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Figure 1. Your portal vein

PATIENT & CAREGIVER EDUCATION

About Your Portal Vein

Embolization

This information will help you get ready for your portal vein embolization at

Memorial Sloan Kettering (MSK).

About Your Portal Vein

Your portal vein is a vein that carries blood from your stomach and intestines to

your liver. It then splits into the left and right portal veins. These branch into

smaller vessels that deliver blood throughout your liver (see Figure 1).

About Your Portal Vein Embolization

An embolization is a procedure that blocks the flow of blood to an area. A portal

vein embolization blocks blood flow to the sections of your liver using tiny

particles. The tiny particles are placed into your vein through a needle and

catheter (small, flexible tube) (see Figure 2).
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peso estuvo comprendido entre 1,56 y 39 kg y la altura, entre 38
y 148 cm. Fueron 38 varones y 44 mujeres.

Se trata de niños sanos, o al menos sin patología abdomi-
nal o sistémica que pueda influir, aunque sea muy indirectamente,
en la circulación abdominal en general o hepática en particu-
lar. Ninguno tenía evidencia clínica de enfermedad hepática o
intestinal y todos presentaron una ecografía abdominal nor-
mal.

2. Instrumentación y equipamiento
Para la realización de todas las exploraciones con ecogra-

fía Doppler duplex, hemos utilizado un equipo ultrasónico sec-
torial electrónico marca Toshiba, modelo Sonolayers-S SSH-
60A, con una sonda de 5 MHz para la ecografía convencional y
de 1,5 MHz para la ecografía Doppler.

3. Técnica de estudio ecográfico con Doppler
Hemos realizado la exploración en supino, con los niños ma-

yores en ayunas, los neonatos y lactantes saltándose una toma
de alimento y procurando que tuvieran una respiración tran-
quila.

Los vasos insonados han sido:
- La vena porta en un tramo intermedio (tronco portal) entre

la unión de las venas mesentérica superior y esplénica y la bi-
furcación portal, por medio de un corte ecográfico anterior pa-
ramedial derecho, con un plano sagital oblicuo a fin de conse-
guir un ángulo de incidencia entre el haz ultrasónico y la di-
rección del flujo sanguíneo de alrededor de 60º.

- La arteria hepática, del mismo modo y al mismo nivel don-
de insonamos la vena porta, en situación anterior a ésta, cuando
la arteria hepática cruza a la porta.

Hemos utilizado un volumen de muestra de 1 mm (en oca-
siones de 2 mm), una baja frecuencia de repetición de pulsos
(PRF) y un bajo filtro de pared (50-100 Hz).

4. Análisis de la imagen ecográfica
En la misma zona donde insonamos la vena porta, es decir,

en el tronco portal, se han tomado los siguientes parámetros de
tamaño de la vena porta:

- Calibre portal (mm)
- Area seccional portal (mm2)
- Perímetro portal (mm)

5. Análisis de la señal Doppler
Se han obtenido los siguientes datos y parámetros de flujo

sanguíneo:
- Velocidad de flujo sanguíneo portal (cm/s): el cálculo de

la velocidad máxima lo realiza directamente nuestro equipo, por
aplicación de la ecuación Doppler. La velocidad media se ob-
tiene, como ha demostrado Ohnishi experimentalmente, multi-
plicando la velocidad máxima por 0,57.

- Variación de la velocidad de flujo sanguíneo portal con la
respiración.

- Volumen de flujo sanguíneo portal (ml/min): se calcula
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A major strength of our study was the inclusion of a
large number of consecutive end-stage liver disease
patients with SPSS (n5 75) undergoing LT over a short
period of time (6 years) at a single center with complete
data and managed according to a prospective algorithm.

We used a composite end point method to determine
the effect of ligation versus nonligation of the shunt on
short-term outcomes to increase statistical efficiency(33)

and to avoid the issue of multiplicity and competing
risk. On the other hand, the main disadvantages associ-
ated with the use of composite end points could not be
avoided: all components were treated equally important,
and in time-to-event analyses, the first event considered
may not be the most important one. However, the vari-
ables (multiple end points) of our composite end point
were chosen according to previous reports of relevant
end points in this setting. In our study, on univariate
analysis, post-LT encephalopathy and PVT were signif-
icantly different in the 2 groups. Incidence of PNF and
PDF were, however, not different in the 2 groups.

Our study had some limitations including the
intrinsic bias because of its retrospective nature. A ran-
domized study comparing SPSS ligation versus

nonligation could answer the question of benefit with a
sufficient level of evidence. However, beyond practical
reasons, such a study might be unethical taking into
account the present results. The ligation of the left
renal vein showed no renal complications in the SPSS
group although this is an area of debate. Most authors
agree that it is safe, but the data presented are likely
underpowered regarding this point. A longer cold
ischemia time in the nonligated shunt group might
have an influence on the outcome in this group. The
overall Model for End-Stage Liver Disease (MELD)
scores at time of transplants were equivalent in the
populations albeit quite low. In other centers, median
MELD score at transplant can be higher than 35,
which raises a question as to what is the right answer
in these patients. Increased blood loss, vasopressor sup-
port, and continuous renal replacement are all factors
intraoperatively for these high-MELD patients who
may inhibit surgeons from trying to go after these
shunts because it can prolong an operation and
increase potential for bleeding. Although it is possible,
the patient population should be taken into account in
the surgical management of SPSS.

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

FIG. 2. Graft survival for ligated and
nonligated shunt groups.
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2. Methods

A PubMed, Embase, and Scopus evidence based search of English
literature published between January 1991 and June 2011 was
performed. It was based on keywords and Medical Subject Headings
terms for titles and abstracts. Manual cross-referencing was also used
to find more relevant articles. This part of the search strategy was not
restricted by dates. The following search terms were used in various
combinations: “portal thrombosis” and “liver transplantation” or
“portal thrombosis” and “cirrhosis” or “portal thrombosis” and
“waiting list” or “portal thrombosis” and “hepatocellular carcinoma”
or “portal thrombosis” and “liver malignancy” or “portal thrombosis”
and “liver cancer”. Six-thousand-eight-hundred-seven related articles
were found. Articles not strictly related to the LT setting (pre- and
post-operative course) were not included, as well as reports from
non-English journals. Then, among 280 remaining papers, we focused
on the most relevant ones according to methodological quality,
detailed description and type of results reported, which were
analyzed in detail. As regards reports from the same group, the
most relevant according to the number of patients were reported [44].

Thirty-nine studies were arbitrarily selected according to LT
perspective (implications arising from organ shortage, waiting list
and donor-recipient match; management of portal vein obstruction in
patients waiting for LT; timing of LT in patients with PVT and
management of PVT during LT; strategies to treat PVT and to avoid
recurrence; number of cases included). The two pioneer experiences
[6,7] were also included, being relevant for their innovative issues.

Yerdel’s classification [15] was adopted to describe the grade of
PVT extension, providing several advantages. First of all, it is, at
present, the most commonly used in literature; moreover, it was
published in 2000 and can therefore be used to split between
pioneering experiences and codified studies. Finally, it offers a clear

distinction of cases as regards thrombosis extension, based on
graduation of severity, and provides the anatomic basis for different
therapeutic approaches (Fig. 1).

Cases published before 2000 were retrospectively stratified in two
major classes, according to the degree of occlusion (partial vs complete).

3. Results

3.1. Selection of studies and their level of evidence

Methodology, type and duration of treatments, strategy to avoid
recurrence, strength and weakness, Oxford evidence level [46], and
number of citations of the 39 selected studies were reported in the
Table 1 [1,2,6–42]. The main characteristics of each study, stratified by
the grade of PVT, and the reported patients’ outcomes are illustrated in
Table 2. All but 3 studies [17,20,22]were retrospective and 9were based
on a prospectively recorded database [12,15,21,23,24,27,29,32,39].
Although none of them can be classified with an evidence level equal
to 1, 2a or 3a, there was, overall, a clear trend toward the progressive
improvement in the evidence level during the last 15 years. Restricting
the survey to the 18 studies published during the last 5 years, 2 of them
can be classified as 2b evidence level [22,29], 14 as 3b [1,21,23–
28,32,37,38,40–42], and 2 as 4 [2,39].

3.2. Prevalence

Pooling all cases, 1767 (7.3%), of 23,932 liver transplants were
performed in patients with PVT. However, the prevalence varies from
2% up to 26%. Such upper limit is due to the high but isolated
prevalence reported in Veteran Administration patients (26%) [12];
nevertheless, this finding has not been confirmed by subsequent

Fig. 1. Stratification of portal vein thrombosis, according to Yerdel et al. [1,15,17]. A (Grade I): b50% thrombosis of portal vein with or without minimal extension into the superior
mesenteric vein (SMV); B (Grade II): N50% occlusion of the portal vein, including total occlusions, with or without minimal extension into the SMV; C (Grade III): complete
thrombosis of both portal vein and proximal SMV, distal SMV is patent; D (Grade IV): complete thrombosis of the portal vein and proximal as well as distal SMV.

93F.R. Ponziani et al. / Transplantation Reviews 28 (2014) 92–101
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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 sev-
eral 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 under-
going 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 con-
sideration of the transplantation center’s experience
and the patient’s clinical status. Moreover, the mor-
tality 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 out-
come of patients with PVT undergoing LT was com-
parable with that of patients without PVT according
to the current study and other series.(12) The border-
line 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 differ-
ences, 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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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.

listing in 2819 (3.3%) patients, with 1660 (58.9%) undergo-
ing deceased donor LT, as compared with 46 051 (55.8%) of
82 476 patients without PVT at listing (P = 0.001). The per-
centage of patients removed for death or being too ill to

transplant was similar for those with andwithout PVTat list-
ing 27.1% versus 26.3%, respectively (P = 0.3). Patients with
and without PVT at listing were compared (Table S1, SDC,
http://links.lww.com/TP/B162). The presence of PVT at listing

TABLE 2.

