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Abstract

patient’s management and outcome.

PVT.

management of the patients dramatically.

Background: PVT is an ultrasonographic finding in up to 8% of patients with liver cirrhosis. Once hepatocellular
carcinoma has occurred as the final station in liver cirrhosis, the risk of PVT rises to 40%. Benign and malignant PVT can
occur in patients with liver cirrhosis, and it is important to differentiate the nature of PVT as it has a great impact on

Diagnosis: Confirming portal vein thrombosis and extension by abdominal ultrasound, contrast-enhanced USG, CT,
or MRI. Malignant criteria of PVT are pulsatile pattern in Doppler and heterogeneous contrast enhancement, which
are especially seen at the arterial phase, neovascularity within PVT, portal vein thrombus with a diameter of > 23 mm
while in benign thrombus, PV diameter does not exceed 20 mm. Visible hypervascular tumor is in close proximity to

Conclusion: It is not uncommon to find portal vein thrombosis in patients with liver cirrhosis, despite the fact that
malignant variant is the most frequent, but efforts should be gathered to exclude benign PVT which may change the
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Introduction

PVT is an ultrasonographic finding in up to 8% of
patients with liver cirrhosis [1], and once hepatocellular
carcinoma has occurred as the final station in liver cir-
rhosis, the risk of PV T rises to 40% [2].

Malignant PVT is an important determinant of tumor
staging, as well as prognosis, and influences treatment
selection; it indicates poor prognosis and is an absolute
contraindication of liver transplantation (LT) due to una-
voidable tumor recurrence also a contraindication for
locoregional therapy, the dilemma is that benign PVT
can occur also in liver cirrhosis and the hesitation to treat
may negatively affect the patient’s prognosis.
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Portal venous system drains blood from the gastroin-
testinal tract (apart from the lower section of rectum),
spleen, pancreas, and gallbladder to the liver. It is formed
by the union of the splenic and superior mesenteric veins
forming the confluence of portal vein, and drains directly
into the liver, supplying nearly 75% of its hepatic blood
flow [3]. Other tributaries of the PV include the left and
right gastric veins, cystic veins, and the superior and infe-
rior veins of Sappey. The inferior mesenteric vein (IMV)
has greater variability, joining the splenic vein (40%), the
SMYV (40%), or the portal confluence (20%) [4].

The main portal vein divides into two branches—the
left (supplying segments I, II, III, and IV) and right por-
tal veins which divides into two branches—the anterior
(supplying segments V and VIII) and the posterior (sup-
plying segments VI and VII) portal veins [4].

Normal portal vein peak systolic velocity is 20-40
cm/s, a low flow velocity of < 16 cm/s is one of diagnostic
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features of portal hypertension [5], cessation of por-
tal flow is seen within areas of occlusion secondary to a
benign or tumor thrombus, in the case of malignant PVT,
the flow is pulsatile, while the flow is waveform in recana-
lized benign thrombus [6].

Pseudo thrombosis of the portal vein (Fig. 1) may be
seen due to absence or opacification secondary to the
Doppler settings or artifact formation, low velocities,
depth of the vessel, Doppler angle of insonation/probe
position, or masking by an overlying tissue [7].

Pathogenesis

The main mechanisms of PVT are due to disturbance of
any element of the Virchow triad: sluggish portal blood
flow which occurs commonly in liver cirrhosis , hepato-
biliary malignancies mainly hepatocellular carcinoma,
gastric carcinoma , or extrinsic compression by lymph
node or tumor [8], vascular endothelial damage due to
local inflammation or infection caused by acute pan-
creatitis , ascending cholangitis , omphalitis, appendici-
tis, cytomegalovirus hepatitis, tubercular lymphadenitis,
diverticulitis, portal pyemia after infected internal piles,
or invasion by malignant cells of HCC, abdominal, or
surgical trauma (liver surgery, colon-rectal surgery, sple-
nectomy, sleeve gastrectomy, cholecystectomy, pancrea-
tectomy) [9].

