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Analysis of Hepatic Arterial Thrombosis after Liver Transplantation:

An Experience at a Single Transplantation Center

Atsushi NANASHIMA

First Department of Surgery, Nagasaki University School of Medicine

The author has experienced to practice the clinical works
of cadaveric liver transplantation at a single transplanta-
tion center in Australia between 1999 and 2000. Hepatic
arterial thrombosis causes higher rates of morbidity and
mortality after liver transplantation. To know the associ-
ated factors, pathogenesis and patient outcome, data of 99
adult patients who underwent liver transplantation by the
database for past two years were analysed. Ten patients
(10%) had hepatic arterial thrombosis (HAT group). In donor
demographics, brain death caused by cerebral stroke in the
HAT group (90%) was significantly more than that in the
non HAT group (49%) (p<0.05). The mean amount of blood
transfusion in the HAT group (266656ml) was significantly
greater than that in the control group (15606ml) (p<0.05).
The mean hepatic arterial flow measured by Doppler
flowmeter in the HAT group (214ml/min.) was lower than
that in the control group (399ml/min) (p<0.01). The rate of
in-hospital death or retransplantation caused by severely
biliary abscess with hepatic infarction or graft failure in
the HAT group (40%) tended to be higher compared to the
control group (13%) (p=0.053). In conclusion, decrease of
bleeding and blood transfusion, and obtaining the adequate
arterial blood flow during operation were important to pre-
vent hepatic arterial thrombosis causing higher morbidity
and mortality after liver transplantation.
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Introduction

In orthotopic liver transplantation (OLTx), anastomosed
vascular complications in the allograft are a major com-
plication. Particularly, hepatic arterial thrombosis (HAT)
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is a severe complication, which causes higher rates of
graft loss, and mortality.' ™ Early diagnosis and urgent
salvage therapy such as thrombectomy, revascularization
or retransplantation are necessary.’”® Despite techni-
cal developments in the operative procedures, HAT is
still a major complication after OLTx."

The author had an opportunity to train at an
Australian liver transplantation center between 1999
and 2000. This was a report of a retrospective analy-
sis of associated factors with the development of HAT
and patient prognosis.

Patients and Methods

Patients

The study group consisted of 99 adult patients
with end-stage liver disease who underwent OLTx in
the Australian liver transplantation center between
January 1998 and September 2000. There were 69
males and 30 females with a mean age of 46+ 13
years (range, 17-67 years). The patients were divided
into two groups as follows: 10 (10%) patients with he-
patic arterial thrombosis (HAT) (the HAT group) and
89 (90%) control patients (the non-HAT group). The
donor and recipient background and anesthetic re-
cords in each group were retrieved from patient
charts and the database of the institute.

Characteristics of donor and recipient, operation records
and post-operative parameters

Donor-associated factors were age, time ventilated in
the intensive care unit, cause of brain death, evidence
of resuscitation, use of inotropes, and steatosis score
of donor liver. Recipient associated factors were age,
cause of end stage liver disease, and Child-Turcott-
Pugh (CTP) score. The preoperative status of recipi-
ents at the time of OLTx was recorded according to
the grading used by this institute: Status 1-stable at
home; Status 2-requiring frequent admission; Status 3-
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unwell in hospital; Status 4-in ICU/ventilator depend-
ent.

An experienced liver pathologist scored the steatosis
level on pre-implantation allograft biopsy specimens.
The scale of macrovesicular fat infiltration as defined
at our institution is as follows; S0: absent, SI: mild,
focal steatosis (<30%), SII : moderate, zone 2-3 steatosis
(80-60%), SIII; severe, panlobular steatosis (>60%).”
Operative data analyzed included operation time, total
and warm ischemic times, recorded blood loss and
blood transfusion, prevalence of post-revascularization
syndrome (defined as a mean arterial pressure of less
than 60 mmHg within 5 minutes of allograft
reperfusion),® and flow of portal vein and hepatic ar-
tery after anastomosis. Post-operative complications
including the incidence of acute rejection, sepsis,
biliary complications and initially poor graft function,
and early patient survival were all examined.”