Cox regression analysis for predictors (at liver transplant) of mortality and graft failure after liver transplantation

aCox regression analysis for prediction of mortality after liver transplantation

Univariate Multivariate

Variable Hazard ratio 95% CI P Hazard ratio 95% CI P

Portal vein thrombosis at liver transplant 1.27 1.19-1.37 <0.001 1.21 1.11-1.31 <0.001
Age 1.018 1.017-1.02 <0.001 1.02 1.019-1.024 <0.001
Diabetes mellitus 1.29 1.24-1.34 <0.001 1.24 1.17-1.3 <0.001
Etiology of liver disease, hepatitis C infection 1.39 1.34-1.44 <0.001 1.53 1.45-1.6 <0.001
Liver malignancy 1.19 1.14-1.26 <0.001 1.15 1.08-1.23 <0.001
MELD 1.008 1.007-1.01 <0.001 1.014 1.011-1.017 <0.001
Sodium 1.007 1.003-1.01 0.001 1.006 1.001-1.01 0.02
Ascites 1.1 1.07-1.13 <0.001
Hepatic encephalopathy 1.11 1.08-1.14 <0.001
Intensive care at time of liver transplant 1.42 1.35-1.5 <0.001 1.51 1.4-1.64 <0.001
Donor risk index 1.52 1.46-1.58 <0.001 1.52 1.44-1.6 <0.001
bCox Regression Analysis for Prediction of Graft Failure After Liver Transplantation

Univariate Multivariate

Variable Hazard Ratio 95% CI P Hazard Ratio 95% CI P value

Portal vein thrombosis at liver transplant 1.25 1.17-1.34 <0.001 1.24 1.15-1.33 <0.001
Age 1.009 1.007-1.01 <0.001 1.01 1.008-1.1 <0.001
Sex (male) 1.03 0.99-1.07 0.096
Diabetes mellitus 1.21 1.16-1.25 <0.001 1.19 1.13-1.25 <0.001
Etiology of liver disease, hepatitis C infection 1.32 1.28-1.37 <0.001 1.47 1.4-1.53 <0.001
Liver malignancy 1.1 1.05-1.15 <0.001 1.08 1.01-1.14 <0.001
MELD 1.007 1.005-1.009 <0.001 1.01 1.008-1.01 <0.001
Sodium 1.007 1.003-1.01 <0.001 1.005 1.001-1.009 0.01
Ascites 1.07 1.03-1.11 0.002
Hepatic encephalopathy 1.08 1.04-1.12 <0.001
Transjugular intrahepatic portosystemic shunt 1.07 1.009-1.13 0.02
Intensive care at time of liver transplant 1.41 1.34-1.48 <0.001 1.47 1.36-1.58 <0.001
Donor risk index 1.64 1.58-1.7 <0.001 1.66 1.59-1.74 <0.001
a Variables with P value greater than 0.1 on univariate analysis and not included in multivariate analysis were: sex, body mass index, and transjugular intrahepatic portosystemic shunt.
b Variables with P value greater than 0.1 on univariate analysis and not included in multivariate analysis were: body mass index.

FIGURE 1. Kaplan-Meier curves for patient (A) and graft (B) survival after liver transplantation in patients with portal vein thrombosis (black line)
and without portal vein thrombosis (gray line), comparisons performed using the Log-Rank test. Vertical lines correspond to the 90-day
timepoint after liver transplantation.
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Diagnosis, Development, and Treatment of Portal Vein
Thrombosis in Patients With and Without Cirrhosis
Nicolas M. Intagliata,1 Stephen H. Caldwell,1 and Armando Tripodi2

1Division of Gastroenterology and Hepatology, University of Virginia Medical CenterCharlottesville, Virginia; and 2Fondazione
Istituto di Ricovero e Cura a Carattere Scientifico Cà Granda Ospedale Maggiore Policlinico, Angelo Bianchi Bonomi
Hemophilia and Thrombosis Center and Fondazione Luigi Villa, Milano, Italy

Portal vein thrombosis unrelated to solid malignancy is
common in patients with cirrhosis, but less frequently
observed in patients without cirrhosis. Prompt diagnosis
and management of acute symptomatic portal vein throm-
bosis are essential. Failure to detect and treat thromboses
can result in mesenteric ischemia, chronic cavernous
transformation, and complications of portal hypertension.
In patients with cirrhosis, development of portal vein
thrombosis is often insidious and remains undetected until
its incidental detection. Management of portal vein throm-
bosis in patients with cirrhosis is more controversial.
However, there are data to support treatment of specific
patients with anticoagulation agents. We review the com-
mon and distinct features of portal vein thromboses in pa-
tients without liver tumors, with and without cirrhosis.

Keywords: Hepatic; Therapy; Fibrosis; Anticoagulation.

Historically, clinicians in the late 19th and early 20th

century recognized the association of portal vein
thrombosis (PVT) with a variety of disorders, including
cirrhosis and portal hypertension (PH), malignancy, intra-
abdominal infection, and as a sequela of abdominal sur-
gery.1–3 The liver has a unique circulatory system evolved to
protect against ischemic injury. However, when portal blood
flow is impeded, considerable consequences can ensue
(Figure 1). At the sinusoidal level, deprivation of blood flow
from portal venous microthrombi is proposed as a cause of
fibrosis, organ atrophy, and PH.4 Termed parenchymal
extinction, this concept emphasizes the consequences of
ischemia to the liver from interruption of blood flow via the
splanchnic mesenteric veins.

Non-tumoral thrombosis of the PV and associated
splanchnic tributaries can occur from a variety of underly-
ing etiologies, including PH, hypercoagulability, and vascular
endothelial injury (Table 1). At initial diagnosis, it is
important to distinguish between the common cirrhosis-
related PVT and the uncommon non-cirrhotic PVT. This
distinction is critical, as the evaluation, prognosis, and
treatment are different. Careful evaluation for associated
primary hepatic malignancy is essential. Establishing the
timing of thrombosis (acute vs chronic) and the anatomical
extent within the splanchnic mesenteric venous system are

also central to estimating prognosis and to aid therapeutic
decision-making.

Pathophysiology and Risk Factors of
Cirrhotic and Non-Cirrhotic Portal Vein
Thrombosis

The low-pressure, slow-flow, and high-volume hemody-
namics of the portal venous system results in a unique
vascular environment. All venous thromboses are
multifactorial due to components of Virchow’s triad—
hypercoagulability, endothelial injury, and reduced blood
flow. Dominant risks for PVT in patients with or without
cirrhosis can be broadly classified into risks arising from
local or systemic processes (Table 1).

In patients without cirrhosis, a systemic hypercoagulable
state is often implicated in PVT.5,6 Local risk factors in this
setting include malignancy, intra-abdominal infections,
abdominal trauma, and intra-abdominal surgery (eg, sple-
nectomy). In patients with cirrhosis, development of PVT is
closely associated with static portal blood flow from
advancing PH, coupled with spontaneous development of
portosystemic shunts. PV velocity is associated with risk of
PVT in cirrhosis and consequently as patients develop
advancing PH, thrombosis becomes more likely.7 Other local
inciting factors common to cirrhosis (eg, infection, surgery,
or large portosystemic shunts) can enhance this risk.

Biology of Hypercoagulability in Portal Vein
Thrombosis

Thrombophilia defines a condition characterized by
inherited or acquired hypercoagulability secondary to

Abbreviations used in this paper: CT, computed tomography; DOAC,
direct-acting oral anticoagulant; EASL, European Association for the
Study of Liver Disease; FVIII, factor VIII; LMWH, low-molecular-weight
heparin; MPN, myeloproliferative neoplasm; MRI, magnetic resonance
imaging; PC, protein C; PH, portal hypertension; PS, protein S; PVT, portal
vein thrombosis; TIPS, transjugular intrahepatic portosystemic shunt; US,
ultrasound; VKA, vitamin K antagonist.
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Supplementary Figure 1. Efficacy of LMWH and/or VKA in Cirrhotic PVT.

Supplementary Table 1.Anatomico-Functional Classification of Portal Vein Thrombosis in Cirrhosis

Site of PVT – (Type 1, 2a, 2b, 3)
Type 1: Only trunk
Type 2: Only branch: 2a, one branch; 2b, both branches
Type 3: Trunk and branches

Degree of portal venous system occlusion (O, NO)
O: Occlusive: No flow visible in PV lumen on imaging/Doppler study
NO: Nonocclusive: Flow visible in PV lumen through imaging/Doppler study

Duration and Presentation (R, C)
R: Recent (first time detected in previously patent PV, presence of hyperdense thrombus on imaging, absent or limited collateral circulation,

dilated PV at the site of occlusion)
Asymptomatic: (As)
Symptomatic: (S), Acute PVT features (with or without ABI)
Ch: Chronic (no hyperdense thrombus; previously diagnosed PVT on follow-up, portal cavernoma and clinical features of PHT)
Asymptomatic
Symptomatic: features of portal hypertension (with or without PHT)

Extent of PV system occlusion (S, M, SM)
Splenic vein, mesenteric vein or both

Type and presence of underlying liver disease:
Cirrhotic, noncirrhotic liver disease, post-liver transplant, HCC, local malignancies, and associated conditions

NOTE. Modified with permission from Sarin et al.112
ABI, acute bowel ischemia; HCC, hepatocellular carcinoma; IMV, inferior mesenteric vein; PHT, portal hypertension; PVT,
portal vein thrombosis; PV, portal vein; SV, splenic vein.
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thereby preserves normal hepatic function.66 If undetected
or left untreated, this may progress to involve more prox-
imal mesenteric veins that can result in intestinal ischemia.
Furthermore, the thrombosed PV may undergo cavernous
transformation. This can result in porto–portal, meso–
portal, and/or portosystemic collaterals that can lead to
gastrointestinal bleeding from varices, ascites, portal bilio-
pathy, and portosystemic encephalopathy.5,67,68

Epidemiology of Non-Cirrhotic Portal Vein
Thrombosis

Knowledge surrounding the incidence and prevalence
of non-cirrhotic PVT in the general population is limited by
its infrequency, and epidemiologic studies vary tremen-
dously in design.69–71 A large Swedish study found a
population prevalence of PVT of 1% with the majority of
cases associated with cirrhosis and hepatobiliary malig-
nancy.69 Similarly, a subsequent multicenter study found
an incidence rate of 0.7 per 100,000 inhabitants per year
and prevalence rate of 3.7 per 100,000 inhabitants.70 A
more recent study in Italy examined 3535 patients
admitted to the hospital for first incident PVT from 2002 to
2012. The overall incident rates of PVT in this cohort were
3.8 per 100,000 inhabitants in males and 1.7 per 100,000
inhabitants in females.71

Acute Non-Cirrhotic Portal Vein Thrombosis
Patients with acute PVT most commonly complain of

mild to severe abdominal pain and fever.6 The severity of
presentation is predicated on the etiology and extent of
thrombosis, with acute extension of the thrombus into the
superior mesenteric vein much more likely to produce

bowel ischemia and infarction.72 While normal liver func-
tion is generally maintained even in extensive PVT, the
development of intestinal ischemia is associated with high
morbidity and mortality.

