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Abstract
Transjugular intrahepatic portosystemic shunt (TIPS) reduces the portal venous pressure of patients with hepatopulmonary
syndrome (HPS).
To describe the patients who underwent TIPS for the treatment of HPS.
A retrospective study was performed on 81 patients with HPS and gastrointestinal hemorrhage treated with TIPS. Thirty patients

underwent TIPS through themain portal vein (group A), 24 through the left branch of the portal vein (group B), and 27 through the right
branch of the portal vein (group C). The partial pressure of arterial oxygen (PaO2), alveolar-to-arterial oxygen partial pressure gradient
(A–aPO2), oxygen saturation (SO2), and complications were recorded and compared. The survival rate for each group was
calculated.
The technical success rate was 100% in the 3 groups. Preoperative portal vein pressure showed no significant differences

between the 3 groups, which was decreased post-TIPS operation. In group A, PaO2 and SO2 were higher in 15 days and 3 months
postoperative than preoperative (P< .05), whereas A–aPO2 was lower (P< .05). No difference occurred between 12 months post-
and preoperative group. In group C, PaO2 and SO2 did not alter significantly at each time point after operation (P> .05), whereas A–
aPO2 decreased at 3 months (P= .041) than preoperative. In group B, all indicators at each follow-up time point after TIPS were
improved significantly as compared with the preoperative group (P< .05), which showed an excellent effect on hypoxemia treatment.
Although the 1-year survival rate of 3 groups of patients was 92.85%, 90.90%, and 91.67%, respectively, the rate of hepatic
encephalopathy and hepatic myelopathy was 33.33% (10/30), 16.67% (4/24), and 33.33% (9/27) after TIPS.
TIPS reduced the pressure of the portal vein effectively and alleviated hypoxemia in most HPS patients successfully. Thus, the left

branch of the portal vein is optimal for TIPS owing to fewer complications and efficacy in improving PaO2 as compared with the main
portal vein and right branch.

Abbreviations: A–aPO2 = alveolar-to-arterial oxygen partial pressure gradient, CT = computed tomography, HPS =
hepatopulmonary syndrome, MRI = magnetic resonance imaging, MRPV = magnetic resonance imaging of portal vein, PaO2 =
partial pressure of arterial oxygen, SO2 = oxygen saturation, TIPS = transjugular intrahepatic portosystemic shunt.

Keywords: arterial/alveolar tension ratio, HPS, oxygen partial pressure, oxygen saturation, portal hypertension, portal vein shunt,
TIPS
1. Introduction

Hepatopulmonary syndrome (HPS) is a clinical syndrome resulting
from the complications of hepatic dysfunction and/or portal
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hypertension, characterized by widened alveolar–arterial oxygen
gradient with or without hypoxemia induced by intrapulmonary
vascular dilation.[1–4] HPS primarily affects patients with liver
disease, irrespective of age and sex.[1,3] The prevalence of HPS
among patientswith cirrhosis and advanced liver disease is 15%to
30%.[5,6] The pathogenic hallmark of HPS is microvascular
dilation within the pulmonary arterial circulation.[4] In the setting
of liver disease, arterial oxygenation defect may occur due to
ventilation–perfusion mismatch and putative right-to-left intra-
pulmonary shunting.[1,2] The most specific presentation of HPS is
liver disease-related severe hypoxemia.[1–4]

Currently, a specific treatment for HPS is not available;
however, liver transplantation has been considered as the most
effective radical treatment.[7,8] The currently used treatments for
HPS include general treatment that includes improving liver
damage, preventing infection, and reducing portal pressure to
reduce the volume of intrapulmonary and portopulmonary
shunt; oxygen inhalation, which is only suitable for patients with
early or mild HPS. In the case of patients with chronic liver
disease combined with portal hypertension, the risk of upper
gastrointestinal hemorrhage and refractory ascites could increase
with the progression of the disease. Therefore, transjugular
intrahepatic portosystemic shunt (TIPS) can be used to reduce the
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portal venous pressure in the event of failure of conservative
treatments.[9] TIPS was first described by Josef Rösch in 1969. In
1988, the first successful TIPS was performed by Rössle et al, to
decrease the portal resistance by shunting. Since then, the
procedure has become widely accepted as the preferred method
for treating portal hypertension that is refractory to medical
therapy, replacing the surgical portocaval shunt in that role. The
common indications of TIPS include ineffectual medical
treatment, unsuitable or unwilling to undergo surgical treatment
of upper gastrointestinal hemorrhage caused by portal hyperten-
sion; patients with a high risk of bleeding caused by portal
hypertension (prophylactic TIPS); patients with recurrent
gastrointestinal bleeding after treatment of endoscopic sclerosis
and/or ligation; patients with refractory ascites and/or pleural
effusion caused by portal hypertension; patients with portal vein
thrombosis or BCS (Budd-Chiari syndrome) along with recurrent
gastrointestinal bleeding, refractory ascites, and/or pleural
effusion.
Previous studies showed that TIPS could improve the

