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A B S T R A C T

Background and aim: Anticoagulation therapy is the main line of treatment for acute portal vein thrombosis
(PVT) in the absence of cirrhosis. However, the use of this therapy in cirrhotic PVT is still with doubtful evi-
dence. We aimed to evaluate the efficacy and safety of rivaroxaban compared to warfarin for the management of
acute non-neoplastic PVT in Hepatitis C virus (HCV)–related compensated cirrhosis.
Methods: Out of 578 patients with chronic HCV infection, 80 patients with acute PVT who had undergone
splenectomy due to hypersplenism and 4 patients with acute PVT due to portal pyemia were selected. The
patients were randomly assigned (1:1) to the study group (n=40), in which the patients received rivaroxaban
10mg/12 h, or the control group (n= 40), in which the patients received warfarin.
Results: In the rivaroxaban group, the resolution of PVT was achieved in 34 patients (85%) within
2.6 ± 0.4months and delayed, partial recanalization after 6.7 ± 1.2months (n= 6.15%). Complications such
as major bleeding, abnormal liver functions, death, or recurrence did not occur during treatment, and patients in
this group showed improved short-term survival rate (20.4 ± 2.2months) compared to the survival rate in the
control group (10.6 ± 1.8months) in which warfarin achieved complete resolution in 45% of patients.
Complications such as severe upper GI tract bleeding (43.3%), hepatic decompensation (22.5%), progression to
mesenteric ischemia (12.5%), recurrence (10%), and death (20%) were observed in the control group. The
duration until complete resolution of thrombus correlated with age, the extent of the thrombus, creatinine level,
and MELD score. The recurrence after complete resolution of thrombus correlated with age, the extent of the
thrombus, thrombogenic gene polymorphism, and the use of warfarin.
Conclusion: Rivaroxaban was effective and safe in acute HCV-related non-neoplastic PVT with improved short-
term survival rate; ClinicalTrials.gov Identifier: NCT03201367.

1. Introduction

Portal vein thrombosis (PVT) could be due to neoplastic growth
invading the portal vein (PV) or non-neoplastic causes. The predis-
posing factors include sluggish portal blood flow [1] and portal pyemia
secondary to appendicitis, diverticulitis, inflammatory bowel disease,
pancreatitis, and cholangitis. Occasionally, PVT might be instigated by
surgical trauma after portosystemic shunt operations, liver transplan-
tation, and loco-regional therapy for hepatocellular carcinoma (HCC)
[2]; splenectomy and endoscopic variceal sclerotherapy may be com-
plicated by PVT [3].

PVT might be associated with hereditary hypercoagulable states
such as factor V Leiden mutation, prothrombin gene 20,210 mutations,

myeloproliferative disorders, and antiphospholipid syndrome [4];
however, idiopathic PVT might be encountered in approximately 25%
of patients with PVT [5].

Patients with acute PVT usually have no sufficient time for the de-
velopment of adequate collaterals. Ascites, which develops after acute
PVT, is mild and transient because of intestinal congestion and is as-
sociated with decreased long-term survival rate [6,7].

The aim of treatment is to achieve complete recanalization of the PV
before the event of irreversible parenchymatous and mesenchymal
complications. The rate of recanalization may approach 70% if treat-
ment is initiated within one week of the onset of acute PVT; however, it
may fall to 25–30% if initiated later [8].

Treatment of PVT depends mainly on its acuity, expansion to the
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superior mesenteric vein (SMV) with progressive ischemia, if there is a
documented hereditary thrombophilia, in candidates for liver trans-
plantation with a high risk PVT that shows obstruction of> 50% of the
PV [9, 10].

Rivaroxaban is an orally active direct inhibitor of factor Xa; it is
adequately absorbed from the gut, with the maximum inhibition of
factor Xa after 4 h since ingestion [11].

The aim of the current study is to evaluate the efficacy and safety of
rivaroxaban compared to warfarin for the management of acute non-
neoplastic PVT in patients with Hepatitis C virus (HCV)-related com-
pensated cirrhosis and the impact of treatment on the prevention of
complications, PVT recurrence, and survival.

