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Arterial complications after liver 
transplantation 

Abstract From September 1988 
through April 1998,1000 liver trans- 
plantations were performed on 911 
patients. During the postoperative 
control examinations of 837 pati- 
ents, we found 23 (2.74%) with he- 
patic artery thromboses, 27 stenoses 
of the hepatic artery (3.22 YO), and 6 
aneurysms of the graft artery. Sev- 
enteen patients underwent retrans- 
plantation because of arterial com- 
plications. Depending on the clinical 
symptoms, we treated both the local 
situation as well as the resulting 
complications of inadequate arterial 
graft flow. The aneurysms were pri- 
marily treated surgically. The first 

choice of treatment of stenoses was 
balloon angioplasty. Early postoper- 
ative artery thromboses were also 
treated surgically by thrombectomy 
in selected cases. For the resulting 
biliary and local septic complica- 
tions we preferred endoscopic and 
drainage procedures. Our clinical 
experiences have led us to find pre- 
transplantation angiography recom- 
mendable, especially in the case of 
splanchnic artery stenoses, for by- 
passing from the aorta for arterial 
perfusion of the graft. 
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Introduction 

The adequate reconstruction of afferent vessels is a pre- 
condition for successful liver transplantation. Poor 
blood inflow and technical problems often lead to early 
postoperative organ failure and graft loss. Arterial com- 
plications prevail with an incidence of 2-25% in pa- 
tients after liver transplantation of which 50 Yo require 
retransplantation [4, 111. Early portal vein occlusion is 
rare, occurring in 1-3 % of transplantations. 

Stenoses, occlusions, steal syndromes, and aneu- 
rysms can arise as complications in the arterial recon- 
struction after liver transplantation. Stenoses are found 
in the recipient artery, at the anastomosis, or in the graft 
artery and are situated extra- or intrahepatically. Pre- 
existent stenoses of the celiac artery are hemodynami- 
cally relevant after transplantation and affect graft func- 
tion. Stenoses at the anastomotic region are usually 
caused by technical errors. Postanastomotic stenoses re- 
sult from the twisting and kinking of graft arteries that 

are too long. Immunologic and local ischemic damage 
of the vascular wall will be discussed further below. Ear- 
ly occlusions and thrombosis of the graft artery, respec- 
tively, are caused by technical error, preservation injury, 
or occur in marginal organs with high peripheral vascu- 
lar perfusion resistance [lo]. Late arterial occlusions 
may develop from early stenoses. Aneurysms of the liv- 
er artery after transplantation, if extrahepatic, are often 
mycotic aneurysms caused by a local infection (e. g., par- 
tial biliary insufficiency that induces erosion of the vas- 
cular wall or anastornotic suture). If aneurysms occur in- 
trahepatically, they are often caused by liver punctures 
[2,7,16]. In the present paper we discuss the incidence, 
causes, and treatment of arterial complications in our 
liver transplant patients. 
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Patients and methods 

Between September 1988 and April 1998, 1000 liver transplanta- 
tions were performed on 911 patients at our institution. Thirty- 
four transplantations were performed on pediatric patients and 
were excluded from this study. The preoperative evaluation of 
transplant recipients included abdominal CT scan, angiography, 
and duplexsonography of the hepatic artery, vena cava, and portal 
vein. In a few patients with acute liver failure and/or severe coagu- 
lopathy, angiography was omitted. Organs were either harvested 
by surgeons from our institution, using simultaneous arterial and 
portal perfusion (n  = 649), or were shipped from other institutions 
(n = 351). 

