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Background. Portal vein thrombosis (PVT) has been
seen as an obstacle to liver transplantation (LTx). Re-
cent data suggest that favorable results may be
achieved in this group of patients but only limited
information from small size series is available. The
present study was conducted in an effort to review the
surgical options in patients with PVT and to assess the
impact of PVT on LTx outcome. Risk factors for PVT
and the value of screening tools are also analyzed.

Methods. Adult LTx performed from 1987 through
1996 were reviewed. PVT was retrospectively graded
according to the operative findings: grade 1: <50%
PVT 1/2 minimal obstruction of the superior mesen-
teric vein (SMV); grade 2: grade 1 but >50% PVT; grade
3: complete PV and proximal SMV thrombosis; grade 4:
complete PV and entire SMV thrombosis.

Results. Of 779 LTx, 63 had operatively confirmed
PVT (8.1%): 24 had grade 1, 23 grade 2, 6 grade 3, and 10
grade 4 PVT. Being male, treatment for portal hyper-
tension, Child-Pugh class C, and alcoholic liver dis-
ease were associated with PVT. Sensitivity of ultra-
sound (US) in detecting PVT increased with PVT
grade and was 100% in grades 3–4. In patients with
US-diagnosed PVT, an angiogram was performed and
ruled out a false positive US diagnosis in 13%. In con-
trast with US, angiograms differentiated grade 1 from
grade 2, and grade 3 from grade 4 PVT. Grade 1 and 2
PVT were managed by low dissection and/or a throm-
bectomy; in grade 3 the distal SMV was directly used
as an inflow vessel, usually through an interposition
donor iliac vein; in grade 4 a splanchnic tributary was
used or a thrombectomy was attempted. Transfusion
requirements in PVT patients (10 U) were higher than
in non-PVT patients (5 U) (P<0.01). In-hospital mortal-
ity for PVT patients was 30% versus 12.4% in controls
(P<0.01). Patients with PVT had more postoperative
complications, renal failure, primary nonfunction,
and PV rethrombosis. The overall actuarial 5-year pa-
tient survival rate in PVT patients (65.6%) was lower
than in controls (76.3%; P50.04). Patients with grade 1
PVT, however, had a 5-year survival rate (86%) identi-

cal to that of controls, whereas patients with grades 2,
3, and 4 PVT had reduced survival rates. The 5-year
patient survival rate improved from the 1st to the 2nd
era in non-PVT patients (from 72% to 83%; P<0.01), in
grade 1 PVT (from 53% to 100%; P<0.01), and in grades
2 to 4 PVT (from 38% to 62%; P50.11).

Conclusions. The value of US diagnosis in patients
with PVT depends on the PVT grade, and false nega-
tive diagnoses occur only in incomplete forms of PVT
(grades 1–2). The degree of PVT dictates the surgical
strategy to be used, thrombectomy/low dissection in
grade 1–2, mesoportal jump graft in grade 3, and a
splanchnic tributary in grade 4. Taken altogether,
PVT patients undergo more difficult surgery, have
more postoperative complications, have higher in-hos-
pital mortality rates, and have reduced 5-year survival
rates. Analysis by PVT grade, however, reveals that
grade 1 PVT patients do as well as controls; only
grades 2 to 4 PVT patients have poorer outcomes. With
increased experience, results of LTx in PVT patients
have improved and, even in severe forms of PVT, a
5-year survival rate >60% can now be achieved.

Portal vein thrombosis (PVT) has, in the past, been con-
sidered an absolute contra-indication to liver transplantation
(LTx) because of the technical difficulties it entails (1, 2). In
the recent years, innovative surgical techniques have been
introduced (thrombectomy, use of venous jump graft, use of
PV tributaries), and many technical obstacles have been
overcome (3). As a result, PVT is no longer regarded as a
contra-indication to LTx and several series have reported
encouraging results of LTx in patients with this problem
(3–8). However, no large series with extended follow-up has
yet been reported, and the exact impact of PVT on the short
and particularly long-term outcome of adult LTx remains
unknown (Table 1). A source of difficulty in interpreting
previous reports is that PVT is not an all or none phenome-
non and there are various degrees of PVT, from incomplete
and segmental thrombosis to total obstruction of the portal
system. Various degrees of PVT may cause differences in the
difficulty of the transplantation operation, thus there would
be differences in graft and patient outcome. In addition, the
value of pretransplant screening tools in detecting PVT has
not been studied in detail. We reviewed results of LTx in
patients with intraoperatively confirmed PVT at this center.
We analyzed those results according to the extent of throm-
bosis. We also looked at the evolution of those results during
two consecutive eras. In addition, we sought to delineate
pretransplant risk factors for PVT and we looked at the value
of pretransplant screening tools in detecting PVT. Finally, on
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the basis of the presented series, which represents the larg-
est series of adult LTx patients with PVT, we propose guide-
lines for the evaluation and management of PVT in LTx
recipients.