Surgical procedures and examined items

During the donor hepatectomy, a "no touch" tech-
nique for multiple organ retrieval was used,” and the
allograft was preserved with cold University of
Wisconsin solution. During the implantation, a veno-
venous bypass was used routinely during the
anhepatic period.?’ The recipient hepatectomy and im-
plantation of the donor liver were performed accord-
ing to the techniques as previously described.®

Experienced surgeons, who often used a magnifying
glass, performed the vascular anastomosis. The hepatic
artery of the donor liver was  anastomosed at the
trunk of the common hepatic artery of the recipient
with 7-0 prolene, and 4-0 and 6-0 prolene were used
for anastomosis of the hepatic vein and portal vein,
respectively. After anastomosis of the vessels and
revascularization, portal venous and hepatic arterial
flow rates were measured using an ultrasonic transit-
time volume flow meter (Transonic® Medical Volume
Flowmeters HT207 series, Transonic Systems Inc,,
Ithaca, NY, USA) with the appropriate probe for the size
of the vessels. Measurement of these vascular flow
was performed at immediately after revascularization
and after biliary anastomosis.

Statistical analysis

Data are expressed as mean & SD. The chi-square test
was used to compare differences in ratios. Data be-
tween two groups was compared using one-way analy-
sis of variance (ANOVA) and examined by Student's t-
test. A two-tailed P wvalue < 0.05 was considered
significant. The StatView Software for Windows,
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Version 5.0 (SAS Institute, Inc, Cary, NC) was used
for all statistical analyses.

Results

In 10 HAT patients, HAT occurred in 6 patients be-
tween 2 weeks and one month and in 4 after one
month after OLTx. The donor and recipient demo-
graphics are shown in Tablel. In the donors, brain
death by cerebral stroke in the HAT group was sig-

Table 1. Donor and recipient demographics data

HAT group Control group p value
(n=10) (n=89)
Donor Age Mean (years) 50212 (20-65)® 4613 (17-67) 0.409
>50y.0 5(50)? 32(36) 0.764
Ventilation time at ICU (hours) 6146 47+£38 0.363
Allograft steatosis
0 7 (70) 69 (78) )
1 1(10) 13 (15) 0.518
2 1(10) 2(2)
3 1(10) 5(5)
Use of inotropes )
No 1(12) 11 (12) 0.982
Yes 9 (88) 78 (88)
Cause of brain death )
Cerebral stroke 9 (%0) 44 (49) 0.049
Trauma 1(10) 36 (40)
Other 0(0) 9(11)
Recipient Age  mean (years) 42+18(23-58) 4314 (10-74) 0.824
>50 y.0 4 (40) 29 (33) 0.916
Cause of liver disease
Chronic viral 6 (60) 33(37)
hepatitis 0.186
Non-viral hepatitis 4 (40) 56 (63)
Alcoholic 2(20) 16 (18)
PSC ® and PBC © 0(0) 1112
Fulminant failure 1(10) 7(8)
Retransplantation 0(0) 78)
Other 1(10) 15(17)
CTP 9 classification
A 2 (20) 16 (18) 0.987
B 5(50) 42 (47)
C 3 (30) 31(35)
Clinical status ©
1 4 (40) 52 (58)
2 5(50) 25 (28) 0.276
3 1(10) 6(7)
4 0(0) 6(7)

a) Scale of steatosis, O:absent, 1: mild, 2 : moderate, 3: severe (16)

b) Primary sclerosing cholangitis,

¢) Primary biliary cirrhosis,

d) Child-Turcott-Pugh,

e) Status 1-stable at home; 2-frequent hospitalization; 3-hospitalized;
4-1CU

f)( ); percentage. The chi-square test was used to compare differ-
ences in ratios.

g) Data between two groups was compared using one-way analysis of
variance (ANOVA) and examined by Student's i-test.
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nificantly more than that in the non HAT group.
Patients with chronic viral hepatitis tended to be
more in the HAT group compared to the non HAT
group but not significant. There was a trend for re-
cipients in the HAT group to have a lower CTP score
and to be of clinical status 1. Table 2 shows data ob-
tained from the anesthetic and surgical records during
OLTx. The major significant differences were more
amount of blood transfusion and lower flow rate of
the artery (<250ml/minutes) in the HAT group com-
pared to the non HAT group. There were no signifi-
cant differences of mean arterial blood pressure and
levels of hematocrit and international normalized ratio
between the HAT group and the non-HAT group dur-
ing operation (data not shown).