Accentuated blood coagulation due to tissue factor-
FVIIa complex formation activates the conversion of pro-
thrombin to thrombin which enhances coagulation [10],
and antithrombin (AT) can control the activity of FVIIa
by forming FVIIa-AT complex [11].

Causes of hypercoagulable states are inherited pro-
thrombotic conditions as protein C deficiency (5-10%),
S deficiency (5-30%), factor V Leiden mutation (1-9%),
antithrombin deficiency (1-5%), prothrombin G20210A
mutation (5-40%), and methylene tetrahydrofolate
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reductase gene mutation at position C677T s (10-50%)
[12].

Acquired thrombotic states as malignancy, myeloprolif-
erative disorders , antiphospholipid syndrome, paroxys-
mal nocturnal hemoglobinuria, hyperhomocysteinemia,
pregnancy, perperium, oral contraceptive pills, and other
causes which include Behcet’s disease, Celiac disease, and
human immunodeficiency virus infection.

PVT is classified into thrombosis confined till beyond
the union of the splenic and superior mesenteric veins; to
the superior mesenteric vein, but with patent mesenteric
vessels; to the whole splanchnic venous system, but with
large collaterals; or extensive splanchnic venous throm-
bosis with few small collaterals [13].

Acute PVT favors benign behavior of the occlusion
rather than malignancy and may present with significant
right upper quadrant abdominal pain, ascites, and bowel
infarction in vulnerable diabetic patients [14].

Chronic portal vein thrombosis with portal cavernoma,
and portal cholangiopathy defined as deformation and
obstruction of intrahepatic and extrahepatic bile ducts by
the collateral veins of the portal cavernoma favors malig-
nancy [15].

Diagnosis
In liver cirrhosis, the benign or malignant nature of PVT
may not be easily distinguishable and remains a diag-
nostic challenge; benign and tumor thrombi can occur
simultaneously [16], and the latter is a contraindication
to liver transplantation. Sometimes, Porta hepatis masses
as lymph nodes or cholangiocarcinoma may compress
the portal vein and may be mistaken for PVT or may be
present at the same time with PVT.

Exclusion of hypercoagulable states by testing for JAK2
V617F mutation, exon 9 mutations by either deletion or
insertion in the calreticulin gene have recently observed

Fig. 1 A Portal vein pseudothrombosis. B Pseudothrombosis with reversed portal flow
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but has a lower risk of PVT [17], bone marrow biopsy,
and erythropoietin levels for myeloproliferative disor-
ders, anticardiolipin antibodies, lupus anticoagulant, or
anti-b2 glycoprotein 1 antibodies for antiphospholipid
syndrome. Flow cytometry is used to detect presence of
CD55- and CD59-deficient clone for paroxysmal noctur-
nal hemoglobinuria and to determine plasma levels of
antithrombin, protein C, and protein S, protein C-acti-
vated resistance or molecular analysis of R605Q muta-
tion, molecular analysis of the G20210A mutation, serum
homocysteine levels, and molecular analysis of C677T
polymorphism [9-12].

Radiographic findings

In case of benign PVT, there is a thrombus with features
of ischemic bowel if superior mesenteric venous (SMV)
was significantly involved. In malignant PVT with slowly
progressive growth, cavernous transformation of the
portal vein may be seen, with numerous periportal col-
laterals [18, 19].

Abdominal ultrasound (Fig. 2)

It may be not easy to see the hypoechoic thrombus with
grey-scale imaging. Color Doppler shows absent flow
in the portal vein and even to detect partial thrombo-
sis. The SMV, intrahepatic branches of the portal vein,
and hepatic veins should also be examined to assess the
extent of thrombosis; malignant thrombus will show
internal color vascularity, and benign thrombus is avas-
cular on color Doppler [20].

