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SUMMARY
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Myeloproliferative neoplasms eliminate hypersplenic hematologic 
changes in extrahepatic portal vein obstruction
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Extrahepatic portal vein obstruction (EHPVO) is a rare disease. Most EHPVO patients are usually 
referred to a gastroenterologist for intestinal bleeding and hypersplenic thrombocytopenia; however, 
hypercoagulative diseases may be occult in these patients and require anticoagulation. The purpose 
of this study was to elucidate the clinical characteristics of EHPVO. We conducted a retrospective 
analysis of the hospital database, evaluating the medical records of 15 patients (7 males, 8 females, 
mean age of onset 42.0 years, range 5–74 years). Thirteen of 15 EHPVO patients (86.7%) had 
intestinal varices. These included 10 esophageal (66.7%), 12 gastric (80.0%), and 6 ectopic varices 
(40.0%). Nine (60.0%) of 15 had a history of intestinal bleeding. Regarding comorbidities, 5 of 15 
(33.3%) suffered from vascular diseases, including acute myocardial infarction, cerebral infarction, 
pulmonary embolism, Budd–Chiari syndrome, and mesenteric vein thrombosis. The former 3 vascular 
commodities manifested at less than 32 years of age. Four patients (26.7%) with JAK2V617F 
mutation were diagnosed as myeloproliferative neoplasm (MPN). 72.3% of EHPVO patients without 
MPN experienced thrombocytopenic state. No EHPVO patients with MPN experienced thrombo-
leukocytopenia. The elevation of white blood cell and platelet counts, and decrease of protein S were 
seen in EHPVO with MPN, compared with EHPVO without MPN. EHPVO is frequently associated 
with underlying hypercoagulative factors, causing a dilemma between thrombotic complications and 
portal hypertensive bleeding. Most EHPVO patients experience an evident thrombocytopenic state due 
to severe hypersplenism; however, hypersplenic hematologic changes are eliminated in EHPVO with 
MPN. MPN should be suspected in EHPVO patients negative for thrombo-leukocytopenia.

1. Introduction

Extrahepatic portal vein obstruction (EHPVO) is an 
important cause of non-cirrhotic portal hypertension 
and a rare disorder with an estimated incidence of 6.1 
per 1,000,000 inhabitants in Japan (1). In Europe, the 
overall gender-specific incidence rates of EHPVO 
were reportedly 3.78 and 1.73 per 100,000 inhabitants, 
in males and females, respectively (2). EHPVO is 
the thrombotic obliteration of the extrahepatic portal 
vein, with or without involvement of the intrahepatic 
portal veins or other segments of the splanchnic venous 
axis. EHPVO is characterized by features of portal 
hypertension with portal cavernous transformation as 
a sequel of portal vein obstruction to compensate for 

the interrupted portal blood flow (2,3). The etiology 
of EHPVO is diverse: however, an association with 
underlying risk factors for hypercoagulation has been 
reported.
 The majority of patients with EHPVO are usually 
referred to a gastroenterologist for intestinal bleeding 
and hypersplenic thrombocytopenia. Gastroenterologists 
are often faced with a dilemma between fetal intestinal 
hemorrhage and thrombotic complications, and forced 
to simultaneously provide hemostatic control for 
portal hypertensive bleeding and antithrombotic agent 
administration. This creates a series of medical care 
issues for every EVPVO patient, including diagnosis, 
diverse comorbidities, complications, and treatment. 
The rarity of EHPVO makes controlled studies 
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impractical, diagnosis difficult, and therapeutic strategies 
unstandardized.
 This retrospective single-center study was conducted 
to clarify the clinical features of EHPVO and thrombotic 
comorbidities including hematological and vascular 
disease to improve diagnostic accuracy and therapeutic 
efficacy.

