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Biliary anatomy and mechanism of Biliary injury in
Laparoscopic Cholecystectomy
Zafar Ullah Khan

Abstract:
Whereas laparoscopy debuted a novel era in minimally invasive surgery, its introduction in the
management of gall-stone disease opened a new debate on biliary injuries. The rate of bile duct
injury (BDI) in conventional cholecystectomy is around 0.2% but it varies between 0.4-0.6%
with laparoscopic cholecystectomy (LC). Bile duct injury during laparoscopic cholecystectomy can have tremendous immediate and late consequences, converting a frequently performed day-care procedure into a life-altering or terminal event. Biliary injuries can involve
bile ducts, hepatic arteries and portal vein and require complex reconstructive procedures
with high morbidity and mortality. The characteristic common to all biliary injuries is failure
to identify ductal structures in the area of hepatocystic triangle (HCT). Tremendous efforts
have been made to mitigate the risk of bile duct injury. This article is about the surgical anatomy and mechanism of injury to the biliary tree, both of paramount importance in preventing
bile duct injury.
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Introduction:
Glisson’s capsule and the hepatic plate system:
Glisson’s capsule is a thin layer of connective tissue under the peritoneal covering of the liver.1,2
Parenchymal extensions pass from it down to
hepatic lobules. It is thickened at various places
forming a system of ‘plates’. It is called the ‘hilar
plate’ at the hilum of the liver encapsulating the
biliary ducts, hepatic arteries and portal venous
branches. The ‘cystic plate’ is the white, loose
areolar tissue separating the posterior wall of the
gallbladder from the liver.3,4 Small bile ducts, 1-2
mm in size, the so-called ‘ducts of Luschka’, may
course through it and enter the posterior wall of
the gallbladder.5,6 The term ‘duct of Luschka’ is
controversial and many authors prefer the term
‘sub-vesical duct’ instead. These small ducts

originate from the right hepatic lobe and course
along the gall bladder fossa.7
Schnelldorfer8 has classified sub-vesical ducts
into four types:
1. Segmental or sectoral subvesical duct: the
right posterior segmental or sectoral duct
that runs in the gallbladder fossa draining
into the main duct. Common variant.
2. Accessory segmental or sectoral subvesical
duct: an accessory right posterior segmental or sectoral duct that runs in the gallbladder fossa draining into the main duct. Most
common variant.
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author prefers to call it ‘cholecystohepatic triangle’ since gall bladder forms part of its inferior
border once a complete CVS has been achieved.
Figure 1: Hepatocystic triangle after attaining
complete CVS.

Figure 1: Hepatocystic triangle after attaining complete CVS.

3. Hepato-cholecystic duct: drains directly
into the gall bladder. Very rare variant.
4. Aberrant sub-vesical duct: a network of bile
ducts embryologically connected to hepatic
ducts but end blindly in the connective tissue around the gall bladder. Rare variant.
Gall bladder, liver and extrahepatic bile ducts are
derived from the primitive foregut. Gall bladder
lies in the cystic fossa underlying the liver. It is
covered with peritoneum except posteriorly
where ‘cystic plate’ separates it from the liver.6
It is divided into fundus, body, infundibulum
and neck. The neck tapers into the cystic duct
which enters the common hepatic duct forming
the bile duct. A diverticulum-like ‘Hartmann’s
pouch’ develops pathologically due to the presence of stones in the infundibulum and neck.9 It
may be adherent with the bile duct and obscure
the cystic duct during cholecystectomy, thus
putting the bile duct at risk of injury.10
Hepato-cystic triangle: Used interchangeably
with Calot’s triangle, the hepatocystic triangle
(HCT) is bordered by the cystic duct, common
hepatic duct and visceral surface of liver.11,12 It is
covered by a double layer of peritoneum containing fatty tissue, lymphatics and autonomic
nerves. The right hepatic and cystic arteries and
anomalous structures are commonly located in
it. Knowledge of anatomical variations in this
area has critical importance in biliary surgery.
Dissection of the fibrofatty tissue in HCT is
key to achieving a critical view of safety (CVS)
during LC. Although HCT has also been mentioned as cystohepatic triangle of Calot,6,11 the

