomies. It was recorded by photograph in 81 

patients. In the other 49 patients either no images (n = 35) or only videos (n = 14) of the CVS 

were stored. lntraoperative cholangiography (IOC) was attempted in 116 patients and 

successful in 97 patients. In 6 3  patients both photographs of the CVS and IOC images were 

available. The median number of photographs taken was 2 (IQR 1-3) . The median number of 

IOC images stored, usually as a series in a short film, was 6 (IQR 5-12) . 

The indications for cholecystectomy were uncomplicated gallstone disease in 31 cases (49%) , 

biliary pancreatitis or CBD stones in 13 (21%) and present or previous cholecystitis in 1 9  

(3 0%} .  No bile duct injuries or bile leaks occurred in this series of patients. 

Photography versus IOC 

Table 1 shows the ex perts' ratings of the photographs and IOC images. The quality of the 

photographs was rated lower than that of the IOCs (5.8±1.4 versus 6 .7±1.3 , p < 0.001) . The 

CVS was documented " conclusively'' by photography in only 17 patients (2 7%) .  It was rated as 

" probably'' in 22 (35%) and " inconclusive" in 24 patients (3 8%) .  IOC was judged to document 

the cystic duct " conclusively" in 36 patients (57%) , " probably'' in 16 (25%) and 

" inconclusively'' in 11 (18%} . IOC was superior to photography of the CVS for documenting 

assessment of biliary anatomy (p < 0.001) . 

Based on the photographs, the surgeons deemed it justified to transect the cystic duct in 3 3  

patients (52 %) . Based on the IOC, transecting the cystic duct was deemed justified in 46 

patients (73 %, p = 0.004) . Correct documentation of the biliary anatomy was not associated 

with a higher number of photographs stored (p = 0.747) , nor with a higher number of IOC 

images stored (p = 0.950) . 

In 14 patients, neither of the two modalities was judged conclusive. Upon review of the 

operative notes of these patients, doubts about the way the CVS is visualized or about the 

IOC are only ex pressed in 4/14 and 3/14 patients respectively. F igure 1 portrays a concusively 

documented CVS in three photographs. F igure 2 shows a case of correctly and a case of 

incorrectly documented IOC. 
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Table 1: Registration of cystic duct by photograph and intraoperative cha/angiography 

* indicates p < 0.05; SD = standard deviation; IOC = intraoperative cha/angiography; CVS = critical 
view of safety 

Q uality o f  the image s 

(me an ± SD) 

C VS / cystic duct 

iden tifie d 

Ye s 

P robably 

In con clusive 

S afe to tran se ct duct 

Ye s 

No 

The inflamed gallbladder 

Photograph 

5. 8 ± 1 .4 

17 (27 .0 %) 

22 (34.9 %) 

24 (3 8.1 %) 

3 3  (52 .4 %) 

30 (47.6 %) 

IOC p 

6 .7 ± 1 . 3  <0.001* 

<0.001* 

36 (57.1 %) 

16 (25.4%) 

11 (17 .5%) 

0.004* 

46 (7 3 .0 %) 

17 (27.0 %) 

Table 2 shows the dif fe ren ce s  be twee n patie n ts who un de rwen t chole cyste ctomy for pre se n t  

or pre vious chole cystitis an d those with othe r in dication s. In the 19 patie n ts with a (history 

of) chole cystitis, the surge on s dee me d  the photographs of CVS sufficie n tly con clusive to 

tran se ct the cystic duct in 5 patie n ts (26 %) . In patie n ts un de rgoin g chole cyste ctomy for othe r 

in dication s this was 28  out of 44 patie n ts (64 %, p = 0. 004) . 

The same phen ome n on was see n  for IOC: tran sse ction was dee me d  safe in 53 % of the 

patien ts with past or pre se n t  chole cystitis ve rsus 82 % of those with othe r in dication s (p = 

0.017 ) .  The re sults are shown in table 2 .  

lnterobserver agreement 

The kappa for in te robse rve r agree me n t  on con clusive ne ss of photographs of the CVS was 

0.416 be twee n obse rve rs A an d B, 0.49 9 be twee n obse rve rs A an d C, an d 0 . 394 be twee n 

obse rve rs B an d C. The kappas for in te robse rve r agree me n t  on con clusivene ss of the IOCs 

we re 0 .53 3 ,  0 .47 8 an d 0.407 re spe ctive ly. The se value s have been de scribe d to in dicate 

mode rate agree me n t1101 • 
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Figure 1: correct documentation of the critical view of safety in three photographs: A - medial 
view; B - lateral view, C - view with an instrument through one of the windows to enhance 

depth perception 

Figure 2: documentation of biliary anatomy by intraoperative cha/angiography: A - performed 

correctly, the trajectory of the cystic duct is clearly visible, as well as the intrahepatic bile 
ducts, the common bile duct and the duodenum; B - performed incorrectly, although the 

intrahepatic ducts and the duodenum is visualized, the cystic duct is not, and it could be the 

common bile duct that is cannulated instead of the cystic duct. 
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Table 2: Performance of photography and intraoperative cholangiography in patients with and 
without cholecystitis 

Present or previous Other indications p 

cholecystitis (n = 19) (n = 44) 

Quality Photo 5.5 ± 1.4 6.0 ± 1.4 0.212 

Quality IOC 6.5 ± 1.3 6.8 ± 1.3 0.351 

CVS on photograph 0.007* 

Yes 2 (10.5%} 15 (34.1%} 

Probably 5 (26.3%} 17 (38.6%} 

Inconclusive 12 (63.2%) 12 (27.3%} 

Transect duct based on photo 0.006* 

Yes 5 (26.3%} 28 (63.6%) 

No 14 (73.7%} 16 (36.4%) 

Cystic duct identified by IOC 0.099 

Yes 9 (47.4%} 27 (61.4%) 

Probably 3 (15.8%} 13 (29.5%) 

Inconclusive 7 (36.8%} 4 (9.1%} 

Transect duct based on IOC 0.017* 

Yes 10 (52.6%} 36 (81.8%) 

No 9 (47.4%} 8 (18.2%} 

* indicates p < 0.05; SD = standard deviation; IOC = intraoperative cholangiography; CVS = critical 

view of safety 

DISCUSSION 

This study investigated the documentation of correct assessment of biliary anatomy by 

photography of the critica l view of safety (CVS) and by intraoperative cholangiography ( IOC). 

The cystic duct was conclusively documented in 57% of the IOCs, compared to 27% of the 

photographs of the CVS. Conclusive documentation of biliary anatomy was especially poor in 

patients with (a history of) cholecystitis. 

Several studies have previously evaluated photographs of the CVS17'8'111 • The rate of conclusive 

photographs in the current study was lower than in the other studies. This difference may 
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partly be ex plain ed by the high proportion of patien ts with cholecystitis in this series ( table 

3 ) .  In a recen t commen tary, Strasberg describes that achievin g CVS is more challen gin g with 

an in flamed gallbladder1121• As a result of the altered aspect of the an atomical structures 

durin g or after in flammation , it may be especially difficult to capture the CVS in on e or two 

still images. Doubts were ex pressed about the CVS or IOC in the operative n otes of on ly a 

min ority of patien ts with in con clusive documen tation in photographs or IOC. Therefore, the 

problem probably lies in the documen tation rather than in un safely performed surgery. 

Non etheless, the proportion of properly documen ted CVS is un acceptably low an d effort is 

curren tly bein g put in to improvin g this aspect of gallbladder surgery at our cen ter. New 

protocols in cludin g video images, an d in struction s durin g residen t courses in lapa roscopic 

surgery have been implemen ted for this purpose. 

The CVS techn ique is fully accepted in Dutch surgical practice. A n ation wide survey by our 

group revealed that 98% of the surgeon s apply this techn ique1131• Also, man y surgeon s 

documen t the CVS by photograph (4 3 %) or video ( 3 0%) . Con siderin g the poor results of 

photography of the CVS at our cen ter, it would be in terestin g to assess the quality of the 

images from other hospitals. 

Previous studies assessed whether the CVS had been achieved " cert ain ly" ,  " probably" or 

" in con clusively''17•81 • In the curren t study, a bin ary respon se (" yes" or " n o" )  was also elicited 

from the observers by askin g them whether they would feel comfortable tran sectin g the 

iden tified duct based on the images. H alf of the respon ses marked as " probably" then 

chan ged to " yes" , the other half chan ged to " n o" .  This illustrates the ran ge of respon ses tha t 

may be classified as " probably'' . The in terobserver agreemen t on the photographs was 

moderate with kappa values between 0.4 an d 0. 6 .  The on ly previous study to assess 

in terobserv er agreemen t on CVS photographs foun d a slightly higher kappa of 0. 6 9  ( fair 

agreemen t}'71 • This study can n ot with certain ty ex plain the low in ter-rater agreemen t, but we 

feel that the it would ben efit from higher quality photographs accordin g to a stan dardized 

protocol. 

The merits of IOC ha ve been described in large population -based studies12•3•4l _  There is 

however, con cern that IOCs are n ot always correctly in terpreted114
'
151• In this series, the cystic 

duct could be con clusively documen ted in on ly 57 % of cases. In the cases where IOC did n ot 

correctly documen t the cystic duct, this was caused by projection of the cystic duct over the 

CBD an d/ or in complete fillin g of the biliary tree. The in terobserver agreemen t on the IOCs 

was moderate. An un ex pected fin din g was that a lower proportion of IOC was con clusive in 
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Table 3: documentation of CVS by photograph in previous studies and the current study. 

CVS = critical view of safety; JDC = intraoperative cha/angiography 

Rawlings111I Plaisier18I Emous11I Current Current 

(single port) (mean of two study study 

obseNers) (photo CVS) (IOC) 

C VS / cystic duct 

identif ied 

Yes 64% 62% 40% 27% 57% 

Prob ab ly 24% 16% 36% 35% 25% 

I nco nclusi ve 12% 22% 26% 38% 18% 

Present / previo us 0% 10% 28% 30% 30% 

chol ecystitis 

patients with an inf lamed gallb ladder. Th is may b e  caused b y  adh esio ns o r  alteratio ns in th e 

mo rpho lo gy of th e cystic duct th at make th e situatio n mo re pro ne to o verpro jectio n o r  

insuff icie nt f illing of th e b iliary tree during IOC. 

At tentio n sho uld b e  paid to th e legal implicatio ns of do cumentatio n of b iliary anato my. Th is 

seems evident fo r IOC as it is part of th e radio lo gy studies in th e patient medical f ile. 

Ho wever, sto red laparo sco pic images, and images of th e CVS in particular, are relatively new 

items in th e patient' medical reco rds. Th e medico -legal value of th ese images h as no t b een 

determined. Once a selectio n of intra-o perative images is sto red, th e images are co nsidered 

' perso nal data' under Article 2 of th e Dutch Perso nal Data Pro tectio n Act (in Dutch 

abb reviated as WBP) . Acco rding to th is Act special requirements regarding quality and 

admissib ility of data pro cessing must b e  met (Article 6-15 of th e Perso nal Data Pro tectio n 

Act) . One of th ese requirements is th e patient' s  co nsent to sto re CVS. G enerally, it is accepted 

th at the patient' s co nsent fo r surgery also co mprises co nsent fo r CVS do cumentatio n and 

sto rage. 

Under Dutch law (Article 453 and 454 of th e Medical Treatment Co ntracts Act, in Dutch 

abb reviated as WG BO) , th e CVS sho uld b e  do cumented in th e patient medical reco rds to 

co mply with the care pro vider' s respo nsib ility in vie w of th e applicab le prof essio nal standard 

(in case of cho lecystecto my th e Dutch G uidelines and Best-Practice fo r laparo sco pic 

cho lecystecto my(61 ) .  Th e patient h as certain righ ts in relatio n to h is medical f ile, such as th e 
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right to access to the file and to copy his file, including radiology studies an d laparoscopic 

images. The patien t may use such copies in a court of law, for ex ample in case of bile duct 

injury (BDI) . On the other hand, documentation of the biliary anatomy can be used by the 

surgeon to substan tiate measures taken in order to en sure safe cholecystectomy. In 

particular circumstances, the physician may use documen ts an d images from the patien t's file 

in legal procedures without the patien t's con sen t to prove he has met requiremen ts of due 

care un der the professional stan dard. This ex ception is based upon Article 6 of the European 

Conven tion of Human right s that everyone, in cluding physicians, has the right of fair trial. 

Besides the patient and the physician, the Public Prosecutor and the Health Care Inspectorate 

may also claim the medical file. Dutch regulations on quality of healthcare require that an y 

calamity (an unin ten ded adverse event resultin g in the death or serious harm of a patien t) in 

a health care institution must be reported to the Health Care Inspectorate. In case the 

Inspectorate encoun ters any violation of these regulations the Public Prosecutor is informed. 

Several studies have assessed litigation claims for iatrogenic BDI durin g 

cholecystectomy116
'
17

'
18

'
19

'
201 and conclude that litigation for BDI con tin ues to play a role in 

modern surgical practice. Very little data ex ists on the role of patien t safety interven tions in 

these cases; most of the in juries occurred before widespread implemen tation of the CVS 

techn ique. It would be in teresting to assess claims for BDI in the years followin g introduction 

of the CVS, especially in the Netherlands as documen tation of the CVS is in corporated in to 

the national guidelines. At the moment, documen tation of the CVS in the operation n otes is 

probably en ough to convince a court of law that the appropriate safety measures were taken . 

However, it is clear that the operation notes in (gallbladder) surgery are limited in their 

correlation with the actual procedure1211• As the storing of laparoscopy images becomes more 

widely practiced, operation n otes supported by images will probably become the n ew 

stan dard of care. 

This study was con ducted retrospectively and n o  protocol was used how to take the 

photographs of the CVS. This is, however, the first study to assess the value of IOC for 

documentin g the cystic duct. It would be interestin g to compare IOC to videos, in addition to 

photographs, of the CVS. Emous et al. have suggested that videos of the CVS are superior to 

photographsl7l , although Plaisier et al claimed that photographs are superior181 • Further study 

on this topic is curren tly on goin g at our centre. 
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Conclusion 

In t his seri es, ICC was superior t o  phot ographs of t he CVS t o  docum ent t he correct 

assessm ent of biliary anat om y  during laparoscopic cholecyst ect om y. However, bot h 

m odalit ies were conclusive only in a lim it ed proport ion of pat ient s, especially in case of 

cholecyst it is. Our st udy highlight s t hat t he docum ent at ion of t he biliary anat om y  is not as 

st raightf orward as it seem s and t hat prot ocols are necessary, especially since t he im ages m ay 

be used f or m edico- legal purposes. Docum ent at ion of cyst ic duct ident if icat ion should be 

addressed during t raining courses f or laparoscopic surgery. 

Appendix: Questions answered by each observer (translated from Dutch) 

Part 1: Critical view of safety (CVS) 

1. W hat i s  t he qual it y of t he phot o' s  ( grade best phot o)? 

(V ery poor) 1 - 2 - 3 - 4 - 5 - 6 - 7 - 8 - 9 - 10 (Ex cellent) 

2. H as t he CVS been achi eved? 

o Yes 

o Probably 

o Inconclusi ve 

3 .  W ould you t ransect t he cyst ic duct based on t his im age? 

o Yes 

o No 

Part 2: lntraoperative cholangiography (IOC) 

1. W hat i s  t he qualit y of t he IOC ( grade best im age)? 

(Very poor) 1 - 2 - 3 - 4 - 5 - 6 - 7 - 8 - 9 - 10 (Ex cellent) 

2 .  I s  t he duct t hat is cannulat ed t he cyst ic duct? 

o Yes 

o Probably 

o Inconclusive 

3. W oul d  you t ransect t he cannul at ed duct based on t his IOC? 

o Yes 

o No 
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ABSTRACT 

Background: Pati en ts wi th a suspected mali gn an cy of the bi li ary tract can form a di agn osti c  

challen ge. Con ven ti on al i n vesti gati on s  such as ERCP, CT, MRCP an d EUS are n ot always 

con clusi ve. I n  such pati en ts, peroral cholan gi oscopy i s  a promi si n g  techni que. Ai m of thi s 

study was to report the di agn osti c  accuracy of cholan gi oscopy an d cholan gi oscopy gui ded 

lesi on s. 

Method: Retrospecti ve revi ew of all pati en ts i n  a terti ary referral cen ter who un derwen t 

peroral cholan gi oscopy for i n determi n ate bi le duct lesi on s  over a peri od of 44 mon ths. 

Result: A total of 45 pati en ts were i n cluded i n  the an alysi s. Nearly all pati en ts had un dergon e 

previ ous en doscopi c  retrograde cholan gi opan creatography, man y had also un dergon e 

magn eti c  reson an ce cholan gi opan creatography, en doscopi c ultrasoun d or computed 

tomography scan n i n g. Spybi te bi opsi es were taken i n  2 9  pati en ts; brush cytology was don e 

i n  2 7 . Of the 45 pati en ts, 14 (31%) were ulti mately di agn osed wi th bi le duct can cer. The rest 

had a medi an follow-up of 15 mon ths (i n ter-quarti le ran ge 4 - 2 7 ) . 

The accuracy of cholan gi oscopy i mpressi on was 35/45 (78%) . The sen si ti vi ty was 7 /14 (50%) 

an d the speci fi ci ty was 28/ 31 {90%) . The 2 9  Spybi te bi opsi es yi elded beni gn cells i n  13 (45%) , 

atypi cal cells i n  6 (21%) an d i n suffi ci en t  materi al i n  10 pati en ts {35%) . Of the 13 pati en ts wi th 

ben i gn bi opsi es, 4 turn ed out to have cholan gi ocarci n oma n on etheless. 