2. Patients and Methods

Between January 2000 and July 2023, 15 patients with a 
diagnosis of EHPVO treated in our hospital were enrolled 
in this retrospective study. Medical records for all 15 
patients were identified and reviewed retrospectively. 
In all patients, the diagnosis was confirmed by imaging 
modalities, including ultrasonography, contrast-
enhanced computed tomography, angiography, or 
contrast-enhanced magnetic resonance imaging. Patients 
with hepatocellular carcinoma, other malignancies, 
l iver  cirrhosis  or  operat ive history including 
pancreaticoduodenectomy and choledochotomy were 
excluded.
 The medical records for patient age, gender, body 
mass index, habit (smoking, and alcohol intake), family 
history, symptoms at initial onset, comorbidity, laboratory 
workup, esophagogastroduodenoscopy findings were 
extracted from patient charts.
 Regular blood tests, hepatic and renal function tests 
were performed in all patients. Thrombotic risk factors 
of EHPVO, including protein S, protein C, antithrombin 
III, D-dimer, JAK2V617F mutation, and anti-cardiolipin 
IgG antibodies, were tested, if needed, by the receiving 
doctor.
 Esophagogastric varices were stratified according to 
the grading system proposed by the Japan Society for 
Portal Hypertension (4). Gastric varices in gastric body 
and antrum were included in ectopic varices. The system 
did not mention grading for ectopic varices; however, 
ectopic varices (duodenal varices and gastric body 
varices) were classified according to the same grading 
system for gastric varices (4) in this study.
 All study participants provided informed consent and 
the study was carried out in accordance with the ethical 
standards set by the Declaration of Helsinki. This study 
was approved by the hospital ethics committee (B-2022-
615).
 The data were analyzed using IBM SPSS Statistics® 
Ver. 28.0.1. Discrete variables were compared using 
Fisher's exact test. Continuous variables were compared 
using the Mann-Whitney U-test since the sample sizes 
were relatively small. A p-value < 0.05 was considered 
significant.

3. Results and Discussion

Fifteen EHPVO patients were included in the analysis. 
The demographic data and clinical presentation of the 

EHPVO patients are presented in Table 1. Seven males 
(46.6%) and 8 females (53.3%); the age distribution of 
onset ranged from 5 years to 74 years, with a mean age 
of onset of 42.0 years. Body mass index (kg/m2) was 23.4 
± 4.2 with a range from 17.6 to 34.2. Of the 15 patients, 
6 (40.0%) were smokers, and 7 (46.6%) reported usual 
alcohol intake.
 Initial complaint included 5 hematemesis (33.3%), 
5 abdominal pain (33.3%), 2 asymptomatic (13.3%), 
1 bloody stool (6.7%), 1 fullness in the left upper 
quadrant (6.7%), and 1 irregular genital bleeding (6.7%). 
Regarding disease-associated complications, 13 (86.7%) 
of 15 EHPVO patients had intestinal varices, including 
10 esophageal varices (66.7%), 12 gastric varices in 
fundus and cardia (80.0%), and 6 ectopic varices (40.0%) 
with 5 duodenum and 1 gastric body. Nine (60.0%) and 
11 (73.3%) of 15 had intestinal bleeding history and 
variceal red color sign indicating high risk for variceal 
rupture, respectively. Thrombocytopenia (< 20.0 × 104/
uL), portal hypertensive gastropathy, ascites, and portal 
biliopathy was noted in 8 (53.3%), 4 (26.7%), 2 (13.3%), 
and 2 (13.3%) of 15 EHPVO patients, respectively.
 Regarding comorbidities, 5 of 15 (33.3%) suffered 
from vascular diseases, including 1 acute myocardial 
infarction (6.6%), 1 cerebral infarction (6.6%), 1 
pulmonary embolism (6.6%), 1 Budd-Chiari syndrome 
(6.6%), and 1 mesenteric vein thrombosis (6.6%). The 
3 former vascular commodities manifested at less than 
32 years of age. None of the 15 EHPVO patients had 
associated family history of thrombotic diseases. Four 
(26.7%) and 3 (20.0%) of 15 patients had hematological 
diseases of myeloproliferative neoplasm (MPN) and 
diabetes mellitus, respectively.
 Laboratory workup for coagulation inhibitor and 
causative factors with EHPVO patients are shown in 
Table 2. Antithrombin III and protein S were deficient in 
30.8% (4 of 13 tested patients) and 41.7% (5 of 12 tested 
patients), respectively. However, no deficiency of protein 
C was noted in any of the tested EHPVO patients (0.0%, 
0 of 12 tested patients). Elevation of D-dimer was found 
in 13 of 14 tested EHPVO patients (92.9%).
 Anti-cardiolipin IgG antibody for screening of 
antiphospholipid syndrome was negative in all 11 tested 
patients (0.0%). JAK2V617F mutation, indicating 
association with MPN, was detected in 36.3% (4 
of 11 tested EHPVO patients). All 4 MPN patients 
diagnosed by a hematologist during EHPVO screening 
had JAK2V617F mutation. With further hematological 
scrutiny, 4 MPN patients with EHPVO were diagnosed, 
respectively, as 2 polycythemia vera (PV), 1 essential 
thrombocythemia (ET), and 1 myeloproliferative 
neoplasm, unclassifiable (MPN-U).
 Distribution of platelet and white blood cell counts 
in EHPVO is noted in Figure 1. Eight of 15 EHPVO 
patients (53.3%) exhibited thrombocytopenia (< 20.0 
× 104/uL). Eight of 11 EHPVO patients without MPN 
(72.3%) exhibited a thrombocytopenic state; however, 
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none of the 4 patients with MPN exhibited thrombo-
leukocytopenia. All 4 MPN patients had high counts for 
both platelets (> 25.5 × 104/uL) and white blood cells (> 
8.1 × 103/uL).
 As shown in Table 3, white blood cells and platelets 
were diminished in EHPVO patients without MPN; 
however, they were significantly elevated in EHPVO 
patients with MPN. Furthermore, protein S in EHPVO 
patients with MPN was significantly lower than in 
patients without MPN. However, Antithrombin III, 
Protein C, and D-dimer were not statistically significant 
between the EHPVO patients with or without MPN. The 
comparison regarding gender, age at initial symptom, 
red blood cell counts, history of vascular disease and 
intestinal bleeding revealed no differences between the 
EHPVO patients with or without MPN.
 In 2 of 4 EHPVO patients with MPN, Hassab's 

