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Abstract

Background Hepatic artery thrombosis (HAT) is one of the critical conditions after an orthotopic liver transplant
(OLT) and leads to severe problems if not corrected promptly. However, multiple treatments have been proposed
for HAT, in which surgical revascularization with either auto-hepatic conduit interposition (AHCI) or revision of the
anastomosis is more familiar indeed indicated for some patients and in specific situations. In this study, we want to
evaluate the success and outcomes of treating early HAT (E-HAT), which defines HAT within 30 days after OLT with
either of the surgical revascularization techniques.

Method In this retrospective study, we collected information from the medical records of patients who underwent
either of the surgical revascularization procedures for E-HAT after OLT. Patients who needed early retransplantation
(RT) or died without surgical intervention for E-HAT were excluded. Demographic data, OLT surgery information,
and data regarding E-HAT were gathered. The study outcomes were secondary management for E-HAT in case of
improper inflow, biliary complications (BC), RT, and death.

Results A total of 37 adult patients with E-HAT after OLT included in this study. These E-HATs were diagnosed within

a mean of 4.6+ 3.6 days after OLT. Two patients had their HA revised for the initial management of E-HAT; however,

it changed to AHCl intraoperatively and finally needed RT. Two and nine patients from the AHCI and revision groups
had re-thrombosis (12.5% vs. 47.3%, respectively, p=0.03). RT was used to manage rethrombosis in all patients of AHCI
and two patients of the revision group (22.2%). In comparison to the AHCI, revision group had statistically insignificant
higher rates of BC (47.4% vs. 31.2%); however, RT for nonvascular etiologies (12.5% vs. 5.3%) and death (12.5% vs.
10.5%) were nonsignificantly higher in AHCI group. All patients with more than one HA exploration who were in the
revision group had BC; however, 28.5% of patients with just one HA exploration experienced BC (p <0.001).

Conclusion Arterial conduit interposition seems a better approach for the initial management of E-HAT in
comparison to revision of the HA anastomosis due to the lower risk of re-thrombosis and the number of HA
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explorations; indeed, BC, RT, and death remain because they are somewhat related to the ischemic event of E-HAT

than to a surgical treatment itself.

Keywords Liver, Liver transplantation, Hepatic artery thrombosis, Biliary complications

Introduction

Vascular problems are the second main complication
after orthotopic liver transplantation (OLT) [1]. Early
hepatic artery thrombosis (E-HAT), which is defined as
any arterial occlusion within 30 days after OLT, is one of
the most dreaded and frequent vascular complications,
affecting 2—12% of OLTs [2—-4], which can appear with
variant presentations, ranging from a clinically silent to
acute hepatic necrosis, biliary problems, graft failure,
and even death [5]. Retransplantation (RT) with a rate
of 50% was declared the standard E-HAT treatment [6].
However, due to insufficient donors, this option could
be substituted by other treatments to salvage the graft;
depending on early diagnosis, prompt intervention,
and careful surgical technique selection and operation
[7]. Treatment options for E-HAT may range from con-
servative treatment and thrombolysis to urgent revas-
cularization with an endovascular approach, surgical
revascularization with open thrombectomy and revision
of the anastomosis, using other arterial source for anas-
tomosis, aorta-hepatic conduit interposition (AHCI), and
finally RT [4, 8, 9]. Whenever proper arterial inflow does
not achieve, the AHCI may use instead. In E-HAT man-
agement, AHCI may become mandatory in some cases
due to the limitations of other treatments. It has been
declared that besides the more proper and reliable inflow
with AHCI than a revision of the anastomosis, it is the
preferred treatment for revascularization in E-HAT due
to the lower risk of re-thrombosis [10, 11]; based on the
hypothesis that thrombosis formation is the dark side of
arterial manipulation, which the risk increases with the
anastomosis revision or any similar vascular intervention
[12]. These statements need more investigation because,
compared to the revision of the anastomosis, AHCI
seems more surgically demanding, has a longer duration
of operation, and it has some specific complications [10,
13]. Therefore, in this 11-year study, we want to evalu-
ate and compare outcomes and complications of treating
E-HAT by either AHCI or revision of the anastomosis.