The overall accuracy of cholan gi oscopy, brush an d Spybi te bi opsy together was 82 %. 

Conclusion: Cholan gi oscopy i s  a useful i n vesti gati on i n  pati en ts wi th i n determi n ate bi le duct 

lesi on s. The yi eld of Spybi te bi opsi es i n  thi s seri es, however, was di sappoi n ti n g  an d lower 

than reported i n  li terature. Future studi es are warran ted to determi n e  whether the poor 

performan ce i n  our study i s  an outli er. 
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INTRODUCTION 

Pat ient s wit h a suspect ed malign anc y of t he biliary t ract c an pose a diagn ost ic c hallen ge. 

Tradit ion al work-up of suc h pat ient s c on sist s  of en dosc opic ret rograde 

c holan giopanc reat ography (ERCP) , by whic h t he loc at ion an d shape of fillin g defect s may be 

seen . These images alon e are seldom suffic ient for a diagn osis. Brush c yt ology of t he biliary 

t ract durin g ERCP c an provide hist opat hologic proof of c holan gioc arc in oma, but t he 

sen sit ivit y an d t hus t he n egat ive predict ive value is relat ively low at 50-80%1 . Newer 

t ec hn iques are magn et ic reson anc e imagin g (MRI) , c omput ed t omography (CT) an d 

en dosc opic ult rasoun d (EUS) . 

Three dimen sion al MRI an d CT seem t o  perform equally well at ident ifyin g t he c ause of 

biliary obst ruct ion . In a rec ent c omparat ive st udy bot h modalit ies had an acc urac y of aroun d 

85%2• EUS is highly sen sit ive for dist al t umours an d performs reason ably for prox imal bile 

duct t umours. EUS-guided fin e n eedle aspirat ion , like brush c yt ology, is highly spec ific but 

n ot very sen sit ive. Again , it performs bett er in dist al t umours t han in prox imal lesion s3• 

A part ic ularly c hallen gin g group of pat ient s are t hose wit h  primary sc lerosin g c holan git is 

(PSC) . These pat ient s are at high risk of developin g c holan gioc arc in oma. However, t he 

disease it self may mimic malign ant lesion s in t he biliary t ract4• 

Not wit hst an din g t he abovement ion ed diagn ost ic opt ion s, t here remain s a group of pat ient s 

in whom t he n at ure of t he bile duct lesion c an n ot be det ermin ed wit h c ert aint y. The 

c on sequenc es of a diagn osis are severe, as aggressive surgery, for ex ample 

pac reat ic oduoden ect omy, is t he on ly c urat ive t herapeut ic opt ion . 

Peroral c holan giosc opy allows direct visualizat ion of t he en dolumin al surfac e of t he bilary 

t ree, an d fac ilit at es t arget ed biopsy of an y lesion at suspic ion for malign anc y. As suc h it may 

be a valuable in vest igat ion for pat ient s in whom earlier in vest igat ion s were inc onc lusive5'6• 

Peroral c holan giosc opy has been performed for man y dec ades. Unt il rec ent ly, however, t he 

t ec hn ique had n ot been widely adopt ed. The origin al t ec hn ique required t wo en dosc opist s  

t rain ed in advanc ed ERCP. W it h  t he int roduct ion of improved c holan giosc opes t hat allow 

sin gle-operat or c holan giosc opy, t he t ec hn ique is gain in g popularit y. As suc h, t here is a 

growin g body of evidenc e for peroral c holan giosc opy. To est ablish it s role in modern 

medic in e, it is import ant t o  assess t he value of c holan giosc opy in 'real life' c lin ic al pract ic e, 

an d n ot just in prospect ive t rials in spec ialized c ent res. 

The object ive of t his st udy was t o  det ermin e t he acc urac y, sen sit ivit y an d spec ific it y of 

peroral c holan giosc opy at ident ifyin g t he n at ure of in det ermin at e  biliary lesion s. 
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METHODS 

A retrospecti ve a na lysi s wa s performed of  pa ti en ts who un derwen t perora l chola n gi oscopy 

for i n determi na te bi le duct lesi on s  a t  our tertia ry referra l cen tre between November 2 007 

a n d  July 2 011. All procedures were performed a t  the en doscopy uni t of the depa rtmen t of 

Ga stroen terology a n d  H epa tology of the Uni versi ty Medi ca l Cen tre G roni n gen i n  G roni n gen , 

the Netherla n ds. 

Main endpoints 

The mai n  i n vesti ga ti ona l pa ra meters were vi sua l  i mpressi on of the bi le duct l esi on by peroral 

chola n gi oscopy a n d  hi stopa thology a na lysi s of bi opsi es ta ken duri n g  perora l chola n gi oscopy. 

Wi th rega rd to the vi sua l i mpressi on ,  specia l a tten ti on wa s pai d  to the presen ce of 

n eova scula ri za ti on .  The presen ce of a tumour vessel ha s previ ously been shown to be hi ghly 

speci fi c for ma li gna n cy7. Also, tumours were a ssessed for a ben i gn fibroti c a spect or a n  

i rregula r, vuln erable ma li gna n t  a ppea ra n ce8 • 

The mai n  outcome pa ra meter wa s ma li gna n t  or beni gn sta tus of the lesi on a s  determi n ed by 

surgery a n d  hi stopa thology a na lysi s. The lesi on s  i n  pa ti en ts tha t di d n ot un dergo surgery a n d  

developed n o  ma li gna n cy duri n g  follow-up were con si derd beni gn . 

Patients 

Pa ti en ts a ged 18 or older were i n cluded who were referred to our tertia ry cen tre i n  whom 

previ ous i n vesti ga ti on ha d revea led i n determi na te bi le duct lesi on s. Pa ti en ts i n  whom 

previ ous i n vesti ga ti on s  ha d con fi rmed the presen ce of ston es were ex cluded. 

Cholangioscopy procedure 

Sta n da rd protocol wa s used for a ll procedures. All chola n gi oscopi es were performed by the 

sa me ga stroen terologi st (RKW) . An tibi oti c  profyla xi s con si sted of ceftria x on 2 gra ms 

i n tra ven ous. The ma jori ty of the procedure wa s performed un der 'con sci ous seda ti on '  wi th 

mi da zola m a n d  pethi di n e  a n d  fo ur procedures were performed un der complete a n esthesia . 

In a ll pa ti en ts, regula r ERCP wa s fi rst performed wi th a vi deoduoden oscope (Olympus 

Netherla n ds BV, Z oeterwoude) . Pa ssa ge of ca theters or spi n cterotomes through the sten osi s  

i s  a voi ded where possible. Th en , th e chola n gi oscope wa s i n troduced via the ' mother-baby' 
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tec hn ique over a lon g guidewire (450c m Jagwire) . All patien ts were treated with the 

SpyGlass c holan giosc opy system (Boston Sc ien tific Netherlan ds BV, Nieuwegein ) .  

Cholangioscopy guided Spybite biopsies 

Biopsies were obtain ed un der direc t visual c on trol usin g Spybite biopsy forc eps that c an be 

passed through the workin g c han n el of the c holan giosc ope. We try to perform four to six 

biopsies of suspec ted biliary stric tures. 

Histopathological examination: 

Most pathologic ex amin ation s were performed by the same pathologist (AG) with ex ten sive 

ex perienc e in biliary pathology. 

Data collection 

Data on the c holan giosc opy proc edures was c ollec ted prospec tively. Further patien t data 

was c ollec ted retrospec tively from medic al rec ords inc ludin g laboratory values, 

c holan giosc opy an d surgery n otes an d disc harge summaries. Also, data was c ollec ted on all 

imagin g studies that had taken plac e in the twelve mon ths prior to the c holan giosc opy. If 

patien ts un derwen t multiple c holan giosc opy proc edures (for ex ample if the first proc edure 

was inc onc lusive, on ly the first succ essful c holan giosc opy was used to determin e the 

diagn ostic value of peroral c holan giosc opy. 

Statistical analysis 

The in vestigation al parameters (visual in spec tion an d biopsy durin g c holan giosc opy) were 

c ompared to the gold stan dard (either surgery an d histopathology an alysis or follow-up) . 

Acc urac y, sen sitivity an d spec ific ity were c alc ulated for visual in spec tion an d biopsy both 

separately an d c ombin ed. 

Acc urac y was defin ed as the n umber of c orrec tly diagn osed patien ts divided by the total 

n umber of patien ts. Sen sitivity was defin ed as the n umber of patien ts with c orrec tly 

diagn osed malign an t lesion s divided by the total n umber of patien ts with malign an t lesion s. 

Spec ific ity was defin ed as the n umber of patien ts with c orrec tly iden tified ben ign lesion s 

divided by the total n umber of patien ts with ben ign lesion s. The positive predic tive value 

was defin ed as the n umber of patien ts that were c orrec tly diagn osed with malign anc y 
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divided by all patients that were allocated as such by the test. The negative predictive value 

was defined as the number of patients that were correctly diagnosed with benign disease 

divided by all the patients that were allocated as such by the test. 

SPSS 16 .0 (SPSS Inc, Chicago, Ill) was used for statistical analysis. 

RESULTS 

Patients 

A total of 65 patients underwent peroral chol angioscopy between November 2 007 an d July 

2 011. All patients were aged 18 or older. In 19 patients the procedure was performed for 

previously diagnosed large common bile duct stones. In one patient, cholangioscopy failed 

due to cardial complaints and was not re-attempted. 

Thus, a total of 45 patients were included in this analysis. Characteristics of the patient 

population are portrayed in table 1. Around one third of the patients had PSC. Nearly all 

patients had previously undergone ERCP. Around half of the patients had undergon e 

previous either brush cytology, MRCP an d/ or CT in vestigation of the bile ducts. A minority 

had undergone EUS or PET- scan investigation. 

Outcome 

Of 45 patients, 14 (31 .1%) were histopathologically diagnosed with a bile duct malignancy 

(13 cholangiocarcinomas and one chloroma) at on e point or another during follow- up. Nine 

of these patients died after a median of 11 mon ths (IQR 5 - 15) . Five patients were alive 

aft er a median of 4 (IQR 2 - 26 )  months of follow- up. Thirty- one patients did not develop 

cholangiocarcinoma. Fol low-up in these patien ts was 14 mon ths (IQR 4 - 2 7 ) .  

Procedure details 

Cholangioscopy was performed under conscious sedation in 41 patients (91 .1%); full 

anesthesia was necessary i n  4 patients (8.9 %) .  In troduction was easy in 40 patients and 

difficult in 5. Visibility was judged as good in 36 patients (80.0%) , fair in 6 (13. 3 %) and poor in 

3 (6 .7%) . 
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Table 1: patient characteristics 

Female gender; n 

Age in years; mean ± SD 

Primary sclerosing cholangitis; n (%) 

Previous investigations of the biliary tract 

ERCP; n (%) 

ERCP-guided brush pathology; n (%) 

MRCP; n (%) 

CT; n (%) 

EUS; n {%) 

PET; n {%) 

Location of bile duct lesion 

Hilar 

Mid CBD 

Distal CBD 

Diffuse / non-applicable 

19 (42.2%) 

56 ± 15 

15 {33.3%) 

43 (95.6%) 

22 (48.9%) 

20 (44.4%) 

21 (46.7%) 

16 (35.6%) 

1 (2.2%) 

21 (46.7%) 

7 (15.6%) 

8 {17.8%) 

5 (11.1%) 

n = 45 

SD = standard deviation; ERCP = endoscopic retrograde cholangiopancreatography; MRCP = 
magnetic resonance cholangiopancreatography; CT = computed tomography; EUS = endoscopic 
ultrasound; PET = positron emission tomography; CBD = common bile duct 

Cholangioscopy impression 

The impression of the tumour appearance was available of al l  45 patients: ten had malignant 
appearance and 35 appeared benign. The correlation between tumour appearance and 

outcome is shown in Table 2. The accuracy of cholangioscopy impression was 35/45 (77.8%}. 

The sensitivity was 7 /14 (50.0%) and the specificity was 28/31 (90.3%}. The positive 
predictive value was 7 /10 (70.0%} and the negative predictive value was 28/35 (80.0%) .  

Neovascularization was seen in eight patients. Seven of these had cholangiocarcinoma 

(positive predictive value 87.5%). Brush and biopsies revealed chronic inflam mation in one 

patient with apparent neovascularization .  He was doing wel l  after 17 months of fol low-up. 
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Table 2: diagnostic accuracy 

Cholangioscopy 

impression (n = 45) 

Biopsy (n=29) 

Brush (n = 27) 

Cholangioscopy 

impression, biopsy and 

brush combined (n = 45) 

Malignant 

Benign 

Malignant 

Benign 

Inconclusive 

Insufficient materia l  

Malignant 

Benign 

Inconclusive 

Mal ignant 

Benign 

Biopsies and brush cytology 

Outcome 

Malignant Benign 

7 3 

7 28 

0 0 

4 9 

1 5 

7 3 

6 0 

4 1 3  

1 3 

9 3 

5 28 

Spybi te bi opsi es were taken i n  2 9  pati en ts. The hi stopathologi cal an alysi s  yi elded ben i gn 

cells i n  13 (44. 8%) , atypi cal cells i n  6 (2 0.7 %) an d i n suffi ci en t  materi al i n  10 pati en ts (3 4.5%) , 

as por trayed i n  Table 2 .  No mali gn an t  cells were seen i n  an y of the Spybi te bi opsi es. Of the 

13 pati en ts wi th beni gn bi opsi es, 4 were n on etheless con fi rmed to have cholan gi ocarci n oma. 

The accuracy of the Spybi te bi opsi es was 9/2 9 (31.0%) . The sen si ti vi ty was 0/2 9 {0%} an d the 

speci fi ci ty was 9/ 31 (31 . 0%) . The posi ti ve predi cti ve value could n ot be calculated. The 

n egati ve predi cti ve value was 9/13 (6 9 .2 %) .  However, most samples 16/2 9 (55.2 %) were n ot 

usable or i n con clusi ve an d thus had n o  predi cti ve value at all. 

Brush cytology was performed i n  27 pati en ts. The cytology an alysi s  yi elded ben i gn cells i n  17 

pati en ts, atypi cal cells i n  4 pati en ts an d mali gn an t  cells i n  6 pati en ts. The sen si ti vi ty was 6/11 

(54.5%} an d the speci fi ci ty was 13/16 (81. 3 %) .  The si x pati en ts wi th mali gn an t  cells i n  the 

brush cytology, were all con fi rmed to have cholan gi ocarci n oma (posi ti ve predi cti ve value of 

100%); the n egati ve predi cti ve value was 13/17 (76 .5%) . 
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Combined accuracy 

The combin ed accuracy of cholan gioscopy impression , biopsy an d brush was 3 7  /45 (82 .2 %) .  

The sen sitivity was 9/14 (64. 3 %) an d the specificity was 28/ 3 5  (8 0. 0%}. The positive 

predictive value was 9/12 (75. 0%} an d the n egative predictive value was 28/ 3 3 (8 4. 5%) . The 

overall accuracy was 14/15 (9 3 . 3 %} in patien ts with PSC versus 2 3/ 3 0  (76 . 7%) in patien ts 

without PSC (p = 0. 3 38 ) .  

Complications 

There was on e complication (2 .2 %) : a patien t developed fever postoperatively for which 

an tibiotics were con tin ued for several days. The patien t recovered un even tfully. 

DISCUSSION 

This study represen ts a relatively large cohort on the accuracy of peroral cholan gioscopy an d 

biopsy for in determin ate bile duct lesion s. We foun d a fairly good overall accuracy at 82 %, 

although it was con siderably less than some previously published series at 93 an d 94% (Table 

3 ) .  Of particular in terest was the poor performan ce of the Spybite biopsies: over half the 

biopsies were n ot sufficien t for histopathologic an alysis or in con clusive. This was in sharp 

con trast with ex cellen t results of biopsies by Ramchan dan i et al an d Chen et al. On the other 

han d, con ven tion al brush cytology durin g peroral cholan gioscopy had addition al value 

compared to cholan gioscopy alon e in this series. 

It should be kept in min d that the patien t group is a challen gin g on e. Con ven tion al 

diagn ostics failed to yield a defin itive diagn osis in all patien ts despite MRCP an d/ or CT an d/ or 

EUS. On e third of the patien ts had primary sclerosin g cholan gitis (PSC) as complicatin g 

factor. In the light of these circumstan ces, an overall accuracy of 82 % may n ot seem so 

un acceptable. Furthermore, the results of cholan gioscopy should always be in terpreted 

together with that the other in vestigation s an d the clin ical con tex t. 

In the group of patien ts with PSC, the stakes of accurate diagn osis are especially high as 

these patien ts may require liver tran splan tation at on e poin t or an other. Eligibility for such a 

tran splan tation , an d thereby fair use of the limited supply of don or organ s, depen ds on the 

accurate distin ction between malign an t an d ben ign lesion s. An y addition al accuracy in this 

patien t group is welcome. T he risk of cholan gioscopy is low, as demon strated by the low 
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Table 3: medium to large sized studies of peroral cholangioscopy for patients with 

indeterminate bile duct lesions upon conventional imaging. Studies published before 1990 
were not included. 

