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Introduction

Results of liver transplantation (LTx) have improved sig-

nificantly in the last three decades [1]. Graft loss from

acute or chronic rejection is rare [2–4] with currently

available modern immunosuppressive agents. One of the

commonest reasons of early graft loss is hepatic artery

thrombosis (HAT). Risk factors for HAT that have been

reported in the literature include anatomical variations,

smaller hepatic artery diameter with reduced blood flow

and hyper-coagulable states because of protein S, protein

C, antithrombin-III deficiency or a rise in hematocrit

because of dehydration [5–9]. However, there are

very few studies that describe the variety of complications
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Summary

Arterial complications have a major impact on survival after liver transplanta-

tion (LTx). The aim of this study was to examine arterial complications in

adults and children after LTx. A total of 1000 consecutive primary LTx patients

[mean age 40.5 years: 600 males, 400 females, 834 adults; 166 children (age

<18 years)] were studied. Forty-two patients (4.2%; 31 adults, 11 children)

developed hepatic artery thrombosis (HAT). Thrombosis in children occurred

significantly early (mean 5.4 days) compared with adults (mean 418.7 days,

P ¼ 0.0001). Nonthrombotic complications occurred in 30 patients (29 adults,

one child). Overall, 13-year patient survival after HAT was 43.2% (72.7% chil-

dren, 32.9% adults). For nonthrombotic complications, 54.3% of adults died

and 69.4% grafts were lost. An overall incidence of 4.2% thrombotic and 3.2%

nonthrombotic complications was observed. Rate of HAT was higher in chil-

dren, but survival was better compared with adults.
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related to hepatic artery that can be encountered after

LTx over a long period of time in all age groups.

Aim

To examine the rate of hepatic artery complications in

adults and children after primary liver transplant from a

single institution and their long-term outcomes.

Patient and methods

One thousand consecutive patients who underwent pri-

mary LTx between August 1989 and December 1992 under

tacrolimus-based immunosuppressive regimen were inclu-

ded in this study. There were 600 males and 400 females;

834 recipients were adults (age >18 years) and the remain-

ing 166 were children (age £18 years). All patients were fol-

lowed up, until August 2004. The mean follow-up period

was 13.4 years (range 11.7–15). The immunosuppressive

protocol used in this study population and their diagnosis

has been previously reported [4,10]. Main hepatic artery

with aortic cuff of the donor was anastomosed to the con-

fluence of the main hepatic artery and gastro-duodenal

artery in the recipient. Hepatic arterial anastomosis in chil-

dren was performed using optical loupes of 3· or greater

magnification. Usually, 7-0 or 8-0 prolene sutures were

used in a running fashion. All children were commenced

on anticoagulation during the first postoperative week

when the international normalized ratio was £2.0. Antico-
agulation was not used in adult population.

All patients underwent routine color duplex ultrasound

examination not only during the first postoperative week,

but also when abnormal liver function was clinically sus-

pected and in febrile illness. Abnormal ultrasonic findings

were evaluated by hepatic artery angiography.

Data were analyzed retrospectively after obtaining insti-

tutional review board exemption-approved protocol. A

database was created after deleting patient-identifiable

information by two independent brokers from an existing

database. Based on the nature of the complication, patients

were divided into two broad groups: thrombotic and non-

thrombotic. Patients in the thrombotic group were further

subdivided into early (<1 month), intermediate

(1–6 months) and late (>6 months), depending on the per-

iod after LTx. Adults and children were separately exam-

ined for pattern of complications, rate of complications

and survival outcomes.

Statistical analysis

Results are described as mean ± SD. The difference in

categorical values between adults and children were ana-

lyzed using the Pearson chi-square test. Differences

between mean values were calculated using Student’s

t-test. Patient and graft survival were calculated and plot-

ted for different groups and subgroups using Kaplan–

Meier statistics. The survival differences between these

groups were analyzed using the log-rank formula. P <

0.05 was considered significant. SPSS� version 13.0 for

Windows� software (SPSS Inc., Chicago, IL, USA) was

used for statistical analyses.

Results

Different types of arterial complications were observed

and they were divided into two broad groups: thrombotic

and nonthrombotic. The management strategy and survi-

val outcomes were different in both groups.

Thrombotic complications

Thrombosis was the most common among all arterial com-

plications observed. It was also the most common cause of

graft loss and death in the immediate postoperative period.

Overall, 42 patients (4.2%) developed HAT, of which 11

were children (6.7%) and 31 adults (3.7%). The rate of

HAT in children was almost double as compared to

adults, but the difference was not statistically significant

(P ¼ 0.088) (Tables 1 and 2).

