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Abstract

AIM

To assess for passive expansion of sub-maximally dilated
transjugular intrahepatic portosystemic shunts (TIPS)
and compare outcomes with maximally dilated TIPS.

METHODS

Polytetrafluoroethylene covered TIPS (Viatorr) from
July 2002 to December 2013 were retrospectively
reviewed at two hospitals in a single institution. Two
hundred and thirty patients had TIPS maximally dilated
to 10 mm (mTIPS), while 43 patients who were at
increased risk for hepatic encephalopathy (HE), based on
clinical evaluation or low pre-TIPS portosystemic gradient
(PSG), had 10 mm TIPS sub-maximally dilated to 8 mm
(smTIPS). Group characteristics (age, gender, Model for
End-Stage Liver Disease score, post-TIPS PSG and clinical
outcomes were compared between groups, including
clinical success (ascites or varices), primary patency,
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primary assisted patency, and severe post-TIPS HE.
A subset of fourteen patients with smTIPS underwent
follow-up computed tomography imaging after TIPS
creation, and were grouped based on time of imaging
(< 6 mo and > 6 mo). Change in diameter and cross-
sectional area were measured with 3D imaging software
to evaluate for passive expansion.

RESULTS

Patient characteristics were similar between the smTIPS
and mTIPS groups, except for pre-TIPS portosystemic
gradient, which was lower in the smTIPS group (19.4
mmHg % 6.8 vs 22.4 mmHg £ 7.1, P = 0.01). Primary
patency and primary assisted patency between smTIPS
and mTIPS was not significantly different (P = 0.64 and
0.55, respectively). Four of the 55 patients (7%) with
smTIPS required TIPS reduction for severe refractory
HE, while this occurred in 6 of the 218 patients (3%) with
mTIPS (P = 0.12). For the 14 patients with follow-up
computed tomography (CT) imaging, the median imaging
follow-up was 373 d. There was an increase in median
TIPS diameter, median percent diameter change, median
area, and median percent area change in patients with
CT follow-up greater than 6 mo after TIPS placement
compared to follow-up within 6 mo (8.45 mm, 5.58%,
56.04 mm’, and 11.48%, respectively, 2 = 0.01).

CONCLUSION

Passive expansion of smTIPS does occur but clinical out-
comes of smTIPS and mTIPS were similar. Sub-maximal
dilation can prevent complications related to over-
shunting in select patients.

Key words: Variceal hemorrhage; Portal hypertension;
Transjugular intrahepatic portosystemic shunts; Ascites;
Sub-maximal dilation; Underdilated; Passive expansion;
Hepatic encephalopathy

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

Core tip: Sub-maximal dilation of transjugular intrahepatic
portosystemic shunts (TIPS) is a method to reduce
the risk of over-shunting and hepatic encephalopathy.
The current study is a retrospective review to compare
clinical outcomes of sub-maximally dilated TIPS (smTIPS)
with maximally dilated TIPS (mTIPS) and assess for
passive expansion of smTIPS. The study demonstrated
that passive expansion of smTIPS does occur, however
shunts may not fully expand and expansion may occur
even after 6 mo. Clinical outcomes of smTIPS and mTIPS
were similar, suggesting sub-maximal dilation may be an
acceptable method to prevent complications related to
over-shunting in select patients.

http://www.wjgnet.com/1948-5182/full/v9/i12/603.htm DOI:
http://dx.doi.org/10.4254/wjh.v9.112.603

INTRODUCTION

Transjugular intrahepatic portosystemic shunt (TIPS)
is an established treatment for the sequelae of portal
hypertension, particularly variceal hemorrhage and
refractory ascites. Two major complications can arise
following TIPS placement: Shunt dysfunction and hepatic
encephalopathy (HE)™. Shunt dysfunction occurs from
stenosis and the consequent rise in portosystemic gradient
(PSG) resulting in relapse of clinical manifestations of
portal hypertension!**®. In the era of bare metal stents,
TIPS dysfunction was a major problem that led to relatively
low primary patency rates, typically less than 50% at one
year™>71, However, expanded polytetrafluoroethylene (PTFE)
covered TIPS have improved patency rates and clinical
outcomes compared to bare metal TIPS™**'%. Primary
patency rates at two years have now been shown to range
from 62%-89%""1**4,