Study No of 

patients 

Current study 45 

Draganov11 26 

Kala itzakis 117 

Siddiqui et a l12* 30 

Doi  et a l13 36 

Chen et a l5 226 

Albert et a l14 22 

Ramchandani  et 36 

a l6 

ltoi et a l15 144 

Kawakam i  et a l16 44 

Moon et al17 32 

Chen et a l18 20 

Shah et a l19* 62 

Fukuda et a l8 97 

Wang et a l20 99 

lgarash i  et a l21 99 

* abstract only 

Accuracy of Accuracy of Accuracy of 

cholangioscopy biopsies cholangioscopy and 

only biopsy 

35/45 {78%) 9/29 {31%) 37 /45 {82%) ** 

NA 22/26 {85%) NA 

NA 43/74 {58%) 102/117 {87%) 

NA NA 23/30 {77%) 

Assesses the image qual ity a nd not diagnostic accuracy 

95/119 {80%) 85/119 {75%) 

NA 

Accuracy not deductable from presented data 

32/36 {89%) 27/33 {82%) 34/36 {94%) 

Patients were unselected {had not undergone previous 

conventional investigation) 

Assesses the abi l ity to diagnose i ntraepithelial spread i n  

patients with confirmed m al ignancy 

Assesses success rate of procedure and not diagnostic 

accuracy 

17/20 {85%) 

NA 

NA 

18/20 {90%) 

NA 

NA 

18/20 {90%) 

NA 

93% **  

Assesses success rate o f  procedure a nd  not diagnostic 

accuracy 

Assesses success rate of p rocedure a nd not diagnostic 

accuracy 

** i ncludes brush cytology du ring cholangioscopy; NA = not avai lable 
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complication rate in th is series and oth ers. In our series ch olangioscop y in patients with and 

with out PSC was equally accurate. 

Th e accuracy of ch olangioscop y imp ression in our series (78%} was similar or slightly lower 

th an th at publish ed in previous series (80- 90%} as sh own in table 3 .  Th e overall accuracy 

(82 %} , too, was comparable to oth er studies (77-9 3 %} .  As stated earlier, th e largest 

diff erence was th e poor performan ce of Spybite biopsies in our series at 31%. Closest to our 

findings is th e study by Kalaitzakis et al, wh o report an accuracy of 58%. 

Th e taking, processing, analyzin g an d in terpreting of biopsies is a multidisciplin ary affair. 

Differen ces in path ologist profiles may influence th e amount of material needed to 

confidently in terpret cells as benign or malign an t. 

As th is was a single cen ter, single operator study, an operator eff ect on th e quality of 

biopsies cannot be ex cluded. However, th e volume of patien ts was relatively h igh , wh ich 

would be ex pected to in crease th e quality of th e biop sies. Th e discrepan cy between our 

results an d th at of oth ers warran ts th e publication of more large patien t coh orts so th at th e 

real value of biopsies can be assessed. 

Th e complication rate in th is series was low (1/46 patients) .Th is is in accordance with 

previous series reporting a complication rate around 5 %6
'
9

; th e main complication s being 

pancreatitis, ch olan gitis and bile duct perforation . It is p lausible th at ch olan gioscopy may be 

accompanied by a h igh er complication rate th an ERCP because of th e in creased irrigation 

an d manipulation of th e bile ducts, but th ere are curren tly no data to support th is. 

A major stren gth of th is study is th at it presen ts a relatively large coh ort of patien ts. It is 

somewh at limited by its partly retrospective n ature, alth ough th e records an d follow-up 

were of sufficient quality to ensure representative results. 

To improve tumour visualization , targeted imaging strategies may be emp loyed in th e future. 

Near-infrared fluorescen ce imagin g is a techn ique th at may enable tumour- specific imaging. 

To ach ieve th is, fluorescen t molecules would need to be con jugated to markers th at are 

specifically ex pressed in ch olangiocarcin oma. Ex amples of such markers are p5 3  mutation, 

cyclins, proliferation indices an d mucin s10
• Such markers can be furth er ex plored usin g pre

set criteria, for ex ample th e TASC criteria described by Van Oosten et al11• 

In conclusion, th is study confirms th at peroral ch olan gioscop y is a useful in vestigation in 

patients with indeterminate bile duct lesions in wh om conven tional investigations failed to 

yield a diagn osis. Th e disappointing yield of Spybite biopsies cann ot be readily ex plained. 

Furth er research will determin e wh eth er th e poor p erformance in th is series is an outlier. 
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In the first p art of this chap ter we discuss the theory behin d n ear-in frared fluorescen ce 

imagin g an d its p oten tial app lication s. In the secon d p art we demon strate the techn ique by 

mean s of a video article an d corresp on din g p rotocol. 

1 - THEORV 

Technique 

Fluorescen ce imagin g con sists of activatin g a fluorescen t con trast agen t (ex citation ) ,  which in 

turn emits light of a slightly lon ger wavelen ght. The ex citation an d registration of the emitted 

light is p erformed by fluorescen ce cameras which visualize the con trast agen t (tracer) . Near 

in frared (NIR) fluorescen t light, at a wavelen gth of 700 - 900 n an ometers has a n umber of 

advan tages for the p urp ose of imagin g of human tissue comp ared to visible light. It has a 

lower absorp tion in tissue an d thus p en etrates deep er than regular light. C urren tly, there are 

two clin ically available NIR fluorescen t agen ts: in docyan in e green (ICG) an d methylen e blue. 

An other op tical con trast agen t that is used is fluorescein e isothiocyan ate (FITC ) ,  but the 

wavelen gth of FITC is n ot in the NIR sp ectrum. 

After subcutan eous or in traven ous in jection of the fluorescen t agen t, lymp h n odes an d or 

blood vessels (amon g others) may be visualized to a dep th of up to on e cen timeter. If the 

fluorescen t agen t is con jugated to a tumoursp ecific molecule, tumours an d metastases may 

be sp ecifically visualized 1. There are a n umber of fluorescen ce cameras curren tly in use in the 

Netherlan ds; lap aroscop ic as well as op en systems. The n ewer gen eration cameras combin e 

the fluorescen ce images with the white light images of the surgical field. Also, they correct for 

light absorbtion an d reflection to p reven t false p ositive an d false n egative sign als. With the 

in tegrated fluorescen ce an d white light images, the surgeon can tran slate the fluorescen t 

images directly to the surgical field an d op erate accordin gly. 

Need for the technique 

Pre-op erative imagin g studies such as CT, PET an d MRI p rovide the surgeon in sight in to the 

an atomy, location of tumours an d their p osition with regards to vital structures. The 

tran slation of these images to the surgical field can be difficult. This leaves the surgeon 

dep en den t on his or her sight an d touch. C omp lication s such as iatrogen ic damage to 

an atomical structures (for ex amp le ~ 0.5% major bile duct in juries) an d irradical tumour 

resection s (for ex amp le 11-21% Rl resection s in breast-sp earin g surgery) do occur as a result. 
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A technique that would aid in clarifying the anatomy and identifying tumour margins would 

be of great value. 

Possibles areas of application 

Sentinel ly mph node procedures 

Most ex perience with fluorescence imaging is during sentinel lymph node procedures in 

surgical oncology. The sentinel lymph node is the first lymph node to which a tumour 

metastasizes. Analysis of this node often determines the further treatment and-or prognosis 

of the cancer. The current technique of sentinel lymph node detection with radioactive tracer 

and blue dye has drawbacks such as the perioperative logistics, the short half-life of the 

radiotracer, the use of radioactive material and the blue discoloration of the surgical field. 

NIR fluorescence imaging has no such drawbacks. After peritumoral injection of ICG the 

surgeon receives real- time visual information up to depths of 1cm (fatty) tissue. Sentinel 

node procedures have been conducted in ex perimental setting in breast cancer2 (figure lA) ,  

colon cancer, gastric cancer, melanoma, head and neck tumours, cervix cancer and vulva 

cancer. 

Recog nition of vital structures 

Non-specific fluorescent agents scan be used to delineate anatomic structures. lntraoperative 

NIR fluorescence for assessment of the vascularisation of skin- muscle resconstructions is an 

ex ample of such an application. ICG is mainly ex creted through the biliary tract and can thus 

be used to visualize bile ducts during liver or gallbladder surgery. Intravenously injected 

methylene blue is ex creted mainly in the kidneys and can therefore be used to visualize the 

ureters during intra- and retroperitoneal procedures (Figuur 1B) . 

Visualization of tumours and metastases 

Superficial liver tumours and metastases (up to 8mm under the liver capsula) may be 

detected with non-specific fluorescent tracers. After intravenous injection of ICG a 

fluorescent ring is seen around the lesions3• This is probably caused by stasis of ICG as a result 

of the interrupted bile flow around the lesions. In this manner small, non- palpable tumours 

are detected that are missed by intra- operative ultrasound. Preoperative imaging remains 

necessary to identify the deeper located lesions. 
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Recen tly, the first pil ot study was performed of a tumourspecific con trast agen t in patien ts 

with ovarian can cer1 . A fluorescen t tracer was used that con sisted of folate an d FITC. The 

fol ate bin ds to fol ate receptor alpha, a receptor ex pressed by 85% of ovary tumours but n ot 

by healthy cel l s. Aft er in tern al ization of the tracer, can cer cel l s can be visual ized by the 

camerasy stem (Figure 2 ) .  Fl uorescen t sign al was seen in all malign an t tumours an d 

metastases (up to a diameter of 0.5mm) an d in n on e  of the ben ign l esion s. 

Efficacy 

As of y et, efficacy studies have on ly been peformed for n on -specific NIR fluorescen ce imagin g 

in sen tin el n ode procedures. In a pilot study of 141 patien ts with breast can cer, a similar 

sen sitivity was achieved to that with the gold stan dard4• Large clin ical trial s on the differen d 

application s of NIR fl uorescen ce imagin g wil l ultimately determin e the val ue of the techn ique. 

Learning curve 

Fluorescen ce camerasystems an d software are user-frien dly .  Image guided surgery requires a 

certain eye-han d co-ordin ation but the learn in g curve is hort , especial ly for surgeon s who 

have ex perien ce with l aparoscopic procedures. There are in itiatives for short fl uorescen ce 

surgery train in g modules in Dutch medical cen tres. 

Future perspectives 

Recen tly, gran ts have been awarded in the Netherlan ds to further validate this ex perimen tal 

techn ique. Camera systems an d con trast agen ts are bein g optimalized. In creasin g the depth 

of pen etration of the fluorescen t light is an importan t area of research. 

Novel appl ication s of NIR fluorescen ce imagin g are for ex ample visualization of n erves an d 

in stable atheroscl erotic pl aques. New cl in ical grade con trast agen ts will en ter the market. A 

n ation al n etwork of physician s an d scien tists from differen t academic cen tres is devel opin g 

stan dardized protocols an d data registration . These efforts wil l resul t in an efficie n t  an d safe 

in troduc tion of this techn ique in to clin ical practice. 
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Figure 1. (A) Sentinel node procedure with NIR fluorescence in a patient with breast cancer (colour image 

on the left NIR fluorescence imaging in the centre and an overlay on the right). After periaureolar 

injection of /CG two subcutaneous lymphe vessels (white triangles) can be traced in the direction of the 

axil/a (upper row), after which the sentinel node (arrow) is visualised (lower row). (B) Intra-operative 

visualisation of a ureter after intravenous injection of methylene blue (arrow). 

Figure 2. lntraoperative visualization of peritoneal tumour deposits of ovarian carcinoma after 

intravenous injection of the tumour specific tracer folate-F/TC (colour image on the left, fluorescence 

image on the right). 
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2 - PRACTICIE 

The aim of t his vid eo art icle is t o  d emonstr at e  t he d et ect ion of t he SLN using intr aoper at ive 

fluor escence imaging in pat ient s  wit h cer vical and vulvar cancer . Fluor escence imaging is used 

in conjunct ion wit h t he st and ard pr oced ur e, consist ing of r ad iocolloid and a blue d ye. In t he 

fut ur e, intr aoper at ive fluor escence imaging might r eplace t he curr ent met hod and is also 

easily tr ansfer able t o  ot her ind icat ions like br east cancer and melanoma. 

Sentinel node 

Primary tumor Lymphatic vessels Non-sentinel nodes 

Figure 1. The sentinel lymph node (SLN) theory. The SLN is the first draining node from the tumor. 

1. lntraoperative Multispectral Fluorescence Camera 

A cust om-mad e  camer a syst em was d eveloped at d eveloped at t he Inst it ut e for Biological and 

Med ical Imaging ( IBMI, Technical Univer sit y/ H elmholt z Z entr um, Munich, G er many) in close 

in collabor at ion wit h Sur gOpt ix (Sur gOpt ix Inc, Red wood Shor es, CA, USA) . The set up of t he 

intr aoper at ive mult ispectr al fluor escence camer a syst em is shown in Figur e 2 .  
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1 .  Light passes t hr ough a syst em of opt ics and is separ at ed int o visible light , light at t he 

emission ( fluor escence) wavelengt h band and light at t he ex cit at ion wavelengt h 

band . These bund les ar e d et ect ed by CCD-camer as (CCD) (Figur e  2 ) . Mult i-spectr al 

signals fr om all camer as ar e pr ocessed in ord er t o  corr ect for art ifact s and yield tr ue 

quant it at ive fluor ochr ome bio-d istr ibut ion. Color and fluor escence signals can be 

d isplayed as separ at e  images on ext er nal monit or s  or super imposed in one image. 

2. The ex cit at ion and emission filt er s  of t he camer a ar e set in t he measur ement her ein 

t o  collect at 750 nm and 800 ±2 0 nm r espect ively. 
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2. Optical Contrast Agent Preparation 

1. The fluorescent cont rast ag ent indocyanine g reen (ICG , P ulsion AG , M unich, 

G ermany) is prepared under st erile condit ions. A concent rat ion of 0.5 mg/ ml is 

used. It is im port ant t o  use st erile dist illed wat er and not sodium chloride (NaC l) ,  as 

t he latt er will cause t he ICG t o  agg reg at e 

2 .  Aft er preparat ion, t he solut ion must be st ored in a dark, cool place t o  avoid fast 

det eriorat ion of t he fluorescence int ensit y by bleaching . Not e: from t his point 

forward keep t he ICG prot ect ed from lig ht 

3. lntraoperative Imaging - Setup and Injection of ICG 

1 .  The camera is posit ioned and init iat ed in t he operat ing t heat re prior to surg ery t o  

minimize int erference wit h t he st andard surg ical procedure, and connect ed t o  t he 

hig h-definit ion screens (Fig ure 2 B) .  

2 .  The camera is covered in st andard st erile drapes (C arl Z eiss Vision BV, Sliedrecht , t he 

Net herlands, OPMI Drape REF 3 06 071) by t he invest ig at or in st erile OR clot hing . 

3 .  Not e: care is t aken t o  use only clear disinfect ing ag ent s, as colored disinfect ing 

ag ent s are oft en aut ofluorescent and mig ht int erfere wit h t he imag ing procedure. 

M oreover, st erile drapes and surg ical markers can be aut ofluorescent . It is advised 

t o  t est all mat erials used in t he OR and t he operat ing field for aut ofluorescence prior 

t o  surg ery. 

4. The fluorescent cont rast ag ent indocyanine g reen (ICG ) is prepared under st erile 

condit ions. A concent rat ion of 0.5 mg/ ml is used. It is import ant t o  use st erile 

dist illed wat er and not NaC l, as t he latt er will cause t he ICG t o  agg reg at e. Aft er 

preparat ion, t he solut ion must be st ored in a dark, cool place t o  avoid fast 

det eriorat ion of t he fluorescence int ensit y. Not e: it is advisable t o  chang e g loves 

aft er preparing ICG ,  as even a sm all amount of spill of ICG may influence t he imag e  

qualit y. 

5. The imag ing procedure st art s aft er opening t he abdomen. When t he area of int erest 

is ex posed, t he camera is maneuvered int o t he operat ing field. The zoom and focus 

are adjust ed under st erile condit ions. Lig ht s in t he operat ing t heat re are swit ched 

off for bett er det ect ion of t he fluorescence sig nal. 
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Figure 2. Schematic picture of the multispectral fluorescence camera system (A). The basic setup 

of the camera system in the operating theatre (B). 
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6 .  1 . 0 m l  of 0.5 m g/ m l  ICG is m ix ed with 1. 0 ml  of the stan dar d  bl ue dye (pa ten t bl ue 

/ bl eu paten te ,  G uerbet, Fr an ce) in on e syr in ge. The sur geon in jects the con tr ast 

agen t in four quadr an ts ar oun d the pr im ar y  tum or ,  pr even tin g spil l  of the agen t. 

Note: in case of spil l  of ICG on the sur gical gl oves, it is n ecessar y to chan ge gl oves. 

Stil l  im ages or r eal- tim e videos ar e acquir ed of the l ym ph fl ow an d the appear an ce 

of the fl uor escen t sen tin el l ym ph n ode (Figur e 3 ) .  Al l im ages an d videos ar e dir ectl y 

saved on the com puter .  

Figure 3. Multispectral fluorescence imaging of a lymph node in vu/var cancer. Color image 

of a lymph node in vivo (AJ. Fluorescence image of the same lymph node, in vivo (BJ. 

Pseudocolor fluorescence image superimposed on the color image {CJ. 

C olor  Ov erlay 

C 

Figure 4. Multispectral fluorescence imaging of a lymph node ex vivo in cervical 

cancer. Color image of a lymph node ex vivo (AJ. Fluorescence image of the same lymph 

node, ex vivo {BJ. Pseudocolor fluorescence image superimposed on the color image {CJ. 
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7. Apart from fluorescence, the SLN is also detected according to the standard 

protocol, either using a gamma probe or by visual inspection for a blue 

discoloration, or both. The radioactive tracer is generally administered one day prior 

to surgery, aft er which a lymphoscintigram is performed fo r  detection of a 

radioactive SLN. This is part of the standard procedure and has no place in the 

fluorescence imaging protocol. 

