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Abstract

Purpose To evaluate the efficacy and safety of hepatic artery interventions (HAI) versus extra-hepatic arterial
interventions (EHAI) when managing clinically significant hepatic artery stenosis (HAS) after adult orthotopic liver
transplantation.

Materials and methods A single-center retrospective cohort analysis was conducted on liver transplant patients
who underwent intervention for clinically significant HAS from September 2012 to September 2021. The HAI treat-
ment arm included hepatic artery angioplasty and/or stent placement while the EHAI treatment arm comprised
of non-hepatic visceral artery embolization. Primary outcomes included peri-procedural complications and 1-year
liver-related deaths. Secondary outcomes included biliary ischemic events, longitudinal trends in liver enzymes
and ultrasound parameters pre-and post-intervention.

Results The HAl arm included 21 procedures in 18 patients and the EHAI arm included 27 procedures in 22 patients.
There were increased 1-year liver-related deaths (10% [2/21] vs 0% [0/27], p=0.10) and complications (29% [6/21]

vs 4% [1/27], p=0.015) in the HAI group compared to the EHAI group. Both HAI and EHAI groups exhibited similar
improvements in transaminitis including changes of ALT (-72 U/L vs -112.5 U/L, p=0.60) and AST (-58 U/L vs -48 U/L,
p=0.56) at 1-month post-procedure. Both treatment arms demonstrated increases in post-procedural peak systolic
velocity of the hepatic artery distal to the stenosis, while the HAI group also showed significant improvement in resis-
tive indices following the intervention.

Conclusion Direct hepatic artery interventions remain the definitive treatment for clinically significant hepatic artery
stenosis; however, non-hepatic visceral artery embolization can be considered a safe alternative intervention in cases
of unfavorable hepatic anatomy.
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Direct hepatic artery interventions remain the definitive treatment for clinically significant hepatic artery stenosis; however, non-
hepatic visceral artery embolization can be considered a safe alternative intervention in cases of unfavorable hepatic anatomy.

Introduction

Vascular complications rank among the most common
and severe causes of liver graft dysfunction. Among
these, hepatic arterial complications involving the anas-
tomosis are the most frequent causes of vascular com-
promise given the potential for stenosis, thrombosis or
pseudoaneurysm formation [1]. This paper focuses on
hepatic artery stenosis (HAS), a pathologic entity usu-
ally diagnosed within 3—4 months of adult liver trans-
plantation, with a reported incidence ranging from
3.5-9.3% [2-5]. Common causes of HAS include struc-
tural (abnormal kinking/angulation, donor-recipient
arterial size mismatch), vascular (clamp injury, vaso-
vasorum disruption) and immunologic (fibrosis, intimal
hyperplasia) complications [6]. Typically, HAS is first
detected on noninvasive imaging studies such as spec-
tral Doppler ultrasound (US) or computed tomography
angiography (CTA) [7]. Although easily identifiable,
the management of HAS is not straightforward. If left
untreated, HAS may cause insidious graft dysfunction
or graft death owing to the high incidence of thrombo-
sis [6, 8]. Treatment options are broad and multifaceted,
including anticoagulation, endovascular intervention,
surgical revascularization, and re-transplantation.

The current treatment paradigm leans towards con-
servative management, with intervention pursued only
in clinically significant cases (i.e., transaminitis). Histori-
cally, the treatment involved surgical revision with unfa-
vorable outcomes; thus, there has been a recent and sharp
turn favoring an endovascular approach. Endovascular
interventions include direct hepatic artery angioplasty
and/or stent placement, with prior studies demonstrat-
ing improved arterial flow on post-procedural ultrasound
and significant reductions in elevated liver enzymes [9,
10]. However, direct hepatic artery interventions have
high re-intervention rates and may lead to major com-
plications [5, 8—12]. There is increasing literature involv-
ing non-hepatic visceral artery embolization (commonly
splenic artery embolization) in the post-liver transplant
population for indications such as nonocclusive arterial
hypoperfusion syndrome (i.e., ‘splenic artery steal’), por-
tal hyperperfusion and refractory ascites [13—18].