Despite these advances, HE remains a pertinent
post-procedural complication as portosystemic shunt
physiology can trigger or worsen HE!"*®l, New or
progressive post-TIPS HE of any severity has been shown
to occur in 5%-35% of patients, while severe post-TIPS
HE that does not respond to medical management and
requires TIPS reduction or occlusion, occurs in up to 7%
of patients™%>1€],

Given the potential conflicting relationship between
portal decompression and HE, efforts have been made
to develop techniques to balance the desired thera-
peutic effect while minimizing over-shunting™'”). One
such technique is to sub-maximally dilate a 10 mm
TIPS™*), Sub-maximal dilation theoretically allows for
further dilation of the TIPS in the event that the initial
portal decompression is insufficient while avoiding over-
shunting™®'®*®!, However, this technique would only be
effective if the sub-maximally dilated TIPS do not expand
significantly over time. Published data suggest the
continued outward radial force of the TIPS stent may lead
to passive expansion to its nominal diameter, limiting the
value of initial gradient calibration®***”, The current study
is a retrospective review to compare clinical outcomes
of sub-maximally dilated TIPS (smTIPS) with maximally
dilated TIPS (mTIPS) at a single large academic institution
and assess for passive expansion of smTIPS in a sub-set
of patients with follow-up cross-sectional imaging.

MATERIALS AND METHODS

Hsu MC, Weber CN, Stavropoulos SW, Clark TW, Trerotola
SO, Shlansky-Goldberg RD, Soulen MC, Nadolski GJ. Passive
expansion of sub-maximally dilated transjugular intrahepatic

portosystemic shunts and assessment of clinical outcomes.
World J Hepatol 2017; 9(12): 603-612 Available from: URL:
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Approval from the Institutional Review Board was
obtained for this retrospective study, which was carried
out in full compliance with the Health Information Port-
ability and Accountability Act. An interventional radiology
database (Hi-IQ, Conexsys, Lincoln, RI) was used to
identify all TIPS placed using an expanded PTFE-covered
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I
\ |
<6 mo > 6 mo
(n=7) n=7)

Figure 1 Patient selection. CT: Computed tomography.

stent graft (Viatorr) between July 2002 and December
2013 at two hospitals in a single institution (n = 313).
The electronic medical record was used to obtain patient
characteristics, including age, gender, pre-TIPS Model
for End-Stage Liver Disease (MELD) score, and pre-
TIPS PSG, and retrospectively reviewed to assess for
measurements of clinical outcomes, including post-TIPS
PSG, clinical success, primary patency, primary assisted
patency, and severe post-TIPS HE.

Procedure
All TIPS creation was performed as previously described™?.
In patients who were considered vulnerable to post-TIPS
HE based on (1) past medical history of HE on clinical
evaluation by the referring hepatologist or interventional
radiology service; or (2) low pre-TIPS PSG that could
result in over-shunting post-TIPS as determined by the
performing interventional radiologist, a modified TIPS
creation procedure was performed. The modified TIPS
creation involved initial placement of a hominal 10 mm
TIPS stent that was sub-maximally dilated to 8 mm
(smTIPS). Following initial dilation with the 8 mm balloon,
the PSG was measured and post-TIPS portography
was repeated at the same injection rate as the initial
portogram (8-10 mL/s for 2 s for all cases). If the PSG
normalized (< 12 mmHg) and there was no venographic
evidence of elevated gradient (i.e., persistently filling
varices), then the procedure was ended. Otherwise, the
smTIPS stent was further dilated with a 10 mm balloon,
PSG measured, and portography repeated (mTIPS). Coil
embolization of persistently filling varices following TIPS
creation with normalized PSG was performed in patients
who initially presented with variceal hemorrhage.
Decision for angioplasty, thrombectomy, or stent
placement during TIPS revision was based on veno-
graphic findings and PSG measurements. All patients
received HE prophylaxis with lactulose®!. In cases of
severe post-TIPS HE refractory to medical management
(protein restriction, lactulose, and/or rifaximin), TIPS
reduction was performed with coaxial deployment of
a FLAIR stent within the existing TIPS, or with a stent
graft with parallel balloon-expandable stent as previously
described!*®.. All patients were instructed to maintain
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a protein-restricted diet. Patients with ascites were
instructed to follow a fluid-restricted, low sodium diet.

