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Abstract

AIM
To evaluate the effect of initial stent position on
transjugular intrahepatic portosystemic shunt (TIPS).

METHODS

We studied 425 patients from January 2004 to January
2015 with refractory ascites or variceal bleeding who
required TIPS placement. Patients were randomly
divided into group A (stent in hepatic vein, 7 = 57),
group B (stent extended to junction of hepatic vein
and inferior vena cava, 7 = 136), group C (stent in left
branch of portal vein, 7 = 83) and group D (stent in
main portal vein, 7 = 149). Primary unassisted patency
was compared using Kaplan-Meier analysis, and
incidence of recurrence of bleeding, ascites and hepatic
encephalopathy (HE) were analyzed.

RESULTS

The mean primary unassisted patency rate in group B
tended to be higher than in group A at 3, 6 and 12 mo
(P = 0.001, 0.000 and 0.005), and in group D it tended
to be lower than in group C at 3, 6 and 12 mo (P =
0.012, 0.000 and 0.028). The median shunt primary
patency time for group A was shorter than for group
B (5.2 mo vs 9.1 mo, 95%CI: 4.3-5.6, P = 0.013, log-
rank test), while for group C it was longer than for
group D (8.3 mo vs 6.9 mo, 95%CI: 6.3-7.6, P = 0.025,
log-rank test). Recurrence of bleeding and ascites in
group A was higher than in group B at 3 mo (P = 0.014
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and 0.020), 6 mo (P = 0.014 and 0.019) and 12 mo (P
= 0.024 and 0.034. Recurrence in group D was higher
than in group C at 3 mo (P = 0.035 and 0.035), 6 mo (P
= 0.038 and 0.022) and 12 mo (P = 0.017 and 0.009).
The incidence of HE was not significantly different
among any of the groups (P = 0.965).

CONCLUSION

The initial stent position can markedly affect stent
patency, which potentially influences the risk of
recurrent symptoms associated with shunt stenosis or
occlusion.

Key words: Transjugular intrahepatic portosystemic
shunt; Liver cirrhosis; Stent position; Portal hypertension

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We studied a large cohort of patients with
cirrhosis who underwent transjugular intrahepatic
portosystemic shunt for recurrent variceal bleeding
and ascites. Initial stent position at both the distal and
proximal endpoints can markedly affect stent patency,
which potentially influences the risk of recurrent
symptoms associated with shunt stenosis or occlusion.
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position on patency of transjugular intrahepatic portosystemic
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INTRODUCTION

Transjugular intrahepatic portosystemic shunt (TIPS)
is currently used for the treatment of complications of
portal hypertension™. The establishment of TIPS has
been widely accepted as an alternative to surgery in
the management of complications from portal hyper-
tension, such as variceal bleeding, refractory ascites,
Budd-Chiari syndrome, hepatorenal syndrome, hepatic
hydrothorax and even hepatopulmonary syndrome'®.
After TIPS was introduced as an alternative treatment
for complications related to portal hypertension, it
has become progressively recognized as an effective
therapeutic option in a growing number of clinical
situations™*,

Despite its efficacy in preventing such syndromes,
however, TIPS is prone to shunt stenosis or occlusion
leading to shunt failure, and approximately half of all
patients with TIPS require shunt revision during follow-
up™, making close surveillance and frequent costly
revisions mandatory'. Recently, the use of a new
generation of covered stents has overcome the problem
of shunt dysfunction with significant improvement in
TIPS patency and clinical efficacy’”. Many experimental
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and clinical studies® have been performed with the use
of covered stent grafts to improve the long-term patency
of TIPS. The best results have been achieved with the
use of stent grafts covered with polytetrafluoroethylene
(PTFE), as reported by Nishimine et a/®!; and these
positive results were confirmed by Haskal'® and Jung
et al''l, Even with these new stents, however, post-
TIPS shunt obstruction and a high clinical symptom
recurrence rate remain problematic.

The purpose of this study was to evaluate the
effect of initial stent position on primary shunt patency
and time to recurrence of TIPS-related symptoms of
ascites or variceal bleeding.

