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Abstract

Purpose To investigate the feasibility of the re-patent EHPVO (r-EHPVO) as an animal model of Rex shunt and the effec-
tiveness of Rex shunt in improving abnormal portal hemodynamics and portal venous pathology of EHPVO.

Methods A total of 18 New Zealand white rabbits were randomly divided into three groups: normal control (NC) group,
extrahepatic portal venous obstruction (EHPVO) group, and r-EHPVO group. The main portal vein was dissected only in
the NC group. The main portal vein was narrowed by a cannula in the EHPVO group. The cannula narrowing the main
portal vein was removed to restore the portal blood flow into the liver on day 14 in the -EHPVO group. The portal pressure,
splenic size, blood flow velocity, and diameter of the portal vein were measured on days 14 and 28. The shear stress (SS)
and circumferential stress (CS) of the portal vein were calculated. The proximal end of the main portal vein was collected
on day 28 for further pathological analysis, and the thickness and area of the intima and media were measured by Image J
software. The portal pressure, splenic size, SS, CS, intima and media thickness, the ratio of intimal to medial area (I/M),
and the ratio of intimal area to the sum of intimal and medial area (I/I + M) were compared among the three groups. The
correlation between SS and intimal thickness and between CS and medial thickness were analyzed.

Results On day 28, the portal pressure of the EHPVO group was significantly higher than that of the NC and r-EHPVO
groups, but no significant difference was detected in the portal pressure between r-EHPVO and NC groups. The length and
thickness of the spleen in the EHPVO and r-EHPVO groups were significantly higher than those in the NC group (P <0.01)
but were significantly lower in the -EHPVO group than those in the EHPVO group (P <0.05). The SS was significantly lower
in the EHPVO group than in NC and r-EHPVO groups (P <0.05) but was significantly higher in the NC group than in the
r-EHPVO group (P=0.003). The CS was significantly higher in the EHPVO and r-EHPVO groups than that in the NC group
(P <0.05) but was significantly lower in the -EHPVO group than that in the EHPVO group (P <0.001). The intimal thick-
ness, I/M, and I/I+ M of the EHPVO group were significantly higher than those of the NC and r-EHPVO groups (P <0.05),
but no significant difference was observed between the NC and r-EHPVO groups (P> 0.05). The SS is negatively related to
intimal thickness (r=-0.799, P <0.001).

Conclusion The r-EHPVO model is feasible as an animal model of the Rex shunt. The Rex shunt could be beneficial to
improving the abnormal portal hemodynamic and portal venous intimal hyperplasia by restoring the portal blood flow into
the liver.
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Introduction

Extrahepatic portal venous obstruction (EHPVO) is a
major cause leading to portal hypertension in children,
which results in upper gastrointestinal bleeding due to the
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varices [1]. Rex shunt was considered an ideal surgical
method for treating EHPVO due to its reconstruction of the
portal blood flow into the liver [2-5]. Rex shunt refers to a
surgery wherein the extrahepatic portal blood is drained into
the left branch of the intrahepatic portal vein in Rex recesses
by bypassing or transposing a grafted vein, through which a
hepatopetal portal blood is reconstructed. No study has yet
reported whether the Rex shunt could change this hemody-
namic situation of portal hypertension. In the present study,
are-patent EHPVO (r-EHPVO) model was established based
on the feature of Rex shunt restoring portal blood flow into
the liver and used as the animal model of Rex shunt, in
which the portal blood flow was restored by removing a can-
nula narrowing the main portal vein in the EHPVO animal
model. Furthermore, the changes in portal hemodynamics
and portal venous pathology among EHPVO, normal portal
vein, and r-EHPVO models were compared to evaluate the
efficiency of Rex shunt in improving abnormal portal hemo-
dynamics and portal venous pathology of EHPVO.

Materials and methods

A total of 18 New Zealand white rabbits (body weight:
4-5 kg; gender: male; age: adult) were randomly divided
into three groups (6 cases in each group): normal control
(NC), extrahepatic portal venous obstruction (EHPVO), and
r-EHPVO. This study was approved by the ethics committee
of the Capital Institute of Pediatrics, Beijing, China.

Establishment of animal model

NC group: at porta hepatis, the main portal vein was dis-
sected, and the portal pressure and the splenic length and
thickness were measured.

After 14 days, a laparotomy was performed again. The
portal pressure, blood flow velocity (FV), and diameter of
the main portal vein were measured. Blood sample was col-
lected for a routine blood test.