Table 1. Demographic data and clinical presentation for EHPVO patients

Characteristic

Gender
     Male, n (%)
     Female, n (%)
Age of onset
     mean ± SD (range)
Body mass index (Kg/m2)
     mean ± SD (range)
Initial complaint
     hematemesis
     abdominal pain
     none
     bloody stool
     fullness in the left upper quadrant
     irregular genital bleeding
Disease-associated complications
     upper gastrointestinal varices
          esophageal varices
          gastric varices
          ectopic varices
     history of intestinal bleeding
     thrombocytopenia (< 2.0 × 104/uL)
     portal hypertensive gastropathy
     ascites
     portal biliopathy
Comorbidities
     vascular disease
     hematological disease
     diabetes mellitus

AMI: acute myocardial infarction, BCS: Budd-Chiari Syndrome, CI: cerebral infarction, EHPVO: extrahepatic portal vein obstruction, MPN: 
myeloproliferative neoplasm, PE: pulmonary embolism.

  7
  8

  42.0 ± 18.1

23.4 ± 4.2

  5
  5
  2
  1
  1
  1

13
10
12
  6
  9
  8
  4
  2
  2

  5
  4
  3

5 duodenum, 1 gastric body

AMI 1, CI 1, PE 1 , BCS 1, mesenteric vein thrombosis 1 (6.6%)
MPN 4 (26.7%)

All patients (n = 15)

(46.6%)
(53.3%)

(5–74)

(17.6–34.2)

(33.3%)
(33.3%)
(13.3%)
(6.7%)
(6.7%)
(6.7%)

(86.7%)
(66.7%)
(80.0%)
(40.0%)
(60.0%)
(53.3%)
(26.7%)
(13.3%)
(13.3%)

(33.3%)
(26.7%)
(20.0%)

Table 2. Coagulation inhibitor and causative factors (APS and MPN) for EHPVO patients

Variable

Antithrombin III deficiency
Protein S deficiency
Protein C deficiency
D-dimer
anti-cardiolipin IgG antibody
JAK2V617F mutation

APS: antiphospholipid syndrome, EHPVO: extrahepatic portal vein obstruction, JAK: Janus kinase, MPN: myeloproliferative neoplasm.

unit (reference range)

% (80-120)
% (64-149)
% (64-146)

ug/mL (<0.5)
U/mL (<10)
(negative)

Patients tested positive (%)

  4/13 (30.8%)
  5/12 (41.7%)
0/12 (0.0%)

13/14 (92.9%)
0/11 (0.0%)

 4 /11 (36.3%)

89.2 ± 12.9
77.5 ± 23.2
90.3 ± 26.2
1.0 ± 0.6
4.1 ± 1.5

(range)

(65.9-109.0)
(46.4-117.0)
(64.0-142.0)
(0.4-2.6)
(0-6)