Natural History and Treatment of Acute Non-
Cirrhotic Portal Vein Thrombosis

Knowledge of the natural history of non-cirrhotic acute
PVT is limited.73 The immediate goal of treatment at pre-
sentation is to prevent propagation of the thrombus and to
promote recanalization.5 Resolution without intervention is
exceedingly rare. Small-volume ascites on imaging are a
common, yet transient feature.6 The presence of clinically
detectable ascites may be an ominous sign and may repre-
sent a risk factor for bowel ischemia and infarction.74,75

Progressive thrombus extension into more proximal veins,
such as the superior mesenteric vein and smaller tribu-
taries, is associated with higher risk of intestinal ischemia
and mortality.72 However, in the largest prospective study
to date, intestinal infarction occurred in only 2% of patients
6–12 days after beginning anticoagulation.6 An earlier
retrospective study compared patients with isolated
mesenteric vein thrombosis to patients with PVT and
mesenteric vein involvement.76 Isolated mesenteric vein
thrombosis with involvement of small vascular arcades of
the mesenteric system was a distinct risk factor for bowel
ischemia and infarction. A more recent analysis corrobo-
rated this observation and identified extension of throm-
bosis into smaller radicle vessels as a useful prognostic
indicator.74

Anticoagulation is the cornerstone of therapy for acute
non-tumoral PVT and should be initiated at diagnosis
(Table 2).5,6,72,73,77,78 In the acute setting, LMWH or

Figure 2. (A) Patient
without cirrhosis with
acute PVT after splenec-
tomy. Arrow indicates
thrombus within the main
PV. Note the perfusional
changes in liver paren-
chyma. (B) Patient without
cirrhosis with long-
standing chronic PVT and
cavernous transformation.
Arrow indicates cav-
ernoma. (C) Patient with
cirrhosis and acute PVT.
Arrow indicates thrombus
in the main PV. (D) Patient
with cirrhosis and chronic
PVT. Arrow indicates cav-
ernoma and collaterals.
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2. Methods

A PubMed, Embase, and Scopus evidence based search of English
literature published between January 1991 and June 2011 was
performed. It was based on keywords and Medical Subject Headings
terms for titles and abstracts. Manual cross-referencing was also used
to find more relevant articles. This part of the search strategy was not
restricted by dates. The following search terms were used in various
combinations: “portal thrombosis” and “liver transplantation” or
“portal thrombosis” and “cirrhosis” or “portal thrombosis” and
“waiting list” or “portal thrombosis” and “hepatocellular carcinoma”
or “portal thrombosis” and “liver malignancy” or “portal thrombosis”
and “liver cancer”. Six-thousand-eight-hundred-seven related articles
were found. Articles not strictly related to the LT setting (pre- and
post-operative course) were not included, as well as reports from
non-English journals. Then, among 280 remaining papers, we focused
on the most relevant ones according to methodological quality,
detailed description and type of results reported, which were
analyzed in detail. As regards reports from the same group, the
most relevant according to the number of patients were reported [44].

Thirty-nine studies were arbitrarily selected according to LT
perspective (implications arising from organ shortage, waiting list
and donor-recipient match; management of portal vein obstruction in
patients waiting for LT; timing of LT in patients with PVT and
management of PVT during LT; strategies to treat PVT and to avoid
recurrence; number of cases included). The two pioneer experiences
[6,7] were also included, being relevant for their innovative issues.

Yerdel’s classification [15] was adopted to describe the grade of
PVT extension, providing several advantages. First of all, it is, at
present, the most commonly used in literature; moreover, it was
published in 2000 and can therefore be used to split between
pioneering experiences and codified studies. Finally, it offers a clear

distinction of cases as regards thrombosis extension, based on
graduation of severity, and provides the anatomic basis for different
therapeutic approaches (Fig. 1).

Cases published before 2000 were retrospectively stratified in two
major classes, according to the degree of occlusion (partial vs complete).

3. Results

3.1. Selection of studies and their level of evidence

Methodology, type and duration of treatments, strategy to avoid
recurrence, strength and weakness, Oxford evidence level [46], and
number of citations of the 39 selected studies were reported in the
Table 1 [1,2,6–42]. The main characteristics of each study, stratified by
the grade of PVT, and the reported patients’ outcomes are illustrated in
Table 2. All but 3 studies [17,20,22]were retrospective and 9were based
on a prospectively recorded database [12,15,21,23,24,27,29,32,39].
Although none of them can be classified with an evidence level equal
to 1, 2a or 3a, there was, overall, a clear trend toward the progressive
improvement in the evidence level during the last 15 years. Restricting
the survey to the 18 studies published during the last 5 years, 2 of them
can be classified as 2b evidence level [22,29], 14 as 3b [1,21,23–
28,32,37,38,40–42], and 2 as 4 [2,39].

3.2. Prevalence

Pooling all cases, 1767 (7.3%), of 23,932 liver transplants were
performed in patients with PVT. However, the prevalence varies from
2% up to 26%. Such upper limit is due to the high but isolated
prevalence reported in Veteran Administration patients (26%) [12];
nevertheless, this finding has not been confirmed by subsequent

Fig. 1. Stratification of portal vein thrombosis, according to Yerdel et al. [1,15,17]. A (Grade I): b50% thrombosis of portal vein with or without minimal extension into the superior
mesenteric vein (SMV); B (Grade II): N50% occlusion of the portal vein, including total occlusions, with or without minimal extension into the SMV; C (Grade III): complete
thrombosis of both portal vein and proximal SMV, distal SMV is patent; D (Grade IV): complete thrombosis of the portal vein and proximal as well as distal SMV.
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than CEMRI, thus images have fewer artefacts caused by 
patient movement, enabling a complete and quick evalu-
ation of the whole abdomen (including small vessels at 
the lower part of abdomen). Therefore, CECT is the tech-
nique of choice in patients who present with particularly 
severe abdominal symptoms or signs.29 The main draw-
backs of CECT are the use of ionizing radiation30 (which 
is especially relevant when repeated examin ations are 
needed), and the risks of allergic reactions and nephro-
toxicity as a result of iodine-based contrast agents. Of 
note, CEMRI is contraindicated in patients with renal 
failure due to the risk of nephrogenic systemic fibrosis 
related to the use of gadolinium-based contrast agents.31

Multiphase CT has four distinct phases: precontrast, 
arterial, portal and late. Acquiring images at the correct 
time (portal phase) is mandatory to prevent pitfalls, and 
images acquired during the late arterial phase are not 
optimal for the diagnosis of PVT. Furthermore, in cases 
of low portal vein flow, a delayed arrival of contrast to the 
portal vein could be seen on CT, giving the appearance 
of a filling defect and so resulting in a false-positive diag-
nosis of thrombosis. To avoid this pitfall, it is advisable 
to acquire the portal phase later than the usual 60–70 s 
after contrast injection. In our experience, acquisition 
80 s after contrast injection provides good quality images 
with correct venous enhancement (Table 1).

Unenhanced magnetic-resonance portography 
with new techniques (such as arterial spin labelling with 
steady-state free-precession or with 3D half-Fourier fast 
spin-echo) is currently under evaluation in patients who 
require evaluation of the portal venous system.32 These 
approaches represent an appealing alternative to CECT 
and CEMRI in patients with renal failure, in whom 
contrast agents should be avoided; nonetheless, this 
t echnique has not yet been tested in patients with PVT.

Why did thrombosis occur?
As previously mentioned, liver cirrhosis, HCC and extra-
hepatic malignancies, pancreatitis and septic foci are 
among the recognized risk factors for PVT. These factors 
should be taken into account in clinical decision-making 

for PVT, and imaging has a crucial role in providing data 
regarding these conditions. It should be kept in mind 
that although the imaging features of benign PVT are 
similar in different clinical settings (including pancrea-
titis, cirrhosis and septic foci), several signs can help to 
differentiate benign from malignant PVT.

Cirrhosis versus noncirrhosis
Ultrasonography is the best method to assess whether 
PVT has taken place on the background of a healthy or 
a cirrhotic liver. The single most accurate sign of cirrho-
sis on ultrasonography is liver surface nodularity, which 
is best investigated using high-frequency probes.33,34 
Changes in the morphology of the liver, such as caudate 
lobe hypertrophy and atrophy of the right liver lobe, can 
be observed by any of the three imaging techniques—
ultrasonography, CT or MRI. However, these changes 
hold a poor specificity for cirrhosis, as they can be found 
in long-lasting noncirrhotic PVT as a consequence of 
lobar perfusion alterations. Similarly, curling of hepatic 
veins cannot be considered specific for cirrhosis in 
patients with PVT.

In unclear cases, more specific signs of altered liver 
morphology should be analysed using CT or MRI. 
Indeed, the so-called atrophy–hypertrophy complex 
(which includes atrophy of the right liver lobe and of 
the lateral segment of the left liver lobe, together with 
hypertrophy of the caudate lobe and of the fourth liver 
segment) can be found in up to 91% of patients with non-
cirrhotic cavernomatosis, whereas it is usually absent in 
patients with cirrhosis.35 Despite these different find-
ings, long-lasting PVT, in particular that occurring in 
patients with idiopathic portal hypertension, is some-
times in distinguishable by standard imaging from the 
appearance of PVT in patients with cirrhosis.36

In most patients in whom ultrasonography and CT/
MRI cannot provide a conclusive answer regarding the 
presence of underlying cirrhosis, transient elasto graphy 
can be successfully used.37,38 New sonoelastography tech-
niques, which can be applied in real-time during ultra-
sonographical examination both to the liver and to 
the spleen (including acoustic radiation force-impulse 
imaging 39 and shear wave elastography40), might rep-
resent an important advance in the near future, but no 
study data are available so far. Liver biopsy remains the 
gold-standard technique in patients who cannot be clas-
sified by noninvasive methods, and further investigation 
is needed to better define imaging surrogates of diagnosis 
in this field.