symptoms of hypoxemia in patients with HPS by increasing
the arterial oxygen pressure, inducing the redistribution of blood
flow and reducing the effects of neurokinesis and humoral factors
on pulmonary blood vessel dilation. In addition, TIPS could also
reduce the incidence of complications such as hemorrhage and
ascites. Therefore, the approach could have a significant
treatment efficacy in patients with HPS, especially those waiting
for liver transplantation. Previous studies have shown that TIPS
could decrease mortality and increase the success rate of liver
transplantation.[9–12] Nevertheless, accumulating evidence dem-
onstrated that increase in portosystemic shunt and cardiac output
could be observed post-TIPS, which increases the incidence of
hepatic encephalopathy. In addition, some studies have shown
that the partial pressure of arterial oxygen (PaO2) increased by 20
mm Hg 6 months post-TIPS.[9] Furthermore, radionuclide
pulmonary perfusion imaging suggested the existence of
persistent intrapulmonary shunt accompanied by an increased
cardiac output,[13] and thus oxygenation could be improved by
mechanisms other than reversing the intrapulmonary shunt.
Taken together, the effects of TIPS inHPS are yet to be elucidated.
The present study was to examine a series of patients with HPS

who underwent TIPS in a single institution. Relevant clinical
indicators and complications were recorded and analyzed to
evaluate the effect of TIPS on oxygenation improvement.
The results could also help on selecting right procedure of TIPS
in HPS patients.
Figure 1. (A) MRI showing liver atrophy and spleen enlargement. (B) Preoperative
the liver.
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2. Materials and methods

2.1. Study design and patients

This was a retrospective study of patients with HPS and
gastrointestinal hemorrhage, who underwent TIPS in our
hospital from July 2008 to June 2015. HPS was diagnosed
according to the 2004 criteria of the European Association for the
Study of Respiratory Diseases: the presence of an increased
alveolar–arterial oxygen difference (A–aPO2 >15 mm Hg for
patients <64 years old or A–aPO2 >20 mm Hg for patients >64
years old); patients with chronic liver disease; patients with
chronic lung disease diagnosed using high-resolution computed
tomography (CT) scan (Fig. 5) and pulmonary function tests;
evidence of pulmonary vascular dilatation by contrast-enhanced
echocardiography.[2,14,15] The exclusion criteria were as follows:
cardiovascular and cerebrovascular diseases; portal thrombosis;
malignant liver tumors or malignant tumors of any organ. A
complete clinical history and physical examination, abdominal
CT scan, chest CT scan, ultrasound, magnetic resonance imaging
(MRI) of the portal vein (MRPV), gastroscopy and/or esoph-
agography, and chest X-ray data were collected to evaluate the
baseline characteristics of the patients.
Subsequently, 81 eligible patients were divided into 3 groups

based on different operation methods. Among them, 30 patients
underwent TIPS through the main portal vein (group A), as for
right and left branch converged outside the liver (Fig. 1B) due to
evident liver atrophy led by severe cirrhosis (Fig. 1A). Therefore,
in group A, the main portal vein was punctured directly to
establish the shunt (Fig. 2). Other patients were randomly
assigned to groups B and C. Twenty-four patients underwent
TIPS through the left branch of the portal vein (group B), and 27
patients underwent TIPS through the right branch of the portal
vein (group C).