MATERIALS AND METHODS

Patient information

We retrospectively enrolled 1950 patients referred
to us on an intention-to-treat basis who underwent
a TIPS procedure at our institution between January
2004 and January 2015. The Ethic Institutional Review
Board Committee approved the study protocol and
all patients agreed to treatment by written consent.
We reviewed the medical records and medical images
for 436 patients to gather information regarding the
underlying etiology, clinical presentation, age, sex,
and severity of cirrhosis. Four hundred and twenty-
five patients successfully underwent TIPS, and the
demographic data were compared between the groups.
Age, sex, etiology and Child-Pugh score are shown
in Table 1, and there were no significant differences
among the groups.

Study design

This study was a randomized, single-center, open-label
trial that compared the effect of primary stent position
on primary shunt patency at different stent ends,
leading to different clinical manifestations. The patients
were randomly divided into four groups: A (stent in
hepatic vein, n = 57), B [stent extended to junction of
hepatic vein and inferior vena cava (IVC), n = 136], C
(stent in left branch of portal vein, n = 83) and D (stent
in main portal vein, n = 149), according to the initial
stent position in the distal inflow and proximal outflow
ends. The inclusion criteria were portal-hypertension-
related complications of recurrent variceal bleeding
(n = 309) after a session of variceal sclerotherapy
or refractory ascites (n = 116) or both (n = 78) that
required TIPS placement. The exclusion criteria were as
follows: variceal bleeding as an emergency indication,
portal vein thrombosis, present history of hepatic
encephalopathy (HE), severe right-sided heart failure,
severe liver failure (bilirubin > 4 mg/dL), polycystic
liver disease, dilated biliary ducts, age > 75 years,
bilirubin level > 5 mg/dL, creatinine level > 3 mg/dL,
Child-Pugh score > 11, hepatic carcinoma, sepsis,
spontaneous bacterial peritonitis, and patients who
underwent liver transplantation.
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Table 1 Demographic characteristics of the patients

Parameter Group P value
A B C D

n 57 136 83 149

Male/female 24/33 64/72 42/41 70/79 0.806

Ageinyr 39.35 +19.56 36.97 +15.79 34.33 £12.35 37.69 £16.69 0.959

Etiology, viral/not viral 52/5 125/11 78/5 136/13 0.806

Child-Pugh class, A/B/C/D 6/44/7 18/99/19 8/62/13 16/109/24 0.968

Figure 1 Stent was positioned as described in the study design for each group. A: Ideal position of the stent endpoint in the TIPS procedure. The transverse
arrow indicates the proximal end of the stent at the junction of the hepatic vein and IVC. No angle was formed between the stent and left branch of the portal vein. The
proximal end of the stent was located at the junction of the hepatic vein and IVC and did not cause stenosis or occlusion, and did not affect liver transplantation. The
arrow pointing up indicates the distal end of the stent located at the left branch of the portal vein. The stent was in parallel to the direction of blood flow, therefore, it
was not easy to cause stent stenosis or occlusion; B: The proximal end of the stent in the hepatic vein in the TIPS procedure. The arrow indicates the proximal end of
the stent in the hepatic vein. The stent endpoint caused stenosis or occlusion due to blood flow shear force and vascular intimal hyperplasia; C: Distal end of the stent
in the main hepatic vein in the TIPS procedure. The arrow indicates the distal end of the stent in the main hepatic vein in the transjugular intrahepatic portosystemic
shunt procedure. The distal end of the stent was prone to stimulate the blood vessel wall and interfered with the portal vein blood flow. The stent endpoint caused
stenosis or occlusion due to blood flow shear force and vascular intimal hyperplasia. TIPS: Transjugular intrahepatic portosystemic shunt; IVC: Inferior vena cava.

TIPS procedure

TIPS was carried out under standard local anesthesia.
All of the patients were evaluated and followed up by
the same medical team using a prospective protocol
diagnostic work-up and surveillance strategy. Before
the operation, the patients’ medical histories were
taken, and after TIPS, the four groups were followed
up according to the same protocol.

