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Introduction

Hepatic artery thrombosis (HAT) is the most frequent

and severe vascular complication following orthotopic

liver transplantation (OLT) representing more than 50%

of all arterial complications [1–7]. It is the foremost cause

of graft failure necessitating retransplantation and carries

a mortality of more than 50% [1–7]. Early surgical revas-

cularization is a viable option for graft salvage, or may

help as a bridging measure for a retransplantation in a

less emergent setting [1,8,9]. This can be appreciated

from the retransplantation rate of 25–83% in untreated

HAT compared to 28–35% in HAT patients treated by

graft revascularization [9–17]. Endovascular management

including intra-arterial thrombolysis (IAT), percutaneous

transluminal angioplasty (PTA), and stent placement

has emerged as an attractive and less invasive alternative

to surgical intervention in recent years [5,11,18–27].

Additionally, few cases of surgical revascularization in

conjunction with IAT have been reported. However, use

of IAT and PTA remain controversial in view of potential

risks of hemorrhage in early postoperative period [1,2,19]

and uncertain long-term patency. In view of poor out-

comes of HAT despite retransplantation or surgical revas-

cularization, and the debatable role of endovascular

therapy, we reviewed the literature on endovascular man-

agement for HAT following LT.

Materials and methods

Hepatic artery thrombosis was defined as a thrombotic

occlusion of the hepatic artery and has been classified
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Summary

Hepatic artery thrombosis (HAT) is the most frequent vascular complication

following orthotopic liver transplantation. Urgent retransplantation has been

considered as the mainstay therapy. Surgical revascularization is an effective

alternative in asymptomatic patients. Endovascular therapies including intra-

arterial thrombolysis, percutaneous transluminal angioplasty (PTA), and stent

placement have shown encouraging results in recent years; however, their use

remains controversial because of potential risk of hemorrhage. Until June 2009,

69 cases were published in 16 reports describing therapeutic potential of endo-

vascular modalities. Interventions were performed as early as within 4 h to as

late as 120 days in patients ranging from 4 months to 64 years of age. Majority

of published reports suggested the use of urokinase. Thrombolysis was success-

ful in 47 out of 69 (68%) patients. Bleeding was the most common complica-

tion including fatal intra-abdominal hemorrhage in three patients. Twenty-nine

out of 47 (62%) patients underwent further intervention in the form of PTA,

stenting, or both. The follow-up patency ranged from 1 month to 26 months.

In conclusion, whenever possible, efforts should be made to rescue the liver

grafts through urgent revascularization (surgical and/or endovascular) depend-

ing on patient’s condition and interventional expertise at the transplant center;

reserving the option of retransplantation for failure, complications, and cases

with severe clinical symptoms or allograft dysfunction.
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into two types depending on time of presentation follow-

ing LT: Early HAT (within the first 30 days of LT) and

Late HAT (after 30 days of LT) [11].

A systematic literature search of the PubMed database

was conducted using the following key words in varied

combinations: HAT, Endovascular, Endoluminal, Interven-

tional, Thrombolysis, Fibrinolysis, angioplasty, stenting, and

LT. Cited references in published articles were used to

find further relevant publications. The search was

restricted to English language publications up to June

2009. All articles mentioning endovascular treatment as

the primary revascularization therapy with an aim to

restore arterial blood flow of the occluded (thrombosed)

hepatic artery were reviewed. Key variables included but

were not limited to the following: definition of HAT; day

of detection; age; number of recipients; type of LT

(deceased donor or living donor); details of endovascular

therapy. In order to analyse the impact of advancement

in interventional radiology on outcomes of endovascular

management for HAT over the years, we divided them

into early period (1985–2000) and a late period (2000–

2009). Published literature describing endovascular man-

agement for hepatic artery stenosis (HAS), kinks, and

other forms of nonocclusive hepatic arterial complications

were excluded from the study.

