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Frequency and Outcome of Hepatic Arterial Thrombosis in
Recipients of Living Donor Liver Transplantation
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ABASTRACT
Objective: To determine the frequency, risk factors, and management of hepatic arterial thrombosis (HAT) in recipients of
living donor living transplantation.
Study Design: Cohort study.
Place and Duration of Study: Department of Liver Transplant, Pir Abdul Qadir Shah Jeelani Institute of Medical Sciences,
Gambat, Sindh, Pakistan, from 1st January 2019 to 31st July 2020.
Methodology: Two hundred and forty living donor liver transplants (LDLT) recipients’ data were evaluated. Frequencies of HAT
were recorded, and various risk factors for the development of HAT were analysed by comparing HAT group (n = 12) and non-
HAT group (n = 228). Management and outcome of HAT cases were also reviewed. Statistical analysis of this study was done
with SPSS software version 21.
Results: Out of 240 patients, 212 (88.3%) were males. Overall mean age was 39.40 ± 12.14 years. Mean model for end-stage
liver disease (MELD) score was 18.70 ± 4.98. Overall male to female ratio was 7.5:1. The common indication for LDLT in these
patients was chronic liver disease secondary to hepatitis B and C virus infection in 85% of patients. Postoperative HAT incidence
was found as 5%.  Risk factor found statistically significant was intraoperative platelet transfusion.
Conclusion: HAT is a deadly complication and needs early detection to avoid graft loss. The risk factor documented in this
study should be avoided, if possible. Moreover, prompt and quick action is necessary for re-vascularisation to avoid re-transplan-
tation.
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INTRODUCTION

Liver transplantation (LT) is the gold standard treatment for
end-stage  liver  disease.  Post  LT  vascular  complications  are
quite  common  despite  improvement  and  innovations  in
vascular anastomotic techniques.1 Hepatic artery thrombosis
(HAT) is one of the most catastrophic vascular complications in
post LT recipients, with an overall incidence of 2% to 9%.2,3

HAT is one of the major causes for graft failure in post-LT patients
in more than 50% of cases.4 Re-transplantation is needed, if HAT
is not timely addressed and managed.5The exact causes of HAT
are still not known, but factors responsible for this complication
can  be  divided  into  surgical  technique-related  factors,  and
donor/recipient-related factors (that affect directly or indirectly
influencing other factors that predispose to thrombosis).6
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These risk factors include pediatric recipient, small diameter
artery, prolonged arterial clamping, arterial kink, and intimal
dissection.7 LDLT involves complex surgical techniques and a
small-caliber donor artery (a potential risk factor for HAT).8 HAT-
related risk factors may vary from centre to centre, that is why
the exact etiology of this complication remains debatable.9

The aim of the present study was to review a single-institution
experience with the spectrum and management of HAT in adult
recipients of LDLT.

METHODOLOGY

This single-centre cohort study was performed retrospectively
at Department of Liver Transplant, Pir Abdul Qadir Shah Jeelani
Institute of Medical Sciences, Gambat, Sindh, Pakistan. Up to
240 living donor liver transplants recipients’ data were evalu-
ated, who were operated from 1st   January 2019 to 31st   July
2020. A baseline demographic and detailed clinical data were
collected from the recipients’ database.

Per protocol living donors, with age range 18 to 40 years with no
comorbidity,  with  compatible  ABO  blood  group  with  the
recipient, having normal preoperative laboratory parameters,
favourable anatomy on liver dynamic CT scan and MRCP, were
selected as donors. Donor anatomy, graft size, and the future
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liver remnant were calculated preoperatively. The transplant
procedure was a standard LDLT procedure. Details of preopera-
tive assessment of all donors and recipients were taken by cardi-
ologist, pulmonologist, and anesthetist.

High hilar porta dissection technique was used for preserving
appropriate  hepatic  arterial  length  after  taking  control  of
hepatic  artery proper/common hepatic  artery by applying a
vascular bulldog clamp for minimising the incidence of intimal
dissection. Left and right hepatic arteries were separated from
the bile duct and portal vein.