TIPS was performed through a transjugular
approach, as described previously™?. After mesenteric
artery angiography was performed, the right hepatic
vein was reached using a TIPS set (RUPS-100; Cook
Inc., Bloomington, IL, United States), and the left or
right branch of the portal vein was punctured under
the guidance of digital subtraction angiography in both
the posterior anterior and lateral positions. When the
branch of the portal vein was punctured and confirmed
by portoangiography, a 7-8-mm balloon (Cook Inc.)
dilated the hepatic tract. A 7-8-mm covered stent
(Fluency; Bard, Voisins le Bretonneux, France) was
used for TIPS creation and two bare 10-mm stents
were used inside the Bard stent. Portosystemic gradient
(PSG) and right atrial pressure were measured before
and after TIPS.

The entire length of the intrahepatic tract should be
covered by the stent graft. The stent was positioned as
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described in the study design for each group (Figure 1).

The shunts were dilated to full nominal diameter
to reach a target PSG of < 12 mmHg and gastroe-
sophageal collateral vessels observed during the TIPS
procedure were embolized with coils (Cook Inc.). A
covered stent (Viatorr; W.L. Gore and Associates,
Flagstaff, AZ, United States) was not used because
they were not approved by the State Food and
Drug Administration in the Chinese Mainland for the
patients included in this study. Subsequent direct porto-
graphy was performed to evaluate whether the portal
venous system was completely patent. After the TIPS
procedure, intravenous heparin (4000 U/d; Chase Sun
Pharma Co. Ltd, Tianjing, China) was given for 3 d and
then oral warfarin (2.5 mg/d; Orion Pharma Co. Ltd.,
Orionintie, Finland) was prescribed to achieve 2 of
international normalized ratio.

Follow-up

Baseline duplex sonography was performed on the day
after TIPS creation. Subsequent shunt velocities were
compared to this baseline result during follow-up. After
TIPS, patients were placed into a routine follow-up
protocol identical for each group. They were seen as
outpatients 1 mo after the procedure and then every 3
mo, or whenever needed. Each consultation included a
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Table 2 Mean pressure of the right atrium and portosystemic gradient value before and after transjugular intrahepatic portosystemic

shunt placement

Group Pressure of the right atrium in mmHg P value PSG in mmHg P value
Before TIPS After TIPS Before TIPS After TIPS

A 2.81+1.58 298 +1.11 0.335 31.08 +8.11 13.81 £4.50 0.014

B 2.87 +1.58 3.01 £1.11 0.235 33.73+7.77 15.00 £ 4.32 0.009

C 2.79+1.45 3.03 +£1.03 0.149 32.69 +7.55 1457 £4.12 0.015

D 2.80+1.44 2.95+1.04 0.101 32.65+7.26 14.34 £3.84 0.012

TIPS: Transjugular intrahepatic portosystemic shunt; PSG: Portosystemic gradient.

clinical examination, blood chemistry, and assessment
of HE. Ultrasonography was performed at 1 and 4
wk after TIPS and then at 3 and 6 mo, and at 6-mo
intervals thereafter, or in case of recurrent bleeding or
ascites.

The primary endpoint of the study was primary
unassisted patency, which was determined from the
review of interventional radiology clinic records. Primary
unassisted patency rate, the first stenosis or occlusion
time was compared.

Shunt dysfunction that needed shunt revision during
TIPS venography, or significant recurrent symptoms
were used as endpoints for the loss of primary
unassisted patency. TIPS angiography was performed
in patients with recurrent symptoms of suspected shunt
dysfunction. TIPS revision was performed when a
hemodynamically significant shunt stenosis (> 50%)
was present with recurrent variceal bleeding, recurrent
or gradually worsening ascites, and PSG = 15 mmHg
unless grade IlI /IV encephalopathy (West Haven
Criteria) was present. Patients lost to follow-up were
censored at the time of the last known imaging of the
shunt (duplex ultrasonography or shunt venography).