Thrombolysis was certainly required before instituting

any other form of definitive endovascular management

(PTA or stenting). Details of thrombolytic therapy

include thrombolytic agent, dosage, methods of delivery,

duration of therapy, adjunct use of heparin, monitoring,

complications, and outcome. Definitive treatment was

defined as a treatment modality required after a successful

attempt of thrombolytic therapy in the form of endovas-

cular (PTA and/or stenting), surgical revascularization,

or retransplantation. A successful endovascular revascular-

ization attempt was defined as a recipient who survived

with the revascularized graft following total endovascular

treatment. Failure of endovascular therapy, follow-up

patency rates, graft loss rate, and mortality rates were

noted. Failure was defined as the need of surgical inter-

vention (retransplantation, thrombectomy, revision of the

arterial anastomosis, or in combination) following endo-

vascular therapy resulting from complications or technical

difficulty.

Results

The data from published literature on endovascular

therapy for HAT were extensively reviewed and shown

in Table 1. Since the first reported use of IAT for HAT

in 1985, there have been 69 published cases in 16

reports [5,6,19–24,26–33]. Sixty-four out of 69 (93%)

cases have been reported after 2000. Thrombolysis was

attempted in 44 patients (64%) with early HAT and 11

patients (16%) with late HAT. It was performed as early

as within 4 h [22] to as late as 120 days [29] following

LT. Type of HAT or day of presentation was not

available in 14 cases [23,24,29,30]. Thrombolysis was

attempted in patients ranging from 4 months [26] to

64 years of age. Sixty-three patients (91%) underwent

thrombolysis following deceased donor LT and six

patients have been reported following living donor LT

(LDLT) [22,32].

The use of urokinase (UK) was reported in 12 studies

[5,19–24,26–29,32]. Only two studies have reported the

use of alteplase, a recombinant tissue plasminogen activa-

tor (t-PA) [5,27], and streptokinase [30,31]. Catheter-

directed delivery of a thrombolytic agent has been used as

continuous infusion, bolus or in combination. Clinical

safety and efficacy have been demonstrated with different

dosing regimens. Bovyat et al. have recommended a dose

of 1–3 mg (t-PA) or 50 000–250 000 IU (UK) [18]. Zhou

et al. have used upto 9 millions units of UK without any

complication in one particular patient. The duration of

thrombolytic therapy has been variably reported. Zhou

et al. have recommended 2–4 days of therapy to complete

the treatment successfully using different dosing regimens

[21]. Others have suggested that IAT should be termi-

nated, if there is residual thrombus or persistent HAT

after 36–48 h of thrombolytic therapy [5]. Eleven studies

have also recommended the adjunct use of heparin in

‘conservative doses’. Conservative doses were defined as

bolus of heparin followed by a continuous drip to main-

tain the partial thromboplastin time between 1.25 and 1.5

times the control value. Careful monitoring of coagulation

profile and clinical symptoms are necessary during throm-

bolysis treatment. Fibrinogen levels have been used for

monitoring in 10 out of the total number of reports. Sev-

eral authors have also mentioned the use of prothrombin

time (PT) and activated partial thromboplastin time

(aPTT) for monitoring. Improvements in clinical symp-

toms and biochemical parameters, and delineation of

re-establishment of hepatic arterial flow on check angio-

graphy have been used as the primary measure for success

of thrombolytic treatment.

Intra-arterial thrombolysis was successful in 47 out of

69 (68%) patients on whom the therapy was attempted.

Hemorrhage was the most common complication. The

severity of hemorrhage ranged from leakage of contrast or

bloody abdominal fluid drainage in 15 patients (22%) to

fatal intra-abdominal hemorrhage in three patients

[5,24,30]. Eight patients did not undergo any further

treatment and duration of their patency ranged from

3 months to 27 months. Follow-up patency details were

not reported in 10 patients. Twenty-nine out of 47 (62%)

patients underwent further intervention in the form of
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PTA in four [19,26,31], PTA with stenting in five [29,33],

and stenting alone in 20 patients [23,27,28]. Among the

PTA group, hepatic artery (HA) remained patent at 1 and

8 months in two patients; however, two developed re-

thrombosis or restenosis within 4 months. Among the

patients in PTA with stenting group, four of five (80%)

patients developed re-thrombosis within 2 years [29,33].