8. Apart from fluorescence, the SLN is also detected according to the standard 

protocol, either using a gamma probe or by visual inspection for a blue 

discoloration, or both. The radioactive tracer is generally administered one day prior 

to surgery, after which a lymphoscintigram is performed for detection of a 

radioactive SLN. This is part of the standard procedure and has no place in the 

fluorescence imaging protocol. 

9. Real-time ex cision of the SLN is guided by both fluorescence and blue discoloration 

of lymph nodes. The real-time feature of the camera helps to detect for any remnant 

fluorescence or unex pected localizations of fluorescent nodes. 

10. After ex cision of the SLN, ex vivo images are acquired of all ex cised lymph nodes for 

the presence of a fluorescent signal. The ex posure time can be prol onged for higher 

resolution when capturing still images (Figure 4) . 

11. Histopathological ex amination of the lymph nodes reveals the presence or absence 

of tumor cells in the sentinel lymph node. 

4. Representative Results 
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Fluorescent lymph nodes can be detected with a high signal-to-background ratio. 

Also, flow of ICG through lymphatic vessels can be monitored allowing real- time 

lymph node mapping. Resul ts may be influenced by increasi ng depth of the node, 

possibly requiring different illumination procedures to achieve detection. Future 

application of specific tumor targeted fluorescent agents may provide intraoperative 

detection of a positive SLN with cancer cells using this technology. Results are shown 

in the video supplement. 
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DISCUSSION 

This video demon strates the application of multispectral in traoperative fluorescen ce imag in g  

techn ology for in traoperative detection of the sen tin el lymph n ode (SLN) in gyn ecologic 

on cology. The methodology has certain advan tages over the conven tion al SLN procedure. The 

in jection takes place durin g the surgical procedure itself with the patien t an esthetized rather 

than a day prior to surgery, which is more patien t-frien dly, especially in gyn ecologic can cers. 

Furthermore, in traoperative imagin g provides the surgeon with direct visual feedback of the 

lymph flow an d its drain age pattern to the SLN, rather than in directly via a G eiger-teller. In 

cervical can cer, where lymph n odes are located deep in the pelvis, this may help improve 

detection . 

Non etheless, the greatest sign ifican ce lies in the step-up approach towards targ eted imagin g. 

Targeted fluorescen t con trast agen ts may be fused with tumor-specific an tibodies or 

substrates specifically directed at tumor cells. In this man n er, in traoperative fluorescen ce 

imagin g has great poten tial to radically alter the curren t practice of on cologic surgery 

Disclosure: VN and GMvD are member of the scientific board of SurgOptix Inc. Prior to the procedure, 
the research protocol is approved by the local lnvestigational Review Board (IRB) and informed consent 
from the patient is acquired. 
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ABSTRACT 

Introduction: The curren t golden stan dard for bile duct visualization is in traoperative 

cholan giography (IOC) usin g radiopaque con trast. A promisin g n ew techn ology for bile duct 

visualisation is in traoperative fluorescen ce cholan giography {IFC) . Prior to the in itiation of IFC 

in human studies, the aim of this study was to describe the preclin ical con sideration s such as 

optimal con cen tration s of in docyan in e green {ICG ) in human bile, optimal ex citation an d 

emission wavelen gths an d pen etration depth. Furthermore we compared ICG to I RDye® 

800CW-CA, a n ovel clin ical grade fluorophore poten tially suitable for IFC: . 

Methods: Dilution series of ICG an d IRDye® 800CW-CA in human bile imaged at differen t 

ex citation an d emission wavelen gths. Fat-simulatin g tissue of differen t thickn ess was used to 

assess max imal pen etration depth. ICG an d IRDye® 800CW-CA were in jected in to 

ex trahepatic bile ducts of two ex plan ted pig liver specimen s an d compared to con ven tion al 

cholan giography of the same specimen s. 

Results: In human bile, the optimal con cen tration of ICG is > 0.005 an d < 0.0lmg/ ml; for 

IRDye® 8 00CW it is "' 0, 02 mg/ ml. Optimal ex citation an d emission wavelen gths for NIRF 

imagin g were 745n m an d 840 n m  respectively. The pen etration depth of IRDye® CW800-CA 

through fat resemblin g plaques was 7mm versus 5mm for ICG . ln trabiliary admin istration of 

ICG made it possible to iden tify the cystic duct an d its con fluen ce with the common bile duct. 

The obtain ed images were comparable with con ven tion al cholan giography as far the 

ex trahepatic bile ducts were con cern ed. 

Conclusion: IFC seems a promisin g n ew modality for in traoperative visualization of the 

ex trahepatic bile ducts. The curren t study has described several importan t preclin ical aspects 

that n eed to be taken in to accoun t in order to achieve optimal bile duct imagin g in human s. 
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INTRODUCTION 

lnt raoperat ive visualizat ion of bile duct s is n ecessary t o  prevent bile duct in jury durin g 

cholecyst ect omy. Diff erent modalit ies have been developed for t his purpose1 , t he most 

frequent ly used bein g int raoperat ive cholan giography (IOC) usin g radiopaque cont rast 

agent s. Ot her less common modalit ies in clude cholecyst ocholan giography, laparoscopic 

ult rasoun d an d dye cholan giography1 . A promisin g n ew modalit y is bile duct mappin g usin g 

fluorescen ce in t he n ear- in frared spect rum, also kn own as int raoperat ive fluorescen ce 

cholan giography (IFC) . 

In t heory, IFC has several import ant advant ages over IOC. It may be performed repeat edly 

an d if t he fluorescent cont rast agent is admin ist ered int raven ously it does n ot require 

select ive bile duct can n ulat ion . Furt hermore, t he real-t ime images are acquired in an earlier 

st age at t he earliest st art of t he procedure, even prior t o  dissect ion in t he t rian gle of Calot 

providin g bot h color an d fluorescen ce in format ion of t he localizat ion of t he ext ra hepat ic bile 

duct s. 

IFC has been performed earlier in an imals yieldin g ex cellent images. Tan aka et al mapped 

bile duct s in pigs an d could det ect art ificial in clusion s resemblin g bile duct st on es in t he 

common bile duct2 . Figuiredo et al demon st rat ed det ect ion of bile duct in jury in a mouse 

model3• IFC has also been performed in several pat ient s4• However, t he images obt ain ed in 

human subject s are of in ferior quality t o  t hose achieved in an imals, an d do n ot meet t he 

qualit y of t he gold st an dard which is con vent ion al IOC. 

Prior t o  t he in it iat ion of IFC in human st udies at our cent re, t he aim of t his st udy was t o  

ex plore preclin ical aspect s of bile duct mappin g. We aimed t o  compare t he t echn ique ex vivo 

wit h IOC, an d describe t he opt imal ex cit at ion an d emission wavelen gt hs an d t he opt imal 

con cent rat ion of in docyan in e green (ICG } an d IRDye 800CW-CA in human bile. Furt hermore, 

we compared ICG t o  a n ovel clin ical grade opt ical cont rast agent IRdye® 800CW-CA in t erms 

of int en sity of t he fluorescent sign al an d pen et rat ion dept h t hrough fat- simulat in g  fant om 

t issue, resemblin g t he often fatt y t rian gle of Ca lot . 

METHODS 

Fluorophores 

ln docyan in e green (ICG ) was obt ain ed from Pulsion M edical Syst ems AG , M un chen G erman y. 

IRDye® 800CW-CA was obt ain ed from LI-COR® Bioscien ces (Lin coln , Nebraska) . 
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Optimal concentration of ICG and IRDye® 800CW-CA in human bile 

Becaus e in creas in g  con cen trations of ICG may n ot corres pon d to an in creas ed fluores cen ce 

s ign al due to s elf-quen chin g of ICG , differen t con cen trations of ICG in human bile was 

evaluated for fluores cen ce activity. H uman bile was obtain ed with permiss ion from a patien t 

with a T- drain in the common bile duct after recons truction . Varyin g con cen trations of ICG 

were diss olved in the bile after which images were obtain ed us in g the IVIS Spectrum® 

(Caliper L ife Scien ces , H opkin ton , MA) . The s ame was don e us in g IRDye® S 00CW-CA 

diss olved in human bile. 

Optimal excitation and emission wavelengths for ICG and 1Rdye19 800-CW fluorescence 

imaging 

ICG an d IRDye® S 00CW-CA in the optimal con cen tration foun d in the previous ex perimen t 

(approx imately 0.007mg/ ml an d 0. 02 mg/ ml res pectively) were imaged at the differen t 

ex citation an d emiss ion wavelen gth options pres en t  at the IVIS Spectrum® . In this way an 

optimal ex citation an d emiss ion wavelen gth could be determin ed. 

Penetration depth of ICG and IRdye® 800CW fluorescence through fat-simulating tissue 

In order to determin e the max imal pen etration depth of the fluores cen t s ign al of ICG an d 

IRDye® S 00CW-CA, two thin trans paren t plas tic tubes (PVC, 0. 4mm thickn ess )  were filled 

with human bile with the predetermin ed optimal con cen tration of ICG an d IRDye® S 00CW

CA res pectively. Subs equen tly, layers of fat-s imulatin g tiss ue (ln tralipid• 2 0% (Sigma

Aldrich) ) were placed over the tubes . Nex t, the fluores cen t s ign al was meas ured us in g a 

prototype in traoperative n ear-in frared fluores cen t imagin g s ys tem5. 

ICG in ex-vivo porcine gallbladder specimens 

To ass ess the feas ibility of in traoperative fluores cen ce cholan giography, two porcin e 

s pecimens were obtain ed of liver, gallbladder an d pan creas . ln docyan in e green was in jected 

in to the gallbladder in an amoun t calculated to obtain the optimal con cen tration of ICG in 

bil e. The s pecimens were then placed in the IVIS Spectrum® an d colour an d fluores cen ce 

images were obtain ed. In addition , s tan dard radiographic cholan giography was performed 

on the biliary s ys tem. 
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RESULTS 

Optimal concentration of ICG and IRDye® S00CW-CA in human bile 

The fluorescen t stren gth of ICG an d IRDye® 800CW-CA at differen t con cen tration s are shown 

in Figure 1. The optimal con cen tration for ICG was foun d to be in between 0. 005 an d 0. 01 

mg/ ml. IRDye® 800CW-CA had an optimum 0. 02 mg/ ml. 

Optimal excitation and emission wavelength for ICG and IRDye® S00CW-CA fluorescence 

imaging 

Both ICG an d IRDye 800CW-CA were tested in a 96 -wells plate. The wells were imaged with 

the ex citation wavelen gths at 710 n m  an d 745 n m. The emission wavelen gths were 780n m, 

800n m, 82 0n m an d 840n m. IRDye® 800CW-CA emitted sign al of higher in ten sity than ICG at 

all wavelen gths: average sign al stren gth was 4. 8*1010 coun ts for IRDye® 800CW-CA versus 

7 .4*104 coun ts for ICG (p < 0. 001 ) . The optimal ex citation wavelen gth was 745n m for both 

fluorophores. I n  ICG the average coun ts measured were 1. 0* 106 at 745 n m  an d 9 . 8*105 at 

710 n m  (p = 0. 02 7 ) . For IRDye® 800CW-CA the values were 5. 9*1011 at 745 n m  versus 

5.5*1011 at 710 n m  (p = 0. 02 8) .  The optimal emission wavelen gth was 840n m for both 

fluorophores. 

Penetration depth of ICG and IRDye® S00CW-CA fluorescence through fat-simulating tissue 

Plastic tubes filled with ICG (0. 007 mg/ ml) remain ed visible un der a fat-simulatin g layer of 

up to 5mm. IRDye® 800CW-CA had a stron ger fluorescen t sign al (2 35 versus 71 arbitrar y 

un its, p < 0. 001 )  an d was clearly visible at up to 7mm. (Figure 2 ) .  

ICG in ex-vivo porcine gallbladder specimens 

The porcin e ex trahepatic biliary tract could be clearly delin eated with the ICG solution of 

~o . 007mg/ ml. The image obtain ed correspon ds fairly well with the regular cholan giography 

image. However, on the regular IOC image, several in trahepatic bran ches are visible too 

which could n ot be visualized by usin g IFC. (Figure 3 ) .  
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Figure 1: fluorescent signal of /CG and BOOCW -CA at different concentrations in human bile 
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DISCUSSION 

Bile duct in juries have been called the scourge of laparoscopic cholecystectomy. Although 

the in ciden ce has been somewhat reduced in the course of the global learn in g curve an d the 

in troduction of the ' critical view of safety' techn ique, it remain s an impor tan t issue in 

surgical practice. The classic method of bile duct visualization an d thus preven tion of bile 

duct in jury is in traoperative cholan giography usin g radiopaque con trast an d X -ray imagin g1 . 

Importan t limitation s of the techn ique are the fact that it can be cumbersome an d time 

con sumin g, an d that it requires the availability of a radiology assistan t. A min or limitation is 

the use of low dose ion izin g radioation . Of the (ex perimen tal) altern atives, n ear in frared 

fluorescen ce cholan giography seems to be the most promisin g modality1 . It is poten tially a 

fast, real-time, radiation -free method of in traoperative bile duct visualization . 

In this study we have demon strated several importan t pre-clin ical aspects of fluorescen ce 

cholan giography n ecessary prior to human use. Clearly, there is an optimal con cen tration of 

the fluorophore fo r bile duct imagin g. As has also been described by other groups, when the 

con cen tration of ICG is ex ceeds the optimal con cen tration the stren gth of the sign al 

sign ifican tly decreases (kn own as ' self-quen chin g' )6• M oreover, sign al stren gth differs 
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between fluorophores based on their chemical characteristics. ICG ,  curren tly most 

frequen tly used for IFC in patien ts, is certain ly n ot the stron gest of them, as demon strated in 

this comparison with IRDy e® 800CW-CA based on their sign al stren gth when dissolved in bile 

an d the pen etration of their sign al through fat- simulatin g tissue. The wavelen gth at which 

the fluorophore is ex cited an d imaged should be carefully chosen as this, too, greatly affects 

the stren gth of the sign al. Fin ally ,  we demon strated in ex vivo pig specimen the feasibility of 

accurate delin eation of the bile ducts, which is, in regar ds to the ex trahepatic bile ducts, 

compar able to con ven tion al r adiogr aphic cholan giography .  The abovemen tion ed factors 

n eed to be optimized before fluorescen ce cholan giography can be successfully implemen ted 

in a clin ical (operatin g theatre) settin g. 

Fir stly , the ex citation en emission specification s of the camera sy stem n eed to be optimized. 

This should n ot pose a problem as most (prototy pe) camerasy stems allow for chan gin g of 

len ses an d lasers. 

Secon dly ,  the optimal fluorophore n eeds to be used. The choice in ty pes of fluorophores is 

greatly limited by their (FDA) registr ation for use in patien ts. Cur ren tly ,  ICG is probably the 

most used fluorophore on the market for in- human use. It is ex pected that other 

fluorophores, such as IRDy e® 800CW-CA, will un dergo the n ecessary tox icity tests an d 

registration progr esses in or der to achieve FDA registration in the n earby future. 

Thirdly ,  the optimal con cen tration of fluorophore n eeds to be achieved in the biliary tract 

aft er in traven ous admin istration . This will be fluorophore- depen den t but there may also be 

an in ter-patien t variation . Dose fin din g studies will provide an swers to these question s. 

Naturally this step can on ly follow FDA registration as described in the previous paragraph. 

Secon dly ,  the optimal fluorophore n eeds to be used. The choice in ty pes of fluorophores is 

greatly limited by their (FDA) registr ation for use in patien ts. Curren tly , ICG is probably the 

most used fluor ophore on the market for in- human use. It is ex pected that other 

fluorophores, such as IRDy e® 800CW-CA, will un dergo the n ecessary tox icity tests an d 

registr ation progresses in or der to achieve FDA registration in the n earby future. 

Thirdly ,  the optimal con cen tration of fluorophore n eeds to be achieved in the biliary tract 

after in tr aven ous admin istration . This will be fluorophore- depen den t but there may also be 

an in ter- patien t variation . Dose fin din g studies will provide an swers to these question s. 

Naturally this step can on ly follow FDA registration as described in the previous paragraph. 
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Figure 2 IRDye BOOCW and /CG seen through layers of fatty simulating tissue of different 
thicknesses 

7mm 
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Figure 3 Ex -vivo pig gallbladder specimens perfeused with indoyanine green imaged at white 

light (A), with near -in/reared fluorescence imaging (BJ and an overlay reconstruction (C) 

C 

' , '  
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In con clusion , t he success of int raoperat ive fluorescen ce cholan giography depen ds on 

achievin g t he followin g crit ical compon ent s: i) t he fluorophore wit h t he highest int en sit y of 

fluorescent sign al, ii) opt imal con cent rat ion of fluorophore in t he bile duct s an d i i i) imagin g 

at t he opt imal wavelen gt hs. If t hese con dit ion s are met , fluorescen ce cholan giography can 

in deed be a fa st , real-t ime, radiat ion -free met hod of int raoperat ive bil e duct visualizat ion . 
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SUMMARY 

lntraoperative cholangiography 

Chapter 1 describes several important developments that paved the way for modern 

gallbladder surgery. An important step was the recognition in 16 09 of gallstones as the cause 

of ser ious conditions such as cholecystitis and choledocholithiasis. This led to practice of 

cholecystostomy (surgical stone removal) . The nex t important development was the 

recognition that gallstone disease could be cured by removing the entire gallbladder, and 

that patients did not suffer grave consequences from this operation. Cholecystectomy 

further evolved with the advent of laparoscopy approx imately 100 years aft er the first open 

cholecystectomy. H owever, this development came at a price: the rate of major bile duct 

injury (BDI) more than doubled in the following years. 