Statistical analysis

Results are expressed as mean £ SD. Primary patency
and the first stenosis or occlusion time were calculated
using the Kaplan-Meier method, and the resultant
curves were compared by means of the log-rank test.
Logistic regression analysis was then performed for the
variables. The differences between the groups were
compared using one-way analysis of variance followed
by least significant difference t tests. Differences were
considered significant at P < 0.05. The statistical
analyses were performed with SPSS version 20.0
(SPSS, Chicago, IL, United States).

RESULTS

We created a shunt between the hepatic vein, or the
IVC and the portal vein, with successful deployment of
the stent graft, and no patients had stents extending
into the right atrium at the time of TIPS procedure.
Among 436 patients, 425 (97.5%) had technically
successful TIPS, and no patient died within 30 d after
TIPS, with an early survival rate of 100%.

Before TIPS placement, the mean right atrial
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pressure in the four groups was 2.81 £ 1.58 mmHg in
group A, 2.87 £ 1.58 mmHg in group B, 2.79 + 1.45
mmHg in group C and 2.80 £+ 1.44 mmHg in group D.
After TIPS placement, the mean right atrial pressure
was 2.98 + 1.11 mmHg in group A (P = 0.335), 3.01
+ 1.11 mmHg in group B (P = 0.235), 3.03 + 1.03
mmHg in group C (P = 0.149) and 2.95 + 1.04 mmHg
in group D (P = 0.101). There were no significant
differences before and after TIPS placement (P > 0.05).
After TIPS placement, the mean PSG value decreased
from 31.08 + 8.11 to 13.81 + 4.50 mmHg in group A (P
= 0.014), 33.73 £ 7.77 to 15.0 * 4.32 mmHg in group
B (P = 0.009), 32.69 £ 7.55 to 14.57 £ 4.12 mmHg in
group C (P = 0.015) and 32.65 + 7.26 to 14.34 + 3.84
mmHg in group D (P = 0.012). There were significant
differences before and after TIPS placement (P < 0.05)
(Table 2).

In group A (Table 3), 74 patients showed stent
stenosis or occlusion of the outflow endpoint via
venography. Forty-four patients showed recurrent
variceal bleeding, 43 showed ascites, and 10 showed
both recurrent variceal bleeding and ascites. Of
all the patients who showed stent dysfunction, 51
patients underwent balloon dilation, and in 23 the
stent was replaced and extended to the IVC. Nine
patients manifested HE: seven were grade [ and two
were grade II. After drug treatment, the symptoms
disappeared in patients with grade I or II HE.

In group B, 53 patients showed stent stenosis or
occlusion of the outflow endpoint via venography. A
total of 29 patients showed recurrent variceal bleeding,
24 showed ascites, and 19 showed both variceal
bleeding and ascites. Of all the patients who showed
stent dysfunction, 41 underwent balloon dilation, and
in 12 the stent was replaced and extended to the IVC.
Twenty-two patients had HE: 13 were grade I, 6 were
grade II, and 3 were grade III. After drug treatment,
the symptoms disappeared in patients with grade I or
II HE, and in patients with grade Il HE, the symptoms
disappeared after implantation of shunt-reducing
stents.

In group C, 50 patients showed stent stenosis
or occlusion via venography, 24 showed recurrent
variceal bleeding, 27 showed ascites, and 9 showed
both variceal bleeding and ascites. Among the patients
who showed stent dysfunction, 38 underwent balloon
dilation and 12 underwent stent replacement. Thirteen
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Table 3 Clinical characteristics of the patients

