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Abstract
Background Portal vein thrombosis (PVT) is a common complication for patients with end-stage liver disease. The presence of
PVT used to be a contraindication to living donor liver transplantation (LDLT). The aim of this study is to evaluate the influence
of preoperative PVT on perioperative and long-term outcomes of the recipients after LDLT.
Methods We reviewed the data of patients who underwent LDLT during the period between 2004 till 2017.
Results During the study period, 500 cases underwent LDLT. Patients were divided into three groups. Group I included non-PVT,
446 patients (89.2%); group II included attenuated PV, 26 patients (5.2%); and group III included PVT, 28 patients (5.6%).
Higher incidence of hematemesis and encephalopathy was detected in PVT (p = 0.001). Longer anhepatic phase was found in
PVT (p = 0.013). There were no significant differences between regarding operation time, blood loss, transfusion requirements,
ICU, and hospital stay. The 1-, 3-, and 5-year overall survival (OS) rates of non-PVT were 80.5%, 77.7%, and 75%, and for
attenuated PV were 84.6%, 79.6%, and 73.5%, and for PVT were 88.3%, 64.4%, and 64.4%, respectively. There was no
significant difference between the groups regarding OS rates (logrank 0.793).
Conclusion Preoperative PVT increases the complexity of LDLT operation, but it does not reduce the OS rates of such patients.
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Introduction

Portal vein thrombosis (PVT) is a common complication for
patients with end-stage liver disease (ESLD). The incidence of
PVT in those patients varies from 0.6 to 26%, which increases
with the severity of the liver disease.1,2 In patients with ad-
vanced stage of cirrhosis and those undergoing liver transplan-
tation, the incidencevaries from5 to16%inprevious reports. 2, 3

The presence of PVTused to be a contraindication to living
donor liver transplantation (LDLT).4,5 This is related to the
technical difficulties of PV reconstruction, prolonged warm
ischemia time, and operative blood loss. Also, the increased
risk for postoperative PV anastomotic stenosis may cause re-
lapse of PVT, affecting seriously the function of the liver graft
and the recipient survival.6

The advancements of the surgical techniques and improve-
ments of the surgical skills allowed safe LDLT for patients
with PVT. Many centers, especially from Asia, no longer con-
sider the presence of preoperative partial PVT as an absolute
contraindication for LDLT.7–9 On the other hand, high grades
PVT are still considered a relative contraindication for LDLT,
especially in areas lacking bovine and cryopreserved vessel
graft like Egypt.

Previous reports about LDLT for patients with PVT are
quite heterogenous. Many reports have showed that the out-
comes of patients with and without PVT are similar.5,10,11
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Other reports have showed higher incidence of postoperative
complications and dismal outcomes in patients with PVT.12–14

The aim of this study is to review our center experience of
LDLT and analyze the influence of preoperative PVTon peri-
operative and long-term outcomes of the recipients.

Materials and Methods

Study Design

We reviewed the data of patients who underwent LDLT at
Liver Transplantation Unit, Gastrointestinal Surgery Center,
Mansoura University, Egypt during the period between May
2004 and March 2017.

Patient data were reviewed from a prospectively main-
tained database for all patients undergoing LDLT. A written
informed consent for the surgical procedure was obtained
from each patient. This study was approved by institutional
review board and local ethical committee at the Faculty of
Medicine, Mansoura University.

Preoperative Assessment

Preoperative evaluation protocol had been described
previously.15 In summary, preoperative evaluation of potential
recipients included four phases:

& Phase I included blood group, basic laboratory evaluation
including tumor markers, virological evaluation, radiolog-
ical evaluation including triphasic computed tomography
of the abdomen and portography (Figs. 1 and 2), and bone
scan in case of suspected hepatocellular carcinoma
(HCC), and anesthetic consultation.

& Phase II included detailed cardiological and neurological
evaluation. Also, autoimmune markers (ANA, ASMA,
LKMA, AMA), and magnetic resonance cholangio-
pancreatography if suspected sclerosing cholangitis.

& Phase III included endoscopic evaluation including upper
and lower gastrointestinal tract endoscopy.

& Phase IV included routine consultations to excluded pos-
sible septic foci.