In stenting group, five of 20 (25%) showed patency at

12–24 months and follow-up patency rates were not

available for 15 patients. Among patients who had suc-

cessful endovascular treatment (thrombolysis with or

without PTA + stenting), either need of retransplantation

or mortality was reported in only two patients. Failure of

IAT was documented in 19 patients (27.5%)

[5,6,23,24,27,32]. Among patients in the failed group,

subsequent treatment was contemplated in the form of

retransplantation and surgical revascularization in four

and three patients respectively. Among them, two out of

four (50%) patients died despite retransplantation

(Table 2) and two patients died attributable to hepatic

failure and biliary complications. Details of subsequent

treatment or outcome were not available for 10 patients

and none of the reports discussed the long-term results of

endovascular therapy (Fig. 1).

Discussion

Hepatic artery steno-occlusive disease is the most com-

mon arterial complication following LT. This includes

HAT, hepatic artery stenosis, hepatic artery kinks (HAK),

and aneurysms [15,34–36]. Although, HAS and HAK

have been speculated as the initiating events [5], hyperco-

agulable states in perioperative period may also contribute

without any underlying anatomical defect [1,6,7].

The time that divides early and late HAT has not been

agreed on. However, as technical aspects and surgical

complications are associated with HAT development in

the first 30 days after OLT, it is a common practice to

use 1 month from OLT to distinguish between early and

late HAT. Hepatic artery thrombosis was reported to

complicate 4–15% of OLTs [1,6] and was generally more

frequent after pediatric LT (3–9% in adults vs. 11–26% in

children) [16,17,37]. A recent single-center retrospective

study reported an overall incidence rate of 5% [6]. Earlier

published literature suggests that the incidence rates were

higher for early HAT compared with late HAT. This was

partly because of the limited detailed reports published

for late HAT. Additionally, the natural history of late

HAT usually remains clinically silent, and the published

Table 2. Literature review on type of definitive treatment in patients who underwent thrombolysis for hepatic artery thrombosis (HAT) following

liver transplantation.

Author n

Outcome of

thrombolysis

Definitive treatment

Follow-upSurgical/endovascular Result

Zajko et al. (1985) [30] 1 D – – –

Hidalgo et al. (1989) [19] 2 S (2) PTA (2) Thrombosis (1) P (1) at 1 month, No follow up (1)

Figueras et al. (1995) [20] 1 S – – NA

Bjerkvik et al. (1995) [31] 1 S PTA S Re-stenosis at 4 month

Cotroneo et al. (2002) [29] 2 S (2) PTA + Stent (2) NA P (1) at 18 month, HAT at 4 month (1)

Zhou et al. (2005) [21] 8 S (8) – – P (6) at 3–27 months, D (1), RT (1)

Wang et al. (2005) [28] 9 S (7), F (2) Stenting (6) S (6) NA

Kim et al. (2006) [22] LDLT 2 S (2) – – P (2) at 7 months

Li et al. (2007) [23] 9 S (6), F (3) Stenting (5), RT (1) D (1) despite of RT,

D (2) because of hepatic

failure and biliary

complications

P (6) at 12–24 months

Saad et al. (2007) [5] 5 S (1), F (3), D (1) PTA (3) F (3) SR (2), RT (1)

Reyes et al. (2007) [33] 3 S (3) PTA + Stent (3) S (3) Re-thrombosis or re-stenosis in all

patients between 4 months

and 26 months

Bovyat et al. (2008) [27] 9 S (9) Stenting (9) S (9) NA

Yang et al. (2008) [24] 3 S (1), D (1), F (1) RT (1) Died because of

recurrent HAT

NA

Lopez et al. (2008) [26] 1 S (1) PTA S (1) Patent at 8 months

Jeon et al. (2008) [32] LDLT 4 S (2), F (2) SR (1), RT (1) NA NA

Duffy et al. (2009) [6] 9 S (1), F (8) NA NA NA

n, number of patients; NA, not available; LDLT, living donor liver transplant; D, died; S, successful; F, failure; PTA, percutaneous transluminal

angioplasty; SR, surgical revascularization; RT, retransplantation; HAT, hepatic artery thrombosis.
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incidence may only reflect the symptomatic presentation.