2.2. Ethics statement

This study was approved by the Ethics Committees of our
hospital. The need for individual consent was waived due to the
retrospective design of the study.
2.3. TIPS procedure

After the TIPS placement was selected, local disinfection was
performed, followed by topical anesthesia with 1% lidocaine.
Subsequently, different groups were subjected to various
imaging showing liver atrophy. The right and left portal vein are merging outside



Figure 4. TIPS through the right branch of the portal vein.
Figure 2. TIPS through the main portal vein.
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procedures. In group A, the metal guiding tube of the RUPS-
100 (Cook Inc., Bloomington, IL) was bent >45°. In some
cases, almost 90° manual bending was required. The stent was
placed in the main portal vein. In group B, the metal guidance
tube of the RUPS-100 was bent >45° (or almost 90° heavy
manual bending in some cases), then turned 60° anticlockwise
such that the puncture needle could reach the left branch of
the portal vein from the left or the middle hepatic vein (Fig. 3).
In group C, a straight puncture from the right or the
middle hepatic vein to the right branch of the portal vein
was common (Fig. 4); the metal cannula of the RUPS-100 was
prebend to 45° and displayed sufficient torque control. The
Fluency Plus Endovascular Stent Graft (C.R. Bard Inc., Murray
Hill, NJ), 8mm in diameter and 60 to 120mm in length, was
implanted.
During the TIPS operation, a pigtail catheter was placed in the

main portal vein to measure the portal vein pressure before and
after shunting. If the stent expanded completely, the TIPS
procedure was considered successful, and the technical success
rate was recorded.
Figure 3. TIPS through the left branch of the portal vein.
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2.4. Arterial blood gas analysis indicators

The recorded indexes included A–aPO2, PaO2, and SaO2. Blood
samples were routinely collected using a PE-10 femoral artery
catheter (Intramedic; BD Diagnostic Systems, Sparks, MD) and
blood gas was measured (Rapidlab 348; Bayer, Etobicoke,
Ontario, Canada) before and at 15 days, 3 months, and 12
months post-TIPS.
During the peroration assessment, all patients were examined

in both upright and supine positions. Hypoxemia was evaluated
by the formula of (a�b)/a, where a is PaO2 in the supine position
and b is PaO2 in the standing position. Patients were considered
as suffering from hypoxemia when the ratio was >0.1.
2.5. Adverse events evaluation

The observed adverse events included intraoperative thoracic or
abdominal hemorrhage, hepatic encephalopathy, hepatic mye-
lopathy, stress gastrointestinal bleeding (hematemesis, black
Figure 5. Chest CT showing the clubbed enlargement and honeycomb-
shaped expansion of small arteries at the base of the lung, which is mergedwith
the adjacent pleura to form “spider angioma.”

http://www.md-journal.com


Table 1

Demographic and clinical characteristics of the patients.

Characteristics Group A (n=30) Group B (n=24) Group C (n=27) P

Age, y 55.5±16.8 56.5±19.6 57.8±18.8 .970
Male, n (%) 18 (60.0) 16 (66.7) 18 (66.7) .833
Disease duration of portal hypertension, y 7.6±5.4 8.3±6.5 8.2±6.9 .987
Cirrhosis cause, n (%)
Posthepatitis cirrhosis 12 (40.0) 11 (45.8) 10 (37.0) .904
Alcoholic cirrhosis 5 (16.7) 6 (25.0) 6 (22.2) .576
Veno-occlusive cirrhosis 5 (16.7) 2 (8.3) 6 (22.2) .987
Abdominal cirrhosis 3 (10.0) 3 (12.5) 3 (11.1) .998
Others 5 (16.7) 2 (8.3) 2 (7.4) .529

Symptoms, n (%)
Hematemesis 24 (80.0) 19 (79.2) 17 (63.0) .271
Black stool 25 (83.3) 18 (75.0) 16 (59.3) .120
Ascites 14 (46.7) 13 (54.2) 8 (29.6) .187
Spider nevus

∗
23 (76.7) 13 (54.2) 17 (63.0) .213

Liver palms 17 (56.7) 16 (66.7) 18 (66.7) .667
Dyspnea 18 (60.0) 15 (62.5) 18 (66.7) .872
Cyanosis 9 (30.0) 9 (37.5) 8 (29.6) .796
Clubbing 14 (46.7) 11 (45.8) 10 (37.0) .729