Hepatic  arterial  reconstruction  was  based  on  the  quality,
caliber,  and  length  of  graft  and  recipient  hepatic  arterial
anatomy.  Before  anastomosis,  both  donor  and  recipient
arteries were checked for intimal dissection, alignment; and
margins were refreshed. Care was taken to prevent arterial
redundancy.  Hepatic  arterial  reconstruction  was  done  with
interrupted  technique  under  3.5  magnification  loupes  by  a
consultant transplant surgeon with at least three years of experi-
ence. The suture material used for anastomosis was polypropy-
lene suture 7/0 or 8/0.

In the majority of cases, graft artery was anastomosed with
recipient hepatic artery, i.e. right/left hepatic artery or hepatic
artery proper, depending upon caliber, flow, and quality of the
artery. Extra-hepatic arterial inflow was given as an alternative
in cases with hepatic arterial dissection.

At the end of implantation, vascular patency and flow velocities
were confirmed on intraoperative Doppler ultrasound. Biliary
reconstruction was done with duct-to-duct anastomosis.

As per protocol for early detection of HAT, liver Doppler ultra-
sonography of all recipients were performed for the first five
days and then at discharge. Moreover, daily LFTs of all patients
were done till discharge. After five days on need base, Doppler
ultrasound  were  performed  in  cases  where  elevated  liver
enzymes were noted on routine daily LFTS.

Anticoagulant therapy was not routinely administered. Antico-
agulation therapy was individualised, based upon INR and risk
factors  like  BMI,  history  of  diabetes/hypertension,  smoking,
prolong bedridden patients, those having multiple arterial anas-
tomoses, interposition grafts, and technically demanding arte-
rial reconstruction. Prophylactic anticoagulation was done with
intravenous low molecular weight heparin (Enoxaparin sodium)
with a dose of 1 to 2 mg/kg body weight. Anticoagulation usually
started on 2nd postoperated day or onward and continued till five
days. While patients with a platelet count of less than 30 thou-
sand, INR >2, those with difficult hemostasis (who were given
platelets  and  FFPs  infusion),  and  those  having  hemorrhagic
drains were not given anticoagulation.

For study purpose, LDLT recipients in study were grouped into
recipients with HAT (Group A; n = 12) and recipients without
HAT (Group B; n = 228). HAT was labelled on weak hepatic arte-
rial signals or loss of flow on hepatic Doppler ultrasound. CT
angiography was always performed for confirmation of HAT.

The management of every HAT case was discussed at a multidis-
ciplinary meeting, participated by transplant surgeons, radiolo-
gists, critical care specialists, and transplant hepatologists. As
per  general  policy,  emergency  surgical  repair  was  the  first
choice for those who developed HAT within the first five days of
transplantation,  while  the  interventional  radiological  proce-
dure was preferred for those who developed HAT after five days.
Angioplasty  or  thrombolysis  was  simultaneously  performed
during diagnostic angiography. 
Table  I:  Preoperative  and  postoperative  parameters  comparison
between both groups.

Parameter HAT
N=12 (5%)

Non- HAT
N=228(95%) p-value

Age 36.25+11.63 years 39.56+12.17 years 0.358

Gender M=9(75%)
F=3(25%)

M=203(89%)
F=25(11%) 0.152

BMI 21.61  +4.825 22.67+4.748 0.450
DM 01(8.3%) 14(6.1%) 0.548
HTN 0(0 %) 04(1.8%) >0.999
Cardiac disease 0(0%) 0(0%) -
Smoking 2(16.7%) 12(5.3%) 0.149
Alcohol 0(0%) 06 (2.6%) >0.999
HCC 01(8.3%) 40(17.5%) 0.697
TACE 01(8.3%) 31(13.6%) >0.999
MELD-Na 18.7+3.9 18.7+5.0 0.980

  Graft type

0.184
Right lobe without MHV 11 (91.7%) 156(68.4%)
Right lobe with MHV 0 (0%) 27 (11.8%)
Right lobe with partial MHV 01 (8.3%) 39 (17.1%)
Left lobe graft 0(0%) 06(2.6%)
Graft weight 644.92+81.901 gm 686.35+136.19 gm 0.298
Warm ischemia 27.50+7.23 min 31.18+8.45 min 0.140
Cold ischemia 6.92+3.605 min 9.10+4.461 min 0.065
Operative duration 512.5+ 69.95 min 528.35+ 69.5 min 0.442

