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Abstract

Background Correct assessment of biliary anatomy can

be documented by photographs showing the ‘‘critical view

of safety’’ (CVS) but also by intraoperative cholangiogra-

phy (IOC).

Methods Photographs of the CVS and IOC images for 63

patients were presented to three expert observers in a

random and blinded fashion. The observers answered

questions pertaining to whether the biliary anatomy had

been conclusively documented.

Results The CVS photographs were judged to be ‘‘con-

clusive’’ in 27%, ‘‘probable’’ in 35%, and ‘‘inconclusive’’

in 38% of the cases. The IOC images performed better and

were judged to be ‘‘conclusive’’ in 57%, ‘‘probable’’ in

25%, and ‘‘inconclusive’’ in 18% of the cases (P \ 0.001

compared with the photographs). The observers indicated

that they would feel comfortable transecting the cystic duct

based on the CVS photographs in 52% of the cases and

based on the IOC images in 73% of the cases (P = 0.004).

The interobserver agreement was moderate for both

methods (kappa values, 0.4–0.5). For patients with a his-

tory of cholecystitis, both the CVS photographs and the

IOC images were less frequently judged to be sufficient for

transection of the cystic duct (P = 0.006 and 0.017,

respectively).

Conclusion In this series, IOC was superior to photo-

graphs of the CVS for documentation of the biliary anat-

omy during laparoscopic cholecystectomy. However, both

methods were judged to be conclusive only for a limited

proportion of patients, especially in the case of cholecys-

titis. This study highlights that documenting assessment of

the biliary anatomy is not as straightforward as it seems

and that protocols are necessary, especially if the images

may be used for medicolegal purposes. Documentation of

the biliary anatomy should be addressed during training

courses for laparoscopic surgery.

Keywords Bile duct injury � Cholecystectomy �
Critical view of safety � Intraoperative cholangiography

Bile duct injury (BDI) is a dreaded complication during

both laparoscopic and classic open cholecystectomy. The

most severe type of BDI is complete transection of the

common bile duct (CBD), and it occurs when the CBD is

mistaken for the cystic duct. An important safety measure

for identifying the cystic duct is to establish the so-called

critical view of safety (CVS) [1]. In addition, intraoperative

cholangiography (IOC) may be used to assess the biliary

anatomy. Although opinions vary on whether IOC should

be performed routinely or selectively, IOC is associated

with a reduction in the incidence of major BDI [2–5].

Currently, the guidelines of the Dutch Society of Sur-

gery advise that the CVS is to be documented for educa-

tional and medicolegal purposes [6]. It should be

documented in the operation notes and preferably sup-

ported by intraoperative images. Two Dutch studies that

assessed whether photographs or video images performed
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better at documenting the CVS yielded contradictory

results [7, 8]. In both studies, the CVS (and thus, cystic

duct identification) could be registered conclusively for

only 34–70% of the patients.

Besides photographs of the CVS, stored IOC images can

be used as documentation for correct identification of the

cystic duct. Actually, IOC may constitute a better docu-

mentation than photographs of the CVS, but this has never

been assessed.

In our University Medical Centre, the CVS is docu-

mented routinely by photographs, and IOC is performed

routinely. In this study, we investigated the quality of the

documentation of biliary anatomy using both photography

of the CVS and IOC.

Methods

In the University Medical Centre Groningen, most chole-

cystectomies are performed by surgical trainees under the

supervision of one among seven consultant surgeons spe-

cialized in gastrointestinal surgery. The standard operative

technique for laparoscopic cholecystectomy at our center is

the CVS technique described by Strasberg et al. [1] fol-

lowed by routine IOC [9]. Digital registration of the CVS

by means of photography has been hospital policy since

November 2008.

Patients

All cholecystectomies between November 2008 and April

2010 were retrospectively reviewed. Patients were included

in the analysis whenever they had undergone a cholecys-

tectomy completed laparoscopically, whenever achieve-

ment of the CVS was documented in the operation notes,

whenever photographs of the CVS were stored in the

digital medical records, and whenever IOC had been suc-

cessfully performed and saved in the digital medical file.

Review of the images

The photographs of the CVS in tagged image file format

(.tiff) and the IOCs in joint photographic expert group

format (.jpg) were reviewed and rated by three expert

abdominal surgeons (H.O.C.H., R.J.P., and V.B.N.). Each

surgeon had supervised more than 100 laparoscopic

cholecystectomies after completion of surgical training.

