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Abstract
The incidence of biliary injury after laparoscopic cholecystectomy (LC) has
shown a declining trend though it may still be twice that as with open
cholecystectomy. Major biliary or vasculobiliary injury is associated with
significant morbidity. As prevention is the best strategy, the concept of a culture
of safe cholecystectomy has been recently introduced to educate surgeons and
apprise them of basic tenets of safe performance of LC. Various aspects of safe
cholecystectomy include: (1) thorough knowledge of relevant anatomy, various
anatomical landmarks, and anatomical variations; (2) an understanding of the
mechanisms involved in biliary/vascular injury, the most important being the
misidentification injury; (3) identification of various preoperative and
intraoperative predictors of difficult cholecystectomy; (4) proper gallbladder
retraction; (5) safe use of various energy devices; (6) understanding the critical
view of safety, including its doublet view and documentation; (7) awareness of
various error traps (e.g., fundus first technique); (8) use of various bailout
strategies (e.g., subtotal cholecystectomy) in difficult gallbladder cases; (9) use of
intraoperative imaging techniques (e.g., intraoperative cholangiogram) to
ascertain correct anatomy; and (10) understanding the concept of time-out.
Surgeons should be facile with these aspects of this culture of safety in
cholecystectomy in an attempt to reduce the incidence of biliary/vascular injury
during LC.
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Core tip: Laparoscopic cholecystectomy (LC) is associated with higher risk of biliary
injury. This complication is associated with prolonged morbidity, decreased overall
survival and potential for litigation. Prevention remains the best strategy. With the
understanding of underlying mechanisms related to this complication, a number of
preventive strategies have been described. Besides proper training and use of optimal
equipment, understanding relevant anatomy, identification of factors predicting difficult
procedure, execution of correct surgical technique, use of the critical view of safety,
judicious use of energy sources, understanding stopping rules, time-out and bailout
techniques, and proper documentation are basic tenets of safe LC.

Citation: Gupta V, Jain G. Safe laparoscopic cholecystectomy: Adoption of universal culture
of safety in cholecystectomy. World J Gastrointest Surg 2019; 11(2): 62-84
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INTRODUCTION
A safe cholecystectomy is one that is “safe for both the patient (no bile duct/hollow
viscus/vascular  injury)  and for  the  operating surgeon (no or  minimal  scope for
litigation)”[1].  Laparoscopic  cholecystectomy (LC)  is  one  of  the  most  commonly
performed general surgical procedures worldwide. It is associated with an overall
complication rate of approximately ten percent with a higher risk of biliary injury
(0.1%-1.5%) [2 -4]  when  compared  to  the  open  approach  (0.1%-0.2%) [2 ,5 ].  This
complication,  if  sustained,  largely  offsets  the  benefit  of  the  minimally  invasive
approach. Recent data suggest a declining trend in the bile duct injury (BDI) rate
(0.32%-0.52%) without any significant change in the morbidity or mortality after LC[5].
However,  it  is  important  to  recognize  the  fact  that  most  of  these  injuries  are
preventable, especially if a structured safe technical protocol is followed.

Given the immediate morbidity, higher mortality, decreased quality of life, and
decreased long term survival associated with BDI or vasculobiliary injury (VBI), as
well as its medicolegal implications[6-10], the importance of safe performance of LC
cannot be underemphasized. As the insight into the mechanisms involved in BDI/VBI
during LC has evolved[11-13],  a  large number of  strategies  have been proposed to
safeguard  against  BDI/VBI[14-18].  The  present  review  focuses  on  most  effective
strategies a surgeon should be familiar with during LC. Reduced port or single port
approaches  for  LC are  not  covered  in  this  review as  currently  they  are  not  the
standard of care[19].

PREDISPOSING FACTORS FOR POST CHOLECYSTECTOMY
BDI/VASCULAR INJURY
Factors predisposing to BDI/VBI are related to anatomy, disease related pathology,
structural  misidentification  and  improper  techniques[12,20].  The  most  common
mechanism of such injuries involves the misidentification of the common bile duct
(CBD) or common hepatic duct (CHD) as the cystic duct or the misidentification of the
hepatic artery as the cystic artery[16].

AVOIDANCE OF BILIARY/VASCULAR INJURY DURING LC
Basic tenets of performing a safe LC include: (1) Thorough knowledge of surgically
relevant anatomy; (2) Identification of factors predictive of difficult cholecystectomy;
(3)  Understanding  and  execution  of  correct  technique  that  includes:  Correct
exposure/display of hepatocystic (HC) triangle in preparation of dissection; Judicious
use of energy sources; Achieving the critical view of safety (CVS); Remembering error
traps;  (4)  Strategies  to  handle  a  difficult  situation:  Stopping  rules;  Second
opinion/surgical assistance; Use of intraoperative imaging to clarify the anatomy;
Bail-out procedures; and (5) Documentation.
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SURGICALLY RELEVANT ANATOMY
It is crucial to have a thorough knowledge of the relevant anatomy as the procedure is
performed in an area adjacent to many vital structures (portal vein, hepatic artery and
extrahepatic biliary tract). Furthermore, the surgeon needs to be mindful of common
anatomical variations, and the anatomical distortion due to pathological processes
(e.g., acute/chronic cholecystitis). Safe execution of LC requires clear understanding of
following anatomical terms/landmarks.

Hepatocystic triangle
This is an area on the under surface of the liver on the right side of the hepatic hilum.
It has CHD on the medial side, cystic duct caudally, and liver under surface cranially
(Figure 1)[21,22].  This triangle contains the cystic artery, a variable portion of right
hepatic artery, the cystic lymph node, lymphatics, and a variable amount of fibro-fatty
connective tissue[21].

Clinical significance: This is the target area for dissection during LC. This triangle is
different  from Calot’s  triangle where the cystic  artery forms cephalad boundary
instead of the liver surface[21,22] (Figure 1). In literature, these terms have been used
interchangeably but in present review only the term “HC triangle” has been used to
maintain uniformity as the actual dissection takes place in this triangle, not in Calot’s
triangle[21]; The cystic lymph node often lies superficial to the cystic artery and acts a
landmark to locate this artery[23]. The artery should be divided on the right side of this
lymph node close to the gallbladder to avoid injury to the right hepatic artery. This
landmark  is  quite  useful  in  difficult  cases.  This  area  may  be  affected  by  the
inflammatory process during acute or chronic cholecystitis, and it may appear thick,
fibrotic, or scarred, which may create difficulty in anatomical identification and/or
dissection.

Cystic plate
This is a flat ovoid fibrous sheet located in the gallbladder bed[24,25].  It is a part of
sheath/plate system of the liver[24]. It is continuous with liver capsule of segment 4
(medially) and segment 5 (laterally). Postero-medially towards the hepatic hilum, it
narrows to become a stout cord like structure that is continuous with the sheath of the
right portal pedicle[24].

