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Clinical Analysis and Strategy for Liver Transplantation in
Patients with Pre-existing Portal Vein Thrombosis
Tsung-Han Wu1,2, MD; Yann-Sheng Lin1, MD; Chen-Fang Lee1,2, MD;
Ting-Jung Wu1,2, MD; Ming-Chin Yu1, MD; Kun-Ming Chan1,2, MD;
Wei-Chen Lee1,2, MD
Background: Liver transplantation (LT) in patients with portal vein thrombosis (PVT)
remains a challenge for transplant surgeons. In this study, we included a
group of patients with PVT who underwent LT, and analyzed patient outcomes.
Methods:
A total of 356 patients who underwent LT consisting of 167 cases of
deceased donor LT and 189 cases of live donor LT at Chang Gung Memorial
Hospital Linkou Medical Center between September 1996 and June 2009
were retrospectively reviewed; 24 (6.7%) of these patients had PVT at transplantation. Their clinical features, surgical management, and outcomes were
analyzed.
Results:
Surgical management of patients with PVT included a thrombectomy followed by direct anastomosis between the recipient’s and the liver graft portal
vein (PV) (n = 13), interposition vein graft between the recipient’s coronary
vein (CV) and the liver graft PV (n = 3), direct anastomosis of the recipient’s
CV and the liver graft PV (n = 1), interposition jump graft from the recipient’s superior mesenteric vein to the liver graft PV (n = 4), and transection of
the thrombotic PV followed by interposition of a venous graft between the
recipient’s PV and the liver graft PV (n = 3). There were 7 hospital mortalities. The mean follow-up for the 17 surviving patients was 36.3 months
(range, 3.4–105.1 months), and 14 patients were still alive at the end of the
study. Four patients (16.7%) had rethrombosis of portal inflow after LT.
Patients with PVT undergoing LT had a significantly higher mortality rate (p
= 0.033) than patients without PVT undergoing LT. However, there was no
significant difference in the cumulative survival rates (p = 0.0696). Further
analysis of patient survival according to PVT grade, venous graft application,
and reconstructed portal flow routes also exhibited no significant differences.
Conclusions: LT for patients with PVT is clinically feasible and should not be considered a
contraindication. However, a favorable outcome is achievable only with ideal
surgical management to overcome PVT during LT.
(Chang Gung Med J 2011;34:426-34)
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P

ortal vein thrombosis (PVT) is a common complication of chronic liver disease with an incidence that varies between 0.6% and 15.8%.(1-4) The
occurrence of PVT is complex and multifactorial,
and the majority of patients have associated liver cirrhosis. In the initial era of liver transplantation (LT),
PVT was considered as an absolute contraindication.
However, innovations in surgical techniques and the
use of aggressive approaches have made it possible
to overcome PVT during LT, which is currently the
only way to cure patients with end-stage liver disease
and concurrent PVT. Nonetheless, the preoperative
condition and extensive collateral circulation of these
patients also render LT very complicated, and the
complexity of the involved surgical techniques
remains a challenge for transplant surgeons. The
most important issue is the reconstruction of the portal system, for which several available surgical techniques have been proposed to ensure restoration of
adequate portal flow during LT.(5,6)
In this study, we collected data and retrospectively reviewed our center’s LT experience with PVT
patients. Surgical management and patient outcomes
were also investigated.