After 28 days of the first operation, the portal pressure,
splenic length and thickness, and blood FV and diameter of
the main portal vein were measured again. Blood sample
was collected for routine blood tests. The proximal end of
the main portal vein was collected for pathological analysis.

EHPVO group: first, the main portal vein was dissected at
porta hepatis. A cannula was placed outside the main portal
vein to narrow the main portal vein by tightening the suture
around the cannula, through which the lumen of the main
portal vein was narrowed to 20%. This cannula was made
using an infusion tube, the length of the cannula was about
0.5 cm, and its diameter was about 20% of the main portal
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vein (Fig. 1). Then, the color of the small intestine was
observed for 10 min. This operation was completed where
there was no obvious congestion. Before and after narrowing
the main portal vein, the portal pressure and splenic length
and thickness were measured.

After 14 days, a laparotomy was performed again. Dur-
ing the operation, the portal pressure and blood FV, and
diameter of the main portal vein were measured again.
The blood sample was collected for the routine blood test.

After 28 days of the first operation, the portal pressure,
splenic length and thickness, and blood FV and diameter
of the main portal vein were measured again. The blood
sample was collected for routine blood test. The proxi-
mal end of the main portal vein was collected for further
pathological analysis.

r-EHPVO group: firstly, the main portal vein was narrowed
with a cannula to establish the EHPVO model, and the portal
pressure and splenic length and thickness were measured.
After 14 days, the cannula narrowing the main portal vein
was removed (Fig. 2), and the portal pressure, blood FV, and
diameter of the main portal vein were measured. The blood
sample was collected for routine blood test.

After 28 days of the first operation (after 14 days of
removing the cannula), the portal pressure, splenic length
and thickness, and blood FV and diameter of the main por-
tal vein were measured again. The blood sample was col-
lected for routine blood test. The proximal end of the main
portal vein was collected for further pathological analysis.

Fig.1 The main portal vein (arrow) was narrowed by a cannula to
construct the EHPVO model
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Fig.2 EHPVO model was
constructed by narrowing the
main portal vein (arrow) with

a cannula (a). After 14 days,

the narrowed main portal vein
(arrow) was exposed (b), and
the cannula was removed to
establish an -EHPVO model (¢)
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Measurement of portal pressure

A 1F tube filled with heparin saline and connected with
a pressure transducer was inserted into a small intestinal
vein, and the portal pressure was measured by the Mikro
Tip blood pressure basic system (ADInstruments, Australia).

Measurement of splenic size and diameter
of the main portal vein

The splenic length and thickness and diameter of the proxi-
mal end of the main portal vein were measured using Vernier
calipers.

Measurement of blood FV in the portal vein

The FV of the proximal end of the main portal vein was
measured using an ALC-BFS Doppler blood flow measure-
ment system (ALCBIO, ALC-BFS_TY7203). The exact
portion of the portal vein measuring the FV was the lower
portion of the main portal vein between the mesenteric vein
and the cannula narrowing the portal vein.

Routine blood test

The levels of red blood cell (RBC), white blood cell (WBC),
hemoglobin (Hb), and platelets (PLT) were detected on a
hematology analyzer (Mindray, BC2800Vet).

Calculation of SS and CS in portal vein

The SS of the main portal vein was calculated using the
following formula [1, 6]: SS =4FV xn/zx 1> (1] is the blood
viscosity; FV is the flow velocity of the portal vein; r is the
radius of the main portal vein).

The CS of the main portal vein was calculated by the
formula [1, 6], CS=A PXr/h (r is the radius of main portal
vein; A P is the transmural pressure gradient, which is the
portal pressure in this study; h is the wall thickness, which
is about 0.1 mm in this study). The portal pressure of the
lower portion between the mesenteric vein and the cannula

is increased due to the obstruction of portal blood flow into
the liver after narrowing the portal vein using the cannula.
Therefore, to measure the SS and CS of portal hypertension,
the lower portion of the portal vein was the exact portion of
the portal vein measuring the SS and CS.

Pathology of the portal vein

The pathological sections of the portal vein tissue were sub-
jected to hematoxylin—eosin (HE) staining, and the images
were collected under an electronic microscope. The intimal
and medial thickness of the vascular wall was measured by
image analysis software Image J 1.53 as follows (Fig. 3a):
The thickness of the intima and media were measured at
zero, three, six, and nine o’clock of the vascular section
image, and the thickness of the intima and media was
obtained as an average of the four values.

