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Summary
Portal hypertension is defined by an increase in the portosystemic venous gradient. In most cases,
increased resistance to portal blood flow is the initial cause of elevated portal pressure. More than
90% of cases of portal hypertension are estimated to be due to advanced chronic liver disease or
cirrhosis. Transjugular intrahepatic portosystemic shunts, a non-pharmacological treatment for
portal hypertension, involve the placement of a stent between the portal vein and the hepatic vein
or inferior vena cava which helps bypass hepatic resistance. Portal hypertension may also be a result
of extrahepatic portal vein thrombosis or compression. In these cases, percutaneous portal vein
recanalisation restores portal trunk patency, thus preventing portal hypertension-related compli-
cations. Any portal blood flow impairment leads to progressive parenchymal atrophy and triggers
hepatic regeneration in preserved areas. This provides the rationale for using portal vein emboli-
sation to modulate hepatic volume in preparation for extended hepatic resection. The aim of this
paper is to provide a comprehensive evidence-based review of the rationale for, and outcomes
associated with, the main imaging-guided interventions targeting the portal vein, as well as to
discuss the main controversies around such approaches.
© 2022 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the
Liver (EASL). This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Introduction
The portal vein carries approximately 75% of total
liver blood flow, explaining why portal blood flow
is so important for sustaining hepatic physiology,
or the total volume of functional hepatic paren-
chyma. Any portal blood flow impairment leads to
progressive parenchymal atrophy and triggers a
compensatory hepatic regeneration – and there-
fore volume increase – in preserved areas. This
provides a robust rationale for modulating hepatic
volume by portal vein occlusion to prepare for
extended hepatic resection.

Portal hypertension (PH) corresponds to an in-
crease in the portosystemic venous gradient as a
result of an increase in splanchnic venous pres-
sure.1 In most clinical situations, an increase in
resistance to portal blood flow – either prehepatic,
intrahepatic, or post-hepatic – is the initial cause of
elevated portal pressure. More than 90% of PH
cases are estimated to be due to advanced chronic
liver disease or cirrhosis and the resulting combi-
nation of fibrosis deposition, liver parenchymal
extinction, and regeneration. When portal pressure
is above a certain threshold (>10 mmHg), porto-
systemic shunts and complications develop,
including upper digestive bleeding, ascites, spon-
taneous bacterial peritonitis, hepatorenal syn-
drome and hepatic encephalopathy (HE).2
Treatment of PH includes a wide spectrum of
pharmacological and non-pharmacological options
to lower portal pressure. One such option – a so-
called transjugular intrahepatic portosystemic
shunt (TIPS) – involves the placement of a stent
graft in the hepatic parenchyma to create a shunt
between the portal vein and the hepatic vein or the
inferior vena cava and hence bypass hepatic
resistance.

PH may also be a result of extrahepatic portal
vein thrombosis or compression. The development
of venous collaterals – e.g. portal cavernous trans-
formation – partially compensates for the decrease
in portal blood flow and helps lower splanchnic
venous pressure. However, this is usually insuffi-
cient over time and patients may experience PH-
related complications. The goal of percutaneous
portal vein recanalisation (PVR) and stenting is to
treat these complications by restoring the patency
of the portal venous system.

The aim of this article is to discuss the 3 main
portal vein imaging-guided interventions, namely
TIPS, PVR and PVE by providing a comprehensive
evidence-based review of the rationale, main
technical considerations, evidence of effectiveness
and potential complications. The current contro-
versies around these imaging-guided portal venous
interventions will also be addressed.
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Key points

� There are 3 main clinical indications for TIPS: refractory ascites, sec-
ondary prophylaxis of variceal rebleeding in high-risk patients, and
uncontrolled variceal haemorrhage.

� Portal vein recanalisation is performed to treat portal vein thrombosis
in liver transplant recipients, and to manage the complications of
cavernous transformation, acute thrombosis and portal vein stenosis
(due to extrinsic compression or postoperative stenosis).

� For patients with insufficient future liver remnant, portal vein embo-
lisation can be used to increase the number of candidates amenable to
surgical resection and to prevent postoperative complications.

� Despite progress in the management of patients, controversies remain
for several clinical scenarios.

� Further studies are needed to address specific controversies and to
support future evidence-based recommendations.
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Transjugular intrahepatic portosystemic shunt
Rationale and indications
Careful patient selection is critical before TIPS placement, since
the procedure is technically challenging and may result in
deterioration of hepatic function and complications in patients
with advanced chronic liver disease, which must be considered
in relation to the expected clinical benefits of this treatment.

The American Association for The Study of Liver Disease
practice guidelines on the role of TIPS in the management of
portal hypertension,3 European Association for the Study of Liver
(EASL) guidelines for the management of decompensated
cirrhosis,4 British Society of Gastroenterology (BSG) TIPS guide-
lines,5 and the Baveno VII consensus update6 all recommend TIPS
as second-line therapy for the complications of PH (Table 1).

