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SUMMARY

Keywords

Extrahepatic portal vein obstruction (EHPVO) is a rare disease with myeloproliferative neoplasm
(MPN) as the most common cause. We report that hypersplenic hematologic changes in EHPVO might
be eliminated by MPN. Through experience with splenectomy for variceal control with EHPVO,
we suspected that spleen might mask MPN-induced thrombocytosis, and that MPN might have a
significant influence on excessive thrombocytosis after splenectomy. To clarify the influence of MPN
and spleen on platelet trends, we conducted a retrospective hospital database analysis, evaluating 8
EHPVO patients with splenectomy (2 males, 6 females; from 17 years to 64 years, mean 38.3 years).
Three (37.5%) of 8 were diagnosed as MPN by JAK2V617F mutation. The perioperative serum
platelet counts in EHPVO without MPN were 10.5, 35.4, and 36.6 (x10*/uL) preoperatively, after 1
week and 3 weeks, respectively. The platelet counts in EHPVO with MPN were 34.2, 86.4, and 137.0
(x10*uL), respectively. Splenectomy and MPN showed positive interaction on platelet increasing with
statistical significance. We also examined the spleen volume index (SpV1I: splenic volume (cm®) / body
surface area (m”) and postoperative platelet elevations ratio (PER: 3-week postoperative platelet counts
/ preoperative platelet counts). However, both SpVI and PER showed no significant difference with or
without MPN. Histological examination revealed splenic congestion in all 8 EHPVO cases, and splenic
extramedullary hematopoiesis in 2 of 3 MPN. In EHPVO with MPN, hypersplenism causes feigned
normalization of platelet count by masking MPN-induced thrombocytosis; however, splenectomy
unveils postoperative thrombocytosis. Spleen in EHPVO with MPN also participates in extramedullary
hematopoiesis.

extrahepatic portal vein obstruction, myeloproliferative neoplasm, splenectomy, thrombocytosis,
extramedullary hematopoiesis

1. Introduction

Extrahepatic portal vein obstruction (EHPVO) is a
crucial cause of non-cirrhotic and prehepatic portal
hypertension. EHPVO is an intractable and rare disease
with incidence rates of EHPVO at 3.78 and 1.73 per
100,000 inhabitants in European males and females,
respectively (/). Japan shows a lower estimated
incidence of approximately 0.61 per 100,000 inhabitants
).

Myeloproliferative neoplasm (MPN), including
polycythemia vera, essential thrombocythemia, chronic
idiopathic myelofibrosis, and unclassifiable type
(MPN-U), is the most prominent cause of EHPVO with
a prevalence of 15%-30% (3-9). The incidence of MPN

is also rare with annual incidence rates for polycythemia
vera, essential thrombocythemia, and chronic idiopathic
myelofibrosis at 0.84, 1.03, and 0.47 per 100,000,
respectively (10).

We recently suggested that hypersplenic hematologic
changes of thrombo-leukocytopenia in EHPVO patients
might veil MPN-induced proliferation of blood cells
(9). Approximately 35% of polycythemia vera, one
type of MPN, manifested no hematological sign of
myeloproliferations. These are referred to as masked
polycythemia vera (/7). In portal hypertension, including
EHPVO and Budd-Chiari syndrome, latent MPN with
JAK2V617F mutation and normal blood counts was
reportedly more common than overt MPN with elevated
hemoglobin, white cell counts and/or platelets (/2).
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For the gastroenterologist, diagnosing the underlying
MPN in EHPVO patients is extremely difficult
because of the almost normalized blood conditions in
hematological appearance due to the conflicting effects
between hypersplenic hematopenia by EHPVO and
blood cell proliferation by MPN. MPN is a potentially
life-threatening blood malignancy with thrombotic
complications, including myocardial, cerebral infarction
and splanchnic vein thrombosis. For EHPVO patients
with MPN, the original cause is splanchnic thrombosis
due to thrombotic tendency; however, the main symptom
of EHPVO is hematemesis or melaena by portal
hypertensive bleeding, including esophagogastric or
ectopic varix rupture. Further, MPN patients usually need
antithrombotic agents for platelet hyperaggregability
regardless of the high risk of variceal rupture. EHPVO
patients are usually face a dilemma between thrombotic
complications and variceal bleeding events, which causes
a refractory situation for treatment by gastroenterologists.