Operative Techniques

The operative technique had been described before.15 After
recipient hepatectomy, eversion thrombectomy was attempted
in patients with PVT. The PVwas dissected as low as possible
down to the retro-pancreatic part. A vascular clamp was
placed to control the PV inflow. The edges of the PV were
everted and the PV thrombus was held by a clamp and dis-
sected from the PV wall in a circular manner. A blunt end
clamp was used in dissection of the PV thrombus (Fig. 3). If
the surgeon can reach below the PV thrombus, a vascular

Fig. 1 Preoperative CT
portography showing various
types of preoperative portal vein
thrombosis (arrows)
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clamp was placed as far as possible on the dissected PV. If the
PV is totally thrombosed or the thrombus is extending the
superior mesenteric vein, no significant bleeding from the
PV was noticed and the surgeon hand was used to control
the SMV below the level of the thrombus.

Successful completion of PV thrombectomy was con-
firmed by adequate blood flushing from the PV. If the PV wall
is attenuated or narrowed, a rectangular interposition patch
graft was placed to the divided anterior wall of the PV
(Fig. 4). The patch graft was obtained from recipient PV bi-
furcation, recanalized umbilical vein, or dissected middle or
right hepatic veins from the liver explant.

The PV was reconstructed in end to end fashion to the graft
right hepatic vein. Afterwards the PV flow was evaluated by
Doppler ultrasound (US). If the PV flow was weak due to

preexisting large porto-systemic collaterals, those collaterals
were dissected and ligated to improve the PV flow.16

Postoperative Care

& Intensive care unit (ICU) care
After surgery, all cases were transferred to the ICU for

monitoring. Attempt to extubation was done based on he-
modynamic stability, arterial blood gases, and the status of
abdominal drains. Patients underwent detailed laboratory
evaluation twice daily during the ICU stay. Oral intake and
ambulation were allowed on the third postoperative day.
Patients were transferred to the ward on the fifth postop-
erative day, depending upon clinical improvement.

Fig. 2 Preoperative CT
portography showing attenuation
of the portal vein

Fig. 3 a–d Operative photos
showing technique of eversion
thromectomy (arrows denoting
extracted thrombus)

J Gastrointest Surg (2018) 22:2055–2063 2057



& Radiological Evaluation
Our postoperative protocol included Doppler ultra-

sound examinations once daily during the first week, day
after other during the second and third weeks and before
hospital discharge then once weekly during the following
2 months.

& Follow-up
After discharge, patients were followed up regularly in

outpatient visits. Patients were followed once every week
in the first month, then every 2 weeks in the second and
third months, then every month till the end of the first year,
then every 3 months afterwards or on patient’s demand.

Follow-up visit included detailed history taking, clinical
examination, detailed laboratory evaluation including trough
level of immunosuppression drugs, and Doppler US evalua-
tion of hepatic vasculature.

Definitions

PVT was classified according to the Yerdel grading system
into four grades. Grade 1: the PV is minimally or partially
thrombosed, <50% of the vessel lumen; Grade 2: more than
50% occlusion of the PV including total occlusion; Grade 3:
complete thrombosis of both PV and proximal superior mes-
enteric vein (SMV); and Grade 4: complete thrombosis of the
PV as well as proximal or distal SMV.17

Postoperative morbidities are defined as adverse events
occurring during the postoperative course and graded accord-
ing to Clavien-Dindo grades.18 Early mortality is defined as
patient death during the first 90 days after transplantation.
Overall survival (OS) is calculated from the date of surgery
to the date of documented mortality or the last follow-up visit.

Statistical Analysis

Categorical variables were expressed as number (percentage),
and continuous variables were expressed as median (range).
Comparison between the three groups was done by chi-square
or ANOVA test when appropriate. Comparison between each
two groups was done by chi-square or Mann-Whitney test
when appropriate. Survival rates were calculated by Kaplan-
Meier method, and comparison between groups was done by
Logrank test.

Statistical analysis was performed using the SPSS 20 soft-
ware (IBM, Chicago, IL, USA). A p value less than 0.05 was
considered statistically significant.

Results

During the study period, 500 cases underwent LDLT at Liver
Transplantation Unit, Gastrointestinal Surgery Center,
Mansoura University, Egypt. All of transplanted cases during
the study period were included in our study.

Fig. 4 Operative photos showing
a eversion thromectomy (arrow
denoting extracted thrombus), b–
d patch graft from the recipient
recanalized umbilical vein
sutured to the anterior wall of the
portal vein (arrow denoting vein
patch graft)
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Preoperative PVT was detected in 28 patients (5.6%).
According to the Yerdel grading system, grade I PVT was
detected in 24 patients (4.8%), while grade II PVTwas detect-
ed in 3 patients (0.6%), and grade III PVT was detected in 1
patient (0.2%).