The areas of the intima and media of the vascular wall
were measured using Image J 1.53 as follows: The measur-
ing area was selected with the free selection tool (Fig. 3b),
and then the selected area was measured. The ratio of the
intimal to medial area (I/M) and the ratio of the intimal area
to the sum of the intimal and medial area (I/ + M) were
calculated.

Statistical analysis

SPSS13.0 was used for statistical analysis. One-way analy-
sis of variance (ANOVA) was used to compare the portal
pressure, splenic size, the levels of RBC, WBC, Hb, and
PLT, SS, CS, the intimal and medial thickness, I/M, and
I/I+M among NC, EHPVO, and r-EHPVO groups. Paired
sample t-test was used for the comparison of portal pres-
sure, splenic size, the levels of RBC, WBC, Hb, and PLT,
SS, and CS among different time points in the same group.
Pearson’s correlation analysis was used to analyze the cor-
relation between SS and intimal thickness and between CS
and medial thickness. P <0.05 indicated a statistically sig-
nificant difference.
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Fig.3 The thickness and area of intima and media were measured by image analysis software Image J 1.53 (a: the intimal and medial thickness;

b: the intimal and medial area)

Results

The time point that a rabbit underwent the first, second, and
third operation was days 0, 14, and 28, respectively.

Portal pressure

On day 0, the portal pressure was increased significantly
after narrowing the main portal vein than that before nar-
rowing the main portal vein in the EHPVO and -EHPVO
groups (P <0.001) but was significantly higher than that in
the NC group (P <0.001).

On day 14, the portal pressure of the EHPVO and
r-EHPVO groups was significantly higher than that of
the NC group (P <0.001). No significant difference was
observed between the EHPVO and r-EHPVO groups before
the removal of the cannula (P=0.677). The portal pressure
was significantly decreased after the removal of the cannula
than that before the removal of the cannula in the -EHPVO
group (P <0.001).

On day 28, the portal pressure of the EHPVO group
was significantly higher than that of the NC and r-EHPVO
groups (P <0.05), while no significant difference was
detected between the -EHPVO and NC groups (P =0.079).

The portal pressure on day 28 was significantly lower
than on day 14 in the r-EHPVO group (P <0.05). The
detailed results are shown in Table 1.
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Splenic size

On day 28, the length and thickness of the spleen in the
EHPVO and r-EHPVO groups were significantly higher than
those in the NC group (P <0.001), while they were signifi-
cantly lower in the -EHPVO group compared to the EHPVO
group (P <0.05).

The length and thickness of the spleen were signifi-
cantly increased on day 28 than on day 0 in the EHPVO and
r-EHPVO groups (P <0.01). The detailed results are shown
in Table 2.

Routine blood test

On day 0, no significant difference was observed in the
WBC, RBC, Hb, and PLT levels among three groups.

On day 14, the levels of RBC, Hb, and PLT in the
EHPVO and r-EHPVO groups were significantly decreased
than those in the NC group (P <0.05), while no significant
difference was detected between the EHPVO and r-EHPVO
groups.

On day 28, the RBC, Hb, and PLT levels in the EHPVO
and -EHPVO groups were significantly decreased than in
the NC group (P <0.05). The RBC, Hb, and PLT levels were
significantly increased in the -EHPVO group compared to
the EHPVO group (P <0.05).
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In the r-EHPVO group, the PLT level significantly
increased on day 28 than on day 14 (P <0.05). The detailed
results were shown in Table 3.

SS of the portal vein

On day 14, the SS in the EHPVO and r-EHPVO groups was
significantly lower than that in the NC group (P <0.05). The
SS of the EHPVO group did not differ significantly from
that of the -EHPVO group before the removal of the can-
nula (P =0.656) but was significantly lower than that of the
r-EHPVO group after the removal of the cannula (P =0.003).

On day 28, the SS in the EHPVO group was significantly
lower than in the NC and r-EHPVO groups (P <0.001). The
SS in the NC group was significantly higher than that in the
r-EHPVO group (P =0.003).

The SS after the removal of the cannula was signifi-
cantly higher than that before the removal of the cannula
in the r-EHPVO group on day 14 (P=0.001). The SS in the
r-EHPVO group was significantly higher on day 28 than that
before the removal of the cannula on day 14 (P <0.001) but
was not significantly different from that after the removal of
the cannula on day 14 in the -EHPVO group (P=0.317).
The detailed results were shown in Table 4.