Refractory ascites is the most common indication for TIPS.3–7

TIPS is also recommended in patients with variceal bleeding for 3
main reasons: i) rescue therapy (salvage TIPS) in refractory var-
iceal bleeding that does not respond to endoscopic and medical
treatment; ii) secondary prevention of rebleeding in high-risk
patients after initial endoscopic and pharmacological therapies
(pre-emptive TIPS); iii) rebleeding despite optimal secondary
prophylaxis.3–6 In particular, pre-emptive TIPS is recommended
in patients with Child-Pugh C cirrhosis with a score <14 by EASL
guidelines, and Child-Pugh C or model for end-stage liver disease
(MELD) score >−19 by BSG guidelines.4,5 Furthermore, the Baveno
VII consensus on portal hypertension recommend pre-emptive
TIPS in patients with Child-Pugh C cirrhosis and a score <14
and or Child-Pugh class B >7 with active bleeding at initial
endoscopy or hepatic venous pressure gradient >20 mmHg at the
time of haemorrhage.6 TIPS is currently not recommended for
the primary prevention of variceal bleeding since no clinical
trials have compared TIPS to other therapies in these patients
and because the high rate of HE and known procedural risks
could outweigh the risk of variceal haemorrhage in patients
without a history of bleeding.

The indications for TIPS are rapidly being extended to the
treatment of symptomatic ectopic varices, hepatic hydrothorax,
hepatorenal syndrome, Budd-Chiari syndrome, portal vein
thrombosis, and non-cirrhotic PH, although randomised
controlled trials (RCTs) are still needed for these indications.

The contraindications of TIPS are summarised in Table 1. In
particular, cardiac dysfunction and severe pulmonary hyperten-
sion should be excluded before performing TIPS to avoid cardiac
overload from the increase in blood volume in the right
atrium.3,5 The patency of the hepatic veins, the inferior vena
cava, and the portal vein, as well as anatomical variants, should
be evaluated before the procedure, as they are relative contra-
indications in patients with cirrhosis.
Technical considerations
The TIPS procedure is safe when performed by experts. The high
reported rate of technical success, which is more than 95%, and
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the low rate of major intra-procedural complications, correspond
to those in experienced tertiary centres.8,9

A detailed description of the TIPS procedure (Fig. 1) has been
reported and is not the purpose of this review.10,11 The exact
procedure may vary according to patient characteristics and
institutional preferences, with the possibility of using a trans-
splenic approach (in patients where the portal vein approach
has failed), or a direct intrahepatic portacaval shunt in adjunct or
instead of the conventional TIPS technique.10,12 Initial experi-
ences were also reported with endoscopic puncture of the portal
vein for portal venous pressure measurement.13 The portosys-
temic pressure gradient is usually measured before TIPS place-
ment and haemodynamic success is assessed by a reduction in
the portosystemic pressure gradient to below 12 mmHg or >20%
below baseline.14 Different types of stents have been used over
time. Expanded polytetrafluoroethylene-covered stents repre-
sent the current standard of care and have significantly improved
stent patency and lowered the rate of TIPS revisions compared to
uncovered stents.15,16
Results and evidence
Most clinical studies and RCTs have focused on 3 main clinical
applications of TIPS: refractory ascites, secondary prophylaxis of
variceal bleeding, and uncontrolled variceal haemorrhage.

Ascites
Recommendations on TIPS for refractory ascites are supported by
strong evidence, including 7 prospective RCTs and 7 meta-ana-
lyses.17,18 Data consistently report a lower rate of recurrent as-
cites (42% in the patients treated with TIPS) than in patients
managed by repeated large volume paracentesis (89%).19

Although large volume paracentesis rapidly relieves abdominal
tension, it does not treat the cause, and therefore cannot prevent
recurrent ascites, while TIPS lowers elevated sinusoidal pressure,
which contributes to the formation of ascites.18 Nevertheless, the
improved efficacy of TIPS compared to large volume paracentesis
for refractory ascites should be balanced against a higher rate
and severity of HE and its possible contraindications in patients
with advanced liver disease.17 Moreover, the real benefit to sur-
vival following TIPS for refractory ascites is still a subject of
debate and optimal patient selection remains the key to improve
survival.7 Bureau et al. identified platelet count over 75x109/L
and bilirubin below 50 lmol/L as predictors of improved survival
in patients with refractory ascites treated with TIPS.20
2vol. 4 j 100484
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Bleeding
The recommendations for TIPS as salvage therapy in refractory
variceal bleeding or in patients with rebleeding have been sup-
ported by several prospective studies and meta-analyses.21,22

In patients with uncontrolled bleeding, the goal of TIPS is to
reduce the portosystemic pressure gradient. Several studies have
demonstrated the effectiveness of salvage TIPS in patients who do
not respond to endoscopic and medical therapies, with a reduc-
tion in rebleeding and an improvement in overall survival.2,23

Despite successful TIPS placement in controlling bleeding, the
survival benefit of salvage TIPS is limited due to the development
of complications, with about 13% of patients experiencing early
rebleeding4 and 30-day mortality rates as high as 30-44%.24,25

García-Pagán et al.26 published the first multicentre RCT
investigating the efficacy of pre-emptive TIPS compared to
standard medical and endoscopic therapy. In this study, patients
with a high risk of bleeding-related mortality (Child-Pugh C or B
with active bleeding at endoscopy) were included. Pre-emptive
TIPS was associated with a significant reduction in mortality
(1-year survival 86% with early TIPS vs. 61% with standard
therapy).26 These results, along with other studies, suggest that
pre-emptive TIPS should be considered as a first-line treatment
to prevent rebleeding in a specific subset of high-risk patients,
although the benefit on overall survival has not yet been
demonstrated in patients with advanced cirrhosis.27–30
Fig. 1. 61-year-old man with decompensated cirrhosis and refractory ascites u
catheterisation of the left portal vein, (C) transhepatic portogram with opacifica
covered stent graft (Viatorr, Bard), (E) angioplasty of the graft with dilatation at
tosystemic pressure gradient was 23 mmHg and post-TIPS portosystemic pressu
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Acute hepatic decompensation often presents as a result of
systemic inflammation.31 In a large multicentric study, patients
with acute-on-chronic liver failure and acute variceal bleeding
treated by pre-emptive TIPS had reduced rates of rebleeding and 1-
year mortality compared to patients without pre-emptive TIPS.32