Patients were divided into three groups. Group I included
patients without PVT, 446 patients (89.2%). Group II included
patients with attenuated PV (PV diameter less than 8 mm), 26
patients (5.2%). Group III included patients with PVT, 28
patients (5.6%).

Demographic Data

Patients’ demographics are shown in Table 1. There were no
significant differences between the study groups regarding
preoperative demographics apart from preoperative

presentation. Higher incidence of hematemesis and encepha-
lopathy was detected in PVT group (p = 0.001).

Operative Data

Operative data are shown in Table 2. Longer anhepatic phase
duration was found in PVT group (p = 0.013). There were no
significant differences between the groups regarding overall
operation time, blood loss, and transfusion requirements.

Postoperative Data

Postoperative data are shown in Table 2. There were no sig-
nificant differences between the groups regarding ICU and
hospital stay. There was no significant difference between
the groups regarding postoperative biliary complications.
Higher incidence of abdominal collections was found in

Table 1 Demographic data of the study patients (BMI, body mass
index; INR, international normalized ratio; CTP, Child-Turcotte-Pugh
score; MELD, model for end-stage liver disease; HCV, hepatitis C virus;

HBV, hepatitis B virus; HCC, hepatocellular carcinoma; BCS, Budd-
Chiari syndrome; AIH, autoimmune hepatitis)

Non-PVT (N = 446) Attenuated PV (N = 26) PVT (N = 28) P value

Age (years) 51 (10–64) 53.5 (39–61) 49.5 (28–62) 0.164

Sex 0.819
Male 299 (89.5%) 23 (88.5%) 24 (85.7%)

Female 47 (10.5%) 3 (11.5%) 4 (14.3%)

BMI (kg/m2) 28.4 (16. 7–42.5) 31 (20. 3–36.3) 29.4 (21. 8–37.6) 0.07

Presentation

Hematemesis 77 (17.3%) 10 (38.5%) 18 (64.3%) 0.001*

Jaundice 282 (63.2%) 22 (84.6%) 18 (64.3%) 0.598

Encephalopathy 61 (13.7%) 9 (34.6%) 11 (39.3%) 0.001#

Edema lower limb 262 (58.7%) 15 (57.7%) 22 (78.6%) 0.287

Ascites 203 (45.5%) 15 (57.5%) 20 (71.4%) 0.485

Preoperative serum albumin (g/dl) 3 (1.5–5.5) 2.8 (2.1–4.2) 2.9 (2.3–4) 0.511

Preoperative serum bilirubin (mg/dl) 2.8 (0. 3–25) 3.1 (0.7–19.3) 2.2 (0.5–12.9) 0.366

Preoperative serum INR 1.5 (1–4.1) 1.5 (1–4.9) 1.5 (1–2) 0.924

CTP score 9 (5–15) 9 (6–13) 9 (7–12) 0.45

MELD score 15 (2–48) 15 (9–38) 14 (10–40) 0.719

Indication of transplantation 0.979

HCV 242 (54.2%) 17 (65.4%) 17 (60.7%)

HBV 6 (1.3%) 0 0

Both HCV +HBV 2 (0.4%) 0 0

HCC 176 (39.5%) 9 (34.6%) 8 (28.6%)

AIH 9 (2%) 0 2 (7.1%)

BCS 5 (1.1%) 0 1 (3.6%)

Cryptogenic 5 (1.1%) 0 0

Sclerosing cholangitis 1 (0.2%) 0 0

*Hematemesis: non-PVT and attenuated 0.012—non-PVT and PVT, 0.001—attenuated and PVT, 0.248
# Encephalopathy: non-PVT and attenuated, 0.001—non-PVT and PVT, 0.009—attenuated and pVT, 0.509

J Gastrointest Surg (2018) 22:2055–2063 2059



attenuated PV group. Higher incidence of postoperative vas-
cular complications was found in PVT group.

Survival Outcomes

The median OS for all study patients was 33 months (4–169).
The median OS for Non-PVT group was 33.5 (4-169), for
attenuated PV group was 31.5 months (4-87), and for PVT
group was 22 months (4-79).

The 1-, 3-, and 5-year OS rates of non-PVT group were
80.5%, 77.7%, and 75% respectively. The 1-, 3-, and 5-year
OS rates of attenuated PV group were 84.6%, 79.6%, and
73.5% respectively. The 1-, 3-, and 5-year OS rates of PVT
group were 88.3%, 64.4%, and 64.4%, respectively (Fig. 5).

There was no significant difference between the groups
regarding OS rates (Logrank, 0.793).