2. Methods

This randomized, controlled, interventional, open-label study was
conducted in the Hepatology Clinic – Internal Medicine and Tropical
Medicine Departments, Zagazig and Tanta University Hospitals, which
are tertiary referral centers, from May 2014 to August 2017.

Eighty patients with chronic HCV and PVT were enrolled after ful-
filling the inclusion criteria. Out of 578 patients, 4 patients with chronic
HCV and PVT due to portal pyemia secondary to infected thrombosed
internal piles (n=1), appendicular abscess (n=1), ulcerative colitis
(n= 2), which was diagnosed by abdominal ultrasonography (USG),
were included. In addition, 76 patients (13.1%) with chronic HCV who
had undergone splenectomy through an open surgery due to marked
splenomegaly that caused intolerable abdominal pain and severe
thrombocytopenia (34.6 ± 12.8×103/μl) were selected.

Diagnosis of acute PVT was confirmed during the postoperative
period; the risk factors for postoperative PVT were severe preoperative
thrombocytopenia, large size of the spleen (21.8 ± 2.1 cm), large
splenic vein diameter (10.3 ± 1.7mm) with numerous splenic col-
laterals, rebound postoperative increase in the platelet count
(562.5 ± 37×103/μl) that occurred in 32 patients (42.1%), and lack
of perioperative prophylactic anticoagulation. Patients provided past
history of receiving treatment for HCV and achieved sustained vir-
ological response. The treatment included direct-acting antiviral-based
therapy for 3months (n=37) or pegylated interferon and ribavirin for
48 weeks (n=43).

The 80 included patients were randomly assigned (1:1) to either a
study group who received rivaroxaban (n= 40) or a control group who
received warfarin (n= 40). Both groups were given symptomatic
therapy for ascites and abdominal pain, and the patients were followed
up synchronously to evaluate the impact of therapy on the occurrence
of complications and survival rate. Approval was obtained from the
Ethical Committee, Faculty of Medicine, Zagazig University, in
February 2014 before the start of the study; the study was registered on
clinicaltrials.gov (ClinicalTrials.gov Identifier: NCT03201367).

Patients with acute non-neoplastic PVT (acute PVT that was diag-
nosed within 1 week of onset), chronic HCV, and compensated liver
disease (Child class A-B) were included in the study.

Patients with advanced liver disease or alanine transaminase (ALT)
levels more than three times the upper limit of the normal (ascites due
to vascular occlusion is not an exclusion criterion), recent bleeding due
to active peptic ulcer or esophageal varices (EV), neoplastic invasion of
the PV, creatinine clearance ≤30ml/min, pregnancy and breast-
feeding, hypersensitivity to rivaroxaban, concomitant treatment with
other anticoagulants, concomitant use of clopidogrel, and reduced life
expectancy were excluded from the study.

All patients enrolled in the study were subjected to routine in-
vestigations preliminary to splenectomy, such as liver function tests,
coagulation profile, renal function tests, complete blood count, re-
ticulocyte count, and bone marrow aspiration. For each patient, Child-
Pugh (CTP) and MELD scores were calculated. Patients were tested for
thrombogenic gene polymorphisms such as factor V Leiden mutation
and prothrombin gene 20,210 mutations.

Abdominal USG was done for all patients included in the study.
Cirrhotic echo pattern and criteria of portal hypertension were de-
termined from the coarse nodular appearance, prominent caudate lobe,
splenomegaly with a splenic bipolar diameter> 130mm, and splenic
vein diameter> 10mm. Patients with HCC were excluded due to re-
duced life expectancy.

Color Doppler USG was performed by one experienced radiologist
with the use of real-time portable ultrasound equipment (Sonoscape S9)
consisting of a color Doppler and a pulsed Doppler device working at
3.5-MHz frequency to confirm the diagnosis of PVT.