Child-Pugh stage, n (%)
A 3 (10.0) 2 (8.3) 1 (3.7) .894
B 10 (33.3) 10 (41.7) 11 (40.7) .569
C 17 (56.7) 12 (50.0) 15 (55.6) .785
Hypoxemia, n (%) 18 (60.0) 15 (62.5) 18 (66.7) .872
PaO2 in the supine position (mm Hg) 77±3.29 79.33±1.84 77.26±3.59 .073
PaO2 in the upright position (mm Hg) 64.94±3.84 67.73±1.83 66.26±4.84 .125

∗
Spider nevus is a typical manifestation of decompensation liver cirrhosis, characterized by special capillary dilation.
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stool), and death caused by liver function failure and stent
dysfunction.
2.6. Statistical analysis

Categorical data were expressed as frequency and compared
using the x2 test or the Fisher exact test. Continuous variables
were presented as mean± standard deviation or median and
compared by one-way analyses of variance (ANOVA) or
nonparametric tests. SPSS 16.0 software (SPSS Inc., Chicago,
IL) was used for all the statistical analyses. Two-sided P values
<.05 were considered statistically significant.
3. Results

3.1. General characteristics of the patients

A total of 81 patients were included in the study. The baseline
characteristics are summarized in Table 1. The mean age of the
patients was 56.4±17.6 years; the cohort included 52 males.
The disease duration of portal hypertension was 3.2 to 15.4
years. The primary causes of cirrhosis were hepatitis virus
Table 2

Changes of portal vein pressure (mm Hg) after TIPS.

Preoperative portal
vein pressure (V1)

Post
vein

Group A (n=30) 37.95±9.13 2
Group B (n=24) 38.52±9.98 2
Group C (n=27) 40.33±11.80 2

V2 compared with V1.∗
P<0.05.

∗∗
P<0.001.
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cirrhosis (n=33), alcoholic cirrhosis (n=17), veno-occlusive
cirrhosis (n=13), cholestasis cirrhosis (n=9), and others (n=
9). Symptoms and signs included hematemesis (n=60), black
stools (n=59), ascites (n=35), spider nevus (n=53), liver
palms (n=51), dyspnea (n=51), cyanosis (n=26), and
clubbing (n=35). The majority of patients were categorized
as Child-Pugh stage C (n=44). However, no significant
differences were observed in the demographic and clinical
data among the 3 groups (P> .05).
3.2. Technical success rate and changes in portal vein
pressure after TIPS

The stents expanded completely in all the patients, and the
technical success rate was 100% in the 3 groups. As shown in
Table 2, the portal vein pressure decreased significantly after TIPS
operation: DV was 12.93±4.80, 12.83±4.37, and 12.27±3.80
mm Hg for groups A, B, and C, respectively. No significant
difference was observed among the 3 groups with respect to
preoperative portal vein pressure, postoperative portal vein
pressure, and change in the portal vein pressure.
operative portal
pressure (V2) P DV (V1�V2)

5.12±7.66
∗

<0.05 12.93±4.80
8.77±7.65

∗∗
<0.001 12.83±4.37

7.50±8.81
∗∗

<0.001 12.27±3.80



Table 3

Changes of PaO2, SO2, and A–sPO2 for different TIPS procedures.

Preoperative 15-d postoperative P 15 d to pre 3-mo postoperative P 3 mo to pre 12-mo postoperative P 12 mo to pre

Group A PaO2 (mm Hg) 79.41±5.76 81.10±3.81 .022 81.93±3.19 .013 80.13±3.04 .326
SO2 (%) 93.37±3.05 94.93±2.18 .072 95.23±2.13 .009 93.23±1.91 1.000
A–aPO2 (mm Hg) 52.1±3.77 49.2±3.08 .009 50.23±4.33 .019 52.17±3.6 1.000

Group B PaO2 (mm Hg) 77.13±3.19 79.75±3.63 .031 81.71±2.88 <.001 79.89±3.51 .017
SO2 (%) 92.33±2.3 94.83±1.95 .003 96.63±1.64 <.001 95.92±2.04 <.001
A–aPO2 (mm Hg) 48.63±3.27 46.88±2.94 .032 46.63±2.86 .018 46.08±2.99 .010

Group C PaO2 (mm Hg) 79.07±3.96 79.81±3.73 .478 79.70±3.35
∗

.559 79.33±2.3
∗∗

.492
SO2 (%) 94.74±1.87 95.07±2.38

∗∗
1.000 94.3±2.07

∗
.998 95.7±2.03

∗
.246

A–aPO2 (mm Hg) 48.3±3.64 48.04±2.97
∗∗

.594 47.52±2.83 .039 48.41±2.96 1.000

Pre=preoperative.
∗
Difference value of the same time between post-TIPS and preoperative among groups A, B, and C, P< .01.