Clinical significance: With gallbladder in-situ, the cystic plate is not visible as it is
covered by  the  gallbladder.  It  is  exposed as  whitish/greyish  structure  once  the
gallbladder is dissected off of the liver (Figure 2). It is important to expose the lower
part of the cystic plate while achieving the CVS as discussed subsequently in this
article. The CVS is considered incomplete without this exposure as an anomalous duct
(e.g., right posterior sectional duct) may exit the liver or an anomalous right hepatic
artery may enter the liver in this area. These structures may be at risk of injury if not
identified properly. While the fundus and most of the body of the gallbladder remains
closely  adherent  to  the  cystic  plate,  a  layer  of  loose  areolar  tissue  between  the
gallbladder wall and the cystic plate thickens towards the hilum[24] (Figure 3A). It is
important to remain close to the gallbladder wall while dissecting it  off the liver
leaving behind the areolar tissue that is attached to the cystic plate while dissecting
the neck of the gallbladder and the cystic duct. It is important not to breach the cystic
plate while dissecting the gallbladder off the liver. Breaching the cystic plate during
this step may cause two problems. First, there might be troublesome bleeding from
liver parenchyma, especially if the terminal tributaries of the middle hepatic vein
(which  lie  in  this  location)  are  injured.  Second,  sub-vesical  bile  ducts  (coursing
superficially close to gallbladder fossa) may be injured, causing a postoperative bile
leak[26].  Such  a  breach  is  more  likely  to  occur  in  chronic  cholecystitis  where  the
gallbladder  may  be  densely  adherent  to  the  underlying  liver  without  distinct
dissection planes. In chronic cholecystitis with a small and contracted gallbladder, the
longitudinal length of the cystic plate from the fundus to its attachment with right
portal pedicle sheath becomes short (Figure 3B). Without appreciating this pathologic
shortening, the surgeon may enter into the right portal pedicle sheath soon after the
dissecting  the  fundus/body  of  the  gallbladder  if  the  fundus  first  technique  is
attempted. This may cause injure to the right portal pedicle structures causing serious
VBI[27].

Rouviere’s sulcus
This sulcus is 2-5 cm long and is present on the under surface of the right lobe of the
liver, running to the right of the hepatic hilum[28-31] (Figure 4). It is easily visible in
most (80%) of the cases where it remains open (partly or fully) and it usually contains
right portal pedicle or its branches[28-30]. During LC, it is best seen when the gallbladder
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Figure 1

Figure 1  Anatomy of hepatocystic and Calot’s triangles. A: Hepatocystic triangle (red outline); Calot’s triangle (in blue); Relevant anatomical structures; B: Before
dissection; C: After dissection. CD: Cystic duct; CA: Cystic artery; LN: Lymph node; HAP: Hepatic artery proper; CBD: Common bile duct.

neck is retracted towards the umbilical fissure (Figure 5).

Clinical significance: The visible open sulcus acts as a fixed anatomical landmark
during LC. It reliably indicates the plane of the CBD thus helps to reorient surgeon in
cases  of  difficultly.  All  the  dissection  during  the  LC must  be  done  ventral  and
cephalad to the line joining the roof of this sulcus and base of segment 4 (R4U line)
(Figures 4 and 5) as discussed later. During posterior dissection in the HC triangle, the
dissection may be safely started by dividing the peritoneum immediately ventral and
cephalad to the sulcus[28] (Figure 5).

Umbilical fissure
This is a fissure between the left lateral section (segments 2, 3) and left medial section
(segment 4) where the falciform ligament and ligamentum teres lie.

Clinical significance: This also acts as a fixed anatomical landmark, and helps the
operating surgeon to reorient in difficult situations.

Segment 4
This is the left medial section of the liver[32]. During LC it is identified easily by its
location between the umbilical fissure and the gallbladder (Figure 4).

Clinical  significance:  The  base  of  segment  4  acts  as  a  fixed  landmark.  All  the
dissection in the HC triangle should be done cephalad to the R4U line (Figures 4 and
5). The initial assessment of size of this segment is important. This can be easily done
by looking at the distance between the umbilical fissure and the gallbladder. Certain
congenital conditions like segment 4 hypoplasia and ectopic gallbladder may need to
be assessed correctly before the dissection begins to avoid inadvertent injury to bile
duct[33,34].

Anatomical variations
As the HC triangle is the primary surgical field during LC, it is important to know the
clinically significant anatomic variations occurring in this area. These variations may
pose challenges to the unfamiliar surgeon with a potential for BDI/VBI.

Vascular anomalies: The cystic artery and the right hepatic artery (RHA) are two
important vessels of concern during LC.

The cystic artery is usually single (approximately 79%), originates from RHA, and
most commonly (81.5%) traverses the HC triangle to supply the gallbladder through

WJGS https://www.wjgnet.com February 27, 2019 Volume 11 Issue 2

Gupta V et al. Safe laparoscopic cholecystectomy

65



Figure 2

Figure 2  Cystic plate is visualized after the gallbladder is dissected off its liver bed.

its two branches - superficial and deep[23]. However, this artery may have variations in
its origin, number, or course. The most important of these variations includes: (1) the
cystic artery passing anterior to the common hepatic/bile duct (17.9%); (2) a short (< 1
cm) cystic artery (9.5%); (3) multiple cystic arteries (8.9%); and (4) the cystic artery
located inferior to the cystic duct (4.9%)[23].

Clinical importance: If the presence of a short cystic artery is not appreciated during
surgery, the right hepatic artery may be clipped and divided in a manner similar to
that of the classic BDI. Keeping the dissection of the artery close to the gallbladder on
the right side of the cystic lymph node (a fixed landmark) may prevent injury to the
right hepatic artery. When the cystic artery arises from the gastroduodenal or left
hepatic artery, it doesn’t pass through the HC triangle so can’t be localised during
dissection in this triangle[23]. When it arises from the gastroduodenal artery, the cystic
artery passes inferior to the cystic duct (low lying cystic artery)[21].

Anatomic variations of RHA are common. It usually passes behind the CHD (87%)
before entering the HC triangle[22].  An aberrant  right  hepatic  artery (replaced or
accessary) is also not uncommon. A replaced right hepatic artery, after coursing from
behind the portal vein and CBD, comes to lie on the right side of the bile duct, and
then travels close to the cystic duct and gallbladder and joins the right pedicle high up
in the HC triangle[21,23].

Clinical importance: During dissection in the HC triangle, a replaced right hepatic
artery may appear as a large cystic artery, and might be injured if  not identified
correctly[23].  The  right  hepatic  artery  may  take  a  tortuous  course  (Caterpillar
turn/Moynihan’s hump) within the HC triangle,  and it  may lie very close to the
gallbladder and the cystic duct before giving off a short cystic artery[21]. Again, this
aberrant  course  makes  the  right  hepatic  artery  prone  to  injury  during
cholecystectomy.