False-negative results occur only in partial PVT and
isolated superior mesenteric vein thrombosis [21]. Draw-
backs of USG are difficult in obese patients, significant
bowel distension, and lack of diagnosis of associated
bowel ischemia. CT and MRI are preferred due to the
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ability of detecting bowel ischemia, septic foci, abdomi-
nal malignancies, and thrombosis in the splenic and
superior mesenteric veins [22].

Contrast-enhanced ultrasound (CEUS)

The contrast agent was a suspension of stabilized sulphur
hexafluoride microbubbles in saline (SonoVue, Bracco
SpA). SonoVue was reconstituted just before adminis-
tration by adding 5 ml of sterile saline to the vial. After
injection of a single intravenous bolus of 5 ml of contrast
medium, a US scan along the main axis of the PVT was
obtained and kept for 1.5 min. Presence of pulsatile arte-
rial signals and early arterial enhancement (within 25 s)
of the thrombus on CEUS were considered diagnostic for
malignant PVT [20].

Computed tomography (CT) (Fig. 3)

Non-contrast CT scans may be unable to identify PVT.
The diagnosis can be made on portal venous phase as
complete or partial non-opacification of part or the
whole portal vein. Transient hepatic attenuation differ-
ences (THAD) in the arterial/early portal phase, showing
increased enhancement due to augmented perfusion of
the lobe or segment previously supplied by the occluded
branch due to hepatic arterial compensatory flow [23],
thrombus enhancement is highly suggestive of malignant
thrombus [24].

Magnetic resonance imaging (MRI) (Fig. 4)

The ability of diffusion-weighted (DW) imaging to dif-
ferentiate benign from malignant liver lesions was
investigated; the increased cellular density and altered
nucleo-cytoplasmic ratio showed a restricted water mole-
cule diffusion and reduced apparent diffusion coefficients

Fig.2 A Non-malignant portal vein thrombosis. B HCC with malignant PVT
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malignant LT PV thrombus washout at delayed phase

Fig.3 ATriphasic CT infiltrative HCC with malignant LT PV thrombus. B Triphasic CT LT PV malignant thrombus at portal phase. C Triphasic CT

Fig.4 A MRl arterial phase bland thrombus with no enhancement. B MRI DWI restricted PV thrombus and HCC at RT lobe. € MRI T2WI HCC and
malignant PV thrombus lost vascular signal void

when compared with benign lesions; however, some
overlap may occur [25].

3D contrast-enhanced MRA is the most sensitive
sequence. according to the physics of MRJ; it is divided
according to TE (time to echo), TR (time of repetition)
into T1-weighted [short TR (500 ms), TE (14 ms)],
T2-weighted [longer TR (4000 ms), TE (90 ms)], or Flair
[very long TR (9000), TE (114)] [25], malignant throm-
bus is hyper intense, T1 + gadolinium the tumor throm-
bus enhancement may be detectable on post-contrast
dynamic sequences [26].

Contrast-enhanced MRI (Gadolinium) may precipitate
nephrogenic systemic fibrosis in case of acute renal fail-
ure [27], in addition to the high cost and artifacts due to
patient irritability.

18F-fluorodeoxyglucose poistron emission tomography/
computed tomography (PET CT)

Metabolic activity was measured using the maximum
standardized uptake value (SUV max) at the site of
thrombus, and it may have a promising ability to dif-
ferentiate between benign and malignant thrombus; in

benign thrombus, no or slight FDG-avidity while malig-
nant thrombus has a moderate to high avidity to FDG, a
research documented that SUV max of malignant throm-
bus (6.37 £ 2.67) was significantly higher than that of
benign thrombus (2.87 &+ 1.47; P < 0.01) [28] with other
possible benefits of PET/CT as visualization of further
sites of thrombosis.

So finally, malignant criteria of PVT are pulsatile pat-
tern in Doppler, heterogeneous contrast enhancement,
especially seen at the arterial phase, neovascularity
within PVT, portal vein thrombus with a diameter of >
23 mm while in benign thrombus PV diameter does not
exceed 20 mm [29], visible hypervascular tumor in close
proximity to PVT, or present as an arterioportal fistula if
paraumbilical vein is recanalized [30].