Other
Specific consideration of non-malignant portal vein thrombosis,
which is strongly associated with cirrhosis, is important. TIPS can
be considered in patients with portal vein thrombosis without
recanalisation on anticoagulation or with progressive extension
of the thrombosis.6 Retrospective studies have reported similar
technical success and efficacy of TIPS in patients with cirrhosis
with and without non-malignant portal vein thrombosis.33–35 A
large retrospective study found no significant differences in the
outcomes of patients with and without pre-existing portal vein
thrombosis.35 Moreover, complete resolution of portal vein
thrombosis was observed in 57% of patients, with a low recur-
rence rate, and a reduction in thrombosis in 30% of cases.33 There
was no additional benefit to anticoagulation therapies in an RCT
after TIPS in patients with portal vein thrombosis.36 Finally,
several teams have evaluated the role of TIPS in the prevention of
hepatic decompensation following extrahepatic abdominal sur-
gery in patients with cirrhosis, with promising results re-
ported.37–39 The rationale for preoperative TIPS is to decrease the
ndergoing TIPS. (A) Angiography shows the middle hepatic vein venogram, (B)
tion of the associated porto-systemic shunts, (D) insertion of the expandable
10 mm, (F) final portogram showing successful TIPS placement. Pre-TIPS por-
re gradient was 5 mmHg. TIPS, transjugular intrahepatic portosystemic shunt.
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Table 1. Indications and contraindications for TIPS according to society guidelines.

AASLD 2009 EASL 2018 BSG 2020

Indications Evidence
level

Indications Evidence/recommendation
level

Indications Evidence/recommenda-
tion level

Recurrent or refractory
ascites

I Recurrent or refractory
ascites

I – strong recommendation Recurrent or refracto-
ry ascites

High evidence, strong
recommendation.

Uncontrolled variceal
haemorrhage

II-3 Hepatic hydrothorax II-2 – strong recommendation Gastro-oesophageal
variceal bleeding
refractory to endo-
scopic and drug
therapy

Moderate evidence,
strong recommendation.

Secondary prevention of
variceal haemorrhage
after failure of
pharmacologic and
endoscopic therapy

I Secondary prophylaxis
(early TIPS) of variceal
haemorrhage in high-
risk patients (Child-Pugh
class C with score <14).

I – weaker recommendation Pre-emptive TIPS
(Child-Pugh class C or
MELD >−19)

Moderate evidence,
weak recommendation.

Prevention of rebleed-
ing from gastric and
ectopic varices

II-3 Persistent variceal
bleeding and early
rebleeding (rescue TIPS)

I – strong recommendation Rebleeding despite
optimal therapy

Low evidence, strong
recommendation.

Portal hypertension
gastropathy with recur-
rent bleeding despite
the use of beta-blockers

II-3 Portal hypertensive gas-
tropathy, if beta-blockers
fail or are not tolerated

II-3 – weaker
recommendation

Secondary prevention
of gastric variceal
bleeding

Moderate evidence,
weak recommendation.

Uncontrolled hepatic
hydrothorax

II-3 Hepatorenal syndrome II-2 – weaker
recommendation

Refractory bleeding
from ectopic
varices or portal
hypertensive
gastropathy

Low evidence, weak
recommendation.

Budd-Chiari syndrome II-3 Refractory hepatic
hydrothorax

Moderate evidence,
strong recommendation.

Budd-Chiari
syndrome

Moderate evidence,
strong recommendation.

Contraindications Contraindications Contraindications

Absolute contraindications: primary
prevention of variceal bleeding,
congestive heart failure, multiple
hepatic cysts, uncontrolled systemic
infection or sepsis, unrelieved biliary
obstruction, severe pulmonary
hypertension.

Relative contraindications: hepa-
toma especially if central, obstruction
of all hepatic veins, portal vein
thrombosis, severe coagulopathy
(INR >5), thrombocytopenia of
<20,000/cm3, moderate pulmonary
hypertension.

Serum bilirubin >3 mg/dl and a platelet count <75 x109/L,
current hepatic encephalopathy grade >−2 or chronic hepatic
encephalopathy, concomitant active infection, progressive
renal failure, severe systolic or diastolic dysfunction;
pulmonary hypertension.

Patients with ascites with bilirubin >50 lm/L and
platelets <75×109, pre-existing encephalopathy,
active infection, severe cardiac failure or severe
pulmonary hypertension; left ventricular
dysfunction or severe pulmonary hypertension;
significant intrinsic renal disease (stage 4/5).