Pancreatitis and septic foci
Pancreatitis might induce thrombosis of the portal 
venous system in up to 2% of cases;41 therefore, the 
patency of the portal, splenic and mesenteric veins 
should be assessed by imaging in these patients. Septic 
foci should be actively searched as they act as a local 
factor that increases the risk of nonmalignant PVT. CT 
and MRI are more accurate than ultrasonography for 
assessing the presence of abdominal septic foci such 
as diverticulitis or abdominal abscesses that can cause 

a c

d e f

b

Intrathrombus
arterial
neovascularization

Figure 1 | Diagnosis of portal vein thrombosis and its nature. Typical aspect of 
benign thrombosis (arrows): a | hypoechogenic by ultrasonography, b | hypodense 
on CT and c | hypointense on MRI. d | CT aspect of portal vein cavernoma. 
Malignant thrombosis (arrows) on e | colour Doppler ultrasonography and f | MRI. 
Of note, arterial neovascularization can be visualized within the thrombus.
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flow without thrombus on the 7th day and 27 months after 
liver transplantation (Fig. 3). Now, he is healthy without 
transplant-related complication, although he still sometimes 
reports paralytic ileus.

DISCUSSION

PVT is caused by decreased portal flow from progressive 
liver cirrhosis and the development of periportal lymphangi-
tis and fibrosis.1 PVT is more frequent in patients with auto-
immune, cryptogenic, and alcoholic cirrhosis than in patients 
with hepatitis C.2 The pathophysiology of PVT is complex, 
but related to liver cirrhosis, which causes the elevation of 
portal pressure in relation to endothelial injury and thrombus 
formation.4 Enhanced coagulability as a result of decreased 
levels of natural anticoagulants, such as protein C, protein 
S, and antithrombin III, as well as coagulation factors are 
also observed in patients with PVT.1

Yerdel, et al.5 classified PVT into four grades according to 
its extent and the severity of luminal occlusion by the throm-

tion. The patient needed continuous renal replacement thera-
py for oliguria for 3 days, and we transported the patient to a 
general ward at post-transplant 10 days. After hematoma re-
moval at post-transplant 16 days, the patient was admitted 
again to the surgical intensive care unit. At this time, the pa-
tient’s mental status was deep drowsy for 3 weeks, and we 
performed tracheostomy at post-transplant 27 days for con-
tinuous ventilation. Brain magnetic resonance imaging re-
vealed an acute ischemic lesion in the mid pons. At post-
transplant 56 days, the patient was transported to a general 
ward; however, his lower extremities revealed muscle atro-
phy, which required rehabilitation for about 4 months. The 
patient stayed in the intensive care unit for 50 days, and the 
total hospital stay was 179 days. The patient was managed 
with prostaglandin E1 (0.01 lg/kg/h) and a protease inhibi-
tor (mesilate gabexate; 1 mg/kg/h) for 7 days after transplan-
tation. Immunosuppressive agents included a triple therapy 
of calcineurin inhibitor (tacrolimus), mycophenolate mofetil, 
and steroid. Anti-platelet agent (aspirin 100 mg/day) was 
prescribed at post-transplant 30 days, and is still being used. 
Follow-up computed tomography showed normal portal 

Fig. 3. Postoperative computed tomography at post operative 7 days (A) and 27 months (B) shows that the polytetrafluoroethylene graft has no thrombosis 
and no anastomotic stricture. PTFE, polytetrafluoroethylene; IMV, inferior mesenteric vein.

Fig. 2. After thrombectomy and lower dissection, portal vein anastomosis with polytetrafluoroethylene (PTFE; arrow) vascular artificial graft was performed 
with continuous running suture using polypropylene (A). Since massive bleeding and adhesion precluded the possibility of distal superior mesenteric vein 
interposition, we performed anastomosis between the proximal inferior mesenteric vein and distal portal vein using PTFE (B; schematic representation). PV, 
portal vein; SMV, superior mesenteric vein; IMV, inferior mesenteric vein.
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2. Methods
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terms for titles and abstracts. Manual cross-referencing was also used
to find more relevant articles. This part of the search strategy was not
restricted by dates. The following search terms were used in various
combinations: “portal thrombosis” and “liver transplantation” or
“portal thrombosis” and “cirrhosis” or “portal thrombosis” and
“waiting list” or “portal thrombosis” and “hepatocellular carcinoma”
or “portal thrombosis” and “liver malignancy” or “portal thrombosis”
and “liver cancer”. Six-thousand-eight-hundred-seven related articles
were found. Articles not strictly related to the LT setting (pre- and
post-operative course) were not included, as well as reports from
non-English journals. Then, among 280 remaining papers, we focused
on the most relevant ones according to methodological quality,
detailed description and type of results reported, which were
analyzed in detail. As regards reports from the same group, the
most relevant according to the number of patients were reported [44].

Thirty-nine studies were arbitrarily selected according to LT
perspective (implications arising from organ shortage, waiting list
and donor-recipient match; management of portal vein obstruction in
patients waiting for LT; timing of LT in patients with PVT and
management of PVT during LT; strategies to treat PVT and to avoid
recurrence; number of cases included). The two pioneer experiences
[6,7] were also included, being relevant for their innovative issues.

Yerdel’s classification [15] was adopted to describe the grade of
PVT extension, providing several advantages. First of all, it is, at
present, the most commonly used in literature; moreover, it was
published in 2000 and can therefore be used to split between
pioneering experiences and codified studies. Finally, it offers a clear

distinction of cases as regards thrombosis extension, based on
graduation of severity, and provides the anatomic basis for different
therapeutic approaches (Fig. 1).

Cases published before 2000 were retrospectively stratified in two
major classes, according to the degree of occlusion (partial vs complete).

3. Results

3.1. Selection of studies and their level of evidence

Methodology, type and duration of treatments, strategy to avoid
recurrence, strength and weakness, Oxford evidence level [46], and
number of citations of the 39 selected studies were reported in the
Table 1 [1,2,6–42]. The main characteristics of each study, stratified by
the grade of PVT, and the reported patients’ outcomes are illustrated in
Table 2. All but 3 studies [17,20,22]were retrospective and 9were based
on a prospectively recorded database [12,15,21,23,24,27,29,32,39].
Although none of them can be classified with an evidence level equal
to 1, 2a or 3a, there was, overall, a clear trend toward the progressive
improvement in the evidence level during the last 15 years. Restricting
the survey to the 18 studies published during the last 5 years, 2 of them
can be classified as 2b evidence level [22,29], 14 as 3b [1,21,23–
28,32,37,38,40–42], and 2 as 4 [2,39].

3.2. Prevalence

Pooling all cases, 1767 (7.3%), of 23,932 liver transplants were
performed in patients with PVT. However, the prevalence varies from
2% up to 26%. Such upper limit is due to the high but isolated
prevalence reported in Veteran Administration patients (26%) [12];
nevertheless, this finding has not been confirmed by subsequent

Fig. 1. Stratification of portal vein thrombosis, according to Yerdel et al. [1,15,17]. A (Grade I): b50% thrombosis of portal vein with or without minimal extension into the superior
mesenteric vein (SMV); B (Grade II): N50% occlusion of the portal vein, including total occlusions, with or without minimal extension into the SMV; C (Grade III): complete
thrombosis of both portal vein and proximal SMV, distal SMV is patent; D (Grade IV): complete thrombosis of the portal vein and proximal as well as distal SMV.

93F.R. Ponziani et al. / Transplantation Reviews 28 (2014) 92–101
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thereby preserves normal hepatic function.66 If undetected
or left untreated, this may progress to involve more prox-
imal mesenteric veins that can result in intestinal ischemia.
Furthermore, the thrombosed PV may undergo cavernous
transformation. This can result in porto–portal, meso–
portal, and/or portosystemic collaterals that can lead to
gastrointestinal bleeding from varices, ascites, portal bilio-
pathy, and portosystemic encephalopathy.5,67,68

Epidemiology of Non-Cirrhotic Portal Vein
Thrombosis

Knowledge surrounding the incidence and prevalence
of non-cirrhotic PVT in the general population is limited by
its infrequency, and epidemiologic studies vary tremen-
dously in design.69–71 A large Swedish study found a
population prevalence of PVT of 1% with the majority of
cases associated with cirrhosis and hepatobiliary malig-
nancy.69 Similarly, a subsequent multicenter study found
an incidence rate of 0.7 per 100,000 inhabitants per year
and prevalence rate of 3.7 per 100,000 inhabitants.70 A
more recent study in Italy examined 3535 patients
admitted to the hospital for first incident PVT from 2002 to
2012. The overall incident rates of PVT in this cohort were
3.8 per 100,000 inhabitants in males and 1.7 per 100,000
inhabitants in females.71

Acute Non-Cirrhotic Portal Vein Thrombosis
Patients with acute PVT most commonly complain of

mild to severe abdominal pain and fever.6 The severity of
presentation is predicated on the etiology and extent of
thrombosis, with acute extension of the thrombus into the
superior mesenteric vein much more likely to produce

bowel ischemia and infarction.72 While normal liver func-
tion is generally maintained even in extensive PVT, the
development of intestinal ischemia is associated with high
morbidity and mortality.

Natural History and Treatment of Acute Non-
Cirrhotic Portal Vein Thrombosis

Knowledge of the natural history of non-cirrhotic acute
PVT is limited.73 The immediate goal of treatment at pre-
sentation is to prevent propagation of the thrombus and to
promote recanalization.5 Resolution without intervention is
exceedingly rare. Small-volume ascites on imaging are a
common, yet transient feature.6 The presence of clinically
detectable ascites may be an ominous sign and may repre-
sent a risk factor for bowel ischemia and infarction.74,75

Progressive thrombus extension into more proximal veins,
such as the superior mesenteric vein and smaller tribu-
taries, is associated with higher risk of intestinal ischemia
and mortality.72 However, in the largest prospective study
to date, intestinal infarction occurred in only 2% of patients
6–12 days after beginning anticoagulation.6 An earlier
retrospective study compared patients with isolated
mesenteric vein thrombosis to patients with PVT and
mesenteric vein involvement.76 Isolated mesenteric vein
thrombosis with involvement of small vascular arcades of
the mesenteric system was a distinct risk factor for bowel
ischemia and infarction. A more recent analysis corrobo-
rated this observation and identified extension of throm-
bosis into smaller radicle vessels as a useful prognostic
indicator.74

Anticoagulation is the cornerstone of therapy for acute
non-tumoral PVT and should be initiated at diagnosis
(Table 2).5,6,72,73,77,78 In the acute setting, LMWH or

Figure 2. (A) Patient
without cirrhosis with
acute PVT after splenec-
tomy. Arrow indicates
thrombus within the main
PV. Note the perfusional
changes in liver paren-
chyma. (B) Patient without
cirrhosis with long-
standing chronic PVT and
cavernous transformation.
Arrow indicates cav-
ernoma. (C) Patient with
cirrhosis and acute PVT.
Arrow indicates thrombus
in the main PV. (D) Patient
with cirrhosis and chronic
PVT. Arrow indicates cav-
ernoma and collaterals.
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Follow-up data

Seventy-four percent of the patients survived
during the follow-up period, which ranged from
two to 48 months. An overview on all available
long-term data in the patients is given in Table 3.
Fourteen patients died during the observation
period. Of these, 11 patients underwent cavoportal
anastomosis and three patients RPA during LTx.
Causes of death after LTx were sepsis and multi-
organ failure (seven patients), sudden cardiac
arrest (two patients), fatal pulmonary embolism

(one patient), ruptured cerebrovascular malforma-
tion (one patient), chronic graft rejection while
waiting for retransplantation (one patient), severe
graft rejection and multiorgan failure (one patient)
and renal insufficiency (one patient). No patients
died from the complications directly associated
with the type of surgical reconstruction (Table 3).

