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154          Chapter 7

ABSTRACT

Background The aim of this study was to test and validate a novel non-invasive method for 

intraoperative visualization of extra-hepatic bile ducts during laparoscopic cholecystectomy. 

Injury to the common bile duct (CBD) is a rare but major complication of laproscopic 

cholecystectomy. Most injuries occur when anatomy is unclear due to presence of 

anatomatic variations, acute inflammation, or adhesions.

Patients and methods Thirty patients were included, and each received an intravenous 

injection of 0.05 mg/kg Indocyanine Green (ICG) (ICG-Pulsion®, PULSION Medical Systems 

AG, Munich, Germany) prior to the start of surgery. Laparoscopic cholecystectomy was 

performed according to standard procedures. The CBD and cystic duct (CD) were visualized 

before and during dissection of the liver hilus using a conventional laparoscopic camera and 

a recently developed Near Infrared camera (NIR) (Olympus, Tokyo, Japan).

Results  Using ICG-NIR, the CBD and CD could be visualized 11 minutes (p = 0.008) and 8.6 

minutes (p = 0.001) earlier than with a conventional camera. Both early (20/30 patients) and 

late (26/30 patients) identification of the CBD with ICG-NIR was significantly more frequent 

compared to conventional images (2/30 and 10/30 respectively, p = <0.001). One post-operative 

bilioma required re-admission and endoscopic retrograde cholangiopancreatography (ERCP) 

with stent placement.

Conclusions Identification of the CBD and CD using a low dose of ICG and the NIR camera was 

both faster and more frequent compared to conventional laparoscopic images during elective 

laparoscopic cholecystectomy.
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INTRODUCTION

Laparoscopy has been the gold standard for elective cholecystectomies in patients with 

uncomplicated cholecystolithiasis since the 1990’s. The introduction of laparoscopy for elective 

cholecystectomy has led to an increase in injuries to the extra-hepatic bile ducts1. The Critical 

View of Safety (CVS) was introduced as a safety measure to reduce injuries and has now become 

an integral part of standard laparoscopic cholecystectomy 2. However, despite an initial decrease 

in bile duct injuries with the introduction of CVS, current literature suggests that bile ducts injuries 

are still in the 0.26-0.6% range 3-8. Although this complication is rare, a patient with a common 

bile duct injury (CBD) injury is likely to have re-interventions, prolonged hospital admission, a 

decreased quality of life and is faced with a 5%-9% mortality risk 9-13. The 2011 consensus meeting 

of the European Association for Endoscopic Surgery (EAES), Turin, Italy confirmed that prevention 

of bile duct injury remains a priority in the improvement of laparoscopic cholecystectomies. 

Although the CVS is a guideline for safe dissection and is used as a checkpoint before clipping 

and cutting of the key structures in the liver hilus, it neither clarifies anatomy prior to dissection 

nor guarantees that injuries will not occur after the completion of dissection.

Intraoperative cholangiogram (IOC) is currently the most commonly used method to provide 

real-time images of biliary structures during surgery when searching for CBD stones or bile 

duct injury is suspected during surgery. However, IOC requires x-ray equipment operated by 

trained personnel and the surgeon must cannulate the bile ducts in order to inject the contrast 

agent. In addition to patient exposure to radiation, IOC use often prolongs laparoscopic 

cholecystectomy, and additional costs have been reported 14;15. The routine or selective use of 

IOC is still controversial in current literature 4;5;16-23 and it is not routinely used in most centers 

during elective laparoscopic cholecystectomy. A novel technique using a fluorescent dye and 

near-infrared (NIR) light can be used with laparoscopy and offers early visualization of structures 

containing this dye. In this study we used Indocyanine Green (ICG) (ICG-Pulsion®, PULSION 

Medical Systems AG, Munich, Germany) as fluorescent dye. ICG is a fluorescent contrast agent, 

which has been successfully used in the assessment of liver function, arterial (micro) circulation, 

tissue perfusion and ophthalmic imaging 24. After intravenous injection, ICG becomes protein-

bound and emits light with a wavelength of 830 nanometers when assessed with near-infrared 

light 25;26. ICG is exclusively excreted into the bile, which would enable fluorescent imaging of the 

bile ducts during laparoscopic cholecystectomy using a Near-Infrared camera.