Characteristic Group A Group B P value Group C Group D P value
Unassisted 3 mo 75.4% 92.6% 0.001 88.0% 73.8% 0.012
6 mo 57.9% 89.2% 0.000 86.0% 66.4% 0.000
Patency rate 12 mo 54.4% 75.0% 0.005 74.7% 60.4% 0.028
Median primary patency in mo 52 9.1 0.013 8.3 6.9 0.025
Mean primary patency 4.98 15.01 0.006 13.28 8.20 0.009
Recurrence 3 mo 15.8% 5.1% 0.014 6.0% 15.4 0.035
of bleeding in mo 6 mo 28.1% 13.2% 0.014 9.6% 20.1% 0.038
12 mo 33.3% 18.4% 0.024 13.3% 26.8% 0.017
Median recurrent bleeding in mo 52 74 0.016 13.61 7.47 0.011
Mean recurrent bleeding in mo 421 6.93 0.023 8.7 6.3 0.018
Recurrence 3 mo 17.5% 6.6% 0.020 5.9% 16.4% 0.035
of ascites in mo 6 mo 22.8% 10.3% 0.019 10.5% 25.5% 0.022
12mo 35.1% 20.6% 0.034 19.3% 35.6% 0.009
Mean recurrent ascites in mo 6.11 11.45 0.011 14.26 7.19 0.005
Median recurrent ascites in mo 5.9 10.4 0.007 9.1 6.8 0.009
Stent dysfunction times 74 53 0.037 50 117 0.021
Hepatic encephalopathy cases 9 22 13 22 0.965

patients had HE: 8 were grade I and 5 were grade 1I .
After drug treatment, the symptoms disappeared in
patients with grade I or I HE.

In group D, 117 patients showed stent stenosis or
occlusion via venography, 93 showed recurrent variceal
bleeding, 114 showed ascites, and 30 showed both
variceal bleeding and ascites. Among the patients
who showed stent dysfunction, 89 underwent balloon
dilation and 28 underwent stent replacement. Twenty-
two patients had HE: 14 were grade | , 6 were grade
I, and 2 were grade III. After drug treatment, the
symptoms disappeared in patients with grade I or
I HE, and in patients of grade Il HE, the symptoms
disappeared after implantation of shunt-reducing
stents. There was a significant difference in stent
dysfunction times between groups C and D (P = 0.021).

The unassisted patency rates for groups A and B
were 75.4% vs 92.6% (3 mo, P = 0.001), 57.9% vs
89.2% (6 mo, P = 0.000), and 54.4% vs 75.0% (12
mo, P = 0.005), respectively, and these differences
were significant (P < 0.05). The primary unassisted
patency rates of groups C and D were 88.0% vs
73.8% (3 mo, P = 0.012), 86.0% vs 66.4% (6 mo, P
= 0.000), and 74.7% vs 60.4% (12 mo, P = 0.028),
respectively, and these differences were significant (P
< 0.05).

As for the stent stenosis or occlusion time, in group A,
the first symptoms were seen at 3.6 and 6.7 mo later,
but the first symptoms were 5.4 and 7.4 mo later in
group B. The mean shunt primary patency time was 4.98
mo in group A and 15.01 mo in group B (P = 0.006).
The median shunt primary patency time was 5.2 mo in
group A and 9.1 mo in group B (95%CI: 4.3-5.6) (P =
0.013, log-rank test). There was a significant difference
in stent dysfunction times between groups A and B (P
= 0.037). As for the stent stenosis or occlusion time,
in group C, the first symptoms were seen at 3.6 and
6.7 mo later, but the first symptoms were seen at 5.4
and 7.4 mo later in group D. The mean shunt primary
patency time was 13.28 mo in group C and 8.20 mo
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in group D (P = 0.009). The median shunt primary
patency time was 8.3 mo in group C and 6.9 mo in
group D (95%CI: 6.3-7.6) (P = 0.025, log-rank test)
(Figure 2A).

Recurrent bleeding and ascites in group A were
higher than in group B at 3 mo (15.8% vs 5.1%, P
= 0.014; 17.5% vs 6.6%, P = 0.020), 6 mo (28.1%
vs 13.2%, P = 0.014; 22.8% vs 10.3%, P = 0.019),
and 12 mo (33.3% vs 18.4%, P = 0.024; 35.1%
vs 20.6%, P = 0.034). The mean time to recurrent
bleeding time was 4.21 mo in group A and 6.93 mo
in group B (P = 0.023). The median time to recurrent
bleeding was 5.2 mo in group A and 7.4 mo in group
B (95%CI: 3.2-8.5) (P = 0.016, log-rank test). The
mean time to recurrence of ascites was 6.11 mo in
group A and 11.45 mo in group B (P = 0.011). The
median time to recurrence of ascites was 5.9 mo in
group A and 10.4 mo in group B (95%CI: 6.5-9.2) (P
= 0.007, log-rank test) (Figure 2B and 2C).