However, current literature lacks a comparative study
involving both direct hepatic artery interventions (HAI)
and indirect extra-hepatic arterial interventions (EHAI)
in the setting of HAS. At our institution, management
of HAS begins with an inter-disciplinary case-by-case
approach involving transplant surgery and interventional
radiology. Our working hypothesis is that non-hepatic
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visceral artery embolization may effectively treat HAS via
redistribution of celiac blood flow to mitigate ischemic
damage to the liver, as well as reduce the rates of compli-
cations associated with HAI The option to treat symp-
tomatic HAS with EHAI would be particularly helpful in
cases of HAS where hepatic arterial anatomy is unfavora-
ble to instrumentation. This study aimed to review the
efficacy and safety of indirect and direct hepatic arterial
interventions for hepatic artery stenosis to suggest a rea-
sonable treatment algorithm.

Materials and methods

Subjects

This single-center, retrospective cohort study included
all orthotopic deceased donor liver transplant recipients
at our institution, from September 1, 2012, to Septem-
ber 1, 2021, who underwent hepatic artery angiography
for suspected HAS presenting with transaminitis. The
radiology database (Montage; Nuance, Burlington MA)
was searched for visceral angiography reports including
“hepatic artery stenosis,” and such reports were cross-
referenced for prior liver transplantation. All reports
were manually checked for eligibility. Patients who
underwent endovascular interventions within 1-year of
transplantation with hepatic artery stenosis confirmed
on conventional angiography and/or contrast enhanced
cross-sectional imaging were included. The exclusion
criteria were findings different from, or in addition to,
HAS, including hepatic artery thrombosis or concomi-
tant pseudoaneurysm, significant cellular rejection on
biopsy, or the presence of an aorto-hepatic jump graft.
Patients with imaging characteristics of splenic artery
steal phenomenon on US Doppler, such as low or absent
diastolic flow in the main hepatic artery, were excluded.
Patients who underwent a repeat intervention involv-
ing the opposite treatment arm within 1-year of the first
intervention (i.e., ‘crossed over’ interventions) were also
excluded. This study was approved by the Institutional
Review Board (IRB-2021-662 and IRB-2022-939) and
was compliant with the standards set forth by the Health
Insurance Portability and Accountability Act (HIPAA).

Data collection

Demographic data included sex, age, time of transplan-
tation, and time of intervention. Pre-procedural clini-
cal data included hemoglobin, creatinine, International
Normalized Ratio (INR), alanine transaminase (ALT),
and aspartate transaminase (AST). Spectral Doppler
ultrasound measurements of peak systolic velocity (PSV)
and resistive index (RI) of the hepatic artery at the porta
hepatis were collected within a 48-h period immediately
prior to and following intervention. The degree of hepatic
artery stenosis was quantified, retrospectively, using
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catheter angiography images to measure luminal diame-
ter at the stenosis compared to a segment of non-affected
distal hepatic artery. Major biliary ischemic events and
1-year liver-related survival outcomes were collected. A
major biliary ischemic event was counted when interven-
tion for sequelae of biliary tract ischemia, such as percu-
taneous biliary drainage, was required. Peri-procedural
complications were compiled and categorized based on
minor and major complications according to the Society
of Interventional Radiology Clinical Practice Guidelines
[19]. Post-procedural clinical data included the highest
ALT and AST values at intervals of 1-7 days, 8—14 days,
15-21 days, and 22-28 days following intervention.

Definitions and criteria
Clinically significant hepatic artery stenosis requir-
ing intervention was defined as a triad including: (1)
transaminitis, (2) suspicion of stenosis on US Doppler
and (3) stenosis confirmed with catheter angiography
and/or contrast enhanced cross-sectional imaging.
Imaging characteristics on US Doppler suspicious of
HAS included decrease in peak systolic velocity, decrease
in RI and ‘parvus-tardus’ waveform of the distal hepatic
artery, assessed at the porta hepatis. Direct hepatic
artery intervention (HAI) was defined as hepatic artery
angioplasty with or without stent placement. Indirect
extra-hepatic arterial intervention (EHAI) was defined
as embolization of a visceral artery originating from the
celiac axis, excluding the hepatic artery.

