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Abstract

Purposeof review Noncirrhotic portal hypertension (NCPH) consists of a heterogenous group of disorders that lead to
portal hypertension (pHTN) in the absence of cirrhosis and can be best understood by their relationship to hepatic vascular
anatomy. Here, we discuss the most common of these: portal vein thrombosis, porto-sinusoidal vascular disease, Budd-Chiari

syndrome, and hepatic sinusoidal obstruction syndrome.

Recent advances We provide a brief overview of each disorder and highlight recent advances in interventional radiology
and surgical treatments. Although the former have improved outcomes, the latter may still be indicated in specific situations.
Summary NCPH requires careful diagnostic and therapeutic evaluation. Treatments are evolving to be less invasive, leading

to improved outcomes.
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Introduction

Portal hypertension (pHTN) refers to a syndrome of increased
pressure within the portomesenteric system. In the Western
world, it is most commonly caused by cirrhosis, which is asso-
ciated with a hepatic venous pressure gradient of >5 mmHg.
By contrast, non-cirrhotic portal hypertension (NCPH) consists
of a heterogenous group of predominantly vascular disorders
that produce pHTN in the absence of cirrhosis [1]. In general,
the causes can be divided based on the site of pathology into
pre-hepatic, hepatic, and post-hepatic, with the hepatic cat-
egory further subdivided into pre-sinusoidal, sinusoidal, and
post-sinusoidal (Fig. 1). In this review, we discuss the advances
in interventional radiology and surgical treatments for four of
these disease entities: portal vein thrombosis (PVT), porto-
sinusoidal vascular disease (PSVD), Budd-Chiari syndrome
(BCS), and hepatic sinusoidal obstruction syndrome (SOS),
previously known as veno-occlusive disease.
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Fig.1 Categories and common etiologies of portal hypertension. An increase in pressure in any part of this system leads to portal hypertension

Portal Vein Thrombosis

PVT is the most common etiology of pre-hepatic pHTN.
It may be caused by inherited or acquired prothrombotic
disorders, myeloproliferative neoplasm (MPN), portal vein
invasion by local malignancy, or regional inflammation
(e.g., pancreatitis, inflammatory bowel disease). The main
complications are variceal bleeding and bowel ischemia
due to venous congestion and the resultant low-flow state.
The treatment of PVT depends on its acuity, although no
precise cutoff exists to differentiate acute from chronic [1].

Acute Portal Vein Thrombosis
Management

The first-line treatment for acute PVT is anticoagulation,
with the goal of both preventing clot extension to avoid
intestinal infarction and achieving portal vein recanaliza-
tion to prevent the eventual development of chronic pHTN
[2]. In a European study of 95 patients with non-cirrhotic
nonmalignant PVT who were treated with early admin-
istration of low molecular weight heparin and then tran-
sitioned to warfarin, no patients experienced thrombus
extension or death, although intestinal infarction occurred
in two. Complete portal vein recanalization was seen in
only one-third of patients after 6 months of treatment, and
40% developed cavernous transformation at one year [3].
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Treatment of the underlying etiology of thrombosis is
also important. For example, cytoreductive therapy for
MPN has been shown to improve outcomes, and resolution
of pancreatitis often removes the nidus for clot formation
[2]. If the etiology is unknown, this should prompt diag-
nostic investigation as spontaneous PVT is rare.

Transcatheter thrombolytic administration via trans-
splenic or transhepatic access is rarely used in the acute
setting given high complication rates and similar rates of
recanalization compared with systemic anticoagulation.
More recently, it was shown that a combination of tran-
sjugular thrombectomy and local fibrinolysis with or with-
out transjugular intrahepatic portosystemic shunt (TIPS)
placement achieved a 94% recanalization rate in patients
with non-cirrhotic nonmalignant acute PVT at imminent
risk of intestinal infarction. Patency was maintained at
88% at 2 years, and major non-fatal complications were
observed in 3 of 17 patients [4]. Consequently, this
approach should be considered in patients with evidence
of intestinal ischemia.

The role of surgery is limited in acute PVT except in the
setting of intestinal infarction. Unlike mesenteric ischemia
resulting from arterial inflow obstruction, ischemia due to
occlusion of venous outflow is less abrupt in onset. It results
in progressive bowel congestion, ultimately causing infarc-
tion when the backpressure overwhelms and inhibits the
arterial inflow. This manifests as discomfort, nausea/emesis,
or both for a least two days prior to presentation. When diag-
nosed, conservative management with bowel rest and serial
abdominal examinations should be the initial treatment, with
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catheter-directed therapy selectively employed as described
above.