PATIENTS AND METHODS

Patient population. Information stored prospectively at the Unit
Database was reviewed. Records of adult patients with chronic liver
disease who underwent orthotopic LTx between October 1987 and
August 1996 at the Liver Unit, Queen Elizabeth Hospital, Birming-
ham, UK, were retrieved. This study period was divided into 2
consecutive eras (1st era, October 1987–December 1991; 2nd era,
January 1992–August 1996). Patients with intraoperatively-
confirmed PVT formed the study group. PVT per se has not been a
contraindication for LTx at our center except in patients with a liver
tumor or in those with associated significant morbid factors. Pediat-
ric transplantation and transplantation for fulminant hepatic failure
were excluded from the analysis for standardization purposes. Donor
management, harvesting, preservation, recipient operation tech-
niques, and immunosuppression protocols have been previously pub-
lished (9–11).

Grading of PVT. All patients with intraoperatively-confirmed
PVT were identified. PVT was retrospectively classified into the
following 4 grades, according to the extent of thrombosis assessed
intraoperatively.

Grade 1—Minimally or partially thrombosed portal vein (PV), in
which the thrombus is mild or, at the most, confined to ,50% of the
vessel lumen with or without minimal extension into the superior
mesenteric vein (SMV).

Grade 2—.50% occlusion of the PV, including total occlusions,
with or without minimal extension into the SMV.

Grade 3—Complete thrombosis of both PV and proximal SMV.
Distal SMV is open.

Grade 4—Complete thrombosis of the PV and proximal as well as
distal SMV.

Assessment of pretransplant risk factors for PVT. The following
potential risk factors for PVT were studied: age, sex, primary dis-
ease, Child-Pugh Class (class A vs. B vs. C), previous treatment for
portal hypertension (sclerotherapy, transjugular intrahepatic porto-
systemic shunt (TIPS), or shunt surgery), previous splenectomy,
previous upper abdominal surgery, and presence of malignancy in
the native cirrhotic liver. Statistical analysis was performed using
the software program STATA. Chi-square test with Yates correction
was used for the analysis of categorical variables, and the student’s
t-test was used for the analysis of quantitative variables.

Assessment of the efficiency of pretransplant imaging. All patients
underwent a protocol ultrasound (US) investigation of their hepatic
vasculature with special attention to PV morphologic features and
flow. US records were reviewed. The majority of patients with US
findings compatible with PVT underwent either conventional an-
giography or magnetic resonance angiography (MRA) and/or con-

trast-enhanced computed tomography. The results of US examina-
tion were compared with intraoperative findings, and a true or false
positive/negative US result was recorded, accordingly. The sensitiv-
ity, specificity, positive, and negative predictive values of US imag-
ing were then calculated using standard formulas. Finally, all an-
giograms and MRA were compared with both US and intraoperative
findings, and all imaging results were further analyzed according to
the grade of PVT.

Further progression of study. Surgical techniques used were an-
alyzed according to the grade of PVT. Type of bypass used was also
noted. Warm ischemia time, amount of operative blood transfusion,
and duration of surgery were determined and analyzed according to
the grade of PVT and the era. Early and late postoperative compli-
cations were studied according to the grade of PVT. In-hospital
mortality was studied according to the grade of PVT and the era.
Finally, graft and patient survival were analyzed according to the
grade of PVT and the era. Lifetable analysis was performed by
Kaplan-Meier method, and differences were compared by the log-
rank test.

RESULTS

Incidence and grade of PVT. Between October 1987 and
August 1996, 709 adult patients with chronic liver disease
underwent 779 LTx (709 primary grafts, 70 regrafts). Of that
entire population, 63 patients had operatively-confirmed
PVT during their transplantation, giving a rate of 8.1%
among 779 LTx. Sixty incidences of PVT were encountered
during a primary, one during a secondary, and two during a
tertiary LTx. The rate of PVT in primary grafts was 8.4% and
in regrafts was 4.3% (P50.35). Of the 63 patients with PVT,
24 had grade 1 PVT (38%), 23 had grade 2 PVT (37%), 6 had
grade 3 PVT (9.5%), and 10 had grade 4 PVT (15.5%).

Pretransplant risk factors for PVT. Age, previous upper
abdominal surgery, and cancer in the cirrhotic liver did not
augment the risk of PVT. However, male sex, previous treat-
ment for portal hypertension (sclerotherapy, TIPS, shunt
surgery, previous splenectomy), Child-Pugh class C, and al-
coholic liver disease were associated with PVT.

Of males and females undergoing LTx, 11% and 6% had
PVT, respectively (P50.016). The incidence of PVT differed
in patients who had undergone previous sclerotherapy com-
pared with those who had not, 12.4% versus 6.8%, respec-
tively (P50.015). When all treatment for portal hyperten-
sion-related bleeding (sclerotherapy, TIPS, shunt, surgery,
splenectomy) were evaluated together, patients who under-
went at least one of those interventions had a PVT rate of
12.5%, versus 6.6% in those who did not (P50.013). The
incidence of PVT was increased with worsening liver disease:

TABLE 1. Results of previously reported series on LTx patients having preoperative PVT

Author Center
No. PVT/

No. patients
(%)

%
Rethrombosis

%
PNFa

%
Pancreatitis

Perioperative
mortality (%)

1-year
survival

(%)