Discussion

PVT is an unfavorable condition for performing
LTx. The incidence of PVT in cirrhotic patients

A B 

E

D C

Fig. 1. Technical alternatives of portal
flow reconstruction with systemic blood
inflow via performing CPHT or RPA.
(A) End-to-end cavoportal anastomo-
sis. (B) Side-to-end cavoporal anasto-
mosis between native inferior vena cava
and graft portal vein with retro-hepatic
caval vein constriction. (C) Side-to-end
anastomosis between native inferior
vena cava and graft portal vein preser-
ving the retrohepatic caval flow by
calibration of retrohepatic caval vein.
(D) End-to-side cavoportal anastomo-
sis using donor iliac vein interposition
graft distal to the conventional portal
vein anastomosis. (E) End-to-end an-
astomosis between native left renal vein
and graft portal vein. PVT, portal vein
thrombosis; LTx, liver transplantation;
US, ultrasonography; SMV, superior
mesenteric vein; ST, splanchnic tribu-
tary (coronary, gastroepiploic vein);
MC, mesocaval shunt (spontaneous or
surgically constructed); SR, splenorenal
shunt (spontaneous or surgically
constructed); RPA, renoportal
anastomosis; CPHT, cavoportal
hemitransposition; CPHT E-E, end-to-
end cavoportal hemitransposition;
CPHT S-E, side-to-end cavoportal
hemitransposition; IVC, inferior vena
cava.
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Table 3: Reported cases of use of pericholedochal varix to graft portal vein 
anastomosis 

1
st
 authorref, year of 

report

N PVT Grade Biliary reconstruction Outcome 

Hiatt78, 1986 1 Yerdel 4 Duct to duct Patent and  well, 12 months

Santoni79, 1990 1 Diffuse NA Died 12 months, patent

Cherqui80, 1993 1 Diffuse NA NA

Kniepeiss81, 2011 1 Diffuse NA Patent and well, 6 months 

Lee82, 2014 1 Yerdel 4 NA Patent and well, 24 months

Kim83, 2014 2 Yerdel 4 Roux-en-Y Patent and well, 22, 21 months

Moon47, 2014 2 Diffuse NA Patent and well, 44, 92 months 

Bharathy84, 2017 1 Diffuse Roux-en-Y Patent and well, 39 months 

Yu85, 2017 1 Diffuse Roux-en-Y Patent and well, (stent), 9 months 

Table 4: Reported cases of multivisceral transplantation for PVT. 
1st authorref, year N Disease Complications Outcome

Florman96, 2002 1 Protein C deficiency 

without cirrhosis

Acute rejection Patent PV, well at 17 

months

Vianna 97, 2015 25 Morbidity = 57% Mortality = 28%,        

patient and graft survival:  

80%, 72%, and 72% at 1, 

3, and 5 years

Meira Filho98, 

2015 

2 Cryptogenic cirrhosis

NASH cirrhosis

Ischemic cholangiopathy 

Graft vs. host disease (GVHD) 

Died of infection at 8 

months

Died of GVHD at 34 days 

Azoulay D, Journal Hepatology 2019
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TABLE 1. Reported series of reno-portal anastomosis

Footnotes: NA, not 
available 

Table 2: 
Reported cases 
of use of left 

gastric vein for portal vein inflow in complex PVT

1
st
 authorref, year of 

report

N Outcome (shunt patency, patient last follow up 

status, duration)

Czerniak 69, 1990 1 Patent, well, 3 months

Stieber 13, 1991 1 Patent, well, 6 years

Orlando 22, 2004 2 NA

Maluf 70, 2006 1 Patent, well, 24 months

Llado 34, 2007 5 NA

Pan 38, 2009 4 NA

Wu 71, 2009 3 Patent, well, 21, 36, 36 months after LT

Ramos40, 2010 1 NA

Kim 46, 2011 3 Shunt patent, long term in 2, thrombosed in 1 

patient, all patients well at last follow up

Ravaioli 44, 2011 3 NA, 1 patient died, 2 alive at last follow up

Hibi 48, 2014 1 NA

Alexopoulos 72, 2014 5 All shunts patent (1 after surgical revision), all 

patients well, median follow up 2.3 years

Wang 73, 2014 1 Patent, well, 1 year

Teixeira 74, 2016 2 Patent, well, 5 years, 1 month

Safwan 75, 2016 1 Patent, well, 3 months

Gomez Gavara54, 2018 3 Patent and well at 1, 2, 2 years

Footnotes: NA, not available

First authorref, year No. 
cases

Postoperative 
mortality/cause of 

death

Patients Alive/ 
Follow up

Sheil57, 1997 1 0 1/1 (5 years)
Kato58, 2000 5 1 4/5 (3-41 months)
Marubashi59, 2005 3 0 3/3(12-48 months)
Moon60, 2008 5 1 4/5 (1-35 months)
Gonzalez-Pinto61 2009 1 0 1/1 (2 months)
Perumalla62, 2008 1 0 1/1 (12 months)
Bhangui45, 2011 17 6 11/17 (3-144  months)
Moon63, 2011 1 0 1/1 (8  months)
Awad64, 2012 1 0 Yes/1 (N

Matsumoto65, 2013 1 0 1/1 (4 months)
Hibi48, 2014 6 NA NA/6
Quintini66, 2015 10 0 10/10 (mean: 42.2 ± 

21.1 months)
Aktas50, 2017 2 0 2/2 (8 - 36  months)
Nazzal67 2017 2 1 1/2 (11 months
Ozdemir68, 2017 1 1 0/1

Azoulay D, Journal Hepatology 2019
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TABLE 3. Postoperative Complications and Long-term Follow-up

Postoperative Complications

Patient No.
Type of Caval

Inflow
Related to Portal

Hypertension
Not Related to Portal

Hypertension
Long-term

Complications Status/ Follow-up Duration

1 CPA Variceal bleeding, ascites None Chronic rejection Died due to liver failure while
awaiting retx/7 months

2 RPA None None Lymphoproliferation Alive/12 years
3 RPA None None Acute encephalopathy Alive/10 years
4 RPA None Cerebral hemorrhage, peritonitis,

and hepatic artery thrombosis
— Died due to cerebral

hemorrhage/3 months
5 RPA Ascites None None Died due to sepsis/3 months
6 CPA None None None Alive/10 years
7 RPA None None None Died due to myocardial

infarction/4 years
8 RPA Variceal bleeding, ascites Acute renal failure None Alive/9 years
9 RPA None Acute renal failure None Alive/7 years
10 RPA None Non None Alive/8 years
11 RPA Ascites Acute renal failure, urinary tract

infection, acute pulmonary
odema

Biliary stenosis,
pneumonia

Died of sepsis/3 years

12 RPA None Thrombosis right portal vein,
acute rejection, acute renal
failure

None Died due to HCC recurrence/
6 years

13 RPA None Neck hematoma Renal dysfunction Alive/7 years
14 RPA Ascites Acute Rejection, Acute renal

failure
None Alive/4 years

15 RPA None Acute renal failure pneumonia Renal dysfunction Alive/3 years
16 RPA Variceal bleeding, ascites Acute renal failure Renoportal

thrombosis
Died due to variceal bleeding/1

year
17 CPA None Cavoportal anastomosis and

Hepatic artery thrombosis,
Septicemia

None Alive/2 years

18 RPA Ascites Acute renal failure None Alive/2 years
19 RPA None None None Alive/6 months
20 RPA None Urinary tract infection None Alive/6 months

CPA indicates cavoportal anastomosis; retx, retransplantation; RPA, renoportal anastomosis.

The complications related to PHT in the postoperative period
included the following: bleeding secondary to variceal rupture in 3
cases (15%), controlled by endoscopic ligation; and massive ascites
in 7 cases (35%), which resolved spontaneously in all patients within
4 months of transplantation. Perioperative gastrointestinal endoscopy
showed no signs of PHT in 70% of cases (Table 3).

One patient developed CPA thrombosis combined with hepatic
artery thrombosis and was successfully reoperated 11 days after trans-
plantation. The hepatic artery anastomosis was revised and a reanas-
tomosis using a prosthetic graft (reinforced Polytetrafluoroethylene
[PTFE] graft 10 mm) between the IVC and the PV was performed
to reestablish cavoportal flow. A further constriction of the retrohep-
atic IVC was necessary to obtain a satisfactory hepatopetal flow on
Doppler ultrasonography. The long-term hemodynamic results and
patency of the anastomosis in this patient were satisfactory.

One patient (5%) developed thrombosis of a right PV branch
detected on postoperative day 3. This was successfully treated by
percutaneous stenting.

The most common non–PHT-related complication was renal
insufficiency (59%), occurring in 8 patients in the immediate post-
operative period and in 2 patients at a later stage. However, the renal
insufficiency was transient and improved with medical treatment. At
last follow-up, all these patients had a normal renal function. No
patient had early biliary complications.