Figure 1. Distribution of platelet and white blood cell counts in 
EHPVO patients with MPN. Eight of 11 EHPVO patients without 
MPN (72.3%) exhibited a thrombocytopenic state; however, none 
of the 4 patients with MPN exhibited thrombo-leukocytopenia. All 4 
MPN patients had high counts for both platelets (> 25.5 × 104/uL) and 
white blood cells (> 8.1 × 103/uL).
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opera t ion  was  pe r fo rmed  fo r  e rad ica t ion  o f 
esophagogastric varices. Hassab's operation includes 
splenectomy with devascularization of the upper half of 
the stomach and distal esophagus. These two patients 
with MPN caused marked postoperative thrombocytosis 
of 195 × 104 /uL and 222 × 104 /uL (5), respectively. The 
increasing platelet counts were thought to be induced 
by asplenia after splenectomy because hypersplenism 
preoperatively masked marked thrombocytosis by MPN. 
The postoperative thrombocytosis due to MPN was 
treated by administration of cytoreduction therapy by a 
hematologist.
 Various complications due to portal hypertension, 
including gastropathy, colopathy, biliopathy, intractable 
ascites, and liver dysfunction, have been reported 
in adult EHPVO patients (6). The rarity and diverse 
complications of EHPVO make diagnosis difficult and 
therapeutic strategies diverse.
 Nutritional evaluation in our cases revealed that 
body mass index was within normal limits at 23.4 kg/
m2 with EHPVO. This result is consistent with other 
reports indicating favorable prognosis in adult patients 
with appropriate treatment (7). Conversely, EHPVO in 
childhood resulted in retardation of growth in around 
50% of pediatric patients, possibly due to reduced portal 
supply to the liver, resistance to growth hormone and 
reduced insulin-like growth factor (6,8).
 EHPVO patients are reported to have a favorable 
prognosis with a survival rate of 69-86% at 10 years if 
these portal hypertensive complications are appropriately 
managed (7,9-11). The fatal presentations in chronic 
EHPVO patients are mainly variceal bleeding and 

hypersplenism. Considering the frequency and severity 
of the various portal hypertensive complications, 
prophylaxis and treatment for esophagogastric variceal 
bleeding are of particular importance. EHPVO patients 
with esophagogastric varices show a favorable prognosis 
if variceal prophylaxis is performed appropriately (7). 
In our study, the proportion of subjects with a history of 
variceal bleeding with EHPVO was 60% and, likewise, 
the rate of variceal red color sign was 73.3%, indicating 
the importance of primary or secondary prophylaxis 
for variceal bleeding. Furthermore, anti-thrombotic 
therapy for EHPVO should be administered for portal 
thrombotic prophylaxis. Long-term anticoagulant 
therapy also should be administered in EHPVO patients 
with underlying persistent hypercoagulation (3,12). 
Simultaneous administration for hemorrhagic and 
thrombotic events complicated treatment for EHPVO by 
gastroenterologists.
 Ectopic varices further complicate the strategy for 
EHPVO. While ectopic varices account for 1% to 5% of 
all variceal bleeding in patients with intrahepatic portal 
hypertension, they account for 20% to 30% of those with 
EHPVO. In brief, ectopic varices were generally a rare 
manifestation, but they were a common complication 
among EHPVO patients (13,14). The most difficult 
aspect is treatment of the ectopic varices due to the 
lack of standard guidelines because of their rarity. The 
treatment strategy for hemorrhagic ectopic varices varies 
by case based on the portal hemodynamics and the site 
of ectopic varices.
 While it is reported that the major causative 
disease can be detected in the majority of patients with 

Table 3. Comparison of clinical character of EHPVO patients with or without MPN

Variable

Gender (Male/Female)
Age at initial symptom
     mean ± SD
     (range)
BMI kg/m2
     mean ± SD
WBC (×103/μL)
     mean ± SD
RBC (×106/μL)
     mean ± SD
Platelet (×104/μL)
     mean ± SD
Antithrombin III % (80–120)
     mean ± SD
Protein S % (64–149)
     mean ± SD
Protein C % (64–146)
     mean ± SD
D-dimer ug/mL (< 0.5)
     mean ± SD
history of vascular disease (yes/no)
history of intestinal bleeding (yes/no)

BMI: body mass index, EHPVO: extrahepatic portal vein obstruction, MPN: myeloproliferative neoplasm, RBC: red blood cell, WBC: white 
blood cell.