Liver transplantation in adult patients was done following 
standard techniques and using a veno-venous bypass. The retro- 
hepatic vena cava was resected, and an end-to-end interposition 
of the donor vena cava was performed. Reconstruction of the 
portal vein was done as end-to-end veno-venous anastomosis. 
The arterial anastomosis is routinely performed on the insertion 
of the gastroduodenal artery of the recipient hepatic artery. De- 
pending on the preoperative angiography, the anastomoses were 
modified [13]. Patients with complex vascular reconstructions 
(reconstruction of accessoric arteries, multiple anastomoses) re- 
ceived low-dose heparinization during the early postoperative pe- 
riod. We continued anticoagulation only in patients with hyper- 
coagulation disorders (Budd-Chiari syndrome etc.). Vascular pa- 
tency was routinely checked by sonographic examination during 
hospitalization and upon presentation at our liver transplant out- 
patient clinic. In the case of pathologic findings (modification of 
systolic waveform and abnormal values for resistive index and 
systolic acceleration time) with clinical symptoms, angiographic 
control was ruled out. All patients received immunosuppressive 
therapy consisting of either cyclosporine- or tacrolimus-based 
regimens. 

Retransplantation (n = 89) became necessary in 79 patients. 
The reasons for retransplantation were initial non-function of the 
graft (n = 20), recurrence of viral hepatitis (n  = 19), chronic rejec- 
tion ( n  = 14), acute hepatic artery thrombosis (n  = 13), extrahepat- 
ic bile duct destruction (n  = lo), acute rejection (n = 6), recurrence 
of Budd-Chiari syndrome (n  = 2), occlusion of vena cava (n = 2), 
and combinations of the above (n = 3). 

Results 

Occlusions of the hepatic artery 

We examined 837 of our adult transplant patients in the 
follow-up program for incidence of arterial complica- 
tions. Occlusions of the hepatic artery were found in 23 
patients (2.74 YO). These patients had undergone trans- 
plantation for posthepatitic cirrhosis (n = 9), postethylic 
cirrhosis (n = 9, PSC (n = 2), Budd-Chiari syndrome 
(n = l), and other reasons (n = 6) .  The chronologic oc- 
currence of the occlusion is shown in Fig. 1. Six of the 
23 patients (26%) developed early occlusions (till day 
30 after transplantation). Thirteen patients (57 YO) un- 
derwent retransplantation because of arterial occlusion 
(Fig. 1). Five patients died (22 %) -two of them after re- 
transplantation. Three deaths were not associated with 
arterial problems or retransplantation. 
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Fig. 1 Chronologic occurrence of hepatic artery occlusion after 
transplantation and incidence of retransplantation 

All but two patients - receiving transplants for acute 
liver failure - underwent an angiography of the splanch- 
nic arteries preoperatively, a routine procedure for pa- 
tients before transplantation. At that time six stenoses 
of the celiac trunk were diagnosed (three caused by 
compression from the arcuate ligament), one aneurysm 
of the lienal artery, and one of the rnesenteric artery. 

Arterial reconstruction was performed as standard 
procedure (at the insertion of the gastroduodenal ar- 
tery) using the celiac trunk of the donor in 17 patients. 
As a consequence of preoperative angiography, in one 
operation this was combined with a resection of the arc- 
uate ligament. In five patients, a graft interposition (iliac 
artery) to the aorta was performed, of which one was in- 
frarenal and four directly subdiaphragmatic. In another 
patient, the splenic artery insertion was used for the 
anastomosis. 

Arterial occlusions occurred with an isolated in- 
crease of transaminases (n  = 1) or in combination with 
colestasis (n = 18). Five patients developed cholangitis, 
and in seven an ischemic destruction of the biliary sys- 
tem was seen. Seven patients developed an abscess in 
the liver. Two patients showed clinical symptoms of an 
initially nonfunctioning organ. In one patient, the hepat- 
ic artery occlusion was diagnosed as an incidental find- 
ing. For all patients, the clinical and duplexsonographic 
suspicion of arterial occlusion was confirmed by angiog- 
raphy. In three patients, steal syndrome to the lienal ar- 
tery was also diagnosed, and in one patient, a portal 
vein occlusion was found. 