Long-Term Results
The follow-up ranged from 3 months to 12 years (median =

4.5 years). Overall, 7 patients (35%) died to date and 13 patients
(65%) are still alive. Retransplantation rate was nil. Graft and pa-
tient survival rates at 1, 3, and 5 years were 83%, 75%, and 60%,
respectively. Mortality and causes of death are summarized in Table
3. One patient who underwent a CPA (patient number 1) died of liver
failure secondary to chronic rejection at 7 months while awaiting
retransplantation, whereas 1 patient with an RPA (patient number 4)
died of cerebral hemorrhage at 3 months (already mentioned). Both
patients had patent anastomoses and no evidence of PHT till death.
In 1 patient (patient number 16), the RPA thrombosed at 12 months
and the patient died of multiorgan failure after several episodes of
variceal bleeding, while awaiting retransplantation. This 38-year-old
woman underwent a transplant for nodular regenerative hyperplasia
and severe PHT. One patient died at 3 months and another at 3 years
due to sepsis (patient numbers 5 and 11), 1 (patient number 7) at 4
years due to acute coronary syndrome, and 1 (patient number 12)
at 6 years with extrahepatic recurrence of hepatocellular carcinoma
(HCC). None of these deaths were related to PHT or to the surgical
procedure.

At last follow-up, all the 13 surviving patients had normal liver
function and no signs of PHT and patent anastomoses on Doppler US
and CT angiography.

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Table 2. Postoperative complications of patients, who underwent CPHT or RPA during LTx in the case of diffuse PVT

Author (reference)
Patients
(n ¼ 53)

Post-operative complicationsa

Variceal
bleeding,
24.5%
(n ¼ 13)

Ascites,
41.5%
(n ¼ 22)

Deep vein
thrombosis,
9.4% (n ¼ 5)

Hepatic artery
thrombosis,
11.3% (n ¼ 6)

Portal vein
rethrombosis,
11.3% (n ¼ 6)

Renal
dysfunction,
34% (n ¼ 18)

Lower extremity
and torso edema,
32% (n ¼ 17)

Tzakis et al. (12); Pinna et al. (44) 15 6 11 3 2 15 15
Olausson et al. (46) 6 1 1 1 2 1 1
Santaniello et al. (45) 1 1 1 1
Weeks et al. (47) 1 1 1 (right branch)
Azoulay et al. (13) 8 2 3
Shrotri et al. (48) 1 1 (left branch)
Gerunda et al. (17) 2 2 2 2
Urbani et al. (49) 6 1 2 1
Varma et al. (38) 1
Kato et al. (15) 3 1
Bakthavatsalam et al. (50) 1 1 1
Kumar et al. (35) 1 1
Verran et al. (36) 1 1
Sheil et al. (16) 1
Ceulemans et al. (51) 5 1 1

aSome patients had more than one complication.

Table 3. Mortality, cause of death and survival of patients who underwent CPHT or RPA during LTx in the case of diffuse PVT

Author (reference) Patients (n ¼ 53) Mortality and cause of death, n ¼ 14 (26%) Survival/follow-up, n ¼ 39 (74%)

Tzakis et al. (12); Pinna et al. (44) 15 n ¼ 5
Sepsis and multiorgan failure (n ¼ 3)
Pulmonary embolism (n ¼ 1)
Cardiac arrest (n ¼ 1)

n ¼ 10
6–11 months

Olausson et al. (46) 6 n ¼ 1
Sepsis and multiorgan failure

n ¼ 5
3–13 months

Santaniello et al. (45) 1 n ¼ 1
9 months

Weeks et al. (47) 1 n ¼ 1
20 months

Azoulay et al. (13) 8 n ¼ 3
Chronic graft rejection (n ¼ 1)
Cerebral hemorrhage (n ¼ 1)
Cardiac arrest (n ¼ 1)

n ¼ 5
2–37 months

Shrotri et al. (48) 1 n ¼ 1
12 months

Gerunda et al. (17) 2 n ¼ 1
Severe graft rejection and multiorgan failure (n ¼ 1)

n ¼ 1
12 months

Urbani et al. (49) 6 n ¼ 1
Pulmonary sepsis and multiorgan failure (n ¼ 1)

n ¼ 5
3–23 months

Varma et al. (38) 1 n ¼ 1
12 months

Kato et al. (15) 3 n ¼ 1
Sepsis (n ¼ 1)

n ¼ 2
2–48 months

Bakthavatsalam et al. (50) 1 n ¼ 1
12 months

Kumar et al. (35) 1 n ¼ 1
18 months

Verran et al. (36) 1 n ¼ 1
6 months

Sheil et al. (16) 1 n ¼ 1
No data

Ceulemans et al. (51) 5 n ¼ 2
Sepsis (n ¼ 1)
Renal insuciency (n ¼ 1)

n ¼ 3
12–24 months

Liver transplantation in portal vein thrombosis
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retransplantation 5 months later as a result of recurrent ischaemic
cholangitis. She is presently doing well. Patient 6, who presented 29
months after LT, underwent emergency surgery with ligation of the
distal end of the iliac graft and overrunning of the bleeding duo-
denal ulcer. The arterial supply to the graft via the left hepatic artery
(LHA) was preserved. Two months later, a 2-cm pseudoaneurysm
was detected at the origin of the LHA in the absence of an
intrahepatic arterial flow signal. It was decided that arterial inflow
to the graft should be established via a PVA. An anastomosis
between the right iliac artery and superior mesenteric vein was
performed using an interposition Gore-Tex® graft (Fig. 1a, b). In
the postoperative period, the patient suffered an intra-abdominal
bleed with haemorrhagic shock. Angiography revealed that the
pseudoaneurysm had progressed proximally to the coeliac trunk.
Therapeutic embolization was performed. On day 13 after the PVA,
a thrombosis of the interposed Gore-Tex graft was noted; however,
good collaterals, including hepatopetal flow and good intrahepatic
arterial flow signals, were observed. No further intervention was
carried out. The patient is doing well 12 months after the PVA.

Patient 7 developed a biliary fistula post-LT; later HAT was
detected on PoD 106. The graft was revascularized using a
saphenous vein graft conduit. However, 2 weeks later (PoD 130),
the patient exhibited intra-abdominal bleeding secondary to HA
rupture. An exploratory laparotomy with haemostasis, ligation of
the HA and a PVA (right gastroepiploic artery to vein anastomo-
sis) was performed. This patient required retransplantation at 8.5
months for ischaemic cholangitis. Postoperatively, he developed
intra-abdominal sepsis and died of multi-organ failure at 10
months after the first LT.

Portal vein arterialization in the setting of
HPB surgery
Immediate PVA (during surgery) after HA resection or
ligation for oncological clearance during curative surgery
In four patients (Patients 8–11), the HA was infiltrated by the
tumour and thus its resection was necessary to ensure curative

surgery (Table 2). Hepatic artery reconstruction after resection
was technically impossible and thus PVA was used to provide
arterial inflow to the remnant liver.

In Patient 8, the first PVA thrombosed; a second PVA was per-
formed with an interposition graft, but the patient died soon after
surgery as a result of multi-organ failure. The PVA shunt was patent
on Doppler US until just before the patient’s death. Patient 9
showed signs of PHT in the form of massive ascites and variceal
bleed after PVA; the PVA shunt was found to be embolized (Fig. 2).
This patient has since done well and has demonstrated normal liver
function and no further sequelae of PHT. Patient 10, who had
undergone radical surgery for carcinoma of the gallbladder, sub-
mitted to three re-explorations for intra-abdominal bleeding and
haemorrhagic shock. The PVA shunt was ligated and packing
performed. However, the patient died at 14 days after the index
surgery as a result of multi-organ failure. In the postoperative
period, Patient 11 developed ascitis and endoscopy revealed grade
III oesophageal varices (non-bleeding). In addition, portal vein
thrombosis (PVT) that was well compensated by a large portal
cavernoma was detected at 3 months after the index procedure. The
patient underwent an embolization of the PVA at 4.5 months as a
result of PHT.At 24 months after resection, the patient continues to
progress and maintains normal liver function.

Immediate PVA for multiple arterial aneurysms
Patient 12 had idiopathic symptomatic aneurysms (severe
abdominal pain, fever, weight loss) of the coeliac trunk branches
including the common hepatic artery (CHA). Preoperative
imaging showed collateral pathways to the liver developed by way
of the pancreaticoduodenal arcades and the gastroduodenal
artery. The patient submitted to elective surgery in which the
ligation of all aneurysms was planned. After ligation of the CHA,
SA and left gastric artery, intraoperative Doppler US failed to
show intrahepatic arterial flow. The surgical team administered
local papaverine and waited an adequate length of time to rule out

(a) (b)

Figure 1 Portal vein arterialization for hepatic artery thrombosis post-liver transplantation in Patient 6, demonstrated as (a) an intraoperative
view and (b) in postoperative multidetector computed tomography showing the complexity of the arteriovenous shunt between the right iliac
artery (RIA) and the superior mesenteric vein (SMV) using an interposed Gore-Tex® [polytetrafluoroethylene (PTFE)] graft measuring 6 mm
in diameter
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TABLE 3. Postoperative Complications

PVT

Category No PVT (n = 1205) Physiological (n = 149) Nonphysiological (n = 25) P

Portal vein (re-) thrombosis 21 (1.7) 7 (4.7) 6 (24)†‡ <0.001
Gastrointestinal bleeding 24 (2.0) 19 (12.8)∗ 8 (32)†‡ <0.001
Arterial complications 42 (3.5) 11 (7.4) 2 (8) 0.037
Biliary complications 156 (12.9) 20 (13.4) 3 (12) 0.98
Small bowel obstruction 31 (2.6) 1 (0.7) 4 (16)†‡ 0.002
Surgical bleeding 68 (5.6) 12 (8.1) 3 (12) 0.15
Hemodialysis 219 (18.2) 35 (23.5) 10 (40)† 0.008
Prolonged ventilation 197 (16.3) 32 (21.5) 10 (40)† 0.003

Data presented as median values (interquartile range) for continuous variables and numbers (%) for categorical variables. ∗ and † indicate
statistically significant difference versus the no PVT group; ‡, versus the PVT: physiological group.

conditions resolved within 6 months. Seven patients (39%) were
found to have deep venous thrombosis in the lower extremities. Three
patients (17%) developed end-stage renal disease after transplanta-
tion. Of these, 1 underwent kidney transplantation at 5 years whereas
the other 2 expired at 7 months and 55 months after transplanta-
tion, respectively. One patient who was on dialysis pretransplant ex-
pired 1 month after transplantation because of pulmonary embolism.
Stage 4/5 chronic kidney disease was not observed in the surviving
7 patients.

