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Abstract: Occlusive PVT concurrent with chronic liver disease is a
common clinical entity among pediatric patients referred for trans-
plantation. The natural history of PVT is unknown. Our aim was to
determine, using a retrospective cohort design, if children under 13 yr
with chronic liver disease and concomitant PVT have an increased
mortality risk prior to and after transplantation. A total of 203
patients were included in the study. Nearly 10% of the population had
PVT (n = 19); 63.2% of PVT patients (5.9% of total cohort) under-
went liver transplantation (n = 12). PVT patients tended to be
younger than non-PVT patients at evaluation (1.94 £+ 3.51 vs.

3.79 £ 4.11, p = 0.059). Clinical and demographic factors were
similar between the two groups. Regarding survival, four PVT patients
died, of which two had undergone transplantation. Kaplan—Meier
analyses indicated that PVT and non-PVT patients had similar survival
from the time of evaluation, on the waiting list, and after transplant.
Although limited by sample size, our study suggests that a diagnosis of
PVT does not increase the mortality risk for children waiting for a liver
transplant. Further study is needed to discern variations in mortality
risk that may occur in the pediatric chronic liver disease population
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with PVT.

Occlusive PVT is a relatively common complica-
tion of chronic liver disease in both adults and
children (1-4). The pathogenesis of PVT is linked
to local factors in the portal vein related to
increased resistance to portal venous flow in
cirrhosis, resulting in venous stasis that contrib-
utes to thrombophilia. Systemic factors, includ-
ing acquired or inherited coagulation
abnormalities, dovetail with the local vascular
changes, resulting in varying degrees of vessel
thrombosis (1, 5, 6). Patients with PVT may
present with acute hepatic decompensation in the
setting of chronic liver disease but, more com-
monly, PVT is noted as an incidental finding
upon radiographic evaluation (1, 7, 8).

The natural history of patients with chronic liver
disease complicated by PVT is largely unknown
(7). PVT causes significant morbidity in children,

Abbreviations: MR, magnetic resonance; PELD, pediatric
end-stage liver disease; PV, portal vein; PVT, portal vein
thrombosis; SMV, superior mesenteric vein.
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including intractable ascites, variceal bleeding,
hypersplenism, and encephalopathy. These com-
plications can be particularly difficult to manage in
children, and associated mortality is reportedly
high (3, 6, 8-11). In the context of pediatric
patients, this fact is particularly troubling. Beyond
its associated morbidity, PVT can also complicate
the liver transplant operation, but advanced sur-
gical techniques have made this manageable (4, 9,
12-15). Expedited access to transplantation
through allocation policy maneuvers may be
warranted if children with chronic liver disease
complicated by PVT have significantly inferior
survival on the liver transplant waiting list.

Our hypothesis is that in a pediatric popula-
tion with chronic liver disease, those with a co-
morbid diagnosis of PVT have a significantly
increased risk of death vs. their non-PVT coun-
terparts prior to transplant. In this study, we
aimed to address this hypothesis by reviewing
pediatric patients with chronic liver disease who
were evaluated for transplant at our center.
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Methods

All pediatric patients with chronic liver disease, under 13 yr
old, and not previously transplanted that were evaluated in
the multi-disciplinary liver transplant clinic at our center
between January 1, 1995 and March 30, 2007 were included
in the study cohort (n = 203). PELD scores at the time of
evaluation and transplant were calculated for each patient
using primary data from our center’s transplant database.

PVT was defined as complete thrombotic occlusion of the
main PV. PVT was diagnosed on the basis of liver ultra-
sound, and all cases were confirmed in one of three ways:
liver magnetic resonance imaging study, percutaneous
mesenteric venogram, or intraoperative identification at the
time of liver transplantation. Patients with mesenteric ve-
nous occlusion, such as in the right PV, left PV, splenic vein,
or superior mesenteric vein were not considered to have
PVT unless main PV occlusion was present.

Analysis

The initial analytic approach included a patient-level
analysis employing the presence of PVT as the main
exposure variable. The primary outcome variable was
mortality. Demographic variables including age, race, and
diagnosis were compared between children with and
without PVT. Clinical variables including mean follow-up,
rate of waiting list registration, rate of liver transplanta-
tion, and unadjusted survival at end of follow-up were
compared between the two groups. These univariate
analyses were completed using the chi-square method for
categorical variables and an unpaired 7-test for continuous
variables.