CT angiography was done for all patients for leveling of PVT to
determine the duration of thrombolytic therapy and clinical outcome.
PVT was classified into thrombosis confined beyond the confluence of
the splenic vein and SMV; to the SMV, but with patent other mesenteric
vessels; to the whole splanchnic venous system, but with large col-
laterals; or extensive splanchnic venous thrombosis with only minute
collaterals [12].

Before splenectomy, upper GI tract endoscopy was done to docu-
ment the presence and grading of EV. EVs with signs of risk were
managed with endoscopic band ligation (EBL), and splenectomy was
postponed until at least two sessions of band ligation were performed
within 2months of duration.

2.1. Protocol of therapy

CT angiography was done for leveling of PVT and to determine the
duration of thrombolytic therapy. Both groups were managed with
enoxaparin at a dose of 1mg/kg every 12 h subcutaneously for 3 days;
then, the study group was treated with rivaroxaban 10mg/12 h [13] to
avoid possible liver injury with the full dose of rivaroxaban [14], as the
selected patients had chronic HCV with an underlying chronic liver
disease. Rivaroxaban was started 2 h before the next dose of en-
oxaparin.

Patients in the control group were primed with enoxaparin 1mg/kg
every 12 h subcutaneously for 3 days and then maintained on warfarin
to maintain international normalized ratio (INR) at a level of 2–2.5.

- Follow-up was done every week with questionnaires about symp-
toms of bleeding (hematemesis, melena, epistaxis, gum bleeding,
vaginal bleeding, and subcutaneous bleeding) and worsening or
improvement of abdominal pain. Patients were instructed to inform
the study center immediately if any of these symptoms had oc-
curred.
- Bedside USG was done to detect thrombus resolution every 2 weeks
until recanalization of PVT and then every 2months for 1 year to
detect PVT recurrence.
- Laboratory follow-up was done every 2 weeks during treatment,
which included serum creatinine level, complete blood count, and
liver function tests to detect whether there are any side effects of the
therapy.

2.2. Outcome definition

The primary efficacy outcome is the complete recanalization of the
PV or partial recanalization if reopening is> 50% of the luminal oc-
clusion, and the secondary efficacy outcome is the absence of recur-
rence after termination of therapy.

The primary safety outcome is major bleeding defined as fatal
bleeding and/or symptomatic bleeding in a critical area or organ such
as intracranial, intraspinal, intraocular, retroperitoneal, intra-articular,
pericardial, or intramuscular with compartmental syndrome and/or
bleeding that causes a decrease in the hemoglobin level by 2 g/dl or
more or leads to the transfusion of two or more units of whole blood or
red cells [15, 16]. Abnormalities in the liver functions and death due to
bowel infarction, bleeding, or acute liver cell failure were recorded.
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2.3. Statistical analysis

Data were statistically analyzed using SPSS 20 for Windows (SPSS
Inc., Chicago, IL, USA). Results are expressed as mean ± SD.
Categorical variables were analyzed using the χ2 test, and continuous
variables were analyzed using the Student's t-test. Correlation analysis
was expressed as Pearson's correlation coefficient (r). P < 0.05 was
considered statistically significant. Kaplan–Meier survival curves were
generated to detect the impact of rivaroxaban and warfarin on patients'
survival rate and the occurrence of life-threatening complications.

3. Results

Eighty patients who had chronic HCV and presented with acute PVT
(67 males and 13 females) (Fig. 1 1, 2) with a mean age of
43.2 ± 3.8 years were included. Their baseline characteristics are
shown in Table 1.

Preoperative screening for EVs was done, and EVs were managed by
EBL. No one received preoperative administration of prophylactic an-
ticoagulants to avoid the risk of bleeding from EV or congestive gas-
tropathy.