Level of evidence: I = randomised controlled trials; II-1 = controlled trials without randomisation; II-2 = controlled trials without randomisation; II-3 = multiple time series,
dramatic uncontrolled experiments.
AASLD, American Association for the Study of Liver Disease; BSG, British Society of Gastroenterology; EASL, European Association for the Study of the Liver; INR, international
normalised ratio; MELD, model for end-stage liver disease; TIPS, transjugular intrahepatic portosystemic shunt.
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hepatic venous pressure gradient, which is a known predictor of
decompensation after surgery.40
Complications and dysfunction
Major procedure-related complications have been reported to
occur in between 4% and 20% of cases.41 The most frequent intra-
procedural complications include capsular perforation with
intraperitoneal haemorrhage, segmental liver ischaemia, hepatic
failure, haemobilia, and other biliary complications.42

The main concerns after TIPS placement are the development
of HE, cardiac dysfunction, and early stent dysfunction. HE is the
most common complication after TIPS and is the leading cause of
early hospital readmission (�27–48% at 30 days).43,44 New epi-
sodes of HE occur in �18–40% of patients, while worsening of
pre-TIPS HE is reported in �50% of patients.43–47 Refractory HE
can require TIPS reduction or occlusion to control the symptoms
JHEP Reports 2022
of this complication.48 Several predictive factors have been
associated with the risk and prognosis of HE after TIPS, including
a prior history of HE, age, Child-Pugh and MELD scores, the
presence of other portosystemic shunts, high portosystemic
pressure gradient reduction, and stents without controlled
expansion.45,49 A recent multicentre analysis of 1,871 patients
has proposed the FIPS (Freiburg index of post-TIPS survival) score
based on age, bilirubin, albumin, and creatinine to predict pa-
tients with a worse prognosis after elective TIPS.50 A different
study identified sarcopenia as an independent predictor of
acute-on-chronic liver failure and death after TIPS.51 Cardiac
dysfunction has been reported in �20% of patients after TIPS and
was associated with cardiac parameters measured before TIPS.52

Stent stenosis or occlusion are the most common cause of
TIPS dysfunction, often requiring strict surveillance and leading
to a high frequency of revisions. Doppler ultrasound with
4vol. 4 j 100484



Fig. 2. 19-year-old man with chronic portal vein thrombosis and cavernous transformation undergoing portal vein recanalisation. (A) Pre-procedural
contrast-enhanced CT shows cavernous transformation of the main portal vein. Recanalisation procedure consisting of (B) catheterisation of the segment IV
portal vein branch, (C) catheterisation of the portal vein and superior mesenteric vein through the portal cavernoma, (D) stent placement, (E) dilatation of the
stent at 10 mm, and (F) final portogram.
measurement of flow velocities is the primary method of
assessment of TIPS stenosis and occlusion during follow-up. The
patency of expanded polytetrafluoroethylene-covered stents is
improved and reaches more than 90% at 1 year and 80% at 5
years, thus significantly reducing the need for TIPS revisions.41 In
a multicentre RCT, the 2-year rate of stent dysfunction was 44%
and 63% (p = 0.032) for covered and bare stents, respectively,
with no differences in complications or patient survival.53

Controversies
Bleeding of other porto-systemic shunts (ectopic varices)
Endoscopic or medical treatment is often ineffective in patients
with bleeding ectopic varices.54 Theoretically, TIPS could be used
to reduce portosystemic pressure and the risk of rebleeding.
Nevertheless, the value of TIPS in the treatment of ectopic varices
is uncertain because rebleeding is frequent despite normal-
isation of the portosystemic pressure gradient. Moreover, the
best available knowledge is based on small observational
studies.55–58 Despite good technical success (90%), a high early
rebleeding rate (42%) was reported in patients without
concomitant ectopic variceal embolisation.56 A retrospective
study in 53 patients with ectopic varices from 3 tertiary centres
reported a rebleeding rate of 23% at 1 year and 32% at 5 years
after TIPS.57 Deipolyi et al.58 described 10 patients with stomal
variceal bleeding treated with TIPS (in combination with
JHEP Reports 2022
embolisation in 5) resulting in recurrent bleeding in 4 cases. A
meta-analysis in patients with gastric bleeding concluded that
TIPS was associated with a lower risk of rebleeding (hazard ratio
0.35; p = 0.004) than endoscopic variceal sclerotherapy.59

Pre-emptive TIPS in Child-Pugh B patients
The potential benefits of pre-emptive TIPS are still controversial
in Child-Pugh B patients with active bleeding at endoscopy, and
other patients who do not meet the high-risk criteria, as survival
benefits reported in this subset of patients were not clear.28,29,60

Although a large observational study29 reported that pre-
emptive TIPS led to no improvement in mortality in Child-Pugh
B patients with active bleeding, a recent meta-analysis61

comparing individual patient data reported a significant benefit
in bleeding control and 1-year survival with pre-emptive TIPS
compared to medical and endoscopic therapies in both Child-
Pugh C and Child-Pugh B patients with active bleeding. In
particular, pre-emptive TIPS significantly improved survival in
patients with Child-Pugh B >7, while the prognosis did not
change in those with Child-Pugh B7.61

Finally, while pre-emptive TIPS has been shown to be effec-
tive in selected patients, it is not systemically used in real life
practice. Although approximately 35% of patients with variceal
bleeding are potentially eligible for pre-emptive TIPS, access to
the procedure remains limited to about 7% of patients in referral
5vol. 4 j 100484
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centres, mainly due to the absence of dedicated interventional
radiologists in non-referral institutions.62