Materials & methods

Study population

In this retrospective cohort study, we collected informa-
tion from the medical records of 4,010 patients referred
to our high-volume center for OLT in the Middle East.
Patients admitted from April 2009 to June 2020 with an
impression of E-HAT after OLT (detecting HAT within
one month) were included in the study. Pediatric recipi-
ents (age<18 years old), those who underwent early RT

for their E-HAT (E-HAT within 2—-4 week after OLT
and availability of donor) or expired on the waiting list
without surgical revascularization were excluded (Fig.
1). Demographic data (age, sex), OLT surgery informa-
tion (type of liver donation, Model for End-stage Liver
Disease score, liver weight, cold ischemic time), and
data regarding E-HAT management were gathered. The
study outcomes were thrombosis, any biliary complica-
tion (BC), and its severity based on the type of treatment,
retransplantation, and mortality after surgical revascular-
ization for E-HAT. Documents with more than 20% miss-
ing data were excluded.

Evaluation for potential E-HAT

In our center, doppler US (DUS) is routinely performed
intraoperatively and is repeated every 12 h in the first
two weeks after OLT to evaluate the hepatic artery blood
flow. Moreover, it would be urgently requested in case of
any clinical or laboratory derangement. In case of equiv-
ocal results, CT-angiography is performed. If there was
high suspicion for HAT in any imaging modalities, the
patient was transferred to the operating room for HA
exploration.

Surgical technique

In the time of OLT, we usually perform end-to-end donor
common HA (CHA) to the recipient CHA anastomosis
with 7—0 or 8-0 proline sutures in an interrupted or
continuous manner. The anastomosis technique is cho-
sen based on the characteristics of the artery and sur-
geon’s preference. As a routine protocol in our center, we
usually choose inflow of arterial supply from CHA below
the gastroduodenal (GDA) artery by ligating it or use
the confluence of the CHA with GDA as a wider patch
for a better anastomosis. At the time of exploration for
suspected E-HAT, first attempt was revision of the anas-
tomosis if any thrombosis was found at the previous site
and proper blood flow in CHA. In case of diminished
flow in the recipient CHA, splenic artery was inspected
by dissecting the artery at the superior border of the pan-
creas and then the distal part of the artery is ligated with
2-0 silk suture and the proximal part was used as an
alternative arterial supply. If splenic artery flow was not
satisfactory (e.g., in case of calcification or disseminated
arterial intima flap from the CHA to the celiac trunk or
thrombosis that was propagated from the CHA to the
celiac trunk) an infra-renal aorta-hepatic conduit inter-
position graft with the procured common iliac artery
from the deceased donor was created (graft anastomosed
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Fig. 1 The flowchart of how included patients with E-HAT for this study was found among all of the OLT population of our center (E-HAT: early hepatic

artery thrombosis, RT: retransplantation, L-HAT: late hepatic artery thrombosis)

to the aorta with 5—0 proline suture in a continuous
manner and graft attached to HA with 6-0 proline
suture in continuous manner). After re-establishing the
HA flow, it was ensured by observing the arterial pulsa-
tion for a few minutes and intraoperative DUS.

E-HAT prophylaxis

Post-OLT anticoagulation is not routinely administered
in our center for E-HAT prevention. Still, if there was
more than one arterial anastomosis or occurring E-HAT,
a therapeutic dosage of heparin sulfate (17 unit/kg to
reach a 50 s<partial thromboplastin time<80 s) was
administrated after ensuring no active bleeding. After
five days, it was changed to acetylsalicylic acid (80 mg
daily) [14].

Postoperative surveillance

After the surgery, the patients were followed by subjec-
tive and objective components. A panel of blood param-
eters including complete blood cell count (CBC), blood
urea nitrogen (BUN), creatinine (Cr), aspartate amino-
transferase (AST), alanine aminotransferase (ALT), alka-
line phosphatase (ALP), gamma-glutamyl transferase
(GGT), Albumin (Alb), direct and total bilirubin were
checked every week in the first month, every two weeks
in the second month and monthly until the first year after
OLT. Any symptoms (including fever, jaundice, pruritus,
right upper quadrant abdominal pain) or elevation in
blood markers would be reassessed with full abdominal
and hepatobiliary sonography+DUS and magnetic reso-
nance cholangiopancreatography (MRCP) as needed.
Any BC was discussed with a multidisciplinary team. If,
based on the investigations, a significant stricture of the
bile duct was identified at the anastomosis site, it would
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be primarily managed with endoscopic retrograde chol-
angiopancreatography (ERCP) and/or balloon dilata-
tion of the site of stricture and stenting of the common
bile duct by an interventional radiologist. Surgical man-
agement would be done in cases with unsatisfactory
responses by exploring the biliary system and converting
duct-to-duct anastomosis to Roux-en-Y hepaticojejunos-
tomy or revising the attachment [10]. Indications of early
RT for E-HAT or RT for the next episodes of HAT were
simultaneous thrombosis in HA and portal vein, inability
to salvage the graft based on intraoperative evidence of
irreversible graft damage according to pathologist report
of necrosis from frozen section biopsies, disseminated
thrombosis to intrahepatic branches, or incapability to
use either of the HA anastomosis revision or AHCI for
HAT.