With improvements of perioperative care, the incidence

rates have decreased for early HAT over last decade. A

recent study reported the incidence rates of 2.9% in

adults and 8.3% in children for early HAT [7].

Hepatic artery thrombosis carries a mortality rate of

27% to 58% [1–7]. Early HAT has been associated with

higher mortality of 33.3% (range: 0–80%) [7]. This may

be because of natural history of early HAT involving bile

duct necrosis frequently followed by uncontrollable sepsis

in the immunocompromised recipient resulting in death

[38]. This is because of the fact that hepatic parenchyma

and biliary tree rely mainly on the plexus of blood vessels

derived from right and left hepatic arteries. Additionally,

collateral supply to the liver is poor in the early post-

OLT period. Arterial collaterals develop from the adhe-

sions of the liver to the diaphragm, retroperitoneal tissue

(mainly derived from the phrenic arteries), and omentum

over a period of 2–4 months subsequent to OLT [11,39].

Angiographically, these collaterals have been demon-

strated to develop as early as 2 weeks [40]. The develop-

ment of these collaterals probably results in asymptomatic

states of some patients and prevent a disastrous outcome

in cases of late HAT [40–43].

Although the real cause for development of HAT

remains unknown in most cases, few predisposing factors

have been described. These include surgical (technical)

causes (kinking, stenotic anastomosis), difficult anastomo-

sis, small vessel size, presence of multiple arteries, com-

plex anatomy, cytomegalovirus (CMV) recipient/donor

mismatch, hypercoagulable state, rejection, prolonged

ischemia, and transplant for primary sclerosing cholangi-

tis [1,6,7]. Late HAT has been reported in association

with some specific factors. These include female donor,

the combination of female donor and male recipient,

hepatitis C seropositive recipients, episode of severe acute

rejection, tobacco use, and retransplantation for early

HAT [44,45]. A higher incidence among pediatric OLTs

is most likely explained by the small size of the vessels

with associated technical difficulties [7]. A size mismatch

between the donor- and recipient arteries may be an

added factor, especially in pediatric recipients. It is a gen-

eral belief that reduced size liver grafts are associated with

a lower incidence of HAT than whole liver grafts [46,47].

The underlying thought is that reduced size liver grafts

are often adult grafts [48], which have relatively larger

vessel diameter and thus a technically less difficult anasto-

mosis [49,50]. However, two publications dealing with

this issue found conflicting results [51,52]. The incidence

of HAT in LDLT has been reported to be significantly

lower in comparison with incidence of HAT in the non-

LDLT [53,54]. However, a recent study found no signifi-

cant difference and reported an incidence of 3.1% and

4.6% in living donor LT and deceased donor LT respec-

tively [7]. Furthermore, no difference was reported in

incidence among centers using the operation microscope

for the arterial anastomosis (3.1%) versus centers using

loupe magnification (2.1%) [7].

Early diagnosis is mandatory to prevent graft loss. Early

HAT always manifest clinically with fever, leukocytosis,

severe elevation in liver enzyme levels, or septic shock

[1,3]. Late HAT manifesting months or years after surgery

may be asymptomatic or have an insidious course charac-

terized by cholangitis, relapsing fever, and bacteremia

[3,44,45]. Many patients may present with nonspecific

symptoms like back pain, shoulder pain, fatigue, and

can be diagnosed only on radiological investigations.

Usually, initial nonfunction or severe allograft dysfunction

n = 69

Died
n = 5 (Haemorrhage 3, Failure 2)

Successful
n = 47

No further treatment
n = 17 

Further treatment
n = 29

RT (n = 4), SR (n = 3)
No details (n = 10) 

PTA
n = 4

PTA + Stenting
n = 5

Stenting
n = 20

IAT

Failure
n = 19

Figure 1 Outcome analysis of endovas-

cular treatment for hepatic artery throm-

bosis (HAT) following liver

transplantation. n, number of patients;

IAT, intra-arterial thrombolysis; SR, surgi-

cal revascularization; RT, retransplanta-

tion; PTA, percutaneous transluminal

angioplasty.
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predominately occurs in patients with early HAT, whereas

biliary tract complications are more frequent with late

HAT. In late HAT, abnormal liver function test results

are not a prominent feature and do not reflect the poten-

tial seriousness of the clinical problem. In symptomatic

patients, clinical presentation may vary from an increase

in serum transaminase levels with or without cholestasis,

liver abscess, biliary complications including bile leak,

cholangitis, bile duct stenosis or necrosis, to liver failure

[11,21–24,44,45].