Suspected intestinal necrosis should prompt consideration
of surgical exploration. In unclear cases, diagnostic lapa-
roscopy can be considered. However, the profound bowel
edema often precludes the creation of a clear working space
and pneumoperitoneum can worsen the already-diminished
mesenteric blood flow [5]. As such, open exploration is
generally preferred. Also, determining the margins between
infarcted and viable bowel is particularly challenging as the
boundaries are poorly defined, and adjunctive techniques
to assess viability, such as fluorescein and Doppler flow
assessment, are less useful [6]. Consequently, temporary
abdominal closure and re-exploration should be liberally
employed, which has the added benefit of reducing the risk
of abdominal compartment syndrome [7].

The distribution of ischemia is related to the extent of
thrombosis. In cases of isolated portomesenteric occlusion,
ischemia is usually limited to the small bowel [8]. However,
if the splenic and inferior mesenteric veins are occluded,
colonic infarction may also occur. In cases of pan-intes-
tinal ischemia, only the grossly non-viable or perforated
bowel should be resected initially, with re-exploration per-
formed after initiation of anticoagulation therapy. Surgical
thrombectomy alone is rarely indicated but can be under-
taken if laparotomy is performed for bowel ischemia [9].
This is typically performed via venotomy in the superior
mesenteric vein (SMV) where it can be easily controlled in
the lesser sac just inferior to the pancreas using a Fogarty
balloon. Postoperative catheter-directed thrombolysis per-
formed by infusing papaverine with or without a thrombo-
Iytic agent into the superior mesenteric artery has also been
reported. In one clinical trial, compared to systemic antico-
agulation alone, this technique improved thrombus resolu-
tion, need for additional bowel resection, and survival [10].

Chronic Portal Vein Thrombosis
Management

In contrast to acute PVT, chronic PVT will not resolve
with anticoagulation alone. In patients with recurrent and
frequent complications of pHTN, TIPS placement with or
without portal vein recanalization should be considered.
Importantly, it may improve both liver function and trans-
plant candidacy. However, the procedure may be technically
challenging in cases of a diminutive or cavernous portal vein
and frequently requires additional access through the spleen,
liver, or superior mesenteric vein which can increase proce-
dure time and bleeding risk. In rare cases, a mesocaval shunt
bridging the inferior vena cava (IVC) and a residual vein in

the portomesenteric system may be necessary, although the
performance of this procedure requires specialized expertise.

Evidence in support of portal vein recanalization com-
bined with TIPS (PVR-TIPS) is predominantly from patients
with cirrhosis awaiting liver transplantation, in whom the
procedure has shown high rates of success. From a technical
perspective, the utilization of trans-splenic access is superior
to a transhepatic approach, resulting in a 100% technical
success rate and fewer adverse effects [11]. This secondary
access allows identification of the diminutive portal vein
using the left gastric vein as a marker that, once cannulated
and dilated, can act as a target for transhepatic needle pas-
sage. In patients with neither cirrhosis nor sinusoidal pHTN,
TIPS might be unnecessary if the distal intrahepatic por-
tal vein branches are not occluded [12, 13]. A recent study
showed that in chronic non-cirrhotic extrahepatic portal vein
occlusion (EHPVO), portal vein recanalization without TIPS
insertion was feasible and safe [14, 15].

With the proliferation of catheter-based therapy and
increasingly effective medical or endoscopic treatment to
address the sequelae of chronic non-cirrhotic EHPVO, the
need for surgery in these patients has been greatly reduced. It
is limited to patients with intractable complications (usually
bleeding) not amenable to the approaches described above.
Surgical options are dictated by patient anatomy and the
extent of venous occlusion. In cases where both the SMV
and left portal vein are patent, the meso-Rex bypass is pre-
ferred as it re-establishes flow via the native portal system.
So named as the distal shunt target is the recessus of Rex in
the umbilical fissure of the left liver, the meso-Rex bypass
was popularized in the pediatric transplant population for
EHPVO but can be utilized in adults [16—-18]. Unfortunately,
the SMV is often involved in adult EHPVO. In the uncom-
mon case where the SMV and PV are thrombosed but the
splenic vein remains patent, a splenorenal (Warren-type)
shunt can be performed with good results. In cases with
long-segment occlusion of the PV, SMV, and splenic vein,
multivisceral transplantation is sometimes necessary [17].

Porto-Sinusoidal Vascular Disorder

Porto-sinusoidal vascular disorder (PSVD) was first pro-
posed by the Vascular Liver Diseases Interest Group (VAL-
DIG) in 2017 to describe a heterogenous group of conditions
causing non-cirrhotic pHTN that mainly involves the portal
venules or pre-sinusoidal areas [19].

Causes of PSVD include medications, toxins, immu-
nologic disorders, genetic conditions, and prothrombotic
states (Table 1). The presence of other liver diseases such
as viral hepatitis, alcohol use disorder, metabolic syndrome,
or PVT does not exclude the diagnosis of PSVD as they can
coexist [20].