Statistical analysis

Data were analyzed by SPSS software (version 26, IBM
Corp. USA). Numerical and categorical variables are
presented as median [95% confidence interval for mean]
(range is mentioned where needed) and number (per-
centages), respectively. Distribution of data was checked
with Q-Q plot and Kolmogorov-Smirnov or Shapiro-Wilk
test. T-test and Pearson chi-square (and Fisher’s Exact
Test where needed) were used for statistical analysis of
normally distributed numerical (age and liver weight)
and categorical variables, respectively and in case of
non-normal distribution, Man-Whitney U test was used.
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Binary regression was used on each dependent variable
(Rethrombosis, BC, RT, or death rates) entering all cat-
egorical and numerical variables to evaluate the potential
predicting factor on each event. A p-value (2-tailed) of
<0.05 was considered a statistically significant level and
mentioned where needed.

Result

The flowchart of finding those E-HATSs that underwent
surgical revascularization with either of the treatments in
our center is in Fig. 1. E-HAT after OLT was diagnosed
within a mean of 4.6+3.6 days, among which three cases
were diagnosed intraoperatively. Extracted data, includ-
ing demographic, OLT indication, surgery information,
and laboratory reports are in Table 1. Figure 2 is the man-
agement flowchart and outcomes of the 37 adult E-HAT
included in the study. Two patients had their HA anas-
tomosis revised for the initial management of E-HAT;
however, due to an intimal flap in the HA and its prop-
agation, we changed it to AHCI intraoperatively (i.e., in
situ AHCI). Finally, RT (named as early RT due to vas-
cular etiologies) was needed due to disseminated throm-
bosis into the intrahepatic arterial branches. Considering
those patients that did not need any further intervention
or special consideration, 7 out of 16 AHCI (43.7%) and
7 out of 19 revision (36.8%) groups were categorized as
non-complicated, respectively (p>0.05).

Table 1 Demographic, surgical, and laboratory data of the included adult E-HAT (numerical variables are based on Median [95%

confidence interval of mean])

Variable Total AHCI (n=16) Revision (n=19) *
(n=37)

Age (years) 455 [38.8-47.7] 44 [37-50] 49 [36.6-51]
Male Sex, n (%) 59% 56% 68%
No. of HA Exploration 1[1.1-1.6] 1 1[1.1-2.0] **
MELD score 20[183-224] 19 [15.8-24.6] 20[185-22.8]
Liver weight (grams) 1150 [1050.9-1234.9] 1090 [945.5-1213] 1160[1038.5-1329.5]
CIT (min) 480 [370.7-479.2] 450 [328-508] 480 [343.4-508.1]
ALP 244 [243.1-404.5] 198 [151.1-355.2] 331[239.5-430.1]
Indications of OLT HBV 13 4 9

PSC 7 2 5

HBV+HCC 4 3 1

AlH 4 3 1

Wilson 3 1 2

NASH 2 0 2

Cryptogenic 2 2 0

NET 1 1 0

ALF 1 0 1

AHCl: aorto-hepatic conduit interposition, AIH: autoimmune hepatitis, ALF: acute liver failure, ALP: alkaline phosphatase, CIT: cold ischemic time, HA: hepatic artery,
HBV: hepatitis B virus, HCC: hepatocellular carcinoma, MELD: model for end stage liver disease, NASH: non-alcoholic steatohepatitis, NET: neuroendocrine tumor,
PSC: primary sclerosing cholangitis, All comparisons were statistically insignificant except for mentioned variable with double stars

*Two patients from the revision group had in situ AHCI and are not included in the analysis

**The HA was explored for thrombosis one, two, three, and four times for 12, four, two, and one patient in the revision group, respectively
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Fig. 2 The flowchart diagram of included adult E-HAT patients, their treatments, and outcomes (AHCI: aorto-hepatic conduit interposition, BC: biliary
complication, B&S: balloon and stenting, HA: hepatic artery, NC: no complication, RT: retransplantation, RYHJ: Roux-en-Y hepatojejunostomy)

Rethrombosis

Two and nine patients from the AHCI and revision
groups had re-thrombosis (12.5% vs. 47.3%, respectively;
OR=6.3 with 95% CI [1.1-35.7], p=0.03). RT was used
to manage the rethrombosis in all patients of AHCI and
two patients of the revision group (22.2%). The remain-
ing seven patients in the revision group had their second
episode of HAT managed with AHCI (n=2) and re-revi-
sion (n=5). Two patients from the re-revision group had
another episode of HAT, which was managed with AHCI
eventually (Fig. 2).