Apart from retransplantation (n = 13) as treatment 
of the arterial occlusion in three patients, a hepati- 
co-jejunostomy was performed to aid biliary drainage 
because of extrahepatic biliary duct destruction. One 
patient diagnosed with acute postoperative thrombosis 
was immediately re-operated and thrombectomized 
with an additional resection of the arcuate ligament 
and banding of the splenic artery. During retransplanta- 
tion, four patients underwent standard arterial recon- 
struction at the insertion of the gastroduodenal artery 
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Fig.2 Hepatic artery thrombosis after local incomplete lysis of the 
infrarenal aortic graft 

and five patients at the insertion of the splenic artery. In 
four cases, an interposition to the aorta was performed 
(one infrarenal and three subdiaphragmatic). One oc- 
clusion reoccurred after retransplantation. A lysis thera- 
py with rt-PA failed (Fig.2). The patient also suffered 
from extrahepatic biliary destruction and underwent a 
new retransplantation. Another patient developed a 
symptomatic hepatic artery stenosis after retransplanta- 
tion, and a coiling of the splenic artery was done be- 
cause of a steal syndrome in the lienal artery. 

Arterial stenoses 

Twenty-seven stenoses of the transplant artery (3.22 %) 
were diagnosed during the follow-up examination. All 
patients but one underwent a pretransplantation angi- 
ography, during which four patients showed a function- 
al stenosis of the celiac trunk caused by compression 
of the arcuate ligament. Two of these were classified as 
hemodynamically relevant. In another patient, an or- 
ganic stenosis of the celiac trunk was diagnosed. A fur- 
ther patient showed a stenosis of the superior mesenter- 
ic artery, and in three patients an aneurysm of the 
splenic artery was detected. In eight patients for liver 
transplantation, nonrelevant arterial variants were no- 
ticed. The arterial reconstruction in 21 patients was per- 
formed in the “standard” manner (at the insertion of 
the gastroduodenal artery) and modified six times 
(four times at the insertion of the splenic artery, once 
directly to the aorta, and in one patient by iliac artery 

Fig.3 Long distant stenosis of the graft artery after liver transplan- 
tation 

Table 1 Anatomical localization of arterial stenoses after liver 
transplantation 

Preanas- Stenosis in the Postanas- 
tomotic anastomosis tomotic 

With steal 2 3“ 4 
Without steal 4 9 5 
Total 6 12 9 

a One time steal over the gastroduodenal artery 

graft interposition to the subdiaphragmatic aorta). In 
addition, a “banding” of the splenic artery and one 
splenectomy were performed twice because of a sus- 
pected steal to the splenic artery and hypersplenic my- 
elodepression. 

Depending on the location on the arterial tree of the 
stenosis, a cause may be hypothesized. We found symp- 
tomatic stenoses located at the anastomosis as well as 
in the recipient artery (Fig. 3). Furthermore, we ob- 
served the appearance of clinical symptoms of stenoses 
seen in preoperative angiography that had been classi- 
fied preoperatively as hemodynamically nonrelevant 
(celiac trunk, Table 1). At the time of diagnosis of the 
hepatic artery stenosis, a steal of the splenic artery in 
eight patients and one of the gastroduodenal artery 
were found (Table 1). The steal was defined angio- 
graphically and consisted of an increased diameter of 
the splenic artery, which was visualized prior to the he- 
patic artery in patients with signs of hypersplenism and 
transplant dysfunction [5]. 