@ Springer



272

Current Hepatology Reports (2023) 22:269-275

Table 1 Different mechanisms

. . Categories
of injury leading to PSVD

Examples

Medications/Toxins

Immunological disorders

Infections

Genetic disorders

Prothrombotic conditions

Thiopurine derivatives (e.g., azathioprine)

Oxaliplatin

Arsenicals / vinylchloride

Common variable immunodeficiency syndrome (CVID)
Hyper-IgM syndrome

Connective tissue diseases (SLE, scleroderma, RA)

Celiac disease

Autoimmune hepatitis

Primary antibody-deficiency syndromes (Bruton, Felty)
Solid organ & hematopoietic progenitor cell transplantation
Intra-abdominal infections

HIV infection

Cystic fibrosis

Polycystic liver disease (PKD-1 mutation)

Turner’s syndrome

Familial obliterative portal venopathy

Inherited thrombophilias

Factor V Leiden mutation, protein C or S or antithrombin deficiency
Acquired thrombophilias

Antiphospholipid syndrome, myeloproliferative neoplasms

Specific diagnostic criteria have been established for the
diagnosis of PSVD. Cirrhosis must first be excluded via liver
biopsy. Following this, the diagnosis can be entertained if
one of the following is present: [1] one specific sign of portal
hypertension (varices, portosystemic collaterals), [21] one
specific histological lesion (obliterative portal venopathy,
nodular regenerative hyperplasia, or incomplete septal fibro-
sis), or [2] both one non-specific sign of portal hypertension
and one non-specific histological lesion.

Management

Once PSVD has been diagnosed, an attempt to identify the
underlying etiology should ensue. Specific attention should
be given to the presence of immunological, thrombophilic,
and genetic disorders, as well as exposure to drugs/toxins
(Table 1). Patients should undergo esophagogastroduodenos-
copy (EGD) for variceal screening. In patients with features
of pHTN, Doppler ultrasound should be performed every 6
months as the yearly probability of developing PVT is 9%
[22]. There is no proven role for prophylactic anticoagula-
tion and, in those who develop PVT, guidelines for PVT in
patients with cirrhosis should be employed [20].

TIPS placement is useful for the management of severe
complications of portal hypertension. These patients typi-
cally have excellent outcomes if they have normal kidney
function and no severe extrahepatic comorbidities [23]. In
fact, patients with PSVD have fewer TIPS-related complica-
tions than those with cirrhosis. In one study comparing these
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groups following TIPS insertion for management of variceal
bleeding, patients with PSVD had significantly lower rates
of hepatic encephalopathy, hepatic impairment, and long-
term mortality [24].

Budd-Chiari Syndrome

BCS refers to obstruction of hepatic venous outflow, which
can occur at any level from the hepatic venules to the IVC.
It is divided into primary, which results from thrombosis,
and secondary, which is caused by venous compression or
invasion, typically by malignancy. Primary BCS occurs most
commonly in prothrombotic states so, when diagnosed, the
existence/type of clotting disorder should be elucidated.

Management

Anticoagulation should be initiated in all patients regardless
of symptomatology to achieve recanalization and prevent
thrombosis progression [2]. However, even in those started
on anticoagulation at diagnosis, the 5-year intervention-free
survival rate is only 30%. The underlying disease leading
to the development of BCS, such as MPN or paroxysmal
nocturnal hemoglobinuria, should be identified and treated.
Where present, complications of pHTN should be managed
similarly to when they occur in the setting of cirrhosis.
Catheter-directed thrombolysis involves the percutaneous
insertion of a catheter into a hepatic vein and the instillation
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of thrombolytics over several hours. Small series have
reported promising results, particularly in patients with acute
and incomplete thrombosis and when combined with other
interventions, such as angioplasty or stent placement [25].
However, limited evidence and the risk of hemorrhage have
precluded widespread adoption.

Percutaneous angioplasty with or without stent place-
ment is an effective approach for restoring the physiological
hepatic outflow, especially in the setting of segmental steno-
sis or suprahepatic IVC obstruction. It is important to iden-
tify these patients as soon as the diagnosis of BCS is made.
Very high success rates have been reported among Asian
cohorts with combined angioplasty and stenting, resulting in
a cumulative 5-year primary patency rate of 77% [26]. The
success rate of angioplasty is lower in comparable European
cohorts, with nearly 64% of patients requiring re-interven-
tion (TIPS or transplant) during 5-year follow-up [27]. This
difference in outcomes is likely related to the underlying
etiology of BCS in these patients; venous stenosis, which is
particularly responsive to this form of treatment, was present
in the majority of patients in the Asian cohort while it was
present in only 10% of the European cohort [27].

