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Background. Hepatic artery thrombosis (HAT) is a
significant cause of morbidity after liver transplanta-
tion. The aims of this study are to identify and com-
pare risk factors that might contribute to HAT.

Methods. A total of 424 liver transplants performed
at the University of Virginia were reviewed. HAT was
defined as complete disruption of arterial blood flow
to the allograft and was identified in 29 cases (6.8%).
HAT was classified as early (less than 1 month post-
transplant, 9 cases: 2.1%) or late (more than 1 month
posttransplant, 20 cases: 5.4%). Possible risk factors
for HAT were analyzed using Pearson x? test for uni-
variate analysis and logistic regression for multivari-
ate analysis.

Results. Multiple transplants, recipient/donor
weight ratio >1.25, biopsy-proven rejection within 1
week of transplant, recipient negative cytomegalovi-
rus (CMV) status, arterial anastomosis to an old con-
duit (defined as a previously constructed aorto-he-
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patic artery remnant using donor iliac artery), and
CMV negative patients receiving allograft from CMV
positive donors were found to be significant risk fac-
tors for developing early HAT. After logistic regres-
sion, factors independently predicting early HAT in-
cluded arterial anastomosis to an old conduit [odds
ratio (OR)=7.33], recipient/donor weight ratio >1.25
(OR=5.65), biopsy-proven rejection within 1 week
posttransplant (OR=2.81), and donor positive and re-
cipient negative CMV status (OR=2.66). Female donor,
the combination of female donor and male recipient,
recipient hepatitis C-related liver disease, donor neg-
ative CMV status, and the combination of recipient
CMYV negative and donor CMV negative were found to
be significant risk factors for late HAT. Factors inde-
pendently predicting late HAT by logistic regression
included negative recipient and donor CMV status
(OR=2.26) and the combination of a female donor and
male recipient (OR=1.97).

Conclusion. Therefore, in nonemergency situations
attention to these factors in donor allocation may min-
imize the possibility of HAT.
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INTRODUCTION

After liver transplantation, hepatic artery thrombosis
(HAT) can lead to devastating outcomes. The incidence of
hepatic artery thrombosis varies widely, with a reported
frequency of 2.6—20% in adult recipients (I-4), 9-14.9% in
the pediatric population (1-3), and as high as 30% in children
younger than 1 year old (5). HAT is most commonly diag-
nosed less than 1 month after transplantation (2). Clinical
presentations range from fulminant hepatic failure, recur-
rent biliary sepsis, or delayed biliary leaks to an asymptom-
atic presentation with abnormal liver function tests (3, 4, 6,
7). Arterial thrombosis occurring early after transplantation
is more likely to be associated with an aggressive course and
a higher rate of allograft loss and patient mortality in com-
parison to late onset HAT, which has been described as
having a more benign course (8). Diagnosis can be suggested
by Duplex ultrasonography (9-11), and confirmed by angiog-
raphy (12), exploratory laparotomy, or autopsy. In the cur-
rent predicament of serious organ shortage, hepatic allograft
rescue with the use of urgent revascularization sometimes is
an effective means of either avoiding retransplantation or
providing a bridge until a suitable donor becomes available
(13-15). With the help of interventional radiology and med-
ical therapy, the recipient with HAT can be temporarily or
permanently supported (16). Despite efforts to salvage he-
patic allograft, many patients eventually require retrans-
plantation, which is associated with considerable morbidity
including decreased allograft survival, higher cost, and
longer length of hospitalization (17). The reported mortality
for liver transplant recipients developing HAT has been quite
variable, ranging from 30 to 75%, and may be due to the
variable clinical course that can occur in this patient popu-
lation (1, 8, 18).