The clinical symptoms of liver artery stenoses ap- 
peared immediately after transplantation and devel- 
oped mostly within the first 6 months. In two patients 
clinical signs appeared only 3 years after transplanta- 
tion. A singular increase of transaminases and cholestat- 
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Table 2 Arterial aneurysms after liver transplantation (AGD anastomosis at the insertion of the gastroduodenal artery, AL anastomosis 
at the insertion of the splenic arterv) 

Patient Arterial Bile duct Localization Clinical signs (appearance Therapy 
no. reconstruction anastomosis of the aneurysm after transplantation) 

1 (283) AGD with Side-side Intrahepatic, Gastrointestinal Retransplantation 
banding of AL left lobe hemorrhage (11 months) 

2 (336) AL Side-side Anastomosis Abdominal hemorrhage Reconstruction by saphe- 
(3 weeks) na vein interposition 

3(345) AGD Choledoch- Anastomosis Gastrointestinal Reconstruction by saphe- 
oduodenostomy hemorrhage (8 weeks) na vein interposition 

4 (463) AL Side-side Celiac trunk Cardial decompensation Ligation of the celiac trunc 
by arterio-venous fistula 
(3 years) 

5(751) AGD Side-side Anastomosis Gastrointestinal Only resection (recon- 

6(975) AGD Choledoch- Distal of the Gastrointesti nal Only resection, recon- 
oduodenostomy anastomosis hemorrhage (7 months) struction not necessary 

hemorrhage (6 weeks) struction impossible) 

ic enzymes were found in four and two patients, respec- 
tively. Seventeen patients showed cholestasis and an in- 
crease in serum levels for transaminases. Three patients 
suffered episodes of cholangitis, and in five we found 
endoscopic ischemic biliary duct lesions. Two of those 
patients developed hepatic abscesses. Seven patients 
showed no clinical signs, and in these cases the duplex- 
sonographic diagnosis of hepatic artery stenosis was 
not verified by angiography. 

In seven patients diagnosed with hepatic artery 
stenosis, a “steal” of the splenic artery, was also diag- 
nosed which was treated by coil embolization. Two of 
the latter patients had to be splenectomized because of 
septic complications. In one case a celiac artery stenosis 
was treated after transplantation by resection of the arc- 
uate ligament. One stenosis of an iliac artery graft was 
dilated by balloon angioplasty. Later, the ischemic com- 
plications of stenoses were treated. Liver abscesses 
were drained. In one case biliary ducts were drained by 
hepatico-jejunostomy; in another, the patient under- 
went a dilatation of the biliary duct stenosis and stent 
application. Because of progredient biliary duct destruc- 
tion, three patients were underwent retransplantation. 
In eight patients no treatment was necessary. Three pa- 
tients died; two after embolization of the splenic artery 
and septic complications, the third after septic complica- 
tions and multi-organ failure. 

Aneurysms of the hepatic artery 

We diagnosed 6 (0.7 %) aneurysms (Tab.2). The clinical 
signs developed 4 weeks to 3 years after liver transplan- 
tation. Four patients underwent arterial reconstruction 
by insertion of the gastroduodenal artery and the other 
two patients by insertion of the splenic artery. In two pa- 

tients who underwent transplantation because of prima- 
ry sclerosing cholangitis with extrahepatic bile duct de- 
struction, biliary reconstruction was performed as cho- 
ledocho-duodenostomy. The other patients underwent 
a choledocho-choledochostomy as side-to-side anasto- 
mosis. We found one intrahepatic aneurysm after liver 
punction and five extrahepatic aneurysms. In four pa- 
tients, these were mycotic aneurysms. For three patients 
the treatment consisted of resection of the aneurysm 
and ligation of the artery. In two patients, vascular conti- 
nuity was established by saphenous vein interposition. 
The patient with the intrahepatic false aneurysm suf- 
fered severe gastrointestinal bleeding from the aneu- 
rysm 11 months after transplantation via the biliary 
ducts of the left lobe. He underwent retransplantation, 
but later died as a result of multi-organ failure. In anoth- 
er patient, we discovered an aneurysmatic celiac trunk 
before transplantation. Because of severe portal hyper- 
tension, a Linton-shunt was inserted before transplanta- 
tion. Three years after transplantation, he developed a 
massive arterio-venous fistula from the celiac trunk 
with a latent cardiac decompensation. After central liga- 
tion of the celiac trunc, the cardiac symptomatology im- 
proved. In three patients, the aneurysm was diagnosed 
4-6 weeks after transplantation. The clinical symptoma- 
tology developed as a massive gastrointestinal hemor- 
rhage and bleeding over the T-tube. In two patients, 
the arteria was reconstructed by saphenous vein inter- 
position (Fig.4). Both of these patients died: the first, 
3 years after transplantation due to a Klatskin’s tumor 
and the other at 6rnonths after transplantation. Here 
the cause of death was not determinable. In the third pa- 
tient, reconstruction of the arteries in the graft for anas- 
tomosis of a potential interposition was not possible. He 
was treated by hepatico-jejunostomy at the time of re- 
section of the aneurysm. To date he is free of symptoms. 
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the better prognosis, causing graft organ loss of 10% 