Biliary ductal anomalies
Important ductal anomalies relevant to LC involve variations in the cystic duct and
right hepatic ductal system[35].

The cystic duct is usually 2-4 cm long and 2-3 mm wide[21,36]. It may be congenitally
absent (very rare) or very long (5 cm or more)[21,36]. Usually it joins the CHD at an
angle (angular insertion, 75%) but its course may be parallel (20%) or spiral (5%)[21,24,35].
It usually enters the CHD but there are variations: it may enter the right hepatic duct
(0.6%-2.3%), anomalous right sectional duct,  or CHD quite low near the ampulla
(Figure 6)[21,22]. An anomalous right sectional duct, especially a right posterior sectional
duct, may join the biliary tree at a level lower than usual. Rarely, there might be
duplication of the CBD[37].

Clinical importance: The length and course of the cystic duct and its joining pattern
with CHD are variable (Figure 6). However, its entire course and its junction with the
CBD do not need to be delineated during LC as it is not required and it will put the
bile duct at risk of injury specially in case of parallel insertion where the part of the
cystic  duct  may  be  adherent  to  the  CHD  due  to  inflammation  (Figure  6D).  A
congenitally  absent  cystic  duct  is  a  very  rare  condition.  If  the  cystic  duct  is  not
apparent during cholecystectomy then either it is short or it may be effaced by the
stone or the Mirizzi syndrome is present (Figure 6E). The surgeon should be careful
while dissecting in the HC triangle in such situation and may need to resort to one of
the bail-out techniques as discussed later. Similarly, if two cystic ducts are visible,
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Figure 3

Figure 3  Understanding surgical planes during dissection. A: Usually, in uncomplicated cases, plane of
dissection remains close to the gallbladder that leaves behind the cystic plate attached to liver; B: In chronic
cholecystitis, with small shrunken gallbladder, liver puckering develops (red curved arrow) with shortening of the
cystic plate (black interrupted arrow). With loss of plane, the surgeon tends to breach the cystic plate (red arrows)
resulting in bleeding from the liver. In addition, there is a risk to enter in to the right portal pedicle during fundus first
approach (blue arrow) if such danger is not appreciated; C: Pucker sign as noted during open cholecystectomy; D:
Small contracted scarred gallbladder (in white circle) was identified after separating adherent omentum and colon.
Duodenum (Du) was densely adherent to the gallbladder. Findings such as in C and D suggest difficult
cholecystectomy.

surgeon should be very careful in labelling this as double cystic ducts and dividing
these  structures[24].  The  anatomy  should  be  clarified  [e.g.,  with  intraoperative
cholangiography (IOC)] as these two ducts may be CBD and the CHD with a very
short or effaced cystic duct[24], indicating that the dissection has gone behind the bile
duct rather than through the HC triangle. The cystic duct diameter may be as much as
5 mm due to the passage of stone, and in this situation it may be confused with CBD.
Inability to completely occlude the cystic duct with a medium-large clip should raise
the suspicion of it to be CBD[38] and this should be clarified (with proper display of
CVS, and/or intraoperative imaging) before clipping and division. Anomalous low
insertion of a right sectional duct (usually posterior), especially when the cystic duct
joins it (Figure 6B), will put this sectional duct at risk of injury[22,35] if the surgeon is
unaware of this variation and does not achieve CVS as discussed subsequently.

PREDICTORS OF DIFFICULT CHOLECYSTECTOMY
A difficult LC (difficult gallbladder) creates a prolonged operative time and a higher
likelihood of conversion to an open procedure. A number of parameters have been
evaluated to predict such difficulty[39-41]. Male gender and higher age have been found
to be consistent predictors of difficult procedure in both acute cholecystitis and in
elective cases[39,40] (Table 1).

In cases with acute cholecystitis, the severity of the inflammation in the HC triangle
and adjoining area (as indicated by raised total  leucocyte counts,  and C-reactive
protein levels), remains the most common reason for conversion[39].

In cases with chronic cholecystitis, presence of thick wall gallbladder, presence of
Mirizzi syndrome, small contracted gallbladder, and impacted large stone at neck are
important predictors of difficult procedure[39,40].

An acute or chronic inflammatory process leads to local changes within and around
the gallbladder. It may lead to scarring in the HC triangle, the primary surgical field
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Figure 4

Figure 4  B-SAFE anatomical landmarks and R4U safety line. If Rouviere’s sulcus is not present, then the
imaginary line passing across the base of the segment 4 from the umbilical fissure may be extended towards right
across the hepatoduodenal ligament to ascertain safe zone of dissection (Figure 5).

of interest, to such an extent that it may be difficult to ascertain the actual anatomy
and safely identify the cystic duct and the cystic artery.

During  surgery,  certain  intraoperative  findings  can  predict  the  subsequent
operative difficulty.  These intraoperative findings which are considered high on
difficulty score include diffuse dense peri-gallbladder adhesions (Figure 7), partial or
diffuse fibrosis/scarring in the HC triangle, diffuse scarring in the gallbladder bed
with a small shrunken lumen-less gallbladder, easy bleeding at dissection around the
gallbladder  or  in  HC triangle,  gallbladder  perforation (contained perforation or
cholecysto-enteric  fistula),  Mirizzi  syndrome,  and  necrotic  changes  in  the  HC
triangle/around the gallbladder[14].  A comprehensive scoring system, e.g.,  CLOC
score,  may  also  be  useful  in  clinical  practice  to  predict  conversion  to  open
cholecystectomy[41].

As most of these predictive factors are non-modifiable, the surgeon must review all
these factors preoperatively to suitably plan the operation and prepare for the higher
likelihood for conversion or need for subtotal cholecystectomy (STC) or other bailout
techniques. In addition, the presence of these risk factors should alert surgeons with
limited experience (e.g., those who are early in their career) to be prepared to request
help from a more experienced surgeon, as this is one of the strategies to decrease the
risk of biliary injuries[1,42].

UNDERSTANDING AND EXECUTION OF CORRECT
TECHNIQUE
The basic essential steps of LC cholecystectomy include gallbladder retraction (to
open up and expose HC triangle in preparation for next step), dissection in the HC
triangle to achieve the CVS, clipping and division of the cystic duct and the cystic
artery, and dissection of the gallbladder from its bed (Figure 8).

Correct exposure/display of the HC triangle in preparation for dissection
The HC triangle is the primary surgical field of interest in the LC. It is essential to
expose this area before the actual dissection begins. This requires proper retraction of
the gallbladder. Proper retraction means adequate retraction of the gallbladder in the
correct directions.

