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Abstract

Laparoscopic cholecystectomy is one of the most frequently performed
procedures in gastrointestinal surgery worldwide. Bleeding complications due to
vascular injuries represent an important cause of morbidity and mortality,
especially when facing major bleeding during laparoscopy, where bleeding
control can be technically challenging in inexperienced hands. Interestingly, the
reported incidence rate of conversion to open surgery due to vascular lesions is
approximately 0%-1.9%, with a mortality rate of approximately 0.02%. The
primary aim of this article was to perform an up-to-date overview regarding the
incidence and surgical management of vascular injuries during laparoscopic
cholecystectomy according to the available scientific evidence.

Key Words: Laparoscopic cholecystectomy; Vascular injury; Vascular anomalies; Surgical
management; Specialized hepatobiliary centers

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The theme of biliary injuries in laparoscopic cholecystectomy and the
prevention and management of bile duct lesions have been extensively exanimated.
However, little attention has been given to vascular injuries. Bleeding complications due
to vascular injuries represent an important cause of morbidity and mortality, as well as
the negative outcomes of biliary reconstruction when associated with biliary injuries.
The vascular lesions should be correctly identified, and surgeons must choose the best
therapeutic option to quickly repair the vascular lesion, depending on their own surgical
experience and medical center resources. Currently, the management of referrals to
specialized hepatobiliary centers for multidisciplinary approaches is mandatory.
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INTRODUCTION

Laparoscopic cholecystectomy (LC) is one of the most frequently performed procedures in general
surgery worldwide[1]. Iatrogenic vascular and bile duct injuries still represent a major public health
problem related to both medico-legal implications and health care costs[1,2]. The theme of biliary
injuries in laparoscopic cholecystectomy and the prevention and management of bile duct lesions have
been extensively exanimated. However, little attention has been given to vascular lesions[3]. Bleeding
complications due to vascular injuries are an important cause of morbidity and mortality, especially
during laparoscopy, where bleeding control can be technically challenging in inexperienced hands.
Vascular injuries during laparoscopic cholecystectomy may mainly occur during trocar or Veress needle
insertion or during dissection of the hepato-cystic triangle. Interestingly, the reported incidence rate of
conversion to open surgery due to intra-operative vascular lesions is approximately 0%-1.9%, with a
mortality rate of approximately 0.02%[3-5]. The aim of this article was to analyze and explore the
incidence, diagnosis and surgical management of vascular injuries in laparoscopic cholecystectomy
according to the available scientific evidence. MEDLINE and PubMed searches were performed using
the MeSH terms “vascular injury”, “vascular lesion”, “vasculo-biliary injury”, and “laparoscopic
cholecystectomy” to identify relevant articles (cohort studies, systematic reviews, case reports,
multicenter studies) published in English, French, Spanish, and Italian over the last twenty years.

INCIDENCE AND RISK FACTORS

Several risk factors may contribute to vascular injuries during laparoscopic cholecystectomy:
Anatomical factors, including vascular anomalies, patient-related factors, the gallbladder pathology and
surgeon’s experience, as summarized in Table 1. Concerning the anatomical factors, the different
variants of vascular anatomy may represent a possible cause of bile duct injuries, particularly anomalies
of the cystic artery and right hepatic artery (RHA). If surgeons are not aware of possible variations of
the RHA, such as in the case of acute and chronic cholecystitis with unclear anatomy of Calot’s triangle,
the RHA may be accidentally injured or mistaken for the cystic artery and actively cut off. In a study
assessing the frequency of anatomical variations of biliary and vascular systems from Singh et al[6], the
operative findings revealed 197 (26.62%) vascular anomalies, mostly related to cystic artery and RHA
anatomy. Arterial anomalies are more common, occurring in at least 50% of individuals, and can be
recognized only by careful dissection[7]. Based on the classification proposed by Smadja and Blumgart
[8], the cystic artery is considered normally positioned when located in the center of the hepato-cystic
triangle. In a recent Spanish study performed on a sample of 2000 Laparoscopic cholecystectomy
procedures, Noguera et al[9] found an origin of the cystic artery from the RHA in 91.5% of cases. These
data are similar to those of Bergamaschi et al[10], where, in a study of 90 consecutive human cadavers, a
single artery was found in 59 of 70 specimens (84.3% of all cases).The incidence of third structures
within the hepato-cystic triangle was found to be arteries in 36.2% of cases, with a reported incidence of
caterpillar hump of the RHA in 12.9% of all cases and double cystic arteries in 5.7%. The most common
variations of cystic artery are shown in Figure 1, according to the literature data[7-10]. Among the
patient-related factors, overweight and pathological obesity, a history of biliary surgery or endoscopic
procedures, and hepatic cirrhosis or chronic liver disease appear to be factors correlated with the
development of perioperative complications, both for biliary and vascular structures. However,
emergent cholecystectomy for acute cholecystitis increases the risk of iatrogenic lesions, as gallbladder
inflammation causes a series of anatomical changes that are associated with an increased risk of
iatrogenic injury. Ultimately, the surgeon’s experience plays an important role, and for this reason the
importance of a correct “learning curve” for young surgeons should be stressed.