Stieber (1991) Pittsburgh 34/1585 (2.1) ? ? ? 32.4 67.6
Langnas (1992) Omaha 16/495 (3.2) 1 (6.25%) 0 2 (12.5%) 19 81
Cherqui (1993) Cretéil 11/69 (15.9) 0 1 (9.1%) 0 11.1 73
Gonzales (1993) Madrid 14/174 (8.0) 4 (28.5%) 1 (7.1%) 0 35.7 57.2
Davidson (1994) London 14/132 (10.6) 3 (21.43%) 0 0 42 58
Gayowski (1996) Pittsburgh 23/88 (26) 0 4 (17.3%) 0 19 88
Seu (1996) Los Angeles 70/1423 (4.9) 2 (3%) ? ? 14 74
Lerut (1997) Brussels 38/326 (11.7) 4 (10.5%) 3 (7.9%) 0 26.3 73.7
Yerdel (1999) Birmingham 60/709 (8.4) 3 (5%) 4 (6.6%) 1 (1.6%) 30.5 65.6

a PNF, Primary nonfunction.
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in Child-Pugh class A 2.5%, Child-Pugh class B 5.6% and
Child-Pugh class C 10.4% (P50.04, B vs. C). Finally, there
was a higher incidence of PVT in patients undergoing LTx for
alcoholic liver disease (17% vs. 10% for nonalcoholic liver
disease; P,0.01). The incidence of PVT in patients undergo-
ing LTx for other indications was not significantly different
from that in the overall group: 16% in posthepatitis B, 13% in
cryptogenic cirrhosis, 12% in autoimmune hepatitis, 10% in
primary sclerozing cholangitis patients, 7% in liver tumor
patients, 6% in posthepatitis C, 4.3% in retransplant, and 4%
in primary biliary cirrhosis (P5NS).

Value of pretransplant imaging. US had technically failed
in three patients (because of obesity n51; intestinal air n52).
The sensitivity, specificity, and positive and negative predic-
tive values of US in detecting presence or absence of PVT
were 73%, 99%, 86%, and 98%, respectively. Sensitivity of US
in detecting PVT increased with PVT grade: 48% in grade 1;
82% in grade 2; 100% in grades 3 and 4. There were no false
negative results among patients with complete obstruction of
the PV (grades 3 and 4). In fact, false negative US-diagnosis
occurred exclusively in incomplete forms of PVT, that is,
grades 1 and 2. The incidence of those false negative results
was significantly higher in grade 1 than in grade 2 (P50.03).
In all grades 3 and 4 PVT, US performed had correctly
diagnosed complete obstruction of the PV. US, however,
could not differentiate grade 3 from grade 4 PVT.

Of 51 patients with a US diagnosis of PVT (44 true posi-
tive, 7 false positive), the PV was further examined by addi-
tional imaging in 40. No further imaging was done in 9
patients with minimally thrombosed PV at US examination
(7 true positive; 2 false positive), and in another 2 patients
with operatively-confirmed grade 4 PVT. Of the 40 patients
further explored, a conventional angiogram alone was per-
formed in 34; MRA and an angiogram were performed in one;
MRA was associated with enhanced computerized tomogra-
phy in one; and MRA alone was performed in another 4
patients.

An angiogram revealed patency of the PV and absence of
thrombus in 5 patients with a false-positive US diagnosis of
PVT. In contrast with US, angiograms differentiated grade 1
from grade 2 PVT, and grade 3 from grade 4. Grades of PVT
defined by an angiogram corresponded to operative findings.
All angiograms performed in grade 3 patients revealed a
distally patent SMV, which was subsequently used as a por-
tal inflow (see below). Angiograms, besides diagnosing totally
occluded SMV in all grade 4 PVT, further revealed a patent
collateral vessel which could subsequently be used as a portal
inflow in 4 patients (see below). Morbidity (puncture site
hemorrhage from the angiogram) was limited to one patient.
MRA provided correct information regarding the grade of
PVT all 6 times it was used.

Operative Management (Fig. 1, 2, 3)

Grade 1 PVT. In four patients, the minimal thrombotic
segment was confined to the PV segment close to the liver
hilum and no special technique had to be used for PV recon-
struction. In 17 patients, low dissection of the recipient PV
toward the SMV-splenic junction allowed a suitable PV seg-
ment proximal to the thrombus to be used for the anastomo-
sis. In three patients, however, a thrombectomy had to be
performed in addition to low dissection to provide a suitable
recipient PV segment.

Grade 2 PVT. Three patients underwent low dissection
alone, but the majority (20) needed a thrombectomy (alone in
13 and combined with low dissection in 7).

Grade 3 PVT. At operative confirmation of extensively
thrombosed PV and proximal SMV, but distally open SMV,
the latter was directly prepared, as described elsewhere (3),
to serve as a venous inflow. In all these patients but one, an
interposition iliac vein graft from the donor was used be-
tween the distal SMV (end-to-side) and the donor PV (end-
to-end). In one patient, however, the donor PV was long
enough to be directly attached end-to-side to the distal SMV.
All venous conduits were tunneled through the mesocolon
behind the stomach and duodenum and anterior to the pan-
creas.