Patient and Graft Survival
Over a median follow-up of 89 (range, 17–168) months; the

1-, 5-, and 10-year overall patient survival rates in the PVT: non-
physiological group were 64% ± 10%, 47% ± 10%, and 42% ±
10%, respectively, which were lower than those in the no PVT and
PVT: physiological groups (no PVT, 87% ± 1%, 74% ± 1%, and
61% ± 2%, respectively; P = 0.002; PVT: physiological, 82% ±
3%, 68% ± 4%, and 55% ± 5%, respectively; P = 0.043; Fig. 1).
Univariate analysis of the entire cohort for decreased overall patient
survival revealed recipient age more than 60 years, malignancy in
the explanted liver, hepatitis C positivity, warm ischemia time more
than 60 minutes, donor age more than 50 years, female donor gender,
and donor risk index as potential predisposing factors. When the 3
groups were adjusted for these baseline characteristics, the risk of
patient death (hazard ratio) in the PVT: nonphysiological group was
2.5 (95% confidence interval, 1.4–4.2; P = 0.001) compared with
that in the no PVT group. On the contrary, this risk was not elevated
in the PVT: physiological group patients when the no PVT group
was used as reference (hazard ratio, 1.2; 95% confidence interval,
0.9–1.6; P = 0.21). Of note, the long-term outcomes of patients with
PVT who underwent extra-anatomical but physiological portal vein
reconstruction, that is, interpositional vein grafting and mesoportal
jump grafting (n = 26), were superior to those of patients in the
PVT: nonphysiological group (10-year overall survival, 70% ± 10%
vs 42% ± 10%, respectively; P = 0.039; graft survival, 62% ± 11%
vs 42% ± 10%, respectively; P = 0.16). The extent of thrombosis
did not affect the prognoses of recipients with PVT as long as phys-
iological portal vein reconstruction was performed (10-year overall
survival: partial, 57% ± 6% vs complete, 49% ± 9%; P = 0.72; graft
survival: partial, 52% ± 6% vs complete, 44% ± 9%; P = 0.16).

Furthermore, the short- to long-term graft survival rates in
the PVT: nonphysiological group were significantly lower than those
in the no PVT group (P = 0.024); nevertheless, the difference was
not statistically significant when compared with those in the PVT:
physiological group (P = 0.21; Fig. 2). With regard to liver graft
survival, the following were significant baseline covariates of graft
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FIGURE 1. Overall survival curves of recipients without PVT
(no PVT) and with PVT according to the method of portal vein
revascularization (PVT: physiological group, end-to-end anas-
tomosis, interpositional vein graft, or mesoportal jump graft;
and PVT: nonphysiological group, cavoportal hemitransposi-
tion, renoportal anastomosis, or portal vein arterialization). The
PVT: nonphysiological group had significantly worse prognoses
compared with the other groups (∗P = 0.002; †P = 0.043).

loss: recipient age more than 60 years, malignancy in the explanted
liver, hepatitis C positivity, warm ischemia time more than 60 minutes,
use of an aortohepatic conduit, donor age more than 50 years, female
donor gender, and donor risk index. The adjusted hazard ratio for
liver graft loss in the PVT: nonphysiological group was 1.9 (95%
confidence interval, 1.1–3.3; P = 0.016) compared with that in the
no PVT group. On the other hand, there was no increased risk in the
PVT: physiological group compared with that in the no PVT group
(hazard ratio, 1.2; 95% confidence interval, 0.9–1.6; P = 0.21).

There were 11 long-term survivors (≥5 years posttransplant)
in the PVT: nonphysiological group. Except for the patient who died
of failure to thrive at 6.1 years, all patients were alive at the last
follow-up (maximum, 12.3 years), with normal liver function, no
signs of portal hypertension, and patent anastomoses on Doppler
ultrasound or CT angiography. Of these 11 patients, only 1 required
permanent hemodialysis after transplantation and underwent isolated
kidney transplantation 5 years later. None of the remaining 10 patients
developed stage 4/5 chronic kidney disease.

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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3.3 | Nutritional status

Freedom	from	parenteral	nutrition	has	been	achieved	 in	over	60%	
of patients with data on their nutritional status recorded since 2006 
(Figure	 4)	with	 an	 additional	 9%	 requiring	 supplemental	 IV	 fluids.	
This percentage has continued to trend up in each era. Recipients of 
a	colon	have	shown	a	trend	toward	weaning	off	TPN	more	success-
fully at a rate of 75% in those with recorded data since 2006.

4  | DISCUSSION

Intestinal transplantation remains the primary treatment for pa-
tients with irreversible intestinal failure who develop life-threaten-
ing complications associated with long-term parenteral nutrition. 
The ITR serves as the most comprehensive long-term source of data 

on intestinal transplantation worldwide. This report is the first to 
focus on the pediatric component of the ITR, is the largest pediatric 
intestinal transplant analysis reported, and complements the over-
all analyses reported previously that included both adults and chil-
dren.2-4	Pediatric	outcomes	may	present	particular	opportunities	or	
challenges that may benefit from separate analysis.

Although	the	majority	of	intestinal	transplants	historically	have	
involved liver-inclusive grafts, there has been a growing trend to-
ward isolated intestinal transplants given the successful strategies 
of intestinal rehabilitation programs at preventing intestinal failure-
associated	 liver	 disease.	A	proportion	of	 the	decrease	 in	 intestine	
transplant volume correlates with the rise in multidisciplinary intesti-
nal rehabilitation programs and successful efforts to reduce compli-
cations	of	chronic	parenteral	nutrition	use,	such	as	lipid	minimization	
strategies, alternative lipid emulsions, and quality improvement ef-
forts to decrease central line-associated bloodstream infections.

F I G U R E  2  A,	One‐year	graft	survival,	five‐year	graft	survival,	and	five‐year	graft	survival	conditional	on	graft	survival	beyond	the	first	
post-transplant year. B, One-year patient survival, five-year patient survival, and five-year patient survival conditional on survival beyond the 
first post-transplant year

F I G U R E  3  A,	Graft	survival	by	transplant	era.	B,	Patient	survival	by	transplant	era.	C,	Graft	survival	by	re‐transplant	status.	D,	Patient	
survival by re-transplant status
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TABLE 4. Recipient Demographics

Age, Median (range) 53 (2.5–67) years

Sex ratio (M:F) 19:5
MELD/PELD score, median

(range)
22 (7–53)

Serum creatinine, median
(range)

1.05 (0.4–4.3)

BMI, median (range) 27 (19–36)
Waiting time, median (range) 26 [7–167] days
Previous liver transplants 4 (25%)
Previous abdominal surgery 9 (37.5%)
In hospital at the time of

transplant
2 (12%)

Underlying disease process Portomesenteric thrombosis with
NASH (6), failed liver transplant
(4), SGS (3), PSC (2), PBC (2),
autoimmune hepatitis (1),
Laennec’s cirrhosis (2), hepatitis B
(1), liver resections for
hepatoblastoma (1), alpha 1
antitrypsin deficiency (1),
cryptogenic cirrhosis (1), desmoid
tumor (1)

Donor/ recipient CMV status
+/+ 9 (36%)
+/− 2 (8%)
−/+ 12 (48%)
−/− 2 (8%)

NASH indicates nonalcoholic steatohepatitis; SGS, short gut syndrome.

TABLE 5. Causes of death

Cause of Death Survival Days

1 Viral pneumonia 23
2 Atypical pneumonia 139
3 Myocardial infarction 666
4 Sepsis 55
5 GVHD 232
6 Sepsis 420
7 Sepsis 67

FIGURE 3. Overall patient survival.

TABLE 6. Surgical complications

Surgical Complications n %

Bleeding 2 8
Bowel obstruction 1 4
Complicated diverticulitis 1 4
Ileocolic/rectal anastomosis leak 2 8
Wound dehiscence requiring surgery 3 12
Infected intra-abdominal fluid collections 5 20

all patients. The average weighted hospital reimbursement for the
study cohort was $686,000.

DISCUSSION
It is estimated that 2% to 26% of patients with otherwise com-

pensated cirrhosis are found to have portal vein thrombosis during
the evaluation for LT.1 In patients with complex portal vein thrombo-
sis, LT remains challenging, with relatively worse outcomes.23 The
overall patient survival in our study (80% and 72% at 1 and 3 years)
is numerically higher than that reported in the largest experience of
cavoportal hemitransposition (n = 23) (60% and 48% at 1 and 3 years,
respectively).10 Although such comparisons are not valid, a controlled
study comparing the 2 procedures is unlikely to occur. Undoubtedly,
LT is possible in select cases of extensive portal vein thrombosis with
intraoperative eversion thromboendovenectomy or with the use of a
venous jump graft to the distal mesenteric veins; as reported in 6
patients in this study. We believe that having a multivisceral graft
available in the operating room played an important role in manage-
ment of these patients as it allowed more aggressive dissection of the
mesenteric system. These patients had 1-year survival of 83% and
overall survival of 67% at a median follow-up of 2.8 (1.7–4.7) years.
Patients with stage I/II portal vein thrombosis routinely receive LT at
our center and were not included in this study. LT with portomesen-
teric inflow was attempted in all patients in this study, which required
aggressive dissection of the portomesenteric venous system. In some
cases, particularly in the patients with previous surgical comorbidi-
ties and severe adhesions, dissection of the portomesenteric venous
system had to be aborted due to excessive bleeding, or inability to find
a patent branch of the mesenteric venous circulation, which prompted
MVT (Fig. 4).

In the remaining cases, MVT was performed after having ex-
hausted the options of eversion thromboendovenectomy or a venous
bypass graft from the mesenteric venous system. The use of systemic
venous circulation (eg, cavoportal hemitransposition) was not con-
sidered for 2 main reasons: (i) its inability to completely decompress
the portal venous system and (ii) its association with complications
that result from increased systemic venous pressure (renal failure, as-
cites, and leg edema). As reported in the Miami series, 30.4% (7/23)
patients experienced gastrointestinal bleeding and ascites was noted
in almost all patients after cavoportal hemitransposition.10 Adding
splenectomy and gastric devascularization to LT is another possible
surgical option in this setting; however, the benefit of this procedure
is temporary.24 In patients with a patent splenorenal shunt, decom-
pression of the gastrosplenic venous system can be achieved with a
renoportal anastomosis.25,26 The anastomosis of the portal vein to the
renal vein without a patent splenorenal shunt may not decompress
the native portal system although this may have some advantage over
a cavoportal hemitransposition by not interrupting the caval flow
and preventing deleterious effects to the right kidney. The possible
“siphon effect’’ caused by cavoportal or renoportal reconstruction
has not been demonstrated in the literature. Without decompression
of the portomesenteric venous system, LT in the setting of PMT

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

1148 | www.annalsofsurgery.com C⃝ 2012 Lippincott Williams & Wilkins

Vianna et al Annals of Surgery ! Volume 255, Number 6, June 2012

TABLE 4. Recipient Demographics

Age, Median (range) 53 (2.5–67) years

Sex ratio (M:F) 19:5
MELD/PELD score, median

(range)
22 (7–53)

Serum creatinine, median
(range)

1.05 (0.4–4.3)

BMI, median (range) 27 (19–36)
Waiting time, median (range) 26 [7–167] days
Previous liver transplants 4 (25%)
Previous abdominal surgery 9 (37.5%)
In hospital at the time of

transplant
2 (12%)

Underlying disease process Portomesenteric thrombosis with
NASH (6), failed liver transplant
(4), SGS (3), PSC (2), PBC (2),
autoimmune hepatitis (1),
Laennec’s cirrhosis (2), hepatitis B
(1), liver resections for
hepatoblastoma (1), alpha 1
antitrypsin deficiency (1),
cryptogenic cirrhosis (1), desmoid
tumor (1)

Donor/ recipient CMV status
+/+ 9 (36%)
+/− 2 (8%)
−/+ 12 (48%)
−/− 2 (8%)

NASH indicates nonalcoholic steatohepatitis; SGS, short gut syndrome.