HEPATIC ARTERY INJURIES

Intra-operative bleeding is certainly the most common and feared complication of arterial injury during
laparoscopic procedures, followed by ligation. Among hepatic artery injuries, lesions of the RHA are the
most described complication that may occur during laparoscopic cholecystectomy. Hepatic artery
closure is usually well tolerated without any particular consequences due to the portal flow and a dense
series of collateral arterial branches coming from the hepatic hilum. However, in such cases, hepatic
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Table 1 Summary of risk factors associated to vascular injuries

Anatomical factors Description

Common vascular variants of cystic artery and right Single cystic artery[6]
hepatic artery
Two arteries (superficial and deep)[6]

Single short cystic artery originated from caterpillar right hepatic artery[4,5,10]

Long single cystic artery not from right hepatic artery crossing anterior to the common
hepatic duct[7,8]

Double cystic artery/accessory cystic artery[9]

Cystic artery seen more anteriorly than posteriorly in relation to Mascagni’s lymph node[7,9]

A constant vessel found on the postero-lateral margin of gallbladder bed[6,9]

Cystic artery coming from gastroduodenal artery, passing outside Calot’s triangle[6,9]
Patient-related factors Overweight and pathological obesity[1]

History of biliary surgery or endoscopic procedures|[1]

Underlying liver disease[1]

Gallbladder pathology Acute or chronic cholecystitis[1-3]
Gallbladder anomalies (gallbladder duplication, gallbladder agenesia, left-side gallbladder)
[1-3]

Surgical experience Learning curve[1,2]

Inadequate exposure[1,2,6]

Failure to recognize anatomical landmarks[2,6]

DOI: 10.4240/wjgs.v15.i3.338 Copyright ©The Author(s) 2023.

Figure 1 Anatomic illustration of the most common variants of cystic artery. Common variants of cystic artery. A: Cystic artery originating from the
right hepatic artery in the classical position[6-8]; B: Long cystic artery seen anteriorly to the cystic duct[6,7]; C: Cystic artery coming from the gastroduodenal artery,
passing outside Calot’s triangle[6,9]; D: Long single cystic artery not from the right hepatic artery crossing anterior to the common hepatic duct[6,9]. RHA: Right
hepatic artery; LHA: Left hepatic artery; PHA: Proper hepatic artery; CHA: Common hepatic artery; GDA: Gastroduodenal artery; G: Gallbladder; CHD: Common
hepatic duct; CD: Cystic duct; CBD: Common bile duct; RHD: Right hepatic duct; LHD: Left hepatic duct; AA: Abdominal aorta.

artery ligation can sometimes cause ischemic hepatic necrosis or liver atrophy. RHA injury is frequently
encountered in association with bile duct injury, even if the true incidence of RHA injury without
concomitant bile duct injury is not clear[11]. In a cadaveric study, Halasz[12] reported that the incidence
of injury to the RHA or its branches was only 7%. All patients survived at least one year after
cholecystectomy, and they had normal livers. For this reason, the decision to immediately repair the
lesion remains controversial. RHA injuries always occur in two ways: the first is when the fundus-first
approach for laparoscopic cholecystectomy is performed in the presence of severe inflammation[13]; the
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second is in the presence of vascular anomalies, as in the case of caterpillar hump of the RHA, where the
hepatic artery may be wrongly mistaken for the cystic artery[4,5]. The most important complication of
RHA injury is massive bleeding during dissection, which always leads to conversion to open surgery in
inexperienced hands. In some cases, laparoscopic repair is feasible and safe[11] by suturing in cases of
intra-operative bleeding or direct end-to-end anastomosis when possible in cases of ligation or clipping
of the RHA.

Hepatic artery pseudoaneurysm represents another important complication after RHA injury, and it
may occur in the early or late postoperative course after LC. Approximately 10% of all the reported
cases of hemobilia are secondary to iatrogenic cystic artery or hepatic artery pseudoaneurysms as a
consequence of an opening of cystic or RHA pseudoaneurysm within the biliary tree[14]. The exact
mechanism of hepatic pseudoaneurysm formation is yet unclear: The most accredited hypotheses
concern the mechanical or thermal damage during surgical dissection. Transarterial embolization
represents the best therapeutic solution for hepatic artery aneurysm with a high success rate, and
surgical repair should be performed in cases where the embolization attempt has failed. In many
patients, an open approach in an emergency setting is performed[14], even if a laparoscopic approach is
used in some cases[15].