The 1-, 3-, and 5-year OS rates of Grade I PVT patients
were 86.1%, 64.6%, and 64.4% respectively. The 1-, 3-, and
5-year OS rates of Grade II PVT patients were 100%, 66.7%,
and 0% respectively. The 1-, 3-, and 5-year OS rates of Grade
III PVT patients were 100%, 0%, and 0%, respectively (Fig. 5).

There was no significant difference between the different
PVT grades regarding OS rates (Logrank, 0.256).

Discussion

PVT is a common complication in patients with ESLD.
This is attributed to high hepatic vascular resistance, or
previous history of splenectomy.19 Previous studies had
shown that the incidence of PVT in ESLD patients varies
from 0.6 to 26%, which is seven times higher than in

Table 2 Operative characteristics and postoperative data of the study patients (RBCs, red blood cells; FFP, fresh frozen plasma, ICU, intensive care
unit; HAT, hepatic artery thrombosis; HAS, hepatic artery stenosis; PVT, portal vein thrombosis; PVS, portal vein stenosis)

Non-PVT (N = 446) Attenuated PV (N = 26) PVT (N = 28) P value

Graft weight (g) 920 (436–1654) 954 (664–1223) 920 (667–1433) 0.854

Graft to Recipient Weight Ratio (GRWR) 1 (0.79–1.96) 1 (0. 8–1.83) 1.02 (0. 8–1.67) 0.706

Operation time (min) 630 (345–1200) 605 (435–790) 615 (390–840) 0.518

Anhepatic phase (min) 65 (25–164) 48 (40–81) 78 (53–142) 0.013*

Cold ischemia (min) 33 (10–175) 33 (11–150) 27.5 (10–60) 0.124

Warm ischemia (min) 40 (20–137) 39.5 (30–55) 40 (24–55) 0.747

Blood loss (ml) 8500 (1000–70,000) 8000 (3000–42,500) 13,000 (2500–82,000) 0.245

Blood transfusion

RBCs (units) 4 (1–34) 5 (1–16) 5 (1–27) 0.942

Platelets (units) 2 (1–30) 1 (1–2) 1 (1–5) 0.672

FFP (units) 3 (1–29) 6 (1–24) 6 (2–25) 0.137

Albumin (units) 16 (3–80) 17 (10–47) 16 (5–34) 0.515

Packing 27 (6.1%) 2 (7.7%) 1 (3.6%) 0.808

ICU stay (days) 5 (1–45) 5 (5–8) 6 (5–15) 0.82

Hospital stay (days) 22 (1–135) 21 (12–90) 23 (8–90) 0.757

Bile leakage 35 (7.8%) 2 (7.7%) 4 (14.3%) 0.475

Biloma 41 (9.2%) 6 (23.1%) 4 (14.3%) 0.069

Biliary stricture 58 (13%) 2 (7.7%) 6 (21.5%) 0.514

Collection 24 (5.4%) 10 (38.5%) 1 (3.6%) 0.003**

Internal hemorrhage 21 (4.7%) 0 2 (7.1%) 0.399

HAT 5 (1.1%) 0 2 (7.1%) 0.017#

HAS 1 (0.2%) 0 1 (3.6%) 0.019†

PVT 7 (1.6%) 1 (3.8%) 2 (7.1%) 0.015‡

PVS 11 (2.5%) 1 (3.8%) 1 (3.8%) 0.129

*Anhepatic phase duration: non-PVT and attenuated, 0.128—Non-PVT and PVT, 0.013—attenuated and PVT, 0.023

**Collection: non-PVT and attenuated, 0.457—non-PVT and PVT, 0.001—attenuated and PVT, 0.325
#HAT: non-PVT and attenuated, 0.581—non-PVT and PVT, 0.007—attenuated and PVT, 0.141
†HAS: non-PVT and attenuated, 0.806—non-PVT and PVT, 0.007—attenuated and PVT, 0.313
‡ PVT: non-PVT and attenuated, 0.662—non-PVT and PVT, 0.009—attenuated and PVT, 0.552
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general population. The incidence is directly related to
patient age, and the degree of liver disease.1,2,20,21 In
our study, the overall incidence of patients with preoper-
ative PVT in patients undergoing LDLT was 5.6% (28
patients). The main indication of LDLT was HCV-related
liver cirrhosis. Higher incidence of HCV-related cirrhosis
had been found in PVT patients (60.4%) in comparison to
non-PVT patients (54.2%), but this was not statistically
significant.