This study was designed to test and validate the novel non-invasive technique using ICG and NIR 

light (ICG-NIR) for early visualization of the extra hepatic bile ducts in order to improve anatomical 
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identification of the CBD, in addition to the CVS during laparoscopic cholecystectomy. The aim 

of this study was to investigate the additional value of the ICG-NIR technique during elective 

laparoscopic cholecystectomy. We hypothesized that the CBD will be visualized earlier during 

dissection due to the use of ICG-NIR compared with conventional imaging (CI). In contrast, no 

differences in the frequency of identification of the cystic duct (CD) using ICG-NIR or CI are 

expected because identification of the CD is an integral part of the CVS.

METHODS

Study design

This study was a prospective single-center, observational, cross-over study to evaluate the 

feasibility of ICG-NIR during laparoscopic cholecystectomy. The protocol for this study was 

approved by the institutional ethics committee of the VU University Medical Centre, Amsterdam, 

The Netherlands.

Patients

Patients were selected for participation from the outpatient clinic of the VU Medical Center, 

Amsterdam. Inclusion criteria were uncomplicated cholecystolithiasis, age between 18 and 80 

years and completion of preoperative workup including abdominal ultrasound and laboratory 

tests. Exclusion criteria were complicated cholecystolithiasis, (biliary pancreatitis, cholestasis, 

hospital admission related to cholecystolithasis, acute cholecystitis, endoscopic retrograde 

cholangiopancreatography/ stent placement, or impaired liver function), ultrasound examination 

showing dilated intra- or extrahepatic bile ducts, cysts, abscesses or choledocholithiasis, 

extended comorbidity (ASA > III), iodine allergy, thyroid disease (hyper-/hypothyroidism), and 

use of listed medication interfering with hepatic ICG uptake (anti-convulsion medication, sodium 

bisulfite, haloperidol, heroine, pethidine, metamizole, methadone, morphine, nitrofurantoin, 

opium alkaloids, phenobarbital and phenylbutazon).

NIR laparoscopic camera

The NIR camera used for this study was developed by Olympus (Olympus, Tokyo, Japan). A filter 

was designed to fit a rigid 0o laparoscope (Olympus, Tokyo, Japan) (Figure 1). The laparoscopic 

camera image can be switched from laparoscopic CI to NIR imaging using a lever, and the 

excitation barrier filter only admits light with a wavelength above 800 nanometers. The NIR 

camera displays all fluorescent structures in green against a black (non-fluorescent) background. 

ICG has a peak emission of 830 nanometers when assessed with near-infrared light. Following 
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NIR vs conventional imaging during laparoscopic cholecystectomy          157

intravenous injection, ICG becomes bound to plasma proteins and is excreted exclusively in bile 

by the liver, without passing the enterohepatic circulation. ICG is pharmacologically inactive 

and is also not metabolized.

Figure 1. Near-infrared filter attached to rigid 0o conventional laparoscope

Procedures

After receiving oral and written information, patients were asked to participate and informed 

consent was obtained. Patients were scheduled and prepared for elective laparoscopic 

cholecystectomy according to standard preoperative procedures. In the operating room, patients 

received a single intravenous bolus injection of 0.05 mg/kg ICG diluted in water immediately after 

induction of standard general anesthesia. During the cholecystectomy both the prototype NIR 

camera (Olympus, Tokyo) and a conventional laparoscopic camera (EndoEye, Olympus, Tokyo) 

were used. Before commencing dissection of the liver hilus was begun, the NIR scope was used 

to screen for fluorescent bile ducts in and near the liver bed. The NIR scope was used at the start 

of dissection, early during dissection, late during dissection and at CVS to visualize bile structures.

Bile ducts, visualized by either NIR scope or CI, were identified by the operating surgeon and 

the investigator. The visualized structures were noted on the scoring form, together with time 

of observation. The laparoscopic cholecystectomy was performed conform with standard 

surgical procedures and the CVS. After CVS was obtained and once removal of the gallbladder 

was completed, the NIR scope was used to screen for bile leakage from either the liver bed or 

the extra-hepatic bile ducts. All NIR images were recorded on video for later review. Following 

surgery, patients recovered on the surgical ward and were discharged according to standard 

postoperative procedures.