  Arterial inflow
0.305Hepatic 11(91.7%) 222(97.4%)

Extra-Hepatic 01 (8.3%) 06(2.6%)
Conduit used 01 (8.3%) 02 (0.9%) 0.143
Multiple anastomosis 01 (8.3%) 02 (0.9%) 0.143
Intra-op FFP transfusion 2(16.7%) 08(3.5%) 0.083
PRBC transfusion 7(58.3%) 92(40.4%) 0.241
Intra-op platelets transfusion 3(25%) 4(1.8%) 0.003

Anticoagulation used Yes: 02(16.67%)
No: 10(83.34%)

Yes: 70(30.70%)
No: 158(69.30%) 0.518

Patient  demographics,  indications  for  transplant,  comorbid
conditions, graft type, graft weight, cold and warm ischemia
time, operative time, transfusion (red blood cells, fresh frozen
plasma, and platelets), type of arterial anastomosis, conduit
used, and anticoagulation status were compared between HAT
and Non-HAT groups (Table I), Statistical analysis of this study
was done with SPSS version 21.

The management and outcome of HAT and the need for re-tran-
splantation after HAT were also reviewed (Table II).

Univariate analysis by the Chi-square or Fisher’s Exact tests
was done to assess the association between graft and surgical
technique-related predisposing factors, i.e. recipient age, oper-
ation period, graft type, weight and the HAT incidence.
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Table II: Management summary of cases with HAT.

Case
No

Day of
incidence

Hemodynamic
stability

Ionotropic
support

ALT (U/L)
value at

diagnosis

ALT (U/L)
value
after

treatment
on next

day

AST (U/L)
value at

diagnosis

AST (U/L)
value
after

treatment
on next

day

Lactate
level at

diagnosis
(mmol/L)

Lactate
level
after

treatment
on next

day
(mmol/L)

INR
Platelet
count

(cells/mm3)

Interval
to

procedure
Procedure
performed

Successful
outcome

1 3rd yes Nil 473 257 301 224 4.7 2.2 1.8 90,000 4 hours Surgical exploration yes
2 5th yes Nil 403 221 298 213 2.7 2.1 1.4 76,000 3 hours Surgical exploration Yes
3 2rd yes yes 551 324 342 287 2.6 1.8 1.6 84,000 4 hours Surgical exploration No

4 8th yes Nil 331 187 221 175 5.0 2.2 1.8 70,000 4 hours Interventional
Radiology Yes

5 4th yes Nil 654 458 307 252 3.3 1.7 1.7 51,000 4 hours Surgical exploration Yes
6 4th yes Nil 199 105 101 80 2.8 1.9 1.9 62,000 3.5 hours Surgical exploration Yes

7 6th yes Nil 321 202 197 132 2.1 1.7 1.5 48,000 4. hours Interventional
Radiology Yes

8 4th yes Nil 256 145 123 99 2.5 1.6 1.7 165,000 4 hours Surgical exploration Yes
9 4th yes Nil 456 310 335 275 2.2 1.6 1.8 83,000 3.5 hours Surgical exploration Yes

10 7th yes Nil 387 280 280 221 4.8 1.8 1.2 60,000 3.5 hours Interventional
Radiology Yes

11 1st yes yes 432 316 346 268 1.8 1.5 1.4 83,000 4 hours Surgical exploration Yes
12 4th yes Nil 476 335 367 297 1.7 1.4 1.5 105,000 3 hours Surgical exploration Yes

A  p-value  of  <0.05  was  considered  statistically  significant.
For quantitative data, mean ± SD was given and evaluated
by an independent sample t-test. For categorical variables,
frequencies and percentages were given and evaluated by
Chi-square or Fisher’s Exact test.

Overall  survival  was  calculated  by  applying  Kaplan-Meier
survival analysis. The study was conducted after approval by
the Hospital Ethical Committee.

RESULTS

Overall mean age was 39.40 ± 12.14 years. The mean MELD
score was 18.70 ± 4.98. Out of 240 cases, 212 (88.3%) were
males and 28 (11.7%) were females.  The male-to-female
ratio was 7.5:1.