A clear definition of HAT, based on defined risk factors, is
necessary to potentially reduce the incidence of HAT and to
formulate guidelines and protocols for the management of
this dreadful complication. Although identifiable technical
problems, such as a relatively small recipient receiving a
small allograft, retransplantation, the method used for arte-
rial reconstruction, and anatomic variation of the donor he-
patic artery may be responsible in some cases, the etiology of
HAT is not always identifiable. Although the risk is substan-
tially increased in children (1-3), particularly in infants un-
der the age of 12 months (19), older age is also an important
factor influencing the occurrence of atherosclerotic lesions in
arterial vasculature (20). An increased incidence in patients
undergoing retransplantation has also been noted (1), possi-
bly due to the more complex methods of arterial reconstruc-
tion necessary. The incidence of HAT is higher in patients
requiring a vascularallograft (23.8 vs. 5.4%) than patients
undergoing conventional arterial reconstruction (3). Uncon-
trolled rejection has been implicated as predisposing to HAT
(6, 21), possibly related to the increased resistance to blood
flow through an edematous allograft (22). Viral infections
such as cytomegalovirus (CMV) may also contribute, because
CMYV can infect endothelial cells and may potentially lead to
a rapid procoagulant response (23, 24). Abbasoglu et al.(25)
recently demonstrated the association between low hepatic
artery blood flow (less than 400 ml/min) with more than a
5-fold increased incidence of early hepatic artery complica-
tions. This led to the recommendation for measuring hepatic
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artery flow at the time of liver transplantation, which may
help predict early, but not late posttransplant hepatic artery
complications.

Despite many reports on the possible risk factors for HAT
after liver transplantation, systematic analysis with multi-
variate testing to compare the significance of each risk factor
has not been published. Therefore, this study of univariate
and multivariate analysis for early and late HAT was per-
formed to identify the independent risk factors contributing
to HAT.

PATIENTS AND METHODS

A total of 425 liver transplants performed at the University of
Virginia Health System from February 7, 1988 to December 31, 1998
were reviewed. Allograft was preserved with University of Wisconsin
(UW) solution. Immunosuppression consisted of cyclosporine or ta-
crolimus, corticosteroids, and, in some cases, azathioprine or myco-
phenolate mofetil. Before the availability of ganciclovir, no prophy-
lactic therapy for CMV infection was used. After its introduction
(October, 1995), oral ganciclovir (1 g three times daily for 6 weeks,
dose appropriately adjusted for renal dysfunction) was routinely
administered to CMV serology negative patients receiving an organ
from a CMV serology positive donor and, in some cases, to recipients
considered to be at high risk for CMV infection (such as those treated
with OKT3 or high dose steroids for rejection). The University of
Virginia Blood Bank did not routinely screen Blood products for
CMV.

HAT was defined as the complete disruption of arterial blood flow
to the allograft and was identified by Doppler ultrasound, angiogra-
phy, surgical exploration, or autopsy. HAT was classified as early
(less than 1 month posttransplant) or late (more than 1 month
posttransplant). Possible risk factors included: duration of donor
hospitalization, cause of donor death, donor and recipient age, gen-
der, race, CMV status, ABO/Rh/HLA matching, body weight ratio,
the etiology of recipient end-stage liver disease, prior liver transplan-
tation, Child-Turcotte-Pugh (CTP) scores, ischemic times, presence
of allograft arterial aberrancies, use of a Carrel patch, ligation of the
gastroduodenal artery, the method of intraoperative arterial recon-
struction, and the number and severity of posttransplant rejection
episodes. For our study, an “old conduit” was defined as a previously
constructed aortohepatic artery remnant using donor iliac artery.

For univariate analysis, categorical variables were analyzed using
Pearson x? testing. All values are expressed as a percentage of the
group from which they were derived (categorical variables). On uni-
variate analysis, P=<0.05 was considered significant. Logistic regres-
sion was then performed to identify risk factors for HAT after liver
transplantation. Variables with a P<<0.100 in the univariate analysis
were entered into a forward stepwise logistic regression analysis to
estimate the odds ratio (OR) of early or late HAT (dependent vari-
ables) and the presence or absence of potential prognostic factors
(independent variables). The odds ratio was defined as the expl[p-
coefficient] with 95% confidence intervals (95% CI). Statistical anal-
ysis was performed using SPSS (Statistical Package for the Social
Sciences, Chicago, IL) 7.0 software for Windows (SPSS.