Grade 4 PVT. In six patients, there was a suitable PV
tributary to which the donor PV was anastomosed end-to-
side. A dilated coronary vein was used in four of them, with
the technique described previously (12) (see Fig. 3). A branch
of the SMV and a dilated choledochal vein were used in the
other two patients. An interposition iliac vein graft was
needed in only one of these six patients.

In four patients, however, no collateral vessel was avail-
able, and PV revascularization was attempted by repetitive,
but only partially successful, thrombectomies. In one of these
patients, in addition to the thrombectomy, a collateral SMV
branch was anastomosed end-to-side to the donor PV to in-

FIGURE 1. Thrombectomy and low dissection is the method of
choice for revascularization in grades 1 and 2 PVT patients.
It provides a suitable segment of donor portal vein distal to
the thrombus.
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crease flow. In another patient, the blood flow after the
thrombectomy remained unsatisfactory, and an end-to-side
anastomosis between the donor PV and a retroperitoneal
varix was performed.

Veno-venous bypass was used selectively. There were 22
patients who received full caval and portal bypasses using
the PV in 16, and the inferior mesenteric vein in 6; 11
patients received a portal bypass only, using the PV in 4, the
inferior mesenteric vein in 6, or a collateral of the PV in 1; 17
patients received a caval bypass only; and no bypass was
used in another 13.

Effect of PVT on intraoperative parameters by PVT grade
and by era. The overall median duration of surgery was 6 hr
in both PVT and non-PVT patients. It dropped significantly
from the 1st to the 2nd era in the non-PVT patients (from 6
to 5 hr, P50.0001). It also dropped from the 1st to the 2nd era
in the non-PVT patients (from 7 to 6 hr), but this did not
reach significance (P50.19). Median duration of surgery in
PVT patients was significantly longer than in non-PVT pa-
tients during the 2nd era (6 vs. 5 hr, P,0.0001).

The overall median transfusion requirement in PVT pa-
tients (10 U) was significantly higher than that in non-PVT
patients (5 U) (P,0.0001). Transfusion requirements
dropped significantly in both PVT and non-PVT patients
from the 1st to the 2nd era: from 14 to 8 U (P,0.015) in PVT
patients, and from 7 to 4 U in non-PVT patients (P,0.0001),
respectively. Finally, warm ischemia time was not influenced
by presence or absence of PVT, PVT grade, or era.

Postoperative complications by PVT grade (Table 2). The
rate of post-LTx hepatic artery thrombosis, relaparatomy,
and postoperative pancreatitis were similar in both PVT and
non-PVT patients. There was a trend for more infectious
complications in PVT patients and particularly in advanced
grades of PVT, although the difference did not reach signifi-
cance. Renal failure requiring dialysis, the rate of primary
nonfunction, and the incidence of thrombosis of the PV was
significantly higher in PVT patients.

Postoperative in-hospital mortality by PVT grade and by
era (Table 3). The in-hospital mortality for patients with
PVT was 30%. In comparison, the in-hospital mortality for
transplantations without PVT was 12.4% (P,0.001).

In patients with grade 1 PVT (n523), there were 3 deaths
in total and all occurred within 30 days after LTx, giving an
in-hospital mortality rate of 13%. Reasons for deaths were
septic complications in two and acute hemolysis resulting
from an uncontrollable humoral graft-versus-host disease in
one patient.

In patients with grade 2 PVT (n521), there were 10 deaths
in total during the post-LTx period. Two were late deaths

FIGURE 2. In grade 3 PVT, a donor iliac vein graft is inter-
posed between the donor distal SMV and the graft portal
vein. The conduit is placed anterior to the pancreas and
posterior to the pylorus region.

FIGURE 3. In grade 4 PVT, a collateral of the portal system is
used as an inflow vessel (in this case, a dilated coronary
vein).

TABLE 2. Distribution of postoperative complications according to presence or absence of PVT and PVT grade

Non-PVT
(%)

N5716

Grade 1 PVT
(%)

N524

Grade 2 PVT
(%)

N523

Grade 3 PVT
(%)

N56

Grade 4 PVT
(%)

N510

Grade 1–4
(%)

N563

PVT
vs.

non-PVT

Hepatic arterial thrombosis 2.6 n517 0 4.7 n51 0 0 1.7 n51 P5NS
Relaparotomy for any reason 13.7 n589 8.7 n52 14.2 n53 0 20 n52 11.6 n57 P5NS
Pancreatitis 0.6 n54 0 0 0 10 n51 1.7 n51 P5NS
Infectious complications of any kind 18 n5118 26 n56 28.5 n56 33.3 n52 40 n54 30 n518 P5NS
Renal failure requiring dialysis 9.4 n561 21.8 n55 19.4 n54 16.6 n51 20 n52 20 n512 P50.01
Primary nonfunction 1.4 n59 0 14.2 n53 16.6 n51 0 6.6 n54 P50.02
Rethrombosis 1.1 n57 0 9.5 n52 0 10 n51 5 n53 P50.04
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occurring 8 and 4 months after discharge and caused by
metastatic disease and late acute rejection, respectively. The
other 8 deaths occurred during the in-patient stay, giving an
in-hospital mortality of 38.1%. The reasons for these 8 fatal-
ities were the following: primary nonfunction of the graft
(n53), rethrombosis of the PV (n52), hepatic arterial throm-
bosis (n51), uncontrollable sepsis (n51), and reperfusion
coagulopathy leading to severe bleeding (n51).