The time of diagnosis of HAT after LTx was different

for children and adults. In children, HAT occurred within

the first 2 weeks after LTx, while of 31 thrombosis in

adults, 10 (32%) occurred in the first month post-LTx

(mean 8.8 ± 6.8 days), eight (25.8%) occurred within

1–6 months post-LTx (mean 103.6 ± 45 days), and the

remaining 13 (41.9%) occurred 6 months post-LTx

(mean 922.9 ± 606.7 days). The difference was statistically

significant (P ¼ 0.0001).

Nonthrombotic complications

Mean donor age was 41.5 ± 16.4 years for early,

32.9 ± 10.6 years for intermediate and 40.1 ± 15.8 years

for late HAT (P ¼ 0.44). The total ischemic time was

851.8 ± 134.0, 780.6 ± 122.6 and 918.9 ± 208.4 min for

early, intermediate and late HAT, respectively (P ¼ 0.2).

The various types of nonthrombotic complications

observed in this series consisted of arterial stenosis,

redundant artery with kink, and hepatic artery pseudo-

aneurysm. Thirty patients (3.0%) were diagnosed with

nonthrombotic complications, of which one was a child

and the remaining 29 were adults. The difference in the

incidence of nonthrombotic complications among adults

and children was statistically significant (P ¼ 0.0001).

In adults, stenosis was found at various anatomical

regions on angiogram. The most common site of
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stenosis was anastomosis of the hepatic artery (n ¼ 9)

or iliac graft (n ¼ 1). This was followed by proximal

hepatic artery postanastomotic stenosis (n ¼ 5), redund-

ant length with kink in hepatic artery (n ¼ 3) or iliac

graft (n ¼ 1), isolated right (n ¼ 2) and left (n ¼ 1)

hepatic artery stenosis, infra-renal aorto-iliac graft steno-

sis (n ¼ 1), stenosis at the origin of native celiac axis

(n ¼ 1), combination of right and left hepatic artery ste-

nosis (n ¼ 1) and combination of celiac axis and anas-

tomotic site stenosis (n ¼ 1). In addition, four patients

in the adult population developed pseudo-aneurysm of

the hepatic artery at the site of anastomosis (Tables 1

and 3).

Management of thrombotic complications and outcome

Children

Five children received re-transplantation (cases 31–36).

One of them subsequently died (case 36) and four sur-

vived. In one, the artery was reconstructed surgically (case

41) and the child survived. One was treated with strep-

tokinase and Fogarty embolectomy, but did not respond

(case 38) and died before re-transplantation. In one child,

only the right hepatic artery was thrombosed with some

blood flow in the left hepatic artery with collateral forma-

tion and he survived (case 42). The other three children

were kept under observation awaiting re-transplantation

(cases 37, 39 and 40). Two of these three children sur-

vived and one died.

Adult

Early thrombosis (within 1 month from LTx)

In 31 cases of thrombosis, 10 patients had early thrombo-

sis (cases 1–10), three of these patients (cases 2, 3 and 7)

had aortic iliac graft thrombosis, one had a clotted right

hepatic artery (case 10) and the remaining six had main

HAT. Nine of 10 patients underwent re-transplantation

and one patient (case 8) improved while waiting for

re-transplantation, but he subsequently died from

recurrent hepatitis C viral (HCV) infection. Five of

nine re-transplanted patients died from aspergilliosis

(0.5 month), sepsis (6.8 months), recurrent primary

sclerosing cholangitis (34 months), multi-organ failure

(4.5 months) and pancreatitis (5.0 months) (Table 2).

Intermediate thrombosis (1–6 months from LTx)

Of eight patients with intermediate thrombosis (cases 11–

18), four patients underwent re-transplantation (cases 11,

12, 14 and 17), one of them with an infra-renal aorto-

iliac graft (case 14) while four patients were under obser-

vation. Two among these four re-transplanted patients

required a third transplantation 30 and 45 days later for

thrombosis in the second allograft (cases 12 and 17,

respectively). Both died at 9 and 21 months after second

re-transplantation. The remaining two are alive at 116

and 109 months (Table 2).

All four patients who were under observation subse-

quently died of liver failure (n ¼ 1), recurrent hepatocel-

lular carcinoma (n ¼ 2) and intrabdominal bleeding from

pancreatic pseudocyst (n ¼ 1).

Late thrombosis (>6 months from LTx)

Of the 13 patients who presented with late thrombosis

(cases 19–31), five had an infra-renal aorto-iliac graft.