Embolisation of associated varices
Embolisation of varices has become a treatment option for
gastroesophageal varices in patients who are not eligible for
TIPS.63 Balloon-occluded retrograde transvenous obliteration has
been performed in patients with bleeding from high-flow gastric
varices.64 The procedure has been associated with a lower rate of
rebleeding and HE compared to TIPS for the management of
gastric varices.65 The use of concomitant TIPS and embolisation
is controversial. On one hand, variceal embolisation could help
reduce the risk of rebleeding in patients with TIPS. On the other
hand, closing variceal shunts could worsen the portosystemic
pressure gradient.66 In the absence of clear recommendations,
some authors have proposed embolisation if persistent variceal
flow is observed on portography after TIPS, but in most cases the
decision is made on a case-by-case basis.66–68 In one RCT, Chen
et al.69 showed that the 6-month rate of recurrent variceal
bleeding was lower in patients with TIPS and concomitant left
gastric vein embolisation than with TIPS alone, but cumulative
recurrence did not differ at 3 years. A meta-analysis (6 studies,
770 patients) reported that TIPS combined with variceal embo-
lisation led to a significantly lower rebleeding rate, while no
differences were observed in the occurrence of HE or shunt
dysfunction compared to patients with TIPS alone.70

The benefit of partial splenic embolisation in combination
with TIPS remains to be established. While it can reduce the
splenic flow and portosystemic gradient, current studies did not
report a survival benefit with combined TIPS and splenic
embolisation.63,71,72

Targeted porto-systemic gradient and stent size
TIPS size and the portosystemic gradient are strongly associated
with the control of PH-related complications and the occurrence
of post-TIPS HE. A reduction in the portosystemic pressure
gradient to <12 mmHg or >20% of the pre-TIPS grade has
consistently been shown to be an optimal target value that is
associated with a lower risk of rebleeding or ascites. This is
consistent with the fact that PH-related complications almost
always occur in patients with a portosystemic pressure gradient
>12 mmHg following TIPS.73 However, the optimal endpoint for
the portosystemic pressure gradient is still a matter of debate. A
reduction of the portosystemic pressure gradient to <10 mmHg
has been associated with an increased risk of HE, suggesting that
the optimal window for TIPS is narrow (from 10 to 12
mmHg).73,74 The timing of portosystemic pressure measure-
ments is controversial because early measurements performed
immediately after TIPS may be affected by haemodynamic con-
ditions and general anaesthesia, and may not be consistent with
long-term portosystemic pressure measurements.14 Repeated
portosystemic pressure measurements should be considered at
24 hours after the procedure to have reliable values that corre-
late with clinical outcomes.14

The results of the use of small-diameter stents (8 mm) to
reduce the rate of post-TIPS HE are contradictory. In an RCT by
Riggio et al.75 8-mm stent TIPS resulted in a significantly higher
portosystemic pressure gradient and higher rate of persistent
ascites than 10-mm stents, but there were no differences in the
occurrence of HE or in survival. These results were similar to
JHEP Reports 2022
those of another study by Miraglia et al.76 that evaluated a larger
cohort of patients with refractory ascites. On the other hand,
Trebicka et al.77 found that 8-mm stents were associated with
significantly longer survival, while Luo et al.78 reported a lower
rate of HE in patients receiving 8-mm stents.

A recent meta-analysis of 5 studies concluded that patients
treated with 8-mm covered stents have a higher 1-year and 3-
year overall survival, a lower rate of HE, and no difference in
rebleeding rate, compared to those treated with 10-mm stents.79

The study by Praktiknjo et al.80 reported improved 1-year sur-
vival and a reduced rate of shunt-related complications in pa-
tients treated with underdilated controlled expansion stent
grafts, which maintain a stable 8-mm expansion, compared to
underdilated VIATORR® TIPS stent grafts.

Non-cirrhotic patients
Despite the absence of cirrhosis or other causes of chronic liver
disease, the complications of non-cirrhotic PH are similar,
including variceal haemorrhage, ascites, and portal vein throm-
bosis. The efficacy and safety of TIPS in patients with non-
cirrhotic PH is not established, as only a few observational
studies have been published to date. In a multicentre study by
Bissonnette et al.81 including 47 patients with idiopathic non-
cirrhotic PH, variceal rebleeding and HE occurred in 28% and
34% of patients after TIPS, respectively. Significant extrahepatic
comorbidities and elevated serum creatinine negatively influ-
enced survival (27% mortality after TIPS during follow-up).81

The results of TIPS in patients with non-cirrhotic portal
cavernous transformation have been reported in a few case se-
ries.82–84 In a study by Fanelli et al. in 13 patients, TIPS implan-
tation was successful in 10 (83%) patients with portal cavernoma
without cirrhosis, leading to a significant reduction in the por-
tosystemic pressure gradient.83 However, the success rate of TIPS
was only 35% in another series of 20 patients.84 In a recent study
on 39 patients with cavernous transformation of the portal vein,
symptom improvement was observed in 87% of patients with an
overall TIPS patency of 81% at 36 months.85

Portal vein recanalisation
Rationale and indications
Patients with portal vein occlusion or stenosis may develop
venous collaterals and be at risk of life-threatening bleeding or
ascites due to prehepatic PH. The rationale for PVR is to restore
the physiological portal venous flow and to prevent bleeding
from ectopic collaterals. The main indications for PVR are portal
vein thrombosis in liver transplant recipients, the management
of complications of chronic portal vein thrombosis with
cavernous transformation (e.g., portal hypertension with
bleeding and ascites, cholangiopathy) (Fig. 2) and acute throm-
bosis (e.g. bowel ischaemia), and portal vein stenosis due to
extrinsic compression or postoperative stenosis.