In patients with grade 3 PVT (n56), there were two deaths
in total, one caused by primary nonfunction on day 0 and
another caused by sepsis at 34 days, giving an in-hospital
mortality of 33.3%. In survivors, iliac vein grafts functioned
well and remained patent.

In patients with grade 4 PVT (n510), there were 5 deaths
in total, all occurring within the first 30 days after LTx,
giving an in-hospital mortality of 50%. All four patients hav-
ing thrombectomies were among those who died: one died of
acute left ventricular failure after declamping; a second died
of retropancreatic bleeding and pancreatitis at 21 days; a
third developed PV rethrombosis at 9 days and this caused
fatal variceal bleeding; a fourth patient died at 8 days, of
sepsis. In addition, one patient, in whom PV revasculariza-
tion had been performed through an interposed vein between
the donor PV and a recipient SMV branch, died of acute
cardiac failure 1 day after LTx. In-hospital mortality de-
creased from the 1st to the 2nd era in control non-PVT
patients (from 17.8% to 9%; P,0.01) and also in PVT patients
(from 53% to 22%; P50.03).

Patient and graft survival by PVT grade and by era. The
overall actuarial 5-year patient survival rate in PVT patients
(65.6%) was lower than in non-PVT patients (76.3%; P50.04;
Fig. 4). Survival rates in non-PVT patients were then com-
pared with those of each grade of PVT patient (Table 4). Only
in grade 1 PVT were the 5-year patient and graft survival

rates (both 86%) identical to those of control patients without
PVT (P50.5 and 0.2 for patient and graft survival, respec-
tively) (Table 4; Fig. 5). Corresponding survival rates in
grades 2, 3, and 4 PVT were not different among each other
(P5NS) and were inferior to those of controls (P,0.01). When
grouping grades 2–4 PVT cases together, overall 5-year pa-
tient and graft survival rates were 55% and 52%, respec-
tively; this was lower than corresponding survival figures in
control, non-PVT patients (84.2% and 76.3%), and this dif-
ference was highly significant (P,0.0001 and P,0.0004, for
patient and graft survival, respectively) (Fig. 5).

Analysis by era (2nd era vs. 1st era) showed significant
improvement in 5-year patient survival rate in non-PVT pa-
tients (from 72% to 83%; P50.001), in grade 1 PVT (from 53%
to 100%; P50.006), and an improvement, albeit not to a
statistically significant extent in the combination of patients
with grades 2 to 4 PVT (from 38% to 62%; P50.11) (Fig. 6). As
shown in Figure 6, patients with grade 1 PVT in the 2nd era
continued to do as well as non-PVT patients (P50.12); al-
though results in patients with grades 2 to 4 PVT improved
from the first to the 2nd era, these patients continued to be at
higher risk for reduced 5-year survival rates, in comparison
with controls (P50.0002).

DISCUSSION

Fifteen years ago, LTx was considered technically not fea-
sible in patients with PVT; in fact, Van Thiel et al. reported
two operative deaths directly related to PVT (1). Shortly after
that, however, Shaw reported successful LTx in the presence
of PVT by using venous conduits to bypass the thrombotic
segment (13). Since then, experience has been gained in
various centers and a number of reports have emerged, indi-
cating the feasibility of LTx even in the presence of PVT, by
using various techniques, mainly low dissection of the recip-

TABLE 3. In-hospital mortality rates according to PVT grade and eraa

Grade of PVT
Overall in

Hospital Mortality
(%)

First Era in
Hospital Mortality

(%)

Second Era in
Hospital Mortality

(%)

First Era
vs.

Second Era

Non-PVT 12.4 17.8 9 P,0.01
PVT 1–4 30 53 22 P50.03

1 13 50 0 P50.01
2 38.1 50 30.8 NS
3 33.3 100 20 NS
4 50 50 50 NS

P,0.001 P,0.001 P,0.01
a Non-PVT vs. Grades 1–4 PVT.

FIGURE 4. Overall patient survival rates in patients with and
without PVT (1987–1996).

TABLE 4. Overall 1-year and 5-year patient and graft
survival according to PVT gradea

Patient survival Graft survival

1
year
(%)

5
years
(%)

1
year
(%)

5
years
(%)

Non PVT 84.2 76.3 76.7 67.9
PVT 65.6 65.6 63.9 63.9
Grade 1 86 86 86 86
Grade 2 52 52 52 47
Grade 3 67 67 67 67
Grade 4 50 50 50 50

a See P values in the text.
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ient PV, thrombectomy of the recipient PV, and interposition
of venous graft between donor PV and recipient SMV (3–8).
However, only few studies have looked in detail at the impact
of PVT on LTx outcome, the risk factors for PVT, and the
value of screening tools. Furthermore, those factors are likely
to be influenced by the degree of PVT, a factor that has not
been taken into account in previous studies.

