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Abstract
Background: Portal vein thrombosis (PVT) in living donor liver transplantation (LDLT) is a surgical challenge with
technical difficulty. The aim of this study was to analyze the operative planning for management of PVT in LDLT and
the impact of PVT on the outcome in comparison to patients without PVT.
Methods: Between July 2003 to August 2016, 213 patients underwent LDLT. The patients were divided into two
groups with and without PVT. The preoperative, operative, and postoperative data were analysed.
Results: Thirty six patients (16.9%) had different grades of PVT at time of liver transplantation (LT); grades I, II,
III and IV were 18 (50%), 14 (38.9%), 3 (8.3%) and 1 patient (2.8%) respectively. The management of PVT was by;
thrombectomy in 31 patients (86%), bypass graft in 2 patients (5.6%), portal replacement graft in 1 patient (2.8%),
anastomosis with the left renal vein in 1 patient (2.8%) and with large collateral vein in 1 patient (2.8%). Overall
postoperative PVT occurred in 10 patients (4.7%), 4 patients of them had preoperative PVT. The perioperative
mortality in patients with PVT, and patients without PVT was 33.3%, and 20.3%, respectively (P=0.17). The 1-, 3-,
5-, and 7y survival in patients with PVT was 49.7%, 46.2%, 46.2%, 46.2% respectively and in patients without PVT it
was 65%, 53.7%, 50.8%, 49% respectively (P=0.29).
Conclusions: Preoperative PVT may not keep a patient from undergoing successful LT with comparable
outcome to patients without PVT specially with partial PVT.
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Introduction
Portal vein thrombosis (PVT) was previously viewed as a flat out or
a relative contraindication to living donor liver transplantation
(LDLT). It may not currently keep from experiencing fruitful liver
transplantation (LT) with the refinement of surgical techniques, yet
there is generously increased surgical complexity and perioperative
morbidity [1,2].
Many surgical techniques have been introduced to gain adequate
portal flow such as thrombectomy, and portal vein (PV) reconstruction
using interposition or bypass vein grafts. The utilization of these
procedures relies upon the degree of PVT (partial or complete), the
extension of the thrombus through the splanchnic venous system and
the experience of the different transplant groups [3-5].
In LDLT there are some difficulties in vascular pedicle dissection
at the hilum of the liver specially with large collaterals, and the limited
availability of venous grafts making this surgery a challenge [5-8]. The
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aim of this study is to analyse the different modalities in management
of PVT and its impact on the outcome of LDLT in comparison to
patients without PVT.

Patients and Methods
The study was conducted as retrospective study of 213 adult patients
who underwent LDLT at National Liver Institute, Menoufia University,
Menoufia, Egypt, between July 2003 and August 2016. The patients
were divided into two groups; group of patients with PVT, and patients
without PVT as a comparison group. The data were collected from an
institutional review board (IRB) approved prospective database.
The preoperative, intraoperative, and postoperative data were
collected. Diagnosis of preoperative PVT was by Doppler ultrasound
(US) and the portography phase of the abdominal triphasic computed
tomography (CT) scan or magnetic resonance image (MRI) that were
performed within one month before LT. Also accidental intraoperative
detection of PVT was included in the study. Patients with PVT and
HCC positron emission tomography (PET) scan was done to exclude
malignant PVT.
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Yerdel [4] classification was used for grading of PVT and
surgical planning:
Grade I: Partial thrombosis of PV of <50% of the vein lumen, with
no or minimal extension to the superior mesenteric vein (SMV).
Grade II: obstruction >50% of the PV lumen, including total
obstruction, with no or minimal extension to SMV.
Grade III: Complete thrombosis of the PV and the proximal of SMV.
Grade IV: Complete thrombosis of both PV and SMV.
Proline 6/0 was used for PV anastomosis in a continuous matter for
anterior and posterior wall. Patients with small PV diameter,
interrupted sutures were used for the anterior wall.
Intraoperative Doppler ultrasound (US) was used for evaluation of
the vasculature before abdominal closure. Daily Doppler US was done
for postoperative follow up during the hospital stay.