Table 2. Anesthetic and surgical record data during OLTx

HAT group Control group p value
(n=10) (n=89)
Total operation time (min.) 5534105 521+119 0.412
Anhepatic time (min.) 13040 112+43 0.196
Total ischemic time (min.) 601:£71 5621139 0.408
‘Warm ischemic time (min.) 51+12 52+20 0.815
Blood loss (ml) 17846=9059 1136317815 0.395
Blood transfusion (ml) 2666523923 1560610701 0.010
Flow rate (ml/min.) ¥
Portal vein 2277795 23561001 0.821
Hepatic artery 214102 399:£197 0.007
(<250ml/nin.) 6 (60) 20 (23) 0.019
PRS"?
No 6 (60) 64 (72) 0.433
Yes 4 (40) 25 (28)

a) Blood flow rate after anastomosis, b) Post-revascularization syn-
drome (mean arterial pressure <60mmHg within 5 minutes after
revascularization)

P value by Student's t-test. Data are mean x SD

( ): percentage. The chi-square test was used to compare differences
in ratios.

Table 3 details the post-operative complications and
patient outcome. In the present study, 83 patients
(84%) were alive at 6 months after OLTx and two of
these patients underwent rescue retransplantation
within one month after the first OLTx. Fourteen pa-
tients (14%) were dead within 6 months after OLTx.
There was a tendency for biliary complications, and
the incidences of retransplantation or post-operative
death, to be more frequent in the HAT group com-
pared to the non HAT group, but there were not sig-
nificant. Table 4 shows the causes of death in the
HAT and the non HAT group. Three patients in the
HAT group progressed to death by severe sepsis re-
sulting from the biliary ischemia and irreversible ab-
scess formation. One patient died from progressive
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Table 3. Postoperative complications and patient survival

HAT group Control group p value
(n=10) (n=89)

Acute rejection
No 5(50) 42 (47) 1.000
Yes 5(50) 47 (53)

Sepsis
No 4 (40) 52 (58) 0.481
Yes 6 (60) 37 (42)

Biliary complications . .
No 5(50) 62 (70) 0.285
Yes 5(50) 27 (30)

Initially poor graft function ¥
No 7(70) 72 (81) 0.418
Yes 3(30) 17(19)

Survival
Alive 6 (60) 77 (87) 0.053
Alive by retransplantation 2 (20) 0(0)

Dead 2 (20) 12 (13)

a) Defined as an increased level of AST and/or ALT of greater than
15600 10U/l on two consecutive measurements within the first 72
hours after OLTx

b) Early prognosis within 6 months after OLTx
( ); percentage. The chi-square test was used to compare differ-
ences in ratios.

Table 4. Cause of death or retransplantation

HAT group Control group
(n=4) (n=12)
Biliary abscess with infarction 3 Sepsis 4
Graft failure 1 Primary non-functioning 3

Intraabdominal bleeding 2
Delayed graft failure 1
Graft versus host disease 1
Renal failure 1

graft failure due to liver ischemia in the HAT group.
In the non HAT group, four patients died from bacte-
rial sepsis unrelated to biliary complications such as
abscess.

Discussion

The incidence of HAT complications after OLTx ranges
between 2.7-10%' °''"'® and is more frequent than
complications of portal vein and caval anastomosis de-
spite development of the current techniques of vascu-
lar anastomosis. In the present series, despite the
small numbers of patients, HAT occurred in 10 cases,
coincident with the incidence described above al-
though the hepatic arterial anastomoses were carefully
performed and checked during and after operation in
each case. HAT often occurs at a ‘late phase such
as more than 30 days after OLTx, and not only in
the early period.!''” Factors other than technical prob-
lems associated with HAT after OLTx have been re-
ported including arterial anastomosis to conduits,'?!"
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the amount of blood transfusion,'*'? recipient/donor