RESULTS

Of the 424 cases reviewed, 29 episodes of HAT (6.8%)
occurred during the study period with 72.4% of cases identi-
fied by Doppler ultrasound, 79.3% confirmed or diagnosed by
angiography, 6.9% by surgical exploration, and 13.8% by
autopsy. Nine patients (2.1%) were diagnosed with early
HAT although 20 patients (4.7%) were diagnosed with late
HAT. The time interval between transplantation and the
diagnosis of HAT ranged from 8 days to 8.4 years (mean+SE,
381+118 days). Thirty-one percent (9 cases) of all patients
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with HAT were diagnosed within 1 month after transplanta-
tion, 41.4% (12 cases) between 1 month and 1 year after
transplantation, and 27.6% (8 cases) more than 1 year post-
transplantation. Forty-five other patients (10.6%) either died
or experienced allograft loss for reasons other than early
HAT during the first month after transplantation.

Early hepatic artery thrombosis

Table 1 demonstrates donor and recipients characteristics
associated with early HAT. By univariate analysis, the num-
ber of previous transplants was found to be associated with
early HAT. The incidence of early HAT in 50 patients with
multiple transplants was 6.0%, significantly higher than that
of primary transplant patients (P=0.043). The incidence of
early HAT for 8 patients receiving a third liver allograft was
12.5% and for 42 patients receiving a second liver allograft,
4.8%, compared with 1.6% of 374 primary transplants. Early
HAT occurred more frequently in recipients with negative
pretransplant CMV serology (n=106, 5.7%) when compared
with patients with positive pretransplant CMV serology
(P=0.003). CMV negative patients receiving an allograft
from CMV positive donors had a significantly higher inci-
dence of early HAT (7.7% of 65 cases, P=0.001) when com-
pared with other combinations. The incidence of early HAT
in 22 recipients less than 15 kg was 9.1%, compared with
1.8% to recipients weighing more than 15 kg (n=351,
P=0.022). Body weight ratios (recipient/donor) greater than
1.25 (n=117) were associated with an incidence of early HAT
of 6.0% compared to 0.8% of the 259 cases with a ratio<1.25
(P=0.002). During retransplantation, the use of a previously
placed arterial conduit for reconstruction was associated
with a 16.7% incidence of HAT compared to 2.0% for other
types of arterial reconstruction (P=0.016). The incidence of
early HAT among recipients with an episode of biopsy-proven
rejection within 1 week of transplantation (8.6% of 35 cases)
was significantly higher than that for those without rejection
(1.6% of 371 cases, P=0.008). There was no significant dif-
ference in the incidences of early HAT between recipients
grouped by age, gender, race, etiology of recipient end-stage
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liver disease, recipient pretransplant VZV and EBV status,
ABO or Rh blood type or matching, duration of donor admis-
sion, and cause of donor brain death.

Technical elements were evaluated for their potential as-
sociation with the development of early HAT. Hepatic arte-
rial aberrancies were found in 23.8% of the 424 cases evalu-
ated during the study period, including left hepatic (13.4%),
right hepatic (13.0%), and both (2.7%). The incidence of early
HAT in patients transplanted with allografts which had ar-
terial aberrancies (n=79) was 0% compared to 2.8% occur-
ring in recipients transplanted with allografts with normal
anatomy (n=253, P=0.135). In addition, there was no differ-
ence in the rate of early HAT for cases involving hepatic
artery anastomosis using a Carrel patch (2.0% of 101 recip-
ients) when compared to hepatic artery anastomosis without
a Carrel patch (1.8% of 112 recipients, P=0.917) or those
with or without ligation of the gastroduodenal artery (1.8% of
163 recipients versus 1.7% of 58 recipients, respectively;
P=0.971).

Factors independently predictive of early HAT are listed in
Table 2. After logistic regression, independent predictors of
HAT included the type of arterial reconstruction (P=0.047,
odds ratio=7.33, 95% confidence interval: 1.03-52.26), body
weight ratios (P=0.022, odds ratio=5.65, 95% confidence in-
terval: 1.28-24.91), the occurrence of biopsy-proven rejection
within 1 week of transplantation (P=0.023, odds ratio=2.81,
95% confidence interval: 1.16—6.84), and the combination of
CMV negative recipients with CMV positive donors CMV
(P=0.021, odds ratio=2.66, 95% confidence interval:
1.16-6.08).