Postoperative anticoagulant therapy
Heparin infusion was used (50 µg/kg/day) for first week, then low
molecular weight heparin (LMWH) subcutaneous in a therapeutic
doses (1 ml/kg, twice daily) and antiplatelets until discharge. Oral
anticoagulant as Warfarin, and antiplatelets were given for 6 months
after the hospital discharge. All patients with PVT and hepatocellular
carcinoma (HCC) underwent histopatholigical analysis for the
thrombus.

Follow-up of the patients was from the date of surgery to April 2017,
by Doppler US every month in first year postoperative, then every 3-6
months after one year. For suspected cases with PVT or weak flow, CT
portography was done. Postoperative PVT was classified as early PVT
(in the first 3 ms), and late PVT (after 3 ms of LT). Perioperative
mortality was described as the mortality in the first month posttransplant. The 1-, 3-, 5 y survival was recorded.
All the data were collected, tabulated, analysed using SPSS version
21. Chi-square or Fisher’s exact test and Mann Whitney U or Student
T-test were used for statistical analysis. The survival rate was calculated
with the Kaplan-Meier method and compared using Log-rank test. P
values of less than 0.05 was considered significant.

Results
From July 2003 to August 2016, 213 adult recipients underwent
LDLT. The incidence of PVT in patients who underwent LDLT was 36
patients (16.9%), and 177 patients (83.1%) without PVT.
All patients with PVT were diagnosed by preoperative US, and
confirmed by CT portography, except in 8 (22%) patients that PVT
was discovered intraoperative; 6 patients of them had grade I PVT, and
2 patients had grade II PVT. So the sensitivity, specificity, positive and
negative predictive values of the US was 99%, 77.8, 93.3% and 95.6%
respectively and the accuracy was 95%.
Patients' demographic, Graft characteristics, Characteristics of PV
anastomosis and recipient operation were listed in Table 1.

PVT

No PVT

(36)

(177)

p-value

Character

Recipient age

0.95

Mean ± SD

46.5 ± 9.7

46 ± 8.2

Range

(18-60)

(18-63)

Receipient gender

1

Male

4(11.1%)

21(11.9%)

Female

32(88.9%)

165(88.1%)

Donor age

0.65

Mean ± SD

27.8 ± 7.2

27.2 ± 6.5

Range

(18-43)

(18-45)

Donor gender

0.69

Male

24(66.7%)

124(70%)

Female

12(33.3%)

53(30%)

Primary disease

0.09

-HBV/HCV related liver cirrhosis without HCC

21(58.3%)

99(56%)

- liver cirrhosis with HCC

8(22.2%)

62(35%)

-Others

7(19.5%)

16(9%)

Child score
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A

3(8.3%)

8(4.5%)

B

12(33.3%)

54(30.5%)

C

21(58.4%)

115(65%)

MELD score

1

Mean ± SD

16 ± 5

16 ± 4

Range

(10-26)

(7-34)

GRWR%

0.87

Mean ± SD

1 ± 0.25

1 ± 0.21

Range

(0.65-1.7)

(0.6-1.7)

Type of the graft

0.9

Right lobe

34(94.4%)

170(96%)

Left lobe

2(5.6%)

7(4%)

No of graft portal veins

0.85

One

34 (94.5%)

162(91.5%)

Two

2(5.5%)

15 (8.5%)

PV diameter (mm)

0.09

Mean ± SD

13.0 ± 3.67

18.9 ± 3.41

Range

(9-22)

(11-24)

CIT (min)

0.02

Mean ± SD

93 ± 69

66 ± 42

Range

(40-340)

(20-320)

WIT (min)

0.82

Mean ± SD

52 ± 16

51 ± 17

Range

(30-90)

(25-120)

PV anastomosis time (min)

0.77

Mean ± SD

15.45 ± 3.75

16.42 ± 6.38

Range

(10-25)

(10-30)

Total operative time (h)

0.01

Mean ± SD

14.1 ± 4.3

12.6 ± 2.6

Range

(7-29)

(7-23)

Plasma transfusion (unit)

0.01

Mean ± SD

12 ± 11

6±7

Range

(0-53)

(0-34)

Blood transfusion (unit)

0.01

Mean ± SD

11 ± 11

6±5

Range

(0-46)