Cystic Duct: The 2-4 cm long cystic duct arises
from the gallbladder neck and joins the common hepatic duct near the porta hepatis forming
the bile duct. It contains the ‘valves of Heister’
allowing one-way entry of bile into the gall bladder. It may drain directly into the right hepatic
duct or pass behind the common hepatic duct to
enter its posterior or medial wall. Occasionally, a
10-12 cm long cystic duct descends in the hepatoduodenal ligament to run along, spiral around
or be fused with the common hepatic duct before inserting in it at a variable distance from the
sphincter of Oddi.5,9-11 In chronic cholecystitis,
the gallbladder is shrunken, thickened and fibrotic. The cystic duct may become shortened
due to inflammatory contraction, fusing the infundibulum and the gall bladder neck with the
bile duct. This puts the bile duct at risk of injury
being mistaken for cystic duct. Occasionally, the
right posterior or anterior segmental duct enters
the cystic or right hepatic duct as a developmental anomaly. This is misleadingly called an
accessory cystic duct.8,10,13 Cystic duct stump is
a common source of post-cholecystectomy bile
leak, followed by subvesical ducts.8,14,15
Cystic artery: It arises from right hepatic artery
after the latter has passed behind the common
hepatic duct. It divides into superficial and deep
branches on gallbladder neck.5 Knowledge of
vascular variations in this region is of paramount
importance to avoid injury to these vessels and
subsequently to biliary tree while securing hemostasis. Cystic artery arises from the right
hepatic, left hepatic, common hepatic, gastroduodenal, celiac and superior mesenteric artery
among other rarer origins. Accessory cystic artery arises from common hepatic artery or one
of its branches. In 20% cases,it arises from right
hepatic artery but runs anterior to common
hepatic duct.9 It is found inside HCT in 81.5%
cases and outside HCT in 4.9% cases, coursPak J Surg 2021; 37(1):3-8
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bile ducts. Anatomical variations of biliary tree
are common and a normal pattern is seen in less
than 60% of individuals. In 57%, right anterior
and posterior sectoral ducts join to form right
hepatic duct. In the remainder, these segmental ducts join the confluence individually. Right
posterior sectoral duct may join either common
hepatic or cystic duct in 6% of individuals, a fact
of surgical importance.9

Figure 2: Inflamed gallbladder with a large stone impacted in the infundibulum.
Cystic and accessory cystic arteries can be seen arising from the right hepatic
artery.

ing below cystic duct.9,17 It may be short in 9.5%
cases. Multiple cystic arteries exist in 8.9% cases.
Right hepatic artery arises from hepatic artery
proper. It may arise from superior mesenteric
artery which may also give rise to an accessory
right hepatic artery. Right hepatic artery may
form a loop near the gall bladder neck called ‘the
caterpillar’ or ‘Moynihan hump’. Cystic artery
originates from the apex of this hump risking
the right hepatic artery while clipping the cystic artery. Right hepatic artery passes between
common hepatic duct and portal vein. It may
pass behind portal vein or in front of common
hepatic duct where it can be mistaken as cystic
artery.5,10,11
Figure 2: Inflamed gall bladder with a large stone
impacted in the infundibulum. Cystic and accessory cystic arteries can be seen arising from the
right hepatic artery.
Bile ducts: Interlobular canaliculi join to form
segmental bile ducts.10 Ducts from segments VI
and VII form the right posterior sectoral duct lying horizontally along the cystic fossa. The more
vertical right anterior sectoral duct is formed
by the confluence of ducts from segments V
and VIII. Ducts from segments II, III, IV form
the left hepatic duct at the base of umbilical
fissure.9 Left hepatic duct courses transversely
deep to hilar plate before entering liver, making
it more accessible during surgery.10 Segment I
has its own biliary drainage into both or any of
the right or left hepatic ducts.17 At hilum, right
and left hepatic ducts form the confluence of
Pak J Surg 2021; 37(1):3-8

Extrahepatic ducts lie within the hepatoduodenal ligament. Common hepatic duct descends
from the confluence and is joined by cystic
duct forming the bile duct. Cystic duct joins the
confluence directly in 2% of individuals. It runs
along common hepatic duct in 15-20% cases
and joins it behind the duodenum.9,10 Bile duct
descends in hepatoduodenal ligament anterior
to portal vein and lateral to hepatic artery proper. It passes behind the first part of duodenum
and head of pancreas to enter the medial wall of
second part of duodenum. Here, it is joined by
the major pancreatic duct and both the ducts
open at the ampulla of Vater.5 Common hepatic
and bile ducts are supplied by arteries originating from right hepatic, gastroduodenal and retroduodenal arteries. Main arteries supplying the
bile duct descend at 3 and 9 o’clock positions
forming the epi-choledochal plexus, a marker of
bile duct identification during cholecystectomy.
Extensive dissection around bile duct can disrupt the plexus and impair its blood supply.9-11
Rouviere’s sulcus: It’s a naturally occurring cleft
on the inferior surface of the right lobe of the
liver.18 Rouviere’s sulcus (RS)is used as an extrabiliary reference point to keep dissection above
this level in LC. It is found in around 80% cases
and is approximately 2-3 cm long, 1cm deep and
1cm wide. Containing the right portal pedicle, it
extends to the right from the porta-hepatis, anterior to segment I of the liver. The Rouviere’s
sulcus may be open throughout its length and
the right hepatic pedicle can be seen in it. It may
be closed at its medial end or exist as a slit or a
scar. The Rouviere’s sulcus is absent in 20% of
individuals and may not be identifiable in diseased livers.19 It is surgically important because
it indicates the plane and upper limit of the bile
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Figure 3:Rouviere’s sulcus. Note the dissection limited anterior to the
sulcus.