The incidence of PVT in cirrhotic patients varies between
0.6% and 64.1%, depending on the diagnostic methods used
and patient selection (14–17). The incidence of PVT in LTx
series is usually lower, from 2.1% to 26%, partly because PVT
has been seen as a relative contraindication to LTx (Table 1)
(3–8, 18, 19). The incidence of PVT was 8.4% in our adult LTx
series.

In our study, we found the following factors to be associ-
ated with PVT: male sex, previous treatment for portal hy-
pertension (sclerotherapy, TIPS, shunt surgery, previous
splenectomy), Child-Pugh class C, and alcoholic liver disease.
Male sex correlated with PVT, but it is likely that alcoholic
cirrhosis and not male sex accounts for that finding. The
association between PVT and treatment for bleeding proba-
bly reflects the fact that patients with the most pronounced
portal hypertension are more susceptible to developing PVT,
probably because of the hemodynamic changes in the PV (low
flow or reverse flow eventually predisposing to thrombosis).
In support of that hypothesis is the observation that not only
patients with variceal bleeds but also those with repeated
episodes of encephalopathy and severe ascites are at risk for
developing PVT (3–8). Budd-Chiari syndrome and hyperco-
agulable status have been associated with PVT; indeed, a

preserved coagulation could trigger the development of PVT,
particularly in the setting of a reduced or reverse flow. Pro-
thrombotic states, such as the Leiden mutation of factor V,
could promote development of PVT, but this was not studied
in our series. Unlike others, we did not observe a correlation
between cancer and PVT, probably because patients with
PVT and liver tumors are excluded from LTx in our program,
given their poor prognosis (3–8).

Imaging of the hepatic vasculature and, in particular, of
the PV is a routine part of the pre-LTx evaluation. US usu-
ally is the initial diagnostic tool used because it is noninva-
sive, is rapidly available, is inexpensive, and provides rea-
sonable accuracy in experienced hands. The reported
efficiency of US in detecting PVT varies between 26% and
87%, indicating extreme variability owing to the high inci-
dence of false negative results in different series (3–8, 18).
Efficiency of US depends not only on the expertise of the
individual radiologist but also on the extent of PVT. For
example, Chergui mentioned that all their patients with total
PVT were correctly diagnosed before transplantation, as op-
posed to patients with partial PVT in whom US had gener-
ated many false negative results (5). However, Davidson
reported failure of US in identifying PVT even in patients
with intraoperatively confirmed totally occluded PV (7). It
was then hypothesized that PVT may have developed in the
pre-LTx period after the last US had been performed. It is,
thus, essential to regularly repeat US studies in patients on
the waiting list to keep from missing intercurrent develop-
ment of PVT. Most of these aforementioned series are small
and, therefore, not adequate to study the diagnostic effi-
ciency of US in detecting various degrees of PVT. In our
larger patient population, US was revealed to be an efficient
pre-LTx screening tool. Overall sensitivity and specificity of
73% and 99% were superior to previously published results.
It is important that US never failed to detect PVT in patients
with no PV flow, that is, complete, grade 3 and 4 PVT. In
those patients, sensitivity and specificity was 100%. Our data
confirm the relatively higher incidence of false negative US
results in patients with preserved PV flow, that is, incom-
plete grade 2 and particularly grade 1 PVT. In contrast, to
previous hypotheses, we failed to document a relationship
between the time from the last US to the LTx, and the rate of
false-negative US results (data not shown). We must empha-
size, however, that our policy is to repeat US frequently while
patients are on the waiting list, in particular in those whose
clinical condition suddenly deteriorates (an event that can be
precipitated by PVT). In all the “missed” PVT, the thrombus
was in fact incomplete with partially preserved PV flow.
Surgically, this underdetection of PVT had only little impact,
because those mild forms of PVT could always be dealt with
by using simple surgical techniques.

An angiogram is an essential element in the detailed in-
vestigation of patients with a US diagnosis of PVT for the
following reasons. First, as demonstrated in this series, an
angiogram rules out a false-positive US result. This is crucial
because an erroneous pre-LTx diagnosis of PVT may falsely
overestimate the particular risk of individual patients. For-
tunately, the incidence of false positive US results is low
(13%). There is a possibility that those false-positive US
results correspond to the recanalization of a previously
thrombosed PV, but we did not find any stigmata of that at
surgery. The availability of i.v. US contrast agents can allow

FIGURE 5. Overall (A) patient and (B) graft survival rates in
non-PVT, grade 1 PVT, and combined grades 2–4 PVT pa-
tients (1987–1996).
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the demonstration of portal vein flow when the conventional
and color Doppler examination shows no flow. Such a use of
US contrast agent could avoid the need for an angiogram or
MRI angiogram when there is a false positive US diagnosis of
portal vein thrombosis. Second, in contrast to US, an angio-
gram better delineates the severity, the extent, and the pre-
cise location of the intraportal thrombus and it can provide
invaluable information regarding the patency of the splenic-
SMV junction, the distal SMV, and possible venous collater-
als that could be used as inflow vessels. An angiogram, there-
fore, is required to distinguish grade 1 from grade 2, and
grade 3 from grade 4 PVT. This distinction is not just aca-
demic but also clinically relevant because various forms of
PVT require different surgical strategies (see below). It is for
that reason that for patients with an in-surgery “unexpected”
diagnosis of PVT, intraoperative angiograms have been rec-
ommended by some (3).