HEPATIC VEINS, PORTAL VEIN AND MAJOR RETROPERITONEAL VESSEL INJURIES

Venous bleeding is less common than arterial bleeding. Bleeding from hepatic vein injury commonly
comes from the liver bed during detachment of the gallbladder. Between 10% and 15% of patients may
present a large branch of the middle hepatic vein adherent to the liver bed, leading to an increased risk
of venous injury during cholecystectomy. In 1999, Misawa et al[16] first proposed an ultrasonographic
assessment of the risk of injury to branches of the middle hepatic vein during laparoscopic
cholecystectomy by analyzing the middle hepatic vein distance from the gallbladder bed before
laparoscopy. Currently, there is controversy about the risk of injury to the branch of the middle hepatic
vein during LC[17]. In a previous study, Zhang et al[18] analyzed the anatomical relationship between
the gallbladder bed and the branches of the middle hepatic vein in 143 healthy volunteers by color
Doppler ultrasound and found that, in most subjects, the branch of the middle hepatic vein and the
gallbladder bed were well separated. Only patients with large branches of the middle hepatic vein
running very close to the gallbladder bed are at risk of bleeding during laparoscopic cholecystectomy.
The diameter of the distal branch of the middle hepatic vein close to the gallbladder bed is reported to
vary from 0.9 mm to 3.2 mm and in some cases over 5 mm[17,19,20]. Moreover, according to Ball et al
[19], the presence of chronic cholecystitis and fibrous tissue may increase the risk of significant bleeding
from the liver bed. Concerning the treatment of venous injuries, bleeding from the middle hepatic vein
branch during the operation can only be stopped by direct hemostatic stitches; it can be performed by
laparoscopy in experienced hands or can often require conversion to open surgery[21]. In general, we
strongly recommend careful dissection during the final steps of laparoscopic cholecystectomy,
especially for training surgeons, when dissection becomes easier, and the surgeon may relax.

Portal vein injuries are frequently associated with biliary and RHA injuries. Compared with arterial
injury after cholecystectomy, there are very few reports of isolated portal vein injury without associated
biliary lesions[22]. Furthermore, as a result of its rarity, the pathogenesis of this type of injury remains
unclear. The surgical repair of portal vein lesions is very difficult, often complicated by massive
hemorrhage, and seldom successfully managed. When the portal vein is injured during surgery, it
should be reconstructed immediately by an experienced hepato-biliary surgeon if the patient is hemody-
namically stable. However, the most important complication after surgical repair of a portal vein injury
is represented by acute portal thrombosis, often leading to liver infarction. For this reason, anticoagu-
lation therapy should be started as soon as possible to avoid the progression of acute portal vein
thrombosis. Liver transplantation is a salvage therapy that should only be considered in end-stage liver
disease[22].

Injuries of major retroperitoneal vascular structures are uncommon but potentially life-threatening
complications of laparoscopy[23-25]. Inferior vena cava and aorta injuries are frequently associated with
trocar or Veress needle insertion during laparoscopic surgery. Early diagnosis and immediate
conversion are mandatory for the proper management of these important injuries to minimize
morbidity and mortality. Some authors have also described occasional injuries to the right renal artery
with the formation of a pseudoaneurysm and consequent renal-vena cava fistula[26,27]. This often
represents a late complication following laparoscopic cholecystectomy.

Another important medical complication associated with vena cava injury is venous air embolism
[28]; the cardiovascular, pulmonary, and central nervous systems may all be affected, with severity
ranging from no symptoms to immediate cardiovascular collapse.
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CLASSIFICATION OF VASCULAR INJURIES

Several attempts have been made to uniformly classify vascular lesions, so they are always underre-
ported, as summarized in Table 2. In early 2000, Schéfer et al[29] proposed a working classification from
the Swiss Association of Laparoscopic and Thoracoscopic Surgery (SALTS) by defining vascular injuries
during laparoscopy into intraoperative and postoperative bleeding complications. In 2007, Bektas et al
[30] proposed the Hannover classification by underlining the importance of including additional
vascular injury and the location of the biliary lesion at or above the bifurcation of the hepatic duct, as
they were found to have a major impact on the extent of surgical intervention for iatrogenic bile duct
injury. The Neuhaus and Strasberg-Bismuth classifications for biliary injuries do not consider vascular
involvement.

In 2010, Kaushik[31] suggested a new classification system, wherein vascular injuries were divided
into major and minor injuries based on the need for conversion, additional surgical procedures, or blood
transfusions.

The European Association for Endoscopic Surgery (EAES) recently proposed a new classification
named ATOM, including the anatomy of damage and vascular injury (A), timing of detection (To), and
mechanism of damage (M)[32].