The fundus should be retracted towards the right shoulder of the patient and the
infundibulum should be retracted infero-laterally towards the right side of the patient
(Figure 9)[43]. This will expose the anterior peritoneal layer over the HC triangle. The
cystic lymph node can be seen, which serves as a fixed anatomical landmark for the
cystic artery. In a thin patient without inflammation and without much fibro-fatty
tissue in the HC triangle, the cystic duct and the artery may be easily visible at this
stage.

When the  infundibulum (neck)  is  retracted towards  the  umbilical  fissure,  the
posterior aspect of the HC triangle can be seen (Figure 10). If the infundibulum is not
retracted adequately in the correct direction, the CBD will be pulled towards the right
upper quadrant of the patient, resulting in parallel alignment of the cystic duct and
the CBD (Figure 10). In this situation the CBD may be mistaken for the cystic duct and
may be injured if care is not taken to correctly identify the anatomy. Infundibular
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Figure 5

Figure 5  Surgical field of interest during laparoscopic cholecystectomy. It is important to identify safe (green)
and danger (red) zones of dissection as demarcated by R4U line.

traction opens up the HC triangle and increases the angle between the cystic duct and
CBD. An adequate retraction will distort the HC triangle and it may then appear as
diamond shape that gradually become more and more appreciable as the dissection
proceeds (especially when the gallbladder is separated from the liver to expose lower
part of the cystic plate) and the critical view is gradually achieved (Figure 1B).

When there is difficulty in grasping and retracting the fundus (due to a tensely
distended gallbladder as in acute cholecystitis or mucocele, thick walled gallbladder,
or impacted stone in the fundus), the gallbladder may be decompressed by aspiration,
or a stay suture may be taken to facilitate retraction (Figure 11). A firm liver, as in
cirrhosis, may also create difficulty in fundal retraction.

Similarly an impacted large stone in the Hartmann’s pouch may interfere with
retraction, and may needs to be dislodged before the gallbladder can be grasped and
retracted properly. It is important to use angled laparoscope (30/45 degree) during
surgery as these scopes allow surgical field to be visualized from different angles with
better assessment, especially the assessment of CBD that lies parallel to visual axis of 0
degree scope[43].

Safe zone of dissection
It is essential for the surgeon to know the safe zone of dissection to delineate the cystic
duct and the cystic artery. Looking at the fixed anatomical landmark (B-SAFE) will
help the surgeon to identify and remain in the safe zone of dissection. These fixed
anatomical landmarks include bile duct and base of segment 4 (B), Rouviere’s sulcus
and segment 4 (S), hepatic artery (A), umbilical fissure (F), and enteric viscera (E), e.g.,
duodenum, pylorus[44].

The safe zone of dissection lies cephalad to a line extending from the roof the
Rouviere’s sulcus to the umbilical fissure across the base of the segment 4[28]. This
safety line, as we refer it to as R4U line (Rouviere’s sulcus→Segment 4→Umbilical
fissure), separates the safe zone (cephalad to this line) from danger zone (caudal to
this line) (Figures 4 and 5).

Dissection on the posterior aspect of the HC triangle (which is exposed by the
medial retraction of the infundibulum/neck towards the umbilical fissure) can be
safely started immediately ventral and cephalad to the sulcus and then continued in a
triangular area bounded by the plane of the sulcus, the neck of the gallbladder and the
liver surface (Figures 5 and 10)[28].

Concept of “time-out”
Similar to any other surgical procedure, the safe performance of LC consists of many
well-defined steps.  Surgeon must  realize  the importance of  these steps and that
omission of any of them may result in a less than desirable outcome (Figure 8).

In difficult gallbladder operation, the surgeon may become disoriented and may
enter  the  zone  of  danger.  To  avoid  this,  the  concept  of  the  time  out  has  been
introduced[44].

The surgeon should take a pause, reorient him/herself, get stock of the situation,
and  then  proceed.  To  reorient,  surgeon  should  look  for  five  important  B-SAFE
anatomic  landmarks  (Figure  4).  These  landmarks  are  present  and  can  be  easily
identified in almost every patient.

It’s a natural tendency for operating surgeon to ask the camera operator to move
the laparoscope closer to surgical field in an attempt to get a better view during a
difficult  LC.  This  may  facilitate  better  dissection  and  structure  identification.
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Figure 6

Figure 6  Cystic ductal variations, anatomical and pathological. A: Normal pattern with angular insertion; B:
Cystic duct insertion in aberrant right hepatic (sectional) duct; C: Cystic duct - parallel course. Cystic duct may be
quiet long and may join the common hepatic duct (CHD) near ampulla; D: Cystic ductal fusion with the CHD due to
inflammation; E: Short/effaced cystic duct due to impacted stone in the gallbladder neck. In both situations (D and E),
CHD would be at risk of injury during dissection especially when the surgeon tries to expose the cystic duct-common
bile duct junction.

However,  it  may  also  result  in  non-visualization  of  normal  clues/landmarks
necessary for correct orientation[38,44].

To  look  at  these  cues/landmarks,  the  camera  operator  should  withdraw  the
laparoscope to give a panoramic view of the surgical field, and then the surgeon
should reorient him/herself with the help of B-SAFE landmarks.

The surgeon should routinely perform a time-out during following steps of the
procedure: (1) immediately after entry in to the abdomen; (2) before dissection of HC
triangle; (3) when faced with anatomic ambiguity, anomalous anatomy, or in case of
any doubt or difficulty; and (4) before the cystic duct and artery are clipped and
divided after achieving the CVS[44] (Table 2). For a safer operation, it is important for
the entire surgical team to be cognizant of this concept and adhere to these basic
principles on a regular basis (Table 2 and Figure 12).

Judicious use of energy sources
Energy devices used to dissect the HC triangle and to separate the gallbladder from
its bed are monopolar cautery, bipolar cautery and ultrasonic energy devices. While
the monopolar cautery is used most commonly, current evidence is not sufficient to
recommend one over the other in terms of safety[17] though the operative time may be
shorter  with  ultrasonic  device[45-47].  All  these  energy  sources  are  considered
appropriate for safe cholecystectomy. The operating surgeon must be aware of safe
handling of these energy devices.

If a monopolar energy device (most with hook cautery) is used, it is important to:
(1) keep it at low setting (≤ 30W) to avoid arcing of current to the bile duct; (2) divide
a  small  amount  of  tissue  at  a  time  after  a  gentle  pull  to  avoid  injury  to  deeper
structures by the heel of the hook cautery; (3) use intermittent short bursts of current
at 2-3 s intervals avoid thermal spread to the bile duct; and (4) avoid blind use of
cautery in the case of brisk bleeding[48-50].