Doppler ultrasonography (DUS) is a proven noninva-

sive investigation for assessment of hepatic artery patency

[28,55,56]. In this study, all cases were initially detected

by DUS. The most common findings on DUS are absence

of arterial signals (sensitivity 92%) or increased resistive

index (RI) of the hepatic artery. A gradual decrease in RI

has been suggested as an indicator of expected HAT, hav-

ing a sensitivity of 83% and specificity of 85% if RI < 0.6

[26]. Almost all centers do screening for HAT in the

postoperative period; however, the screening protocols are

highly variable with respect to frequency and interval of

screening, and the time period after transplantation for

which screening was performed [7]. Protocol surveillance

ultrasound of the hepatic artery may disclose the reduced

hepatic arterial flow and prompt intervention more

timely, which may result in a higher success rate. The

reported median time to detection of early HAT and late

HAT were 6.9 days (range: 1–17.5 days postoperative)

and 6 months (range: 1.8–79 months) respectively [7].

Once the patient is discharged from hospital, DUS exam-

inations were usually performed based on clinical findings

and/or in combination with laboratory findings. This may

be an important reason for a highly variable median time

for detection of late HAT. With elevations in liver

enzymes in case of suspicious findings on DUS, an

abdominal contrast-enhanced computed tomography or

visceral angiography should be performed [17]. Although

catheter angiography is the gold standard, multidetector

computed tomographic angiography (MDCTA) has

emerged as an accurate, fast, and noninvasive imaging

modality for the diagnosis of vascular complications fol-

lowing LT [56–58]. It can precisely delineate the patency

of the hepatic artery and anatomical defects such as ste-

nosis or kinks. A sensitivity rate of 100% with a specific-

ity rate of 89% and accuracy of 95% has been

demonstrated [59]. Conventional catheter angiography

can be used as a next step, possibly if any interventional

treatment is contemplated (Fig. 2).

In general, there are three different treatment modalities

for HAT: retransplantation, surgical revascularization, and

endovascular revascularization. However, the most effec-

tive treatment approach remains controversial. Tradition-

ally, retransplantation has been the first choice of therapy.

In a systematic review by Bekker et al., only 60% of the

publications on HAT have mentioned the outcome after

retransplantation [7]. They found that retransplantation

was more frequently performed in children than in adults

(61.9% vs. 50%) and was the treatment of choice in 53.1%

of the cases of early HAT. In another study, retransplanta-

tion was required in 71% of patients with early- and 51%

of patients with late HAT [6]. However, retransplantation

is restricted by a limited donor pool as the disparity

between the number of potential recipients and the avail-

able donors will continue to grow [7]. Further, some cen-

ters lack a back-up system for urgent retransplantation,

making urgent revascularization of paramount importance

[43,60]. Additionally, at transplant centers where LDLT is

the most common type of LT, difficulties of finding a suit-

able donor in an emergent setting more often leads to

mortality of the recipient with early HAT [61–63]. Urgent

revascularization as a primary option offers the opportu-

nity to prevent retransplantation, but probably only in

asymptomatic patients or cases of very early detection

[5–7]. The patient survival rates for symptomatic versus

asymptomatic patients at the time of revascularization

were 40% and 82% respectively [12]. Pinna et al. showed

that 11 out of 17 patients who underwent urgent surgical

revascularization combined with thrombectomy were alive

without retransplantation, with a mean follow-up of

17 months [13]. They concluded that urgent revasculariza-

tion combined with thrombectomy should be considered

as the prime treatment option for patients with early HAT

Figure 2 Visceral angiography showing no flow in hepatic artery sug-

gestive of hepatic artery thrombosis.
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and reserve the option of retransplantation for cases with