Statistical analysis

Data were collected and then analyzed using SPSS (version 15.0, Chicago, IL, USA). A formal 

power analysis was performed in SAS (version 9.2, SAS Institute Inc., Cary, NC, USA) using 

7
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the results of a pilot series of 7 patients showing an significant earlier visualization of the 

CBD with ICG-NIR compared with CI. A power of 90% required 27 patients, assuming that 

proportions of discordant pairs were 70% (image on ICG-NIR but not on conventional) and 

20% (image on conventional camera but not on ICG-NIR). The total sample size was therefore 

fixed at 30.The performance of the conventional and ICG-NIR camera was compared using 

the McNemar test, times to visualization with CI and ICG-NIR were compared using the non-

parametric Wilcoxon signed ranks test. Results were considered statistically significant when 

p<0.05. When applicable, standard deviation (±) or percentages (%) are given.

RESULTS

An overview of inclusions and exclusions is shown in Figure 2. Patients’ characteristics are 

shown in Table 1. Average operating time was 71 minutes (± 20.2). No complications occurred 

due to intravenous injection of ICG. Three complications were noted during laparoscopic 

cholecystectomy. One patient suffered from bleeding due to a trocar incision after completion 

of the cholecystectomy. A liver hematoma was noted in another patient due to traction on the 

falciform ligament. Both complications were controlled laparoscopically with bipolar coagulation 

without further need for intervention. In a third patient, a laceration of the CD was noted early 

during dissection of the liver hilus. The laceration was double clipped and both NIR and CI showed 

no bile leakage after clipping. Postoperatively, the patient was re-admitted with a bilioma. An 

endoscopic retrograde cholagiopancreatography identified bile leakage from the location of the 

clips (Strasberg Classification type A bile duct injury) on the remaining CD. A stent was placed. 

Excluding the readmission, 14/30 (46.7%) patients were operated as outpatients, 12/30 (40%) 

patients were admitted for one night and 4/30 patients stayed longer than one night.

Figure 2. Inclusions and exclusions
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Table 1. Patient characteristics BMI: body mass index. ASA: American Society of Anesthesiology

Patients characteristics n = 30

Male : female ratio
Age in years
BMI
ASA classification I : II : III
Additional surgical procedures

9 : 21
49.7 (± 16.7)
27.5 (± 4.32)
13 : 11 : 6
1 Nissen fundoplication

A single intravenous bolus injection of ICG was administered immediately after induction of 

general anesthesia, and surgery began 10 minutes (± 8.0) after injection of ICG. Observations 

after injection of ICG with NIR and CI were performed at start of dissection ), early during 

dissection , late during dissection and at CVS (Figures 3-5) . Results of ICG-NIR and conventional 

identification of the CBD and CD are shown in Table 2. The average time to positive identification 

of the CD with ICG-NIR of 37.9 (± 21.4) minutes after injection compared to 46.5 (± 23.2) minutes 

on CI (Wilcoxon signed ranks test, p < 0.001). During dissection of the liver hilus, one biliary and 

two arterial anatomical variations were encountered. The NIR camera was used to differentiate 

between biliary and non-biliary (arterial) structures, allowing the biliary nature of the known 

structures to be confirmed and from there allowing assessment of the non-biliary structures.

An additional cystic artery and extended right hepatic artery with short CD were identified, 

excluding the presence of an aberrant bile duct. No clear CVS could be obtained with CI in 4 

patients due to adhesions and anatomical variations. Both the CD and the CBD were identified 

using the NIR camera, allowing safe dissection and transection of the CD and cystic artery.

Table 2. Results

 Observation time (minutes)

Structure visualization 
modality

First
(26[2-50])

Second
(38[5-88])

Third
(43[22-98])

Fourth
(52[20-125])

CD

ICG 10/30 22/30 24/30 29/30

Conventional 1/30 7/30 14/30 29/30

P 0.004 0.000 0.013 1.000

CBD

ICG 20/30 24/30 24/30 26/30

Conventional 2/30 4/30 7/30 10/30

P 0.000 0.000 0.000 0.000

Observation time is given in minutes (mean[range]).
CBD, common bile duct; CD; ICG, indocyanine green.