Eight of these 13 patients underwent re-transplantation

and five were under observation. Two patients after

re-transplantation, and two patients who did not receive

Table 1. Incidence of hepatic artery

complications. Complication Children n (%) Adults n (%) Total n (%)

Thrombotic 11 (6.6) 31 (3.8) 42 (4.2)

Nonthrombotic 1 (0.6) 29 (3.5) 30 (3.0)

Anastomotic stenosis 1 9 10

Proximal main hepatic artery stenosis 0 5 5

Redundant hepatic artery with kink 0 3 3

Pseudo-aneurysm 0 4 4

Right hepatic artery stenosis 0 2 2

Left hepatic artery stenosis 0 1 1

Celiac axis stenosis 0 1 1

Infra-renal aortic graft stenosis 0 1 1

Redundant infra-renal aortic graft with kink 0 1 1

Anastomotic stenosis with celiac axis stenosis 0 1 1

Right and left hepatic artery stenosis 0 1 1

Total 12 (1.2) 60 (6.0) 72 (7.2)

Mean time to thrombosis in days (mean ± SD) 5.4 ± 4.5 418.7 ± 582.3 310.5 ± 531.0

Jain et al. Hepatic artery thrombosis
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re-transplantation, are alive at 120, 110, 129 and

107 months respectively, after diagnosis of HAT. One

patient required a third transplant after HAT of second

graft (case 26).

Management of nonthrombotic complications

(stenosis, kink, pseudo-aneurysm)

Anastomotic stenosis

There were 11 anastomotic stenoses, one in a child

(case 53) and 10 in adults (cases 43–52). The child

underwent balloon angioplasty and he is alive for

13 years 9 months postangioplasty. Two adults were

re-transplanted (cases 43 and 52), one of them had an

infra-renal aorto-iliac graft. Two patients (cases 49 and

50) underwent balloon angioplasty and the other six

patients were under observation. Four adult patients

survived and six expired.

Nonanastomotic stenoses

Five adult patients (cases 54–58) had stenosis of the

donor hepatic artery proximal to anastomosis. Three of

these patients were treated with re-transplantation (n ¼
2) and angioplasty (n ¼ 1). The remaining two patients

were not suitable for any intervention and were under

observation. One of them is currently alive. The remain-

ing four patients died at 2.1, 2.3, 21.3 and 81.2 months

after diagnosis of stenosis.

Four adult patients had a redundant length of artery

resulting in a kink (cases 59–62). In three patients, the

kink was in the hepatic artery and one patient had an

infra-renal aorto-iliac graft kink (case 62). One patient

was re-transplanted (case 59), two underwent balloon

angioplasty (cases 60 and 62) and one patient was under

observation. Two patients died at 22.3 and 79.4 months

and the other two are currently alive.

Six adult patients (cases 63–68) had either an isolated

stenosis in the right hepatic artery (n ¼ 2, cases 66 and

68), in the recipient celiac artery at its origin (case 64),

an anastomotic stenosis with celiac artery stenosis at its

origin (case 63), a left hepatic artery stenosis (case 65) or

stenosis of both the left and the right hepatic artery (case

67). Among these six patients two were re-transplanted

(cases 64 and 67), one underwent balloon angioplasty

(case 62), two were under observation (cases 65 and 66)

and the remaining one died while awaiting re-transplanta-

tion (case 63).

Four adults (cases 69–72) were found to have hepatic

artery pseudo-aneurysm at 1, 77, 139 and 482 days after

LTx. One of them (case 72) underwent re-transplantation

and is alive for 10 years and 5 months after LTx. The

remaining three patients (cases 69–71) died at 2.5, 31.9

and 83.6 months after diagnosis of pseudo-aneurysm3
7
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because of multi-organ failure or recurrent HCV and

hepatic failure (Table 3).

Survival outcome

Patient survival

Overall 13-year patient survival after HAT was 43.2%.

It was 72.7% for children and 32.9% for adults. This

difference was not statistically significant (P ¼ 0.088)

(Fig. 1a and b). Among adults with thrombosis, the 13-

year patient survival was 40%, 29.2% and 30.8% when

they developed early, intermediate and late thrombosis,

respectively, after LTx (P ¼ 0.995) (Fig. 1b). In adult

patients who developed nonthrombotic complications

the 13 year survival was 45.7% (Fig. 2b). Causes of

death with thrombotic and nonthrombotic complications
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Figure 1 Patient and graft survival. (a) Overall patient and graft survival. (b) Patient survival in children and adults with early, intermediate and

late hepatic artery thrombosis.
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with and without re-transplantation are summarized in

Table 4.