Technical considerations
Various endovascular approaches have been attempted for PVR,
including transhepatic, transjugular intrahepatic, or trans-
splenic approaches.86 In patients with portal vein thrombosis,
local mechanical thrombectomy combined with pharmacological
thrombolysis may be attempted to restore normal blood flow.
Mechanical thrombectomy may be performed with balloon an-
gioplasty, device-assisted thrombectomy, or sheath-directed
6vol. 4 j 100484



thrombus aspiration.87 Uncovered self-expandable metallic
stents may be used for long-term patency of the portal vein after
the procedure, especially in patients with adjacent compressing
masses. Overall, the reported technical success is 87–95% in large
retrospective series.88,89

Results and evidence
Most of the current evidence on PVR is based on case reports or
small case series. Oral anticoagulant therapies are the first-line
treatment in patients with portal vein thrombosis, while endo-
vascular therapies and PVR may be attempted if medical treat-
ment fails.90 It should be noted that the small number of patients
in those retrospective studies and the lack of randomised con-
trols prevent us from drawing strong evidence-based conclu-
sions on the role of PVR.

In liver transplant recipients complicated by portal vein ste-
nosis, PVR with balloon angioplasty and stent placement has
been shown to be an acceptable and safe procedure. A patency
rate of 82% and 68% has been reported 5 and 10 years after
balloon angioplasty, respectively, with a patency rate of 100%
after stent placement in post-transplant portal vein stenosis.91

Primary stent placement was also shown to have a significantly
higher success rate than balloon angioplasty (97–100% vs.
67–69%) in a recent meta-analysis.92

Clinical improvement was reported in 92% of patients with
chronic portal vein thrombosis and cavernous transformation of
the portal vein following mechanical thrombectomy combined
with pharmacological thrombolysis via an intrahepatic porto-
systemic approach.93 While the recanalisation rate was only 40%
in patients with acute portal vein thrombosis, this remains
higher than medical therapy alone.94,95

PVR with stent placement has also been used in patients with
extrinsic obstruction caused by either inflammatory conditions
or malignant tumours.89,96,97 Kim et al.89 performed PVR in pa-
tients with extrahepatic portal vein obstruction for biliary or
pancreatic neoplasms, with a mean patency of 30 and 21 months
after stent placement in patients with benign and malignant
stenosis, respectively.

Complications and dysfunction
The possible complications following PVR include portal vein
restenosis and thrombosis. Life-threatening bleeding and other
complications such as hepatic abscesses and subcapsular hae-
morrhage are rare.93

Controversies
Association with TIPS
The association of TIPS with PVR (PVR-TIPS) is controversial.98

Even though TIPS may not reduce portal pressure in case of
prehepatic PH without hepatic alterations, the combination of
TIPS and PVR has been proposed to maintain portal vein patency
in case of a persistently high portosystemic gradient after
recanalisation.99 Currently, there are only a few series on the
clinical values of PVR-TIPS.100,101 Barbier et al.101 have reported a
success rate of 85–100% with PVR-TIPS, although several in-
terventions were required in patients with acute thrombosis, and
the recurrence rate in patients with chronic thrombosis was 53%.
Habib et al.102 assessed the ability of PVR-TIPS to re-establish
portal vein flow in transplant candidates with portal vein
thrombosis. Despite the technical success, only 3/11 patients
were finally transplanted in that study.102 In a cohort of 61 liver
transplantation candidates, PVR-TIPS patency was 92% at 19
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months, recurrent thrombosis only occurred in 8% of patients,
but only 39% of patients were finally transplanted.103 Thus,
improved survival and the added value of PVR-TIPS compared to
other therapies has not been clearly established. Finally, there is
no standard portal pressure gradient cut-off for optimal patient
selection for the combined PVR-TIPS procedure.
Portal vein embolisation
Rationale and indications
Postoperative liver failure is a severe complication after major
hepatectomy and is associated with high morbidity and mor-
tality. Preoperative PVE can be performed as a volume modula-
tion procedure in patients with an insufficient future liver
remnant (FLR) both to increase the number of candidates for
surgical resection and to prevent postoperative complications.
PVE promotes hypertrophy by redirecting portal venous flow to
the non-embolised liver, increasing the ratio between the ex-
pected FLR and total liver volume. The main clinical indication
for PVE is major hepatectomy in patients with malignant liver
lesions and insufficient FLR (Fig. 3). PVE is generally indicated
when the FLR is <−20–−25% in a healthy liver, <−30–35% in patients
with chronic liver disease but without cirrhosis (non-alcoholic
fatty liver disease, chemotherapy-associated steatohepatitis,
cholangitis) or reduced liver function, and <−40% in cirrhosis or
non-alcoholic steatohepatitis.104

Technical considerations
Technical aspects of this procedure have been extensively
described in prior studies.105,106 Overall, the reported technical
success has been reported to be between 80–100%.107 Briefly,
PVE can be performed by a percutaneous transhepatic contra-
lateral approach with ultrasound-guided access to the portal
vein via the FLR, a transhepatic ipsilateral approach via the future
resected liver, or a trans-ileocolic venous approach.106 The
approach depends on the patients’ anatomy and the radiologist’s
preference, and in relation to the possible risks of FLR injury with
the contralateral approach. Numerous embolic agents can be
used. Their impact on FLR hypertrophy is discussed below.

