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AIM: To study the postoperative complications in
patients with preoperative portal vein thrombosis (PVT)
undergoing liver transplantation (LT) and to evaluate the
complications with Doppler ultrasonography.

METHODS: Retrospective studies were performed
on 284 patients undergoing LT (286 LT) with respect
to pre- and postoperative clinical data and Doppler
ultrasonography. According to the presence and grade
of preoperative PVT, 286 LTs were divided into three
groups: complete PVT (c-PVT), partial PVT (p-PVT) and
non-PVT, with 22, 30 and 234 LTs, respectively. Analyses
were carried out to compare the incidence of early
postoperative complications.

RESULTS: PVT, inferior vena cava (IVC) thrombosis,
hepatic artery thrombosis (HAT) and biliary complications
were found postoperatively. All complications were
detected by routine Doppler ultrasonography and
diagnoses made by ultrasound were confirmed by
clinical data or/and other imaging studies. Nine out
of 286 LTs had postoperative PVT. The incidence of
the c-PVT group was 22.7%, which was higher than
that of the p-PVT group (3.3%, P < 0.05) and non-
PVT group (1.3%, P < 0.005). No difference was found
between the p-PVT and non-PVT groups (P > 0.25).
Of the 9 cases with postoperative PVT, recanalizations
were achieved in 7 cases after anticoagulation under
the guidance of ultrasound, 1 case received portal vein
thrombectomy and 1 case died of acute injection. Ten
LTs had postoperative IVC thrombosis. The c-PVT group
had a higher incidence of IVC thrombosis than the non-
PVT group (9.1% vs 2.6%, P < 0.05); no significant
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difference was found between either the c-PVT and
p-PVT groups (9.1% vs 6.7%, P > 0.5) or between the
p-PVT and non-PVT groups (P > 0.25). Nine cases with
IVC thrombosis were cured by anticoagulation under
the guidance of ultrasound, and 1 case gained natural
cure without any medical treatment after 2 mo. HAT
was found in 2 non-PVT cases, giving a rate of 0.7%
among 286 LTs. Biliary complications were seen in 12
LTs. The incidence of biliary complications in the c-PVT,
p-PVT and non-PVT groups was 9.1%, 3.3% and 4.3%,
respectively (P > 0.25 for all), among which 2 stenosis
led retransplantations and others were controlled by
relative therapy.

CONCLUSION: C-PVT patients tend to have a higher
incidence of PVT and IVC thrombosis than non-
PVT patients after LT. The incidence of postoperative
complications in p-PVT patients does not differ from
that of non-PVT patients. A relatively low incidence of
HAT was seen in our study. Doppler ultrasonography
is a convenient and efficient method for detecting
posttransplant complications and plays an important role
in guiding treatment.
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INTRODUCTION

Portal vein thrombosis (PVT) is a common complication
of chronic liver disease and malignant liver tumors.
The incidence of PVT in patients undergoing liver
transplantation (LT) ranges from 4.9% to 10.6%"". In the
past, technical difficulties and the potential risk of vessel
reconstruction, as well as the higher rate of postoperative
complications made PVT a contraindication of LT
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However, improvement of operative management and
advancement of postoperative care have meant that PVT
is no longer a contraindication of LT, Only a few studies
have looked in detail at the actual impact of preoperative
PVT on postoperative complications. The understanding
of pretransplant PVT still remains a problem. Since 1999,
our center has begun to perform LT, and a portion of
LT recipients have suffered from preoperative PVT. The
aim of this study was to analyze the probable impact
of preoperative PVT on postoperative complications,
and to discuss the value of Doppler ultrasonography on
monitoring the complications and guiding treatment by
comparing results of LT in patients with and without PVT.

MATERIALS AND METHODS

Patients
Between February 1999 and April 2006, 302 patients
received cadaveric liver transplantations. The inclusion
standard was as follows: records of clinical data and
ultrasonographic exams were complete. Exclusion
standard was as follows: postoperative routine Doppler
ultrasonography studies were not performed. Of the entire
population, 284 patients (286 LT) were included in our
study, with 284 primary grafts and 2 regrafts due to biliary
stenosis after the primary graft. Patient group characters
were as follows. There were 237 males and 47 females with
an age range of 4-65 years (mean age, 43.7). The number
of LTs was used as the frame of reference in out study.
Primary disease and previous surgery were as follows.
There were 131 malignant liver tumors (2 regrafts), among
which 8 had hepatic segment excision, 6 had splenectomy
and 1 had transjugular intrahepatic portosystemic shunt
(TIPS). One hundred and forty-eight cases had chronic
liver disease, among which 8 had splenectomy and 3 had
splenic artery embolization. Four patients had hepatic
hydatidosis, 1 patient had congenital Caroli’s disease, 1
patient had acute hepatic failure after liver contusion,
and 1 patient had fulminant hepatitis. Orthotopic liver
transplantations were performed on all patients including
284 full-size and 2 reduced-size grafts.