MPN (n = 4)

1/3

  54.3 ± 10.0
 (42–66)

20.6 ± 1.7

  9.7 ± 1.2

  4.4 ± 1.4

35.2 ± 9.2

  88.7 ± 10.9

52.9 ± 5.7

  84.5 ± 12.1

  1.20 ± 0.55
1/3
3/1

without MPN (n = 11)

6/5

  37.2 ± 18.9
 (5–74)

24.6 ± 4.4

  4.4 ± 1.6

  4.6 ± 0.4

13.6 ± 7.0

  89.4 ± 13.8

  89.8 ± 18.4

  93.3 ± 30.5

  0.98 ± 0.63
4/7
6/5

p

NS

NS

NS

< 0.05

NS

< 0.05

NS

< 0.05

NS

NS
NS
NS
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EHPVO, including MPN, antiphospholipid syndrome, 
abnormal angiogenesis, and paroxysmal nocturnal 
hemoglobinuria, none of the risk factors could be 
identified in a third of patients with EHPVO (15). 
Among these causative diseases, MPN, including chronic 
idiopathic myelofibrosis, polycythemia vera, essential 
thrombocythemia, and unclassifiable type (MPN-U), is 
the most frequent underlying prothrombotic factor for 
EHPVO with a reported prevalence of 15–30% (12,16-
20). In the West, MPN has been reported in 58% of 
patients with EHPVO of unknown etiology, and 57% of 
these go on to develop an overt MPN during follow up 
(20).
 EHPVO in adults is frequently associated with 
underlying risk factors for hypercoagulation, and the 
probability of hypercoagulable condition should be 
considered and screened for (3,21). Protein C, Protein 
S, and antithrombin III deficiencies are associated with 
the etiology of EHPVO, and detected in 3.9–20.6%, 
2–11.8%, and 0–4.1% of EHPVO cases, respectively 
(15,22-24). In this study, Protein S was significantly 
decreased with EHPBO with MPN. The cause of the 
reduced levels of Protein S in patients with MPN is 
unknown; however, the mechanism may be related to the 
ongoing hypercoagulative condition by MPN that causes 
the consumption of Protein S.
 A close relationship between EHPVO and MPN was 
also confirmed by the high frequency of a clonal mutation 
of JAK2V617F, which was present in 16-35% of EHPVO 
patients (16,23,25). Screening for JAK2V617F mutation 
offers a diagnostic tool for the detection of occult MPN 
in EHPVO patients (16,23,26). JAK2 tyrosine kinase 
causes cytokine-independent activation of the JAK–
STAT pathway, resulting in proliferation of mature 
myeloid cells (27). The JAK2V617F gain-of-function 
mutation increasing the risk of thrombosis is present in 
up to 95% of patients with polycythemia vera and in 
about 50% of patients with essential thrombocythemia 
and myelofibrosis (16,28,29). Furthermore, MPN often 
sequentially progresses to a fatal condition with an end-
stage myelofibrosis or acute myeloid leukemia. These 
data also suggest the value of screening for JAK2V617F 
mutation in noninvasive blood sample in EHPVO 
patients. Patients with splanchnic vein thrombosis, 
including EHPVO and Budd-Chiari syndrome in adults, 
show a considerable overlap in etiology; therefore, the 
JAK2V617F mutation also should be screened for in 
patients with Budd-Chiari syndrome (16).
 The present study demonstrated the significant 
elevation of white blood cells and platelets, and the 
decrease of protein S in EHPVO with MPN compared 
to EHPVO without MPN. This hematological difference 
is very important in understanding the condition of 
EHPVO with MPN. In particular, we would like to 
emphasize the importance of platelet counts in EHPVO 
patients with MPN. The majority of patients with 
portal hypertension, including EHPVO patients, are 

usually in an evident thrombocytopenic state due to 
severe hypersplenism and are, therefore, referred to 
gastroenterologists (30); however, EHPVO patients 
with MPN have a normal or high platelet count caused 
by stem cell-derived clonal myeloproliferation despite 
hypersplenism. The actual high platelet count is 
effectively masked by hypersplenism to show a normal 
range, making it difficult for general gastroenterologists 
to properly understand the underlying state of MPN with 
hypercoagulation.
 Although further research on a large series is required 
to accumulate more detailed data of EHPVO, our results 
will encourage gastroenterologists to consider MPN in 
EHPVO patients.
 In conclusion, EHPVO is frequently associated with 
underlying risk factors for hypercoagulation, causing a 
dilemma between fatal portal hypertensive bleeding and 
thrombotic complications. EHPVO patients are usually 
in an evident thrombocytopenic state due to severe 
hypersplenism; however, hypersplenic hematologic 
changes are eliminated in EHPVO patients with MPN. 
MPN should be strongly suspected in EHPVO patients 
without thrombo-leukocytopenia.
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