(0-33)
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Postoperative Complications
-PV complication (stenosis, thrombosis)

5(13.9%)

6(3.4%)

0.02

- HA complication (stenosis, thrombosis, steal)

10(27.8%)

27(15.3%)

0.07

- Biliary complication (biliary stricture, bile leak)

10(27.8%)

83(46.9%)

0.08

-Rejection

9(25%)

53(30%)

0.69

Hospital stay (day)

0.34

Mean ± SD

26 ± 23

23 ± 15

Range

(1-91)

(1-120)

Hospital mortality

15(41.6%)

52(29.4%)

0.17

PVT (Portal vein thrombosis), SD (Standard deviation), HBV (Hepatitis B virus), HCV (Hepatitis C virus), HCC (Hepatocellular carcinoma), MELD (Model of end stage
liver disease), GRWR (Graft recipient weight ratio), CIT (Cold ischemia time), WIT (Worm ischemia time), Min (Minute), mm (millimeter), PV (Portal vein), h (hour), No
(number).

Table 1: Patients demographics, preoperative, operative and postoperative data in patients with and without PVT.
The risk factors for preoperative PVT in cirrhotic patients were;
high model of end stage liver disease (MELD) score (P=0.04), low
protein C (P=0.03).

In patients with PVT the perioperative mortality was (12/36) 33.3%,
the 90 days mortality was (16/36) 44.4%. The 1-, 3-, 5-, and 7y total
survival in patients with PVT was 49.7%, 46.2%, 46.2%, 46.2%.

Of 36 patients with PVT, 18 patients (50%) had PVT grade I, 14
patients (38.9%) had grade II PVT, 3 patients (8.3%) had grade III
PVT, and only 1 patient (2.8%) had grade IV PVT.

In patients without PVT the pri-operative mortality was (36/177)
20.3%, the 90 days mortality was (56/177) 31.6%, with no statistical
significance with the group of PVT (P=0.17). The 1-, 3-, 5-, and 7y
survival was 65%, 53.7%, 50.8%, 49%. There was no statistical
significant difference between the total survival of both groups
(P=0.29) (Figure 1).

Intraoperative management of PVT was as follow; 31 patients (86%)
underwent thrombectomy (eversion thromboendovenectomy in 25
patients, simple thrombectomy in 4 patients, and incisional
thrombectomy in 2 patients), 2 patients (5.6%) had bypass graft from
the recipient left internal jagular nein (IJV) between SMV and graft PV,
1 (2.8%) patient had portal replacement graft from the recipient left
external iliac vein (EIV), 1 (2.8%) patient with grade IV PVT had
anastomosis between left renal vein and graft PV by venous graft from
IJV, 1 (2.8%) patient with grade III PVT had anastomosis between
large collateral vein and graft PV.
Seven patients with preoperative PVT and HCC all were proved to
be benign PVT after histopatological analysis
Post-operative main complications were listed in Table 1.
Postoperative PVT occurred in 10 patients (4.7%) all in the form of
early PVT. four patients had preoperative PVT; 2 patients grade II
PVT, 1 patient grade I, and 1 patient grade III. One patient of the 4 had
postoperative partial PVT and 3 patients complete obstruction.
The management of postoperative PVT was by exploration and
thrombectomy in addition to anticoagulant in 4 patients. Two patients
underwent treatment by thrombolytic agents as (Streptokinase or
tissue plasminogen activator) and anticoagulant because of the bad
general condition and multi organ failure, the remaining 4 cases,
anticoagulant was only used.
In this study, there was significant statistical correlation between the
occurrence of post-operative PVT and low protein C (P=0.02), intra
operative massive blood and plasma transfusion (P=0.03), and long
operative time (P=0.01). postoperative PVT had no significant relation
with the preoperative PVT (P=0.14), or the use of vascular grafts in PV
reconstruction (P=0.6).
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Figure 1: Kaplan-Meier curve for total survival in patients with
preoperative PVT and patients without PVT.
The perioperative mortality in patients with partial PVT was 12%,
the perioperative mortality in complete PVT was 55.5% with statistical
significant difference (P<0.01). In patients with partial PVT the 1-, and
5 y survival was 65.8%, and 58.5% respectively. In patients with
complete PVT the 1-, and 5 y survival was 33.3%, and 33.3% with
significant difference between the two groups (P=0.03).
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In univariate analysis risk factors for overall survival were; high
MELD score (P=0.05), massive intraoperative blood and plasma
transfusion (P=0.01), postoperative vascular complications (P=0.01),
postoperative biliary complications (P=0.05), acute graft rejection
(P=0.05), small for size syndrome (P=0.04). Preoperative PVT was not
a risk factor for survival (P=0.37).
In multivariate analysis the independent risk factors for overall
survival were; high MELD score (P=0.04), massive intraoperative
blood transfusion (P=0.01), postoperative vascular complications
(P=0.01), postoperative biliary complications (P=0.01), acute graft
rejection (P=0.03), small for size syndrome (P=0.01). Preoperative
PVT was not a risk factor for survival (P=0.17).