The causes and risk factors for hepatic artery occlusion 
are: 

~141. 

Fig.4 Hepatic artery aneurysm of the graft artery 

The last patient was urgently readmitted 7 months after 
transplantation with severe gastrointestinal hemor- 
rhage. We found a mycotic aneurysm near the choledo- 
cho-duodenostomy, which developed in a branch of the 
graft artery. The aneurysm was resected and the branch 
ligated with preservation of the liver artery. To date he 
is free of symptoms. 

Discussion 

From September 1988 through April 1998, 1000 liver 
transplantations were performed on 911 patients. Of 
these, 837 transplantations on adult patients were ana- 
lyzed for the incidence of arterial complications. These 
findings are presented in this paper. The complications 
were: occlusions of the liver graft artery, 2.74% 
(n  = 23); stenoses, 3.22 YO (n = 27); and aneurysms, 
0.7 Yo (n = 6). The incidence of liver graft artery occlu- 
sions varies in the literature from 2 to 25 YO [4,11]. Ear- 
ly hepatic artery thrombosis develops more dramatical- 
ly than later artery occlusions. The diagnosis is made af- 
ter duplexsonography and angiography in symptomatic 
patients and confirmed during relaparotomy, retrans- 
plantation, or by pathological examination [6]. The 
sensitivity of duplexsonographic examination is 92 YO 
[3, 91. Nevertheless, in most transplantation units the 
hepatic artery occlusion will be confirmed by angiogra- 
phy. Aside from liver parenchymal necrosis with sec- 
ondary infection, which has a mortality rate of up to 
75 % , without retransplantation after arterial occlusion, 
ischemic bile duct destruction can result [6]. This can 
range from strictures and leaks to total bile duct necro- 
sis and secondary infections. Another clinical manifes- 
tation of graft artery occlusion is septicemia. Rarely 
does the graft artery occlusion develop without clinical 
symptoms. Nevertheless, late occlusions generally have 

1 Body weight of less than 10 kg 
2 Long cold ischemic time 
3 Insufficient inflow, especially in the case of celiac 

trunk stenosis and stenosis of the superior mesenteric 
artery (causes bad portal inflow) 

4 Small diameter (less than 3 mm) of the recipient ar- 
tery 

5 Technique of reconstruction (anatomical variants, 
expansive reconstruction especially in children, ia- 
trogenic arterial wall dissections etc.) [8, 111. 

Aside from retransplantation for arterial occlusions, the 
following therapeutical options exist: 

1 Local surgical revision and thrombectomy in the case 
of early hepatic artery thrombosis with or without 
modification of reconstruction (e .  g., interposition to 
the aorta) [ l l ]  

2 Local lysis and balloon dilatation if necessary, this 
procedure was indicated in the middle postoperative 
interval after transplantation, an occluded small ves- 
sel periphery can benefit from lysis 

3 Palliative therapy of the complication (bile duct stric- 
tures and leaks, liver abscesses). 

The primary attempt of recanalization is generally ac- 
cepted. Thereby, the rate of retransplantation may be 
reduced and therapeutical options exist for patients 
who cannot undergo transplantation (because of septic 
complications) [ l l ,  141. Our experience with local lysis 
in surgical reconstruction of occlusions is limited to 
only a small number of patients. 