Clinical presentation of patients with PVT is greatly heter-
ogenous. It varies from accidental diagnosis during prelimi-
nary work-up, severe complications as variceal bleeding, in-
testinal ischemia, and hepatic encephalopathy.22 In our study,
a significant higher incidence of hematemesis and melena was
found in patients with attenuated PV and PVT groups requir-
ing repeated endoscopic ablation. Also, higher incidence of
hepatic encephalopathy was found in those groups.

Preoperative PVT is a technically challenging situation
during liver transplantation. Previous studies had shown that
preoperative PVT, and its severity, is a main determinant of
the complexity of the transplantation operation, and its
outcomes.17,20

Several techniques had been described for the maintenance
of portal inflow after liver transplantation including eversion
thrombectomy, interposition graft to the superior mesenteric
vein or large collateral vessel, reno-portal anastomosis, and
cavoportal hemi-transposition.23 The choice of appropriate
method of reconstruction is depending on the extent of portal
vein thrombosis and the availability of vascular grafts. We
should stress on the importance of high quality multi-

detector computed tomography with portography for evaluat-
ing the extent of thrombosis and presence of collaterals.

In our study, we utilized eversion thrombectomy for extrac-
tion of portal vein thrombus. It was successful in all of our
patients and reconstruction of portal vein in end to end fashion
between graft and donor portal veins. If the portal vein was
markedly attenuated or teared from thrombectomy, a rectan-
gular interposition graft was sutured to the anterior wall of the
portal vein. In some cases, ligation of the porto-systemic col-
laterals was needed in some cases to improve the portal in-
flow. In Egypt, the lack of cryopreserved vascular grafts is a
limiting factor for the use of interposition graft bypass for
portal inflow reconstruction.

Several studies had found that preoperative PVT is a
poor prognostic factor after liver transplantation. This is
attributed to increased operation time, increased intraop-
erative blood loss and transfusion requirements, longer
ICU and overall hospital stay, and higher incidence of
postoperative complications.24–26 In our study, we found
a significantly longer anhepatic phase duration in patients
with preoperative PVT. Also, there were no significant
differences between patients with and without preopera-
tive PVT regarding the operation time, intraoperative
blood loss, transfusion requirements, ICU, and hospital
stay.

Doppler US is an essential tool to monitor such patients
after liver transplantation for early detection of postoperative
vascular complications. Our postoperative protocol involved
routine Doppler US once daily during the first week, day after
other during the second and third weeks.

J Gastrointest Surg (2018) 22:2055–2063 2061
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Postoperative PVT is one of the most severe complica-
tions for the patients. Previous studies had found that both
early and late onset postoperative PVT rates are higher in
the patients with preoperative PVT.6,8,10 In our study,
there was a significant higher incidence of vascular com-
plications in patients with preoperative PVT. Similarly,
there was a significant higher incidence of postoperative
PVT in PVT group. There was no significant difference
between the groups regrading postoperative PVS.

Some authors recommended routine use of preventive ther-
apies in patientswith preoperativePVT to prevent recurrence of
PVT after liver transplantation. Song et al. reported the routine
use of aspirin during the early postoperative period .10Gao et al.
recommended the routine administration of lowmolecular hep-
arin in the first postoperative week, and aspirin for at least
3months after liver transplantation.6Mori et al. advised tailored
use of anticoagulation therapy for patients with good coagula-
tion profile or slow portal flow.8 In our experience, we routinely
administer prophylactic anticoagulation therapy to our patients
including low molecular weight heparin for the first 2 weeks
followed by acetylsalicylic acid for 3–6 month.

Previous studies showed that the long-term outcome after
LDLT for patients with preoperative PVT, is comparable with
that of patients without PVT.27–29 Song et al. found that 5 year
OS rate was 67.2% in patients with preoperative PVT, which
was inferior to patients without preoperative PVT.10 Mori et
al. found that post-transplant OS rates of patients with preop-
erative PVT at 1 year and 5 years were comparable to patients
without preoperative PVT (1 year, 81% vs. 77%, and 5 years,
81% vs. 73%).8 In our study, there was no significant differ-
ence between patients without and with preoperative PVT
regarding 5 year OS survival rates (75 vs. 64.4%,
respectively).

In conclusion, in this study, we reviewed our center
study in LDLT for patients with preoperative portal vein
troubles. We found that preoperative PVT increases the
complexity of LDLT operation and the operative trauma
to the patient, but it does not reduce the OS rates of
such patients. Preoperative PVT is not an absolute con-
traindication for LDLT. Eversion thrombectomy is suc-
cessful in patients with low-grade preoperative PVT, but
extensive forms of preoperative PVT require more com-
plex reconstruction of portal inflow.
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