METHODS
Patients and transplantation

A total of 356 patients who received LT consisting of 167 cases of deceased donor LT (DDLT) and
189 cases of live donor LT (LDLT) at Chang Gung
Memorial Hospital, Linkou Medical Center in
Taiwan between September 1996 and June 2009
were retrospectively reviewed under the approval of
the institution’s review board.
Of these, 24 patients were intraoperatively confirmed as having PVT, none of whom were diagnosed with malignant thrombosis. Their medical
records, including clinical characteristics, surgical
management, and outcomes were further examined.
Patients were thoroughly examined for any contraindications to liver transplantation before being
placed on the waitlist. The pretransplantation examinations included biochemical analysis, imaging survey, and immunological tests. If patients were initially diagnosed with PVT, dedicated liver magnetic resonance imaging (MRI) or dynamic computed tomography (CT) was performed to exclude malignant
PVT. All LTs at our institution were performed using
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standard techniques without venovenous bypass. The
venous outflow of the liver graft was restored by
end-to-side anastomosis of the donor’s hepatic vein
to the recipient’s inferior vena cava (IVC) or a piggyback technique of side-to-side anastomosis between
the recipient’s and graft IVCs. The liver graft was
reperfused after the portal vein (PV) anastomosis and
the hepatic artery was reconstructed using microsurgical techniques. In LDLT, a cryopreserved venous
graft recovered from the iliac vein of a deceased
donor was used for reconstruction of venous outflow
and the PV whenever indicated, as previously
described.(7-9)
The degree and extent of PVT was intraoperatively assessed and classified according to the grading system proposed by Yerdel et al. as follows:
grade 1, < 50% thrombosis of the vessel lumen with
or without minimal obstruction of the superior
mesenteric vein (SMV); grade 2, ≥ 50% thrombosis
of the vessel lumen or total occlusion of the PV;
grade 3, complete PV and proximal SMV thrombosis; and grade 4, occlusive thrombosis with extension
to the distal SMV.(6)
Patency and flow of the reconstructed PV were
checked with a Transonic Flowmeter (Transonic
System Inc. Ithaca, NY, U.S.A.) following the completion of vascular reconstruction and prior to closure of the abdominal wall. Doppler ultrasonography
was routinely performed every other day during the
first week after transplantation and biweekly thereafter or whenever clinically indicated. Additionally,
patients were routinely followed up with dynamic
liver CT 1 month after the operation and ultrasonography at 3-month intervals. Laboratory data including liver function tests and hematological tests were
closely checked every day during hospitalization and
every month thereafter. None of the recipients
received antithrombosis treatment. However, a
prostaglandin was administered for maintenance of
hepatic artery and portal venous flow immediately
after LT for 5 to 7 days.
Statistical analysis

All data were analyzed using the statistical software SPSS 13.0 (SPSS Inc. Chicago, IL, U.S.A.).
We applied χ2 or Fisher’s exact tests to analyze categorical data, and logistic regression was performed
for multivariate analysis. Survival was measured
from the time of transplantation until death or the
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last follow-up, and all causes of death were included
in the analysis of overall survival. Survival curves
were constructed using the Kaplan-Meier method
and compared with the log-rank test. A p value of
less than 0.05 was considered statistically significant.

RESULTS
Clinical features of patients

The transplantations consisted of 6 DDLTs and
18 LDLTs, with the recipients’ ages ranging from 19
to 63 years (mean Ų SD, 51.8 Ų 10.0). Seven
patients had grade 1 PVT, 11 patients had grade 2,
and 6 patients had grade 3. Surgical management of
PVT included a thrombectomy followed by anastomosis of the recipient and graft PVs (n = 13), interposition venous graft between the recipients’ coronary vein (CV) and the graft PV (n = 3), anastomosis
of the recipient’s CV and the graft PV (n = 1), interposition jump graft of the recipient’s SMV to the
graft PV (n = 4), and transection of the thrombotic
PV followed by interposition of the venous graft
between the recipient’s PV and the graft PV (n = 3).
Seven patients died within 3 months, resulting
in a hospital mortality rate of 29%. One of these
patients died on post-transplantation day 7 of PV
rethrombosis leading to graft failure because of poor
quality of the recipient’s PV and vascular graft. One
patient died of acute rejection. The remaining 5
deaths were related to posttransplantation infection.
The median follow-up period for the remaining
patients was 31.6 months (range, 3.4–105.1 months),
and 14 patients remained alive at the end of this
study. During the follow-up, no PV stenosis occurred
in any patient but rethrombosis of the PV or its tributary veins was noted in 3 patients. Two of these
patients initially underwent a thrombectomy followed by primary anastomosis of the PV; 1 patient
had received an interposition venous graft between
the donor and recipient PV at transplantation. The 3
episodes of rethrombosis occurred 3, 4, 6 months
after transplantation. All rethromboses were mild
and were located in the proximal SMV without
involving the main portal trunk; all patients were in a
good condition and did not require intervention.
Table 1 lists the clinical characteristics of
patients undergoing LT and compares those with and
without pre-existing PVT. There were no significant
differences in the clinical features between patients
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Table 1. Comparison of Clinical Features in Patients with and
without PVT undergoing Liver Transplantation
Characteristics