In response to the increased risk of BDI with laparoscopic cholecystectomy, safety 

precautions to improve the intraoperative assessment of the biliary anatomy were 

implemented. The evidence in favour of the different techniques is presented in Chapter 2 .  

The 'critical view of safety' (CVS) approach is accepted by most guidelines and commentaries 

as the surgical technique of choice to minimize BDI risk. Data on the efficacy of this 

technique in preventing BDI is, however, is scarce. lntraoperative cholangiography is 

associated with lower BDI risk in a pooled analysis of large cohort studies (OR 0. 68, Cl 0. 61-

0. 75) . However, it carries ex tra costs, prolongs the procedure and may be ex perienced as 

cumbersome. The evidence for IOC dates largely from the pre-CVS era. Further research is 

necessary to fully establish the role of IOC in laparoscopic cholecystectomy anno 2 010. 

An established reliable alternative to IOC is laparoscopic ultrasound, but its longer learning 

curve limits widespread implementation. Cholecystocholangiography (injection of radio 

contr ast directly into the gallbladder) and dye cholangiography (using colored dye) are 

simple techniques but yield poor quality images. Light cholangiography, requiring retrograde 

insertion of an optical fiber into the common bile duct, is too unwieldy for routine use. 

Ex perimental techniques are passive infrared cholangiography, hyperspectral 

cholangiography and near-infrared fluorescence cholangiography. The latter two are 

performed non- invasively and provide r eal-time images, making them promising options and 

warranting further research. 

Aft er summarizing the available evidence in the literature, we aimed to describe what 

actually takes place in daily practice. The safety precautions taken by surgeons and in the 

Netherlands were assessed by means of a nationwide survey in Chapter 3 .  The number of 

cholecystectomies performed yearly by the respondents accumulated to around around 60% 

154 



______________ S ummary, g en eral discussi on an d recomme n dati on s 

of the n umber performed yearly in the Netherlan ds. The distribution of the respon den ts with 

regard to types of hospitals was similar to that in the gen eral population of Dutch surgeon s. 

Thus, the survey provided a reliable represen tation of Dutch surgical practice. 

The CVS techn ique is curren tly used by 98% of the surgeon s. In the majority of cases it is 

documen ted in the operative n otes an d oft en (> 6 0%} augmen ted by photography or video 

images. Of all Dutch surgeon s, 53 % n ever perform IOC, 41% perform it in ciden tally an d on ly 

3 %  of the surgeon s perform IOC routin ely. A total of 1 05 BDI were reported, of which 1 9  

were major BDI in volvin g the common bile duct. In con clusion , the CVS approach in 

laparoscopic cholecystectomy is embraced by virtually all Dutch surgeon s, but IOC seems to 

be an en dan gered skill. 

To ex plore the role of IOC in modern surgery (i.e. in the CVS-era) , a retrospective cohort 

study was con ducted of cholecystectomies before an d aft er implemen tation of a routin e IOC 

policy, described in Chapter 4. The rate of major BDI was 1.9% before implemen tation , 

opposed to 0% aft er implemen tation of routin e IOC (p= 0.004) . The rate of min or BDI did n ot 

differ sign ifican tly between the two groups. 

Besides fewer BDI, more CBD ston es were detected after implemen tation of routin e IOC 

(4.8% versus 1.0%, p= 0.001)  an d they were man aged in traoperatively more frequen tly (2 .8% 

versus 0. 7%, p= 0.02 3 ) .  There was also a tren d towards a reduction in preoperative an d 

postoperative ERCPs an d other in terven tion s for CBD ston es (1 9 . 1 % versus 2 4.2 %, p= 0.067 ) . 

These results suggest that routin e IOC has a place in modern gallbladder surgery. 

Notwithstan din g its documen ted ben efits, there is resistan ce to IOC by man y surgeon s, as 

may be apparen t from Chapter 3. On e of the reason s for this phen omen on is that the IOC 

procedure can be time-con sumin g an d cumbersome. To address this con cern , we assessed 

an altern ative in strumen t for IOC: the Kumar clamp. Chapter 5 describes the results of this 

ran domized trial. Twen ty-eight patien ts un derwen t cholan giography usin g the Kumar 

can n ulation techn ique an d 22 usin g the Olsen techn ique. Success rates of IOC were similar 

for both clamps. The Kumar clamp was n either faster n or easier than the Olsen clamp. 

Therefore, in dividual surgeon preferen ce should dicate which clamp is used. From the results 

of this trial, un fortun ately, the Kumar clamp can n ot be seen as an in strumen t that will lower 

the threshold for surgeon s to perform IOC. 

Documenting biliary anatomy 

The guidelin es of the Dutch Assocation of Surgery recommen d documen tin g achievemen t of 

the CVS for education al an d medicolegal purposes. From the survey presen ted in Chapter 3 it 
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became appar ent that most of the sur geons document the CVS in the oper ation notes and 

suppor t it with a photogr aph. Stor ed IOC images may also ser ve as a way to document 

corr ect identification of the cy stic duct. In Chapter 6 photogr aphs of the CVS an d IOC images 

of 6 3  patien ts wer e assessed by thr ee ex per t abdomin al sur geon s. Photogr aphs of the CVS 

wer e conclusive in only 2 7% of patien ts, IOC was con clusive in 57% (p< 0.001 ) . Both 

photogr aphs and IOCs per for med especially poor ly in patien ts with (a history ) of 

cholecy stitis. This study illustr ates that pr otocols an d tr ain in g ar e necessary for adequate 

documen tation of assessmen t of biliary anatomy .  F ur ther mor e, photogr aphs may simply just 

not do the tr ick and we may n eed to move on to video r ecor dings of sur gical pr ocedur es. 

D ocumen tin g biliary an atomy has l egal impl ication s as BDI is n ot an un common 

gr oun d for litigation claims again st sur geon s. Athough the pr ecise r ole of stor ed lapar oscopy 

images in cour t of law has y et to be deter min ed, they ar e per son al data un der the D utch 

Per sonal D ata Pr otection Act (W et Bescher ming Per soonsgegeven s) . Er go, they ar e subject to 

in sight fr om phy sicians, the patien t an d the public pr osecutor . It ther efor e seems desir able 

also fr om a medicolegal poin t of view that sur geon s document oper ation details as pr ecisely 

as possibl e. 

Cholangioscopy 

Movin g fr om benign to malignant biliary disease an d fr om the outside of the bile ducts to the 

en doluminal sur face, in Chapter 7 we assessed the diagn ostic accur acy of per or al 

cholan gioscopy in patien ts with in deter min ate biliary irr egular ites. Cholan gioscopy y ielded 

valuable ex tr a in for mation compar ed to con vention al investigations. The accur acy of 

cholangioscopy combined with biopsy and br ush was 82 %, compar ed to > 90% in pr evious 

studies. The y ield of the cholan gioscopy guided biopsies alone was outr ight disappointing; 

over half the specimens wer e  inconclusive or not usable. In pr evious studies the accur acy of 

biopsies was above 80%. M or e  studies ar e n eeded to demonstr ate whether the poor 

per for mance in our ser ies is an outlier or that pr eviously published ser ies do n ot accur ately 

por tr ay daily pr actice. 

Fluorescence imaging 

Chapter 8 descr ibes the technique of intr aoper ative fluor escen ce imaging, a n ovel techn ique 

that may pr ove highly useful in delin eating the biliary tr ee, both for ben ign conditions and 

malignan t lesions. The technique r elies on the fact that specific molecul es (fluor ophor es) , 

when 'ex cited' by a laser at a par ticular wavelength, subsequen tly emit light at a slightly 
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hig her waveleng th. The key to in traoperative imag ing is to mark the org an (or tumor) of 

in terest with a hig her con cen tration of said fluorophore in order to visualize it with an 

in traoperative imag ing system. 

Chapter 9 ex plores several preclin ical aspects of bile duct imag ing that n eed to be con sidered 

for optimal bile duct imag ing . Successful fluorescen ce cholang iog raphy requires the optimal 

fluorophore in optimal con cen tration imag ed at the optimal waveleng th. In our pre-clin ical 

studies IRdye 800CW seems to compare favourably to the more common ly used ICG , but it 

has n ot been cleared for use in patien ts yet. When using ICG , the optimal con cen tration lies 

between 0.005 an d 0.01 mg/ ml. The optimal ex citation an d emission waveleng ths of ICG in 

bile are 745n m an d 84 0n m respectively. A pen etration depth of the fluorescen t sig n al of up 

to 5mm may be ex pected. 

GENERAL DISCUSSION 

Main results 

The g oal of this thesis was to evaluate established an d ex perimen tal techn iques for 

in traoperative assessmen t of the biliary tree. We have shown that of the differen t protective 

measures to preven t bile duct in jury, there is a larg e body of eviden ce in support of 

in traoperative cholang iog raphy (IOC) . In fact, there is more eviden ce for the much disputed 

IOC than for the critical view of safety (CVS) , which seems to be widely accepted. In the 

modern surg ical era we documen ted the reduction of bile duct in juries after implemen tation 

of a routin e IOC policy. As a con sequen ce of this policy chang e, areduction in peri- operative 

ERCPs was also seen . Our n ation -wide survey among surg eon s reveals that IOC is hardly ever 

practiced an ymore in the Netherlan ds. In the secon d part of this thesis we in troduced 

fluorescen ce cholang iog raphy as a possible altern ative for IOC an d described the parameters 

that n eed to be con trolled for optimal imag ing . Fin ally, our study con firms the addition al 

value of peroral cholang ioscopy where in determin ate strictures of the biliary tract are 

con cern ed. 

lntraoperative cholangiography for delineating the biliary tract 

The practice of in traoperative cholang iog raphy varies g reatly within an d between coun tries. 

In a larg e cohort of Australian cholecystectomies, IOC was performed in 6 0% 1. A survey 

among American surg eon s revealed that aroun d 25% routin ely performs IOC2 , fig ures from 

upper GI surg eon s in G reat Britain are similar3• A recen t paper from Western Fran ce reports 
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t hat 83% of t he respondent s  pract iced rout ine IOC4• Alt hough t he numbers vary ,  all are 

subst ant ially higher t han t he 3% rout ine IOC use we found among Dut ch surgeons5 • 

The reason for t he low rat e of IOC use is probably in part relat ed t o  t he fact t hat ERCP is 

readily available in Dut ch hospit als. In t he past , ERCP has been used as a diagnost ic t ool as 

well as t herapeut ic t ool for common bile duct st ones. Wit h  t he int roduct ion of ERCP, IOC no 

longer seemed necessary for st one det ect ion. The posit ive effect of IOC on t he odds of bile 

duct inj ury (BDI) appears t o  have been overlooked and t he baby may have been t hrown out 

wit h t he bat hwat er. 

Anot her cause cont ributi ng t o  t he abandoning of IOC is t he feeling among surgeons t hat t he 

procedure is cumbersome and prolongs surgery . Especially in t he cont ext of so- called 

'gallbladder st reet s', t he 10-15 minut es ext ra surgery t ime per case allows t he operat ion of 

five inst ead of six pat ient s  per day . In addit ion, t he number of pat ient s t hat have t o  undergo 

cholecy st ect omy wit h  IOC t o  prevent one BDI (i. e. t he number needed t o  t reat ) ,  is high. The 

'reward' for performing IOC may t herefore not be clearly felt by t he surgeon. Finally ,  concern 

has been raised about t he ability of surgeons t o  correct ly int erpret int raoperat ive 

cholangiograms. Report s  have been published on incorrect ly int erpret ed IOCs t hat did not 

lead t o  int raoperat ive det ect ion of BDI. We feel, however, t hat t his is a st rong argument in 

favour of incorporat ing IOC in t he surgical t raining (t hus developing t he ability t o  int erpret 

IOC) rat her t han an argument against it . 

As discussed in t he Chapt er 2 ,  t here is no level A evidence t hat IOC lowers t he odds of BDI. 

Unfortunat ely , in t his t hesis, we were not able t o  provide t his level A evidence eit her. It has 

been post ulat ed t hat a sufficient ly powered randomized cont rolled t rial t o  demonst rat e t he 

beneficial effect of IOC on BDI requires 15'000 - 3 0'000 subject s6• The level B evidence (i. e. 

homogenous large cohort st udies) t hat was present ed in t his t hesis has been crit icized. All of 

t hese cohort st udies looked at whet her IOC was performed, and not whet her IOC was 

attempted. Pat ient s in whom IOC is hard t o  perform due t o  t he local anat omy or 

inflammat ion may be at increased risk for BDI. However, a bias in t he opposit e  direct ion is 

also plausible, as we have described in one of our brief communicat ions. In t his scenario, IOC 

could have been att empt ed more oft en in pat ient s  of whom t he surgeon t hought were at 

increased risk of BDI or where BDI was already suspect ed. 

There have been report s  of small t o  medium- sized series of cholecy st ect omies wit hout IOC 

wit h  a low BDI rat e. However, as t he absolut e incidence of BDI is low any how, t he result s of 

t hese series may be att ribut able t o  ex pect ed variat ion. 

The ' number needed t o  t reat ' (i. e. t he number of IOCs t hat need t o  be performed t o  prevent 

one BDI) depends on t wo fact ors. The first fact or is t he prot ect ive effect of IOC, which has 
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been reported to be between 25% an d 50%. In the meta-an alysis we presen ted in Chapter 2 

it was 32 %. The secon d factor is the in ciden ce of BDI in cholecystectomies without IOC. The 

in teraction between protective effect, baselin e BDI an d n umber n eeded to treat is shown in 

figure 1 .  It shows clearly that the higher the baselin e BDI rate, the lower the n umber n eeded 

to treat to preven t on e BDI. F rom this figure it seems ration al to compel in stitution s with a 

BDI rate of 1 %  or higher to implemen t a routin e IOC policy. At a 3 3 %  reduction in BDI, this 

would yield a n umber n eeded to treat of 3 00; at 50% reduction , the n umber n eeded to treat 

would be 2 00. 

Risk reduction by use 
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Figure 1: graph portraying the number needed to 'treat' with intraoperative cholangiography 

to prevent one major bile duct injury, taking into account different magnitudes of the 

protective effect of JDC. 

It is importan t for in stitution s to be aware of their BDI rate. A n ation -wide registry of 

cholecystectomies an d BDI, in an alog y  with the Dutch Colorectal Audit, could serve in 
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pr oviding institutions with insight into the ir com plication r ate in com par ison with the 

national com plication r ate or with a pre spe cifie d  acce ptable com plication r ate .  

It is possible to calculate the cost-e ffe ctive ne ss of IOC. Ander sse n  e t  al calculate d the costs of 

m ajor bile duct injur y in Swe de n to be ar ound EUR 15'000 in hospital costs and a stagger ing 

EUR 92'500 in cost of sick le ave and loss of pr oduction. Adjuste d for the aver age inflation of 

2 . 08% per ye ar in the Eur o  zone this am ounts to ar ound EUR 1 8'500 hospital costs and EUR 

11 3 '500 other costs per BDI. Assum ing a 0.5% m ajor bile duct injur y, IOC could cost EUR 165-

3 3 0 to be over all cost-e ffe ctive . If only hospital costs are include d, IOC would be cost

e ffe ctive at EUR 2 3 -46 . This analysis doe s  not take into account the cost 'savings' of the low 

but de finitive m or tality associate d with bile duct injur y, the cost of me dico-le gal claim s, nor 

the savings of MRCP or ERCP not be ing e xe cute d. 

We re cognize that this the sis doe s not pr ovide the le ve l A e vide nce that is ne ce ssar y to close 

the discussion on IOC. The cohort study de scr ibing the r ate of bile duct injur y be fore and 

after intr oduction of IOC (chapter 4) m ay be cr iticize d for its re lative ly sm all size . In case of 

the ge ner ally re porte d m ajor bile duct injur y r ate of 0.5%, it would indee d be under powere d 

to dem onstr ate a be ne ficial e ffe ct of IOC. In our ce ntre , howe ver ,  we had an unacce ptably 

high m ajor bile duct injur y r ate of 1 . 9% be fore intr oduction of IOC, and as such, the number 

nee de d  to tre at to pre ve nt one BDI was re lative ly low. 

The study se rve s to dem onstr ate that institutions concer ne d  about the ir bile duct injur y r ate 

should consider im pleme nting r outine IOC. The study is also the fir st to de scr ibe the 

be ne ficial e ffe cts of IOC in a cohor t of patie nts in which the cr itical vie w of safe ty appr oach 

was consiste ntly use d. 