The  common  indication  for  LDLT  in  these  patients  was
chronic liver disease secondary to hepatitis B and C virus
infection in 204 (85%) patients, while cryptogenic cirrhosis
found in 13 (5.4%), primary biliary cirrhosis and primary scle-
rosing cholangitis in 1 (0.4%) case each, NASH in 2 (0.8%),
autoimmune  hepatitis  in  3  (1.3%),  Wilson  disease  in  6
(2.5%), Budd Chiari syndrome in 8 (3.3%) and progressive
familial intrahepatic cholestatic diseases in 2 (0.8%) cases.

Postoperative HAT occurred in 12 (5%) recipients. Hepatocel-
lular carcinoma (HCC) was found in 8.3 % in the HAT group,
while 17.5% in the non-HAT group. TACE history was positive
in 8.3% cases in the HAT group, while in 13.6% of cases in
the  non-HAT  group.  No  significant  difference  was  found  by
comparing  variables  like,  gender,  MELD  score,  BMI,
comorbid,  HCC,  and  TACE  in  the  two  groups  (Table  I).

Moreover, no significant difference was found by comparing
operative  variables  like  mean  cold  and  warm  ischemia
time,  duration  of  surgery,  graft  weight,  conduit  use,
multiple anastomoses, PRBCs, and FFPs transfusion in both
groups (Table I).

The  only  significant  comparable  operative  variable  found
was platelets transfusion. Platelets transfusion was found in
3 (25%) cases in the HAT group, while in 4 (1.75%) cases
with a significant p-value of 0.003.

Postoperatively  72  (30%)  high  risk  patients  out  of  240
patients were anticoagulated and 168 (70%) were not given
anticoagulation. The incidence of HAT was 2.78% in the high
risk group versus 5.95% in low risk group. Seventy (30.70%)
anticoagulated  cases  were  in  the  non-HAT  group  and  2
(16.67%) of anticoagulated cases were in the HAT group.
The comparison in both groups was not significant with a p-
value of 0.518.

The median day for HAT presentation was 4. All HAT patients
were hemodynamically stable, while 2 (16.67%) cases were
maintaining hemodynamics with inotropic support. Elevated
liver enzymes (ALT, AST) were found in all (100 %) HAT cases,
while rising lactate was noted only in 3 (25%) cases. Nine
(75%) cases were diagnosed on daily routine Doppler ultra-
sound  done  during  the  1st  five  postoperative  days,  while  3
(25%) cases were diagnosed on Doppler ultrasound done for
liver enzymes elevation after 5th postoperative day 1st.  All
cases were successfully managed within four hours of diag-
nosis.  Out  of  the  12  HAT cases,  9  (75%)  were  surgically
explored and 3 (25%) cases were managed by vascular inter-
vention techniques.  Five (41.7%) cases were managed by
surgical  thrombectomy and  re-anastomosis.  Donor  arterial
dissection was found in 2 (16.7%) cases and was managed
with revision of anastomosis. One patient developed Re-HAT
and was offered re-transplantation, but not performed due to
donor unavailability. While in 2 (16.7%) cases, recipient arte-
rial dissections were found, which were managed by giving
inflow  with  saphenous  venous  graft  conduit  from suprarenal
aorta, due to inappropriate artery length.

In three HAT cases, managed by an interventional radiologist,
angioplasty was done in two cases; while in 3rd case, stenting
could not be done and the patient was treated with intravas-
cular thrombolytic therapy. All these cases survived (Table II).
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Comparison  of  survival  between  both  groups  showed  a
better survival rate (88.6% versus  83.3%) in the non-HAT
group compared to non-HAT group.

DISCUSSION

The  incidence  of  HAT  in  this  study  was  5%,  which  is
comparable with the literature.10,11  Bekker et al. published a
systematic  review  about  incidence,  risk  factors,  and
outcome of  early HAT in liver  transplant recipients.  They
reported an incidence of 4.4 %.10 While, Salvalaggio et al.
reported an incidence of 3.5% of HAT in adult LDLT versus
0.8% incidence in DDLT. The reasons for the higher inci-
dence in LDLT was quoted as the surgical complexity (short
length  and  small  diameter  donor  arteries  liver  grafts  in
LDLT).11