Procedures

Liver transplant recipients presenting with transaminitis
underwent spectral Doppler ultrasound (US) and liver
biopsy to determine the etiology of liver injury. Patients
without immunological rejection who were suspected
to have hepatic artery stenosis underwent conventional
angiography to confirm the diagnosis. The decision to
intervene directly in the hepatic artery versus emboli-
zation of an extra hepatic visceral artery was decided
intra-procedurally between the interventional radiologist
and the transplant surgeon. The primary factor favoring
EHALI was hepatic artery tortuosity such that the steno-
sis was located within 2 cm of an acute arterial curva-
ture/kink. Additionally, recent transplantation (less than
1 month after surgery) heavily favored EHAI to avoid the
risk of hepatic artery anastomotic disruption.

During HAI procedures, the patient was fully antico-
agulated with heparin prior to attempted crossing of a
HAS, with a goal activated clotting time (ACT) greater
than 250 s or double the patient’s baseline. The stenotic
segment was crossed with gentle use of a coaxial sys-
tem including microcatheters 2.4 French or smaller and
microwires 0.018 inches or smaller. Verapamil (2.5 mg)
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was administered intra-arterially via a catheter in cases
of hepatic artery spasm. The primary balloon used for
angioplasty was the Sterling Monorail (Boston Scientific;
Marlborough, MA). Stenting was pursued in cases where
angioplasty was insufficient (residual stenosis greater
than 20%). The primary stents used included the Rebel
bare-metal stent (Boston Scientific; Marlborough, MA)
and Viabahn covered stent-graft (Gore; Newark, DE).
Following stent placement, the patient was immediately
administered 300 mg clopidogrel and continued 75 mg
clopidogrel daily for at least 3 months. HAI was consid-
ered technically successful when there was less than 20%
residual stenosis of the treated hepatic artery, by visual
estimate.

For EHAI, proximal splenic embolization was per-
formed just distal to the dorsal pancreatic artery, and
embolization of the gastroduodenal artery (GDA) or left
gastric artery (LGA) was performed approximately 2 cm
distal to the origin. Embolization of the splenic artery
was commonly performed with Amplatzer emboliza-
tion plugs (Abbott Laboratories; Abbott Park, Illinois).
Additional embolization of the splenic artery, as well
as embolization of the gastroduodenal and left gastric
artery, was performed primarily using Concerto detach-
able embolic coils (Medtronic; Swedesboro, New Jersey).
During EHAI an artery was selected for embolization if
it had larger-than-expected vessel caliber compared to
the hepatic artery and/or exhibited preferential flow on
celiac arteriography. If multiple vessels met this criteria,
the largest vessel was first embolized; if this proved insuf-
ficient, then the second largest vessel was embolized. No
patient had more than two visceral arteries embolized.
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Successful EHAI was defined by effective redirection of
celiac axis flow leading to improved hepatic parenchymal
opacification on post-embolization angiography. If EHAI
was still insufficient, the decision was made to perform
HAI during the same procedure. In such instances of
concomitant EHAI and HAI, the ‘combination’ procedure
was categorized as a direct intervention and included in
the HAI group.

All procedures included within this study were per-
formed by one of three interventional radiologists, each
with greater than fifteen years of experience in the field.

Statistical tests

Baseline pre-procedural data are described as means and
standard deviations (SD) or medians with interquartile
ranges (IQR). Differences were determined using non-
parametric tests for medians and t-tests for means. Com-
plications were described and presented as percentages,
with differences determined using the chi-squared test.
The median, IQR values, and correlation coefficients with
statistical significance were computed for longitudinal
clinical and ultrasound data. The analysis was performed
using Stata version 17 (Stata; StataCorp, College Station
TX). Statistical significance was defined as p <0.05.