severe clinical symptoms or failure of surgical revasculari-

zation. With revascularization, an overall success rate of

about 50% was reported with similar rates among adults

and children. The success rate was even higher (66.1%)

with early HAT [7]. This is in contrast to success rate of

10.5% reported by another study [6]. Retransplantation

was required in 30.3% [7] and 78% [6] of patients after an

attempt of revascularization. The varying results of revas-

cularization were mainly attributable to type of revascular-

ization, varying threshold for retransplantation, and the

degree of recipient well-being and graft function at the

time of revascularization. This noteworthy difference may

also be attributable to collective outcomes of surgical and

endovascular revascularization (including thrombolysis) in

one study [7] and individual outcome of surgical revascu-

larization (thrombectomy and/or anastomotic revision) in

another [6]. Nevertheless, it may direct us to consider that

the use of endovascular therapy in combination may

improve the success rates of surgical revascularization.

Extended thrombosis involving entire intrahepatic arterial

system cannot be relieved by surgical revascularization

alone and thrombolysis is likely to help. Twelve cases of

surgical revascularization in conjunction with IAT have

been reported in six studies [9,13,14,63–66]. However, it

was difficult to ascertain both clinical and angiographic

details about an individual thrombolysis case and whether

it was found to be advantageous to the transplant surgeon

while performing the revascularization. After a successful

revascularization, the 6- to18-month re-thrombosis and

graft survival rates in these six studies were 22% (range:

0–50%) and 65% (range: 33–100%) respectively. Recently,

HAT has been reported to be successfully managed with

total endovascular management including transcatheter

IAT, PTA, and stenting. Using them in combination, 69

cases have been reported in 16 studies as both rescue and

definitive therapy with intention of reserving surgery for

technical failures or complications.

Thrombolytic therapy

For the first time, Hidalgo et al. reported the successful

use of IAT in two cases of late HAT [19]. Thrombolytic

agents (plasminogen activators) convert plasminogen into

plasmin, which further cleaves the fibrin strands within

the thrombus, leading to clot dissolution. Thrombolysis

was believed to be more effective in fresh clots because of

high water content and relatively fibrin-poor matrix

[20,36]. The present review showed that IAT have been

attempted for both early and late HAT ranging from as

early as 4 h [22] to as late as 120 days [29] after OLT.

Although no specific guidelines exist for its application,

Saad et al. have recommended a clinical therapeutic win-

dow of 1 week to 3 months considering risks and out-

comes in their series [5].

Majority of studies indicated the preferred use of uroki-

nase (UK) as a thrombolytic agent. Although the biochem-

ical actions of UK and alteplase are different; there is no

documented advantage of one agent over the other [67].

Alteplase is a more potent activator of plasminogen and

has higher affinity for fibrin within the clot, which can

increase the activation of plasminogen by 400-fold to con-

vert the entrapped plasminogen to plasmin. Thrombolytic

agents that lack fibrin specificity are usually washed down-

stream from the clot site and induce lysis by promoting a

systemic lytic state [67]. There is no consensus on the opti-

mal technique for catheter-directed delivery of any throm-

bolytic agent as they have been successfully used as

continuous infusion or bolus form [67]. Selective throm-

bolysis via hepatic artery has several advantages such as

small thrombolytic dose, high localized concentration, and

little influence on systemic coagulation [20–23]. Figueras

et al. suggested that continuous thrombolytic therapy

would be safer and more effective if the infusion catheter

is placed inside the thrombus [20]. However, it is recom-

mended that the physicians continue to use the catheter-

based modality with which they are most comfortable.