In the literature, risk factors for HAT development listed are
prolonged cold ischemia, PRBCs, FFPs, and platelets transfu-
sion.12,13  This study demonstrated platelet transfusion as a
risk  factor  for  HAT  development.  Platelet  transfusion  is
usually indicated in difficult operative hemostasis. But on the
other hand, platelets are well known for playing a pivotal
role in arterial thrombosis development. It is both foe-and-
friend in liver transplantation.14

Regarding  surgical  technique,  literature  has  shown  that
complex  arterial  reconstruction  and  reconstruction  with
multiple anastomoses are risk factors for HAT.15-18  Conduit
usage and small lumen artery were declared risk factors in
another study.10   In this study, the percentage number of
cases with conduit use and multiple anastomoses were more
in the HAT group in comparison to the non-HAT group; but
this  comparison  was  not  statistically  significant,  the  reason
may be that anticoagulations in these higher-risk cases were
done. 

Nishida et al. stressed the diagnosing of early HAT, based on
regular Doppler ultrasound examination of the graft. They
reported a major decrease in graft ischemia with timely diag-
nosis  and  urgent  revascularisation.19  With  the  mentioned
protocol for graft surveillance for early HAT detection, there
was not  a  single ischemic graft  in  all  HAT cases.  Angio-
graphic  confirmation  of  HAT  is  needed  when  Doppler  ultra-
sound findings are equivocal.12,19  This study also follows the
same protocol for confirmation of HAT with CT angiography.

Traditionally  for  HAT management,  re-transplantation was
the  procedure  of  choice.  However;  a  limited  donor  pool
restricted this approach. So, alternatively, urgent revasculari-
sation  became  the  first  choice;  and  studies  have  shown
excellent results with urgent revascularisation in timely diag-
nosed cases.10,  12  However, Vrochides et al. suggested that
re-transplantation is necessary for HAT, as surgical thrombec-
tomy and anastomotic revision did not show any improve-
ment  in  graft  survival.20  But  findings  of  few  other  studies
were contradictory to their study, as these studies showed
excellent results with revascularisation.21,22  This study also

showed excellent results with revascularisation; and hence,
the authors prefer revascularisation as a procedure of the
choice for the management of HAT and re-transplantation
for those with ischemic grafts.  

Treatment modality for HAT depends on the time of presenta-
tion.23  The  authors  prefer  surgical  exploration  for  cases
presented  within  the  first  five  days  post-transplantation,
while  intervention  radiological  procedure  for  cases
presented  late  after  five  days.  The  outcome success  of  the
authors with this approach was tremendous.  As ideal treat-
ment for HAT, (surgical or non-surgical therapies including
IR) remains controversial.24 Kogut et al. published his experi-
ence of 26 HAT patients, where revascularisation was done
in  46%  cases  with  intra-arterial  thrombolysis.  However,
subsequent surgical intervention was needed in nearly half
(42%)  of  these  cases.25  The  authors  managed  our  three
cases  successfully  with  interventional  radiological  tech-
niques,  two with  angioplasty,  and  one  with  intravascular
thrombolysis.

Bekker et al. published overall mortality of 33.3% with HAT
patients,  with  a  range  of  0%-80%.10;  while  in  this  study,
mortality of 16.7% was recorded in HAT cases.

In this study, re-transplantation was needed for a single case
in which donor artery arterial dissection was found. The need
for re-transplantation in this study was significantly lower, the
reason of which was early detection of HAT followed by quick
re-vascularisation. The authors managed all the cases within
four hours of HAT detection; though a study has reported a re-
transplantation rate of 50%–75% after HAT.12

The limitation of this single-centre study was relatively smaller
sample-sized  groups.  The  association  of  HAT  with  platelet
transfusion  may  not  be  significant,  if  studied  with  larger
sample size. So, the authors recommend further studies with a
larger population to determine its exact association with HAT
incidence.

CONCLUSION

 HAT is a deadly complication and needs early detection to
avoid graft loss. The protocol mentioned in this study for
early detection of HAT showed satisfactory results,  as no
ischemic graft was recorded. The risk factor documented in
this  study  was  intraoperative  platelet  transfusion  which
should be avoided, if possible. Moreover, prompt and quick
action is necessary for re-vascularisation to avoid re-trans-
plantation.
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