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CASE REPORT

Management of early hepatic artery occlusion after liver 
transplantation with failed rescue
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Abstract
Hepatic artery thrombosis is a serious complication 

after liver transplantation which often results in 
biliary complications, early graft loss, and patient 
death. It is generally thought that early hepatic artery 
thrombosis without urgent re-vascularization or re-
transplantation almost always leads to mortality, 
especially if the hepatic artery thrombosis occurs 
within a few days after transplantation. This series 
presents 3 cases of early hepatic artery thrombosis 
after living donor liver transplantation, in which surgical 
or endovascular attempts at arterial re-vascularization 
failed. Unexpectedly, these 3 patients survived with 
acceptable graft function after 32 mo, 11 mo, and 4 
mo follow-up, respectively. The literatures on factors 
affecting this devastating complication were reviewed 
from an anatomical perspective. The collective evidence 
from survivors indicated that modified nonsurgical 
management after liver transplantation with failed 
revascularization may be sufficient to prevent mortality 
from early hepatic artery occlusion. Re-transplantation 
may be reserved for selected patients with unrecovered 
graft function.
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Core tip: We present 3 cases of early hepatic artery 
thrombosis after living donor liver transplantation, in 
which surgical or endovascular attempts at arterial re-
vascularization failed. Unexpectedly, these 3 patients 
survived with acceptable graft function after 32 mo, 11 
mo, and 4 mo follow-up, respectively. The literatures 
on factors affecting this devastating complication were 
reviewed from an anatomical perspective. Our three 
cases raise the possibility that a modified nonsurgical 
management strategy may be sufficient for recovery 
from early hepatic artery thrombosis after liver 
transplantation with failed revascularization procedures.
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INTRODUCTION
Hepatic artery thrombosis (HAT) is a serious com­
plication after liver transplantation (LT) which often 
results in biliary complications, early graft loss, and 
patient death[1-3]. HAT is defined according to the time 
of onset, with early HAT occurring 30 d or less after LT 
and late HAT occurring more than 30 d after LT[2]. In 
a large study of 21822 patients who underwent LT[3], 
the overall incidence of early HAT was 4.4%, higher in 
children than in adults (8.3% vs 2.9%), and diagnosed 
at a median of postoperative day (POD) 7. Early HAT 
resulted in an overall re-transplantation rate of 53.1% 
(children higher than adults, 62% vs 50%) and an 
overall mortality rate of 33.3% (adults higher than 
children, 34.3% vs 25%)[3]. It is generally thought that 
early HAT (especially within the first few days after 
transplantation) without urgent re-vascularization or 
re-transplantation almost always leads to mortality. 
However, in this case series, 3 patients with early 
HAT after living donor LT with failed arterial re-
vascularization survived with acceptable graft function 
after 32 mo, 11 mo, and 4 mo follow-up, respectively 
(Table 1). Possible explanations were discussed from 
an anatomical perspective. Our three cases raise the 
possibility that a modified nonsurgical management 
strategy may be sufficient for recovery from early HAT 
after LT with failed revascularization procedures.  

CASE REPORT
Case 1
A 60-year-old woman with recurrent hepatocellular 
carcinoma (HCC) and hepatitis C virus-related liver 
cirrhosis underwent living donor LT (right lobe from 
her 31-year-old son). Hepatic artery anastomosis was 
performed smoothly under an operating microscope. 
Extubation was performed on POD 2. However, 
she had abrupt elevation of liver enzymes and 
hyperbilirubinemia on POD 7 [alanine transaminase 
(ALT) 1183 U/L from 211 U/L on POD 6, total bilirubin 
(T-bil) 4.25 mg/dL from 1.78 mg/dL]. Doppler 
ultrasonography showed no HA blood flow. CT 
angiography further disclosed the absence of intra-
hepatic arterial flow and a hypodense lesion suspected 
to be an infarction at S7-8 of the liver. Angiography 
confirmed the diagnosis of thrombosis at the proper 
HA anastomosis (Figure 1), and the angiographic 
micro-catheter failed to pass through the occlusion 
site. She then underwent urgent laparotomy. Re-

anastomosis of the HA failed and the HA graft was 
not suitable for another attempt at re-anastomosis. 
Under supportive treatment, the patient’s liver function 
recovered gradually (POD 31: ALT 160 U/L, T-bil 
2.02 mg/dL) and she was discharged 31 d after liver 
transplantation. The patient took aspirin 100 mg daily 
thereafter. She had 3 episodes of biliary tract infection 
(BTI) on the 2nd, 4th, and 5th month after LT, which 
required hospitalization for intravenous antibiotics 
treatment. CT scan at the post-operative 5th month 
showed no remarkable intrahepatic duct dilatation or 
infarction of the liver parenchyma. She has remained 
well with normal graft function after 32 mo of follow-
up. 