Patient safety attitude 

An attitude change on patie nt safe ty pr otocols, towar ds one com par able to that in 

commer ci al aviation, m ay be ne ce ssar y be fore IOC can be come a r outine pr oce dure in the 

Ne ther lands. Incre asingly, le ssons are be ing le ar nt fr om pilot safe ty pr otocols. An im portant 

e x am ple is the intr oduction of the SURPASS che cklist into the per i-oper ative pr oce ss. The 

SURPASS che cklist is an e x te nsive list of item s that nee d  to be che cke d by var ious member s 

of the sur gical te am , including the planner , sur ge on, re side nt, ane sthe siologist and (scr ub) 

nur se . Differe nt par ts of the list are com ple te d in the pre -, intr a- and post-oper ative 

tr aje ctor y. A landm ar k paper by De Vr ie s  e t  al7 found that m ortality in sur gical patie nts 

dr oppe d fr om 1 .5% to 0. 8%  after intr oduction of the SURPASS che cklist. In contr ol hospitals 

where the che cklist was not intr oduce d, the m or tality did not change . Be side s the 
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development of this s pecific checklis t, the s tudy is important becaus e it provides the 

evidence that adopting s uch protocols does indeed improve the quality of care for patients . 

A pre-flight lis t us ed by pilots , but to our knowledge not y et by s urgeons , is the 'l' M SAFE' 

acrony m. W ith this acrony m, the pilot ass ess es hims elf for Illness , Medication, Stress , 

Alcohol, Fatigue and Emotions . Such a s elf- ex amination provides ins ight into factors that may 

impair decis ion making and technical s kills . 

Bes ides s cientific evidence and intrins ic motivation, ex ternally motivating factors may play a 

role. This could be in the form of national recognition for performing s afety interventions 

s uch as IOC. Another important incentive for a change for the better would be that health 

ins urers s tart to compens ate the s urgeon for the time and material s pent on IOC. 

Cons idering the evidence that IOC is probably cos t- effective8 in the long run, this s eems 

reas onable. 

Transparency in (surgical) care 

Surgeons are increas ingly required to provide trans parency concerning their treatment of 

patients . It is plaus ible that operation notes alone will s oon not be s uff icient to prove correct 

treatment of the patient. W e  demons trated that one third of the Dutch s urgeons takes 

photographs of the critical view of s afety .  However, although s till images are more objective 

than operation notes , this may not be enough either. Video fragments9 or even recordings of 

the entire procedure10 are the future of laparos copic s urgery . 

Additionally , all s poken tex t and other s ounds in the operating theatre could be recorded. In 

this way , the interpretation of the images may be better documented. Part of the 

interpretatation is not ex press ed in words and is therefore not captured in this way . 

Nonetheless , there is a lot of s imilarity between max imal trans parency in the operating 

theatre and black box recorder us ed in commercial aviation. 

lntraoperative cholangiography for detection and treatment of stones 

W e  demons trated that more common bile duct s tones were detected when IOC was us ed 

routinely . The number of peri-operative ERCPs decreas ed. IOC is a us eful method to identify 

the need for pos t- operative ERCP in low to intermediate ris k  patients , as demons trated for 

ex ample in patients with mild to moderate pancreatitis11 • Taken one s tep further, IOC 

facilitates the ex traction of common bile duct s tones during s urgery . 
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Ther e is in cr easin g ev iden ce that such a on e-step appr oach to choledochocholecystolithiasis 

has adv an tages ov er a two step appr oach. On e option is the sur gical on e-step appr oach 

{tr an scystic ston e ex tr action or choledochotomy} . This appr oach r equir es an ex per ien ced 

sur geon , but substan tially decr eases the dur ation of hospital admission12
• An other on e-step 

appr oach is the so-called r en dez-v ous pr ocedur e con sistin g of ERCP at the same time as 

cholecystectomy. 

In a meta-an alysis the r en dez-v ous pr ocedur e was shown to decr ease complication s an d 

hospital stay in patien ts with cholecystocholedocholithiasis13• As sub-specialization con tin ues 

in the Dutch health car e, it is plausible that specialized upper G I  sur geon s will do mor e on e

step pr ocedur es for these patien ts, with or without the help of their gastr oen ter ology 

colleagues. 

Peroral cholangioscopy 

Dir ect v isualization of the biliar y tr act by per or al cholan gioscopy has ev olv ed substan tially in 

the past decades as a r esult of impr ov ed fiber optical en doscopes that n ow allow sin gle user 

cholan gioscopy. On e application for this in cr easin gly popular techn ique is 'difficult' common 

bile duct ston es. These ar e ex ception ally lar ge or impacted ston es in which pr ev ious 

conv en tion al techn iques such as ERCP en shock wav e  lithotr ipsy hav e failed. The medical 

liter atur e on the topic, in cludin g r epor ts fr om our own medical cen tr e  r ev eal a success r ate 

of ar oun d 90% for ston e clear an ce usin g per or al cholan gioscopy14
• 

Novel techniques for bile duct imaging 

I n  addition to dedication to safe ty pr otocols, safer gallbladder sur ger y will be made possible 

by the dev elopmen t of n ov el techn iques to delin eate the biliar y an atomy. Nov el can n ulation 

techn iques for IOC , such as the Kumar clamp, ar e pr obably n ot the an swer .  Rather , we 

should look in the dir ection of alter n ativ e imagin g possibilities, such as fluor escen ce imagin g. 

This techn ique has the poten tial of bein g a r adiation -fr ee r eal-time imagin g modality to 

pr ov ide impr ov ed in sight in to the {biliar y} an atomy. Un til n ow, the most impor tan t in fr ar ed 

dye that has been used is in docyan in e gr een , as it has been clear ed for use in patien ts {table 

1} . Howev er ,  ther e ar e impor tan t disadv an tages to in docyan in e gr een . Fir stly, it is r etain ed in 

the liv er for a r elativ ely lon g time after in tr av en ous admin istr ation . The v isibility of the bile 

ducts is ther efor e impair ed when v iewed upon a backgr oun d of liv er tissue. Secon dly, the 

fluor escen t sign al emitted by ICG is in fer ior to, for ex ample that of 800-CW. Nov el 

fluor ophor es for patien t use may ther efor e impr ov e the pen etr ation str en gth to beyon d 

what is curr en tly possible with ICG .  

162 



______________ Summary, gen eral discussion an d recommen dation s 

Fluorescen ce imagin g can also be directed towards detection of malign an t lesion s of the bile 

ducts. To achieve this, fluorescen t molecules n eed to be con jugated to tumor-specific 

molecules. This feat was recen tly accomplished for the first time in ovarian can cer15 • In the 

case of biliary can cer such an imagin g modality could serv e to improve diagn osis durin g 

fluorescen ce cholan gioscopy an d improve surgical resection margin s peroperatively. Suitable 

targets can be selected usin g the TASC criteria16
• 

Combin ed with other radiological markers, fluorescen ce imagin g may play an importan t role 

in tran slatin g pre-operative radiological studies to the surgical field. As of yet, the techn ique 

is still ex perimen tal. Efficacy an d validation studies n eed to be don e an d, if successful, major 

train in g an d equipmen t chan ges will be n ecessary before it can be widely implemen ted. 

FINAL OUTLOOK AND RECOMMENDATIONS 

This thesis con firms that in traoperative assessmen t of biliary an atomy is crucial for 

preven tion of bile duct in jury (BDI } .  There are opportun ities to re- in tegrate the man agemen t 

of common bile duct ston es an d gallbladder ston es to offer patien ts a on e-step approach 

an d to spare them un n ecessary invasive procedures. 

The critical view of safety approach should be used for every laparoscopic cholecystectomy. 

We recommen d routin e in traoperative cholan giography (IOC} for medical cen tres con cern ed 

about their BDI rate, or with a BDI rate of � 1%. The n umber n eeded to treat to preven t IOC 

decreases when the baselin e BDI rate is high. IOC should play an in tegral role in the 

programme of surgical train ees. For surgeon s who are n ot, or in sufficien tly, familiar with IOC, 

the threshold to perform it is high, even in patien ts in whom the an atomy is un clear. 

Altern atively, laparoscopic ultrasoun d is an ex cellen t in traoperative imagin g modality for 

those dedicated to its use. 

The critical view of safety an d the in traoperative cholan giogram should be carefully 

documen ted for tran sparen cy, safeguardin g of quality of care an d medicolegal reaon s. Video 

images should be used wherever possible. 

In patien ts at in termediate risk of common bile duct ston es, we advocate a 'cholecystectomy 

first' approach with IOC. In this way, patien ts without common bile duct ston es may be 

spared un n ecessary ERCP. In those that do turn out to have common bile duct ston es, 

various option s are possible. Patien ts at in termediate risk may be iden tified by n eural 

n etworks in corporatin g clin ical sign s an d symptoms, laboratory values an d ultrasoun d 

cha racteristics17
• 
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Small solit ary st on es (<S mm) , may be flushed t hrough t he common bile duct aft er 

int raven ous admin ist rat ion of glucagon t o  relax t he sphin ct er of Oddi. St on es 5- l0mm in 

diamet er may be ret rieved int raoperat ively by t ran scyst ic ext ract ion . Larger st on es an d 

st on es in t he prox imal common bile duct associat ied wit h a dilat ed common bile duct may be 

man aged i nt raoperat ively by choledochot omy. However, t his requires con siderable surgeon 

ex perien ce. In pat ient s wit h alt ered upper gast roint est in al an at omy such as aft er B2 gast ric 

resect ion , choledochot omy, if t he ex pert ise is present , should be first choice. Ot her pat ient s 

are best man aged by post- operat ive ERCP. 

In t he cat egory of pat ient s wit h proven dif ficult common bile duct st on es, peroral 

cholan gioscopy wit h laser lit hot ripsy should be con sidered as an alt ern at ive t herapy where 

con vent ion al mean s fail. Peroral cholan gioscopy is also t he met hod of choice in 

charact erizin g in det ermin at e  bile duct lesion s where con vent ion al imagin g modalit ies were 

in con clusive. 

Novel rout es t owards easier, fast er an d cheaper bile duct imagin g, such as n ear- in frared 

fluorescen ce cholan giography, warrant furt her ex plorat ion . The pot ent ial applicat ion s of 

such n ovel modalit ies en compass bot h assessment of biliary an at omy an d charact erizat ion of 

in det ermin at e  bile duct lesion s. 
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SAMENVATTING 

lntraoperatieve cholangiografie 

Hoofdstuk 1 beschri jf t de belangri jke ontwi kkeli ngen di e ten grondslag li ggen aan de 

galblaaschi rurgi e zoals di e wi j nu kennen. Het besef dat de aanwezi ghei d van galstenen 

samen hangt met aandoeni ngen als cholecysti ti s en choledocholi thi asi s was een belangri jke 

stap hi eri n. Di t lei dde tot het verri chten van cholecystostomi e ( een chi rurgi sche procedure 

waarbi j ni et de hele galblaas maar enkel de stenen worden verwi jderd) . De volgende 

ontdekki ng was dat galsteenli jden verholpen kon worden door de gehele galblaas te 

verwi jderen zonder dat patie nten hi er veel hi nder van ondervi nden. 

De cholecystectomi es evolueerde verder met de komst van de laparoscopi e, ci rca 100 jaar na 

de eerste open cholecystectomi es. Deze ontwi kkeli ng had echter een schaduwzi jde: het 

percentage majeure galwegletsels verdubbelde i n  de daaropvolgende jaren. 

Het verhoogde ri si co op galwegletsel lei dde tot betere techni eken om de galboom 

peroperati ef i n  beeld te brengen. Het bewi js voor de verschi llende techni eken wordt 

ui teengezet i n  Hoofdstuk 2 .  De ' cri ti cal vi ew of safety' (CVS) techni ek wordt i n  de meeste 

ri chtli jnen aangeraden als eerste keus om galwegletsel te voorkomen. Het ontbreekt echter 

aan harde data over de effectivi tei t van deze techni ek. lntraoperati eve cholangi ografi e ( IOC) 

gaat gepaard met een lager ri si co op galwegletsel i n  een analyse van grote cohortstudi es (OR 

0.68, Cl 0.61-0. 75) . Nadelen van IOC zi jn ex tra kosten, verlengi ng van de operati eduur en het 

de procedure kan als moei zaam worden ervaren. Het bewi js voor IOC dateert veelal ui t de 

peri ode voor i ntroducti e van de CVS. Verder onderzoek i s  nodi g om de plaats van IOC te 

bepalen i n  de 21ste eeuw. 

Een alternati ef voor IOC i s  laparoscopi sche echografi e, maar deze techni ek kent een lange 

leercurve. Cholecystocholangi ografi e ( het i nspui ten van ro ntgencontrast di rect i n  de 

galwegen) en dye cholangi ografi e (i njecti e van kleurstof) zi jn gemakkeli jk maar leveren 

slechte beelden. Li cht cholangi ografi e, door mi ddle van retrograde posi ti oneri ng van een 

opti sche vezel i n  de ductus choledochus i s  te omslachti g om routi nemati g te gebrui ken. 

Ex peri mentele techni eken zi jn passi ef i nfrarood cholangi ografi e, hyperspectral 

cholangi ografi e en nabi j-i nfrarood fluorescenti echolangi ografi e. De laatste twee zi jn 

veelbelovende non-i nvasi eve techni eken di e real-ti me beelden opleveren. 

Volgend op de samenvatti ng van de li teratuur verri chten wi j een i nventari sati e van de 

dageli jkse prakti jk. Mi ddels een landeli jke enquete vroegen wi j chi rurgen naar de 

vei li ghei dsmaatregelen di e zi j nemen, de resultaten zi jn beschreven i n  Hoofdstuk 3. Het 

168 



__________________ S am env atti ng, d isc uss i e en aanbeveli ngen 

jaarlijks aantal cholecystectomieen wat d oor d e  respond enten kwam overeen met circa 6 0% 

van d e  cholecystectomieen d ie jaarlijks in Ned erland wa rd en verricht. 

De verd eling e nd er d e  chirurgen wat betreft types ziekenhuizen I everd e een representatief 

beeld van d e  ned erland se situatie. 

De CVS techniek word t momenteel gebruikt d oor 98% van d e  chirurgen. I n  d e  meeste 

gevallen word t d it vastgelegd in het operatieverslag. Vaak word t het tevens d oor midd el van 

foto- of vid eobeeld en vastgelegd . Van alle Ned erland se chirurgen verricht 53 % nooit een 

intraoperatief cholangiogram, 41% d oet d it sporad isch en slechts 3 %  d oet d it routinematig. 

Er werd en 105 galwegletsels gerapporteerd van welk 19  ernstig waren. Wij conclud eerd en 

d at d e  CVS wijd s is ingeburgerd maar d at d e  techniek van intraoperatieve cholangiografie 

verloren lijkt te gaan in Ned erland . 

O m  d e  plaats van IOC in d e  21ste eeuw te ond erzoeken voerd en wij een retrospective cohort 

stud ie uit van d e  cholecystectomieen v66 r  en na d e  invoering van routinematig IOC. Dit 

word t beschreven in Hoofdstuk 4. Het percentage ernstig galwegletsel was 1. 9 %  v66 r  

invoering van IOC en 0% erna. Het percentage mild e galwegletsels was niet verschillend . 

Behalve mind er galwegletsels, werd en er meer choled ochustenen intraoperatief opgespoord 

met routinematig IOC (4. 8% versus 1. 0%, p= 0. 001 ) . Deze werd en tevens vaker intraoperatief 

behand eld (2 . 8% versus 0. 7%, p= 0. 02 3 ) .  Er leek een red uctie van het aantal peri-operatieve 

ERCPs met routinematig IOC (19 .1% versus 2 4.2 %, p= 0. 067 ) . Deze resultaten zijn een 

aanwijzing d at IOC zeker een plaats heeft in d e  hed end aags galblaaschirurgie. 

O nd anks d e  beschreven voord elen is er weerstand tegen IOC bij veel chirurgen, ze als bleek 

in Hoofdstuk 3 .  Een van d e  red enen hiervoor is d at d e  IOC proced ure ex tra tijd kost en als 

moeizaam kan wa rd en ervaren. O m  d eze bezwaren te trachten te vermind eren 

ond erzochten wij een alternatief instrument voor IOC: d e  Kumar klem. Hoofdstuk 5 

beschrijft d e  resultaten van d it gerand omiseerd e ond erzoek. Achtentwintig patie nten 

ond ergingen IOC met d e  Kumar cannulatie techniek en 22 met d e  conventionele O lsen 

techniek. Het succespercentage was vergelijkbaar voor beid e technieken. De Kumar klem 

was niet sneller en oa k niet makkelijker in gebruik d an d e  O lsen klem. De voorkeur van d e  

chirurg me et bepalen welke klem gebruikt word t. Deze trial toont d at d e  Kumar klem d e  

d rempel om IOC te verrichten niet zal verlagen. 

Vastleggen van de galweganatomie 

I n  d e  richtlijnen van d e  Ned erland se Vereniging voor Heelkund en word t aangerad en het 

behalven van d e  ' critical view of safety' (CVS) vast te leggen voor opleid ings- en med icolegale 
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doeleinden. Uit de inv entarisatie in Hoofdstuk 3 werd duidelijk dat de meeste chirurgen dit 

doen in het operatiev erslag, en dit ondersteunen met een foto. Opgeslagen IOC beelden 

zouden ook kunnen dienen als bewijs dat de galweganatomie correct is beoordeeld. In 

Hoofdstuk 7 werden fo to's v an de CVS en opgeslagen IOC beelden beoordeeld door drie 

erv aren gastro-intestinaal chirurgen. Foto's v an de CVS waren slechts conclusief in 2 7% v an 

de gev allen, IOC beelden in 57% (p< 0. 001 ) . Z owel foto's als IOC beelden waren v aak 

inconclusief bij patie nten met een (doorgemaakte) cholecystitis. Deze studie illustreert dat 

protocollen en training noodzakelijk zijn v oor het correct v astleggen v an de galweganatomie. 