Graft Survival

Overall 13-year graft survival after diagnosis of thrombo-

sis was 15.1% (Fig. 1a). It was 36.4% in children and

7.0% in adults. This difference was not statistically signifi-

cant (P ¼ 0.155) (Fig. 2a). Among adults with thrombo-

sis, the 13-year graft survival values were 0%, 0% and

15% when they developed early, intermediate and late

thrombosis, respectively, after LTx (P ¼ 0.029) (Fig. 2a).

The 13-year graft survival for nonthrombotic complica-

tions was 30.4% in adults (Fig. 2b) and 100% in children.

Discussion

Hepatic artery complications after LTx are well known

and well documented [11,12]. It is one of the most com-

mon complications after LTx and has significant impact

on graft and patient survival. The present report describes
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Figure 2 Patient and graft survival. (a) Graft survival in children and adults with early, intermediate and late hepatic artery thrombosis. (b) Patient
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the impact of various types of arterial complications after

LTx and its long-term impact on patient and graft survi-

val. A striking difference in adult and pediatric popula-

tions in terms of rate of complications, types of

complications, timing of complications and survival out-

comes after LTx is apparent in the present report.

The overall rate of HAT in children was almost twice

that of the rate in the adult population. However, this

difference was not statistically significant. Moreover, while

all HAT in children occurred within the first 2 weeks, in

adults, only one third of HAT was noticed in the first

month post-LTx. At 14 years after HAT, 72% of children

were alive compared with 32.9% of the adult population,

which also did not reach statistical significance. Settma-

cher et al. [13] described a rate of 2.7% for HAT and

3.22% for stenosis in 1000 LTx patients, which is compar-

able with our findings. However, higher rates of HAT

have been reported by Mas et al. [14] (7%) and Parera

et al. [15] (8.8%). Mas et al. [14] also found prothrombin

G20210A polymorphism in two of 14 hepatic allograft

DNA. Fifty percent of children and 67.74% of adults

underwent re-transplantation. For the adult population,

this was 90% with early thrombosis, 50% with intermedi-

ate and 61.6% with late thrombosis.

Patient survival at 1, 5 and 10 years after re-transplan-

tation in adults was 57.1%, 42.9%, 37.5% and that in

children was 80%, 80%, and 80%. Survival in children

after HAT is better than in adults as children are more

resilient and bounce back quickly. Moreover, some adults

have associated age-related co-morbid conditions, which

adds to the overall mortality, not to mention the recur-

rence of viral, auto-immune, recurrent or de novo malig-

nancy [1,4]. Postma et al. [16] recently reported better

survival after re-transplantation because of HAT com-

pared with re-transplantation due to other causes.

In the adult population, graft survival was 0% by the

end of 2 years for early and intermediate thrombosis,

while this was 30.8% at 2 years and 11.4% by 11 years for

late thrombosis. This was mainly due to the development

of collateral circulation and re-canalization as seen by

Tian et al. [17]. Valente et al. [18] have described a relat-

ively benign course of late HAT.

Nonthrombotic complication among children was sur-

prisingly found in only one child (0.6%) who was treated

successfully by balloon angioplasty. In adults, a variety of

nonthrombotic complications were encountered like anas-

tomotic stenosis, postanastomotic proximal hepatic artery

stenosis, redundant arterial length with kink, stenosis at

the origin of celiac axis, pseudo-aneurysm at the anasto-

motic site and various combinations of these. They were

managed by re-transplantation in 26.67% patients, angio-

plasty in 24.2%, and the remaining patients were under

observation. While the only child who suffered this com-

plication survived, the patient and graft survival for adult

population was disappointingly low at 45.7% and 34.4%,

respectively, at 13 years.

In the adult population, infra-renal aorto-iliac graft was

either thrombosed or stenosed in eight patients accounting

for 13.2% of all arterial complications, most of them occur-

ring as a late complication. Unfortunately the exact number

of patients who received infra-renal aorto-iliac graft is not

known in this retrospective study. Stange et al. [19] have

reported a HAT rate of 2.17% in the adult population of

1192 LTx that increased to 5.76 fold when interposition

graft to supraceliac aorta was used. Muralidharan et al. [20]

have reported a 1–5 year patency rate of 88.5–80.8% when

arterial conduits were used for hepatic artery revasculariza-

tion in adult LTx. Muiesan et al. [21] have suggested inter-

positional arterial graft from the cadaveric superior

mesenteric artery with higher success rate. This type of

reconstruction was not performed in this population.

Arterial anatomical variations have also been described as a

risk factor [5,6]. In the present retrospective analysis, this

information was also not available.