TABLE 5. Causes of death

Cause of Death Survival Days

1 Viral pneumonia 23
2 Atypical pneumonia 139
3 Myocardial infarction 666
4 Sepsis 55
5 GVHD 232
6 Sepsis 420
7 Sepsis 67

FIGURE 3. Overall patient survival.

TABLE 6. Surgical complications

Surgical Complications n %

Bleeding 2 8
Bowel obstruction 1 4
Complicated diverticulitis 1 4
Ileocolic/rectal anastomosis leak 2 8
Wound dehiscence requiring surgery 3 12
Infected intra-abdominal fluid collections 5 20

all patients. The average weighted hospital reimbursement for the
study cohort was $686,000.

DISCUSSION
It is estimated that 2% to 26% of patients with otherwise com-

pensated cirrhosis are found to have portal vein thrombosis during
the evaluation for LT.1 In patients with complex portal vein thrombo-
sis, LT remains challenging, with relatively worse outcomes.23 The
overall patient survival in our study (80% and 72% at 1 and 3 years)
is numerically higher than that reported in the largest experience of
cavoportal hemitransposition (n = 23) (60% and 48% at 1 and 3 years,
respectively).10 Although such comparisons are not valid, a controlled
study comparing the 2 procedures is unlikely to occur. Undoubtedly,
LT is possible in select cases of extensive portal vein thrombosis with
intraoperative eversion thromboendovenectomy or with the use of a
venous jump graft to the distal mesenteric veins; as reported in 6
patients in this study. We believe that having a multivisceral graft
available in the operating room played an important role in manage-
ment of these patients as it allowed more aggressive dissection of the
mesenteric system. These patients had 1-year survival of 83% and
overall survival of 67% at a median follow-up of 2.8 (1.7–4.7) years.
Patients with stage I/II portal vein thrombosis routinely receive LT at
our center and were not included in this study. LT with portomesen-
teric inflow was attempted in all patients in this study, which required
aggressive dissection of the portomesenteric venous system. In some
cases, particularly in the patients with previous surgical comorbidi-
ties and severe adhesions, dissection of the portomesenteric venous
system had to be aborted due to excessive bleeding, or inability to find
a patent branch of the mesenteric venous circulation, which prompted
MVT (Fig. 4).

In the remaining cases, MVT was performed after having ex-
hausted the options of eversion thromboendovenectomy or a venous
bypass graft from the mesenteric venous system. The use of systemic
venous circulation (eg, cavoportal hemitransposition) was not con-
sidered for 2 main reasons: (i) its inability to completely decompress
the portal venous system and (ii) its association with complications
that result from increased systemic venous pressure (renal failure, as-
cites, and leg edema). As reported in the Miami series, 30.4% (7/23)
patients experienced gastrointestinal bleeding and ascites was noted
in almost all patients after cavoportal hemitransposition.10 Adding
splenectomy and gastric devascularization to LT is another possible
surgical option in this setting; however, the benefit of this procedure
is temporary.24 In patients with a patent splenorenal shunt, decom-
pression of the gastrosplenic venous system can be achieved with a
renoportal anastomosis.25,26 The anastomosis of the portal vein to the
renal vein without a patent splenorenal shunt may not decompress
the native portal system although this may have some advantage over
a cavoportal hemitransposition by not interrupting the caval flow
and preventing deleterious effects to the right kidney. The possible
“siphon effect’’ caused by cavoportal or renoportal reconstruction
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ORIGINAL ARTICLE

Multivisceral Transplantation for Diffuse
Portomesenteric Thrombosis

Rodrigo M. Vianna, MD,∗† Richard S. Mangus, MD,∗ Chandrashekhar Kubal, MD,∗ Jonathan A. Fridell, MD,∗

Thiago Beduschi, MD,∗ and A. Joseph Tector, MD, PhD∗

Objective: To evaluate the clinical outcomes of multivisceral transplantation
(MVT) in the setting of diffuse thrombosis of the portomesenteric venous
system.
Background: Liver transplantation (LT) in the face of cirrhosis and diffuse
portomesenteric thrombosis (PMT) is controversial and contraindicated in
many transplant centers. LT using alternative techniques such as portocaval
hemitransposition fails to eliminate complications of portal hypertension.
MVT replaces the liver and the thrombosed portomesenteric system.
Methods: A database of intestinal transplant patients was maintained with
prospective analysis of outcomes. The diagnosis of diffuse PMT was estab-
lished with dual-phase abdominal computed tomography or magnetic reso-
nance imaging with venous reconstruction.
Results: Twenty-five patients with grade IV PMT received 25 MVT. Eleven
patients underwent simultaneous cadaveric kidney transplantation. Biopsy-
proven acute cellular rejection was noted in 5 recipients, which was treated
successfully. With a median follow-up of 2.8 years, patient and graft survival
were 80%, 72%, and 72% at 1, 3, and 5 years, respectively. To date, all
survivors have good graft function without any signs of residual/recurrent
features of portal hypertension.
Conclusions: MVT can be considered as an option for the treatment of pa-
tients with diffuse PMT. MVT is the only procedure that completely reverses
portal hypertension and addresses the primary disease while achieving supe-
rior survival results in comparison to the alternative options.

(Ann Surg 2012;255:1144–1150)

P ortal vein thrombosis is a common complication of cirrhosis.
Liver transplantation (LT) in patients with portal vein thrombo-

sis is now routinely performed in most cases of noncomplex portal
vein thrombosis; however, in patients with diffuse portomesenteric
thrombosis (PMT), it is technically challenging and associated with
inferior posttransplant survival when compared to patients with a
patent portal vein.1–3 Many liver transplant centers consider diffuse
PMT a contraindication for LT. Portal vein thrombosis can be divided
into 4 stages according to the extent of the disease (Table 1).1

Stages I and II can be removed with eversion thromboen-
dovenectomy combined with proximal dissection of the portal vein
to reestablish the blood flow to the transplanted liver.4,5 Stage III
requires the use of collaterals or interposition venous grafts to the
mesenteric veins when adequate portal flow cannot otherwise be es-
tablished. Despite all efforts to reestablish mesenteric venous flow to
liver graft, the presence of a friable distal superior mesenteric vein or
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extensive PMT (stage IV) can preclude adequate revascularization of
the donor portal vein.

In these circumstances, surgical techniques utilizing the sys-
temic venous circulation such as cavoportal hemitransposition, reno-
portal anastomosis, and arterialization of the portal vein have been
attempted to establish venous flow to the recipient portal vein.6–16

Even though venous flow can be reestablished to the transplanted
liver using systemic drainage, from a physiologic perspective, these
approaches do not decompress the recipient’s underlying portal hy-
pertension, leaving the patient with unmanaged esophageal varices,
splenomegaly, and ascites. In addition, due to increased pressure in
the inferior vena cava many patients develop renal failure during
the postoperative period.17 The alternative approach described here
would be to completely replace the recipient’s portomesenteric ve-
nous system by performing a multivisceral transplant (MVT).18–20

MVT is the only surgical option that has the potential to completely
reverse all of the patient’s baseline disease, including manifestations
of cirrhosis and portal hypertension. At our center, the use of MVT
has become the option of choice for the management of potential liver
transplant recipients with diffuse PMT, when all attempts to perform
LT with mesenteric drainage fail. This report represents the first se-
ries of patients in which long-term outcomes are presented.19–21 Our
experience includes 25 patients in which an MVT including liver,
pancreaticoduodenal complex, stomach, and small intestine with or
without a kidney, was performed in the presence of diffuse thrombosis
of the portomesenteric system (Fig. 1).

MATERIALS AND METHODS
A retrospective analysis of all MVT recipients with the primary

diagnosis of PMT from July 2004 to July 2009 was performed with
data obtained from the intestinal transplant database maintained at
our center (IRB No. 0611–75). The diagnosis of diffuse thrombosis
of the portomesenteric system was confirmed in all recipients during
the pretransplant evaluation either by computed tomographic imaging
of the abdomen with venous phase or magnetic resonance imaging
with venous reconstruction. The multivisceral graft was procured
using standard techniques described elsewhere.22 Patients, in whom
LT alone was possible either with eversion thromboendovenectomy
or with portomesenteric vein grafts, were analyzed separately. LT
was always attempted in all recipients. The presence of abdominal
comorbidities was not by itself a reason to perform MVT.

Donor selection was determined by the recipient size,
peritoneal space, and medical history of the donor. Donor cy-
tomegalovirus (CMV) status, hypernatremia, downtime, and require-
ment of pressors on its own did not preclude use of the grafts. Median
donor age for adult recipients was 21 (9–49) years and 5.8 (3.7–7.9)
years for the pediatric recipients.

In the recipient operation, evisceration of the liver, stomach,
pancreaticoduodenal complex, spleen, small intestine, and portion
of the large intestine was performed with preservation of the vena
cava with ‘‘piggyback’’ implantation of the graft. The descending
and sigmoid colon were preserved in all of the recipients. The arterial
inflow for the graft was established through a common patch of aorta
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CONTROVERSIAS

1. Evitar “improvisaciones” preTOH
• Screening TC
• Análisis de shunts y circulación colateral

2. ¿Se deben incluir en LE pacientes con 
previsión de revascularización de riesgo?