While lateral thermal spread is less with an ultrasonic energy source, it may be
cumbersome to use the long and relatively straight jaws to dissect in the HC triangle.
While this may be used to divide the cystic artery, division of the cystic duct using the
ultrasonic device is not the standard practice despite some recent reports indicating its
feasibility[45-47,51]. Bipolar cautery is useful to control bleeding in the HC triangle and in
the liver bed.
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Table 1  Predictors of difficult cholecystectomy[39,40,71]

History

Male gender

Higher age (> 65 yr)

Increased interval between onset and presentation (> 72-96 h) in acute cholecystitis

Previous multiple attacks of biliary colic

History of acute cholecystitis

Upper abdominal surgery

Prior attempt at cholecystectomy (including cholecystostomy)

Physical examination

Fever

Higher ASA score

Morbid obesity

Laboratory tests

Raised leucocyte count (> 18000/mm3)

Raised C-reactive protein

Imaging (USG/CT/MRI-MRCP)

Thick walled gallbladder (> 4-5 mm)

Small contracted gallbladder

Distended gallbladder with impacted stone in neck

Gangrenous gallbladder/gallbladder perforation

Mirizzi syndrome/Cholecystoenteric fistula

Cirrhosis/extrahepatic portal vein obstruction (portal cavernoma) with portal hypertension

Intraoperative

Small shrunken gallbladder not visualized on initial exploration

Liver edge retracted with fissure/depression/puckering near fundus (Liver pucker sign, Figure 3C)

Fatty/firm cirrhotic liver (difficulty in retraction)

ASA: American Society of Anesthesiologist;  USG: Ultrasonography; CT: Computed Tomography; MRI-
MRCP: Magnetic resonance imaging-magnetic resonance cholangiopancreatography.

Concept of the CVS
A common cause of biliary injury during LC is misidentification of structures in the
HC triangle. The CBD or an aberrant right sectional duct may be misidentified as the
cystic duct and then, if  not correctly appreciated, may be clipped and divided[50].
Similarly the right hepatic artery may be misidentified as the cystic artery if the latter
is short or if the right hepatic artery has an aberrant course.

To avoid such misidentification injury, it is of utmost importance that these two
structures (the cystic artery and the cystic duct) must be identified conclusively before
they are clipped and divided. The concept of the “CVS” was introduced in an attempt
to decrease the misidentification injury[12].

The aim of the CVS is conclusive identification of the cystic duct and the cystic
artery (two targets) to avoid misidentification injury[48,52,53].

What is the CVS?
It is not the dissection technique. It is the final view that is achieved after a thorough
dissection of the HC triangle to delineate the cystic duct and the cystic artery before
they are clipped and divided[12,48,49]. The CVS has three components (Figure 13), and all
must be met before the surgeon declares that the CVS has been achieved[12].

1 Clearance of the HC triangle: The HC triangle should be cleared of all the fibro-
fatty and soft areolar tissue. Once adequately cleared of all  fibro-fatty tissue, the
under surface of the liver is easily seen across this triangle.

2 Exposure of the lower cystic plate: The gallbladder should be separated from its
liver bed to expose at least the lower third of the cystic plate.

3 Two and only two tubular structures should be seen entering the gallbladder: the
Cystic duct and the cystic artery.

It is important to remember the following points: Merely creating two windows
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Figure 7

Figure 7  Example of intraoperative prediction of difficult gallbladder. A: Moderate pericholecystic adhesions; B:
Extensive pericholecystic adhesion. Gallbladder is not visualized in both of these situations predicting difficult
dissection. Such findings may suggest severe underlying inflammation with or without the presence of contained
gallbladder perforation or cholecystoenteric fistula. The surgeon should be careful during dissection as adjoining
adherent viscera, duodenum or colon, might be injured during adhesiolysis.

alone in the HC triangle is not the CVS as it does not fulfil all three criteria[48]. While
all fibro-fatty tissue in the HC triangle needs to be cleared, surgeon should not aim to
expose the cystic duct-CBD junction, as such attempt will  put the CBD at risk of
injury[54,55]. The surgeon should expose at least the lower third of the cystic plate (liver
bed of the gallbladder) to ensure that only two target structures (the cystic artery and
the cystic duct) are entering the gallbladder[17]. This allows safe identification of any
third abnormal structure (non-target structure, aberrant duct or artery) in the HC
triangle that needs to be preserved. It is better to separate the gallbladder from its bed
as  much  as  possible  while  achieving  the  CVS  provided  a  sufficient  part  of  the
gallbladder  at  fundus/body  remains  attached  to  the  liver  to  avoid  its  twisting
(extended HC/hepatobiliary triangle). In this extended hepatobiliary triangle, the
lower boundary is now formed by the part of the gallbladder along with the cystic
duct and upper boundary is  also formed by the cystic  plate along with the liver
surface (Figure 1). Achieving this extended hepatobiliary triangle enhances the safety
margin against misidentification of any aberrant structure, and also saves time during
subsequent dissection after the cystic duct and the artery have been divided. The CVS
should be seen clearly both from front and the back to have complete circumferential
visualization of cystic duct and artery (doublet view). The anterior view is easily
visible by retracting the infundibulum infero-laterally towards right (with segment 5
surface  visible  across  window)  while  the  posterior  view  (inverted/reverse  HC
triangle) requires the infundibulum to be retracted towards the umbilical fissure (with
segment  4/quadrate  lobe  surface  visible  across  window)  (Figure  13).  Once  the
surgeon thinks that the CVS has been achieved, he/she should stop at that stage (time
out) and reconfirm (with his team/ second surgeon) that the CVS has actually been
achieved.  At  this  stage,  the  CVS  (with  both  the  views)  may  be  documented  by
photographs and/or video recordings[56].

Clinical importance of the CVS
Among all  techniques,  the  CVS approach has  been recognized as  most  effective
method of preventing BDI as reported in many recent studies[55,57-59]. Thus, the surgeon
must strive to incorporate the CVS in the routine practice of LC. It is important to
understand the concept of the CVS and use it correctly. Despite its description more
than twenty years ago, surgeons have not been using it frequently[60], or have been
interpreting or understanding it incorrectly[49,61]. A recent Dutch study, on reviewing
the operative notes and videos of LC, revealed that the CVS was actually achieved in
only 10.8% cases despite the fact that it was mentioned to have been achieved in 80%
of cases[61]. If a surgeon faces any difficulty in achieving the CVS, he/she should take
this difficulty as a warning that proceeding with further dissection may be hazardous
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Figure 8

Figure 8  Important steps during laparoscopic cholecystectomy. CVS: Critical view of safety; IOC: Intraoperative cholangiography; IOUS: Intraoperative
ultrasonography.

with an increased risk of biliary and/or vascular injury[48]. In this situation alternate
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Figure 9

Figure 9  Importance of proper retraction of gallbladder during laparoscopic cholecystectomy. Proper retraction of fundus towards right shoulder of the patient
(arrow) and right inferolateral retraction of neck (arrow) allows adequate exposure of hepatocystic triangle. Fundal retraction only is inadequate as it aligns common
bile duct with cystic duct with a risk of misidentification. CVS: Critical view of safety; GB: Gallbladder.

strategies to complete the cholecystectomy should be considered as discussed in
bailout techniques section. Thus, the CVS itself acts as barrier to biliary/vascular
injury. As a method of target identification, it needs to be achieved before the cystic
duct and the artery are divided. Failure to achieve the CVS after a reasonable attempt
indicates a difficult situation with a higher risk of injury with an ongoing attempt at
dissection. This approach prevents injury due to misidentification, but not due to
direct injury if dissection is continued in a difficult situation in an attempt to identify
structures[48].