Inclusion criteria were patients with maximally dilated
10 mm PTFE-covered TIPS or 10 mm PTFE-covered
TIPS sub-maximally dilated to 8 mm, as confirmed in
the medical record (Figure 1). Of the 313 patients who
underwent TIPS creation during the study period, forty
patients were excluded due to placement of PTFE-
covered TIPS of other nominal sizes (n = 11) or patients
with post-TIPS stent deployment angioplasty diameters
that were not confirmed in the medical record (n = 29).
The remaining 273 patients had confirmed TIPS created
with 10 mm nominal diameter stent, of which 230 patients
had mTIPS created and 43 patients underwent creation
of smTIPS. In the group of patients with smTIPS, any
computed tomography (CT) imaging follow-up was iden-
tified from the medical record (n = 14) and reviewed
with TeraRecon (TeraRecon, Foster City, CA), which is an
advanced 3D imaging processing software. Using this
imaging software, two orthogonal planes were obtained
before measuring the diameter of the TIPS stent at the
hepatic venous end, mid-stent, and the portal venous
end (Figure 2). These values were then averaged to
obtain a composite measure of TIPS diameter.

For the purposes of the current study, clinical success
was defined based on the indication for TIPS placement.
In patients who had TIPS placed for varices, clinical
success was defined as absence of further episodes of
variceal hemorrhage or development of varices requiring
intervention. Patients in the varices group with less than
one month of follow-up were excluded from the clinical
success analysis (n = 6 for smTIPS; n = 21 for mTIPS).
For patients with refractory ascites requiring TIPS place-
ment, clinical success was categorized as complete
response (absence of large-volume paracentesis within
six months post-TIPS creation) or partial response
(greater than 50% decrease in frequency of large-volume
paracentesis). Patients in the ascites group with less than
six months of follow-up were excluded from the clinical
success analysis (n = 17 for smTIPS; n = 55 for mTIPS).
Primary patency was defined as the time from TIPS
creation until revision for identified stenosis, elevated
PSG (> 12 mmHg), or recurrent symptoms. Primary
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Length: 8.44 mm

Mean: 65.24 v
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Figure 2 TeraRecon measurement of transjugular intrahepatic portosystemic shunt stent at hepatic venous end, mid-stent, and portal venous end. A: Axial
image at the hepatic venous end with cross-sectional diameter; B: Coronal image at the hepatic venous end with orthogonal plane designation; C: Sagittal image at
the hepatic venous end with orthogonal plane designation; D: Axial image at mid-stent with cross-sectional diameter; E: Coronal image at mid-stent with orthogonal
plane designation; F: Sagittal image at mid-stent with orthogonal plane designation; G: Axial image at the portal venous end with orthogonal plane designation; H:
Coronal image at the portal venous end with cross-sectional diameter; |: Sagittal image at the portal venous end with orthogonal plane designation.

assisted patency was defined as the time from TIPS
creation until shunt occlusion requiring recanalization.
Severe post-TIPS HE was defined as encephalopathy
refractory to conservative medical management requiring
TIPS reduction.

Statistical analysis

Statistical calculations were performed with GraphPad
Prism software (version 6.05; GraphPad Software; La
Jolla, CA). Unless otherwise indicated, all data were
reported as mean * SD. Categorical variables were
compared using Fisher's exact test. Continuous variables
were compared using unpaired two-tailed Student’s
t-test and Mann-Whitney test for data with a parametric
and non-parametric distribution, respectively. Primary
and primary assisted patency rates were estimated with
the Kaplan-Meier method. Patients were censored at
the time of death or liver transplantation. Patency rates
between smTIPS and mTIPS groups were compared with
the log-rank test. Severe post-TIPS HE was analyzed
on an intention-to-treat basis resulting in 12 patients
from the mTIPS group, originally dilated to 8 mm but
subsequently maximally dilated to normalize the post-
TIPS PSG, being included in the smTIPS group. A P-value
less than 0.05 was considered significant for all analyses.