Results

The initial search produced 72 procedures, of which
48 interventions met the inclusion criteria (Fig. 1).
Procedures that met the exclusion criteria included
intra-procedural findings of thrombosis (7) or pseu-
doaneurysm (3), auto-immune rejection (1), conserva-
tive management (3), or patients who underwent repeat

Number of Procedures
n72

Exclusion Criteria

ntra-operative thrombosis (n: 7)
Intra-operative pseudoaneurysm (n: 3)
Auto-immune rejection (n: 1)
Conservative Management (n: 3)
Crossed-over interventions (n: 10}

Included in Study
n:48

Extra-Hepatic Arterial
Intervention
n:27

Splenic GDA Left Gastric Splenic + GDA
n: 20 n:3 n:1 n:3

Hepatic Artery
Intervention
n:21

Angioplasty + Angioplasty + Angioplasty +
Stent EHAI Stent + EHAI
n:11 n:2 n:4

Angioplasty
n:4

Fig. 1 Flowchart of the cohort study design. Procedures performed for suspected symptomatic hepatic artery stenosis during the study period,

and subsequent treatments performed when indicated
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intervention in different treatment arms within the
1-year post-procedural period (10). The HAI treat-
ment arm included 21 procedures in 18 patients and
the EHALI treatment arm included 27 procedures in 22
patients. Most EHAI’s involved splenic artery embo-
lization. Out of the 21 HAI’, six involved angioplasty
(of which two had concomitant EHAI) while fifteen
involved angioplasty and stenting (of which four had
concomitant EHAI). Demographics and pre-procedural
data are reported in Table 1. Examples of patients with
favorable hepatic artery anatomy treated within the
HAI group and tortuous hepatic artery anatomy treated
within the EHAI group are shown in Figs. 2 and 3,
respectively. Figure 4 demonstrates additional cases of
EHALI with difficult hepatic arterial artery in which the
stenosis was less than 2 cm from a region acute arterial
curvature (less than 90 degrees).

Table 1 Pre-procedural clinical data

Page 5 of 10

There was no significant difference in most demo-
graphic and clinical data between both treatment arms
(i.e., gender, age, severity of transaminitis), with excep-
tion for pre-procedural hemoglobin. There was a similar
degree of hepatic artery stenosis in the HAI group versus
the EHAI group (59% [+ 9%] versus 56% [+ 12], p=0.32).
Of note, there was a significantly lower median resistive
index in the HAI group than in the EHAI group on pre-
procedural evaluation (see Table 1).

One-year liver-related deaths occurred at a non-sta-
tistically significant higher rate of 10% (2/21) following
hepatic artery interventions versus 0% (0/27) following
extra-hepatic arterial interventions (p=0.10). Within
the HAI group, liver-related deaths occurred 1 day and
70 days after angioplasty and stent placement. There
were two cases of non-liver-related deaths in the EHAI
group secondary to sepsis and multiorgan system failure

Hepatic Artery intervention Extra-hepatic Arterial intervention p-value

Number of procedures 21 27

Age at transplant (years), mean (SD) 504 (+7.7) 536 (+11.8) 0.056
Gender (female) 9 (43%) 8 (30%) 034
Time between transplant and intervention (days), median (IQR) 87 (54-207) 67 (47-107) 0.26
Procedures requiring repeat intervention 3 (14%) 5 (19%) 0.70
Hb (g/dL), median (IQR) 11.1(10.3-13.2) 94 (84-11.2) 0.007
Creatinine (mg/dL), median (IQR) 1(9-1.2) 1.1 (8-1.4) 0.83
ALT (U/L), median (IQR) 125 (67-241) 101 (71-201) 0.39
AST (U/L), median (IQR) 79 (35-194) 66 (36-124) 0.26
INR, median (IQR) 1(1-1.1) 1.1(1-1.2) 0.19
Degree of hepatic artery stenosis, mean (SD) 59% (+9%) 56% (+12%) 032
Peak Systolic Velocity (cm/s), median (IQR) 77 (59-96) 85 (62-99) 043
Resistive index, median (IQR) .53 (44-.59) 64 (52-.7) 0.008