Although the clinical safety and efficacy have been

demonstrated with different dosing regimens; the lowest

effective dosage and duration has not yet been deter-

mined. Bovyat et al. have recommended a dose of

1–3 mg (t-PA) or 50 000–250 000 IU (UK) [18]. Zhou

et al. have reported revascularization in all of their

patients with early HAT using continuous IAT and

recommended 2–4 days of therapy to complete the treat-

ment successfully using different dosing regimen. They

have safely used upto 9 million units of UK [21]. The

dosage and duration of treatment mainly depend on the

radiological delineation of flow through vessel, improve-

ment in laboratory and clinical parameters, or manifesta-

tion of any sign of complication (Fig. 3). Intra-arterial

thrombolysis should be terminated, if there is residual

thrombus or persistent HAT after 36–48 h of thrombo-

lytic therapy [5]. Careful monitoring of coagulation

profile and clinical symptoms are necessary during

thrombolysis treatment. Monitoring of fibrinogen levels

have been commonly used during prolonged lytic infu-

sions, and it often needs titration (usually downward) to

maintain the fibrinogen level above 100 mg/dl [67]. Not-

withstanding this practice, there is no study to support

that fibrinogen levels are predictive of adverse bleeding;

as hemorrhagic complications can also occur with values

above 100 mg/dl. PT and aPTT have also been used for

monitoring adequate fibrinolysis. In the future, a more

appropriate parameter may be the [alpha]2-antiplasmin

levels. This remains to be validated in clinical trials [67].
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Most of the studies recommended the use of heparin

with thrombolytic therapy to maintain the partial throm-

boplastin time between 1.5 and 2.5 times the control

value. Some authors have suggested addition of heparin if

prothrombin time is <15 s [21]. However, propensity for

adverse bleeding can increase when heparin was used as

an adjunct and it may be higher with alteplase. Alteplase

is incompatible with heparin and may precipitate when

mixed directly with unfractionated heparin. Concomitant

heparin therapy should be given through a separate intra-

venous line [67]. The role of adjunctive heparinization

during alteplase infusion therapy is unknown and requires

further investigation.

Hemorrhage was the most common complication seen

in about 20% of the patients as bloody abdominal fluid

drainage or leakage of contrast during the procedure.

Fatal intra-abdominal hemorrhage was reported in three

patients [5,24,30]. This was mainly surrogate to early

postoperative period. However, other contributing risk

factors include increased dose and duration of thrombo-

lytic infusion, adjunctive antithrombotic therapy (hepa-

rin, aspirin, or any other antiplatelet agents), mechanical

injury caused by catheter, and severity of ischemia.

There was no relationship between the thrombolytic

agent used, specific radiologic technique (continuous

infusion or bolus), and complications. If adverse bleed-

ing occurs during infusion therapy, thrombolytic agent

should be immediately terminated, blood products (fresh

frozen plasma or cryoprecipitate) should be administered

to reverse coagulopathy, and immediate endovascular

(balloon tamponade or stent) or surgical procedure

must be contemplated. Intra-arterial thrombolysis failed

in 19 patients [5,6,23,24,28,32], primarily because of

technical reasons (inability to cross the lesion because of

underlying anatomical defects such as stenoses or kinks)

or abandonment of the procedure because of a compli-

cation. Among the failed group, survival and vessel

patency rates were poor with mortality of up to 50%

even with retransplantation. Novel approaches such as

percutaneous thrombus aspiration may have a potential

role as used in treating the patients with myocardial

infarction [68]. However, their role in HAT remains

undocumented.

Percutaneous transluminal angioplasty or stenting

Thrombolysis with restoration of flow without resolving

underlying anatomic defects including kinking, anasto-

motic stenosis or stricture can lead to re-thrombosis,

and often require percutaneous balloon angioplasty or

stent placement [22–26]. Yang et al. have described

endovascular management as the treatment of choice

for hepatic arterial stenosis causing HAT following LT

[24]. Among patients with successful IAT, 29 out of 47

(62%) patients underwent definitive endovascular treat-

ment in the form of PTA with or without stenting.

There is ongoing discussion regarding the best and safe

time for definitive endovascular interventions after

successful thrombolysis. Kodoma et al. suggested 7 days

[69]; Ueno et al. suggested 3 weeks after LT [70].

Bovyat et al. have successfully performed stenting in

patients presenting with early HAT, within 7 days fol-

lowing LT [18]. Multiple hepatic arterial stenoses and

pediatric patients are also not a contraindication for

interventional treatment in experienced hands. Recently,

successful thrombolysis with PTA was performed in a

4-month-old infant following split LT [26]. Angioplasty

may result in bleeding from hepatic artery in up to 5%

cases [25]. This can be successfully treated by endovas-

cular techniques using prolonged balloon inflation [69],

or stent-graft [25], thus avoiding surgical intervention.