PVT
n = 24 (%)

Non-PVT
p value
n = 332 (%)

Age (mean Ų SD)

52.0 Ų 10.0

48.5 Ų 13.6

0.219

Sex (male: female)

19:5

240:92

0.465

Virus hepatitis
HBV
HCV
Both HBV & HCV
None

12 (50%)
4 (16.7%)
2 (8.3%)
6 (25%)

195 (58.7%)
58 (17.5%)
18 (5.4%)
61 (18.4%)

MELD score
< 20
20–40
> 40

17 (70.8%)
6 (25.0%)
1 (4.2%)

136 (52.9%)
113 (44.1%)
8 (3.1%)

Indication for transplantation
Hepatocellular carcinoma
7 (29.2%)
Virus -associated liver cirrhosis 11 (45.8%)
Alcoholic liver cirrhosis
3 (12.5%)
Wilson’s disease
1 (4.2%)
Biliary cirrhosis
1 (4.2%)
Acute hepatic failure
0 (0%)
others
1 (4.2%)

122 (36.7%)
143 (43.1%)
15 (4.5%)
9 (2.7%)
19 (5.7%)
13 (3.9%)
11 (3.3%)

Liver transplantation type
DDLT
LDLT

161 (48.5%)
171 (51.5%)

Hospital mortality

0.762

0.198

0.614

0.026
6 (25%)
18 (75%)
7 (29.2%)

42 (12.7%)

0.033

Abbreviations: PVT: portal vein thrombosis; SD: standard deviation;
HBV: hepatitis B virus; HCV: hepatitis C virus; MELD: model for endstage liver disease; DDLT: deceased donor liver transplantation; LDLT:
living donor liver transplantation.

with and without PVT at transplantation. Nonetheless, significant differences in the LT type (p =
0.026) and hospital mortality rate (p = 0.033) were
observed in patients with PVT compared with those
without PVT (Table 1). Multivariate analysis also
showed significant differences in these two factors
between the two groups (Table 2). However, further
analysis of mortality causes showed no significant
differences between these two groups (Table 3).
Moreover, in contrast to patients with pre-existing
PVT, none of the patients without pre-existing PVT
encountered PV thrombosis during the follow-up
period after LT.

Chang Gung Med J Vol. 34 No. 4
July-August 2011

429

Tsung-Han Wu, et al
Liver transplantation for PVT

Table 2. Multivariate Logistic Regression Analysis of Significant
Factors

Odds ratio (95% CI)

p value

Liver transplantation type (LDLT/ DDLT)

3.247 (1.230-8.567)

0.017

Hospital mortality (with/ without)

3.435 (1.305-9.042)

0.012

Abbreviations: DDLT: deceased donor liver transplantation; LDLT: living
donor liver transplantation.

Table 3. Comparison of Causes leading to Hospital Mortality
between LT Patients with and without PVT
Causes
Re-thrombosis of portal inflow
Internal bleeding
Infection
Graft failure
Acute rejection
Others

PVT

Non-PVT

n = 7 (%)

n = 42 (%)

1 (14.3%)

0

0.142

0

8 (19.0%)

0.581

5 (71.4%)

17 (40.5%)

0.219

0

5 (11.9%)

1.000

1 (14.3%)

6 (14.3%)

1.000

0

6 (14.3%)

p value

Abbreviation: PVT: portal vein thrombosis.

Percent survival (%)

Factors

100
90
80
70
60
50
40
30
20
10
0

Non-PVT
PVT

p = 0.0696

1

2

3 4 5 6 7 8
Years after transplantation

9

10

Fig. 1 Overall cumulative survival rates of patients with (n =
24) and without (n = 332) PVT undergoing liver transplantation. The survival curves were not significantly different
between the 2 groups (p = 0.0696).

the anatomical route with anastomosis of the PV
between the liver graft and recipient, and alternative
routes with portal flow bypassing the original portal
route and going either through the CV or from an
SMV interposition jump graft to the liver graft. The
5-year survival rates were 58.9% for the anatomical
route versus 50% for the alternative route, with no
significant differences between the 2 curves (p =
0.6868, Fig. 2C).