weight ratio,”*’®'” acute rejection,'”” cytomegalovirus
status,’*'® female donor to male recipient,'® long surgi-
cal time,”” clotting abnormalities such as anticardiolipin
antibody,” cross matching,'® and ABO incompatibility."”
These factors seemed to be differently associated with
thrombosis in patients between early and late HAT.?
In the present study, the brain death by the cerebral
stroke was frequent in the HAT patients. The author
speculates that patients who died of the cerebral
stroke might have a potential of thrombosis or
hypercoagulation in the general organs. Furthermore,
old donors tended to be more in the HAT patients
(not significant) and such patients might have scle-
rotic vessels. In the recipients, the incidence of chronic
viral hepatitis in the HAT group tended to be more
(not significant). Oh et al. reported the association
between HAT and recipient with hepatitis C-related
liver disease by the multivariate analysis.'”” In the
anesthetic and surgical records, the amount of bleed-
ing during operation tended to be more in the HAT
group and the increased blood transfusion of red
cells was significantly associated with HAT. Abou Ella
et al. and Hatano et al. also reported that increased
transfusion during the transplant procedure was inde-
pendently associated with an increased incidence of
HAT.*" Particularly, Hatano et al. stressed that
overtransfusion of fresh-frozen plasma might be a critical
factor in the development of HAT in living related
liver transplantation.'” In the present study, fresh fro-
zen plasma has been used as much as red cell trans-
fusion and, therefore, this factor may be one of causes
of HAT. Surgical stress due to major operations usu-
ally leads to hypercoagulation® and, furthermore, an
increase of hematocrit by larger amount of blood
transfusions may promote abnormal clotting. We
speculate that increased hyperviscosity due to
overtransfusion might be a cause of occurrence of
HAT by our results. Nevertheless the mean arterial
blood pressure was similar between groups, the lower
flow rate of hepatic artery after anastomosis, which
was routinely measured using doppler ultrasonography
during operation, was significantly associated with
the HAT complication in the present study. In the
present study, it might be thought that causes of low
flow rate were hyperviscosity by the rapid blood
transfusion, arteriosclerosis due to old donor, injury
during organ donation, or stenosis of the anastomosed
artery. In cases where the flow rate was less than 100
ml/min, the arterial anastomosis was started over
again. Although a flow rate of more than 250 ml/min
was thought to be adequate in our institution,
Abbasoglu et al. reported that patients with a hepatic

)
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artery flow less than 400 ml/min were more than 5
times as likely to develop the hepatic artery complica-
tions.?The lower flow rate of the hepatic artery might
be one of the factors associated with HAT. For post-
operative screening of HAT after OLTx, duplex
doppler ultrasonography is handy and reliable in the
Ward. 1, 6,14,23,24)

HAT complication often leads to severe complica-
tions such as liver infarction, biliary stenosis or
abscess, systemic sepsis and hepatic failure,’ *'* and,
therefore, the mortality rate is higher'’ as seen in the
results of the present series. In the present study,
although the incidences of biliary complications and
poor graft function in the HAT group were not
significantly higher, biliary sepsis due to abscess and
the graft failure caused by liver ischemia were the
main causes in the patients who died or underwent
retransplantation in the HAT group. Therefore, early
detection and urgent treatment for HAT are very im-
portant to avoid such severe complications. Prophylactic
anticoagulation therapy is proposed to avoid HAT im-
mediately after OLTx in some institutes.®'¥ However,
the application of this therapy is still controversial be-
cause of the risk of post-operative bleeding. No patient
in the present study had prophylactic anticoagulant
therapy after operation.

To perform urgent revascularization in patients with
HAT, thrombectomy, thrombolysis and reanastomosis
using another conduit are usually selected.*”®'?%2)
Among the 10 cases of the present study, no patient
underwent the rescue therapy of thrombectomy or re-
anastomosis because HAT had occurred in the late
phase after OLTx in these patients. Frequent routine
checks of arterial flow by ultrasonography or com-
puted tomography had been accomplished in all pa-
tients who underwent OLTx at this institute.

In living donor liver transplantation in Japan, the
microsurgical technique under microscope is usually
applied for reconstruction of the hepatic artery.
Kawasaki et al. recently reported that the incidence
of HAT had remarkably reduced as a result of the use
of microsurgery.”” To resolve the technical problem,
microsurgery is the better choice for liver transplanta-
tion as well® Clarifying other thrombotic factors as-
sociated with HAT is also important to reduce this
complication.

In conclusion, increased blood transfusion followed
by bleeding during operation was significantly associ-
ated with HAT after OLTx. In patients with HAT, the
flow rate of the hepatic artery was significantly lower
compared to that in non-HAT group and the incidence
of HAT was greater in patients with an arterial flow
less than 250 ml/minute. Biliary abscess due to
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hepatic infarction occurred in 3 patients with HAT,
and the incidence of mortality or re-transplantation in
the HAT group was significantly higher. Reduction of
bleeding and blood transfusion, and obtaining an ade-
quate arterial blood flow during operation are impor-
tant in order to avoid hepatic arterial thrombosis after
OLTx.
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