PVT patients: Of 286 LTs, 52 (18.2%) had preoperative
PVT, with 48 males and 4 females ranging in age from 28
to 65 years (mean age, 44.3). Primary disease and previous
surgery were as follows. There were 46 malignant liver
tumors, with 1 liver segment excision and 3 splenectomies;
6 patients had cirrhosis, with 1 splenectomy and 2 splenic
artery embolizations. PVT was confirmed by Doppler
ultrasonography, contrast-enhanced CT and/or surgery
as follows; there were 44 cases with tumor thrombosis
and 8 with thrombus. All 52 PVT patients received full-
size grafts. Portal vein (PV) reconstruction was as follows.
Forty-seven patients accepted end-to-end PV anastomosis,
3 accepted porto-caval hemitransposition, 1 accepted PV
to mesenteric vein anastomosis and 1 accepted PV to renal
vein anastomosis.

According to the presence and grade of PVT, 286 LTs
were divided into three groups. (1) Complete PVT (c-PVT)
group: 22 cases, all with complete main portal vein (PV)
thrombosis and 15 of them had PV branch thrombosis, 3

Table 1 Postoperative complications according to presence or
absence of PVT and PVT grade

Postoperative complications c-PVT p-PVT non-PVT
n =22 (%) n=30 (%) n=234 (%)
PVT 5 (22.7) 1(3.3) 3(1.3)
IVC thrombosis 2(9.1) 2(6.7) 6 (2.6)
BC 2(9.1) 1(33) 10 (4.3)
HAT 0 0
0 0 2(0.9)

with superior mesenteric vein (SMV) thrombosis, 2 with
splenic vein (SPV) thrombosis, and 2 with both SMV and
SPV thrombosis. (2) Partial PVT (p-PVT) group: 30 cases,
including 2 with partial main PV thrombosis and 28 with
PV branch thrombosis. (3) Non-PVT group: 234 cases,
which were the control group.

Ultrasound examination
An Agilent Sonos 4500 (HP, USA), Logiq 500 (GE, USA)
and HDI 5000 (ATL, USA) were utilized in our study. The
probe frequency was 2-5 MHz. Preoperative ultrasound
scan included ctiology of the liver, presence of PVT, and
grade and extent of PV'T. Postoperative ultrasound scan
included size, configuration and echo of graft, the diameter
of the hepatic vein, the PV and hepatic artery, anastomotic
stoma, presence of thrombosis, blood flow and spectrum,
presence of biliary obstruction, presence of perihepatic
space effusion, and hydrothorax and ascites. Examination
intervals were on the operation day and then daily or every
2 d during the first week. If any complications occurred,
a scan was performed daily or according to the clinical
situation.

Our study focused on early postoperative complications,
which was defined as having been diagnosed within the
initial hospital stay!.

Statistical analysis

Statistical analysis was performed with SPSS 10.0
(Chicago, 1L, USA). A probability value less than 0.05 was
considered significant. Differences in incidence between
c-PVT, p-PVT and non-PVT groups were determined by

Chi-square analysis.

RESULTS

Postoperative complications included PV, inferior
vena cava (IVC) thrombosis, hepatic artery thrombosis
(HAT) and biliary complications (BC). Postoperative
complications of the three groups are listed in Table 1.

PVT

Postoperative PVT was observed in 9 cases (3.1%),
among which 6 were rethrombosis (11.5%). Five PVTs
were found in the c-PVT group (22.7%), 1 was found in
the p-PVT group (3.3%) and 3 were found in the non-
PVT group (1.3%). The grades of PVT were 3 complete
main PVT (Figure 1A and B), 1 partial main PVT and
5 PV branch thromboses. Nine PVTs were confirmed
clinically as thrombus, appearing on 2-11 d, among which
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Figure 1 A 32-year-old male underwent LT due to posthepatitic cirrhosis.
A: Preoperative c-PVT, B: Postoperative main PV (arrow) and right branch
thrombosis. Collateral circulation near PV was clearly showed also; C:
Postoperative IVC (arrow).

recanalizations were achieved in 7 after anticoagulation, 1
received portal vein thrombectomy on the 5th d and 1 died
of acute injection on the 12th d postoperatively.

IVC thrombosis

IVC thrombosis was seen in 10 cases on 5-13 d
postoperatively. All were subhepatic IVC thrombosis
(Figure 1C), with 4 complete and 6 partial thromboses.
Recanalizations wetre obtained in 9 cases after
anticoagulation. One case with partial thrombosis got
natural cure after 2 mo.

HAT
HAT was seen in 2 non-PVT patients on d 3 and 5.
Thrombectomy was successfully performed on 2 patients.
BC.