Some recent studies have recommended the use of

stents over balloon angioplasty to diminish the risk of

anastomotic bleeding [32,70]. There seems to be a ben-

eficial role of antiplatelet therapy following endovascular

procedure for ischemic events [71]. Ueno et al. have

recommended the use of acetylsalicylic acid or clopido-

grel bisulfate for at least 3 months following endovascu-

lar stenting of hepatic artery. They have also suggested

a follow-up DUS on day 1, at 1 month, 6 months, and

12 months following successful endovascular revasculari-

zation [70].

Thrombolysis with PTA and/or stenting had better

patency and survival rates compared with thrombolysis

alone. Among the patients who had successful endo-

vascular treatment, the present review showed a variable

Figure 3 Check angiography-showing restoration of flow following

48 h of thrombolytic infusion.
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follow-up patency of 1 month to 26 months. Bovyat et al.

used interventional treatment in 20 patients for hepatic

arterial complications following OLT. Stent occlusion

was documented in three patients without any apparent

clinical symptoms at 3–9 months and minimal intimal

hyperplasia in three patients on follow-up angiography at

1-year [27]. Cotroneo et al. reported patency in all of

their four patients who underwent stent placement for

hepatic arterial stenosis or thrombosis during a follow-up

of 18–25 months [29]. In contrast, Reyes et al. reported

that long-term patency is unlikely even with the use of

Paclitaxel-coated stents as all patients in their study

develop re-thrombosis or re-stenosis within a follow-up

of 4 to 26 months [33]. None of the series reported the

long-term results of endovascular treatment.

The association of biliary complications with hepatic

artery occlusion is well established. None of the studies

reviewed have described their associations and outcomes

following therapeutic intervention for HAT. Biliary

complications can vary in severity and type depending

on type of HAT. They may present as biliary leak,

ischemic strictures (extrahepatic and/or intrahepatic),

intrahepatic biloma, abscess, or diffuse biliary tree

necrosis [44]. Early treatment of HAT may minimize

the biliary complications. Eventually, biliary complica-

tions may require percutaneous, endoscopic, or surgical

correction [44,45,72–75]. Aggressive repeated interven-

tions may be required and may necessitate retrans-

plantation [72–75]. The individual details of the

management of biliary complications following HAT

were beyond the scope of this paper.

Being retrospective in nature, this study has limitations.

Publication bias for successful case series is an issue for

all systematic reviews. Considering the number of liver

transplants and incidence of HAT, endovascular manage-

ment is likely to be reported only in the form of case

reports or small case series. However, there appears to be

a growing interest in this modality as initial reluctance

may be attributable to lack of defined guidelines, risk of

bleeding, and eventual long-term outcome. Protocol sur-

veillance DUS may help in early detection of the reduced

hepatic arterial flow and prompt intervention more

timely, and could contribute to improved outcomes. In

view of effects of HAT on outcomes of LT, ongoing

shortage of donor organs, and prospective advantages of

endovascular therapy, prospective studies need to be per-

formed. Recommendations based on this review are sum-

marized in Table 3.

Conclusion

Hepatic artery thrombosis remains a major complication

following LT. Conclusive diagnosis is best obtained with

angiography where therapeutic options may be explored

at the same time. Thrombolysis may be effective by itself

or may reveal underlying predisposing cause such as

anatomical anomalies, which may then be corrected by

interventional procedures such as stent placement, bal-

loon angioplasty or a surgical intervention. The endovas-

cular treatment is highly individualized and dependent

on expertise available at the transplant center. Patients

with severe allograft dysfunction and symptoms related

to arterial thrombosis in early post-transplant period

need retransplantation. However, in view of current

organ shortage and high mortality related to retransplan-

tation, thrombolysis and other interventional procedures

may salvage the liver allografts in selected patients

thereby preventing retransplantation or facilitate the

transplantation in more elective setting.
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