Ook zou het zo kunnen zijn dat fotobeelden simpelweg onv oldoende zijn en dat we moeten 

strev en naar v ideo- opnames v an chirurgische procedures. 

H et v astleggen v an de galweganatomie heeft medicolegale implicaties. Galwegletsel leidt 

met enige regelmaat tot claims tegen chirurgen. H oewel de precieze waarde v an 

laparoscopiebeelden in de rechtszaal nog moet blijken, betreft het persoonlijke data die v alt 

onder de Wet Bescherming Persoonsgegev ens. Z ij mogen worden ingezien door 

behandelend artsen, de patient en de openbaar aanklager. H et is daarom wenselijk dat 

chirurgen de operatiev e  procedure zo nauwkeurig mogelijk v astleggen. 

Cholangioscopie 

In Hoofdstuk 7 onderzochten wij de waarde v an perorale cholangioscopie in patie nten met 

onv erklaarde galwegonregelmatigheden. Cholangioscopie lev erde ex tra inf ormatie ten 

opzichte v an conv entionele onderzoeken. Wei was de nauwkeurigheid lager dan door 

anderen gepubliceerd. De nauwkeurigheid v an cholangioscopie met biopsie en brush in a ns 

onderzoek was 82 %. In eerder gepubliceerde onderzoeken was dit > 90%. De waarde v an 

cholangioscopisch genomen biopten was teleurstellend; meer dan de helft v an de biopten 

waren inconclusief of niet bruikbaar. In eerdere onderzoeken was de nauwkeurigheid v an de 

biopten >80% .  Verder onderzoek moet uitwijzen of onze resultaten afwijkend zijn of dat de 

eerder gerapporteerde effectiv iteit niet ov ereenkomt met de dagelijkse praktijk. 

Fluorescentiebeeldvorming 

Hoofdstuk 8 beschrijft de techniek v an intraoperatiev e  fluorescentiebeeldv orming, een 

nieuwe techniek die v an gra te waarde kan v oor de beeldv orming v an de galwegen, zowel 

v oor benigne als maligne aandoeningen. De techniek maakt gebruik v an de eigenschap v an 

bepaalde stoffen om, wanneer zij wa rden 'aangestraald' op een bepaalde golflengte, zij een 
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lichtpuls afgev en v an een iets grotere golflengte. Wanneer de c onc entratie v an een 

dergelijke stof (fluorofoor) in de struc tuur in kwestie hoger is dan de achtergrond kan men 

deze in beeld bren gen met een intraoperatiev e fluoresc entiecamera. 

In Hoofdstuk 9 onderzoeken wij een aantal preklinisc he aspec ten v an galwegbeeldv orming 

met fluorescentie. Succesv olle fluoresc entiecholangiografie is wordt bereikt wanneer het 

optimale fluorofoor in de optimale conc entratie wordt aangestraald op de optimale 

golflengte. In onze pre-klinische studies deed IRdye B 00CW het beter dan het v aak gebruikte 

ICG . IRdye 800CW is ec hter nog niet v rijgegev en v oor gebruik in patie nten. Voor ICG ligt de 

optimale concentratie in gal tussen de 0, 005 en 0,01 mg/ ml. De optimale exc itatie en 

emissiegolflengtes liggen op 745nm en 840nm respec tiev elijk. Het afgegev en licht heeft een 

penetratiesterkte door v etweefsel v an ongev eer 5mm. 

ALGEMENE DISCUSSIE 

Belangrijkste resultaten 

Het doel v an dit proefsc hrift was het ev alueren v an conv entionele en ex perimentele 

tec hnieken om intraoperatief de galwegen te beoordelen. We hebben aangetoond dat v an 

de v ersc hillende v eiligheidsmaatregelen er v eel bewijs is v oor een besc hermend effect v an 

IOC op galwegletsel. Voor de algemeen geac cepteerde 'critical v iew of safety' (CVS) techniek 

is minder bewijs. We rapporteren de toegev oegde waarde v an IOC ook in een settin g waar 

de CSV reeds de standaard is. Een grootsc halige enquete toonde dat IOC als tec hniek 

v erloren dreigt te gaan in Nederland. 

In het tweede deel v an dit proefschrift v erkennen we de mogelijkheden om de galwegen af 

te beelden met fluorescentiebeeldv orming. We beschrijv en belangrijke v oorwaarden 

waaraan v oldaan moet worden v oor succesv olle fluorescentie-cholangiografie. T ot slot 

bev estigt dit proefsc hrift de toegev oegde waarde v an perorale c holangioscopie bij 

onbegrepen onregelmatigheden v an de galwegen. 

lntraoperatieve cholangiografie voor het beoordelen van de anatomie 

Het gebruik v an intraoperatiev e  cholangiografie wisselt sterk in en tussen landen. In een 

groot Australisc h  cohort werd IOC in 60% v an de c holec ystec tomieen uitgev oerd. Een 

enquete onder Amerikaanse c hirurgen toonde dat c irca 25% v an de artsen routinematig IOC 

v errichten. De c ijfers uit een rapportage v an Britse gastrointestinaal chirurgen zijn 
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vergelijkbaar. Een recent artikel uit westelijk Frankrijk beschrijft dat 83% van de 
respondenten routinematige IOC verricht. Hoewel de cijfers verschil len is het percentage 

chirurgen dat routinematige IOC uitvoert overal hoger dan de 3% die wij vonden in 

Nederland. 

Een van de redenen dat er weinig IOC wordt verricht is dat ERCP laagdrempelig beschikbaar 

is de Nederlandse ziekenhuizen. Voorheen werd ERCP vaak zowel als diagnostisch en 
therapeutisch onderzoek gebruikt . Teen de ERCP zijn intrede deed leek IOC niet langer 

noodzakelijk voor het opsporen van choledocholithiasis. Het preventieve effect van IOC op 
galwegletsel lijkt te zijn vergeten en op deze manier werd het kind met het badwater 

weggegooid . 

Een andere reden waarom IOC weinig meer verricht wordt is de opvatting van chirurgen dat 
IOC een omslachtige procedure is en de ingreep verlengd . Voora l in de context van 'galblaas

straatjes' leidt een extra 10-15 minuten per operatie tot vijf in p laats van zes operaties per 
dag. Daa rbij komt het feit dat het aantal IOC's dat men meet uitvoeren om een galwegletsel 
te voorkomen (oftewel de 'number needed to treat'} hoog is . De 'beloning' voor het IOC 

wordt daarom niet duidelijk gevoeld .  Tot slot zijn er in het verleden zorgen geuit over het 

vermogen van chirurgen om IOC's te beoordelen. Er zijn publicaties die verkeerd 
geinterpreteerde IOC's beschrijven. In onze mening, echter, is dit eerder een argument voor 

het incorporeren van IOC in de chirurgie opleiding dan een argument ertegen. 

Zeals bepleit in Hoofdstuk 2 is er geen 'level A' bewijs dat IOC leidt tot minder galwegletsels. 
Oak in dit proefschrift zijn wij er helaas niet in geslaagd om dat level A bewijs te leveren . Er 
wordt gesteld dat een trial met voldoende power om een positief effect van IOC aan te 

tonen een patientenaantal van 15'000 tot 30'000 zou moeten includeren. Het 'level B' bewijs 
( homogene grate cohort studies} in het voordeel van IOC heeft in het verleden kritiek 

ontvangen. Alie cohortstudies analyseren de geval len waarin IOC was uitgevoerd� en niet in 

welke patienten het werd gepoogd. Patienten in wie IOC niet geed lukt vanwege afwijkende 
anatomie of doorgemaakte cholecystitis zouden, onafhankelijk van of er wel of geen IOC 

wordt uitgevoerd, een hoger risico op ga lweglekkage lopen. Het omgekeerde is oak mogelijk, 
zeals wij eerder beschreven in en korte ingezonden brief. In dit scenario zou IOC vaker 

warden uitgevoerd in die patienten waarvan de operateur inschat dat zij een verhoogd risico 
op galweglekkage lopen, of zelfs vooral in patienten die ervan verdacht werden al 
galwegletsel op te hebben gelopen. 

Er zijn klein tot middelgrote studies gepubliceerd van cholecystectomieen zonder IOC met 

een laag percentage galwegletse. De absolute incidentie van galwegletsel is echter laag en 

deze series zouden aan de te verwachten variatie kunnen warden toegeschreven. 
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De 'number needed t o  t reat' (het aant al IOC s  dat verric ht moet worde n om ee n galweglet sel 

t e  voorkomen) hangt af van t wee fact oren. De e erst e fact or is de groott e van het 

besc herme nde effect van IOC . Dit wordt gerapport eerd op t ussen 25% en 50%. In onze met a

analyse bereikt en wij een gemid delde van 32 %. De t weede fact or is de inc ident ie van 

galweglet sel in c holec yst ect omie en zonder IOC . De int eract ie t ussen e ffect groott e, 

basisinc ide nt ie van galweglet sel en 'number needed t o  t reat' is wee rgegeven in afbeelding 1 .  

Duidelijk is t e  zien dat hoe hoger de basale inc ident ie van galweglet sel, hoe lager het aant al 

IOC s dat ve rric ht moet worden om e en galweglet sel te voorkomen. Hieruit zou voort kome n  

dat het rat ionee l zou zijn om klinieken met ee n galweglet se l inc ident ie van boven d e  1% t e  

ve rplic ht en IOC te verric ht en. Als de besc he rmend effect groott en 3 3 %  zou zijn, zou de 

' number needed t o  t reat' om een galweglet sel t e  voorkome n  3 00 zijn. Als het besc hermend 

effect 50% zou zijn, zou het aant al neerkome n op 2 00. 

Risk reduction by use 
of IOC 

1 0000 -25% 
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-so% 

cu 

-a 
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1 000 
cu 800 

600 
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Percentage bile duct injury 

Afbeelding 1: de ✓number needed to trea� met IOC om een majeur ga/wegletse/ te vook6men 

afhankelijk van de de grootte van het beschermend effect van IOC . 
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H et is derhalve van bel ang dat inst ell ingen zic h bewust zijn van hun gal wegl et sel perc ent age. 

Een nat ionale regist rat ie van c hol ec yst ect omieen en gal wegl et sel s, analoog aan de Dutc h 

Colorect al Audit ,  zou kunnen dienen om inst el lingen inzic ht t e  geven in hun c omplic at ies en 

hoe dit in vergel ijking st aat in die van andere kl inieken of een vant evoren gespec ific eerd 

acc ept abel perc ent age. 

H et is mogelijk om de kost eneffect ivit eit t e  berekenen van IOC. Anderssen et al berekenden 

de kost en van majeur galwegl et sel in Z weden en kwamen uit op c irc a EUR 15' 000 aan 

ziekenhuiskost en en c irc a EUR 92'500 aan kost en aan ziekt everl of en verl ies aan produkt ie. 

Rekening houdend met de een gemiddelde infl at ie van 2 . 08 %  in de euro zone zou dit neer 

komen op een EUR 18'500 ziekenhuiskost en en EUR 113'500 aan overige kost en per majeur 

gal weglet sel. Uit gaande van een 0.5% absol ut e inc ident ie van majeur gal weglet sel, zou IOC 

165-3 3 0  euro mogen kost en om kost eneffect ief t e  zijn. 

Deze analyse laat nog buit en besc houwing de 'winst' aan redukt ie van de laag maar zekere 

mort alit eit geassoc ieerd met gal wegl ekkage, de kost en van medic o-l egale cl aims en de 

bespaarde kost en door het t erugdringen van het aant al MRCPs en ERPCs. 

Wij onderkennen dat dit proefsc hrift niet het l evel A bewijs l evert dat nodig is om de 

disc ussie over IOC t e  beeindigen. De c ohort st udie naar het perc ent age gal wegl et sel v66 r en 

na invoering van een rout inemat ig IOC beleid {H oof dst uk 4) besc hrijft een rel at ief klein 

aant al pat ie nt en. Bij een perc ent age majeur galweglet sel wat doorgaans wordt 

gerapport eerd van c irc a 0.5% zou de st udie inderdaad onvol doende power hebben om een 

voordelig effect van IOC aan t e  t onen. In ons medisc h c ent rum hadden wij ec ht er een 

onacc ept abel hoog perc ent age galweglet sel van 1 . 9%. Derhalve was de 'number needed t o  

t reat' om ee n gal wegl et sel t e  voorkomen rel at ief l aag. 

De st udie t oont dat inst ell ingen met zorgelijke perc ent ages gal weglet sel rout inemat ig IOC 

zouden moet en overwegen. De st udie is t evens de eerst e st udie die een voordeel aant oont 

van IOC in een c ohort pat ie nt en die geopereerd zijn middel s de 'c rit ic al view of saf et y' 

t ec hniek. 

Houding ten aanzien van patientveiligheid 

Een verandering in houding t en aanzien van pat ientveiligheidprot oc ol l en, ze al s die in de 

c ommerc iel e luc htvaart best aat , zou nodig kunnen zijn voordat IOC een rout inemat ig 

t oegepast e  proc edure wordt in Nederland. Meer en meer worden lessen get rokken uit de 

veiligheidsprot oc ol l en die pilot en hant eren. Een belangrijk voorbeeld hiervan is de SURPASS 

c hec klist , een uit gebreide l ijst van it ems die afgevinkt moet en worden door versc hillende 
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leden van het chirurgisch team (als plan n er, chirurg, arts-assisten t, an esthesist en OK

assisten t) . Verschillen de on derdelen worden in gevuld in het pre-, in tra-, en postoperatief 

traject. Een belan grijke publicatie van De Vries en al beschrijft hoe de mortaliteit van 

chirurgische patie nten daalde van 1.5% tot 0. 8% n a  de in voerin g van de SURPASS checklist. 

In con trole zieken huizen waar de checklist n iet werd in gevoerd bleef de mortaliteit gelijk. 

Behouden s de on twikkelin g van deze specifieke checklist is het een belangrijke studie omdat 

het bewijs levert dat de in voerin g van dergelijke protocollen werkelijk de zorg voor 

chirurgische patie n ten verbeterd. 

Een checklist die door piloten wordt gebruikt maar voor zover wij weten n og n iet door 

chirurgen is het 'l'M SAFE' acron ym. M et dit acron ym on derzoekt de pilot zichzelf op 'Illn ess, 

M edication , Stress, Alcohol, Fatigue en Emotions' . Z o  kan in zicht worden verkregen in 

factoren die het nemen van de juiste beslissin g zou kun n en bein vloeden . 

Naast weten schappelijk bewijs en in trin sieke motivatie, zou ook ex trin sieke motivatie een rol 

kun n en spelen in het wel of niet toepassen van veiligheidsmaatregelen . Dit zou kun n en 

bestaan uit nationale erken n in g  voor het implemen teren van veiligheidsmaatregelen . Een 

an der belan grijke motivatie zou kun n en zijn dat de operateur vergoed wordt door de 

verzekeraar voor het toepassen van veiligheidsmaatregelen zoals IOC. G ezien het bewijs dat 

IOC waarschijn lijk kosten -effectief is, lijkt dit n iet on redelijk. 

Transparantie in de (chirurgische) zorg 

Chirurgen worden steeds geacht tran sparan tie geven in hun behan delin g van patie n ten . Het 

is voorstelbaar dat een operatieverslag bin n en kort niet meer afdoen de is om de juiste 

behan delin g van de patien t te documen teren . Wij toonden aan dat een derde van de 

Nederlan dse chirurgen reeds fotomateriaal van de ' critical view of safety' opslaat. Hoewel 

foto' s objectiever zijn dan operatieverslagen zouden deze ook wel een s on voldoen de blijken 

te zijn . Video fragmen ten of zelfs opn ames van de gehele procedure zijn de toekomst van de 

laparoscopische chirurgie. 

At s uitbreidin g  daarop zouden zelfs de gesproken tekst en an dere geluiden in de 

operatiekamer opgeslagen kun n en wa rden . Op die man ier wordt ook de in terpretatie van de 

beelden zo goed mogelijk vastgelegd. Er on tstaan zo veel overeen komsten tussen max imale 

tran sparan tie op de operatiekamer en de black box die gebruikt wordt in de commercie le 

luchtvaart. 
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lntraoperatieve cholangiografie voor het opsporen en behandelen van stenen 

Wij toonden aan dat meer choledochusstenen werden gedetecteerd wanneer IOC 

routinem atig wordt toegepast. Het aantal peri-operatieve ERCP procedures daalde. IOC is 

een geschikte methode om de noodzaak tot ERCP aan te tonen in patie nten met een lage tot 

matige a priori kans op choledochusstenen. De volgende stap is dat IOC leidt tot 

intraoperatieve ex tractie van choledochusstenen. 

Er wordt steeds meer bewijs gepubliceerd date en eenstapsprocedure voor 

cholecystocholedocholithiasis te prefereren valt boven een tweestapsprocedure. Een zo' n 

eenstapsprocedure is de chirurgische techniek (transcystische steen ex tractive of 

choledochotomie) . Deze aanpak vereist een ervaren chirurg maar verkort aanzienlijk de 

opnameduur. Een andere aanpak is de zogenaamde ' rendez-vous' procedure, welke bestaat 

uit ERCP tijdens de cholecystectomie. 

I n  een meta-analyse bleek de rendez-vous procedure het aantal complicaties te verminderen 

en de opnameduur te verkorten in patie nten met cholecystocholedocholithiasis. Nu er 

steeds meer sprake is van subspecialisatie binnen de Nederlandse gezondheidszorg is het 

denkbaar dat gastro-intestinaal chirurgen meer eenstapsprocedures zullen uitvoer en, al dan 

niet met hulp van de maag-darm-leverartsen. 