The photographs and the IOC images were presented in

random unmatched order without additional patient infor-

mation. The surgeons answered consecutive questions

pertaining to the quality of the images and the documen-

tation of biliary anatomy assessment. The quality of the

images was rated on a 10-point scale ranging from 1 (very

poor) to 10 (excellent). The translated version of the

scoring form is included as Appendix.

Statistical analysis

Statistical analysis was performed with SPPS 16.0 for

Windows (SPPS Inc, Chicago, IL, USA). For analysis of

continuous variables, the mean of the three observers was

used. For analysis of ordinal and nominal values, the

median of the three observers was used.

The paired samples t-test was used to compare contin-

uous variables. The Wilcoxon paired samples signed ranks

test and the McNemar test were used to compare paired

ordinal and nominal variables. The Mann–Whitney U test

and the chi-squared test were used to compare unpaired

ordinal and nominal variables. Interobserver agreement

was assessed by calculating the kappa values. A P value

less than 0.05 was considered significant.

Results

Patients

The CVS was explicitly reported to have been achieved in

130 of 139 laparoscopically completed cholecystectomies.

It was recorded by photograph for 81 patients. For the

remaining 49 patients, either no images (n = 35) or only

videos (n = 14) of the CVS were stored. Attempted IOC

for 116 patients was successful for 97 patients. For 63

patients, both photographs of the CVS and IOC images

were available. The median number of photographs taken

was two (interquartile range [IQR], 1–3). The median

number of IOC images stored, usually as a series in a short

film, was six (IQR, 5–12).

The indications for cholecystectomy were uncompli-

cated gallstone disease in 31 cases (49%), biliary pancre-

atitis or CBD stones in 13 cases (21%), and current or

previous cholecystitis in 19 cases (30%). No bile duct

injuries or bile leaks occurred in this series of patients.

Photography versus IOC

Table 1 shows the experts’ ratings of the photographs and

the IOC images. The quality of the photographs was rated

lower (5.8 ± 1.4) than that of the IOCs (6.7 ± 1.3;

P \ 0.001). The CVS was documented ‘‘conclusively’’ by

photography for only 17 patients (27%). It was rated as

‘‘probably’’ for 22 patients (35%) and as ‘‘inconclusive’’

for 24 patients (38%). In comparison, IOC was judged to

document the cystic duct ‘‘conclusively’’ for 36 patients

(57%), ‘‘probably’’ for 16 patients (25%), and ‘‘inconclu-

sively’’ for 11 patients (18%). Thus, IOC was superior to
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photography of the CVS for documenting assessment of the

biliary anatomy (P \ 0.001).

Based on the photographs, the surgeons deemed it jus-

tifiable to transect the cystic duct in 33 patients (52%).

Based on the IOC, transection of the cystic duct was

deemed justifiable for 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).

For 14 patients, neither of the two methods was judged

conclusive. Review of the operative notes for these patients

showed expression of doubts about the way the CVS was

visualized for 4 of the 14 patients and doubts about the IOC

for 3 of the 14 patients. Figure 1 portrays a conclusively

documented CVS in three photographs. Figure 2 shows a

case of correctly and a case of incorrectly documented IOC.

The inflamed gallbladder

Table 2 shows the differences between patients who

underwent cholecystectomy for current or previous chole-

cystitis and those with other indications. For the 19 patients

with a history of cholecystitis, the surgeons deemed the

photographs of CVS sufficiently conclusive to transect the

cystic duct in five patients (26%). Among the patients

undergoing cholecystectomy for other indications, this was

28 (64%) of 44 patients (P = 0.004).

The same phenomenon was seen for IOC. Transsection

was deemed safe for 53% of the patients with past or

current cholecystitis versus 82% of those with other indi-

cations (P = 0.017). The results are shown in Table 2.

Interobserver agreement

The kappa for interobserver agreement on conclusiveness

of photographs of the CVS was 0.416 between observers A

and B, 0.499 between observers A and C, and 0.394

between observers B and C. The kappas for interobserver

agreement on conclusiveness of the IOCs were 0.533,

0.478, and 0.407, respectively. These values have been

described to indicate moderate agreement [10].

Discussion

This study investigated the documentation of correct

assessment of biliary anatomy by photography of the CVS

and by IOC. The cystic duct was conclusively documented

in 57% of the IOCs compared with 27% of the photographs

of the CVS. Conclusive documentation of the biliary

anatomy was especially poor for patients with a history of

cholecystitis.

Several studies have previously evaluated photographs

of the CVS [7, 8, 11]. The rate of conclusive photographs

in the current study was lower than in the other studies.