The indication for an angiogram in LTx candidates varies
between centers. Several units like ours reserve the angio-
gram only for those patients with a US diagnosis of PVT (4),
whereas, others use it more liberally, even in patients with
no US evidence of PVT but just reduced PV flow (5, 7, 18).
Some centers even perform routine angiograms in all pro-
spective LTx candidates. We believe that the most rational
and cost effective approach is to perform an angiogram only
in patients with a US diagnosis of PVT, providing that
screening US is performed by experienced radiologists and
that the incidence of false negative results is low and limited
to mild forms of PVT. With multidimensional scanning abil-
ity, MRA can accurately detect portal-splenic-SMV abnor-

malities (20–22). In our experience, MRA was as accurate as
an angiogram in grading PVT. In contrast to the conven-
tional angiogram, MRA is noninvasive and can be safely
performed in patients with renal impairment. Subject to
availability, it is now our current practice to perform MRI
rather than the conventional angiogram to evaluate the PV
and PVT in LTx candidates when US is not sufficient.

Management options to revascularize the liver graft in
patients with PVT range from low dissection of the PV or
even the splenic-SMV bifurcation, to thrombectomy, venous
grafting procedures, or use of PV collaterals (3–8, 18, 19).
Most patients with incomplete PVT can successfully undergo
LTx if simple operative maneuvers are used. PVT frequently
starts intrahepatically and extends downward to the proxi-
mal PV. A well-preserved segment of PV without thrombosis
can often be reached near the pancreas in most patients with
mild PVT, and this segment can safely be used for PV anas-
tomosis. In the large majority of our patients with grade 1
PVT (87.5%) and in 13% of patients with grade 2 PVT, this
technique alone was sufficient to provide adequate portal
revascularization. If the thrombus extends lower behind the
pancreas into the splenic-SMV bifurcation and SMV, then
the surgical technique depends on the severity/extent of the
thrombus. In grades 1 and 2 patients with totally patent
SMV, the thrombectomy is the procedure of choice, provided
that sufficient blood flow can be reestablished. Often a com-
bination of low dissection and thrombectomy is needed.

In patients with proximally occluded, but distally open,
SMV (grade 3), we did not attempt low dissection and throm-
bectomy of the retropancreatic PV for fear of causing bleed-
ing and pancreatitis (4). In those cases, we concur with
Stieber, Langnas, and Gayowski on having a low threshold to
use donor iliac vein grafts, and we directly proceeded with
dissection of the distally patent SMV segment (3, 4, 18). In
one patient, the donor PV was sufficiently long to reach the
SMV. There has been concern that local left-sided portal
hypertension may persist after construction of mesoportal
conduits (23). However, this has not been observed in pa-
tients in this and other centers who received a bridge graft to
the distal SMV (3–8, 18).

Management options in patients with extremely extensive
grade 4 PVT depends on the presence of a splanchnic collat-
eral that can provide an adequate outflow for the portal
system and which is not too distant from the liver hilum (3,
12). In 6 of 10 of our grade 4 patients, we found such a
collateral and all pre-LTx angiograms performed had suc-
cessfully documented these collateral vessels. This re-empha-
sizes the importance of pre-LTx mapping of the PV system in
planning the surgical procedure. Five of these six patients
are still alive and well with normal graft function. However,
all of the four other patients in whom no suitable collateral
vessel was identified at the time of LTx and in whom only
thrombectomies were attempted, died within 30 days after
LTx. It is for this subgroup of patients identified by a pre-LTx
angiogram that the technical feasibility and outcome of LTx
remain questionable. However, Stieber reported successful
outcomes in 5 similar patients after extensive thrombecto-
mies (3). In similar cases of complete thrombosis of the PV
system, arterialization of PV flow using donor splenic artery
and cavoportal hemitransposition have been performed with
success in a few patients (3, 24, 25). Combined liver-intestine
transplantation is another possible alternative.

FIGURE 6. Survival of non-PVT patients, grade 1 PVT pa-
tients, and combined grades 2–4 PVT patients according to
the era. (A) 1st era, 1987–1991. (B) 2nd era, 1992–1996.
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The use and type of veno-venous bypass in patients with
PVT is dependent on the extent of PVT. In mild forms of PVT,
full bypass using the thrombectomized PV is possible, pro-
vided that the PV is suitable and that special care is taken
during the introduction of cannulae. In patients with a frag-
ile PV, the inferior mesenteric vein can be used if bypass is to
be used. It should be noted that in patients having totally
occluded PVs, a portal bypass is not necessary and only a
caval bypass can be safely used as an adaptation for the lack
of portal vein flow that has already occurred.

In this series, and consistent with others, blood transfusion
requirements were higher in patients with PVT, reflecting
the more complex surgery in those patients having severe
portal hypertension (3, 4, 8, 26). Blood transfusion in both
PVT and non-PVT patients decreased significantly from the
first to the second era, a finding in accordance with Seu and
reflects experience and refinement in surgical technique and
hemostasis (8). In contrast to the literature, overall duration
of surgery (6 hr) was not higher in PVT patients in our series.
With more experience, duration of surgery was further re-
duced, from 6 hr during the 1st era to 5 hr during the 2nd era,
only in control patients without PVT. It is interesting that
the warm ischemia time of the graft was not influenced by
PVT. This reflects the fact that vessels used to re-establish
flow (e.g., native PV, iliac vein conduit) were prepared before
graft implantation so that it did not prolong the anhepatic
period.