The recurrence of bleeding and ascites in group D
were higher than in group C at 3 mo (15.4% vs 6.0%,
P = 0.035; 16.4% vs 5.9%, P = 0.035), 6 mo (20.1%
vs 9.6%, P = 0.038; 25.5% vs 10.5%, P = 0.022),
and 12 mo (26.8% vs 13.3%, P = 0.017; 35.6%
vs 19.3%, P = 0.009). The mean time to recurrent
bleeding was 13.61 mo in group C and 7.47 mo in
group D (P = 0.018). The median time to recurrent
bleeding was 8.7 mo in group C and 6.3 mo in group
D (95%CI: 3.2-8.5) (P = 0.011, log-rank test). The
mean time to recurrence of ascites was 14.26 mo in
group C and 7.19 mo in group D (P = 0.005). The
median time to recurrence of ascites was 9.1 mo in
group C and 6.8 mo in group D (95%CI: 6.5-9.2) (P =
0.009, log-rank test).

In all the patients among the four groups, the
incidence of HE did not differ significantly (P = 0.965).

DISCUSSION

It was believed previously that the shear force
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Figure 2 Primary unassisted patency (A), recurrent variceal bleeding
(B) and recurrent ascites (C) in four groups of patients with transjugular
intrahepatic portosystemic shunt. A: The median shunt primary patency time
was 5.2 mo in group A and 9.1 mo in group B (95%Cl: 4.3-5.6, P = 0.013, log-
rank test). The median shunt primary patency time was 8.3 mo in group C and
6.9 mo in group D (95%Cl: 6.3-7.6, P = 0.025, log-rank test); B: The median
time to recurrence of bleeding was 5.2 mo in group A and 7.4 mo in group B
(95%Cl: 3.2-8.5, P = 0.016, log-rank test). The median time to recurrence of
bleeding was 8.7 mo in group C and 6.3 mo in group D (95%Cl: 3.2-8.5, P =
0.011, log-rank test); C: The median time to recurrence of ascites was 5.9 mo
in group A and 10.4 mo in group B (95%Cl: 6.5-9.2, P = 0.007, log-rank test).
The median time to recurrence of ascites was 9.1 mo in group C and 6.8 mo in
group D (95%Cl: 6.5-9.2, P = 0.009, log-rank test).

of blood flow at the end of the stent, and fibrotic
healing response to the injury of shunt creation leads
to parenchymal stenosis, resulted in stenosis and
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occlusion due to the pseudointimal hyperplasia of the
shunt end™. A previous study has suggested that the
end of the stent positioned in the hepatic vein within
2 cm of the junction of hepatic vein and IVC improves
the primary patency of TIPS when deployed with
bare metallic stent. The other factors of tract angle
influence the primary patency of the TIPS!"?, such as
portal vein to the parenchymal tract and hepatic vein
to the parenchymal tract.

Andring et al'™®! have suggested that whether the
end of the stent position in relation to the hepatic vein
IVC confluence or other factors of tract angle, such
as portal vein to parenchymal tract and hepatic vein
to parenchymal tract, have little effect on the primary
patency rate, which leads to recurrence of symptoms
and related mortality following TIPS.

PTFE-covered stent grafts increase the patency
of the stent for the TIPS procedure!*®*”). However, it
is reported that TIPS stent dysfunction and related
complications remain problems that disturb the
preferred clinical outcomes™®*, It is recommended
that the outflow of the PTFE-covered stent is connected
to the junction of the hepatic vein and IVC, and the
inflow to the main portal vein!%%,

The standard of position of the stent graft in the
hepatic vein in TIPS creation is based on the study by
Clark et a/*, in which the bare-metal stents used led
to the suggestion. They suggested that the hepatic
venous end of the bare metal stent was positioned
within 2 cm of the junction of the hepatic vein and IVC
was superior primary patency during TIPS creation.