RESULTS
Patient characteristics and post-TIPS PSG are presented

WJH | www.wjgnet.com
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in Table 1. There were 150 males and 80 females who
underwent mTIPS creation with a mean age of 54.5 years
+ 0.7 (range, 20-81). Of the 43 patients that had smTIPS
created, 23 were male with a mean age of 56.5 years +
2.3 (range 10-83). There was no statistically significant
difference between the two patient populations based
on gender or age (P = 0.17 and 0.29, respectively).
The mean pre-TIPS MELD score in patients with mTIPS
was 13.5 + 0.3 (range, 6-28) while it was 13.6 £ 0.6
(range, 6-25) for patients with smTIPS, which was not
significantly different (P = 0.82). The mean pre-TIPS PSG
was higher for patients with mTIPS (22.4 mmHg + 7.1;
range, 9-73) compared to those with smTIPS (19.4 mmHg
+ 6.8; range, 8-45), which was statistically significant (P
= 0.01). Following TIPS placement, the median PSG was
8 mmHg for both mTIPS and smTIPS (range, 2-20 and
1-13, respectively) with a mean percent decrease in PSG
of 61.0% =+ 12.4 (range, 0-89) and 59.1% =% 15.9 (range,
0-95), respectively. These were not statistically different
(P = 0.13 and 0.53, respectively). The patients with post-
TIPS PSG above the goal of 12 mmHg had a mean pre-
TIPS PSG of 33 + 13.2 (range 20-73) and experienced
a mean percent decrease in PSG following TIPS creation
of 48.3% =+ 13.1 (range, 30.8-82.2) compared to those
patients with post-TIPS PSG at or below the goal of 12
mmHg who had a mean pre-TIPS PSG of 21.1 mmHg +
5.7 (range, 8-53) and mean percent decrease in PSG of
61.6% =+ 12.6 (range, 0-95) (P < 0.01 and < 0.01) (Table 2).

Of the 43 patients with smTIPS, there were 14
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Table 1 Demographics and clinical characteristics

Sub-maximally dilated Maximally dilated P value

Total patients 43 230 NA
Male 23 150 0.17
Female 20 80

Mean age (yr) 56.5 £ 2.3 (range 10-83) 54.5 + 0.7 (range 20-81) 0.29
Mean MELD 13.6 + 0.6 (range 6-25) 13.5 + 0.3 (range 6-28) 0.82
Mean pre-TIPS PSG (mmHg) 19.4 + 6.8 (range 8-45) 224 +7.1 (range 9-73) 0.01
Median post-TIPS PSG (mmHg) 8 (range 1-13) 8 (range 2-20) 0.13
Mean percent change in PSG (%) 59.1+15.9 (range 0-95) 61.0 +12.4 (range 0-89) 0.53

MELD: Model for end-stage liver disease; TIPS: Transjugular intrahepatic portosystemic shunt; PSG: Portosystemic gradient; NA: Not applicable.

Table 2 Mean pre-transjugular intrahepatic portosystemic shunt portosystemic gradient and percent change in portosystemic

gradient in patients with post-transjugular intrahepatic portosystemic shunt portosystemic gradient above and below 12 mmHg

> 12 mmHg < 12 mmHg P value
Mean pre-TIPS PSG (mmHg) 33 +13.2 (range 20-73) 21.1+5.7 (range 8-53) <0.01
Mean percent change in PSG (%) 48.3 +13.1 (range 30.8-82.2) 61.6 +12.6 (range 0-95) <0.01

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

Table 3 Measurements of 8 mm transjugular intrahepatic portosystemic shunt stents on computed tomography imaging follow-up

Median diameter (mm) Median percent diameter change Median area (mm?) Median percent area change
<6mo (n=7) 8.05 (range 7.84-8.43) 0.67% 50.94 1.34%
>6mo (n=7) 8.45 (range 8.23-8.72) 5.58% 56.04 11.48%
P-value 0.01 0.01% 0.01 0.01%