Fig. 2 Example of Hepatic Artery. 61-year-old male with liver transplantation (3 months prior) presenting with transaminitis and suspected hepatic
artery stenosis. A Initial angiography demonstrates that the region of stenosis (arrow) is in a linear segment of hepatic artery which is amenable
to direct intervention. B Angiography following angioplasty and stenting demonstrates brisks flow through the hepatic artery without evidence

of complication
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Fig. 3 Example of Extra-Hepatic Arterial Intervention. 55-year-old male with history orthotopic liver transplant (2 months prior) presenting
with transaminitis in the setting of known hepatic artery stenosis. A Common hepatic angiography demonstrating stenosis (arrow),

adjacent to region of acute curvature, and dominant gastroduodenal arterial flow. B Post-embolization angiography demonstrating improved
blood flow through the stenotic hepatic artery and increased hepatic parenchymal blush

Fig. 4 Examples of Anatomy Favoring Extra-Hepatic Arterial Interventions. Four case examples of hepatic artery stenosis (arrows) located

adjacent to a region of acute arterial curvature (greater than 90 degrees)

involving coronavirus pneumonia (1) and disseminated
candidiasis (1).

There was a significantly higher complication rate
of 29% (6/21) in the HAI treatment arm compared to
4% (1/27) in the EHAI treatment arm (p=0.015). The
six major post-procedural complications following
HAI included intraperitoneal hematoma (1), hepatic
artery dissection (1), and thrombosis (4). One case of
hepatic artery thrombosis resulted in graft loss requir-
ing re-transplantation within 2 weeks of the procedure.
The one major complication following EHAI involved

pseudoaneurysm and hematoma development along
the hepatic artery after splenic artery embolization. The
cause remains unknown; however, it is included as an
EHAI complication as it occurred several days following
the procedure. Repeat interventions to treat complica-
tions were excluded from the analysis because the indi-
cation and/or intra-procedural finding was not hepatic
artery stenosis. There was one case of major biliary
ischemic event in the HAI group. One-year liver-related
deaths, ischemic biliary events and post-procedural com-
plications are listed in Table 2. Sub-group analysis was
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performed in which the six ‘combination’ procedures in
the HAI treatment arm were excluded (Table 3). There
remained a higher percentage of liver-related deaths (13%
[2/15] versus 0% [0/27], p=0.052) and complications
(27% [4/15] versus 4% [1/27], p=0.028) in the HAI group
versus EHAI group.

The secondary outcomes regarding spectral Dop-
pler ultrasound parameters of the hepatic artery at the
porta hepatis are listed in Table 4. After intervention,
a significant improvement in RI values was observed
between the HAI group versus the EHAI group (+0.11
[IQR +0.07, +0.15] vs. +0.04 [IQR -0.07, +0.07], p < 0.01).
Both groups demonstrated nonsignificant increases in
median PSV of the hepatic artery following intervention.
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The longitudinal trends in hepatic enzymes are illus-
trated in Figs. 5 and 6. Pre-procedural transaminitis was
not significantly different between the HAI or EHAI
groups for both ALT (125 U/L versus 101 U/L, p=0.39)
and AST (79 U/L versus 66 U/L, p=0.26). There was an
initial spike in liver enzymes one week after intervention
in the HAI group; however, trends over the following
weeks were similar between both groups. The changes in
hepatic enzymes when comparing pre-procedural levels
to levels four weeks following intervention were similar
between the HAI and the EHAI groups for both ALT
(-72 U/L vs -112.5 U/L, p=0.60) and AST (-58 U/L vs -48
U/L, p=0.56) (see Table 5). Of note, the data points for
hepatic enzymes included 76% (16/21) of HAI and 85%

Table 2 One-year graft survival, biliary ischemic events, and post-procedural complications