Biliary complication, retransplantation, and death

In comparison to the AHCI, patients who had their HA
anastomosis revised as their first treatment of E-HAT
had statistically insignificant higher rates of BC (47.4% vs.
31.2%); however, RT for nonvascular etiologies (12.5% vs.
5.3%) and death (12.5% vs. 10.5%) were higher in AHCI
group but with no statistical significance. All patients
with more than one HA exploration observed in the
revision group had BC; however, 28.5% of patients with
just one HA exploration experienced BC (p<0.001).
Regression analysis did not reveal any potential pre-
dicting factor on BC, RT, or death. The time to diag-
nose and treat BC has had a mean of 22.44+20.5 months
(range: 4-66, median:10 months). Interval time to RT
and death are categorized into early and late groups.
Early RT was recorded in six patients with a median of
10.5 days (range: 7—16 days), and early death occurred in

two patients within 10 and 15 days after OLT. The three
late RT occurred in 480, 630, and 700 days after OLT;
late deaths were recorded at 1 and 5 years. All patients
with late RT or late death had BC, and the median time
between BC diagnosis to RT or death in the late group
was ten months (range: 7-47 months).

Discussion

The findings of our study indicate that both thrombec-
tomies with (1) the revision of the HA anastomosis in
case of having a suitable flow or arterial structure or (2)
AHCI in case of not having a proper flow in the HA and
splenic artery for revision of the anastomosis are avail-
able options for the initial intervention of E-HAT where
urgent RT is not feasible. What differentiates these two
approaches is related to their major postoperative trou-
bles and how we are going to manage them. Regarding
the problems of these procedures, besides HA re-throm-
bosis, which was significantly higher in the revised
approach and exposed patients to more HA exploration
and manipulation, both of these treatments have risks of
BC, RT, and death. Indeed, we use infra-renal AHCI with
procured iliac artery in case of not having a proper flow
in the HA and splenic artery or propagation of thrombo-
sis to celiac trunk. Although there are other sources for
arterial graft such as GDA, splenic, gastric, colic, or epi-
ploic artery [15—20], our approach of treatment and jump
to AHIC is invasive because we couldn’t use the GDA
due to previous ligation of its origin from proper HA
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for a better and easier HA anastomosis and not having a
promising flow in the splenic artery. Although previous
studies demonstrated their applicability, using other arte-
rial sources need more investigation and experience by
surgeon [15-20].

If re-thrombosis was the main factor to determine the
success of an E-HAT surgical revascularization approach,
Pinna et al. advocated AHCI due to a success rate of 88%,
near to our findings. In our study, the AHCI approach,
either as an initial choice for E-HAT or secondary after
a failed revision, showed some superiority due to much
lower rates of early or late re-thrombosis in the HA.
Although AHCI is surgically demanding, indicated in
specific situations where revision of the anastomosis is
not further applicable, and has a longer operation time
[21], the direct attachment of a conduit to the aorta or
any other similar place provides a high-pressure flow in
the HA and creates a more reliable arterial inflow from
a large source with lower risk of occlusion due to larger
caliber and washing the active molecules [10]. Yet, the
AHCI may lead to ischemic-reperfusion injury due to
prompt resolution of the obstruction and using a high-
pressure flow from the aorta instead of a parallel circula-
tion to the liver, which may cause edema and more liver
injury; however, no report of it was found in our study.
Secondly, the liver and grafts of this study were prepared
for the deceased patient, and using artificial grafts in
patients with living-donor OLT may have the same risk of
re-thrombosis as the revision, which needs more investi-
gation. Finally, due to the complex pathway of graft from
the aorta or any other arterial source to HA, there is a
potential risk of external compression from abdominal
organs or arterial twisting. However, thrombectomy with
the primary revision of the anastomosis is more acces-
sible though it induces more manipulation on the same
artery, and this could be why the rate of re-thrombosis
and HA exploration was higher in this group. Revision
of the anastomosis was successful in 55% of patients in
Scarinci et al. study. The etiology of failed revision was
not reported, which could be due to re-thrombosis of
HA [22]. Re-thrombosis was observed in 12.5% of AHCI
and managed with RT; however, late re-thrombosis was
not found during our follow-up. Re-thrombosis in the
arterial conduit is a potential complication, which may
occur in a range of days, as in four patients of Yanaga et
al. report to months, as seen in two patients of Pinna et
al. study [10, 13]. Graft thrombosis after E-HAT treat-
ment is 16% and 4.2% of re-transplanted cases of E-HAT
in the Vivarelli et al. and Muralidharan et al. study [23,
24]. Hypercoagulable diseases such as anti-phospholipid
syndrome and paroxysmal nocturnal hemoglobinuria
were reasonable explanations for this high rate of re-
thrombosis in the Vivarelli et al. report [24]. Most sur-
geons managed the re-thrombosis after E-HAT with RT