Perorale cholangioscopie 

Directe visualisatie van de galwegen door middel van perorale cholangioscopie is de 

afgelopen decennia sterk ontwikkeld. Door middel van verbeterde fibre-optics is voor 

cholangioscopie nog maar ee n endoscopist nodig. Ee n van de toepassingen van deze 

techniek betreft de ' moeilijke' choledochusstenen. Dit zijn bijvoorbeeld buitengewoon grote 

of geimpacteerde stenen waarbij conventionele technieken als ERCP en schock wave 

lithotripsie geen of onvoldoende resultaat bereikten. Een tweede belangrijke toepassing van 

perorale cholangioscopie is het beoordelen van onbegrepen galwegonregelmatigheiden. 

Deze techniek levert hierbij meerwaarde ten opzichte van conventionele technieken. 

Nieuwe technieken voor galwegbeeldvorming 

Naast het implementeren van veiligheidsmaatregelen zal de galblaaschirurgie veiliger 

worden door middel van nieuwe technieken om de galboom in beeld te brengen. Nieuwe 

cannulatietechnieken voor IOC, zoals de Kumar klem, zijn waarschijnlijk niet de optimale 

manier om de drempel voor galwegbeeldvorming te verlagen. In plaats daarvan kan men zich 

beter richten op alternatieve beeldvormingsmodaliteiten zoals fluorescentiebeeldvorming. 
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De ze te chn ie k  is pote n tiee l ee n stralin gsvrije dire cte bee ldvormin gsmodalite it voor de 

an atomie van de galboom. T ot op he de n  is in docy an ine g ree n he t mee st gebruikte 

fluorofoor omdat he t ge schikt is be von de n  voor gebruik in patie n te n  (zie ook tabe l 1 ) . Er zijn 

e chte r ook n ade le n aan in docy an ine gree n .  Te n ee rste wordt he t n a  in trave ne uze toe die n in g  

re latie f lang opge slage n in de le ve r. De zichtbaarhe id van de galwe ge n wordt de rhalve 

be pe rkt te ge n de achte rgre n d  van de le ve r. Te n twee de is he t fluore sce n t  sign aal wat wordt 

afge ge ve n door in docy an ine gree n in fe rie ur aan dat van n ie uwe re fluore fore n ze als 

bijvoorbee ld 800-CW. 

Fluore sce n tiebee ldvorming kan ook worde n aan ge we n d  om kwaadaardige afwijkinge n van 

de g alwe ge n aan te tone n .  Om dit te be re ike n die ne n  fluore sce n te mole cule n te worde n 

ge con jugee rd aan tumor-spe cifie ke mole cule n .  De ze te chn ie k  is re ce n t  voor he t ee rst 

ge de mon stree rd in patie n te n  me t ovariumcarcin oom. In ge val van cholang iocarcin oom zou 

de ze te chn ie k  zowe l de opsporin g van de tumore n als de radicale re se ctie e rvan kun ne n 

ve rbe te re n .  Ge schikte ' targe ts' op tumore n kun ne n worde n ge se le ctee rd me t de TASC 

crite ria. 

In combin atie me t radiologische marke rs kan fluore sce n tiebee ldvormin g ee n be lan grijke rol 

spe le n in he t make n van de ve rtaalslag van pre -ope ratie ve bee ldvormin g n aar de 

ope ratie tafe l. Vooralsn og is de te chn ie k  n og e x pe rme n tee l. Ve rde r on de rzoe k  zal de 

mee rwaarde van de rge ljke te chn ie ke n  moe te n aan tone n voordat ge ld wordt ge stoke n he t 

imple me n te re n  e rvan. 

VOORUITZICHTEN EN AANBEVELINGEN 

Dit proe fschrift be ve stigd dat in traope ratie ve be oorde lin g van de g alwe gan atomie cruciaal is 

om galwe gle tse l te voorkome n .  Daarn aast bie de n bee ldvorming ste chn ie ke n  van de 

g alwe ge n de moge lijkhe id om de be han de lin g van galblaasste ne n e n  galwe gste ne n  als ee n 

ee n stapsproce dure uit te voe re n  e n  patie n te n  on n odige in vasie ve proce dure s te be spare n .  

De 'critical vie w  of safe ty' te chn ie k  die n t  gebruikt te worde n voor e lke laparoscopische 

chole cy ste ctomie. Wij be ve le n  routine matig IOC aan voor ce n tra die be zorg d  zijn ove r hun 

pe rce n tage g alwe gle tse ls e n  in ie de r ge val voor ce n tra me t ee n g alweg le tse l-pe rce n tage van 

� 1%. De 'n umbe r nee de d  to tre at' om galwe gle tse l te voorkome n nee mt af n aar mate he t 

uitgan gspe rce n tage g alwe gle tse ls hoge r ligt. IOC die n t  be han de ld te worde n in de ople iding 

tot chirurg. lmme rs, voor chirurge n die de te chn ie k  on voldoe n de be hee rse n is de dre mpe l 

om IOC uit te voe re n hoog, ze lfs bij patie n te n  me t ee n on duide lijke an atomie van de 
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g alweg en .  L aparoscopische echog rafie is een uitsteken d altern atieve beeldvorming s

modaliteit voor chirurg en die deze techn iek meester zijn . 

De ' critical view of safety' en het in traoperatief cholang iog ram dien en n auwkeurig te worden 

g edocumen teerd voor tran sparan tie, bewaking van kwaliteit van zorg en om medicoleg ale 

reden en . Waar mog elijk dien en videobeelden g ebruikt te worden . 

Voor patie n ten met in termediair risico op choledochussten en adviseren wij een 

' cholecystectomy first' aan pak met IOC. Patien ten die een in termediair risico lopen kun n en 

worden g eselecteerd aan de han d van prog ramma's waarin klin ische symtpomen , 

laboratoriumwaarden en echog rafisch on derzoek zijn g ein corporeerd. Door eerst een IOC te 

verrichten wordt patie n ten zon der choledochussten en een ERCP bespaard. Bij patien ten die 

tijden s IOC wel sten en blijken te hebben kun n en verschillen de strateg iee n g ehan teerd 

worden . 

Klein e solitaire sten en (<S mm) kun n en door de ductus choledochus g espoelt worden n a  

in traven euze toedien ing van g lucag on om de sphin cter van Oddi te relax eren . Sten en van 

tussen de 5 en 10 mm kun n en in traoperatief worden verwijderd door tran scystische 

ex tractie. Grotere sten en en sten en in de prox imale ductus choledochus met een verwijding 

van de g alweg en kun n en operatief verwijderd worden door choledochotomie. Deze techn iek 

vereist echter aan zien lijke ervaring van de operateur. In patie n ten met veran derde 

g alweg an atomie, bijvoorbeeld n a  B2 maag resectie, is choledochotomie de eerste keus. In 

an dere patie n ten kan ook post-operatieve ERCP verricht worden . 

Voor patien ten met bewezen ' moeilijke' g alsten en biedt perorale cholang ioscopie met 

laserlithotripsie uitkomst. Deze techn iek is ook aang ewezen bij afwijking en van de g alweg en 

waarbij con ven tion ele techn ieken g een duidelijkheid bieden . 

Nieuwe beeldvorming smodaliteiten die sn eller en g oedkoper zijn , ze als n abij-in frarode 

fluorescen tiecholang iog rafie, dien en verder on derzocht te worden . Het poten tiele 

toepassing sg ebied van derg elijke techn ieken beslaat zowel de in traoperatieve beoordeling 

van de g alweg an atomie als de duiding van onbeg repen afwijking en aan de g alweg en .  
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Sir, 

APPENDIX A 

Assessing the protective effect of intraoperative cholangiography on bile duct injury in 

population-based studies (letter) 

KT Buddin gh, ER van den Heuvel, RJ Ploeg 

British Journal of Surgery (E-pub only, Feb 7th 2011) 

G iger et al1 recen tly an alyzed over 3 0'000 cholecystectomies an d foun d almost iden tical 

rates of bile duct in jury (BDI) in cholecystectomies with an d without in traoperative 

cholan giography (IOC) . From these figures on e might con clude that IOC has n o  protective 

effect on BDI. Two importan t matters, however, were n ot con sidered. 

Our first con cern is that man y surgeon s who n ormally rarely perform IOC may use IOC every 

time a BDI occurs to assess the ex ten t of the damage. Thus, a disproportion ately large 

n umber of patien ts with BDI might be in cluded in the 'LC with IOC' group. To illustrate this, 

con sider the followin g. Durin g a period of selective IOC policy at our own cen tre (2 004-2 006 ) , 

IOC was performed in 25 out of the 421 cholecystectomies (5.9 %) . Eight BDl's occurred 

i n itially without IOC, but three of them were followed by IOC to assess the ex ten t of the 

damage. If these three cases would be classified as BDI with IOC, the BDI rate with IOC would 

be 3/25 = 12 % compared to 5/3 96 = 1.3 %  BDI without IOC. The un observ an t  reader may 

even be lured in to thin kin g that IOC increases the risk of BDI (p< 0.001) . Return in g to the 

paper by G iger et al: it is possible that of the 40 patien ts with BDI 'despite' IOC a similar 

proportion of three out of eight ICC's were misclassified an d 13 ICC's were on ly performed 

because BDI was already n oted. If these cases were con sidered as LC without IOC, the two

sided Pearson chi-square test would actually show a sign ifican t protective effect of IOC 

(p=0.041). 

Our secon d con cern is that n o  data is shown on the severity of BDI that occurred. IOC 

preven ts tran ssection of a common bile duct that is mistaken for the cystic duct an d 

can n u  lated for cholan giography. In such cases, IOC down stages a common duct tran section 

to a common duct leak. Un fortun ately, G iger et al did n ot assess differen ces in severity of 

BDI in cholecystectomies with an d without IOC. 

I n  summary, the paper by G iger et al is an impressive feat of n ation -wide quality mon itorin g 

in laparoscopic surgery. The figures presen ted, however, do n ot justify dismissal of IOC as a 

patien t safety measure durin g cholecystectomy. 
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APPENDIX B 

The critical view of safety technique and intraoperative cholangiography complement each 

other as patient safety interventions (letter) 

KT Buddingh, VB Nieuwenhuijs 

Journal of Gastrointestinal Surgery 2011 

Dear Editor, 

We read with great interest the study by Sanjay et al in which they describe the outcome of 

447 cholecystectomies using the critical view of safety {CVS) technique1• The authors are to 

be congratulated for performing a medium- sized series of cholecystectomies for acute 

pathology with no bile duct injuries or leaks. We, too, fully endorse the practice of careful 

dissection in the triangle of Calot and achievement of the CVS before clipping and dividing 

any tubular structures. However, rather than viewing the CVS as a replacement for routine 

IOC, we feel that the two safety measures complement each other. 

Sanjay and colleagues rightly argue that the large population-based studies often used to 

propagate routine IOC date from the pre-CVS- era2'3• They continue to suggest that this 

protective effect is therefore not to be ex pected in modern surgical practice. In our point of 

view this is an unlikely assertion. 

The CVS has been standard practice in the Netherlands for several years. A recent nation

wide survey by our group confirmed that 98% of the Dutch surgeons uses this technique. 

Nonetheless, common bile duct {CBD) injuries remain a substantial problem in the 

Netherlands with an incidence that is estimated to be higher than the 0.5% often quoted in 

literature 4 . Referrals to the largest tertiary referral centre for BDI in the Netherlands show no 

decreasing trend in the course of the past decade5 • In our own centre, eight CBD injuries 

(1 . 9%} occurred between 2 004 and 2 006 despite the use of the CVS technique. In January 

2 007 routine IOC was implemented and no CBD injuries were observed in the three years 

thereaf ter (p = 0. 004) (unpublished data) . 

IOC reduces the risk of BDI in several ways at different levels ranging from revealing w hich 

duct has been cannulated and demonstrating aberrant anatomy to increasing surgeon 

insight into the diversity of anatomical variations. These advantages can not be replaced by 

CVS technique. 

It may be argued that IOC could be performed selectively in case of uncertain anatomy. 

There are two arguments against this option. F irstly, it is unclear whether surgeons can 

reliably identif y  patients at higher risk for BDI. Secondly, the importance of IOC becoming a 

routine part of the procedure is that the whole team ex pects it, is ready for it and can plan 
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for it. Only then d oes it fit smoothly into the operative routine. Selectively performing IOC 

may lead to unfamiliarity with the technique and raise the threshold to perform it. 

Sanjay et al mention that opponents of IOC caution that it is a potentially hazard ous 

proced ure. However, there is virtually no evid ence that IOC lead s to complications rather 

than prevents them. The negligible amount of rad iation received , too, is not a valid argument 

against its use in the ad ult population6• 

Although we applaud the eff orts of Sanjay et al to further ad vocate the CVS technique as 

optimal surgical technique to prevent BDI , we feel that routine IOC should not be aband oned 

as an add itional safety measure. Bile d uct injury has serious, sometimes fatal, 

consequences7• It is a frequently performed " routine" operation and such complications are 

especially d ifficult for patients and surgeons to accept. We ad vocate, therefore, that both 

the CVS technique and routine IOC are used to complement each other for the safest way to 

remove the gallbladd er. 
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APPENDIX C 

Pie sharing in complex clinical collaborations: a piece of cake? 

KT Buddin gh, GM van Dam, LMA Cran e 

British Medical Journal (Christmas Edition 2010) 

loosely based on an old folk tale 

A Little Red Hen lived in a un iversity hospital where she took care of the sick an imals in 

the differen t wards. She did this un der the overseein g eye of her wise an d learn ed men tors. 

There was the Cow, who had a degree from a prestigious overseas un iversity. There was the 

Pig, who had led mergers of several high stan din g hospitals in the coun try. An d there was the 

Sheep, who had an outstan din g treatmen t record with almost n o  an imal morbidity an d 

mortality. 

On e day the Little Red Hen thought: "Why don' t I see if I can use my scarce free hours at 

the en d of the day an d make an ex cellen t pie. Not on ly will this pie add to the gastron omic 

kn owledge, it could be that the sick an imals will ben efit from this pie in the lon g run ." 

So the Little Red Hen ran her idea past her men tors. 

"Great idea," said the Cow. "I will supply the milk an d the butter. Of course, I would like a 

piece of the pie when it is baked." 

"Ex cellen t," said the Pig. "I happen to kn ow the editor of a prestigious cook book. I 

ex pect a piece of the pie on ce it is fin ished." 

"Good thin kin g," said the Sheep. " My laboratory will provide the n ecessary uten sils. Just 

make sure I get a share of the pie." 

The Little Red Hen wasted n o  time. Every day, after takin g care of the sick an imals she 

spen t the last few hours of daylight plan n in g  the pie. She took classes in pie makin g, wrote 
pie makin g protocols an d even obtain ed approval from the in stitution al pie review board. 

An d after a few mon ths, all preparation s were in place. 

The Little Red Hen first wen t to the Cow an d asked for the milk an d the butter. "I have 

the milk an d the butter for you. However, I heard that the Sheep will also have a part of the 

pie. I wan t you to make sure that my piece of the pie is larger than that of the Sheep." 

The Little Red Hen con tin ued to the Pig. "Hold on ," said the Pig. "I have submitted a gran t 

application for possibly even a bigger pie, so I can n ot actively co-operate an y lon ger on the 

curren t pie. However, if you do bake it, don' t forget to give me a piece." 
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The L ittle Red H en then visited the Sheep. The Sheep was abroad for a con feren ce on 

an imal wellbein g with an ex ten ded post-con feren ce tour, an d his laboratory had received n o  

in struction s to provide an y uten sil s. 

The Little Red H en wen t to work. She tested her own recipes, made do with her limited 

uten sils, an d fluttered between diff eren t departmen ts to keep everybody satisfied. Fin ally, 

after man y lon g hours an d man y failed pies, an acceptable pie came out of the oven . 

Overjoyed, the Little Red H en called together her men tors to share the n ews. 

"Welcome everyon e," said the Cow. "I would like to presen t the outstan din g result of our 

co- operation ." H e  then took half of the pie an d left the room. The Pig was n ex t. "Ex cellen t 

work, Lit tle Red H en ." H e  cut himself a sizeable piece of the pie an d left the room. Then the 

Sheep stepped forward. "What a feat of culin ary craft sman ship did we achieve! 

Con gratulation s on your first pie." H e  cut a small piece of the pie, an d took the rest. 

The Little Red H en sat in the con feren ce room an d stared at the small piece of pie that 

remain ed. Although happy to have baked her first pie an d to have con tributed to the 

gastron omic kn owledge, she was left with an in ex plicable feelin g of disappoin tmen t. It did 

take quite some time before the Little Red H en attempted to bake an other pie. 

Disclaimer: 

This ta le is based upon coffee table stories and a compilation of reported experiences in the academic 
hospital at no specific place. Any names, characters, places, and incidents are either the product of the 
tale or are used fictitiously. Any resemblance to actual  events or locales or persons, living or dead, is 
entirely coincidental. 

Contributors: 

KT Buddingh came up with the idea and wrote the first draft. LMA Crane gathered opinions and 
experiences from colleagues in the university hospital and contributed significantly to the description of 
the characters in the ta le. GM van Dam ran a spell check on the document and demanded that, as 
senior investigator, he received a prime author position. After negotiations, he edited the paper for 
style, contributed to the plot of the tale and settled for the middle author position. 
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