VASCULO-BILIARY INJURY

Vascular injury, in particular to the RHA, is found in approximately 12% to 61% of iatrogenic bile duct
lesions, leading to high morbidity and mortality associated with altered quality of life[33-35]. It is very
important to know preoperatively if a vascular lesion occurs along with a biliary lesion because the poor
vascularization of the common bile duct may result in anastomotic strictures after surgical biliary tract
repair, recurrent cholangitis and secondary biliary cirrhosis[33]. For these reasons, appropriate
knowledge of the vascular lesion represents an important condition when the patient is referred to a
specialized hepato-biliary center. In most cases, the surgical repair of biliary and vascular injuries is
performed simultaneously. There are no guidelines for the timing of repair, whereas few studies have
compared early vs late repair of bile duct injury[34,36,37]. In a multicenter study of the European-
African Hepato Pancrea to Biliary Association (E-AHPBA), the timing of biliary reconstruction after bile
duct injury with hepaticojejunostomy was not correlated with the occurrence of severe postoperative
complications, re-intervention or liver-related mortality[34]. In another multicenter study, the most
favorable outcomes were more frequently observed in the immediate (within the first 72 h) and (after 6
wk) reconstruction of biliary injury, and type E4 injury was found to be an independent factor of worse
outcome[36]. In general, if a major bile duct transection occurs (types E1-E2 according to the Strasberg
classification), the integrity of the hepatic artery, especially the RHA, should always be examined
meticulously to plan early vascular reconstruction if technically possible. If revascularization is not
technically feasible, biliary reconstruction close to the hilar plate is mandatory in order to minimize the
possibility of anastomotic complications[38]. If the vascular lesion is discovered late, in a minority of
cases, hepatectomy is needed as a salvage strategy[39,40].

DIAGNOSIS AND SURGICAL MANAGEMENT

The diagnosis of intra-operative bleeding during dissection may be obvious, but it should be correctly
identified, and surgeons must choose the best therapeutic option to quickly repair the vascular lesion,
depending on their own experience and medical center resources. At present, there is no clear consensus
on the most suitable type or time to perform the repair, especially when vascular injury occurs in centers
not specialized in complex hepato-biliary surgery; thus, the management of these complications is still a
much debated topic[33]. In a recent multicenter retrospective study, the authors analyzed the
management of vascular injuries during laparoscopic cholecystectomy, focusing on referral to
specialized centers, time to perform the repair, and different treatment option outcomes[33]. In a cohort
of 104 patients with vascular injuries, 29 patients underwent vascular repair (27.9%), 13 (12.5%) liver
resection, and 1 liver transplant as a first treatment. The majority of vascular and biliary injuries
occurred in non-specialized centers, and more than half were immediately transferred. The authors
concluded that the management of complex vascular and biliary lesions should be mandatory in
specialized centers and that late vascular repair is not necessarily associated with worse outcomes[33].
Another interesting study by Li et al[38] analyzed the effects of vascular reconstruction and hepatic re-
arterialization when technically possible. In this study, successful early arterial reconstruction with or
without a vascular graft (within 4 d) allowed recovery from hepatic ischemia, without any evidence of
hepatic atrophy or necrosis during follow-up.
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Table 2 Classifications of vascular injuries during laparoscopic cholecystectomy

Ref. Definition of vascular injury

Schifer et al Major injury: Injury to any of the following vessels: Aorta, vena cava, portal vein, hepatic artery and splenic artery, iliac vessels,

[29], 2000 mesenteric, omental and renal vessels; the vascular injury is classified in: Intra-operative; local haemorrhage within the abdominal cavity,
retroperitoneum or abdominal wall; post-operative: Bleeding occurring within 24 h after surgery

Bektas ef al Vascular involvement in different biliary injuries grades (types C and D): Type C tangential injury of the common bile duct: with or

[30], 2007 without vascular lesion; Type D complete transection of the common bile duct: with or without vascular lesion

Kaushik[31], ~ Major injury: Any bleeding involving cystic artery, right hepatic artery, portal vein, superior mesenteric vein, suprahepatic veins, inferior

2010 vena cava, aorta that requires conversion to open surgery to control/repair; additional surgical procedures; need for blood transfusions

Fingerhut et al Vasculo-biliary involvement by reporting the type of injured vessel

[32], 2013

Our study Major vascular injury: Any bleeding involving right hepatic artery, portal vein, suprahepatic veins, inferior vena cava that always

requires conversion to open surgery for control/repair; need for blood transfusions; associated biliary injury; need for transfer to tertiary
center

Jaishideng®

CONCLUSION

Vascular injuries represent a life-threatening complication, and they should be carefully evaluated along
with biliary lesions during laparoscopic cholecystectomy. The recognition of these lesions must occur as
early as possible, and the surgeon must choose the best therapeutic option for the patient according to
available medical resources. Currently, the management of referrals to specialized hepato-biliary centers
for multidisciplinary approaches is mandatory.
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