Hepatic Artery Intervention Extra-Hepatic Arterial Intervention p-value
Number of procedures N=21 N=27
Procedures without complications 15 (71%) 26 (96%) 0.015
Procedures with complications
Dissection 1 0
Thrombosis 4 0
Hematoma 1 1
Biliary ischemic events 1 (5%) 0
1-year liver related deaths 2 (10%) 0 0.10
Table 3 Sub-group analysis of primary outcomes with exclusion of combination procedures
Hepatic Artery Intervention Extra-Hepatic Arterial Intervention p-value
Number of procedures N=15 N=27
Procedures without complications 11(73%) 26 (96%) 0.028
Procedures with complications
Dissection 1 0
Thrombosis 2 0
Hematoma 1 1
Biliary ischemic events 1(7%) 0
1-year liver related deaths 2 (10%) 0 0.052

Table 4 Post-procedural outcomes: ultrasound parameters

Pre-Procedural

Immediate Post-Procedural

Peak Systolic Velocity (cm/s)

Resistive Index

Peak Systolic Velocity (cm/s) Resistive Index

Hepatic Artery Intervention, 77 (59 - 96) 0.53 (044 - 0.59) 116 (87 — 148) 0.61(0.58 - 0.75)
median (IQR)

Extra-Hepatic Arterial Interven- 85 (62 — 99) 0.64 (0.52-0.7) 105 (75-123) 0.67 (0.57-0.7)
tion, median (IQR)

p-value 043 0.008 0.16 097
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Fig. 5 Longitudinal trends of alanine transaminase (ALT). The highest ALT lab values at intervals of 1-7 days, 8-14 days, 15-21 days, and 22-28 days
following intervention
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Fig. 6 Longitudinal trends of alanine transaminase (AST). The highest AST lab values at intervals of 1-7 days, 8-14 days, 15-21 days, and 22-28 days
following intervention

Table 5 Liver enzyme changes in comparison to pre-procedural values

Hepatic intervention Extrahepatic intervention p-value

ALT week 1 (U/L), median (IQR) A85 A-6 0.12
(-14.5,120) (-19,10)

ALT week 2 (U/L), median (IQR) A-71 N-46 0.83
(-1685,-11) (-113,-19)

ALT week 3 (U/L), median (IQR) A-57 A-48 0.87
(-155,-7) (-126,-22)

ALT week 4 (U/L), median (IQR) N-72 A-1125 0.60
(-180, -8) (-206.5,-32)

AST week 1 (U/L), median (IQR) A-5 A-6 046
(-24,63.5) (-21,12)

AST week 2 (U/L), median (IQR) A-135 A-24 0.75
(-915,-2) (-48,-14)

AST week 3 (U/L), median (IQR) A-41 D-27 032
(-102,-12) (-61,-2)

AST week 4 (U/L), median (IQR) A -58 A-48 0.56

(-182,-40) (-113,-11)
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(23/27) of EHAI procedures at week two and 33% (7/21)
of HAI and 30% (8/27) of EHAI procedures at week four.

The proportion of procedures requiring repeat inter-
vention within the same treatment group was similar
between the HAI and EHAI groups (14% [3/21] versus
19% [5/27], p=0.70). When considering that there was a
repeat intervention within each of the six ‘combination’
procedures (EHAI immediately followed by HAI), the
total proportion of procedures requiring repeat inter-
vention for EHAI grows to 33% (11/33) versus HAI 14%
(3/21), p=0.06.

Discussion

This study compared the safety and efficacy of direct
hepatic artery intervention with non-hepatic visceral
artery embolization for the treatment of symptomatic
hepatic artery stenosis. The treatment modality was pri-
marily determined by the degree of hepatic artery tor-
tuosity such that the stenosis was located less than 2 cm
from an acute arterial curvature/kink (see Fig. 4). The
results indicate an improved safety profile with EHAI as
demonstrated by decreased liver-related deaths and com-
plications rates when compared to HAI. These conclu-
sions remain consistent when excluding the ‘combination’
procedures from the HAI treatment arm (see Table 3).