Remembering error traps
There are several techniques of target identification during LC. Apart from CVS,
surgeons have been replying on several other techniques for identifying anatomy
during  LC,  including  infundibular  techniques,  fundus  first  technique,  and  the
intraoperative  cholangiogram [62].  However,  these  techniques,  especially  the
infundibular and the fundus first, may be misleading at times and then may act as
error traps for the unsuspecting surgeon[63].

In the infundibular technique, cystic duct identification is based on the appearance
of the infundibulum-cystic  duct junction as a funnel[48,52,63].  When this junction is
circumferentially exposed, the surgeon confirms cystic duct identification and then
proceeds with its division. Complete dissection in the HC triangle is not performed at
this stage. In certain situations this technique can be misleading. When the cystic duct
is fused with CHD due to acute or chronic inflammation, when the cystic duct is very
short or effaced by a large stone impacted in the infundibulum, or when there is
difficultly in exposing the HC triangle due to inadequate retraction (e.g.,  due to
fibrosis),  the  CBD  may  be  misidentified  as  the  cystic  duct[63].  Circumferential
dissection then goes around the CHD/CBD rather than around the cystic duct across
the HC triangle. This leads to classical BDI where the bile duct is divided twice before
the gallbladder could be completely separated from the liver. Thus this technique of
cystic duct identification does not protect against biliary injury in difficult situations.
Surgeons using this technique should be aware of this error trap.

In  the  fundus  first  technique  (also  known  as  the  dome-down  technique)  the
gallbladder is dissected off its liver bed/cystic plate, and then the cystic duct and the
artery are identified and divided[64-66]. Used commonly in the open cholecystectomy,
this technique poses technical challenge in handling the gallbladder as it tends to
twist once separately completely from the liver. Additionally, there is difficulty in
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Figure 10

Figure 10  Proper retraction of infundibulum (neck) allows. A: Exposure of anterior aspect of hepatocystic (HC)
triangle when infundibulum is retracted in right inferolateral direction; B: Exposure of posterior aspect of HC triangle
when infundibulum is retracted towards umbilical fissure.

retracting liver.
Not commonly used in LC, this method lays another error trap for the surgeon in

certain situations when surgeon does not appreciate the local anatomy well, especially
that of the cystic plate.

Using this technique in the usual uncomplicated cholecystectomy, the surgeon
keeps the dissection close to the gallbladder, moving from the fundus towards the HC
triangle. Dissection within the triangle then allows identification of both the cystic
duct  and the  cystic  artery.  In  case  of  severe  inflammation,  especially  in  chronic
cholecystitis with a small shrunken gallbladder with a fused and scarred HC triangle,
the surgeon may get in to the wrong plane while dissecting down towards the cystic
duct. There may be pathological shortening of the cystic plate (Figure 3) so that the
distance between the fundus (where the cystic plate starts) and the right portal pedicle
(where  the  cystic  plate  ends)  may  decrease  so  much  so  that  the  surgeon  may
encounter the right portal pedicle or hilar area soon after the dissection begins[27]

(Figure 3B). Secondly, fused planes with distorted anatomy may lead the surgeon to
dissect close to liver rather than close to the gallbladder in the HC triangle area, which
puts hilar structure at risk of injury (Figure 3B). Severe vasculobiliary injuries have
been reported in such situations with this technique[27,63].

This approach has been described as an alternative technique to complete LC in the
presence of severe inflammation in the HC triangle[17]. However the surgeon must be
wary of this technique, should have clear understanding of the cystic plate anatomy
and pathological alterations affecting it, should remain very close to the gallbladder
throughout the dissection, and when such dissection does not seem possible, should
resort to bailout techniques like STC[17].

WHAT TO DO IN A DIFFICULT SITUATION? STRATEGIES
TO HANDLE A DIFFICULT SITUATION

Understand “Stopping rules”
It is important for the operating surgeon to be able to recognize during the procedure
when the dissection is becoming unsafe with a high potential for biliary/vascular
injury.

Prudence lies in realizing this danger much before the procedure continues in to
the zone of great risk[52] so that the procedure can be stopped at a point of safe return.
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Figure 11

Figure 11  Useful manoeuvre for gallbladder retraction. A: Very thick fundus and impacted stone in the fundus make grasping and retraction difficult; B: Retraction
can be facilitated by taking stay sutures. However, gallbladder penetration/perforation must be avoided during retraction if there is any suspicion of gallbladder
malignancy.

Thus the  operating surgeon should be  able  to  identify  or  pre-empt  the  difficult
situation that might increase the risk of biliary/vascular injury with the help of certain
red flags (Table 3). The difficulty may be due to severe adhesions (Figure 7), severe
acute inflammation, a large impacted stone in the neck of the gallbladder, Mirizzi
syndrome, or chronic inflammation with fibrosis or scarring. Such conditions may
lead to failure of timely progression of the dissection, anatomic disorientation, and
difficulty in visualization of operative field.  These operative clues are important
indicators of a “zone of great danger” lying ahead. The surgeon should recognize
these clues, stop the dissection, and then to decide the strategy for a safe operation
before the dissection starts again (use “time-out”).

Call for help/second opinion
It is advisable that operating surgeon should take a pause and seek a second opinion
from another surgeon in event of any unexpected finding, a difficult gallbladder,
unusual anatomy, or a difficult dissection[1,42]. Misidentification is the major cause of
biliary/vascular injury, and most commonly (65%) the CBD/CHD is misidentified as
the cystic  duct or the hepatic artery is  misidentified as the cystic  artery (10%)[16].
However, such misidentification may be prevented from causing biliary/vascular
injury with the advice from a second surgeon in as many as 18% of cases[16], which
emphasizes the importance of a second opinion. The operating surgeon should not
hesitate to seek a second opinion whenever needed, and this should be considered as
a sign of good clinical practice rather than a sign of surgical ineptitude.

Use of intraoperative imaging
Various  methods  have  been  described  for  intraoperative  assessment  of  biliary
anatomy that  may result  in  decreased incidence of  BDI.  Although many studies
suggest the protective effect of these approaches,  future studies are necessary to
recommend routine use of these techniques.