Liver biopsy

The golden reference is biopsy from thrombi that are
located in the intrahepatic portal vein by 22 Gauge Chiba
Needle, and with the help of color Doppler USG, FNAC
was retrieved from thrombus that was nearest to the
hepatic mass and most suspicious ones on color Doppler
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US, biopsy path should avoid hepatic artery and major
vessels, and segments of liver involved by tumor should
be avoided to prevent false-positive result, the tissue
obtained by gentle back and forth movement into the
thrombus and without aspiration to avoid blood contam-
ination [20].

Endoscopic ultrasound (EUS)

Endosonography may be useful in differentiating a benign
from malignant thrombus by providing cytopathology by
ENA. Transabdominal approach carries the risk of seri-
ous biliary or vascular injury. EUS-guided FNA may be of
benefit in extrahepatic PVT via transduodenal approach
[31].

Therapy

The approach to the management of PVT is critical and
needs more efforts (Fig. 5); confirming portal vein throm-
bosis, behavior either benign or malignant and extension
by contrast-enhanced USG, CT, or MRI according to the
availability [32].

Benign thrombosis

Early anticoagulation of benign thrombus may signifi-
cantly improve recanalization if started within the first
week after the diagnosis, and the duration of anticoagula-
tion may extend for at least 6 months [33].

Close monitoring for possible mesenteric infarction
and the risk is high with involvement of mesenteric ves-
sels and poor collateral circulation. The treatment is by
intestinal resection, and radiological signs of intestinal
ischemia are the halo sign of intestinal wall edema, pneu-
matosis intestinalis, and pneumoperitoneum [34].

Thrombolysis should be done with high caution due to
high mortality and complications, long-term anticoagu-
lation is indicated in patients with underlying prothrom-
botic disorder, recurrent thrombotic episodes, previous
intestinal ischemia, or a family history of deep venous
thrombosis, specific management of underlying hemato-
logical diseases.

Before management some points should be considered:

Liver cirrhosis

Ultrasonographic features include surface nodularity,
coarse hepatic echotexture, prominent caudate lobe, cau-
date/right lobe ratio > 0.66, splenomegaly, splenic vein
diameter, renal artery resistive index > 0.8, thrombocyto-
penia < 100.000, fibroscan > 12 kps especially in case of
indeterminate imaging features, care should be provided
regarding anticoagulation, Child-Pugh class, and possi-
bility of esophageal varices (EV) should be excluded.
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The acuity of thrombosis

Features suggestive of an acute thrombosis include the
presence of low intensity thrombus in radiology, and
portal vein may appear dilated. The absence of porto-
systemic collaterals or splenomegaly may indicate an
acute thrombosis; however, chronic PVT is suspected
in the presence of a cavernous transformation which
may need only up to 20 days after acute PVT [35], and
calcifications are signs of chronic PVT which is better
visualized by USG or CT [36].

Clinical sequelae of PVT

PVT causes pre-hepatic rise of portal pressure in both
cirrhotic and non-cirrhotic profiles with development
of EVs in more than 70% of patients, so it was recom-
mended to endoscopically screen for EV within the
first 2-3 months following the onset of acute PVT in
non-cirrhotic patients and if negative it should be
rescreened after 6—12 months and at 2- to 3-year inter-
vals thereafter as varices develop in 22% after 3 years
[37].

In the context of PVT, upper GIT bleeding should
derive for advanced radiological investigations to detect
porto-systemic collaterals mainly the ectopic one and
assess for TIPS or embolization of collaterals or shunt
surgery whenever appropriate.

Portal cholangiopathy

This form of cholangiopathy is caused by ischemic pres-
sure by the peribiliary portal collaterals and reduced
portal blood flow due to PVT manifested as right
abdominal pain, pruritus, jaundice, gallbladder stones,
and cholangitis [38], It is now preferred to be diagnosed
with magnetic resonance cholangiopancreatography
which is also the investigation of choice in making dif-
ferential diagnosis with hilar cholangiocarcinoma [15].