For treatment of intractable esophagogastric varices,
we performed Hassab's operation including splenectomy
with devascularization of the upper half of the stomach
and distal esophagus. EHPVO is very rare. Furthermore,
treatment with Hassab's operation including splenectomy
for esophagogastric varices in EHPVO with MPN
is extremely unusual. Based on experience with
splenectomy in EHPVO patients, we suspected that
the comorbidity of MPN might have a great influence
upon the postoperative increase of platelet counts, and
further, that the spleen's participation in veiling original
MPN-induced blood cell proliferation might also be
associated with latent MPN as a feigned normalization of
hematological appearance (9,13).

This retrospective single-center study was conducted
to clarify the influence of MPN on spleen and platelet
count trends in EHPVO patients.

2. Patients and Methods

Between January 2000 and February 2024, 17 patients
with a diagnosis of EHPVO were treated in our hospital.
Eight of 17 EHPVO patients who had undergone
splenectomy for treatment of esophagogastric varices
were enrolled in this study. Medical records for all 8
patients were identified and reviewed retrospectively. In
all patients, the diagnosis of EHPVO was confirmed by
imaging modalities, including ultrasonography, contrast-
enhanced computed tomography (CT), angiography, or
contrast-enhanced magnetic resonance imaging. Patients
with hepatocellular carcinoma, other malignancies,
liver cirrhosis or operative history including
pancreaticoduodenectomy and choledochotomy were
excluded as a diagnosis of EHPVO.

The medical records for patient age, gender,
esophagogastroduodenoscopy findings were extracted
from patient charts. Regular blood tests, hepatic and
renal function tests were performed in all patients.

JAK2V617F mutations were tested as a screening
for MPN. The diagnosis and treatment of MPN was
performed by hematologists in our hospital.

In all cases of EHPVO patients with Hassab's
operation including splenectomy, CT was scrutinized
for preoperative simulation. Preoperative splenic
volume was measured by 3-dimensional CT volumetry
using Synapse Vincent” (FUJI FILM Medical, Tokyo).
The volume analyzer Synapse Vincent” automatically
measures splenic volume.

The splenic volume index (SpVI) was calculated
as splenic volume (cm’) / body surface area (m®) (/4).
Platelet elevation ratio (PER) was calculated as 3-week
postoperative platelet counts (/uL) / preoperative platelet
counts (/uL). Continuous variables were presented as
the mean + standard deviation and compared using
the Mann-Whitney U-test since the sample sizes were
relatively small. Values without normal distribution were
presented as medians with interquartile range (IQR).
The effects of splenectomy with and without MPN, and
their interaction in perioperative serum platelet counts
were investigated using two-way analysis of variance
(ANOVA). The data were analyzed using IBM SPSS
Statistics” Ver. 28.0.1. A p-value < 0.05 was considered
significant.

Histological hematoxylin and eosin-stained
sections of spleen in all EHPVO cases were reviewed
by pathologists in our hospital. In cases of splenic
extramedullary hematopoiesis, immunohistochemical
labeling of CD41, CD71 and myeloperoxidase for
scrutiny of megakaryocyte, erythroid and myeloid
lineage cells, respectively, were also evaluated.

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).