Survival of patients

The cumulative overall survival rates of patients
with PVT undergoing LT were 62.5%, 58.6%, and
58.6% at 1, 3, and 5 years, respectively, which indicated borderline statistically significant differences
from the overall survival rates of patients without
PVT, which were 77.2%, 73.3% and 71.1% at 1, 3,
and 5 years, respectively (p = 0.0696, Fig. 1).
Subsequently, the outcomes of patients with
PVT undergoing LT were further analyzed according
to thrombosis grade and surgical management. The
comparison of survival curves with regard to PVT
grade revealed similar outcomes in all 3 grades with
5-year survival rates of 64.3%, 54.5%, and 50% for
grades 1, 2, and 3, respectively (p = 0.7244, Fig.
2A). The outcomes of patients using cryopreserved
vascular grafts for reconstruction of the PV were not
statistically different from those not using these
grafts, revealing 5-year survival rates of 59.5% and
50%, respectively (p = 0.5961, Fig. 2B).
The patient survival curves were also compared
with regard to route of reconstructed portal flow i.e.,
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DISCUSSION
Although PVT was considered an absolute contraindication for LT in the early 1980s, advances in
surgical techniques and perioperative management
have overcome this obstacle. Several groups have
reported favorable results in patients with PVT
undergoing LT, and have described effective strategies for the management of PVT during LT.(10-13) PVT
is, therefore, no longer a contraindication for LT.
However, information on this issue remains relatively limited. We therefore conducted the current study
to obtain additional data to aid in the management of
this complication.
The pathophysiology of PVT is complex, but it
appears to be related to liver cirrhosis, which causes
elevation of portal pressure associated with endothelial injury and thrombus formation. (14,15) The incidence of PVT during LT has been reported to range
from 2.1% to 26%.(6,16) Nonetheless, the rate of PVT
in cirrhotic patients is estimated to be as high as
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Percent survival (%)

A
Grade 1 (n = 7)

100
90
80
70
60
50
40
30
20
10
0

Grade 2 (n = 11)
Grade 3 (n = 6)

p = 0.7244

1

2
3
4
Years after transplantation

5

Percent survival (%)

B
100
90
80
70
60
50
40
30
20
10
0

Without venous
graft (n = 14)
With venous
graft (n = 10)

p = 0.5961

1

2
3
4
Years after transplantation

5

Percent survival (%)

C
100
90
80
70
60
50
40
30
20
10
0

Anatomical route
(n = 16)
Alternative route
(n = 8)