had last imaging follow-up after 6 mo had a median
diameter, percent diameter change, area, and percent
area change of 8.45 mm (range, 8.23-8.72 mm), 5.58%,
Length: 8.25 mm 56.04 mm?, and 11.48%, respectively. When comparing
m:iﬁag‘f-% these two subgroups, there was a statistically significant
Min: -148 increase in diameter, percent diameter change, area, and
SDev: 139.19 percent area change (P = 0.01) (Figures 3 and 4).
Post-TIPS clinical success is summarized in Table 4.
Nine of 14 patients (64%) who had smTIPS placed for
refractory ascites experienced complete clinical success
and 11 of 14 patients (79%) experienced at least partial
clinical success. Similarly, 63 of the 98 patients (64%)
who underwent mTIPS placement for refractory ascites
Figure 3 Mid-stent measurement of sub-maximally dilated transjugular experienced complete clinical success and 89 of 98
intrahepatic portosystemic shunt 103 d (< 6 mo) following creation. patients (91%) had at least partial dlinical success. There
was no statistically significant difference in complete or
patients who had CT imaging follow-up (Table 3). Median partial clinical success between patients with smTIPS or
time to last imaging follow-up was 373 d. The diameter mTIPS (P = 1 and P = 0.17, respectively). For variceal
and cross-sectional area of initial TIPS placement was bleeding, 7 of 9 patients (78%) with smTIPS and 64
assumed to be 8 mm and 50.27 mm’, corresponding to of 75 patients (85%) with mTIPS experienced clinical
the diameter and area of the balloon used for dilation. success, which was not significantly different (P = 0.62).
Seven patients had last CT imaging follow-up within 6 Kaplan-Meier survival curves depicting primary and
mo (range, 4-172 d) and 7 patients had last CT imaging primary assisted patency rates for smTIPS and mTIPS are
follow-up after 6 mo (range, 573-2131 d). The 7 patients shown in Figures 5 and 6, respectively. Primary patency
with imaging follow-up within 6 mo had a median dia- for smTIPS and mTIPS was 85% £ 9.1% and 76% =
meter, percent diameter change, area, and percent area 5.9%, respectively, at one year, and 77% = 13 and 70%
change of 8.05 mm (range, 7.84-8.43 mm), 0.67%, + 6.9%, respectively, after two years. Primary assisted
50.94 mm’, and 1.34%, respectively. The patients that patency for smTIPS and mTIPS was 95% % 5% and
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Length: 8.19 mm
Mean: 172.49
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Figure 4 Mid-stent measurement of sub-maximally dilated transjugular intrahepatic portosystemic shunt (A) 182 d and (B) 573 d following creation (> 6

mo) in the same patient.

Table 4 Clinical Success of transjugular intrahepatic porto-
systemic shunt 7 (%)

Table 5 Severe post- transjugular intrahepatic portosystemic

shunt hepatic encephalopathy 7 (%)

Sub-maximally dilated

Maximally dilated P value

Complete Clinical Success of TIPS for Ascites

Yes 9 (64) 63 (64) 1
No 5 (36) 35 (36)

Partial Clinical Success of TIPS for Ascites

Yes 11 (79) 89 (91) 0.17
No 3(21) 99

Clinical Success of TIPS for Varices

Yes 7 (78) 64 (85) 0.62
No 2(22) 11 (15)

TIPS: Transjugular intrahepatic portosystemic shunt.

95% = 3%, respectively, at one year, and 88% % 13%
and 94% = 4%, respectively, after two years. There was
no statistically significant difference between primary or
primary assisted patency between the two groups (P
= 0.64 and 0.55, respectively). Four of the 55 patients
(7%) with smTIPS required TIPS reduction for severe
refractory HE, while this occurred in 6 of the 218 patients
with mTIPS (3%) using an intention-to-treat analysis,
although not statistically significant (P = 0.12) (Table 5).
In both smTIPS and mTIPS, the MELD scores and post-TIPS
PSG were not significantly different between patients
who experienced severe post-TIPS HE and those who did
not (Table 6).

DISCUSSION

Despite improved patency rates and reduced need for
shunt revision with PTFE-covered TIPS, HE remains a
problem following TIPS placement with some speculation
that improved patency rates may increase the incidence
of HE™*#9), HE arises when compounds derived from the
intestine that require hepatic detoxification bypass the
hepatic vascular bed in the setting of a portosystemic
shunt, and subsequently enter systemic circulation. These
compounds, typically nitrogenous in composition, travel to
the central nervous system and disturb neurotransmission,
which leads to eventual alterations in consciousness and
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Severe post-TIPS Sub-maximally Maximally dilated P value
HE dilated

Yes 4(7) 6 (3) 0.12
No 51 (93) 212 (97)

TIPS: Transjugular intrahepatic portosystemic shunt; HE: Hepatic
encephalopathy.