Intraoperative cholangiography (IOC): It is the most commonly performed and most
studied method utilized for the intraoperative assessment of the biliary anatomy,
identification and assessment of extent of biliary injury, and possible prevention of
biliary ductal injury. Several large retrospective data sets report association of IOC
with lower rates of BDI[67].

It is a safe (minimally invasive) technique with 90%–95% success rate, and has the
additional advantage of detection of asymptomatic CBD stones. However, IOC may
be cumbersome at times. Ductal cannulation can be difficult in patients with short and
thin cystic ducts. This additional procedure adds to the operative time and cost, and
there is learning curve involved for correct interpretation. There is also the need for
radiographic equipment.

Current  status:  Many studies  have  demonstrated  that  IOC may result  in  lower
chances of BDI and it may also lead to early recognition of such injury. However, its
various disadvantages may preclude it from being a part of routine clinical practice. It
remains a matter of  debate as to whether IOC should be performed routinely or
selectively; routine IOC cannot be recommended based on the available literature[43].

It  is  imperative  for  surgeons  to  know  the  indications  for  and  technique  of
performing IOC, and surgeons should keep a low threshold for its use.
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Table 2  Concept of “time out”

Use B-SAFE to be safe

To be safe: Use time-out

Aim: Reorientation/reassessment

What to do: Stop→Wait→Reassess→Act

What to see: B-SAFE

When to see

1 Before beginning dissection in hepatocystic triangle

2 Whenever there is any doubt about anatomy

3 After achieving CVS and before dividing cystic duct and artery (define, decide and then divide)

B-SAFE: Surgical landmarks; CVS: Critical view of safety.

Laparoscopic ultrasound: Many outcome studies support laparoscopic ultrasound
(LUS) for prevention of BDI[68]. Being non-invasive, it is very safe. Some advantages of
LUS compared  to  IOC are  its  non-invasiveness,  shorter  procedure  time,  higher
success rates and lack of  radiation exposure.  However,  it  is  less accurate for the
assessment  of  the  intrapancreatic  and  intrahepatic  parts  of  the  biliary  system.
Additionally, it is associated with a long learning curve.

Current  status:  LUS is  a  reasonable alternative to  IOC for  the diagnosis  of  CBD
stones[55]. However, it is not clear whether its use prevents BDI.

Near infrared fluorescent cholangiography: Near infrared fluorescent cholangio-
graphy  is  the  most  recent  addition  to  the  armamentarium  for  intraoperative
assessment of biliary tract. Its efficacy and safety have been confirmed in various
studies[69]. When compared to IOC this technique takes less time, and it is cheaper and
safer. However, as it is a new technique, its use in various biliary pathologies has not
yet been evaluated.

Current status: Currently there is not enough evidence to recommend its routine use
to  detect  CBD  stones  or  BDI  recognition[17].  In  summary,  among  the  currently
available imaging methods, there is no one method that is superior to others. IOC or
LUS  can  be  performed  routinely  or  selectively,  based  on  operating  surgeon’s
discretion.

Bailout techniques/strategies
A simple, uneventful cholecystectomy is akin to a safe journey by airplane in clear
weather where there is absolutely no deviation from the standard protocol related to
take-off, navigation and landing[70]. However, when the weather is bad, such a journey
needs to be modified depending on the degree of weather disturbance. Perhaps the
flight  is  cancelled altogether  until  the  weather  improves  (if  such information is
available beforehand). If inclement weather develops en route, the pilot has several
options to choose a different course. The pilot may choose to return to the source of
origin, to fly around the bad weather to reach the desired destination, or divert the
flight to an alternative destination[70]. The primary aim in all of these alternatives is the
safety of all passengers. It is most important to protect the lives of the passengers
rather than to reach the desired destination (i.e., safety first).

Similarly, in a situation of a difficult gallbladder, it is not important to push ahead
with  the  goal  of  complete  cholecystectomy  while  risking  patient  safety  due  to
potential  of  biliary/vascular  injury  in  such  situations.  Rather  it  is  important  to
perform an  alternate  procedure  (bailout  techniques)  that  allows  the  surgeon  to
complete the procedure in a safe manner[14,16,17,70,71].

What are these bailout techniques/strategies?
There  are  five  bailout  strategies  for  a  difficult  gallbladder[14,17,71]:  (1)  Abort  the
procedure altogether; (2) Convert to an open procedure; (3) Tube cholecystostomy; (4)
Subtotal  cholecystectomy  (STC,  open/laparoscopic);  and  (5)  Fundus  first
cholecystectomy.

The  surgeon  will  need  to  use  clinical  judgement  while  performing  the
cholecystectomy in choosing a specific bailout technique. The best choice will depend
on the clinical situation and the experience/expertise of the surgeon.

The  safest  bailout  strategy  is  to  abort  the  procedure  altogether.  Dense
pericholecystic adhesions due to severe acute or chronic inflammation with non-
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Figure 12

Figure 12  Flowchart showing overall scheme of performance of laparoscopic cholecystectomy with the
culture of safety concept. GB: Gallbladder; B-SAFE: Surgical landmarks; HC triangle: Hepatocystic triangle; CVS:
Critical view of safety.

visualization  of  the  gallbladder  may  force  the  surgeon  to  resort  to  this  option.
Continuing  antibiotics  (with  percutaneous  cholecystostomy  if  required)  post-
operatively and reattempting the cholecystectomy after a long waiting period (2-3 mo
or more) may be helpful in such scenario[72,73].

Conversion  to  an  open  procedure  is  another  safe  option,  but  with  a  word  of
caution. It is important to realize that simply converting to an open procedure does
not safeguard against bile duct/vascular injury. A difficult procedure may remain
difficult  even  after  conversion  to  open  with  no  effect  on  postoperative  compli-
cations[72]. Recent evidence suggests a nearly 100 fold increase in BDI rate in converted
cases[73].

Tube cholecystostomy is a simple bridge procedure to provide symptomatic relief
until  the  time  a  definitive  procedure  can  be  performed.  It  can  be  performed
laparoscopically or after conversion to open procedure. It is important to remember
that the interval LC may again be difficult,  with a higher rate of conversion and
morbidity[74].

When complete gallbladder removal is not possible due to a frozen, scarred, or
fibrotic HC triangle or due to severe inflammation, STC remains a valid and safe
alternative to total cholecystectomy[17]. Leaving behind a part of the gallbladder is
always safer than a difficult dissection in the HC triangle with a potential for BDI in
an attempt to remove the entire gallbladder.

