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but when it comes specifically to long-term anastomotic 
stricture formation, there is no strong evidence to support a 
negative impact of a concomitant vascular injury; this is es-
pecially true for centers/surgeons with HPB interest. 
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 Introduction 

 Vascular injuries during laparoscopic cholecystecomy 
mainly occur during trocar insertion or during dissec-
tion of the Calot’s triangle structures  [1, 2] . The first in-
cludes either abdominal wall vessels or major intra-ab-
dominal vascular structures, e.g. aorta, portal vein; this 
review article will focus on the latter. The true incidence 
of this kind of vascular injury during cholecystectomy is 
unknown. Although the literature is rich in reports on 
bile duct injuries, especially after the introduction of lap-
aroscopic cholecystectomy, reports on coexisting vascu-
lar injuries are rare  [3] . Furthermore, the clinical rele-
vance and impact of vascular injuries on the functional 
results of biliary reconstruction is unclear.

  It has been alleged that the incidence of bile duct in-
jury has been somewhat increased in laparoscopic era  [4, 
5] . Furthermore, bile duct injuries during laparoscopic 
cholecystectomy are located more proximal, where typi-
cally the right hepatic artery crosses behind the common 
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 Abstract 
  Background:  Bile duct injury is a severe complication of lap-
aroscopic cholecystectomy and many reports focus on this 
topic, especially regarding the long-term success of repair of 
these injuries. There is some concern, however, as to wheth-
er concomitant vascular injuries can jeopardize reconstruc-
tion of a bile duct injury following laparoscopic cholecystec-
tomy.  Methods:  A review of the current literature on the 
clinical significance and management of a concomitant vas-
cular injury to the outcome of reconstruction of bile duct 
injuries following laparoscopic cholecystectomy. Relevant 
articles were extracted through PubMed, with secondary 
references obtained from key articles.  Results:  Although the 
relevant literature is generally poor, there is a trend of ap-
pearance of relatively large series on the topic over the last 
five years, as opposed to case reports or small series during 
the previous decade.  Conclusion:  The disruption of the he-
patic arterial flow during laparoscopic cholecystectomy is 
usually well tolerated in an otherwise healthy patient. There 
is strong evidence that concomitant vascular injuries do not 
have any impact on mortality after biliary reconstruction. 
There is also evidence that does increase overall morbidity, 
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hepatic duct  [3, 4] . It is possible then that vascular injuries 
have also been increased with laparoscopy. This is in fact 
reflected in the recent literature, with relevant reports 
evolving from case reports and small retrospective series 
 [6–11]  to larger and prospective ones  [3, 12–16] . The aim 
of this review article is to address the issue of concomi-
tant vascular injuries with emphasis to its clinical rele-
vance and impact on mortality and morbidity, with spe-
cial attention to biliary complications.

  Incidence 
 The true incidence of vascular injuries during cholecys-

tectomy is uncertain, as most reports include highly se-
lected population in the context of bile duct injury, with 
patients being tertiary referrals and most often treated 
suboptimally at the first place. In addition, in most centers 
routine angiography has not been used and the methods 
applied for diagnosis of concomitant vascular injuries vary 
among different centers. In an autopsy study  [17],  the in-
cidence of right hepatic artery injury after open cholecys-
tectomy has been found 7%. Chapman et al.  [18]  showed 
in a large study that combined hepatic arterial injury was 
demonstrated in 13.8% of patients with bile duct injury 
after open cholecystectomy. In a multi-institutional collec-
tive series of 77,704 laparoscopic cholecystectomies the in-
cidence of right hepatic artery injury was 12% among pa-
tients with bile duct injury  [19] . In series with bile duct 
injury, however, where routine angiography was per-
formed, the incidence rises up to 39% in open  [20]  and 47% 
in laparoscopic cholecystectomy  [15] . It seems, therefore, 
that despite the methodological problems mentioned, the 
incidence of concomitant vascular injury has been under-
estimated in the past. The most common vascular struc-
ture injured during dissection of Calot’s triangle in lapa-
roscopic cholecystectomy is by far the right hepatic artery; 
portal vein – usually in combination with proper hepatic 
artery injury – ranks second, but it is a rather rare injury 
 [15] . The right hepatic artery can be clipped, sectioned or 
cauterized, usually being mistaken as cystic artery or due 
to a blind use of clips because of bleeding during dissection 
and suboptimal view. RHA pseudoaneurysm formation is 
an interesting complication and frequently causes gastro-
intestinal or intraperitoneal bleeding  [21] .

  There are several classification systems of bile duct in-
juries; Bismuth classification  [20]  is probably the most 
popular, although it was originally proposed to describe 
strictures. Strasberg classification  [4]  is the most recent 
and detailed one and it is mainly based on Bismuth’s clas-
sification adopted in the laparoscopic era, where the in-
juries occur in a somewhat different pattern compared to 

those encountered in open cholecystectomy. However, a 
simple and effective classification of laparoscopic bile 
duct injuries which incorporates concomitant vascular 
injury according to the mechanism of injury is the Stew-
art-Way classification  [3] .