7
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Figure 3. Conventional vs. ICG-NIR observation before start of dissection.
LV: liver; GB: gallbladder; > cystic duct; << common bile duct; GS: black contour of large gallstone

Figure 4. Conventional vs. ICG-NIR observation early during dissection.
LV: liver; GB: gallbladder; AD: adhesion; > cystic duct; << common bile duct

Figure 5. Conventional vs ICG-NIR observation after dissection.
LV: liver; GB: gallbladder; > cystic duct; << common bile duct
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DISCUSSION

The results of this pilot study comparing ICG-NIR with CI during laparoscopic cholecystectomy 

indicate that the NIR camera allows a significantly earlier identification of both the CBD and the CD.

In addition, the CBD was identified significantly more frequently with NIR imaging early during 

dissection and at CVS compared with CI The failure of the NIR-ICG technique to identify the 

CBD in the remaining patients (10/30) could have been caused by the relatively deep position of 

the CBD interacting with the limited penetration depth of ± 1.0 cm for ICG, preventing detection 

of the CBD in such cases. We stress that no additional attempts were made during surgery to 

identify the CBD when not visible with CI or NIR-ICG because surgical exploration of the hilus 

to identify the CBD is not standard during laparoscopic cholecystectomy and could increase 

the risk of bile duct injury. Although identification is not part of the dissection during standard 

laparoscopic cholecystectomy, we found the identification of the CBD useful for choosing the 

level of dissection in the hilus at safe distance of the identified CBD, and for limiting dissection 

of the CD when the CBD was visualized at close proximity.

Although the CD could be identified significantly earlier with the NIR camera, the differences 

gradually declined during dissection, and at CVS no differences between NIR and CI remained 

(table 2).This finding supports our hypothesis that no differences between NIR and CI could 

reasonably be expected at CVS, since positive identification of the CD is mandatory for CVS.

During this study, the use of ICG-NIR was strictly observational. If the CD or CBD wasidentified 

with NIR but not with CI, dissection was continued with aid of CI and performed following 

standard laparoscopic dissection.

Doses of ICG described in the literature range from a single bolus injection of 2.5 mg total to 

0.5 mg/kg 27-32. The various moments at which ICG injection has been reported include 30-60 

minutes before arrival in the operating room or the start of surgery, to just before induction of 

general anesthesia, and even following endotracheal intubation 31-36.

The dose used in the present study was 0.05 mg/kg. The first and third patient received ICG 1-2 

hours prior to the start of surgery, based on the reported peak in concentration of ICG in bile 120 

minutes after intravenous injection 24. The second patient received ICG in the operating room only 

minutes before the start of surgery due to logistical delays. During NIR inspection in this patient, 

ICG was noted in the gallbladder, in the CBD, and in the CD within 20 minutes after intravenous 

administration. The remaining 28 patients received ICG after the start of general anesthesia. 

7
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To guarantee early visibility and to optimize pre-operative logistics, the authors suggest that 

intravenous administration should be carried out prior to the induction of general anesthesia.

Verbeek et al. 37. studied the timing of administration and optimal dose of ICG during open 

hepatopancreatobiliary surgery and validated their results during elective conventional 

laparoscopic cholecystectomy in uncomplicated cholecystolithiasis. A prolonged interval (24 

hours) between ICG administration and NIR cholangiography yielded the best results, with 

lower liver background fluorescence and optimal NIR-cholangiography 37. . Although surgeons 

at our institution have not reported poor visibility due to high liver to background ratios, the 

most favorable interval and optimal timing of ICG application to best elucidate biliary structures 

remains unknown. However, it is clear that the prolonged interval between administration of 

ICG and NIR-cholangiography proposed by Verbeek and colleagues 37 would not be applicable 

in the clinical setting of acute cholecystectomy in complicated cholecystolithiasis.