Table 1 The results of portal

. Groups Portal pressure (mmHg)
pressure in each group
0 day P 14th day 28th day P
Pre Post
EHPVO 5.69+0.26 12.57+042 <0.001 10.56+0.65 9.34+0.86
r-EHPVO 5.70+0.27 13.0+0.78 <0.001 10.68+0.41* 7.21+1.26 0.002
8.62+£0.41° 0.041
NC 5.71+0.36 5.70+0.36 5.68+0.33
P
EHPVO VS. NC 0.917 <0.001 <0.001 <0.001
r-EHPVO VS. NC 0.951 <0.001 <0.001 0.079
r-EHPVO VS. EHPVO  0.966 0.187 0.677%<0.001°  0.022

3-EHPVO before removal of the cannula, ’r-EHPVO after removal of the cannula, pre pre-operative, post

post-operative

Table 2 The results of splenic

o Groups Splenic size (cm)
size in each group
0 day 28th day P
Length Thickness Length Thickness Length  Thickness
EHPVO 6.91+028 0.71+0.02 9.33+0.67 1.94+0.15 0.001  <0.001
-EHPVO 6.84+031 0.71+0.02 8.12+0.15 157+0.08  <0.001 <0.001
NC 6.85+0.31 0.71+0.06 7.0+022  0.71+0.05 0.06 0.484
P
EHPVO VS. NC 0.733 0.990 <0.001 <0.001
-EHPVO VS. NC 0.977 0.996 <0.001 <0.001
-EHPVO VS. EHPVO  0.711 0.999 0.016 <0.001
Table 3 The results of routine blood test in each group
Groups 14th day 28th day
WBC(10°/L) RBC(10'%/L)  PLT(10°/L) HB(g/L) WBC(10°/L) RBC(10'%L) PLT(10°/L) HB(g/L)
EHPVO 49+2.4 5.7+0.4 280.3+16.9° 103.5+5.5 4.0+2.2° 4.7+0.5% 282.5+15.6°  94.7+7.1%
-EHPVO  4.7+1.7 5.5+0.5° 292.0+284° 1082+64° 57+2.1 6.2+0.8° 317.0+18.3%  113.7+11.5°
NC 7.6+2.0 8.1+0.6 363.5+1.2 1473+89  9.4+3.0 8.7+0.3 35524174 148.5+7.1

“EHPVO VS. NC P<0.05, ’r-EHPVO VS.NC P <0.05, EHPVO VS.r-EHPVO P <0.05, “14th day VS. 28th day in same group P <0.05
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Table 4 The results of shear stress (SS) and circumferential stress (CS) in each group

Groups SS (Pa) P CS (Kpa) P
14th day 28th day 14th day 28th day
EHPVO 0.456+0.168 0.392+0.041 36.829+2.319 34.002+£3.128
~-EHPVO 0.430+£0.072° 0.690+0.042 <0.001 37.640+2.774* 22.329+3.350 0.001
0.650+£0.058° 0.317 26.988+2.139" 0.052
NC 0.807£0.063 0.772+0.039 16.092 +0.906 15.706 +0.867
P
EHPVO VS. NC <0.001 <0.001 <0.001 <0.001
~EHPVO VS. NC <0.001%0.014° 0.003 <0.001 0.001
r-EHPVO VS. EHPVO 0.6560.003° <0.001 0.521%<0.001° <0.001

2 EHPVO before removal of the cannula, °r-EHPVO after removal of the cannula

CS of the portal vein

On day 14, the CS in the EHPVO and r-EHPVO groups was
significantly higher than that in the NC group (P <0.001).
On the other hand, the CS of the EHPVO group did not
differ significantly from that of the -EHPVO group before
the removal of the cannula (P =0.521) but was significantly
higher than that of the -EHPVO group after the removal of
the cannula (P <0.001).

On day 28, the CS in the EHPVO and r-EHPVO groups
was significantly higher than that in the NC group (P <0.05),
while the CS in the -EHPVO group was significantly lower
than that in the EHPVO group (P <0.001).

The CS in the r-EHPVO group after the removal of the
cannula was significantly lower than that before the removal
of the cannula in the -EHPVO group on day 14 (P=0.001).
The CS of the -EHPVO group on day 28 was significantly
lower than that before the removal of the cannula on day 14
(P=0.001) but was not significantly different from that after
the removal of the cannula in the -EHPVO group on day
14 (P=0.052). The detailed results are shown in Table 4.