This difference may be explained partly by the high pro-

portion of patients with cholecystitis in the current study

(Table 3). In a recent commentary, Strasberg and Brunt

[12] describe the achievement of CVS as more challenging

with an inflamed gallbladder. Due to the altered aspect of

the anatomic structures during or after inflammation, it

may be especially difficult to capture the CVS in one or

two still images. Doubts were expressed about the CVS or

IOC in the operative notes for only a minority of patients

with inconclusive documentation in photographs or IOC.

Therefore, the problem probably lies in the documentation

rather than in unsafely performed surgery. Nonetheless, the

proportion of properly documented CVS is unacceptably

low, and effort currently is being put into improving this

aspect of gallbladder surgery at our center. New protocols

including video images and instructions during resident

courses in laparoscopic surgery have been implemented for

this purpose.

The CVS technique is fully accepted in Dutch surgical

practice. A nationwide survey by our group showed that

98% of the surgeons apply this technique [13]. Also, many

surgeons document the CVS by photograph (43%) or video

(30%). Considering the poor results from photography of

the CVS at our center, it would be interesting to assess the

quality of the images from other hospitals.

Previous studies have assessed whether the CVS had

been achieved ‘‘certainly,’’ ‘‘probably,’’ or ‘‘inconclu-

sively’’ [7, 8]. In the current study, a binary response

(‘‘yes’’ or ‘‘no’’) also was elicited from the observers by

asking them whether they would feel comfortable tran-

secting the identified duct based on the images. Half of the

responses marked as ‘‘probably’’ then changed to ‘‘yes.’’

The other half changed to ‘‘no.’’ This illustrates the range

of responses that may be classified as ‘‘probably.’’ The

Table 1 Registration of the cystic duct by photograph and intraop-

erative cholangiography (IOC)

Photograph IOC P value

Mean quality of the images 5.8 ± 1.4 6.7 ± 1.3 \0.001a

CVS/cystic duct

identified: n (%)

\0.001a

Yes 17 (27.0) 36 (57.1)

Probably 22 (34.9) 16 (25.4)

Inconclusive 24 (38.1) 11 (17.5)

Safe to transect duct: n (%) 0.004a

Yes 33 (52.4) 46 (73.0)

No 30 (47.6) 17 (27.0)

CVS critical view of safety
a Indicates P \ 0.05
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interobserver agreement on the photographs was moderate,

with kappa values between 0.4 and 0.6. The only previous

study to assess interobserver agreement on CVS photo-

graphs found a slightly higher kappa of 0.69 (fair agree-

ment) [7]. This study cannot with certainty explain the low

interrater agreement, but we believe it would benefit from

higher-quality photographs according to a standardized

protocol.

The merits of IOC have been described in large popu-

lation-based studies [2–4]. There is, however, concern that

Fig. 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

Fig. 2 Documentation of the

biliary anatomy by intraoperative

cholangiography. 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 are visualized, the

cystic duct is not, and it could be

the common bile duct that is

cannulated instead of the cystic

duct

Table 2 Performance of

photography and intraoperative

cholangiography (IOC) in

patients with and without

cholecystitis

CVS critical view of safety
a Indicates P \ 0.05

Current or previous

cholecystitis (n = 19)

Other indications

(n = 44)

P value

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: n (%) 0.007a

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: n (%) 0.006a

Yes 5 (26.3) 28 (63.6)

No 14 (73.7) 16 (36.4)

Cystic duct identified by IOC: n (%) 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: n (%) 0.017a

Yes 10 (52.6) 36 (81.8)

No 9 (47.4) 8 (18.2)
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IOCs are not always correctly interpreted [14, 15]. In the

current series, the cystic duct could be conclusively doc-

umented in only 57% of cases. In the cases wherein IOC

did not correctly document the cystic duct, this was caused

by projection of the cystic duct over the CBD, incomplete

filling of the biliary tree, or both. The interobserver

agreement on the IOCs was moderate.

An unexpected finding was that a lower proportion of

IOCs were conclusive for patients with an inflamed gall-

bladder. This may have been caused by adhesions or

alterations in the morphology of the cystic duct that made

the situation more prone to over projection or insufficient

filling of the biliary tree during IOC.

Attention should be paid to the legal implications of

documentation of the biliary anatomy. This seems evident

for IOC because it is part of the radiology studies in the

patient medical file. However, stored laparoscopic images,

particularly images of the CVS, are relatively new items in

the patient medical records. The medicolegal value of these

images has not been determined. Once a selection of intra-

operative images is stored, the images are considered ‘‘per-

sonal data’’ under Article 2 of the Dutch Personal Data

Protection Act (in Dutch, abbreviated as WBP). According

to this Act, special requirements regarding the quality and

admissibility of data processing must be met (Article 6–15 of

the Personal Data Protection Act). One of these requirements

is the patient’s consent for the CVS to be stored. Generally, it

is accepted that the patient’s consent for surgery also com-

prises consent for CVS documentation and storage.