The dilemma of initial stent position during TIPS
placement can have several clinical implications2,
Andring et al'™®! have shown that the hepatic venous
end of TIPS stent graft position in relation to the
hepatic vein and IVC junction has little effect on the
primary patency rate following TIPS. Similarly, other
factors such as whether access to the portal vein of the
stent involved the inflow end also has no significant
effect on primary patency, which leads to recurrence of
symptoms and TIPS-related mortality. Others believe
that the initial stent position within the outflow end
of the TIPS stent graft is an important determinant
of primary shunt patency, and have suggested that
adequate stent coverage of the hepatic venous outflow
affects stent patency®***. For patients in whom the
caudal end of the stent was not parallel to the vascular
wall of the portal vein, chronic injury to the portal vein
intima caused by the end of the stent graft can be
responsible for the stenosis or occlusion of the portal
vein™¥,

Our center has been engaged in TIPS treatment
since 1993, from the outset of using bare stents to
stent grafts after 2004. Placement of the stent in the
left branch of the portal vein decreases the risk of HE,
and highly angulated and/or tortuous parenchymal
tracts, affects shunt patency by creating areas of
altered shear stress with potentially accelerated
pseudointimal hyperplasiat®*?®!. During the TIPS
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procedure, we punctured as far as possible to the left
branch of the portal vein and the stent was straight,
avoiding the sheer force of the blood flow caused by
the stent. In our study, all 425 patients had the left
branch of the portal vein punctured, in an attempt to
minimize the occurrence of HE.

In this study, we investigated the problem of
initial stent position at the time of TIPS creation and
predicted stent patency. As reported previously™”, we
did not compare long-term outcomes among the four
groups because patients who were later found to have
TIPS shunt terminating in the hepatic vein or main
portal vein underwent TIPS revision with placement of
an additional stent to extend the outflow to the IVC,
and/or dilated balloon.

As seen in our study, the primary unassisted
patency rate in group B tended to be higher than in
group A, and the median unassisted patency time was
shorter in group A than in group B. We confirmed that
the initial end of the stent position within the outflow
of the TIPS shunt is an important determinant of shunt
patency. The stenosis or occlusion sites in the cases
with shunt dysfunction correlated well with their initial
stent position, and we suggest that an adequate stent
should be extended to the junction of the hepatic vein
and IVC.

It is believed that, in patients who are potential
liver transplantation candidates, the outflow position
of the initial stent must be chosen with care as to
avoid where it will interfere with placement of the
suprahepatic clamp™??, However, for orthotopic liver
transplantation, the lack of liver tissue attachment to
the stent, which allows an easier stent-graft removal,
and the need to cover the IVC does not seem to be
a contraindication in patients awaiting liver trans-
plantation®”, For piggy-back liver transplantation,
stent placement at the junction of the hepatic vein and
IVC does not influence the suprahepatic clamp®™!. So,
we suggest that an adequate stent should be extended
to the junction of the hepatic vein and IVC, and it
should not influence liver transplantation.

Acceptance of the PTFE-covered stent (Viatorr) in
the Chinese marketplace means that it will be widely
deployed in TIPS placement. The inflow endpoint of
the stent is the main portal vein®®?. The bare part of
the stent is stiff and may cause endothelial injuries,
with the subsequent development of thrombosis. A
modification of the uncovered portion of the stent
graft would probably be necessary to avoid portal vein
stenosis.

In our study, the primary unassisted patency rate
in group C tended to be higher than in group D, and
the median unassisted patency time was longer in
group C than group D. Our experience was consistent
with the hypothesis that the end of the stent leads
to chronic injury to the portal vein intima that is re-
sponsible for portal vein stenosis or occlusion. The
portal blood flow is remodeled by the inflow position
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after stent placement, which produces a vortex and
turbulence, and the shear force and uneven flow
cause endometrial damage, thrombosis, intimal hyper-
plasia and stenosis*****, Thus, we suggest that if
improvement is needed at the front end of the stent,
one should not enter the main portal vein in order to
reduce the possibility of stenosis or occlusion.