Case 2
A 49-year-old man with alcoholic liver cirrhosis 
underwent living donor LT (right lobe from her 
23-year-old son). The HA was anastomosed end-to-
end under an operating microscope. Extubation was 
performed on POD 1. Elevation of liver enzymes and 
hyperbilirubinemia were found on POD 1 (ALT 456 
U/L from 17 U/L, T-bil 7.78 mg/dL from 1.73 mg/dL). 
Doppler ultrasonography showed no HA flow. CT 
angiography disclosed total occlusion of the grafted 
HA. An attempt to place an intra-arterial catheter 
for endovascular management on POD 1 resulted in 
extravasation distal to the anastomosis site. On POD3, 
an intra-arterial catheter was placed at the anastomosis 
site for endovascular thrombolysis, but still no arterial 
flow was noted. On POD7, the intra-arterial catheter 
was re-implanted for urokinase infusion (60000 IU/h 
for 4 h), but angiography on POD8 showed persistent 
thrombosis at the anastomosis site (Figure 2A). The 
patient’s liver function improved gradually under 
supportive treatment (POD 17: AST 53 U/L, ALT 169 
U/L, T-bil 2.98 mg/dL, D-bil 1.51 mg/dL) and he 
was discharged on POD 17 after LT. The patient took 
aspirin 100 mg daily after discharge. In the following 
9 mo, he had one episode of BTI at the 7th month 
after LT which required hospitalization for intravenous 
antibiotics treatment. Magnetic resonance angiography 
on the 8th month after LT showed recanalization of 
the intrahepatic artery via another artery (possibly 
the right inferior phrenic artery; Figure 2B). He has 
remained well with normal graft function after 11 mo 
of follow-up. 

Case 3
A 13-year-old boy with primary sclerosing cholangitis 
(after common bile duct excision and Reux-en-Y 
hepaticojejunostomy at age 11) underwent living 
donor LT (left lobe from his 44-year-old mother). 
Hepatic artery anastomosis had been performed twice 
because of donor artery intima dissection. He had 
elevated liver enzymes on POD1 (ALT 699 U/L from 61 
U/L, T-bil 8.21 mg/dL from 1.77 mg/dL). CT on POD 2 
showed occlusion of the proper HA at the anastomosis 
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site. Angiography showed total occlusion of the proper 
HA (Figure 3), prompting urokinase 20000 IU injection 
through a microcatheter with its tip inserted within the 
thrombosed proper HA, but in vain. The patient’s liver 
function improved gradually with no further treatment 
of the thrombosed HA (POD 36: ALT 23 U/L, T-bil 0.69 
mg/dL). He was discharged on POD 36 after LT and 
prolonged ascites drainage. He has remained well with 
normal graft function 4 mo after LT without any BTI 
episode during follow-up. 

DISCUSSION
HAT is a serious complication after LT which often 
results in patient death and is the 2nd leading cause 
of early graft failure after primary nonfunction[1]. 
The etiology of early HAT is thought to be related 
not only to surgical factors such as vessel kinking, 
stenotic anastomosis, and intimal dissection, but 
also to non-surgical factors such as elderly donors, 
hypercoagulable state, and rejection episodes[4]. Risk 
factors of early HAT reported in literature include 
cytomegalovirus mismatch, re-transplantation, use 

of an arterial conduit, prolonged operation time, 
low recipient body weight, variant arterial anatomy, 
lower volume LT hospital[3], and delay in arterial 
reperfusion[4]. Besides, use of continuous rather than 
interrupted sutures to anastomose the ends of an 
hepatic artery was associated with higher incidence 
of HAT[5]. The most frequent clinical presentation 
(30%) of early HAT is acute fulminant hepatic failure[1], 
and the diagnosis of early HAT is often confirmed by 
thrombo/embolic occlusion of the hepatic artery on 
Doppler ultrasonography and/or CT/angiography. 
Routine Doppler ultrasonography in the first 3 d 
after LT allows early detection of HAT, and makes 
rescue interventions before liver damage possible[6]. 
Introduction of microvascular reconstruction has 
significantly decreased the incidence of HAT[7]. 