In the study group, rivaroxaban was effective with rapid resolution
of acute PVT within 2.6 ± 0.4 (2–3.8) months in 34 patients (85%). Six
patients showed delayed and partial resolution (> 50% of the lumen)
after 6.7 ± 1.2months, with highly significant improvement in ab-
dominal pain, fever, vomiting, and disappearance of ascites (Table 2,
Fig. 1 3, 4). To avoid recurrence, we extended the anticoagulant
therapy for one month after complete recanalization when PVT was
limited beyond the confluence of the splenic vein and SMV (n= 24)
and for 2months if it involved SMV (n=12) or the whole splanchnic
venous system (n=4) and for 6months in patients with a positive
thrombogenic gene assay result (n= 2, 5%) or with partial re-
canalization (n= 6).

No one experienced major bleeding during treatment with no

recorded elevation of serum transaminases or total bilirubin. Significant
improvements were observed in transaminase levels, CTP score, and
MELD score, with a highly significant improvement in D-dimer
(Table 2). Follow-up extended to 1 year through USG every 2months
and repeated clinical assessment; no one experienced recurrence of
PVT, hepatic decompensation, or recorded mortality.

Fig. 1. 1: Abdominal ultrasonography reveals cir-
rhotic liver with complete portal vein thrombosis. 2:
Color Doppler ultrasonography reveals portal vein
thrombosis. 3: Abdominal ultrasonography reveals
complete portal vein recanalization after treatment
with rivaroxaban. 4: Abdominal ultrasonography
reveals complete portal vein recanalization after
treatment with rivaroxaban.

Table 1
Baseline demographic, symptomatic, laboratory and endoscopic characteristics
of the study and control populations after splenectomy and before antic-
oagulation.

Variable Study group before
therapy

Control group before
therapy

P

Age (years) 46 ± 5 41.3 ± 2.3 0.2
M/F 32/8 35/5 0.12
Abdominal pain

(n=)
40 (100%) 40 (100%) –

Fever (n=) 40 (100%) 40 (100%) –
Vomiting (n=) 16 (40%) 22 (55%) 0.04
Ascites (n=) 6 (15%) 4 (10%) 0.1
Platelets (103/μl) 462.5 ± 37 480 ± 75 0.063
INR 1.2 ± 0.04 1.1 ± 0.2 0.5
PC % 72 ± 3 69 ± 2.3 0.19
Albumin (gm/dl) 3.4 ± 0.3 3.5 ± 0.4 0.12
Total bilirubin (mg/

dl)
1.5 ± 0.14 1.4 ± 0.4 0.64

AST (IU/l) 73.8 ± 19.1 46 ± 12 0.043
ALT (IU/l) 77.7 ± 13.1 72 ± 10.6 0.3
Creatinine (mg/dl) 1.1 ± 0.34 1 ± 0.4 0.26
D.dimer (ng/ml) 853 ± 87.4 634 ± 41 0.01
CTP 6.4 ± 0.4 6.2 ± 0.3 0.4
MELD 10.5 ± 1.4 9.75 ± 1.1 0.1
Endoscopy (n= 76)
EV1 (20) (n=11, 27.5%) (n= 9, 23.3%) 0.2
EV2 (22) (n=4, 10%) (n= 18, 45%) 0.001
EV3-4 (34) (n=23, 57.5%) (n= 11, 27.5%) 0.001

CTP: Child Turcot Pugh, MELD: Model for end stage liver disease.
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In the control group, all patients had received warfarin at a dose of
3.1 ± 1.2mg daily and INR was optimized at 2.2 ± 0.45. During the
follow-up, 17 patients (43.3%) developed severe attacks of upper GI
tract bleeding (UGIB); hence, warfarin administration was stopped, and
endoscopy was performed to reveal bleeding EV managed with EBL
(n=14) or amacrylate injection for bleeding fundal varix (n=3).
Progression of mesenteric ischemia had occurred in five patients
(12.5%) who were shifted to rivaroxaban according to the protocol.
Eighteen patients (45%) achieved complete resolution of the thrombus
after 4.3 ± 1.4months, Maintenance therapy was extended for one
month after recanalization if PVT was limited beyond the confluence of
the splenic vein and SMV (n=34), for 2months if PVT involved the
SMV (n= 5), the whole splanchnic venous system (n=1), or for
6months with a positive thrombogenic gene assay result (n= 1, 2.5%).