∗∗
Difference value of the same time between post-TIPS and preoperative among groups A, B, and C, P< .05.
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3.3. Comparison of arterial blood gas analysis indicators

In group A, PaO2 (81.10±3.81 and 81.93±3.04 mm Hg) and
SO2 (94.93±2.18 and 95.23±2.13) at 15 days and 3 months
postoperatively, respectively, were higher than preoperative
(79.41±5.76 and 93.37±3.05 mm Hg, P< .05) (Table 3). On
the other hand, A–aPO2 (49.2±3.08and 50.23±4.33 mm Hg)
was lower postoperatively than preoperative (52.1±3.77 mm
Hg, P< .05). No significant difference was observed between 12
months postoperative and preoperative group.
In group C, no significant change in PaO2 and SO2 was noted

at each point after operation (P> .05). Only A–aPO2 decreased at
3 months (47.52±2.83, P= .041) as compared with preopera-
tive.
In group B, all indicators at each follow-up time after TIPS

were significantly improved as compared preoperatively (P
< .05), thereby displaying an excellent effect on the hypoxemia
treatment.
3.4. Adverse events and mortality

In group A, 3 patients presented black stool, 2 patients had
hematemesis, whereas 10 patients suffered from hepatic
encephalopathy and/or hepatic myelopathy. Two patients died
of liver function failure 7 and 9 months after the operation,
respectively (Table 4). Considering that 2 patients underwent
liver transplantation 4 and 11months after TIPS, respectively, the
1-year survival rate was 92.85%.
In group B, only 4 cases exhibited hepatic encephalopathy and/

or hepaticmyelopathy. Two patients died due to the failure of liver
function4.5 and6monthspostoperation, respectively.As1patient
was lost to follow-up 1 month after TIPS and 1 patient underwent
liver transplantation, the 1-year survival rate was 90.90%.
Table 4

Adverse events for different TIPS approaches.

Events
Group A
(n=30)

Group B
(n=24)

Group C
(n=27)

Intraoperative thoracic or abdominal hemorrhage 0 0 0
Gastrointestinal bleeding 5 0 0
Hepatic encephalopathy and hepatic myelopathy 10 4 9
Death caused by liver function failure 2 2 2
Stent dysfunction 0 0 0
Lost of follow-up 0 1 2
Liver transplantation 2 1 1

5

In group C, 9 patients exhibited hepatic encephalopathy and/or
hepatic myelopathy, and 2 deaths were noted due to liver
function failure 3 and 5 months postoperation, respectively. One
patient underwent liver transplantation 5 months after the
operation, and 2 patients were lost to follow-up 6 months after
the operation. The 1-year survival rate was 91.67% without any
significant difference between the 3 groups.
No intraoperative thoracic or abdominal hemorrhage and

stent dysfunction was found in either of the groups in the present
study.
4. Discussion

HPS is a syndrome exhibiting shortness of breath and hypoxemia
(low oxygen levels in the blood of the arteries) caused by
vasodilation (broadening of the blood vessels) in the lungs of
patients with liver disease. It primarily results from the formation
of microscopic intrapulmonary arteriovenous dilatations in
patients with both chronic and the less common acute liver
failure. Although the underlying mechanism is yet unknown, the
phenomenon could be attributed to the increased liver produc-
tion or to the decreased liver clearance of vasodilators, potentially
involving nitric oxide. The most common symptoms include
severe hypoxemia concomitant with the signs of liver diseases,
such as hematemesis, black stools, ascites, spider nevus, liver
palms, dyspnea, cyanosis, and clubbing. In this study, the
majority of the cases presented at least one of these symptoms
with/or hypoxemia. Currently, the only prescribed treatment is
liver transplantation, which is challenging due to the prolonged
wait for the donor liver.
Some studies focused on the advantages of TIPS on treating