Flow diversion procedures utilize a shunt to redirect por-
tal flow past the obstruction, most commonly in the form of
a TIPS. Importantly, this should not be performed in patients
whose site of obstruction is downstream of the hepatic veins,
as the shunt would be of no benefit since it would not bypass
the obstruction. Where indicated, TIPS placement has dem-
onstrated improved transplant-free survival and lower mor-
bidity and mortality compared with shunt surgery [28, 29].
Although repeated endovascular revisions were needed in
42% of patients, the rate of secondary patency was close to
100%, and 10-year survival was 76% [30]. Of note, TIPS
placement can be technically challenging due to the inac-
cessibility of the hepatic veins, and a transcaval approach
(direct intrahepatic portosystemic shunt, or DIPS) may be
necessary for up to 60% of patients. DIPS should only be
performed by experienced operators at high-volume centers
[29]. Surgical shunts can also achieve hepatic decompression
but have largely been superseded by TIPS. Thrombectomy
alone is often not technically possible. Caval patency is a
prerequisite for effective portacaval, mesocaval, or spleno-
renal shunt construction, although mesoatrial or meso-caval-
atrial shunts have been described [31, 32]. In general, shunt
employment should be rare in the modern era for BCS;
in particular, portacaval or mesocaval shunts can greatly
complicate surgery if transplantation ensues and should be
avoided.

Liver transplantation is the treatment of last resort in
patients with BCS as it presents both surgical and medi-
cal challenges. Surgically, hepatomegaly and hepatic vein
thrombosis increase technical complexity, particularly with
vascular anastomoses. For example, enlargement of the

caudate lobe and occlusion of the hepatic vein ostia make
the “piggyback” technique challenging. The primary medi-
cal challenge is the underlying prothrombotic disorder and
risk of recurrent thrombosis post-transplant. While inherited
conditions such as factor V Leiden are cured with liver trans-
plantation, acquired disorders such as MPN and paroxys-
mal nocturnal hemoglobinuria are not and place the patient
at increased risk of recurrent thrombosis post-transplant.
Importantly, MPN is not a contraindication to transplanta-
tion and, with appropriate anticoagulation, aspirin, and anti-
proliferative medications (e.g., hydroxyurea), survival rates
are similar to those without MPN [33, 34].

Sinusoidal Obstruction Syndrome

SOS, also known as veno-occlusive disease (VOD), is a
post-sinusoidal obstruction to venous outflow that mostly
occurs following hematopoietic stem cell transplantation.
The primary site of injury is sinusoidal endothelial cells and
hepatocytes in zone 3 of the hepatic acinus. Mortality has
been reported to be as high as 80% in severe cases [35]. The
incidence of SOS varies substantially from 2 to 60% due to
differences in hematopoietic stem cell transplant regimens
and diagnostic criteria.

Management

SOS is classified as mild, moderate, or severe based on the
timing of presentation, degree of hepatic dysfunction, and
severity of volume overload. Most patients have mild SOS,
which is self-limiting and requires only supportive care.
However, in those with moderate or severe disease, treat-
ment with defibrotide should be considered. Its mechanism
of action is not fully understood, but it appears to act as an
antithrombotic and profibrinolytic drug that reduces platelet
adhesion and activation and decreases vascular permeability.
It has been shown to improve 100-day overall survival in
patients with SOS [36-38].

For patients with very severe and rapidly progressive
SOS, early TIPS insertion has been tried in small series with
inconclusive results. In older series, despite the absence of
procedural complications, mortality remained high [39].
However, in a recent single-center experience of patients
with very severe SOS, TIPS showed more promising results.
The series included seven patients with rapid clinical dete-
rioration despite treatment with defibrotide. The procedure
was performed a median of four days after SOS diagnosis
and resulted in a drop in pressure gradient from a median
of 24 to 7 mmHg. Following TIPS insertion, all patients
showed clinical improvement in the degree of ascites accu-
mulation, renal failure, and liver synthetic function, and
100-day survival was 100% [40]. Although incompletely
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understood, these improved outcomes may in part be related
to co-treatment with defibrotide, which was not previously
available.

Liver transplantation has shown generally poor outcomes,
particularly in adults, with a survival rate of only 20% (3 out
of 15 adult cases survived from 9 months to 8 years) [41].

Conclusions

In NCPH, the site of the blockage can be pre-hepatic, intra-
hepatic, or post-hepatic. Diagnosis of NCPH requires a high
degree of suspicion and an understanding of the vascular anat-
omy of the liver. The approach to treating portal hypertensive
complications in NCPH is similar to the management of com-
plications of cirrhosis-related pHTN. Interventional radiology
options for the treatment of NCPH are less invasive and have
lower morbidity than most surgical interventions. However,
surgery is still required in rare, severe cases of NCPH. Expe-
rienced, tertiary care teams have the best outcomes.
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