Changes in intima and media in the portal vein
The intimal thickness of the EHPVO group was signifi-

cantly higher than that of the NC and r-EHPVO groups
(P <0.05), but no significant difference was observed

between the NC and r-EHPVO groups (P=0.071). Also,
no significant difference was detected in the medial thick-
ness among the three groups (P> 0.05).

The I/M of the EHPVO group was significantly higher
than that in the NC and r-EHPVO groups (P <0.05), but
no significant difference was observed between the NC and
r-EHPVO groups (P =0.104).

The I/T+M of the EHPVO group was significantly
higher than that of the NC and r-EHPVO groups (P <0.05),
but no significant difference was observed between the NC
and r-EHPVO groups (P =0.089). The detailed results are
shown in Table 5.

Correlation between hemodynamic
and pathological changes in the portal vein

The SS was negatively related to intimal thickness
(r=-0.799, P <0.001) (Fig. 4a), and the CS was posi-
tively related to the medial thickness (r=0.792, P <0.001)
(Fig. 4b).

Table 5 The results of intimal

k R X Groups Intimal thickness (um) Medial thickness (um) I/M I1+M

and medial thickness, the ratio

of area of intima tﬁ the fﬂeaf Oli EHPVO 1135+ 1.47 74.15+5.31 0.156+0.019  0.135+0.014

media (/M) and the ratio of the | ppypyy 7.88+1.72 68.46+13.79 011720011  0.1050.009

area of intima to the sum area

of intima and media (/T+M) in NC 6.19+1.34 62.97+5.65 0.100+0.020 0.091+0.016

each group P
EHPVO VS. NC <0.001 0.051 <0.001 <0.001
r-EHPVO VS. NC 0.071 0.313 0.104 0.089
r-EHPVO VS. EHPVO 0.001 0.298 0.002 0.002
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Fig.4 Correlation between the SS and intimal thickness (a). Correlation between the CS and the medial thickness (b)

Discussion

Feasibility of the r-EHPVO model as the animal
model of Rex shunt

In this study, the animal model of EHPVO was established
by narrowing the trunk of the portal vein with a cannula.
The results showed that the portal pressure and spleen size
on days 14 and 28 in the EHPVO group were significantly
higher than those in the NC group, indicating that narrow-
ing the main portal vein with a cannula increased the portal
pressure and splenic size, which were the typical manifesta-
tions of portal hypertension. The routine blood test showed
that RBC, Hb, and PLT in the EHPVO group were signifi-
cantly lower than in the NC group on days 14 and 28; these
results could be ascribed to hypersplenism. Thus, it can be
inferred that the EHPVO model was established success-
fully by narrowing the main portal vein with a cannula in
this study.

Although the main portal vein was narrowed using a
cannula in the EHPVO model, the main portal vein was
not obstructed completely without portal venous throm-
bosis. Therefore, the portal blood flow into the liver
could be restored after the removal of the cannula in the
r-EHPVO model. In the present study, the portal pressure
of the -EHPVO group was significantly decreased after the
removal of the cannula. In addition, the hypersplenism and
splenic size were significantly relieved after the removal of
the cannula in the r-EHPVO group. These outcomes sug-
gested that the portal blood flow was restored after cannula
removal. The basic function of the Rex shunt in the treat-
ment of EHPVO is the restoration of portal blood flow into

the liver through the bypass vein [2-5], which is similar to
the reconstruction of portal blood flow by removal of the
narrowed cannula in the r-EHPVO model. Therefore, the
r-EHPVO could be used as an animal model of Rex shunt
to assess the function of restoring portal blood flow and the
effectiveness of relieving portal hypertension.

However, EHPVO in children is mainly caused by the
thrombosis of the portal vein, which is different from the
EHPVO model based on the partial narrowing of the por-
tal vein in this study. Although the different etiologies of
EHPVO between human and animal models might affect
the efficacy evaluation after Rex shunt, both EHPVO in the
animal model and humans have extrahepatic portal vein
obstruction, reduced portal blood flow into the liver, portal
hypertension, splenomegaly, and hypersplenism. Nonethe-
less, the modified hemodynamics in the portal venous sys-
tem caused by EHPVO may be similar between the animal
model and humans.