Thirteen cases suffered from BC postoperatively. Four
of these were stenosis, leading to cholangioplasty in 2
cases and retransplantation in the other 2 cases. Two cases
had cholangitis and were cured with drainage and anti-
infective treatment. Four cases had evanescent dilation of
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the intrahepatic duct. One case had biliary fistula and a
repair operation was necessary. One case had secondary
biliary obstruction.

The incidence of postoperative PVT in the c-PVT
group was higher than in the p-PVT (P < 0.05) and non-
PVT groups (P < 0.005), and there were no significant
differences found between the p-PVT and non-PVT
groups (P > 0.25). The ¢-PVT group had more IVC
thromboses than the non-PVT group (P < 0.05) and did
not differ from the p-PVT group (P > 0.5). There was
no difference for IVC thromboses between the p-PVT
and non-PVT groups (P > 0.1). Among the three groups,
the incidence of BC between every two groups was not
different (P > 0.25 for all groups).

DISCUSSION
Preoperative PVT and LT

PVT is a common preoperative complication in patients
undergoing LT. In China, posthepatitic cirrhosis and
advanced malignant liver cancer form the majority of
primary diseases in the LT population®, which results
in an even higher incidence of PVT in LT patients. In
our series, the incidence of PVT was 18.2%, which is
higher than reports elsewherel" %', Gayowski ez a/’
also found an extremely high incidence of PVT (26%)
in a predominantly male group of patients mostly with
postnecrotic cirrhosis. Our study is consistent with the
finding in that most of our cases were male and primary

diseases were posthepatitic cirrhosis and liver cancer
accompanied with cirrhosis.

In past years, PVT has been taken a contraindication
for LT. With improvement of surgical techniques and
enhancement of posttransplant care, the outcomes
of PVT patients are very close to those of non-PVT
patients. The one-year survival rate of PVT patients is
reported to be 81%), and 1-, 2- and 4-year survival rates
are not significantly different in patients with or without
PVTEL However, several reports confirmed that PVT
had a substantial impact on increased blood loss, a higher
mortality rate, a higher graft loss and more posttransplant
complications!">*!. The mortality rate of patients
with PVT and extensive splanchnic venous thrombosis
undergoing LT is as high as 33%"". As shown by Zhou
e/ al", PV tumor thrombosis is one of two major
prognostic factors of HCC after LT. Therefore, strict
preoperative screening and efficient postoperative
examinations such as laboratory examinations, Doppler
ultrasound, CT, MRI, and angiography when needed
should be executed on PVT recipients!*'?. In addition,
such surgeries should be handled by an experienced
transplantation center.

Postoperative complications of PVT patients undergoing
LT

PVT is a common postoperative complication of
LT. Especially in children, PVT is the top transplant
vascular complication!’!. The clinical presentations
include intractable ascites, variceal bleeding, shrunken
livers, splenomegaly, and hepatic failure!. It’s widely
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accepted that risk factors of posttransplant PVT include
severe pretransplant portal hypertension, experience of
treatment for portal hypertension (e.g., TIPS, portocaval
shunt, splenectomy, and splenic vein embolization) and
preoperative PVTH*1. The incidence of postoperative
PVT in our study was 3.1%, which is similar to 1%-3%
of other reports®*'"'9. The incidence of rethrombosis in
LT recipients with native PVT has been reported to range
from 5% to 21%P*!%1. A significantly increased incidence
compared to the whole group of rethrombosis (11.5%)
was also seen in our study, which is much higher than 1.3%
of non-PVT recipients (P < 0.005). Although Settmacher
et al'" associated splenectomy during LT with an increased
incidence (10.5%) of PV complications, none of our
patients endured splenectomy during LT.

In the study by Yerdel e o/, PVT was classified into
four grades as follows: grade 1; < 50% PVT £ minimal
obstruction of SMV, grade 2; grade 1 but > 50% PV,
grade 3; complete PVT and proximal SMV thrombosis,
and grade 4; complete PVT and entire SMV thrombosis.
By Yerdel’s research, postoperative complications of
grade 1 did not differ from those of non-PVT, while
grades 2, 3 and 4 exceeded non-PVT. We only divided the
PVT patients into the p-PVT and c¢-PVT groups instead
of classifying the recipients as in the study by Yerdel
et al because there were too few grade 3 and 4 patients
to perform statistical analysis. Our results also revealed
the impact of grade and extent of PVT on postoperative
complications. Rethrombosis of c-PVT recipients was
22.7%, which was higher than that of p-PVT and non-
PVT groups.