Although biliary drainage may be needed in patients with
obstructive jaundice and hepatobiliary malignancies requiring
preoperative PVE, there are no clear recommendations in the
literature supporting routine preoperative biliary drainage in
these patients, even in the presence of jaundice. One study has
shown that the hypertrophy ratio was significantly higher when
selective drainage of the FLR was performed instead of total liver
drainage.108 A recent meta-analysis has shown that FLR drainage
has now become an accepted practice,109 which makes sense
because obstructive jaundice reduces compensatory hypertrophy
of the liver. Nevertheless, in patients with FLR drainage and with
worsening jaundice or cholangitis, additional drainage of the
future resected liver did not decrease FLR ratios or the hyper-
trophy ratio after PVE.110

Results and evidence
PVE can induce 35–50% FLR hypertrophy, with no difference in
the rates of hypertrophy, morbidity or mortality compared to
portal vein ligation.111 PVE is the treatment of choice in patients
who do not require 2-stage hepatectomy. However, the rate of
FLR hypertrophy is lower than following the associated liver
partition and portal vein ligation for staged hepatectomy (ALPPS)
procedure (+48–90% between stage 1 & 2).112–114 In the latter,
7vol. 4 j 100484



Fig. 3. 66-year-old man with cirrhosis secondary to non-alcoholic fatty
liver disease complicated by hepatocellular carcinoma. (A) Preoperative
contrast-enhanced CT shows a 6 cm hepatocellular carcinoma. The future liver
remnant was 27%. (B) Angiography shows right portogram after ipsilateral
canalisation of the portal vein. Embolisation was performed with a mixture of
N-butyl cyanoacrylate and lipiodol. One small anterior branch was coil
embolised to avoid embolisation material migration (C) Cone beam CT angi-
ography after portal vein embolisation shows embolic agents in the right
portal vein. (D) Contrast-enhanced CT 6 weeks after portal vein embolisation
shows relative hypertrophy of the left liver. The future liver remnant increased
to 41%. Patients underwent successful right hepatectomy.
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parenchymal transection and hepatic vein ligation further induce
FLR hypertrophy.112–114 ALPPS is also associated with a higher
rate of completion of second stage hepatectomy than conven-
tional 2-stage hepatectomy with PVE or ligation. However, ALPPS
is also clearly associated with significantly higher periprocedural
morbidity and mortality.115 Thus, ALPPS should be considered as
an alternative option during the first stage in patients requiring
conventional 2-stage hepatectomies with resection in the FLR or
in patients requiring 1-stage hepatectomy with insufficient hy-
pertrophy following PVE.

Curative-intent surgical resection is successful in 67–90% of
patients who undergo preoperative PVE.116–119 This is important
since patients who undergo preoperative PVE and extended
hepatectomy have been shown to have a better prognosis that
those who do not undergo curative-intent surgery.119 Drop-out is
mainly due to tumour progression and not to insufficient FLR
hypertrophy.

PVE can be associated with transarterial therapies (i.e. trans-
arterial chemoembolisation [TACE]) to obtain greater preopera-
tive disease control and lower the risk of tumour progression.
While concomitant occlusion of both arterial and portal flow
may increase patient morbidity, several retrospective studies
have suggested that sequential TACE and PVE may lead to a
higher rate of tumour necrosis, increased hypertrophy of FLR,
and longer overall survival compared to PVE alone in patients
with hepatocellular carcinoma.117,120–122 In a recent study,
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radioembolisation with Yttrium-90 (when performing radiation
lobectomy) has been proposed as an alternative to PVE in pa-
tients with hepatocellular carcinoma, resulting in better hyper-
trophy and tumour control123 but not increased resection rates.
Furthermore, a case-controlled series showed that radio-
embolisation induced significantly less FLR hypertrophy than
PVE in patients with secondary liver tumours.124
Complications
Severe procedural complications have been reported in 3–16% of
patients following PVE.109,116,125,126 Portal vein thrombosis in the
proximal or contralateral portal vein and unwanted embolisation
material extending into the FLR portal branches are the most
severe complications and can jeopardise FLR hypertrophy.126

Other minor complications include abscesses (especially in the
presence of dilated intrahepatic bile ducts), bilomas, haemato-
mas, and hepatic insufficiency.126
Controversies
Embolisation agents
There is no consensus on the best embolic agent for FLR hy-
pertrophy. Several embolic agents have been used, including N-
butyl cyanoacrylate (NBCA), gelatin sponge, coils, ethanol,
nitinol plugs, or a combination of these materials. In clinical
practice, the choice of the embolic agent is mainly based on the
operators’ experience, availability, and cost. There are very few
retrospective comparisons of embolic agents and some results
are contradictory.127,128 In the study by Jaberi et al.,129 NBCA
combined with an amplatzer vascular plug resulted in a higher
rate of FLR hypertrophy than polyvinyl alcohol and coils,
although no differences were observed in the surgical outcomes
or the rate of complications. In a retrospective analysis, Suga-
wara et al.130 reported that PVE with ethanol significantly
increased the non-embolised liver volume compared to NBCA,
but a recent systematic review concluded that NBCA provided
greater FLR hypertrophy, with no difference in the rate of
complications.131 A recent RCT showed that PVE with NCBA plus
iodised oil resulted in faster and greater FLR hypertrophy than
PVE with PVA particles plus coils (57% vs. 37% respectively, at 28
days, p <0.001).132 However, this was not associated with a
significantly higher rate of surgical resection (80% vs. 77%,
respectively, p = 0.75) or a statistically significant better post-
operative outcome (liver failure in 13% vs. 27%, respectively, p =
0.27).132