Thrombolysis
It is indicated in patients with cirrhosis if superior mes-
enteric vein is involved or if the patient carries a known
prothrombotic condition [39]. In non-cirrhotic acute
extrahepatic portal vein obstruction, anticoagulant
therapy with low molecular weight heparin followed
by oral anticoagulation is recommended for at least 6
months, and long-term anticoagulation should be con-
sidered if a persistent prothrombotic state is present.
Unfractionated heparin has been largely replaced
by LMWH in most clinical situations due to the ease
of administration, given subcutaneously without the
need for laboratory follow up. The recommended dose
for enoxaparin is 1 mg/kg every 12 h (maximum dose
150 mg) enoxaparin at a dose of 1 mg/kg twice a day



Hanafy and Tharwat Egyptian Liver Journal (2021) 11:90

Page 6 of 9

Portal vein thrombosis

Exclusion of Pseudothrombosis and
image artifacts

Confirmation
Color Doppler USG

Contrast enhanced CT, MRI

k AFP —CEA- CA 19-9 J

Malignant PVT
-Pulsatile pattern in Doppler
-contrast enhancement at the arterial phase
-Neovascularity within PVT
-Portal vein thrombus diameter >23 mm

- Visible hypervascular tumor in close proximity to PVT

ﬁld Pugh class, ECOG performance status of 0 tom

no extrahepatic metastasis

Recanalization of the malignant thrombus by:
-Sorafenib
-Regorafenib

-Atezolizumab + bevacizumab

waboza ntinib /

Down staging may encourage treatment with
locoregional therapy?

Fig. 5 Stepwise approach to PVT management

A 4

Benign PVT
- No pulsation in Doppler
-non-enhancement at the arterial phase

- PV diameter does not exceed 20 mm

ﬁest for hereditary thrombophilia and \

myeloproliferative disorders.

-LMWH, DOACs, Aspirin in patients with JAK2 v
617f mutation

- On-going abdominal pain, intestinal wall edema,
despite conventional anticoagulation.

- /
!

-Systemic thrombolysis with Intravenous
alteplase at a dose of 0.05 mg /kg/hour up to
a maximum of 4 mg/h and watching for signs
of bleeding.

- Local clot dissolution if failed systemic

was associated with 4-folds lower risk of non-variceal
bleeding than a 1.5-mg/kg once a day dose.

Anti-Xa level follow-up may be indicated in morbid
obesity, renal impairment (creatinine clearance < 30 ml/
min), pregnancy, significant burns, and recurrent throm-
bosis while the patient is on LMWH treatment.

Direct-acting oral anticoagulants (DOACs) include
orally available direct factor Xa inhibitors (rivoraxaban,
apixaban, edoxaban, betrixaban) and the direct thrombin
inhibitor dabigatran were used. It should be avoided at
creatinine clearance < 15 ml/min and advanced liver cir-

rhosis [Child-Pugh class C].



Hanafy and Tharwat Egyptian Liver Journal (2021) 11:90

Systemic thrombolysis

It is indicated in acute PVT with persistent abdominal
pain with signs of intestinal ischemia in the absence of
free fluid which denote perforation and after exclusion
of absolute contraindications as major surgery in the
previous 2 weeks, previous cerebral hemorrhage in the
preceding 12 months, allergy, fibrinogen below 100 mg/
dl, or thrombocytopenia < 50,000 x 10°/L.

Patients who fulfilled the inclusion criteria would be
given intravenous Alteplase at a dose of 0.05 mg/kg/h,
up to a maximum of 4 mg/h for up to 72 h. Patients
should be monitored for bleeding from body orifices,
sites of venipuncture, daily laboratory testing for com-
plete blood count, fibrinogen level, prothrombin time,
international normalized ratio, liver, and kidney func-
tion tests [40].