3. Results and Discussion

Eight EHPVO patients who underwent splenectomy
were included in the analysis. The clinical presentations
of these patients are summarized in Table 1. Two males
(25.0%) and 6 females (75.0%); the age distribution for
splenectomy ranged from 17 to 64 years, with a mean
age of 38.3 years. Indication for splenectomy included
7 esophagogastric varices (87.5%) and 1 gastric varix
(12.5%). All 8 EHPVO cases were referred by local
gastroenterologists because of refractory esophageal and
gastric varices by endoscopy and intervention radiology.
Six (75.0%) of 8 cases had a history of variceal rupture,
and 2 cases (25.0%) received prophylactic treatment for
risky esophagogastric varices. Three patients (37.5%)
of 8 were positive for JAK2V617F mutation. All 3
of the JAK2V617F mutated patients with EHPVO
were diagnosed as MPN including polycythemia vera,
essential thrombocythemia, and myeloproliferative
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Table 1. The clinical presentations of EHPVO patients treated by splenectomy for refractory esophagogastric varices

Case Age Sex Indication for splenectomy Prophylactic or bleeding varices JAK2V617 mutation MPN
1 44 M EGV Bleeding -

2 42 F EGV Prophylactic + MPN-U
3 32 M EGV Bleeding -

4 47 F EGV Bleeding + ET

5 27 F EGV Bleeding

6 33 F GV Prophylactic -

7 64 F EGV Bleeding + PV

8 17 F EGV Bleeding -

EGV: esophagogastric varices, ET: essential thrombocythemia, GV: gastric varices, MPN: myeloproliferative neoplasm, MPN-U:

myeloproliferative neoplasm, unclassifiable, PV: polycythemia vera.
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Figure 1. Comparison of serum platelet counts of EHPVO patients
with or without MPN before and after splenectomy at 1 week and 3
weeks. Serum platelet counts increased to a greater degree in EHPVO
with MPN than without MPN. Splenectomy and MPN showed positive
interaction in platelet count trends with statical significance (*: F =4.14,
p=0.033).

neoplasm, unclassifiable (MPN-U), respectively, by
hematologists.

Figure 1 shows a comparison of the serum platelet
counts of EHPVO patients with or without MPN
before and after splenectomy at 1 week and 3 weeks.
The perioperative serum platelet counts for EHPVO
without MPN were 10.5, 35.4, and 36.6 (x10%/
pL) preoperatively, after 1 week and after 3 weeks,
respectively. Further, the perioperative serum platelet
counts for EHPVO with MPN were 34.2, 86.4, and
137.0 (x10*/uL) preoperatively, after 1 week, and after
3 weeks, respectively. The distribution of preoperative
platelet counts in EHPVO patients demonstrated
thrombocytopenia without MPN and normal to
slightly high platelet count with MPN. The serum
platelet trends of both groups were postoperatively
increasing; however, splenectomy in MPN patients
caused prominent elevation. Two of 3 MPN cases
showed thrombocytosis of more than 120 x 10*/pL
3 weeks after splenectomy, and exceeded 190 x 10%/
pL during perioperative periods. The postoperative
thrombocytosis of all 3 MPN cases was treated
by hematological cytoreduction therapy including
hydroxyurea with/without anagrelide by hematologists.
All 3 MPN patients also continued anti-platelet agents
under appropriate additional endoscopic treatment for

esophageal varices. In 3 of 5 patients without MPN,
splenectomy contributed to normalization of platelet
counts after 3 weeks. The interaction of splenectomy
and MPN in perioperative serum platelet counts was
investigated using two-way ANOVA. Splenectomy
and MPN showed positive interaction in postoperative
thrombocytosis with statistical significance (F =4.14, p
=0.033).

We then examined preoperative spleen volume and
perioperative platelet increasing degree with or without
MPN, in EHPVO patients. The median splenic volume
determined using 3-dimensional CT volumetry Synapse
Vincent® (FUJI FILM Medical, Tokyo, Figure 2A
and 2B) was 788.4 (IQR, 622.9-1019.1; range, 187.3-
1719.2) cm’ and the mean splenic volume was 841.2 +
420.4 cm’. The median SpVI as splenic volume (cm”)
/ body surface area (m”) was 540.5 (IQR, 367.5-660.8;
range, 118.6-859.6) cm’/ m’. Figure 2C demonstrated
the distribution between the SpVI and PER in all 8
EHPVO patients with splenectomy. With or without
MPN in EHPVO patients, SpVI was 572.9 + 73.6
and 488.0 = 269.3, respectively, and no significant
difference was noted (Figure 2D). We also examined
the PER calculated as 3-week postoperative platelet
counts (/uL) / preoperative platelet counts (/uL) with
and without MPN in EHPVO patients. The PER was
4.32 + 1.85 and 4.79 + 3.22, with or without MPN in
EHPVO patients, respectively, and there were also no
significant differences (Figure 2E).