In the control group, complications occurred (n= 22, 55%); nine
(41%) patients developed moderate ascites, which was resistant to

diuresis. Jaundice and hepatic encephalopathy (HE) was observed in
seven (31.8%) patients (HE grade II in two patients and grade III in five
patients). Death occurred in eight (36.4%) patients after
2.3 ± 0.8months owing to uncontrolled UGIB (n= 6) and intestinal
infarction (n= 2). Recurrence occurred in 4/18 (22.2%) patients who
had a positive thrombogenic gene assay result (n= 1), ulcerative colitis
(n= 1), and PVT involved the SMV (n= 2) (Table 2).

The duration until complete resolution of thrombus correlated with
age (r=−0.481, p=0.001), the extent of the thrombus (r= 0.435,
p=0.003), creatinine level (r=−0.658, p=0.000), and MELD score
(r=−0.651, p= 0.000), thus denoting that older age, higher creati-
nine level, higher MELD scores, and more extensive thrombus were
associated with a lower chance and longer duration until complete re-
canalization of PVT.

The recurrence after complete resolution of thrombus correlated
with age (r= 0.345, p=0.007), the extent of the thrombus (r= 0.635,

Table 2
Outcome after therapeutic anticoagulation in the study and control populations.

Variable Study group after therapy Control group after therapya P

Complete recanalization (n=, onset) 34 (85%, 2.6 ± 0.4months) 18 (45%,4.3 ± 1.4months) 0.001
Partial recanalization (n=, onset) 6 (15%, 6.7 ± 1.2months) 0 0.001
Ascites (n=) 0 (0%) 9 (41%) 0.001
GIT bleeding 0 (0%) 17 (43.3%) 0.001
Hepatic encephalopathy 0 (0%) 7 (31.8%) 0.003
Intestinal infarction 0 (0%) 2 (9.1%) 0.003
Death 0 (0%) 8 (36.4%) 0.001
Platelets (103/μl) 320 ± 45 213 ± 15 0.02
INR 1.1 ± 0.2 2.4 ± 0.5 0.02
PC % 67 ± 2.3 54 ± 0.9 0.036
Albumin (gm/dl) 3.8 ± 0.4 2.9 ± 0.2 0.02
Total bilirubin (mg/dl) 1.2 ± 0.4 2.4 ± 0.3 0.04
AST (IU/l) 46 ± 12 67 ± 18 0.023
ALT (IU/l) 52 ± 9 60 ± 4 0.03
Creatinine (mg/dl) 0.9 ± 0.4 1.9 ± 0.8 0.02
D.dimer (ng/ml) 234 ± 24.6 456 ± 100 0.004
CTP 6 ± 0.4 9.7 ± 0.8 0.002
MELD 7.5 ± 0.9 24 ± 1.2 0.000

CTP: Child Turcot Pugh, MELD: Model for end stage liver disease.
a Laboratory values are of the complicated cases in the control group (n= 22).

Fig. 2. A Kaplan–Meier plot for evaluating the survival rate in the study and control groups.
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p=0.000), thrombogenic gene polymorphism (r= 0.568, p= 0.001),
and the use of warfarin (r= 0.459, p=0.003).

The last case was enrolled at April 2016. The Kaplan–Meier survival
curve was generated to evaluate the survival rate, and curve details
revealed that patients who were treated early with rivaroxaban had a
better survival rate, which was calculated from the onset of diagnosis of
PVT without major complications or death (20.4 ± 2.2months) vs.
(10.6 ± 1.8months) in the warfarin group (p= 0.001) (Fig. 2). A
postulated treatment algorithm was constructed as shown in Fig. 3.

4. Discussion

The use of anticoagulation in cirrhotic PVT is still with doubtful
evidence. Approximately 83% of acute PVT does not recanalize spon-
taneously unless an anticoagulant was introduced [17]. The postulated
advantage of direct oral anticoagulants in chronic liver disease is that
their activity is independent of antithrombin III, which is reduced in
liver cirrhosis [17].