The incidence of HE reported in the literature
varies widely®!, However, in our study, HE occurred
at the same rate at the first year after TIPS creation.
We speculate that the prevalence of HE was equal in
the inpatients treated with an 8-mm stent, and shunt
dysfunction needed immediate revision during TIPS
venography for stent patency. We recommend the use
of 8-mm stent grafts in most patients.

Our study had some limitations. First, it was a
retrospective, single-center study, although there was
a wide range of patient populations. We now anticipate
a multicenter study. Second, we have yet to apply
the PTFE-covered stent (Viatorr) stent, which has
not been used in this capacity, but it is expected that
some suggestions will be provided based on previous
experience. Third, the specification of balloon and
stent was deficient, which may have resulted in errors.

In conclusion, the initial stent position within the
outflow and inflow of the TIPS creation is an important
determinant of shunt primary patency. We suggest
that the initial stent position of the outflow should be
extended to the junction of the hepatic vein and IVC,
and the inflow to the left branch of the portal vein.
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Background

Transjugular intrahepatic portosystemic shunt (TIPS) is currently used for
the treatment of complications of portal hypertension. Despite its efficacy in
preventing syndromes, TIPS is prone to shunt stenosis or occlusion leading
to shunt failure, and about 50% of patients with TIPS require shunt revision,
which makes close surveillance and frequent costly revisions mandatory. Even
with new stents or stent grafts covered with polytetrafluoroethylene (PTFE),
post-TIPS shunt obstruction and a high rate of symptom recurrence remain
problems. The purpose of this study was to evaluate the effect of selected
technical factors of the primary stent position on primary shunt patency, and
time to recurrence of symptoms in TIPS with a stent graft to avoid the need for
repeat interventions.

Research frontiers

Previous studies based on TIPS created with bare metallic stents have
suggested that the positioning of the hepatic venous end of the stent within 2
cm of the hepatic vein/inferior vena cava (IVC) junction improves the primary
patency of TIPS. It is recommended that the outflow of the PTFE-covered stent
(Viatorr) is placed at the junction of the hepatic vein and IVC, and the inflow at
the main portal vein. These results help to explain the inflow of the stent to the
portal vein, outflow of the stent to the hepatic vein and IVC, by retrospective
analysis of a large patient sample and long-term case review. The results of this
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study also provide useful clinical suggestions.

Innovations and breakthroughs

In this study, the initial position of the stent inflow at the junction of the hepatic
vein and IVC prolongs the median primary unassisted patency rate and reduces
the incidence of recurrent bleeding and ascites. These results are in agreement
with previous reports. However, in this study, the initial position of the stent
outflow at the left branch of the portal vein also prolonged the median primary
unassisted patency rate and reduced the incidence of recurrent bleeding and
ascites. This emphasizes that the initial stent position within the outflow and
inflow of the TIPS is an important determinant of shunt patency, and suggests
that the initial stent position of the outflow should be extended to the junction of
the hepatic vein and IVC, and the inflow to the left branch of the portal vein.

Applications

The initial stent position within the outflow and inflow of the TIPS is an important
determinant of shunt patency. This study suggests that the initial stent position
of the outflow should be extended to the junction of hepatic vein and IVC, and
the inflow to the left branch of the portal vein.

Terminology

TIPS is currently used for the treatment of complications of portal hypertension
by establishing a shunt between the intrahepatic portal vein and vena cava to
relieve portal hypertension.

Peer-review

The author reported 425 patients with refractory ascites or variceal bleeding
treated with TIPS placement. To date this size of cohort study have never been
reported and is essential to be published. Their results demonstrated that the
initial stent position influences stent patency, and the risk of recurrent symptoms
associated with shunt stenosis or occlusion.
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