With regard to the probable cause of posttransplant
PV complications, Settmacher ¢ a/'"! took pathological
changes of the vessel wall for an important reason, because
all cirrhosis patients may have experienced partial or
complete PVT and pathological changes of the vessel wall
may increase the incidence of PV complications to 17.9%.
In our study, PV branch thrombosis was predominant in
the p-PVT group, which had a minute influence on PV
reconstruction, while blood vessel pathological changes
caused by partial thrombosis of main PV were relatively
milder than c-PVT. We attribute these probable reasons
to the lower incidence of postoperative PVT in p-PVT
than ¢-PVT and similar incidences of postoperative
complications between p-PVT and non-PVT groups. With
regard to LT in children, postoperative PVT is much more
common with the incidence ranging from 8% to 33%,
which is attributed to donor/recipient portal vein diameter
mismatch and application of graft veins™">'"”.. One of the
patients with postoperative PVT in our study was a 4-year
child without preoperative PVT. However, it is difficult to
reach a conclusion that mismatch of donor/receptor vein
diameter may lead to posttransplant PVT due to too few
child cases.

IVC thrombosis

IVC thrombosis occurred in 3.5% of our series (10/286),
with more in the c-PVT group than in the non-PVT group
and adjacent occurrences were seen between p-PVT and
non-PV'T groups. Donor/recipient vessel mismatch and

recurrence of the underlying disease (e.g. Budd-Chiari
syndrome) account for the majority of complications
of the vena cava, while unknown causes account for the
minority!"”. At this time we can not explain the higher
incidence of IVC thrombosis in c-PV'T.

HAT

HAT is a common posttransplant complication, which
is associated with operation techniques™. In our centet,
vascular anastomoses are accomplished by a vascular
surgeon with microsurgical techniques, which remarkably
improves the quality of vascular reconstruction,
especially on small vessels like the hepatic artery. Thus,
posttransplant HAT in our center has been decreased to an
ideal extent, which is much less than in other centers!"®*!,

BC

Biliary stenosis, biliary fistula and cholangitis account for
most of the postransplant BC, for which technical failure
ot local ischemia are major causes™. BC occurred after
13 LTs (4.5%), affecting 11 recipients in our series. No
difference was found between groups with or without
PVT. Biliary cirrhosis caused by biliary obstructions in two
recipients led to retransplantations in the 7th and 12th mo,
which suggests that BC may be the main reason for late
retransplantation.

Vascular complications after I'T may be more prone
for placing the patient and allograft in jeopardy than
BC, but they rarely necessitate retransplantations with
early management"®”l. In our study, although 2 patients
suffering from postoperative HAT endured re-exploration
and thrombectomy, and 1 patient with postoperative
PVT died of acute rejection, no retransplantations were
caused by PVT or IVC thrombosis if early diagnosis and
treatment wetre administered. Settmacher ¢ a/'! studied
1000 LTs and demonstrated that more than half of the
patients suffering from PV complications did not require
any treatment at all and treatment became necessary only
when additional complications such as arterial occlusion or
bile duct injuries occurred.

Doppler ultrasonography in postransplant evaluation of
PVT recipients

In China, cirrhosis and untresectable liver cancer forms
the majority of primary disease in LT recipients, among
which PVT has a high incidence. Preoperative PVT
should have the requirement for pretransplant screening
and postoperative monitoring of a high quality. Since
Doppler ultrasonography is rapidly available, inexpensive
and provides reasonable accuracy, it is predominant
in pre-, intra- and posttransplant evaluations!®*"*!,
Accurate diagnosis of vascular abnormalities helps
to determine the operation agendal'l. Early detection
and management of postoperative complications,
especially clinically unsuspected vascular complications,
can satisfactorily reduce the mortality rate and avoid
retransplantation™'!. Conventional Doppler ultrasound
provides an ideal specificity on diagnosing PVT ranging
from 97% to 100%*****. In our series, Doppler
ultrasonography detected all of the complications and
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got confirmation of clinical presentations and other
image examinations. In our center, if anticoagulation is
essential when the posttransplant patient suffers from
PVT or IVC thrombosis, a daily ultrasound examination
will be performed to observe dissolution of thrombosis.
Termination of treatment is thrombosis dissolution
and vessel recanalization determined by ultrasound
examination.

In a previous study by Hom e a/*”, diagnostic validity
of contrast-enhanced ultrasound (CEUS) was comparable
to that of angiography, and CEUS shortened study time
markedly. In addition, we are currently working on CEUS
on posttransplant patients and will have results when more
cases atre studied.

In conclusion, the incidence of PVT after LT in our
study was higher in the c-PVT group than in the p-PVT
and non-PVT groups. Compared to non-PVT patients,
c-PVT patients are more likely to suffer from IVC
thrombosis postoperatively. The incidence of BC did not
differ between c-PVT, p-PVT and non-PVT groups. In
our center, postoperative HAT is relatively uncommon.
Doppler ultrasonography provides an accurate diagnosis
of complications after LT, plays a very important role
in posttransplant monitoring and is essential in guiding
treatment.
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