The previous trials showed a partial response to anticoagulation and
a longer duration until the appearance of the therapeutic effects, thus
exposing the patients to the side effects of anticoagulation [18,19].

Fig. 3. A postulated treatment algorithm for acute non-neoplastic portal vein thrombosis.
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Vitamin K antagonists have a rate of complete PV recanalization in
40–45% of patients after a mean duration of 6months [20]. Heparin
may be suboptimal owing to the impaired production of antithrombin
III in liver cirrhosis. Low-molecular-weight heparin (LMWH) similar to
enoxaparin resulted in complete PV recanalization in 33% of patients
after 6months of treatment and in 75% of patients with extension of the
duration to another 6months [19], however, with difficult dose esti-
mation in the presence of ascites and edematous tissues [20].

Thrombolytic therapy delivered by invasive methods such as
through the systemic venous circulation, the superior mesenteric artery,
or the PV through trans-jugular or trans-hepatic approach were at-
tempted; however, the efficacy was lower and mortality rate was higher
when compared to those by the conservative treatment [20, 21, 22].

The current study evaluated the effect of low-dose rivaroxaban on
acute PVT in patients with underlying chronic liver disease due to HCV,
thus aiming to get higher rates of recanalization in shorter periods to
avoid or minimize the possible risk of hepatotoxicity and side effects of
medications.

The efficacy of rivaroxaban was compared to that of warfarin re-
garding the time until complete recanalization and prevention of life-
threatening complications after acute PVT; and the results revealed that
rivaroxaban was tolerated with rapid resolution of PVT within
2.6 ± 0.4months in 85% of patients; however, 15% of patients showed
delayed and partial recanalization after 6.7 ± 1.2months with the
advantage of significant improvement in abdominal pain; fever; and
prevention of parenchymatous decompensation, mainly ascites and HE,
or vascular decompensation such as portal hypertension and variceal
bleeding.

Warfarin was associated with recanalization in 45% of patients after
4.3 ± 1.4months, with a significant increase in complications such as
severe UGIB (43.3%), mesenteric ischemia (12.5%), liver cell failure
(22.5%), and death (20%) due to UGIB and intestinal infarction.
Recurrence was significantly higher with warfarin along with a sig-
nificantly lower survival rate (10.6 ± 1.8 vs. 20.4 ± 2.2months in the
rivaroxaban group, p=0.000).

Successful treatments of PVT with rivaroxaban without recorded
side effects and with rapid clot lysis were previously reported
[23,24,25].

A larger study was conducted on 39 patients with cirrhosis who
received anticoagulation therapy in the form of direct oral antic-
oagulants (n= 20) or traditional anticoagulation therapy (n=19), and
this study confirmed that the first group had a safety profile similar to
that of traditional anticoagulation therapy [26]. Potze et al. concluded
that rivaroxaban and apixaban in liver cirrhosis would not result in an
increased risk of bleeding [27]. A multicenter study concluded that
direct oral anticoagulants had fewer side effects with no alteration in
renal and liver functions during treatment [28].

The current study included an adequate number of patients from
two centers, with a sufficient period of follow-up when compared to the
previous studies.

In conclusion, rivaroxaban was effective and safe in HCV-related
acute non-neoplastic PVT, with improved short-term survival rate, and
we recommend propagating its use in this category of patients.

Funding sources

The research is self-funded.

Declaration of personal interests

The authors declare that they have no conflict of interest.

Guarantor of the article

Amr Shaaban Hanafy.

Author contributions

Amr Hanafy designed the research and statistical analysis. Amr
Hanafy and Sherief Abd-Elsalam collected clinical data from the pa-
tients. Amr Hanafy drafted the manuscript. Mohammed Dawoud su-
pervised the radiological investigations. Revisions to the manuscript
were made by all authors.