The Kaplan-Meier method was used to calculate mor-
tality rates. Statistical differences were established using the
log-rank test. Kaplan—Meier survival curves were created
from the time of patient evaluation to death, time of
transplantation to death, and overall survival. Patient sur-
vival was censored at death or at the end of follow-up. No
patients were lost to follow-up. The Institutional Review
Board at the University of Michigan approved this study.
spss V15.0 (Chicago, IL, USA) was used to complete the
analysis. Statistical significance was defined at the level of
p = 0.05.

Results
Patient demographics and clinical management

A total of 203 patients were included in the
study. Nineteen patients had PVT (9.4%), and
184 patients had no evidence of PVT (90.6%).
Patients with PVT tended to be female, but
otherwise patients across the entire cohort had
similar descriptive statistics regardless of PVT
status, as seen in Table 1. Race and cause of
liver disease were not significantly different
between the groups, nor were PELD scores at
evaluation and transplantation. PVT patients
tended to be younger at the time of evaluation
vs. non-PVT patients, and this difference was
significant at transplantation (age at transplant,
PVT vs. non-PVT, 2.31 + 3.37 yr vs. 5.38 £
4.54 yr, p = 0.027). Biliary atresia was the

Table 1. Characteristics of 203 children evaluated for a liver transplant at the
University of Michigan with and without complete occlusion of the portal vein

No PVT PVT
(n=184) (n=19) p-Value
Gender (n, males) (%) 101 (54.9) 7 (36.8) 0.153
Race (n) (%)
Caucasian 111 (60.3) 13 (68.4) 0.665
Non-Caucasian 57 (31.0) 4(21.1)
Unknown 16 (8.7) 2 (10.5)
Cause of liver disease (n) (%)
Alagille’s syndrome 10 (5.4) 0(0) 0.099
Autoimmune 14 (7.6) 0(0)
Biliary atresia 76 (41.3) 15 (78.9)
Cryptogenic 19 (10.3) 3(15.8)
Hepatitis, neonatal 8 (4.3) 0(0)
Hepatoblastoma 6 (3.3) 0(0)
Metabolic 16 (8.7) 0(0)
Short gut 5(2.7) 0(0)
Other 30 (16.3) 1(5.3)
Age at evaluation (yr) 379 +4M 194 +351  0.059

Age at transplant (yr) 5.38 + 454 231 +337 0027
PELD at evaluation 6.91 +11.20 180747 0.158
PELD at transplant 11.82+811 1275+723 0824
Type of donor (n) (%)

Deceased 70 (92.1) 11(91.7) 1.000

Living related 6(7.9) 1(8.3)
Cause of death (n) (%)

Cardiac arrest 2 (5.0) 0(0) 0.943

Hemorrhage 1(2.5) 0(0)

Malignancy 1(2.5) 0(0)

Multiple system organ failure 4(10.0) 1(25.0)

Respiratory failure 1(2.5) 0(0)

Unknown 31 (77.5) 3 (75.0)

primary diagnosis for more than 75% of PVT
patients (n = 15). One patient with PVT and
biliary atresia had splenosis syndrome; 10.5%
(n = 2) of PVT patients had documented
inherited hypercoagulability, and one PVT
patient was chronically anticoagulated for
hypercoagulability without an identified coagu-
lation mutation.

Table 2 further details the demographics of the
patients who did and did not matriculate to the
liver transplant waiting list; 56.2% of patients
evaluated were placed on the waiting list
(n = 114). Patients with PVT were significantly
more likely to be listed compared to patients
without PVT (p = 0.050). Patients who were
placed on the wait-list had a significantly higher
PELD score at the time of evaluation (9.6 + 9.8
vs. 3.0 = 11.5, p < 0.001). Fig. 1 displays the
trajectory of the 203 patients who were evaluated
for liver transplant during the study interval. A
total of 88 children underwent liver transplanta-
tion during the study period. Of the patients with
PVT, 12 (63.2%) underwent liver transplanta-
tion, accounting for 80% of PVT patients placed
on the waiting list (n = 15). One child with
biliary atresia who underwent liver transplanta-
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Table 2. Clinical and demographic trends of 203 children with end-stage liver
disease by liver transplant waiting list status