Therapeutic options for HAT include arterial 
revascularization and re-transplantation. Revas­
cularization could be surgical re-anastomosis (or 
thrombectomy) or endovascular treatments such 
as intra-arterial thrombolysis and percutaneous 
transluminal angioplasty with/without stent placement 
or balloon dilatation. Although re-transplantation 
is traditionally the gold standard of therapy for 
HAT, in areas with organ shortage such as Asia, 
timely re-transplantation may not be feasible. 
Thus endovascular or surgical revascularization is 
often the first line treatment for patients with HAT. 
Arterial revascularization via endovascular or surgical 
procedures may reduce graft loss and improve 
outcome in both adult[8] and pediatric[9] LT recipients 
with early HAT. Most studies suggest the use of 
endovascular urokinase or heparin for HAT after LT[10], 
which has a 68% success rate (with internal bleeding 
as its most common complication)[10]. Several studies 
reported that antiplatelet prophylaxis can reduce the 
incidence of HAT in selected adult patients after LT, 
with no increase in the incidence of bleeding events 
and wound complications[11,12]. 

HAT causes ischemic injury of the biliary system 
and liver parenchyma leading to biliary necrosis 
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Table 1  Demographic and clinical data of patients with early hepatic artery thrombosis after living donor liver transplantation

Case 1 Case 2 Case 3

Age (yr) 60 49 13
Gender Female Male Male
Indication of LT HCV/HCC Alcoholic cirrhosis PSC
Donor age (yr)/gender 31/male 23/male 44/female
Graft Right lobe Right lobe Left lobe
HA anastomosis condition 9-0, once 

82 min
9-0, twice 

36 + 43 min
8-0, twice 

30 + 99 min
Time of diagnosis of HAT POD 7 POD 1 POD 2
Management Surgical reanastomosis, failed Angiographic procedure, failed Angiographic procedure, failed
Discharge time POD 31 POD 17 POD 36
Follow-ups 32 mo 11 mo 4 mo

(BTI x 3) (BTI x 1) (no BTI)

LT: Liver transplantation; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; PSC: Primary sclerosing cholangitis; POD: Postoperative day; BTI: 
Biliary tract infection. 

Figure 1  Angiography in a 60-year-old woman 9 d after living donor 
liver transplantation shows thrombosis at the proper hepatic artery 
anastomosis, in which endovascular intervention failed to restore blood 
flow through the hepatic artery occlusion. 
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In case 1, the bile ducts in the right lobe liver graft had 
two orifices, and in case 3, left donor hepatectomy 
was performed. Moreover, in a rat model of liver 
transplantation, arterial reconstruction was regarded 
as unnecessary and thus not routinely performed[18]. 
Recent studies reported the same survival rate in 
LT rats with HA reconstruction and LT rats without 
HA reconstruction (though the latter are associated 
with more graft parenchymal damage in the early 
postoperative period)[15]. The detail mechanism of 
hepatic arterial collateral formation via inferior phrenic 
artery is not clear, however, arterial collaterals through 
the bare area of liver in recurrent hepatocellular 
carcinoma after transarterial chemoembolization is not 
uncommon. 

Development of HAT within 7 d of LT is an indication 
of emergency transplant status (UNOS status 1)[19]. 
However, emergency LT and especially emergency re-
transplantation are often associated with lower patient 
and graft survival as compared with non-emergency 
LT and elective re-transplantation[20-23]. Considering 
that the real outcome of early HAT may not be as bad 
as once thought, patients may not need to undergo 
high risk emergency re-transplantation routinely. As 
a result, we recommend a short-term “wait and see” 
policy when patients developed early HAT even if it 
happens within 7 d of LT, as long as their biochemical 
and hemodynamic status remains relatively stable. Re-
transplantation may be reserved for select patients 
who present with unrecovered graft function after early 
HAT and fail to be rescued by endovascular or surgical 
intervention. Besides, mesenteric arteriovenous shunt 
(partial portal arterialization) had been reported 
effective in preventing hepatic failure caused by 
interruption of hepatic artery flow, and might also be 
an option to gain time until collateral arterial vessels 
develop or re-transplant[24]. In summary, our cases 
illustrate that very early HAT without successful urgent 
re-vascularization or urgent re-transplantation may 
not always lead to mortality. In patients with very 
early HAT, urgent endovascular intervention or surgical 