References

[1] L. Amitrano, M.A. Guardascione, P.R. Ames, Coagulation abnormalities in cirrhotic pa-
tients with portal vein thrombosis, Clin. Lab. 53 (2007) 583–589.

[2] Y. Bayraktar, O. Harmanci, Etiology and consequences of thrombosis in abdominal ves-
sels, World J. Gastroenterol. 12 (2006) 1165–1174.

[3] L. Amitrano, V. Brancaccio, M.A. Guardascione, et al., Portal vein thrombosis after var-
iceal endoscopic sclerotherapy in cirrhotic patients: role of genetic thrombophilia,
Endoscopy 34 (2002) 535–538.

[4] H.L. Janssen, J.R. Meinardi, F.P. Vleggaar, et al., Factor V Leiden mutation, prothrombin
gene mutation, and deficiencies in coagulation inhibitors associated with Budd-Chiari
syndrome and portal vein thrombosis: results of a case-control study, Blood 96 (2000)
2364–2368.

[5] Y. Chawla, A. Duseja, R.K. Dhiman, Review article: the modern management of portal
vein thrombosis, Aliment. Pharmacol. Ther. 30 (9) (2009) 881–894.

[6] B. Condat, F. Pessione, M. Helene Denninger, S. Hillaire, D. Valla, Recent portal or me-
senteric venous thrombosis: increased recognition and frequent recanalization on antic-
oagulant therapy, Hepatology 32 (3) (2000) 466.

[7] M.C.W. Spaander, H.R. Van Buuren, B.E. Hansen, H.L.A. Jansse, Ascites in patients with
noncirrhotic nonmalignant extrahepatic portal vein thrombosis, Aliment. Pharmacol.
Ther. 32 (4) (2010) 529–534.

[8] D.C. Valla, Thrombosis and anticoagulation in liver disease, Hepatology 47 (2008)
1384–1393.

[9] A. Tripodi, P.M. Mannucci, The coagulopathy of chronic liver disease, N. Engl. J. Med.
365 (2011) 147–156.

[10] J. Hoekstra, H.L. Janssen, Vascular liver disorders (II): portal vein thrombosis, Neth. J.
Med. 67 (2009) 46–53.

[11] A. Gómez-Outes, A.I. Terleira-Fernández, G. Calvo-Rojas, M.L. Suárez-Gea, E. Vargas-
Castrillón, Dabigatran, rivaroxaban, or apixaban versus warfarin in patients with non-
valvular atrial fibrillation: a systematic review and meta-analysis of subgroups,
Thrombosis 640723 (2013).

[12] N.V. Jamieson, Changing perspectives in portal vein thrombosis and liver transplantation,
Transplantation 15 (2000) 1772–1774.

[13] H.R. Büller, M.H. Prins, A.W. Lensin, et al., Oral rivaroxaban for the treatment of
symptomatic pulmonary embolism, N. Engl. J. Med. 366 (14) (2012 Apr 5) 1287–1297.

[14] S. Russmann, D.F. Niedrig, M. Budmiger, Rivaroxaban post marketing risk of liver injury,
J. Hepatol. 61 (2014) 293–300.

[15] S. Schulman, C. Kearon, The subcommittee on control of anticoagulation of the scientific
and standardization committee of the international society on thrombosis and haemos-
tasis. Definition of major bleeding in clinical investigations of antihemostatic medicinal
products in non-surgical patients, J. Thromb. Haemost. 3 (2005) 692–694.

[16] T.C. Hall, G. Garcea, M. Metcalfe, D. Bilku, A.R. Dennison, Management of acute non
cirrhotic non malignant portal vein thrombosis: a systematic review, World J. Surg. 35
(2011) 2510–2520.

[17] L. Amitrano, M.A. Guardascione, A. Menchise, et al., Safety and efficacy of antic-
oagulation therapy with low molecular weight heparin for portal vein thrombosis in
patients with liver cirrhosis, J. Clin. Gastroenterol. 44 (2010) 448–451.