The rate of post-LTx hepatic artery thrombosis, relapa-
ratomy, and postoperative pancreatitis was similar in PVT
and controls. Pancreatitis caused by extended retropancre-
atic dissection has been reported but occurred in only one of
our 63 patients, probably because retropancreatic dissection
was systematically avoided (3, 4). There was a trend for more
infectious complications and a significant increase in renal
failure and dialysis requirement in PVT patients, particu-
larly in advanced grades of PVT; this probably reflects the
fact that these are more fragile patients who undergo more
complex surgery with higher blood transfusion requirements.
Similar to Shaked, we found a higher incidence of primary
nonfunction and dysfunction in PVT patients, again particu-
larly in higher grades of PVT (Table 1). This does not result
from a prolonged warm ischemia time, because the warm
ischemia time was identical in PVT and controls. Because we
did not routinely measure PV blood flow, we cannot rule out
that some degree of portal hypoperfusion may have contrib-
uted to liver graft dysfunction in some cases. However, we
believe that the increased rate of liver dysfunction is multi-
factorial in origin and mostly reflects the fact that LTx in
PVT patients is a complex surgical procedure associated with
difficult dissections, and higher blood loss in fragile patients
with severe portal hypertension (8, 18, 26).

Rethrombosis of the PV has occurred in only 5% of our PVT
patients, which compares favorably with the literature where
rethrombosis rates of up to 28% have been reported (Table 1).
No anticoagulation was used. Aspirin, low molecular weight
heparin, dextran, and coumadin derivatives have been used
by others, but the role of these prophylactic measures re-
mains unclear (6, 8). We believe that, with the exception of
those patients with hypercoagulable states, systemic antico-
agulation is not mandatory. Indeed, the primary etiologic
factor of PVT (elevated intrahepatic resistance and portal
hypertension) is cured once the cirrhotic liver is replaced.

Rethrombosis of the PV after LTx carries a bad prognosis,
and mortality of rethrombosis in our series was 100%. How-
ever, a few case reports of successful outcome have been
published, using thrombectomy, splenorenal shunt, reLTx or
even conservative management (7).

It is thus apparent from our experience and that of others
that LTx candidates with PVT are more prone to develop
severe perioperative complications (8, 18, 26) (Table 1). First,
PVT patients undergo more complex surgery (longer surgery,
higher transfusion requirements) and these factors are
known to negatively influence outcome (4–8). Second, most
of these patients are more fragile than the average LTx
candidate. In particular, most of our patients with PVT were
Child-Pugh class C (data not shown). It is thus important to
stress that the increased perioperative morbidity-mortality
in these patients reflects not only the technical difficulty, but
also the more critical status of those patients.

The overall 5-year patient survival in PVT patients (65.6%)
was lower than in non-PVT patients (76.3%). It is interesting
that 1-year and 5-year survival in PVT patients was identi-
cal, reflecting that those patients, once they have survived
the perioperative period, enjoy long term survival that is
identical to that of non-PVT patients, and irrespective of the
PVT grade. We further analyzed survival rates according to
the severity of PVT, and we found that patients with mini-
mally thrombosed PV (grade 1) can undergo transplantation
successfully, with results identical to those achieved in pa-
tients without PVT. Only more severe forms of PVT (grades
2–4) negatively influence outcome. Finally, experience in the
management of these challenging patients is crucial. As de-
scribed above, patients operated on during the second era
had less bleeding, shorter operative times, and reduced in-
hospital mortality, and this resulted in improved short-term
and long-term survival.

In conclusion, the incidence of PVT in LTx candidates at
our center is 8.4%. Risk factors for PVT include: male sex,
previous treatment for portal hypertension, previous splenec-
tomy, Child-Pugh class C, and alcoholic liver disease. In
experienced hands, US is an efficient screening tool to detect
PVT, particularly advanced forms with complete obstruction
and interrupted venous flow. Positive US should be com-
pleted by further imaging. An angiogram, albeit invasive,
rules out the rare false positive US diagnosis, and defines the
grade of PVT, thereby allowing better surgical strategy in
advance. The degree of PVT influences outcome and dictates
the surgical strategy to be used, lower dissection and throm-
bectomy in grades 1 and 2, an iliac vein graft in grade 3, and
a PV tributary in grade 4; absence of such a tributary is
associated with very poor outcome. The degree of PVT influ-
ences the results, not only because of the technical difficul-
ties, but also because of the severity of liver disease for which
PVT is a surrogate. Grade 1 PVT patients do as well as
non-PVT patients, irrespective of the era, whereas grades
2–4 patients have higher perioperative complications and
reduced long-term survival. With increased experience re-
sults, of LTx in PVT patients have improved and, even in
severe forms of PVT, a 5-year survival rate superior to 60%
can now be achieved.
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