Under Dutch law (Article 453 and 454 of the Medical

Treatment Contracts Act, in Dutch, abbreviated as

WGBO), the CVS should be documented in the patient

medical records to comply with the care provider’s

responsibility in view of the applicable professional stan-

dard (in the case of cholecystectomy, the Dutch Guidelines

and Best Practice for laparoscopic cholecystectomy [6]).

The patient has certain rights in relation to his medical file

(e.g., the right to access the file and to copy it) including

radiology studies and laparoscopic images. The patient

may use such copies in a court of law, for example, in case

of bile duct injury (BDI).

On the other hand, documentation of the biliary anatomy

can be used by the surgeon to substantiate measures taken

to ensure safe cholecystectomy. In particular circum-

stances, the physician may use documents and images from

the patient’s file in legal procedures without the patient’s

consent to prove he has met requirements of due care under

the professional standard. This exception is based on

Article 6 of the European Convention of Human Rights,

which states that everyone, including physicians, has the

right of fair trial.

Besides the patient and the physician, the public pros-

ecutor and the health care inspectorate also may claim the

medical file. Dutch regulations on the quality of health care

require that any calamity (an unintended adverse event

resulting in the death or serious harm of a patient) in a

health care institution must be reported to the Health Care

Inspectorate. In case the Inspectorate encounters any vio-

lation of these regulations, the Public Prosecutor is

informed.

Several studies have assessed litigation claims for iat-

rogenic BDI during cholecystectomy [16–20], concluding

that litigation for BDI continues to play a role in modern

surgical practice. Very little data exist on the role of patient

safety interventions in these cases. Most of the injuries

occurred before widespread implementation of the CVS

technique. It would be interesting to assess claims for BDI

in the years after the introduction of the CVS, especially in

the Netherlands as documentation of the CVS is incorpo-

rated into the national guidelines. At the moment, docu-

mentation of the CVS in the operation notes probably is

sufficient 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 procedure [21]. As the storing of

laparoscopy images becomes more widely practiced,

operation notes supported by images probably will become

the new standard of care.

This study was conducted retrospectively, and no pro-

tocol for taking the photographs of the CVS was used. This

is, however, the first study to assess the value of IOC for

documenting the cystic duct. It would be interesting to

Table 3 Documentation of critical view of safety (CVS) by photograph in previous studies and in the current study

Rawlings et al. [11]

(single port) (%)

Plaisier et al.

[8] (%)

Emous et al. [7] (mean

of two observers) (%)

Current study

(photo CVS) (%)

Current study

(IOC) (%)

CVS/cystic duct identified

Yes 64 62 40 27 57

Probably 24 16 36 35 25

Inconclusive 12 22 26 38 18

Present/previous cholecystitis 0 10 28 30 30

IOC intraoperative cholangiography
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compare IOC with videos of the CVS in addition to pho-

tographs. Emous et al. [7] have suggested that videos of the

CVS are superior to photographs, although Plaisier et al.

[8] claimed that photographs are superior. Further study on

this topic is currently ongoing at our center.

Conclusion

In this series, IOC was superior to photographs of the CVS

for documenting the correct assessment of the biliary

anatomy during laparoscopic cholecystectomy. However,

both methods were conclusive only for a limited proportion

of patients, especially in the case of cholecystitis. Our

study highlights that documentation of the biliary anatomy

is not as straightforward as it seems and that protocols are

necessary, especially because the images may be used for

medicolegal purposes. Documentation of cystic duct

identification should be addressed during training courses

for laparoscopic surgery.
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Appendix: Questions answered by each observer

(translated from Dutch)

Part 1: Critical view of safety (CVS)

1. What is the quality of the photos (grade best photo)?

(Very poor) 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 9 – 10

(Excellent)

2. Has the CVS been achieved?

• Yes

• Probably

• Inconclusive

3. Would you transect the cystic duct based on this image?

• Yes

• No

Part 2: Intraoperative cholangiography (IOC)

1. What is the quality of the IOC (grade best image)?

(Very poor) 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 9 – 10

(Excellent)

2. Is the duct that is cannulated the cystic duct?

• Yes

• Probably

• Inconclusive

3. Would you transect the cannulated duct based on this

IOC?

• Yes

• No
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