behavior that manifest as HE®?, This pathogenesis is
further supported with the evidence that HE occurs with
spontaneous portosystemic shunts, even in the absence
of hepatic dysfunction or TIPS™?%, Prior investigations
have also shown that an increased volume of shunted
blood, decreased portal hepatic perfusion, and a lower
PSG following TIPS placement correlate with higher rates
Of HE[5,17,18,25]-

With knowledge of the pathogenesis of HE, different
techniques have been studied in an effort to balance the
desired therapeutic effect while minimizing over-shunting
and increased risk of HE, such as smaller diameter TIPS
or altering the goal in PSG reduction for patients with
HEP*". Another technique is sub-maximal dilation of TIPS,
which allows for further staged dilation, if necessary, and
theoretically minimizes over-shunting®***#?%1, However,
passive expansion of the TIPS may limit the effectiveness
of this technique with prior evidence, in both peripheral
circulation and TIPS, that suggests this phenomenon
should be taken into consideration. Late expansion of
bare metal nitinol stents was demonstrated after 6 mo
in peripheral arteries of an animal model””. Haskal et
al*® showed that after immediate recoil of Wallstent TIPS
stents after placement, passive expansion to nominal
diameter occurred at follow-up venography three to six
months later. Pieper et al'*®! studied 29 patients with
Viatorr TIPS sub-maximally dilated to a mean of 64% of
their nominal area, and found passive expansion to 88%
during follow-up, with significant expansion occurring within
6 mo. Finally, Gaba et af*® evaluated 41 patients with 10
mm nominal Viatorr TIPS sub-maximally dilated to 8
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Table 6 Model for End-Stage Liver Disease and post-transjugular intrahepatic portosystemic shunt portosystemic gradient for

patients with and without severe post-transjugular intrahepatic portosystemic shunt hepatic encephalopathy

Mean MELD with HE Mean MELD without HE P value Median post-TIPS PSG Median post-TIPS PSG P value
with HE (mmHg) without HE (mmHg)
Sub-maximally dilated 13.3 +2.9 (range 11-17)  13.7 £ 4.3 (range 6-25) 0.85 7.5 (range 6-8) 8 (range 1-13) 0.67
Maximally dilated 15.8 4.3 (range 12-24)  13.4 4.1 (range 6-28) 0.16 10 (range 4-11) 8 (range 2-20) 0.36

MELD: Model for End-Stage Liver Disease; HE: Hepatic encephalopathy; TIPS: Transjugular intrahepatic portosystemic shunt; PSG: Portosystemic gradient.
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Figure 5 Primary patency rates of sub-maximally dilated (8 mm) vs
maximally dilated (10 mm) transjugular intrahepatic portosystemic shunt.
On Kaplan-Meier analysis, yearly patency rates through 6 years of follow-up
after transjugular intrahepatic portosystemic shunt creation are demonstrated
with 95%Cl and number at risk.

mm, and demonstrated passive expansion with follow-
up CT median stent diameter of 9.8 mm at a median of
76 d post TIPS creation without difference in incidence of
post-TIPS HE in smTIPS vs mTIPS.

In the current study, continued passive expansion
of smTIPS was observed in the subgroup of patients
with cross-sectional imaging follow-up. Additionally, a
significant difference in the increase in median diameter
and area was observed when comparing the patients
who had last imaging follow-up after 6 mo vs those within
6 mo. No patients in this subpopulation suffered severe
refractory post-TIPS HE. While this change was statistically
significant, the magnitude of expansion was not to the
same degree as suggested by prior studies, and it also
occurred over a longer time period (> 6 mo)"**®. The
delayed and less extensive passive expansion observed in
this study, although difficult to explain, may be secondary
to dilation of the portosystemic tract with an 8 mm balloon
prior to placement of the TIPS stent-graft. While the
diameter of the balloon used to create the TIPS tract is
not always described in prior investigations, a 10 mm
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Figure 6 Primary assisted patency rates of sub-maximally dilated (8 mm)
vs maximally dilated (10 mm) transjugular intrahepatic portosystemic
shunt. On Kaplan-Meier analysis, yearly patency rates through 6 years of
follow-up after transjugular intrahepatic portosystemic shunt creation are
demonstrated with 95%Cl and number at risk.

balloon has been used previously™. It is hypothesized
that dilating the tract to only 8 mm may lead to a greater
initial counterforce on the stent from the elasticity of the
surrounding liver parenchyma and new TIPS tract with
minimal potential space, which leads to both slower and
less passive expansion. In comparison, dilating the tract
to 10 mm may hypothetically allow for a larger initial
potential space for more immediate passive expansion
of a TIPS sub-maximally dilated to 8 mm. Moreover; it
is conceivable that more fibrotic livers with decreased
compliance may differentially limit the extent of passive
expansion, although this analysis was beyond the scope
of this study.