Figure 3 shows resected spleen weighing 574
grams (Figure 3A) and pathological assessment in
case 4. Histological examination of the resected spleen
demonstrated splenic sinus congestion and decreased
white pulp (Figure 3B) in all the 8 EHPVO patients, the
5 without MPN and the 3 with MPN. Furthermore, 2
of 3 EHPVO patients with MPN revealed local splenic
extramedullary hematopoiesis (EMH), as shown Fig
Figure 3C. Immunohistochemical examination of case
4 revealed CD41-positive megakaryocytes (Figure 3D,
white arrowhead), CD71-positive erythroid lincage
cells (Figure 3E) and myeloperoxidase-positive myeloid
lineage cells (Figure 3F) in spleen. In cases of EHPVO
with MPN, not only portal hypertensive change of
spleen, but also EMH in spleen might be associated
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Figure 2. (A, B) Measurement of splenic volume. Splenic volume was automatically measured by 3-dimensional computed tomography volumetry
using Synapse Vincent” (FUJI FILM Medical, Tokyo); (C) The distribution of the SpVI (Splenic volume index) and PER (Platelet elevation ratio) in
all 8 EHPVO patients with splenectomy; (D, E) With or without MPN in EHVPO patients, SpVI and PER showed no difference.
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Figure 3. Macroscopic (A) and histological (B-F) findings of the resected spleen in case 4. (A) Photograph of resected spleen weighing 574
gram; (B, C) Histological examination demonstrated splenic sinus congestion and decreased white pulp, with local extramedullary hematopoiesis (B:
hematoxylin-eosin, x 40, C: hematoxylin-eosin, x 400); (D, E, F) Immunohistochemical studies revealed CD41-positive megakaryocytes (D, white
arrowhead, x 400), CD71-positive erythroid lineage cells (E, x 200), and myeloperoxidase-positive myeloid lineage cells (F, x 200) in the spleen.

with the pathogenesis of splenomegaly.

MPN is reported to be the most significant factor
for EHPVO (3-9). The original cause of EHPVO is
based on thrombotic tendency; therefore, the association
between MPN and increased risk of thrombosis should
be considered in screening for EHPVO (/5). However,
awareness of the association between EHPVO and MPN
among gastroenterologists is generally insufficient.

A significant relationship between EHPVO and
MPN was proven by the high frequency of a clonal
mutation of JAK2V617F, and which should be utilized
as a diagnostic tool to detect latent MPN in EHPVO
patients (9). Screening for JAK2V617F mutation in

patients with splanchnic vein thrombosis including
EHPVO is extremely important, and can assist in both
the diagnosis and treatment of MPN. The JAK2V617F
mutation is present in more than 90% of patients with
polycythemia vera and in approximately 60% of patients
with essential thrombocythemia and myelofibrosis
(16,17). JAK2 tyrosine kinase activates a cytokine-
independent JAK—STAT pathway, causing proliferation
of mature myeloid cells. The JAK2V617F mutation was
shown to be an independent risk factor for splanchnic
vein thrombosis (3,/8-20). None of the risk factors
could be identified in a third of patients with EHPVO;
however, more than half of these go on to develop
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an overt MPN during follow up (8,20,21). Patients
with EHPVO should be screened for the JAK2V617F
mutation to avoid overlooking a potential underlying
persistent thrombophilia due to MPN (9).

We reported that hypersplenic hematologic changes
of thrombo-leukocytopenia in EHPVO patients might
be veiled by MPN-induced proliferation of blood cells
(9). In this finding, we suspected that hypersplenism
as a comorbidity with MPN might be associated with
latent MPN, and that the spleen may have contributed
to the normalized blood counts in latent MPN. These
splenectomies with MPN led to the strong suspicion that
extreme thrombocytosis in postoperative asplenia was
veiled by preoperative EHPVO-induced hypersplenism.
This phenomenon may also explain the spleen function's
contribution to a condition of latent MPN including
masked polycythemia vera.