Factors affecting hepatic regeneration
Inadequate FLR hypertrophy, which occurs in 10–20% of patients,
is a major cause of unresectability after PVE. While hypertrophy
occurs at a slower rate in fibrotic or cirrhotic livers, the rate of
FLR hypertrophy is not significantly affected by the quality of the
hepatic parenchyma. It has been suggested that several factors
may hinder hepatic regeneration and FLR hypertrophy.133 In
particular, the potentially deleterious effect of neoadjuvant
chemotherapy on FLR hypertrophy remains unclear.134 Since
angiogenesis may play a crucial role in hepatic regeneration, the
effect of antiangiogenic therapies may play a role. Hypertrophy
rates at 4 weeks were comparable in patients who did or did not
receive bevacizumab,135 while another study136 showed that the
rate was lower in patients treated with bevacizumab compared
to chemotherapy without bevacizumab.
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Associated hepatic vein embolisation
Hepatic vein(s) embolisation performed either subsequently or
concomitantly (also known as liver venous deprivation, or as
simultaneous radiological portohepatic vein embolisation,
RASPE) to PVE is another strategy to further increase paren-
chymal hypertrophy in patients with insufficient FLR.137,138

Retrospective studies have reported that the combined emboli-
sation of the portal and hepatic veins leads to greater hyper-
trophy compared to PVE alone.138–141 In a meta-analysis by
Esposito et al.,142 the increase in FLR was 33–63% and was
significantly higher when hepatic vein embolisation and PVE
were performed simultaneously, rather than sequentially (54%
vs. 44%, p = 0.008). The added value of embolisation of both the
right and middle hepatic veins vs. the right hepatic vein alone in
addition to PVE must still be assessed. Substantial hypertrophy of
segment IV can be observed when the right hepatic vein is tar-
geted. This could be an obstacle in patients requiring right
hepatectomy extended to segment IV. In this setting, embolisa-
tion of both the right and middle hepatic veins or just the middle
hepatic vein could be considered in association with PVE.143,144

Despite promising results, the results of RCTs are awaited to
compare the 2 approaches and the added value of combined
embolisation on patient outcome must be evaluated in large
cohorts.145 In particular, this interventional procedure should
also be compared to ALPPS for 2-stage hepatectomy because it
could decrease morbidity but achieve similar hypertrophy.
Finally, variations in liver function should be assessed, as FLR
function can improve more significantly and faster than
volume.146,147

Segment IV embolisation
PVE has been extended to segment IV in patients undergoing
right hepatectomy extended to segment IV. The main advantage
of this type of PVE is significantly higher hypertrophy of the left
lateral segment compared to right PVE alone.148,149 Segment IV
embolisation is technically difficult because of the risk of un-
wanted reflux of embolic material and of accidental occlusion of
the left portal vein branches which could affect FLR hypertro-
phy. This explains why most segment IV embolisations are
performed with coils. There are no studies on differences in the
subsequent resection rate in patients undergoing PVE extended
to segment IV or not.148,149 Moreover, improvement in post-
operative complications and survival have not been clearly
assessed.150 In the study by Hammond et al.,151 post-surgical
survival did not differ between patients with and without
segment IV-extended PVE.
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Tumour growth induced by PVE
Tumour progression is a major concern following PVE and it
has been reported to be the main cause of dropout (accounting
for unresectability in around two-thirds of patients after
PVE).118,152,153 The evidence of the effect of PVE on tumour
growth is conflicting, and the possible effect on tumours in the
embolised and non-embolised livers should be considered
separately. Several studies have reported increased tumour
growth in the embolised liver and the possible mechanisms for
tumour growth are still under investigation.154 Simoneau
et al.155 observed a high rate of tumour progression and
increased tumour volume after PVE in 77% of patients with
colorectal liver metastases treated with chemotherapy +/-
bevacizumab. In patients with hepatocellular carcinoma,
Loveday et al.153 reported an increase in tumour volume in 25
out of 31 patients leading to a change in treatment plan in
approximately a quarter of patients. However, the effect of
tumour progression after PVE on long-term patient outcome is
a subject of debate. In a recent study, disease progression after
PVE did not affect long-term overall survival in patients with
hepatocellular carcinoma, even though the increase in tumour
burden was significantly associated with shorter disease-free
survival.156 In colorectal liver metastases, a meta-analysis157

concluded that PVE did not negatively affect progression-free
survival or overall survival.

Tumour growth in the non-embolised lobe is more of a concern
because it could prevent curative-intent surgery and influence pa-
tientprognosis, especially incaseof theoccurrenceofnewlesions in
the non-embolised liver. In patients with bilobar tumours, retro-
spective studies showed no differences in the tumour progression
rate in embolised and non-embolised livers.158,159

Studies have addressed the effect of chemotherapy on tumour
progression after PVE.134 The proportion of hepatic resection
after PVE was comparable in patients with and without
chemotherapy, but the PVE with chemotherapy group had a
lower rate of progression (18.9% vs. 34.2%; p = 0.03) and better 5-
year survival (49% vs. 24%; p = 0.006).134
Conclusion
Image-guided interventions involving the portal vein positively
influence the management and outcomes of patients with portal
hypertension or hepatic tumours. Significant progress has been
made, in particular regarding the standardisation of techniques
and patient selection. Nevertheless, certain controversies remain
and need to be evaluated in further studies.
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