Wait-listed Not wait-listed
(n=114) (n=189) p-Value

PVT (n) (%) 15 (13.2) 4 (4.5) 0.05
Age at evaluation (yr) 394 £ 44 3.21 + 361 0.206
Gender (n, males) (%) 56 (49.1) 52 (58.4) 0.204
Race (n) (%)

Caucasian 68 (59.6) 56 (62.9) 0.364

Non-Caucasian 38 (33.3) 23 (25.8)

Unknown 8 (7.0) 10 (11.2)
Cause of liver disease (n) (%)

Alagille’s syndrome 6 (5.3) 4 (4.5) 0.0000

Autoimmune 10 (8.8) 4 (4.5)

Billiary atresia 64 (56.1) 26 (29.2)

Cryptogenic 5 (4.4) 16 (18.0)

Hepatitis, neonatal 2(1.8) 6 (6.7)

Hepatoblastoma 2(18) 4 (4.5)

Metabolic 12 (10.5) 4 (4.5)

Short gut 0(0) 5(5.6)

Other 13 (11.4) 20 (22.5)
PELD at evaluation 958 + 9.74 2.99 + 1152 0.001
Mortality (n, deaths) (%) 27 (23.7) 17 (19.1) 0.494

tion had portal vein atresia without splenosis.
Waiting-list outcomes in the PVT cohort also
included one death and two remaining alive at
the end of follow-up. Of the PVT patients who
were not wait-listed, three were alive at the end of
follow-up, and one had died.

Table 3 refers to all patients with PVT, their
diagnoses, transplantation statuses, and times to
death if applicable. Two PVT patients died after

Listed for Transplant
N =114 (56%)

Evaluated
Patients
N =203

Not Listed for Transplal
N =89 (44%)

Fig. 1.
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transplant, one within 30 days of transplant from
multiple organ system failure and the other
approximately seven months post-transplant
from pneumonia.

Survival from time of initial evaluation, wait-listing, and
following a liver transplant

Kaplan—Meier analyses of patient survival, strat-
ified by the presence or absence of PVT, are
demonstrated in Fig. 2. The first curve depicts
similar survival rates from the time of evaluation
across the entire study population (PVT vs. non-
PVT, p = 0.606). PVT and non-PVT patients on
the waiting list had similar survival rates (PVT
vs. non-PVT, p = 0.548). Post-transplant sur-
vival was relatively uniform between the groups
(PVT vs. non-PVT, p = 0.911).

Conclusions

This study is a single institution series describing
our 12-yr experience in the evaluation and liver
transplantation of children with the diagnosis of
occlusive PVT. The overall prevalence of PVT in
children evaluated for transplantation was 9.4%.
Children with PVT tended to be female, were
younger at the time of their evaluation, and were
transplanted at a younger age than their coun-
terparts without PVT. We hypothesized that
children with chronic liver disease and PVT had
an increased risk of death prior to transplanta-
tion. When comparing the PVT and non-PVT

Transplanted

N =12 (80%)
PVT Died on Wait-list
N =15 {13%) N=1(7%)

Alive on Wait-list

N =2 (13%)
Transplanted
N =76 (77%)
No PVT Died on Wait-list
N =99 (87%) N=7 (7%)
Alive on Wait-list
N =16 (16%)
PVT Ee'af 25%
N =4 (4%) =1(25%)
Alive
N =3 (75%)
Dead
Neo PVT N =16 [19%]
N =85 [96%)
Alive
N =69 (81%)

Clinical trajectory of 203 pediatric patients from liver transplant evaluation.
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Table 3. Diagnoses, transplant status, and mortality of 19 patients with occlusive portal vein thrombosis following transplant evaluation