Thrombotic complication is very serious
because EHPVO patients often suffer from vascular
disease, including myocardial or cerebral infarction.
Furthermore, we have experienced cases of myocardial
and cerebral infarction in EHPVO patients in their 30s
(9). Owing to the thrombotic tendency, prophylactic
thrombotic agents should be considered in EHPVO;
however, the majority of symptomatic EHPVO patients
experience intestinal variceal rupture. The dilemma
between thrombosis and hemorrhage in EHPVO is the
most difficult for general gastroenterologists (9,22).
Prognosis in EHPVO patients is strongly associated
with the control of esophagogastric variceal bleeding.
EHPVO patients that are appropriately controlled for
portal hypertensive complication showed favorable
prognosis with a survival rate of 69-86% at 10 years
(23). For eradication of the refractory esophagogastric
varices of EHPVO with MPN, we experienced
successful cases of combination therapy of Hassab's
operation and subsequent endoscopic variceal ligation
(20,23). Hassab's operation includes splenectomy with
devascularization of the upper half of the stomach and
distal esophagus (24,25). However, portal thrombus after
splenectomy was a major postoperative complication
in portal hypertension. In MPN cases, splenectomy
induces excessive thrombocytosis, and thrombocytosis
with reduced portal vein velocity is associated with the
formation of further portal vein thrombosis causing
hepatic failure or disappointing portal hypertension.
Splenectomy in cases of hypersplenism with large
splenic vein diameter is thought to further promote
the progression of portal vein thrombus, and early
antithrombotic administration should be considered
in these situations (23,26). Contrary to thrombotic
complications, extreme thrombocytosis is sometimes
characterized by severe bleeding tendency with
decrease or abnormality of von Willebrand factor
as a consequence of the precipitous increase in
platelets, referred to as acquired von Willebrand factor
syndrome (27-29). All 3 MPN cases with splenectomy

demonstrated excessive thrombocytosis and required
strict cytoreduction treatment for platelet count to
address concern about subsequent coagulopathy by
acquired von Willebrand factor syndrome. In our cases,
the timely introduction of cytoreduction therapy for
extreme thrombocytosis by hematologists was thought
to be possible because of a preoperative diagnosis of
MPN and constant perioperative collaboration with
hematologists. If hematological disease including MPN
is associated with EHPVO, collaboration between
gastroenterologists and hematologists is essential for
better treatment and prognosis.

EMH is reportedly associated with many diseases,
including chronic anemia, sickle cell disease,
thalassemia, spherocytosis, and hematological
neoplasms (27). EMH is generally a compensatory
response occurring secondary to inadequate bone
marrow function. Few papers on splenic EMH with
MPN have been published, and less frequent cases of
splenic EMH associated with MPN under hypersplenic
condition of EHPVO have rarely been reported.

Further detailed data on EHPVO with MPN in a
large series must be accumulated; however, we hope
that our results will contribute to the clarification of
pathogenesis and better treatment for the intractable
conditions.

Gastroenterologists sometimes experience EHPVO
patients requiring splenectomy for complications
of portal hypertension, including hemorrhagic
esophagogastric varices. It is important to consider
underlying MPN based on perioperative hematological
change and histological character of resected spleen.
Otherwise, the gastroenterologist may overlook the
underlying MPN causing EHPVO due to feigned
normalization of platelet counts by the conflicting
effects of hypersplenic hematopenia by EHPVO and
blood cell proliferation by MPN. Based on cases of
EHPVO with MPN, our team considers screening for
JAK2V617F mutation to be essential for all patients
with suspected EHPVO.

In conclusion, in EHPVO patients with MPN,
hypersplenism causes feigned normalization of platelet
count by masking MPN-induced thrombocytosis;
however, splenectomy unveils postoperative
thrombocytosis. Spleen in EHPVO with MPN also
participates in extramedullary hematopoiesis.
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