p = 0.6868

1

2
3
4
Years after transplantation

5

Fig. 2 Comparison of cumulative survival curves among
patients with PVT receiving liver transplantation according to
Yerdel grade of PVT (A, p = 0.7244), application of venous
grafts (B, p = 0.5961), and route of reconstructed portal flow
(C, p = 0.6868). None of the comparisons revealed significant
differences.
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64%, depending on the diagnostic method and the
definition of PVT.(14,15) Therefore, it is expected that
transplantation surgeons will encounter more patients
with PVT in the future.
The rate of PVT was only 6.7% among patients
undergoing LT, and no cases of grade 4 PVT were
observed in the present study. This might be because
of patient selection and the small number of LTs in
our series. Patients with grade 4 PVT usually have
associated complications, including massive ascites
and collateral vascular circulation.(6,13) Although several effective surgical methods have been proposed
for the treatment of grade 4 PVT,(5,15) they potentially
render LT more technically difficult and increase the
associated morbidity. In addition, the extent of PVT
appears to influence the outcomes of patients undergoing LT.(6,13,16) Therefore, although LT in patients
with grade 4 PVT is feasible, the decision to perform
the procedure should only be made after careful consideration of the transplantation center’s experience
and the patient’s clinical status. Moreover, the mortality risk in cirrhotic patients with PVT who did not
receive LT has been reported to be 2.6 times higher
than that in patients without PVT.(17) Thus, LT should
be considered as soon as possible for patients with
PVT.
With a 1-year survival rate of 62.5%, the present
results are comparable with previous reports that
showed 1-year survival rates of 57% to 87% in
patients with PVT undergoing LT.(5) Nonetheless, the
present results are similar to a recent study, which
indicated that recipients with PVT had a significantly
higher risk of mortality versus recipients without
PVT.(17) This suggests that LT in patients with PVT
remains hazardous. In contrast, the long-term outcome of patients with PVT undergoing LT was comparable with that of patients without PVT according
to the current study and other series.(12) The borderline statistically significant difference in survival
curves might be related to a generally high mortality
rate in patients with PVT; otherwise, the long term
outcome in these 2 groups would be similar.
Moreover, comparisons of patient outcomes with
regard to the use of venous grafts, reconstruction
routes, and PVT grades did not exhibit any differences, suggesting that the method used to reconstruct
the PV does not affect a patient’s outcome as long as
effective portal flow is obtained during LT.
Although the hospital mortality rates reflected
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significant differences between patients with and
without pre-existing PVT undergoing LT, a further
analysis of the cause of hospital mortalities revealed
that the mortalities in both groups were mostly due
to post-transplantation infection, which is a common
cause of hospital mortality after LT. Therefore, the
difference observed could be attributed to the relatively small sample size of patients with PVT. A
larger number of patients or a more detailed analysis
of the pathophysiology or immunity of patients with
PVT might be necessary to clarify these results.
However, the reason for the differences in LT type is
not completely explained by the data available for
the present analysis; this warrants further large-scale
investigations as well.
The occurrence of malignant thrombosis in cirrhotic patients concurrent with hepatocellular carcinoma (HCC) is possible, and these patients should be
excluded from candidacy for transplantation.
Recently, advances in diagnostic tools including liver
dynamic CT, MRI, and contrast-enhanced ultrasonography have increased the diagnostic accuracy
of PVT. Nonetheless, false negatives in patients with
low-grade PVT can occur,(10) and surgeons should be
able to overcome this situation during LT. Therefore,
if patients with HCC are considered for LT, it is
advisable to determine with certainty which PVTs

are not malignant thromboses.
Another concern in transplantation in patients
with PVT is postoperative PV rethrombosis. It has
been reported that 6.2% to 28.6% of patients experience PV rethrombosis after LT.(18-20) In the present
study, rethrombosis was identified in 4 patients
(16.7%). Severe rethrombosis can also lead to a high
incidence of mortality, as was observed in one
patient in the present study.(6) However, the use of
venous grafts has been shown to result in a higher
incidence of rethrombosis following reconstruction
of the PV conduit, without affecting either the liver
graft or patient outcome.(21) The present results also
suggest that cryopreserved venous grafts can be used
safely and without negatively impacting the survival
of the liver graft and patient. Utilization of anticoagulation therapy to prevent PV rethromobosis after LT
remains controversial, but it could be considered in
high risk patients or for recanalization of PVT after
LT.(22)
Taken together, depending on PVT grading and
the experience of the surgeon, various surgical techniques can be performed to restore adequate portal
flow to liver grafts. According to our analysis and a
review of literature, we propose a simplified algorithm for the surgical management of PVT during
liver transplantation (Fig. 3). Briefly, a thrombecto-