HPS, which proved that the operation could improve the
symptoms by increasing SO2, decreasing A–aPO2, redistributing
the blood flow, and reducing the expansion effect of the nerve and
humoral factor to pulmonary vasculature. These factors
contribute to the short-term effect that is crucial for the patients
awaiting liver transplantation. However, there were also other
studies stating the adverse events of TIPS and the uncertainty of
the treatment. The present study verified the effect of TIPS on
HPS and, importantly, optimized the procedure to improve the
efficiency and avoid the reverse effects. In the present study, 81
patients diagnosed with HPS underwent TIPS treatment with an
8-mm coated stent and achieved complete shunting of the main
portal vein or the left/right portal vein. The portal vein pressure
decreased significantly after the operation as compared with the
baseline. Reducing the portal vein hypertension may reverse the

http://www.md-journal.com
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pathophysiology observed in HPS. The synthesis of nitric
oxide and other hormones may be affected, also contributing to
decline in the symptoms.[17] The improvement in cardiac output
after TIPS might also contribute to improved oxygenation.[18]

Thus, TIPS might improve blood oxygenation, providing a
theoretical basis and evidence supporting its usage in the
treatment of HPS. A recent review of case reports showed that
TIPS improved oxygenation in patients with HPS,[19] thereby
supporting the present case series. Some case studies also reported
improvements in oxygenation after TIPS[17,20–22]; however, these
cases only had a small gradient, whereas another study did not
report any improvement in the patients with critical (>30 mm
Hg) gradients.[23]

Currently, liver transplantation has been universally accepted
as an effective method for the treatment of HPS with satisfactory
moderate-term outcomes; nevertheless, a large number of studies
reporting long-term efficacies are yet lacking. Thus, clear
guidelines or consensus on the precise location to establish the
portal vein bypass, the main portal vein or the branch, is to be
investigated. Clinically, TIPS is conducted based only on the
experience and safety of the operation. In the present retrospec-
tive study, we counted the cases and conducted group analysis to
summarize the experiences. Furthermore, the sample size was
relatively large (n=81), and the impact of 3 different TIPS
approaches was investigated on the oxygenation status of
patients with HPS. Two previous studies showed that the left-
branch TIPS was associated with better efficacy and safety than
the right-branch TIPS.[24,25] The results also suggested that the
approaches with the left-branch puncture should be superior in
improving the oxygenation status; however, the 1-year survival
rate is equivalent in the 3 groups, indicating that different
procedures only affect the short-term effect. As this study was not
designed to address any efficacy issue, a randomized controlled
trial might be warranted.
Despite being less morbid and risky than liver transplantation,

TIPS also presents some adverse events; for instance, the risk of
hepatic encephalopathy and exacerbated bleeding.[26] The most
common adverse events include hepatic encephalopathy and
hepatic myelopathy in the present study, which are similar to that
presented in previous studies. In addition, we observed
intraoperative thoracic or abdominal hemorrhage cases at the
very beginning of TIPS; however, these could be resolved by
adequate training. Moreover, stent dysfunction, also one of the
most common events, is now resolved by using a covered stent.
Despite the lack of long-term follow-up study of TIPS for HPS,

TIPS has been suggested to be useful for patients awaiting liver
transplantation.[11,17] Furthermore, TIPS and liver transplanta-
tion lead to satisfactory outcomes.[9,27] In the present study, only
group A displayed short-term complications after TIPS; none-
theless, the study was not designed to address the safety issue of
the TIPS approach. In addition, the use of TIPS for HPS is yet
controversial.[23]

Nevertheless, the present study has some limitations. The
design of the study was retrospective, the sample was small, and
conducted at a single center. Thus, additional studies are essential
for determining the benefits of TIPS for HPS.
In conclusion, TIPS operation significantly decreased the portal

vein pressure and improved hypoxemia in HPS cases. The left
portal vein for TIPS was recommended, as it could improve the
HPS symptoms of hypoxemia and increase the arterial oxygen.
For the patients awaiting liver transplantation, TIPS could be an
appropriate approach; however, the exact TIPSmethod has yet to
be tested using a controlled trial.
6

Additional studies are essential to determine the elective TIPS
procedures. Currently, we use Fluency stent, which can efficiently
decrease the portal vein pressure as well as stent dysfunction.
However, a further study utilizing the new stent of Vittor along
with a long-term follow-up study is imperative for better
evaluation.
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