The incidence is higher in smaller children where the

lumen is smaller and with even a small degree of hypo-

tension due to any cause can lead to HAT. Hepatic artery

with small diameter and lower blood flow are very well

described risk factors for thrombosis. Mazzaferro et al.

[8] described a hepatic artery diameter of <3 mm as a

Table 4. Causes of death.

Without Re-Tx With Re-Tx Total

Hepatic artery thrombosis

Sepsis 0 1 1

Graft failure 4 5 9

MOSF 1 3 4

Recurrent HCC 3 0 3

Aspergilliosis 0 1 1

Pancreatitits 0 1 1

Bleeding 1 0 1

Recurrent HCV 0 1 1

PTLD 1 0 1

Unknown cause 0 2 2

Total 10 14 24

Nonthrombotic

MOSF 5 3 8

Graft failure 1 0 1

Pneumonia 3 1 4

PTLD 1 0 1

Recurrent HCC 1 0 1

Recurrent HCV 3 0 3

Aspergilliosis 0 1 1

Subtotal 14 5 19

Re-Tx, re-transplant; MOSF, multiorgan failure; HCV, hepatitis C viral

infection; PTLD, post-transplant lympho-proliferative disease; HCC,

hepatocellular carcinoma.
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risk factor. Lin et al. [7] have observed that arterial flow

lower than 200 ml/min increased the rate of HAT by a

factor 5. This has been the main reason why the rate of

HAT in children was almost twice as much compared

with adults. Interestingly nine of the 11 children who

developed HAT were <2 years and the other two were

2.7 and 3.1 years of age. HAT was not observed in chil-

dren who were >3.1 years of age. Rela et al. [22] des-

cribed a higher rate of HAT in children <5 years of age

and prolonged cold ischemic time as a risk factor, which

also support our findings. However, using higher magni-

fication either with the optical loupe or microscope, the

rate has now decreased in pediatric population. Recently,

Guarrera et al. [23] published excellent reports in 28

cases of segmental pediatric LTx using operative micro-

scope with 12–16Æmagnification (n ¼ 14) and loupe

optics with 6· magnification without any incidence of

HAT .

Various studies [5–9] have described hypercoagulable

state as an independent risk factor. However, this was

not worked up in these patients. In the present series,

anticoagulation therapy in the first week was used rou-

tinely in children as suggested by Heffron et al. [24]

and Abou Ella et al. [25]. In the past, we have described

the use of hyperbaric oxygen therapy for HAT in chil-

dren [26]. However, in the present series none of the

children received this treatment. All HAT in children

occurred in the early postoperative period while in the

adult population it appears to occur early as well as late

after LTx. Late HAT adults may be related to donor or

recipient age. Often there is a history of hypertension or

diabetes either in the donor and/or recipient, which is

known to affect the intima of the artery and wall thick-

ness. This may be the reason why late hepatic arterial

complications and postanastomotic strictures are seen in

children. This aspect in transplant population has not

been examined. Moreover, the hypercoagulable state is

not routinely worked up in transplant population. We

feel that the hypercoagulable state in the adult popula-

tion should be investigated more routinely to prevent

late HAT.

Moreover, redundancy of hepatic artery resulting in

kinking has been observed in this report. We suggest that

when there is a redundancy, instead of entire length of

donor hepatic artery with aortic cuff, a shorter length

with patch at the level of splenic artery branch may be a

better option. Also a small piece of omentum in continu-

ity to prevent kink behind the anastomosis may be useful.

Postanastomotic stenosis is most likely from the clamp

used on donor hepatic artery which may be causing some

intimal damage resulting in stenosis at a later date. It

may be possible that the rate of such stenosis may be

even higher than reported here as routine surveillance

ultrasound examination was not performed in this popu-

lation. It is now routine to have duplex color ultrasound

at 1 year in all adult patients at this institution. Outcome

of such practice is awaited with great anticipation.

Conclusion

In the present series with long-term follow-up, 4.2% of

patients with thrombotic and 3.2% with nonthrombotic

complications were under observation. The incidence of

HAT was higher in children than in adults and occurred

significantly earlier. Survival outcome was better in chil-

dren than in adults. Nonthrombotic complications were

significantly higher in adults than in children and had a

significant impact in terms of graft and patient survival.

It may be preventable in some cases by reducing the

redundancy in the donor hepatic artery with careful

clamping and handling. Routine workup of hypercoagula-

ble state in adults, surveillance duplex ultrasound, and

use of higher magnification for arterial reconstruction in

smaller children and anticoagulation therapy may reduce

the overall incidence of HAT.
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