Discussion
Portal vein thrombosis was previously viewed as a contraindication
to liver transplantation. Now, the procedure can be performed even in
extended thrombosis with reported favourable results. However, there
is still a considerable intraoperative challenge during hailar dissection
due to extensive collateral formation and inflammatory changes
around the PV with a relative perioperative hazard for LT [3,9].
In our study the incidence of pre-operative PVT in patients
undergoing LDLT was (16.9%), nearly similar to the incidence
reported by most liver transplant centres, which ranged from 2 to 26%
[6].
Several studies have described risk factors for PVT including male
patients, old age, cryptogenic liver cirrhosis, autoimmune hepatitis,
Child class C, hypercoagulability, HCC of the liver, and previous
splenectomy or portosystemic shunt [7,8]. Others described a
significant relation between PVT and the presence of spontaneous
bacterial peritonitis and lower levels of albumin [10]. In this study the
risk factors for preoperative PVT was high MELD score and low
protein C. Although we observed a greater incidence among males,
older candidates, Child-Pugh C, Budd-Chiari syndrome and viral
cirrhosis we cannot consider them as predisposing factors because the
statistical differences were not significant.
The sensitivity and specificity of US in detecting PVT were reported
by Yerdel et al., as 73%, and 99% respectively, the positive and negative
predictive values of the US were 86% and 98% respectively. The
sensitivity in grades I, II, III, and IV PVT was 48%, 82%, 100%, and
100%, respectively so it was increased with the degree of thrombosis
[4]. Pécora et al., also reported that false negative results of US can
occur only in patients with partial PVT, so it was significantly higher in
grade I PVT [1], as we had reported in our series.
Francoz et al., and others reported successful PV recanalization and
safe surgery after trial of anticoagulant treatment in 8 of 19 patients
before transplantation by utilizing LMWH and oral anticoagulant
[11,12]. Egawa et al., likewise attempted preoperative anticoagulation
with successful decrease in the size of the thrombus in one patient
following one month treatment [8]. But in our study we did not use
anticoagulant before LT.
Artacho et al., reported 48 patient with PVT, and management was
by; thrombectomy in 36 patients (75%) (26 partial and 10 complete
PVT), venous conduit in 4 patients (8.3%) (1partial and 3 total PVT),
cavoportal hemitransposition in 4 patients (8.3%), collateral veinportal anastomosis in 3 patients (6.2%), anastomosis with right renal
vein in 1 patient (2%) [7].
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In other expressive series, Pan et al., showed the experience of
transplantation in 253 patients with different grades of PVT; (grades I,
II, II, and IV were 104, 114, 29, and 6 patients respectively). In grades I
and II, the management was by thrombectomy without any hospital
mortality. For patients with grade III PVT; thrombectomy was only
possible in 23 patients and 4 patients had venous graft reconstruction
for SMV or tributary vein-portal anastomosis, and 2 patients were
submitted to portal arterialization with 3.4% hospital mortality. For
patients with grade IV PVT, the management was by successful
thrombectomy in 3 patients, renal vein-portal anastomosis in 2
patients and cavoportal hemi-transposition in 1 patient [13].
For PV reconstruction with jumping graft from the SMV, it is
sometimes needed to have a long enough vein graft. The
reconstruction using 2 vein grafts may be required if a single vein graft
was too short. These vein grafts might be from the EIV, IJV, the distal
portion of the native PV, the umbilical portion of the left PV or Cryopreserved vein grafts [8,14,15].
our series match with Yerdel et al., and Manzia et al., that the best
treatment in patients with grade III PVT is the venous graft or
anastomosis to a large collateral vein or the renal side of spleno-renal
shunt [4,16].
Liado et al., reported that there is a controversy regarding the
management of grade IV PVT. Liver transplantation may be
contraindicated if there was no suitable collateral vein for anastomosis,