Abnormal portal hemodynamics and portal venous
pathology in EHPVO

Portal pressure is affected by the resistance of portal inflow
and outflow. When the portal blood flow into the liver is
obstructed, the portal pressure is increased, which alters
the portal venous hemodynamics [1]. SS and CS are two
major indexes in the evaluation of hemodynamic changes.
SS is a tangential force acting on the endothelia of blood
vessels along the blood flow, determined by the blood FV
and viscosity and the morphology of blood vessels. CS is a
tangential force acting on the vascular wall in the vertical
direction of blood flow, affected by the pressure gradient
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between inside and outside the vascular wall. The hemody-
namics are stable in a normal situation wherein there are no
collateral branches, enlarged vascular diameter, and other
morphological changes. In this study, the SS was signifi-
cantly decreased, and the CS was significantly increased in
the EHPVO group, which confirmed the abnormal hemo-
dynamic changes due to decreased SS and increased CS in
portal hypertension, as described previously [1].

Hemodynamic changes play a critical role in intimal
hyperplasia of the grafted vein. Intimal hyperplasia and
thickening of the vascular wall were the results of arterial-
ized adaptation of grafted veins after hemodynamic changes
[7, 8]. The theory of decreased SS leading to atherosclerosis
revealed that atherosclerotic injury usually occurs on the
inner lining of the vascular wall [9]. Therefore, the decreased
SS may lead to intimal hyperplasia [10, 11]. In this study,
the intimal thickness of the EHPVO group was significantly
higher than that of the NC and r-EHPVO groups and was
negatively correlated with the level of SS. These findings
suggested that decreased SS might be a cause of intimal
hyperplasia. The mechanisms may be as follows: 1. Altered
SS can induce endothelial cells to express a variety of
cytokines, including platelet-derived growth factor (PDGF),
fibroblast growth factor (FGF), and nitric oxide synthase
(NOS). The decreased SS upregulates PDGF mRNA and
protein expression. PDGF and FGF induce intimal hyper-
plasia [12—14]. 2. When SS is decreased, the platelets and
leukocytes accumulate and adhere to the vascular wall [15],
resulting in the local release of cytokines at a high concen-
tration, which further stimulates the proliferation of smooth
muscle cells in media and their migration into the intima.

In addition, the I/M and I/I+M in the EHPVO group
were significantly higher than that of the NC and r-EHPVO
groups, suggesting that intimal hyperplasia is a major of the
thickening of the vascular wall in EHPVO.

Effectiveness of improving the abnormal portal
hemodynamics and portal venous pathology by Rex
shunt

In this study, the SS was significantly increased, and the
CS was significantly decreased in the -EHPVO group after
restoring the portal blood flow into the liver, suggesting that
the abnormal hemodynamic changes of decreased SS and
increased CS of portal hypertension were reversed through
the restoration of portal blood flow into the liver. Owing to
this correlation between the decreased SS and intimal hyper-
plasia, the intima thickness, I/M, and I/ + M were also signifi-
cantly decreased in the -EHPVO group after removing the
cannula narrowing the portal vein, suggesting that the intimal
hyperplasia could be improved through reconstruction of the
hepatopetal blood flow. These findings indicated that the Rex
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shunt restores the portal blood flow into the liver and improves
the abnormal portal hemodynamics and intimal hyperplasia.

However, on day 28, the SS in the -EHPVO group was
lower than that in the NC group, and the CS in the -rEHPVO
group was higher than that in the NC group, suggesting that
the hepatopetal portal blood flow was not completely restored.
Some EHPVO patients still had esophageal varices and sple-
nomegaly after the Rex shunt [16], which might be related to
the incomplete relief of the abnormal portal hemodynamics.
Moreover, we did not analyze the structure of the liver and
the intrahepatic portal vein due to our focus on the correlation
between EHPVO and portal hemodynamics. Inevitably, the
volume of the liver and caliber of the intrahepatic portal vein
decline in EHPVO, which might be improved after the Rex
shunt. Therefore, we speculated that exploring the structure of
the liver and the intrahepatic portal vein in EHPVO and Rex
shunt using our animal model would be beneficial in future
studies.

Conclusion

The -EHPVO model is feasible to be used as an animal model
of the Rex shunt. The Rex shunt could be beneficial in improv-
ing the abnormal portal hemodynamic and portal intimal
hyperplasia by restoring the portal blood flow into the liver.
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