Local clot dissolution

If intestinal ischemia persists with ongoing abdominal
pain despite systemic thrombolysis, local clot dissolu-
tion should be discussed after taking the patient’s con-
sent. Systemic thrombolysis and anticoagulation were
interrupted for 8—12 h. A transjugular approach to cre-
ate an intrahepatic portosystemic shunt through which
local thrombolysis [41] will be given through infusion of
tPA at a dose of 1 mg/h until satisfactory improvement.
Mechanical thrombectomy through interventional radi-
ology and transjugular central access was maintained for
24 h to do a follow-up portal angiography with a possibil-
ity of re-intervention. Success in treatment of acute PVT
should be followed by long term coagulation with rivar-
oxaban or other DOACs and regular radiological follow

up.

Malignant portal vein thrombosis

Thrombolysis and anticoagulation do not apply for
malignant PVT, as the portal vein is occluded by viable
tumorous tissue, instead, Patients with Child-Pugh class
A with Eastern Cooperative Oncology Group (ECOG)
performance status of O to 1, and in absence of extrahe-
patic metastasis can be offered systemic therapy aiming
to step-down the patient stage to become fit for locore-
gional therapy.

Systemic therapy includes multikinase inhibitors as
sorafenib which was approved as the first line agent for
advanced HCC, and it has been associated with improved
overall survival (OS) as compared with placebo [3]. The
main side effects are diarrhea, fatigue, and palmar-plan-
tar erythrodysesthesia.

Lenvatinib is noninferior to sorafenib (13.6 vs 12.3
months; HR, 0.92; 95% CI, 0.79-1.06) with the same
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side effects as hypertension, diarrhea, fatigue, weight
loss, and palmar-plantar erythrodysesthesia [42].

Atezolizumab which selectively targets PD-L1 pre-
venting interactions with PD-1 and B7-1 receptors, so
antagonizing T cell suppression, With Bevacizumab
which is a monoclonal antibody that targets vascular
endothelial growth factor, inhibiting angiogenesis and
tumor growth [43], for the treatment of adult patients
with unresectable locally advanced or metastatic hepa-
tocellular carcinoma (HCC) with no prior systemic
treatment had been recently approved by FDA. The
promising results of The IMbrave 150 study which is a
global, multi-center, randomized phase III trial evalu-
ating the efficacy and safety of atezo—bev when com-
pared with sorafenib in unresectable HCC patients who
received no prior systemic therapy. It showed a signifi-
cant improvement in overall survival HR 0.58; 95% CI,
0.42-0.79 and progression free survival (HR, 0.59; 95%
CI, 0.47-0.76) in patients treated with this combination
[44].

Patients who do not respond adequately may get bene-
fit from Regorafenib as a second line therapy for patients
with advanced HCC who progressed with sorafenib and
showed tolerance to sorafenib at a dose of at least 400 mg
daily without progression above Child-Pugh A cirrhosis
and an ECOG status [45].

Cabozantinib, a tyrosine kinase inhibitor, was shown
to improve OS in patients who did not respond posi-
tively to first and/or second line therapies also in patients
with Child-Pugh A with an ECOG of 0 to 1 [46] who
progressed or were intolerant to sorafenib with an alpha
fetoprotein > 400 ng/ml [47].

Nivolumab, a programmed death receptor-1 (PD-1)
inhibitor, was studied in sorafenib-naive and experienced
patients with Child-Pugh A and an ECOG status of 0 to
1. Overall tumor response rate was 16%, and it may have
the potential to induce immune-mediated AEs, including
autoimmune hepatitis, colitis, pneumonitis, and uveitis,
however, in less than 5% [48].

Finally, it is not uncommon to find portal vein throm-
bosis in patients with advanced liver cirrhosis, despite
the fact that malignant variant is the most frequent as
the hepatic microenvironment become more prone to
carcinogenesis [49, 50], but efforts should be gathered to
exclude benign PVT which may change the management
of the patients dramatically.
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