In this study we have encountered one bile duct injury in 30 patients. Although ICG-NIR identified 

leakage of bile, the bile duct injury was not prevented. Further randomized studies will be 

required to demonstrate the possible benefit of ICG-NIR to decrease the occurrence of bile 

duct injuries during laparoscopic cholecystectomy.

Although others have reported good visibility of the CD (90-100%) and CBD (50-100%) using ICG, 

published data mainly include case reports or small patient series that lack substantial power 
30-36;38. For example, Schols et al. 30 performed a feasibility study in a series of 15 laparoscopic 

cholecystectomies in which use of NIR-ICG facilitated significantly earlier identification and a 

clear delineation of both CBD and CD - in agreement with the results of our study. Using ICG, 

Ishizawa et al. 32 reported identification of CD and CBD in a series of 52 patients undergoing 

laparoscopic cholecystectomy. Anatomic variants were seen in 8/52 patients during preoperative 

cholangiography and confirmed with NIR-ICG during the surgical procedure32. Both of these 

studies reported results from heterogeneous patient populations including patients with 

cholecystolithiasis, gallbladder polyps and (acute) cholecystitis 30;32.

In contrast, we validated ICG-NIR in a selective patient population consisting only of patients 

with uncomplicated cholecystolithiasis. The results presented in this study show early visibility 

of the extra hepatic bile ducts with ICG-NIR compared to CI in patients with uncomplicated 

symptomatic cholecystolithiasis. However, even in the setting of a cholecystectomy indicated 

by an uncomplicated case of cholecystolithiasis, ICG-NIR could be of great value to the 

surgeon, for example, when dissection turns out to be unexpectedly difficult due to anatomic 
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variation of the bile ducts. Secondly, we hypothesized that particularly for cases of complicated 

cholecystolithiasis such as cholecystitis, biliary pancreatitis, surgery after endoscopic retrograde 

cholangiopancreatography, or percutaneous gallbladder drainage with unclear anatomy, the 

ICG-NIR technique could be of tremendous value for safe dissection towards CVS. Recent 

years have seen the introduction of new, minimally invasive techniques including Single Incision 

Laparoscopic Surgery, Natural Orifice Transluminal Endoscopic Surgery (NOTES; American 

Society for Gastrointestinal Endoscopy [Oak Brook, IL] and Society of American Gastrointestinal 

and Endoscopic Surgeons [Los Angeles, CA]), and robot-assisted laparoscopic surgery.

The rate of bile duct injuries in single/incision laparoscopic surgery cholecystectomy is 

higher than laparoscopic cholecystectomy; 0,7% versus 0.26-0.6% respectively 8;39 This might 

be attributable to the different angle in which the surgical field is approximated or due to 

different positioning and introduction of a decreased number of trocars than in conventional 

laparoscopic cholecystectomy. Differences in visualization might impede or delay recognition 

of the extra-hepatic bile ducts and increase the risk of iatrogenic bile duct injury. Several 

studies suggest that ICG-NIR imaging could represent an important aid to surgeons performing 

cholecystectomies with single-incision laparoscopic surgery, NOTES or the robot 31;40-42. 

Fluorescent cholangiography will allow better visualization of the bile ducts while it reduces 

the learning curve in implementing these new minimally invasive surgical techniques.

These new developments illustrate the potential value of image-guided surgery using novel 

and known techniques such as fluorescence with ICG or other fluorescent agents. In the future, 

imaging will become increasingly more important during surgical procedures and is expected 

to become an integral part of minimally-invasive surgery.

CONCLUSION

Use of ICG-NIR during elective laparoscopic cholecystectomy for uncomplicated 

cholecystolithiasis results in early and more frequent identification of the CD and CBD during 

surgery, without the need for bile duct cannulation required with IOC. Using ICG-NIR, unclear or 

abnormal biliary anatomy can be identified in uncomplicated cholecystolithiasis, and conversion 

can be prevented in case of unclear CVS. For patients with complicated cholecystolithiasis, 

we expect ICG-NIR to provide additional value for identification of the CD and CBD during 

laparoscopic cholecystectomy. We therefore recommend that further research be carried out 

to clarify whether ICG-NIR would allow elucidation of biliary anatomy in patients with a high 

risk of bile duct injury.
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