Pre-operative hemoglobin levels were statistically dif-
ferent between both treatment arms; however, this was
considered an incidental occurrence that did not impact
the post-procedural outcomes. Pre-procedural resis-
tive indices measured distal to the stenosis showed sta-
tistically significant differences between the groups (see
Table 4). However, the other pre-procedural data points
used to quantify stenosis, including percentage steno-
sis, severity of transaminitis, and peak systolic velocity,
showed no significant differences between the treatment
arms. This homogeneity between patient cohorts in both
treatment groups lends support to the notion that celiac
blood flow diversion is a valid strategy in the manage-
ment of HAS.

Previous studies on direct hepatic artery interven-
tions considered progression to hepatic artery throm-
bosis separate from other procedural complications
such as dissection, rupture, or hematoma. When
excluding thrombosis, our complication rate of 9.5%
(2/21) following hepatic artery angioplasty and/or
stenting was similar to previously reported rates of
5.3-12% [5, 8, 10-12]. When comparing the rates of
hepatic artery thrombosis following angioplasty and/
or stenting for HAS, our rate of 19% (4/21) was slightly
lower than previously reported rates of 27-28%
[20, 21]. Previous retrospective reviews reported
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an increase in RI between 0.1 to 0.2 following direct
hepatic artery interventions, which is concordant
with the+0.11 change in RI within our HAI treatment
group [8, 9].

Regarding the EHAI treatment arm, direct com-
parisons to existing literature are limited owing to dif-
ferences in indications for intervention. Previously
reported increases in hepatic arterial flow and low
complication rates following splenic artery emboliza-
tion in liver transplant recipients are consistent with
our results [15, 16, 18]. To our knowledge, the litera-
ture regarding visceral artery embolization to main-
tain hepatic perfusion in the setting of hepatic artery
pathology has been limited to case reports [22].

The present study had some limitations. Due to the
retrospective nature of the study, patients received dif-
ferent treatments intraoperatively without prospective
randomization. Most patients included in this study
had a multi-dimensional treatment approach, includ-
ing administration of empiric high-dose steroids, prior
to a biopsy ruling out rejection. Patients who had
undergone transplantation within the past 30-days
were preferred candidates of EHAI, potentially creat-
ing a systematic bias between the treatment groups.
However, the difference in time between transplant
and intervention for both groups does not show sta-
tistical significance. Improvements in equipment over
the course of this 9-year study period have influenced
treatment decisions and technical feasibility. For exam-
ple, Amplatzer embolization plugs (Abbot Labora-
tories; Abbott Park, Illinois) often used in EHAI have
improved from 12 French catheters delivery systems at
the beginning of this study to 5 French catheter deliv-
ery systems.

Post-transplant hepatic arterial stenosis is a challeng-
ing problem with limited published data to guide deci-
sion making. Hepatic artery angioplasty and/or stenting
is the established endovascular treatment as it directly
addresses the pathology; however, instrumentation of
the hepatic artery remains a dangerous maneuver with
potentially fatal consequences. Therefore, adjunctive
and alternative treatment options should be explored
and employed, whenever possible. Current indica-
tions for non-hepatic visceral artery embolization in
post-liver transplant patients are limited to hemor-
rhage, steal syndrome, and portal hyperperfusion with-
out concomitant hepatic arterial pathology. Based on
the results of this study, EHAI demonstrates efficacy
in the treatment of symptomatic HAS by using a safe,
relatively common, embolization technique. Therefore,
the authors of this study suggest that the indications
for non-hepatic visceral artery embolization should be
expanded to include symptomatic HAS.



Desai et al. CVIR Endovascular (2024) 7:39

Conclusion

In summary, 22 of the 40 patients with clinically signifi-
cant HAS were successfully managed with EHAI and
were able to avoid direct hepatic artery intervention.
Therefore, we suggest that in cases of difficult hepatic
arterial anatomy, extra-hepatic visceral artery emboli-
zation can be considered as an alternative intervention
before attempting instrumentation of the hepatic artery.
Further research involving a multi-center registry with
long-term results would be helpful in establishing this
alternative treatment approach for hepatic artery stenosis
following adult liver transplantation.
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