as it is associated with poor outcome [3].
The recurrence rate of PV rethrombosis vary among series, ranging
from 0% to 30%, depending on the severity of PVT, its preoperative
extension and also on the time of LT [2,5,17]. In our series 4 patients
(11.1%) had rethrombosis of PV which compares favorably with the
published rates. Three patients of postoperative PVT were mainly due
to venous out flow obstruction and graft congestion and not related to
surgical technique as the thrombus is floating and not attached to the
wall of the PV.
Llado´ et al., and others showed a high rate of post-LT rethrombosis
[18], although this finding has not been confirmed by other authors
[19]. These differences in the rates of rethrombosis probably due to the
different types of patients included in the various studies, differences in
surgical techniques and centre’s experience [19,20]. In contrast to our
series, Carvellas et al., showed that the post-LT PVT re-thrombosis was
an independent risk factor for boor survival [21].
There is still controversial regarding the outcome of patients with
PVT post-LT, almost similar to that without PVT or rather worse [22].
In a recent study [21] the outcome of LT for patients with preoperative
PVT was similar to recipients without PVT in well selected patients.
However Saidi et al., showed a worse allograft survival and patients
survival in LDLT for patients with pre-exciting PVT compared to
patients without PVT [23].
Despite the surgical progress, the perioperative mortality rates of LT
in the presence of PVT remain high, ranging from 9 to 42% [20]. In
our study the peri-operative mortality rates in the cases with
preoperative PVT was 33.3% vs. 20.3% in patients without PVT with
no statistical significant difference (P=0.13).
Some studies agree with the literature that LT in patients with PVT
is associated with a greater postoperative mortality rate than patients
without PVT (29.1% vs. 16.5%; P<0.05). Nevertheless, their study
showed that the significant difference was only in candidates with total
PVT (P<0.01) but not among patients with partial PVT (P=0.8) [7,24].
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That was match with our series in which there was significant higher
perioperative mortality in patients with total PVT (P<0.01).
Also other series reported a significant higher first 3 months
perioperative mortality and graft failure in patients with pre-existing
PVT mainly in patients with extensive PVT [24,25].
One of large reported series, which included 63 patients with PVT,
showed that patients with PVT had longer operative time, greater
transfusion, and higher post-operative mortality [7,26]. However,
other reports described that there was no increase in post-LT mortality
or reduced survival but there was only more difficult operation
[3,27,28].
Dumortier et al., reported that 1-year survival rates of patients with
and without PVT were similar: 83.7% vs. 86.7%. But the patient
survival rate might be altered in cases of extensive PVT, associated
with high rates of rethrombosis and mortality [20]. Doenecke et al.,
showed that 1y survival for patients with PVT grade I,II was 90%,
compared to 57% for PVT grade III, IV. They also reported no
significant difference in the incidence of post-perative liver
dysfunction betweem high and low MELD PVT groups except for a
slightly higher transfusion requirement longer intraoperative
parameters and the duration of hospital stay [29]. In the study by
Pécora et al., the patients with PVT grade I presented a 5 y survival rate
identical to controls (86%); but patients with degrees II, III and IV had
lower survivals [1] as shown in our series. Qi et al., showed that the
recipients with preoperative PVT, especially with complete thrombosis,
had no statistically significant difference in perioperative or five year
survival rate than patients without PVT [30].

Conclusions
Preoperative PVT may not prevent a patient from experiencing
successful LT with comparable outcome to patients without PVT.
Preoperative knowledge of the level of PVT can help with the operative
plane of management to diminish the surgical complexity. Partial PVT
had better prognosis than complete thrombosis.
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