Five patients with hepatic artery occlusion were pre- 
operatively diagnosed as having celiac trunk stenosis, 
which was not treated at the time of transplantation. To 
prevent these complications, we now perform angiogra- 
phy before transplantation and also bypass middle- 
degree stenosis of the celiac trunk. Later, an increased 
flow in the splenic artery during conventional recon- 
struction upon insertion of the gastroduodenal artery 
may cause a steal phenomenon, leading to graft artery 
stenosis and occlusion. We observed the development 
of steal syndrome with stenosis of liver arteries in differ- 
ent areas and amplification of the clinical symptomatol- 
ogy of graft ischemia. Angiography can show suspicion 
of a steal, but clear evidence, as in a subclavian steal syn- 
drome, is not possible. We did not observe an increased 
incidence of arterial complications after complex recon- 
struction in our adult patients. Patients with liver artery 
occlusions did not have a prolonged cold ischemia time 
in comparison to the others. Additional causes for he- 
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patic artery occlusion, apart from technical surgical 
problems, may be local immunologic reactions as well 
as coagulation disorders. 

The incidence of hepatic artery stenoses after trans- 
plantation is 3-5 % [lo]. The resulting malperfusion of 
the graft, especially the bile ducts, leads to stenoses and 
eventually to the development of cholestasis. Almost 
two thirds of the patients with hepatic artery stenosis 
present a symptomatology that develops between 5 and 
7 months after transplantation [lo]. Hepatic artery 
stenosis can be diagnosed by duplexsonography with an 
accuracy of 85 % [12]. Finally, the stenosis was evaluat- 
ed angiographically. Two thirds of the hepatic artery 
stenoses are localized at the anastomosis. To character- 
ize hepatic artery flow intraoperatively after reperfu- 
sion of the graft, the flow rate was measured. Here, 
with a flow of less than 350 mllmin compared to a medi- 
an flow of 550 mlimin, a stenosis in the graft artery was 
suspected and the arterial reconstruction was modified 
[l]. Other definitive risk factors for the development of 
postoperative stenosis were not confirmed. Graft artery 
stenoses were treated by balloon dilatation as well as 
by surgical resection and direct reconstruction or saphe- 
nous vein interposition. After treatment of stenoses, pa- 
tient and graft survival is comparable to that of patients 
without stenosis [l]. Of importance is the exclusion of 
stenoses in the recipient celiac artery. The hemodynam- 
ic relevance of these stenoses is often misjudged. Modi- 

fication of splanchnic artery perfusion after transplanta- 
tion is well known. This may also cause a change in rele- 
vance of pre-existent stenoses. Therefore, we often ex- 
clude celiac trunk stenosis, also caused by arcuate liga- 
ment, by using an iliac artery graft to the aorta for graft 
perfusion. 

The incidence of hepatic artery aneurysm after trans- 
plantation is low. In most cases they are mycotic aneur- 
syms caused by a local infection (partial bile duct insuf- 
ficiency). They develop as anastomotic aneurysms or in 
stumps of ligated artery side branches [7,15,16]. In ad- 
dition, the growth of known splenic artery aneurysms 
as well as the de novo development of splenic artery an- 
eurysms after transplantation was described [2]. In the 
presence of a splenic artery aneurysm, the ligation of 
the splenic artery at the time of transplantation or a 
postoperative coil embolization of the splenic artery 
was recommended. Splenectomy is not necessary. The 
aneurysms may appear without clinical symptoms or, 
more often, develop with an acute clinical picture of a 
gastrointestinal hemorrhage. The therapeutical options 
are surgical resection of the aneursym and, if possible, 
reconstruction of arterial perfusion by saphena vein in- 
terposition. Failure of the reconstruction results in bile 
duct necrosis, and graft loss can result. In this situation 
we therefore performed a hepatico-jejunostomy simul- 
t ane ousl y. 
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