STC can be performed laparoscopically (Figure 14) or after conversion to open[74]. It
is important to remove all the stones from the gallbladder, to ablate the mucosa of the
gallbladder stump (with diathermy or argon plasma coagulator), and to leave this
stump as small as possible. There are two types of STC depending upon on whether
the stump is closed or is left open[75,76]. This stump may vary in length and part of the
gallbladder  wall  may  be  left  attached  to  the  liver  in  both  types.  In  subtotal
reconstituting cholecystectomy,  the stump is  closed,  either  with sutures  or  with
staples. In the subtotal fenestrating cholecystectomy, the stump is left open, with or
without closing the cystic duct opening. In both techniques, the gallbladder mucosa is
ablated. Both of these techniques are safe and are acceptable alternatives to total
cholecystectomy. Intraoperative conditions (degree of inflammation, tissue friability,
extent of scarring, etc.) may dictate which type to choose; usually this decision relies
on the judgement of the surgeon[77].
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Figure 13

Figure 13  Critical view of safety with all three components: (1) Fibrofatty tissue has been cleared from the hepatocystic triangle; (2) Lower part of the
cystic plate has been clearly exposed; and (3) Only two tubular structures are seen entering the gallbladder. A: Anterior view; B: Posterior view (inverted
hepatocystic triangle).

While both types of STC reduce the risk of biliary/vascular complications, these
complications are not entirely preventable[75,77]. In addition, STC is associated with
specific  postoperative  problems.  The  incidence  of  biliary  events  (recurrent
cholelithiasis  in  gallbladder  stump,  cholangitis,  choledocholithiasis,  and biliary
pancreatitis) is higher with subtotal reconstituting cholecystectomy. Fenestrating STC
is associated with a higher risk of postoperative bile leak[76,77]. Due to persistent bile
leak, endoscopic management may be required in approximately 10% of cases[77], and
completion cholecystectomy may be required for recurrent cholelithiasis in 5% of
cases[78].

Both the current IRCAD recommendations and TG-18 guidelines consider STC as
an important and safe alternative procedure in cases where the dissection is difficult
to avoid serious biliary or vascular injury[14,17]. The surgeon should be familiar with
this bailout technique, its technical aspect, and the complications and consequences.
The surgeons must accurately document this procedure in the operative note.

Fundus first technique (dome down, fundus down, retrograde) has been described
as a bailout technique[14,17] though its safety is not conclusively proven[14] and it may
work  as  an  error  trap  as  described  earlier[63].  The  surgeon  should  resort  to  this
technique only when he/she has clear understanding of normal cystic and hilar plate
anatomy  and  their  pathological  alterations  due  to  acute  severe  or  chronic
inflammation involving HC triangle and or gallbladder. The dissection must remain
very close to the gallbladder wall[15,17]. Besides decreasing the rate of conversion to
open  cholecystectomy in  difficult  cases,  it  can  also  facilitate  performing  STC if
complete cholecystectomy is not possible or is considered unsafe even after resorting
to fundus first technique.

As the clinical  evidence is  insufficient at  present to suggest superiority of one
specific  bailout  procedure  over  another[16],  the  surgeon should use  his/her  own
judgement to select a specific bailout procedure depending on the intraoperative
findings and his/her experience. In practice, most surgeons prefer to convert to an
open procedure or  perform a STC.  Cholecystostomy remains the least  preferred
bailout technique[16].

DOCUMENTATION
Biliary  injury  remains  the  most  common  reason  for  a  malpractice  claim  in
gastrointestinal surgery[4]. Thus, the concept of “safe cholecystectomy” also entails
safety for the operating surgeon. Besides being vigilant during surgery, vigilance
during writing operative notes is also important. Literature is scant about how closely
operative notes reflect what was actually performed during the operation. A recent
study suggests that descriptions of key elements of adequate HC triangle dissection
were described in the operative records of uncomplicated cholecystectomy in only
24.8% cases and in none of cases where a biliary injury occurred[54]. Such practice of
inadequate documentation is another “error-trap” as 20%-30% of laparoscopic biliary
injury result in some sort of malpractice litigation[4]. The surgeon should describe the
measures  taken  (e.g.,  achieving  CVS)  to  safeguard  the  CBD,  preferably  with
photo/video  documentation  if  possible,  and  describe  if  STC  was  performed,
including its type and the size of gallbladder stump. Such documentation is also
important for future reference, especially if STC has been performed and the patient
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Table 3  Stopping rules: Identification of “Red flags”[38]

Stopping rules

More than 2 tubular structures entering gallbladder

Unusually large presumed cystic artery (this may be hepatic artery)

Large artery pulsations present behind the presumed cystic duct (this duct may be common hepatic/bile duct)

Medium-large clip fails to occlude ductal lumen (this duct may be hepatic/bile duct)

Large ductal structure that can be traced behind the duodenum (this duct is common bile duct)

Excessive fibrofatty/lymphatic tissue noted around the presumed cystic duct (this may be common hepatic/bile duct)

Bile leak seen with intact gallbladder

Bleeding requiring blood transfusion

might develop recurrent stones in the stump many years after the index surgery.

CONCLUSION
Biliary injuries after LC can result in significant morbidity. The surgical team involved
in  LC should be  aware  of  the  concept  of  “culture  of  safety  in  cholecystectomy”
(COSIC)[70]. This universal culture of safety should be routinely adopted by the whole
surgical team during every case. The key components of the COSIC, summarised as
“ABCD of a safe LC”[1] include: (1) a clear understanding of relevant anatomy; (2)
appropriate and timely use of bailout techniques; (3) obtaining CVS prior to division
of cystic duct and artery in every case; (4) recognizing the importance of time-out; (5)
use of intraoperative imaging; (6) obtaining a second opinion in difficult cases; and (7)
importance of proper documentation (Figure 15). In addition, surgeon should be able
to anticipate the operative difficulty based on various preoperative predictors, should
adhere  to  basic  principles  of  surgery  including  safe  use  of  energy  devices,
instrumentation, and hemostasis, and must confine the dissection in the safe zone of
dissection with the help of R4U line.

The surgeon should remember that a 95% cholecystectomy (i.e.,  STC) is always
safer than a 100+% cholecystectomy where variable portion of the bile duct is also
excised along with gallbladder, and bile leak from gallbladder is always safer (i.e.,
dissection very close to gallbladder wall) then from the bile duct. Routine adoption of
COSIC may help reduce the incidence of post cholecystectomy biliary/vascular injury
to pre-laparoscopic era, if not eliminate them entirely.
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Figure 14

Figure 14  Laparoscopic subtotal cholecystectomy (reconstituting) as a bailout procedure. A: Mucosa of the gallbladder stump is fulgurated after removal of as
much gallbladder as safely possible; B: Stump is closed after ensuring no stone is left behind in this stump.

Figure 15

Figure 15  “ABCD” of safe laparoscopic cholecystectomy. CVS: Critical view of safety; CCX: Cholecystectomy.
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