The rate of mortality for the nine patients with early HAT
was 55.6%. Four patients died from liver failure although one
died from sepsis with a partially functioning allograft. All
four of the surviving patients with early HAT required
retransplantation.

Late hepatic artery thrombosis

Donor and recipient characteristics associated with the
development of late HAT are demonstrated in Table 3. The

TABLE 1. Risk factors associated with early HAT

Variables Category Incidence (%) Total no. P
No. of allograft 3rd 12.5 8
2nd 4.8 42
1st 1.6 374 0.047
CMV status Negative 5.7 106
Recipient Positive 0.7 268 0.003
Combination D+R- 7.7 65
D-R- 2.5 40
D+R+ 0.7 139
D-R+ 0.8 120 0.009
Recipient body weight <15 kg 9.1 22
>15 kg 1.8 391 0.022
Recipient/donor body wt. ratio >1.25 6.0 117
<1.25 0.8 259 0.002
Reconstruction of hepatic artery To hepatic artery 2.1 336
Supraceliac conduit 0 6
Infrarenal conduit 1.9 53
To old conduit 16.7 6 0.201
Biopsy-proven rejection within 1 wk Yes 8.6 35
No 1.6 371 0.008

Abbreviations: CMV, cytomegalovirus; D+R—, the combination of pretransplant CMV serology of recipient negative and donor positive.
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TABLE 2. Independent predictors of early HAT after liver transplantation
95% CI1
Variable P OR
Lower Upper
Arterial anastomosis to old conduit 0.0468 7.3303 1.0282 52.2625
Recipient/donor wt. ratio >1.25 0.0223 5.6468 1.2799 24.9142
CMV combination D+R— 0.0209 2.6550 1.1595 6.0796
Episode of rejection within 1 wk 0.0226 2.8112 1.1559 6.8370

Abbreviations: CMV, cytomegalovirus; D+R—, the combination of pretransplant CMV serology of recipient negative and donor positive;

CI, confidence interval; OR, odds ratio.

TABLE 3. Risk factors associated with late HAT

Variables Category Incidence (%) Total no. P

Combination of gender Female to male 14.9 74

Male to female 3.7 81

Male to male 3.0 165

Female to female 2.0 50 0.001
Donor gender Female 9.7 124

Male 3.3 246 0.010
Recipient liver disease Hepatitis C related 9.8 82

Nonhepatitic C 4.2 288 0.048

Hepatitis B related 7.5 53

Nonhepatitis B 5.0 317 0.456

Hepatitis B or C related 8.7 127

Nonhepatitis B or C 3.7 243 0.045
CMV status-Combination D-R- 19.4 36

D-R+ 5.8 104

D+R+ 3.2 125

D+R- 1.7 59 0.001
Donor Negative 9.6 156

Positive 2.4 205 0.003

Abbreviations: CMV, cytomegalovirus; D—R—, the combination of pretransplant CMV serology of recipient negative and donor negative.

TABLE 4. Independent predictors of late HAT after liver transplantation

95% CI1
Variable P OR
Lower Upper
CMYV combination D—R— 0.0025 2.2552 1.3309 3.8213
Gender combination (F to M) 0.0080 1.9674 1.1935 3.2430

Abbreviations: CMV, cytomegalovirus; D—R— the combination of pretransplant CMV serology of recipient negative and donor negative;
F to M, male recipient and female donor; CI, confidence interval; OR, odds ratio.

combination of female donors and male recipients was found
to be a significant risk factor for late HAT (P=0.001). The
incidence of HAT among male recipients who received an
allograft from a female donor (14.9% of 74 cases) was signif-
icantly higher than that for other gender combinations (3.0%
of 296 cases, P<0.001). Allograft from female donors also
were associated with late HAT (P=0.010). Recipients trans-
planted for end-stage liver disease associated with hepatitis
C virus infection had a higher incidence of late HAT (9.8% of
82 cases) than those transplanted for other etiologies (4.2% of
288 cases, P=0.048). Late HAT was more common among the
156 donors with negative pretransplant CMV serology (9.6%)
when compared with the 205 donors with positive CMV se-
rology (2.4%, P=0.003). The combination of negative donor
CMYV and negative recipient CMV also had a higher incidence
of late HAT (P=0.001). There was no significant difference in
the incidences of late HAT between patients grouped by the
number of transplants, age, race, recipient gender, recipient
pretransplant VZV and EBV status, ABO or Rh blood type
and matching, method for arterial reconstruction, presence

biopsy-proven rejection within 1 week after transplantation,
duration of donor admission, or cause of brain death.