In order to better understand whether or not passive
expansion of the TIPS over time is dlinically relevant, we
compared a variety of outcomes in patients with smTIPS
and mTIPS. The post-TIPS PSG demonstrated adequate
portal decompression with a median PSG of 8 mmHg
in both groups (P = 0.13) and no significant difference
in mean percent change in PSG (P = 0.53). Overall, the
observed rate of severe post-TIPS HE was low (4%), and
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not significantly different between mTIPS and smTIPS
(P = 0.12), suggesting the step-wise approach to TIPS
creation by assessing PSG following sub-maximal dilation
may be effective in minimizing unnecessary over-dilation
and thus, over-shunting. These findings are similar to prior
reports®®, The lack of an observable difference between
the groups may be due to passive expansion allowing
for an equilibrium to gradually develop as increasing
amounts of blood are shunted through the liver, thus,
minimizing severe refractory HE*®!, Additionally, there was
no significant difference in median post-TIPS PSG or mean
MELD between patients who suffered severe post-TIPS HE
and those who did not for patients with smTIPS or mTIPS.
Finally, no significant difference in primary and primary
assisted patency or clinical success for both ascites and
varices occurred between the two groups.

These results are somewhat contradictory to a prior
study comparing nominal 8 mm and 10 mm TIPS which
found increased rates of recurrent portal hypertensive
complications in the 8 mm group, leading to early termi-
nation of the study™. A possible explanation for the
conflicting results may be related to the small, but not
insignificant amount of passive expansion demonstrated
with smTIPS. Based on Poiseuille’s Law, volumetric flow
rate is proportional to change in diameter to the fourth
power, as well as change in pressure. It is postulated that
despite a decrease in the change in pressure across the
TIPS stent from passive expansion, the 5.6% increase in
diameter observed in patients with CT imaging > 6 mo
would disproportionately cause an increase in volumetric
flow rate. As such, gradual passive expansion may slowly
increase the amount of shunted blood and decrease the
recurrence of portal hypertensive complications, yielding
similar clinical success between the two groups obtained
in the present study. Furthermore, the nominal 8 mm
TIPS group in the same study had a higher incidence of
shunt dysfunction, a majority without angiographically
evident stenosis, than the smTIPS group in the current
study, suggesting that a fixed, smaller diameter TIPS
may provide insufficient portosystemic decompression
and that passive expansion may be more efficacious
in patients deemed to be at risk of post-TIPS HE"!,
Previously, the only mechanism to improve TIPS shunting
in patients with nominal 8 mm TIPS was to place a
parallel TIPS, as no further expansion was possible. The
current study highlights a technique that would allow
for further TIPS dilation in patients that show signs of
inadequate portal decompression following initial creation
of smTIPS, potentially obviating the need for a second
parallel TIPS.

This study has several important limitations, including
its retrospective design and data collection from a single
center. The small size of the smTIPS group (n = 43) relative
to the mTIPS group raises the possibility of a Type I error.
As a tertiary center, identification of undocumented TIPS
intervention or clinical follow-up at outside institutions is
limited. There was more severe refractory post-TIPS
HE in the smTIPS group vs the mTIPS group (7% vs
3%), although not statistically significant (P = 0.12).
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While this finding was not expected, it reflects selection
bias between the two groups. Patients who underwent
creation of smTIPS had a statistically significant lower
mean pre-TIPS PSG compared to mTIPS (P = 0.01).
This was not surprising given that patients deemed to be
higher risk for HE following TIPS creation, which included
a low pre-TIPS PSG, were preferentially selected to have
smTIPS created to reduce the risk of over-shunting, as
determined by the operating physician. Furthermore,
even though shunt physiology is a known contributing
factor for HE, the pathophysiology of HE is multifactorial
and includes other precipitating factors such as hepatic
decompensation, honcompliance with dietary restrictions,
sepsis, and medications. Additional independent risk
factors include older age, elevated serum creatinine, low
serum sodium and low albumin; however, these clinical
data were difficult to corroborate from a retrospective
review spanning 10 years”.. Only a minority (33%) of the
patients with smTIPS had subsequent CT exams during
the follow-up period. It is conceivable that this may not
be representative of the entire subgroup. Additionally,
patients did not undergo repeat angiographic TIPS
evaluation following CT evidence of passive expansion,
which would allow for repeat PSG measurement to deter-
mine the true hemodynamic consequences of passive
expansion.