Page 6 of 8

[13]; however, due to the shortage in number of donors
and prolonged waiting list period, our approach was to
reserve RT when damage to the liver is not reversible
based on the pathologic report, the prognosis of salvag-
ing the donor’s liver is poor, and revising the anastomosis
or AHCI as the final rescue procedure were not applica-
ble such as in disseminated thrombosis into intrahepatic
arterial branches. This is why some of our patients who
had their HA explored more than once were all from the
revision group; all patients of this group faced BC; how-
ever, only one needed RT, and one died after all.

The other superiority of AHCI to the revision tech-
nique is related to BC, which was significantly associ-
ated with the number of HA explorations. Following
OLT, the biliary tree is supplied only by HA [8]. There-
fore, any vascular compromise leading to biliary ischemia
may disrupt the standard structure. This is why biliary
necrosis and bile leak are inevitable after E-HAT if not
corrected ultimately [25]. This is similar to previous stud-
ies indicating that any ischemic event, regardless of the
proceeding management, may cause BC after OLT [8, 13,
22, 23]. Based on our findings, all who had more than one
HA exploration experienced BC, and all who had their
HA revised as the initial treatment approach of E-HAT
after OLT. The BC in our AHCI group was higher than
Pinna et al. reports, with 17.6% (One biliary leak and two
distal CBD strictures) and Park et al. with 28.5% (Five
biliary strictures and one leak) [10, 26]. This rate in our
revision group was lower than Scarinci et al. [22], with a
reported rate of 54%. These indicate that BC is related to
the ischemic event and time to manage the E-HAT. Con-
cerning higher rates of re-thrombosis in revision tech-
nique and risk of exploring the HA, AHCI seems a better
approach, indeed not free of problems, similar to the pre-
vious observation [8, 13, 22, 23]. RT and death have been
reported in nearly all investigations on E-HAT, indicating
that the causality is complicated and multifactorial and
cannot be correlated with just a surgical technique [25,
27]. Although the statistical analysis did not find a sig-
nificant difference, RT and death favor revision more. No
RT or death occurred in the AHCI group of the Pinna et
al. study, which may explain the low number of E-HAT
patients [10]. However, the RT rate after the revision of
HA was 36% in Scarinci et al. study, and the death rate
after E-HAT management was 21.4% in Wu et al. study
[22, 28]. All suggest that every ischemic event insults the
liver and increases the chance of graft failure and BC,
which indicates an RT subsequently [8] and eventually
increases the mortality rate mainly due to biliary sep-
sis or multiorgan failure [29]. Based on our observation,
late RT and death were correlated with BC, and regard-
ing the timing of BC, this could be due to irreversible
ischemic intrahepatic cholangiopathy of E-HAT and its
thrombosis.



Sohrabi Nazari et al. BMC Surgery (2024) 24:62

The findings of this study need careful interpretation
due to their retrospective nature, heterogeneity in the
duration of postoperative follow-up, nonrandom allo-
cation of patients between two groups, and continuing
managing the patients based on different surgical indi-
cations of each approach; however, these patients were
selected from a center of excellence for OLT with a large
referral from the whole nation and surrounding countries
and with the experienced surgical team.

Conclusion

Re-thrombosis is a potential complication of manipulat-
ing the HA with a rate of 47.3% after revising the hepatic
artery anastomosis and 12.5% after aorta-hepatic conduit
interposition with procured iliac artery. A higher risk of
thrombosis needs more HA exploration and brings more
BC. Retransplantation and death are inevitable problems
of E-HAT and its surgical revascularization techniques.
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