Technical elements were evaluated for their potential as-
sociations with the development of late HAT. The incidence
of late HAT in patients transplanted with allografts who had
arterial aberrancies (n=72) was 2.8% compared with 6.6%
occurring in recipients transplanted with allografts with nor-
mal anatomy (n=226, P=0.219). In addition, there was no
difference in the rate of late HAT for cases involving hepatic
artery anastomosis using a Carrel patch (3.2% of 95 recipi-
ents) when compared with hepatic artery anastomosis with-
out a Carrel patch (2.9% of 102 recipients, P=0.930) or those
with or without ligation of the gastroduodenal artery (3.2% of
156 recipients vs. 4.2% of 48 recipients, respectively;
P=0.900).

Logistic regression was used to identify factors indepen-
dently associated with late HAT (Table 4). These included a
combination of a pretransplant CMV of negative recipient
with a CMV negative donor (P=0.003, OR=2.26, 95% confi-
dence interval: 1.33-3.82) and the combination of a male
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recipient and with a female donor (P=0.008, OR=1.97, 95%
confidence interval: 1.19-3.24).

The rate of mortality for the 20 recipients with late hepatic
artery thrombosis was 15.0%, all with an attributable mor-
tality due to liver failure. Fourteen recipients (70.0%) re-
quired retransplantation although 3 patients (15.0%) sur-
vived without retransplantation. One of the three patients
who survived without retransplantation after late HAT un-
derwent left lobectomy secondary to liver infarction and mul-
tiple biliary revisions due to a delayed bile leak and biliary
stenosis. The second patient had multiple biliary stenoses
that were drained percutaneously. The third patient’s post-
transplant course was complicated by a complete obstruction
of the proximal common hepatic artery leading to necrosis of
the left hepatic lobe. This patient experienced a spontaneous
recovery while on the waiting list for retransplantation.

DISCUSSION

Hepatic artery thrombosis after liver transplantation is a
relatively infrequent, but possibly devastating complication
often requiring urgent retransplantation. Patients with HAT
may present with a fulminant clinical course or a subtle and
indolent course. The time of onset of HAT has been correlated
with the severity of subsequent complications, with late HAT
thought to have a more benign course. However, outcomes
still vary considerably, although the reasons for this are
unclear.

Ligation of a hepatic artery branch (right, left, or segmen-
tal) in a nontransplant patient is a safe adjunct for control of
hemorrhage and rarely results in biliary necrosis (26). Gen-
erally, only a transient rise in liver enzymes is seen, perhaps
due to collateral flow from spared hepatic arterial branches
and maintenance of oxygenated portal blood flow. Tradition-
ally, ligation of either the proper or common hepatic artery
has been considered more dangerous. Although the trans-
planted liver is considered less likely to tolerate diminished
arterial flow, even complete ligation of the hepatic artery
after transplantation is not invariably associated with biliary
tree necrosis. In a report of seven cases of ligated or emboli-
zed hepatic artery pseudoaneurysms after liver transplanta-
tion, one of the patients suffered acute hepatic failure and
underwent retransplantation, two cases died from peritoni-
tis, and four cases have been alive for several years (27). In
addition, transcapsular arterial collateralization of a liver
allograft after hepatic artery occlusion in an adult has been
noted by using color Doppler ultrasonography (28). The ar-
terial collateralization came from peridiaphragmatic vessels
into both right and left lobes of the transplanted liver. These
mechanisms may be a possible explanation for the wide vari-
ation in clinical course after HAT.