In conclusion, in patients with smTIPS there was
passive expansion of 10 mm Viatorr TIPS stent-grafts
even after 6 mo, however, not all reached their nominal
diameter. The clinical outcomes, including incidence of
severe post-TIPS HE, between sub-maximally and maxi-
mally dilated 10 mm Viatorr TIPS were similar. These
findings suggest sub-maximal dilation may be an accept-
able method to prevent complications related to over-
shunting in select patients.

COMMENTS

Background

Transjugular intrahepatic portosystemic shunt (TIPS) is an established treatment
for the sequelae of portal hypertension, particularly variceal hemorrhage and
refractory ascites. Despite improved patency rates and reduced need for shunt
revision with polytetrafluoroethylene-covered TIPS, hepatic encephalopathy
(HE) remains a problem following TIPS placement with some speculation that
improved patency rates may increase the incidence of HE. HE arises when
compounds derived from the intestine that require hepatic detoxification bypass
the hepatic vascular bed in the setting of a portosystemic shunt, and subsequently
enter systemic circulation. One technique to balance portal decompression while
minimizing over-shunting is sub-maximal dilation of TIPS. While sub-maximal
dilation theoretically allows for further dilation of the TIPS in the event that the
initial portal decompression is insufficient while avoiding over-shunting, published
data suggest the continued outward radial force of the TIPS stent may lead to
passive expansion to its nominal diameter and limit the value of initial gradient
calibration.

Research frontiers

As sub-maximal dilation of TIPS has gained increased clinical use, there have
been more studies investigating the presence and effect of passive expansion
in both peripheral circulation and TIPS. Late expansion of bare metal nitinol
stents was demonstrated after 6 mo in peripheral arteries of an animal model.
Haskal et al showed that after immediate recoil of Wallstent TIPS stents
after placement, passive expansion to nominal diameter occurred at follow-
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up venography three to six months later. Pieper et al studied 29 patients with
Viatorr TIPS sub-maximally dilated to a mean of 64% of their nominal area, and
found passive expansion to 88% during follow-up, with significant expansion
occurring within 6 mo. Finally, Gaba et al evaluated 41 patients with 10 mm
nominal Viatorr TIPS sub-maximally dilated to 8 mm, and demonstrated passive
expansion with follow-up computed tomography median stent diameter of 9.8
mm at a median of 76 d post TIPS creation without difference in incidence of
post-TIPS HE in smTIPS vs mTIPS.

Innovations and breakthroughs

While the aforementioned studies focused on establishing the presence of
passive expansion, there is a lack of published data investigating the clinical
outcomes of sub-maximally dilated TIPS with maximally dilated TIPS in
addition to the presence of passive expansion. While the study showed passive
expansion does occur, not all shunts fully expanded to nominal diameter and
expansion even occurred after 6 mo, unlike prior studies. More importantly, the
comparison of clinical outcomes of smTIPS vs mTIPS showed no significant
difference in primary patency, primary assisted patency, clinical success, or
post-TIPS HE.

Applications

In patients who are at high risk for post-TIPS hepatic encephalopathy, based on
pre-TIPS encephalopathy or low pre-TIPS portosystemic gradient, sub-maximal
dilation may be an effective method to balance adequate portal decompression
with the risk of over-shunting and hepatic encephalopathy with the knowledge
that passive expansion following placement does not appear to affect clinical
outcomes.

Terminology
Sub-maximally dilated TIPS - TIPS stent grafts that are not fully dilated to
nominal diameter following deployment.

Peer-review
The study is to compare clinical outcomes of smTIPS with mTIPS. The results
suggest the method may be of significance.
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