duct during LC. The dissection in HCT should
always stay above the horizontal plane of Rouviere’s sulcus to avoid an injury.20,21 The gall bladder neck lies at the level of Rouviere’s sulcus, the
cystic duct and artery lie above it and the bile
duct below it.19 The Rouviere’s sulcus is distorted in cirrhosis, fatty liver or chronic cholecystitis, rendering it a less useful guide. In these
conditions, the surgeon must resort to achieving
a CVS without using Rouviere’s sulcus .19,21
Figure 3: Rouviere’s sulcus. Note the dissection
limited anterior to the sulcus.
Mechanism of biliary injury: The mechanism of
BDI has been extensively studied.13,22,23 It occurs
mainly because of human error due to visual
misperception, cognitive fixation, psychological
factors and a variable ductal anatomy causing
mis-identification of structures in the hepatocystic triangle (HCT).13,23,24 Mis-identification
of structures is also related to anatomic distortion caused by inflammation, fibrosis and aberrant anatomy. This creates a perceptual illusion
of structures in the HCT. The common hepatic
or bile duct may be mistaken as the cystic duct
and clipped and divided.13 With further proximal dissection, the common hepatic duct is
mistaken for an accessory cystic duct and is divided.13,24 The right or left hepatic duct and right
hepatic artery may also be injured during this
process. Excessive traction on the cystic duct
may tent the bile duct so that a portion of it is
clipped and removed causing a narrowing of its

lumen. Other mechanisms of bile duct injury include excessive use of cautery near the bile duct,
over-judicious use of clips to control bleeding,
presence of sub-vesical ducts, mistaking an aberrant or low inserting right hepatic duct for cystic duct, inadequately occluding the cystic duct
while clipping it, mistaking right hepatic artery
for cystic artery and ligating it, and a cystic artery coursing lateral to the cystic duct. Additionally, the relationship of the cystic duct to hepatic
and bile ducts may be distorted by inflammatory
fusion of structures leading to anatomical misperception.13,23,25 Factors contributing to biliary
injury include lack of experience in laparoscopic
surgery, lack of experience in open surgery creating a fear of conversion and prompting the surgeon to continue with laparoscopy beyond his
skills and safe limits. Impatience, hurriedness,
over-confidence on laparoscopic skills and lack
of routine use of intra-operative cholangiography contribute to biliary injury.23,24
Bile duct injury can be coupled with severe vascular injuries in difficult gall bladders, especially
in fundus-first dissection.26
Injury to right hepatic artery, hepatic artery
proper, common hepatic artery, right portal vein
and main portal vein have been reported.2,26-28
Complete transection of the hepatoduodenal
ligament and injury to duodenum and colon
may also occur.26 The right hepatic artery is more
commonly injured along with right hepatic duct
resulting in slow infarction of the liver in 10%
cases.29 Injury to hepatic artery proper leads to
diffuse necrosis of the biliary tree extending to
intrahepatic biliary radicals.26 Injury to the main
portal vein, common or proper hepatic artery
are less common but can lead to rapid liver infarction.29 These vascular injuries may end up
in right hepatectomy or even liver transplantation.30,31 The mechanism behind these injuries
is as follows. The hepatic plate ensheathed the
right and left portal pedicles as they enter the
liver. The medial end of the cystic plate is continuous with the sheath of right portal pedicle.
In severe inflammatory scarring, the cystic plate
is contracted, thickened and shortened, drawing
the gall bladder neck closer to the right portal
Pak J Surg 2021; 37(1):3-8
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pedicle. The plane between gall bladder and
cystic plate is obliterated making it hard to define the exact plane of dissection. This jeopardizes the right portal pedicle during dissection
around the gall bladder neck and severe vascular
injury can occur, especially when fundus-first
technique is used for cholecystectomy.26 The
surgeon must recognize the danger and resort to
a subtotal rather than total cholecystectomy in
order to avoid a severe injury.32,33
Conclusion:
Cholecystectomy is a commonly performed
procedure. Biliary injuries are rare but have serious consequences. Clearly, prevention is the
most effective means of addressing these injuries. A thorough knowledge of biliary anatomy,
careful dissection and a clear concept of the
mechanism of biliary injuries is of paramount
importance for performing a safe cholecystectomy. The surgeon must recognize the danger
zone and use his wisdom to alter the course
of operation and sail away from the danger by
adopting a safer approach rather than persevering with total cholecystectomy. The safety protocol for difficult cholecystectomy highlights
avoiding a total cholecystectomy and resorting
to cholecystostomy or subtotal cholecystectomy
if CVS cannot be achieved.
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