Fig. 3 Proposed strategy for the management of portal vein thrombosis during liver transplantation. Abbreviations used: PVT: portal vein thrombosis; PV: portal vein; CV: coronary vein; SMV: superior mesenteric vein; R: recipient; D: donor.
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my with direct PV anastomosis is indicated in cases
presenting with a mild degree of PVT. A more challenging technique and careful surgical management
might be necessary in cases of total occlusion of the
portal vein, such as with Yerdel grades 3 and 4.
Generally, as long as adequate portal flow can be
obtained, a simple procedure should be attempted
when possible to prevent surgical complications. As
our data shows, if the recipient’s collateral CV is sufficiently large or engorged, the CV can be used to
restore portal flow. A jump venous graft from the
SMV is only indicated for the restoration of portal
flow in cases of extensive PVT, and if there is no
suitable engorged collateral CV available.
Although the current study was limited by the
small number of patients included, several remarkable results have demonstrated that LT can be performed with favorable outcomes in recipients with
PVT. Moreover, to ensure successful transplantation
in patients with PVT, preoperative evaluation and
thorough planning, as well as the ideal management
of thrombus during LT, are essential.
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քܝᐖਔং۞ঽଈତצքொങ۞ᓜԖ̶ژᄃඉர
ӓ؟Ꮀ1,2 ॣڒ൨1 Ղϒ͞1,2 ӓलၵ1,2 ഫॢځ1 ྜځٿ1,2 Ղރዩ1,2
ࡦ ഀĈ ᔵքொങ၆ѣքܝᐖਔং۞ঽଈ̙̏Гߏ၆۞༰ԟাĂҭ၆ொങγࡊᗁϠ
҃֏̪ߏ˘࣎߄ጼĄдѩĂԧࣇፋந၆ٺѣքܝᐖਔং۞ঽଈତצքொങ۞
གྷរ̈́ఙޢඕژ̶̝ڍĄ
͞ ڱĈ ҋ 1996 ѐ 9 ͡Ҍ 2009 ѐ 6 ͡ഇมᓁВѣ 356 Ҝঽଈهࡔطܜ˾ڒٺᗁੰତצք
ொങĂ̚Β߁ 167 ּގវॕքொങ 189 ּ۞߿វॕքொങĂ༊̚ѣ 24 Ҝঽଈ
(6.7%) ٺքொങॡѣքܝᐖਔংĄ੫၆ֱঽଈ۞ᓜԖপᕇĂ͘ఙڼᒚඕڍ
ซҖа໖ّ۞̶ژĄ
ඕ ڍĈ ѩ 24 ּքܝᐖਔং۞γࡊநΒ߁ 13 ּۡତၡੵҕংГҖքܝᐖਔӚЪĂ3 ּӀ
ϡДࣜܲх̝̂វॕᙑ۞ҕგాତքொങצᙑ۰۞݄ېᐖਔॕᙑք̝քܝᐖ
ਔĂ1 ּۡତӚЪצᙑ۰̝݄ېᐖਔք̝քܝᐖਔĂ4 ּӀϡҽᖟ̝ҕგాତצ
ᙑ۰̝˯བրቯᐖਔք̝քܝᐖਔĂ3 ּٺၟᕝং̝ܝᐖਔޢӀϡҽᖟ̝ҕგ
ాତӚЪॕᙑ۰ᄃצᙑ۰۞քܝᐖਔĄੵ˞ 7 ҜঽଈٺఙޢҝੰഇมѪ˸̝γĂ
ዶੰঽଈ̝πӮᖸഇࢨࠎ 36.4 ࣎͡Ă༊̚ѣ 14 Ҝঽଈϫ݈̪х߿Ąѣ 4 Ҝঽ
ଈ (16.7%) ൴ϠքܝᐖਔГং̝ଐԛĄքܝᐖਔং۞ଈ۰ତצքொങᄃ՟ѣք
ܝᐖਔং۞ଈ۰ତצքொങ࠹ͧĂѣքܝᐖਔং۞ଈ۰ତצքொങ۞͘ఙ
Ѫ˸த࠹၆ྵ (p = 0.033)Ăҭܜഇх߿த֭ࢍ˯۞ពّमள (p = 0.0696)Ą
ซ˘Վ۞̶ژঽଈх߿தॲፂքܝᐖਔং۞ޙࢦ̈́ޘքܝᐖਔ۞͞ё˵ពϯ
ࢍ˯۞ពّमளĄ
ඕ ኢĈ քொങ၆ѣքܝᐖਔং۞ঽଈдᓜԖ˯ߏΞҖ۞Ă̙ᑕజෛࠎքொങ۞༰
ԟĄҭߏٺքொങॡυืࢋѣநຐ۞͘ఙந͞ёҹڇքܝᐖਔংĂ͞Ξ྿ז
ѣӀ۞ඕڍĄ
(طܜᗁᄫ 2011;34:426-34)
ᙯᔣෟĈքܝᐖਔংĂքொങĂ͘ఙநĂޢ
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