and the formation of liver abscesses[1,2]. In our 3 
cases, endovascular or surgical revascularization 
was performed but failed to restore blood flow. 
However, the grafts functioned well, without the need 
for re-transplantation. Recently, Boleslawski et al[13] 
recommended HA ligation as a reasonable option for 
HA ruptures following LT. Of the seven patients who 
received HA ligation for HA rupture, six survived well 
with functional grafts during follow-up. It is unclear 
why these patients did not develop severe ischemic 
cholangiopathy. Looking at this problem from an 
anatomical perspective, the biliary system has three 
zones with different blood supplies: the intrahepatic 
bile ducts, hilar ducts, and extrahepatic bile ducts. 
The intrahepatic biliary ducts are surrounded by a rich 
microvascular network (the peribiliary plexus)[14]. Some 
experimental studies have supported the suggestion 
of arterioportal communication through the peribiliary 
plexus[15]. The peribiliary plexus represents a collateral 
source of arterial blood to the liver when the hepatic 
artery is occluded[16]. Therefore, biliary ischemia of 
the distal bile ducts usually occurs because of injury 
to the arteries supplying the distal extrahepatic ducts 
but is not always inevitable because of the existence 
of arterioportal collaterals[17]. If the hepatic ducts of a 
liver graft were transected at a proximal level during 
the operation to remove the living donor’s liver, the 
risk of devastating biliary ischemia after HA occlusion 
would be expected to be lower because proximal 
hepatic ducts behave more like the intrahepatic ducts. 
In 2 of our 3 cases, the bile ducts of the liver grafts 
were proximally transected, supporting our hypothesis. 
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Figure 2  Angiography in a 49-year-old man 8 d after living donor liver 
transplantation shows persistent thrombosis at the anastomosis site of 
hepatic artery (A), however magnetic resonance angiography at the 8th 
month after liver transplantation shows recanalization of intrahepatic 
artery via right inferior phrenic artery (B). 

Figure 3  Angiography in a 13-year-old boy 2 dafter living donor liver 
transplantation shows total occlusion of the proper hepatic artery despite 
injection of 10000 IU of urokinase through a microcatheter with tip 
inserted into the thrombosed proper hepatic artery. 

A
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exploration for re-vascularization is recommended. 
However, when re-vascularization fails, observation 
with supportive care such as maintaining relatively 
high blood pressure and arterial patency by anti-
platelet therapy may be a feasible strategy. Re-
transplantation may be preserved for selected cases 
such as those who fail to recover graft function. 

COMMENTS
Case characteristics
Three patients presented with symptoms of liver dysfunction within one week 
after living-donor liver transplantations. 

Clinical diagnosis
Hepatic artery thrombosis after living donor liver transplantations. 

Differential diagnosis
Primary graft nonfunction, rejection, portal vein thrombosis. 

Laboratory diagnosis
The three patients had various degree of elevation of liver enzymes and 
hyperbilirubinemia. 

Imaging diagnosis
For three cases, computed tomographic angiography scan showed occlusion of 
hepatic artery.

Pathological diagnosis
No pathological diagnosis in these three cases. 

Treatment
The first patient underwent urgent surgical re-anastomosis of the hepatic artery 
but failed. All of the three patients underwent endovascular treatment but failed. 

Related reports
One recent study recommended hepatic artery ligation as a reasonable option 
for hepatic artery ruptures following liver transplantations.   

Term explanation 
Hepatic artery thrombosis is a serious complication after liver transplantation 
which often results in biliary complications, early graft loss, and patient death. 

Experiences and lessons
These three cases raise the possibility that a modified nonsurgical management 
strategy may be sufficient for recovery from early hepatic artery thrombosis 
after liver transplantation with failed revascularization procedures.

Peer-review
The authors have described three cases of early hepatic artery thrombosis after 
living donor liver transplantation, in which surgical or endovascular attempts at 
arterial re-vascularization failed. Unexpectedly, these 3 patients survived with 
acceptable graft function after 32 mo, 11 mo, and 4 mo follow-up, respectively. 
These cases outlines that a modified nonsurgical management strategy may be 
sufficient for recovery from early hepatic artery thrombosis. 
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