  Presentation and Consequences 
 Right hepatic artery injury can be recognized when it 

happens during laparoscopic cholecystectomy or after 
conversion to laparotomy for early primary repair of a 
suspected bile duct injury. More often, though, the injury 
must be suspected in any patient with bile duct injury re-
ferred to for delayed repair or redo of an unsuccessful 
primary repair. Duplex ultrasonography is unreliable 
 [12]  in assessing potential vascular injury under these cir-
cumstances, but either celiac angiography or a CT scan 
showing a nonenhanced right lobe of the liver or a CT 
vascular reconstruction can confirm the presence of such 
an injury  [3] . Theoretically, magnetic resonance angiog-
raphy may be preferable especially to invasive angiogra-
phy  [22] . Unfortunately, the literature lacks such infor-
mation, as the vast majority of the published series – 
which include patients managed during the past decad-
es – rely invariably on classic angiographic images.

  It has been proposed that the presence of vascular in-
jury may result in several complications which are related 
to the disruption of blood supply of two regions: (a) the 
liver parenchyma, and (b) the extrahepatic biliary tree. 
With regard to the first, right lobe atrophy, necrosis and 
abscess formation have been sporadically reported  [7–
10] . Some of these complications have rarely led to the 
need for hepatectomy or even liver transplantation and in 
one small series have been associated with increased 
mortality  [13] . Buell et al.  [13]  have reported 1 patient 
with combined biliary and vascular injury who needed 
liver transplantation, while another patient listed for or-
thotopic liver transplantation died from sepsis prior to 
transplantation. Similar experience with 1 patient has 
also been reported by Frilling et al.  [23] . These patients, 
however, suffered either common hepatic artery injury or 
combined portal injury, which clearly represent more se-
rious scenarios. Coexisting portal vein injuries are par-
ticularly devastating injuries as a normal portal circula-
tion is prerequisite for recuperation of the dearterialized 
liver parenchyma  [23] . Portal vein injuries have also been 
sporadically reported and Madariaga et al.  [7]  managed 
to successfully reconstruct an occluded portal vein dur-
ing biliary reconstruction. In any case, such devastating 
and fatal complications associated with combined vascu-
lar and bile duct injuries are exceptionally rare and refer 
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to scarce case reports rather than series of patients, so 
firm conclusions regarding their management are diffi-
cult to be drawn on that basis. As regards to the impact 
of concomitant vascular injury to the extrahepatic biliary 
tree, it has been reported that the presence of vascular 
injury is associated with increased intraoperative bleed-
ing during repair, more difficult reconstruction, and, 
most importantly, high incidence of anastomotic stric-
ture due to bile duct ischemia. All these complications 
have been described in the literature in case reports and 
small case series during the past decade  [6–11] .

   Table 1  shows several series or case reports with right 
hepatic artery injury combined with bile duct injury af-
ter laparoscopic cholecystectomy, published during the 
past decade. In  table 2  more recent, but, most important-
ly, larger series are included. Unfortunately, all but one 
are retrospective series with the scientific disadvantages 
these type of studies are characterized by; it is extremely 
difficult, however, to conduct large prospective con-
trolled trials for this type of pathology, even in a multi-

centric way. In the absence, therefore, of prospective ran-
domized trials and meta-analyses, the best information 
that can be extracted from the available literature repre-
sents level of evidence C. When comparing these two 
tables it becomes clear that the problem nowadays is well 
recognized in several centers with major interest in HPB 
surgery. It is possible that the relatively higher incidence 
of vascular injuries in the recent series compared with 
previous reports is attributed to the highly selected group 
of patients with such injuries these tertiary referral cen-
ters receive.

  When isolating the two probably most important 
studies, the one by Alves et al.  [15] , because it is the only 
prospective study, and the one by Stewart et al.  [3] , be-
cause it is the largest, it appears that the results are very 
similar. Neither of the two studies showed any difference 
in mortality and anastomotic stricture incidence between 
patients who had isolated bile duct injury and those who 
had combined vascular and biliary injury. Overall mor-
bidity did not differ between isolated or combined inju-

Authors Patientsa Mortality Morbidity Stricture

Davidoff et al. [6] 8/12 no no NA
Madariaga et al. [7] 5/14 no hepatic ischemia (n = 1)

hepatic duct necrosis (n = 2)
no

Holbert et al. [8] 2/NA NA hepatic infarction (n = 2) NA
Smith et al. [9] 1/NA NA hepatic infarction (n = 1) NA
Gupta et al. [10] 4/13 no liver abscess (n = 2) 2/4
Bachellier et al. [11] 3*/15 no no no

* RHA reconstruction in 2 of the 3 cases.
a Number of patients with vascular injury/total number of patients with biliary re-

construction. NA = Not available.