[18] M. Senzolo, T. Sartori, V. Rossetto, Prospective evaluation of anticoagulation and trans-
jugular intrahepatic porto-systemic shunt for the management of portal vein thrombosis
in cirrhosis, Liver Int. 32 (2012) 919–927.

[19] L.P. Bechmann, M. Sichau, M. Wichert, G. Gerken, K. Kröger, P. Hilgard, Low-molecular-
weight heparin in patients with advanced cirrhosis, Liver Int. 31 (2011) 75–82.

[20] M. Senzolo, C. Ferronato, C.P. Burra, M.T. Sartori, Anticoagulation for portal vein
thrombosis in cirrhotic patients should be always considered, Intern. Emerg. Med. 4
(2009) 161–162.

[21] K.W. Kercher, R.F. Sing, K.W. Watson, B.D. Matthews, M.H. Lequire, B.T. Heniford,
Transhepatic thrombolysis in acute portal vein thrombosis after laparoscopic sple-
nectomy, Surg. Laparosc. Endosc. Percutan. Tech. 12 (2002) 131–136.

[22] M. Hollingshead, C.T. Burke, M.A. Mauro, S.M. Weeks, R.G. Dixon, P.F. Jaques,
Transcatheter thrombolytic therapy for acute mesenteric and portal vein thrombosis, J.
Vasc. Interv. Radiol. 16 (2005) 651–661.

[23] S. Pannach, J. Babatz, J.B. Wastendorf, Successful treatment of acute portal vein
thrombosis with rivaroxaban, Thromb. Haemost. 110 (2013) 626–627.

[24] K. Lenz, B. Dieplinger, R. Buder, P. Piringer, M. Rauch, M. Voglmayr, Successful treatment
of partial portal vein thrombosis (PVT) with low dose rivaroxaban, Z. Gastroenterol. 52
(2014) 1175–1177.

[25] N.M. Intagliata, H. Maitland, P.G. Northup, S.H. Caldwell, Treating thrombosis in cir-
rhosis patients with new oral agents: ready or not? Hepatology 61 (2015) 738–739.

[26] N.M. Intagliata, Z.H. Henry, H. Maitland, et al., Direct oral anticoagulants in cirrhosis
patients pose similar risks of bleeding when compared to traditional anticoagulation, Dig.
Dis. Sci. 61 (2016) 1721–1727.

[27] W. Potze, J. Adelmeijer, T. Lisman, Decreased in vitro anticoagulant potency of
Rivaroxaban and apixaban in plasma from patients with cirrhosis, Hepatology 61 (2015)
1435–1436.

[28] A. De Gottardi, J. Trebicka, C. Klinger, et al., Antithrombotic treatment with direct-acting
oral anticoagulants in patients with splanchnic vein thrombosis and cirrhosis, Liver Int.
37 (2017) 694–699.

A.S. Hanafy, et al. Vascular Pharmacology 113 (2019) 86–91

91

http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0005
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0005
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0010
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0010
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0015
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0015
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0015
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0020
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0020
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0020
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0020
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0025
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0025
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0030
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0030
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0030
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0035
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0035
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0035
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0040
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0040
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0045
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0045
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0050
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0050
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0055
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0055
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0055
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0055
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0060
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0060
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0065
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0065
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0070
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0070
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0075
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0075
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0075
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0075
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0080
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0080
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0080
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0085
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0085
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0085
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0090
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0090
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0090
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0095
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0095
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0100
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0100
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0100
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0105
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0105
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0105
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0110
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0110
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0110
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0115
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0115
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0120
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0120
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0120
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0125
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0125
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0130
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0130
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0130
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0135
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0135
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0135
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0140
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0140
http://refhub.elsevier.com/S1537-1891(18)30099-5/rf0140

	Randomized controlled trial of rivaroxaban versus warfarin in the management of acute non-neoplastic portal vein thrombosis
	Introduction
	Methods
	Protocol of therapy
	Outcome definition
	Statistical analysis

	Results
	Discussion
	Funding sources
	Declaration of personal interests
	Guarantor of the article
	Author contributions
	References