Death
Cause of Age at
Patient liver disease transplant (yr) Y/N Cause Post-transplant lifespan (days)
1 Biliary atresia 15 Y Multiple organ system failure 29
2 Biliary atresia 09 N
3 Biliary atresia 05 N
4 Biliary atresia 0.4 N
5 Biliary atresia 12.8 N
6 Biliary atresia 0.6 N
7 Hemangioendothelioma 1.0 N
8 Biliary atresia 2.0 Y Pneumonia 206
9 Biliary atresia 2.5 N
10 Biliary atresia 1.6 N
" Biliary atresia 2.2 N
12 Biliary atresia 1.7 N
13 Biliary atresia N/A N
14 Biliary atresia N/A Y Pulmonary embolism
15 Cryptogenic N/A N
16 Biliary atresia N/A N
17 Biliary atresia N/A N
18 Cryptogenic N/A N
19 Cryptogenic N/A Y Multiple organ system failure

Cumulative Survival
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Fig. 2. Kaplan—Meier survival curves for children with and without occlusive portal vein thrombosis from evaluation, waiting
list registration, and after liver transplantation.

populations, overall, waiting list, and post-trans-
plant mortality were similar between the groups.
The hypothetical increased mortality risk was not

supported by our analysis. Policies facilitating
early transplantation, possibly at low PELD
scores, for patients who have chronic liver
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disease complicated by PVT may not be appro-
priate.

Portal vein thrombosis is found in 8-14% of
the cirrhotic population and can portend life-
threatening complications (6-9, 16). It is associ-
ated with thrombophilic disorders, including the
prothrombin 20210 mutation, and the resistance
to portal venous flow that occurs in the patho-
physiology of cirrhosis (1), and usually warrants
anticoagulation (3). Our series had 15.8% overall
rate of hypercoagulability in the PVT cohort,
which reflects that seen elsewhere (1). PVT has
been associated with worse post-transplant out-
come in the adult liver transplantation popula-
tion in some series (17). Several papers have
described technical success of the liver transplant
operation in patients with PVT using a variety of
techniques including endvenectomy, venous by-
pass, and cavoportal transposition, but not
without increased risk to the recipient (4, 9, 15).
Transplantation is possible in the vast majority
of patients with portal vein thrombosis, though
frequently these operations are technically chal-
lenging. Long-segment chronic thrombosis of the
SMYV does not necessarily preclude liver trans-
plantation if inflow can be obtained through the
portal vein via either the splenic vein or generous
mesenteric collaterals. If both the splenic and
SMYV are chronically occluded and no candidate
collaterals are noted, the child should be referred
for evaluation for multi-visceral transplantation.

Several limitations are notable in this study.
Selection bias in creation of the cohort is a
significant limitation, due to the retrospective
nature of the study. Patients who were thought to
be too sick for transplantation at the time of
evaluation may not have undergone a Doppler
ultrasound to detect PVT, leading to a false
reduction in the overall prevalence. Furthermore,
MR contrast portography may have more sensi-
tivity in detecting fully occlusive PVT (18). We
focused on younger children and excluded ado-
lescent patients from the analysis, and thus no
conclusions can be made about older children
with PVT. Due to the low prevalence of PVT in
our small cohort, the study may lack sufficient
statistical power to detect differences in survival.
Patient heterogeneity within the PVT cohort may
also limit conclusions, due to differences in risk
due to hypercoagulability and anatomic anoma-
lies such as portal vein atresia. Further studies
may include creation of a multivariate model to
determine specific covariates associated with
waiting list and post-transplant survival, using
registry-based data or a multi-center case series.
Based on the current available data as well as our
current study, children with end-stage liver dis-
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ease and PVT should undergo liver transplanta-
tion if they are otherwise reasonable candidates.

Our initial hypothesis has implications for
public policy in the era of PELD score-directed
liver allocation. Given the scarcity of pediatric
liver donors, an increased risk of PELD-adjusted
waiting list mortality with PVT would suggest
the need for an adjustment in allocation, poten-
tially via an exception point scheme. Our data
intimate that specific policies granting systematic
exceptions to patients with chronic liver disease
complicated by PVT are not necessary. Patients
with PVT likely receive more pretransplant care
for management of the complications of portal
hypertension, but they do not seem to have
excess pretransplant mortality. Certainly, within
the context of limitations of this manuscript,
additional study is needed on PVT in pediatric
patients with chronic liver disease. PVT status is
reported in national transplant registries, and our
intention is to conduct a more comprehensive
evaluation using these data.
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