Table 1. Earlier reports on the 
 consequences of concomitant vascular 
injury

Authors Patientsa Mortality Morbidity Stricture

Koffron et al. [12] 11/18* NA NA NA
Buell et al. [13] 13/49 (26%) increased
Bilge et al. [14] 29/50 (58%) no difference increased no difference
Alves et al. [15] 26/55 (47%) no difference no difference no difference
Schmidt et al. [16] 11/46 (24%) no difference increased increased
Stewart et al. [3] 84/261 (32%) no difference increased** no difference

* After failure of primary biliary reconstruction.
** No difference in centers with special interest in HPB surgery.
a Number of patients with vascular injury/total number patients with biliary re-

construction. NA = Not available.

Table 2. Recent reports on the impact of 
concomitant vascular injury on outcomes 
after biliary reconstruction for bile duct 
injury
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ries, unless the repair was performed by the primary sur-
geon as opposed to a biliary specialist  [3] .

  Alves et al.  [15]  proposed a Hepp-Couinaud recon-
struction using the extrahepatic portion of the left he-
patic duct in order to ensure adequate blood supply to the 
hepatico-jejunostomy and, thus, avoiding future devel-
opment of anastomotic stricture. They have applied this 
type of reconstruction for Bismuth types I, II, III and IV 
injuries with satisfactory long-term results  [15] . The com-
munication between the left and right hepatic arteries via 
the hilar plate arterial plexus develops very rapidly after 
the right hepatic artery injury and provides adequate ar-
terial blood supply to both the right hepatic lobe and the 
biliary tree proximal to the confluence  [24, 25] . Further-
more, by using this type of reconstruction, the size of the 
anastomosis is larger as the left hepatic duct is opened 
longitudinally to be anastomosed to the jejunal loop, and 
therefore less prone to stenosis. Although the Hepp-
Couinaud reconstruction appears to offer some advan-
tages, it has never been tested in a comparative trial; on 
the other hand, it cannot be used in all injuries. Bismuth 
type V injuries would require separate duct anastomoses 
 [26, 27]  and sometimes hepatic resection  [28] . Lillemoe 
et al.  [26]  have described a technique similar to that used 
for a left-sided approach, by resecting the base of the gall-
bladder fossa, exposing the right ducts to allow separate 
anastomoses to be fashioned. Regardless of the potential 
superiority of one technique over the other, however, the 
most important prognostic factor of morbidity and long-
term functional outcome after biliary reconstruction is 
probably the surgeon. There is little doubt that the best 
results for this type of surgery have been achieved in 
high-volume tertiary referral centers and/or surgeons 
with HBP interest  [3] .

  What Do We Do when Faced with This Type of 
Injury? 
 In case this happens at the time of cholecystectomy 

and becomes promptly apparent, one could try to repair 
the vascular injury if possible, according to some authors 
 [10, 11] . Others suggest arterial reconstruction when the 
distal right hepatic artery can be exposed even for the 
delayed biliary reconstruction and this has been sporad-
ically performed with satisfactory results  [7, 11] . Timing 
is probably a crucial issue, not for the arterial injury per 
se but for the concomitant biliary injury, although this 
has been a matter of debate. There have been reports with 
contradictory results  [28, 29] , but the impact of surgeon’s 
experience should be taken into account when analyzing 
the results. Although good results have been reported 

with early biliary repair by an HBP surgeon, it seems pru-
dent to delay the repair in case of disruption of the con-
fluence or when significant thermal injury or surround-
ing sepsis is present  [22] . The delay in these cases will 
allow the final level of injury to demarcate, determine the 
need for hepatic resection and also allow the ducts to di-
late and mature to improve the likelihood of a successful 
repair  [27, 29] . With regard to the arterial injury, many 
authors have recently suggested to ignore it regardless of 
the timing of recognition and/or repair, as the conse-
quences of right hepatic artery ligation in an otherwise 
healthy liver have been unremarkable and recommenda-
tions are generally not to attempt to reconstruct the in-
jured artery  [3, 17] . Experimental studies have also sug-
gested that the incidence of hepatic lobe necrosis after 
right hepatic artery ligation is insignificant in the absence 
of concurrent cholestasis  [30, 31] .

  In conclusion, vascular injuries during laparoscopic 
cholecystectomy are encountered almost exclusively in 
the context of bile duct injury; they occur more often 
than believed in the past and tend to be located more 
proximal compared to those observed in open surgery. 
There is no evidence they increase mortality, but they 
may cause increased morbidity and jeopardize the long-
term functional results of biliary reconstruction by caus-
ing anastomotic strictures. When identified early, there 
is some space for repair, although this is controversial; in 
delayed cases it seems reasonable to ignore the vascular 
injury per se. A Hepp-Couinaud reconstruction is pro-
posed to overcome the problem of future biliary stricture 
formation due to ischemia, but most importantly, a re-
construction performed in a HBP center or by an HBP 
surgeon is of paramount importance in order to ensure 
the best long-term functional results. 
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