The risk of HAT after transplantation has been associated
with several factors. As with the different clinical manifes-
tations of early and late HAT, the risk factors for these
entities were found to be different. The number of trans-
plants, type of arterial reconstruction, recipient/donor body
weight ratio, an early episode of biopsy-proven acute rejec-
tion, and pretransplant CMV status were associated with
early HAT by univariate analysis.

Multiple transplants with an arterial anastomosis to an
old arterial conduit had a higher incidence of early HAT in
our study. Secondary or tertiary transplants have been re-
ported to be associated with a high incidence of conduit use
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for arterial reconstruction because of an unsuitable recipient
hepatic artery, poor inflow, or intimal dissection (7). In the
case of retransplantation, our study suggests that it may be
prudent to avoid the use of old conduits.

Recipients who were transplanted with a liver from a small
donor more frequently suffered early HAT. This impact of a
discrepancy between the body weights of recipients and do-
nors has not been documented. This complication potentially
could be prevented by careful selection of recipients during
the pretransplant decision making process, with a recipient/
donor body weight ratio less than 1.25 appearing to be
desirable.

During acute rejection, allograft vascular endothelialitis or
edema may reduce the blood flow into a liver allograft (21,
22). In support of this theory, Bell et al. showed that biopsy
specimens obtained within a week of HAT revealed evidence
of acute rejection in 9 of 10 cases (6). Our data confirmed that
rejection within 1 week of transplantation is a risk factor for
early HAT. Therefore, the aggressive control of acute rejec-
tion within 1 week of transplantation is recommended.

Interestingly, our data demonstrated that the impact of
cytomegalovirus status on early HAT and late HAT is differ-
ent. The combination of donor positive CMV and recipient
negative CMV was associated with early HAT, although do-
nor negative and recipient negative CMV status was associ-
ated with late HAT. The association of CMV with early HAT
has previously been reported, with 50% of patients with early
HAT found to be recipient CMV negative and donor CMV
positive (23). CMV can establish lifelong latency after initial
infection and may reactivate in many conditions associated
with immunosuppression (29). In association with CMV in-
fection, intercellular adhesion molecule-1 (ICAM-1) is in-
duced in the vascular and sinusoidal endothelium of liver
tissue within 24 hr of CMV infection (30). These alterations
in the endothelial cell membrane may lead to the adherence
of leukocytes and platelets (31), and the production of proco-
agulants within several hours after inoculation of the virus
(24, 32), and possibly subsequent HAT. Although the precise
mechanism of HAT promoted by CMV reactivation or infec-
tion is still unknown, our finding of an increased incidence of
early HAT in CMV negative recipients transplanted with
livers from CMV positive donors and late HAT in CMV neg-
ative recipients from CMV negative donors supports the hy-
pothesis that CMV is at least sometimes involved in the
development of HAT. We currently use prophylactic treat-
ment with ganciclovir for high-risk seronegative recipients
who receive seropositive donor allograft. However, it is still
unclear whether the extension of our criteria to include CMV
prophylaxis for CMV negative patients who receive CMV
negative donor livers in order to prevent the late onset HAT
would be better.

As risk factors for late HAT, the importance of the gender
combination of recipients and donors, recipient liver disease
associated with hepatitis C virus, and the CMV combination
of recipients and donors were suggested. The role of the
gender combination of recipients and donors in the develop-
ment of HAT after transplantation has not been reported
although Brooks et al.(33) suggested that allograft survival
from all causes was less when female donors were used.

The clinical correlation between hepatitis C virus and late
onset HAT is new. In a previous study about allograft loss in
the patients with chronic hepatitis C (34), the incidence of
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HAT was not high at 1.6%, although a second report noted an
incidence of 2.6% (35). Although the exact mechanism of the
role of hepatitis C in HAT if it exists is still unknown, cyto-
kines may play a role in this process since chronic activation
of proinflammatory mediators in viral hepatitis predisposes
to thrombosis (36, 37).

How or if donor and recipient factors associated with HAT

should influence liver allocation in the current era of extreme
organ shortages is unclear. For groups at increased risk of
early and late HAT as described above, however, prophylactic
anticoagulant treatment or frequent Doppler ultrasound
screening could be considered for the possible prevention or
early detection of HAT after liver transplantation.
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