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Abstract

Objectives To evaluate short-term clinical efficacy, com-
plications and possible passive stent expansion of tran-
sjugular intrahepatic portosystemic shunt (TIPS) creation
using the new controlled expansion ePTFE covered stent
(VCX), for portal hypertension complications.

Methods Between 7/2016 and 3/2018, 75 patients received
TIPS using VCX. Thirty-nine patients with VCX dilated
with an 8-mm angioplasty balloon underwent computed
tomography (CT) study during follow-up and CT data were
used to measure stent diameter. The CT measurement
technique was validated by ex vivo experiment.

Results TIPS indications were: refractory ascites (n = 45),
variceal bleeding (n = 22), other (n = 8). Mean follow-up
was 5.8 months (& 4.5, range 1-20). In 69 patients, TIPS
was dilated to 8 mm of diameter reaching the hemody-
namic target of a portosystemic pressure gradient
(PSG) < 12 mmHg. In six patients, not reaching the
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hemodynamic target the stent was dilated to 10 mm of
diameter during the same session with a final PSG < 12
mmHg. Overall clinical success was achieved in 66/75
(88%) patients (80% in refractory ascites, 95% variceal
bleeding, 100% other). Grade II-III encephalopathy was
observed in five patients (6%). TIPS revision with stent
dilatation to 10 mm was performed in seven patients: in
three patients with ascites persistence, without evidence of
stent dysfunction and in four patients for stent stenosis.
One patient underwent stent reduction. Fourteen patients
(18%) died during follow-up of causes not related to TIPS.
Five patients (6%) underwent liver transplant. No passive
stent expansion was detected by CT measurements.

Conclusion VCX for TIPS creation retains its diameter
over a short-term period and is associated with a good
clinical outcome with a reasonably low complication rate.

Keywords Ascites - Bleeding - Liver - Cirrhosis -
Computed tomography - Transjugular intrahepatic
portosystemic shunt - Stent

Introduction

Transjugular intrahepatic portosystemic shunt (TIPS) is a
well-established procedure for the treatment of complica-
tions in cirrhotic patients with portal hypertension such as
variceal bleeding and refractory ascites [1]. Despite con-
tinued refinements in technique and devices, hepatic
encephalopathy (HE) related to diversion of portal blood to
the systemic circulation still remains a major drawback of
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TIPS creation with a reported incidence of 30-50% within
the first year after TIPS creation [2—4]. Factors associated
with post-TIPS HE that could depend directly on stent
diameter include a low portal-caval pressure gradient and
the volume of blood shunted through the liver [2-7]. This
has prompted many centers to anecdotally adopt the tech-
nique of an underdilation of stent grafts with a nominal
diameter of 10 mm at TIPS positioning, with further bal-
loon expansion reserved for cases of insufficient clinical
response [1]. However, it has been reported that underdi-
lated stents may passively auto-expand to the nominal
diameter after a not predictable period of time, variable
from few weeks to some months [8-12] bringing into
question the advantages of underdilation for customization
of shunt caliber. Recently, a new controlled expansion stent
has been introduced in clinical practice (Viatorr Controlled
Expansion Endoprosthesis—GORE and Associates, Flag-
staff, AZ, USA) (VCX), which allows a lasting diameter
control in a labeled diameter range between 8 and 10 mm
during implantation to reach a targeted portal pressure
gradient. The VCX has been proposed as a potential
solution to passive expansion of ePTFE stents [12]. How-
ever, very few data are available on this new device [13]
and the ability of VCX to assume and maintain the inten-
ded diameter has not yet been proven in vivo. Hereby we
report our single-center preliminary clinical experience in
patients who underwent TIPS creation using the new VCX.
We evaluated also whether the VCX dilated with an 8-mm
angioplasty balloon retains its diameter, ex vivo and in
clinical follow-up, or eventually expand over time using
computed tomography (CT) measurements.

Materials and Methods

This single-center observational study was reviewed and
approved by the Institutional Research Review Board, and
informed consent form was waived. Informed written
consent to the TIPS procedure was obtained from all the
patients.

Between July 2016 and March 2018, a total of 91
patients underwent TIPS creation for complications of
portal hypertension at our institution, using a ePTFE cov-
ered endoprosthesis (Viatorr; W.L.GORE and Associates).
Refractory ascites, hepatic hydrothorax, and recurrent
variceal bleeding were defined according to accepted
consensus guidelines [14]. Sixteen patients were not
included in the study because they were treated with an
ePTFE covered endoprosthesis with nominal diameter of
10-mm followed by 10-mm diameter balloon dilatation
(portal cavernoma, massive portal vein thrombosis, Budd—
Chiari syndrome with portal vein thrombosis). The clinical
study group includes 75 patients treated using the new

VCX. Thirty-nine out of seventy-five patients underwent
post procedural CT examinations and were included in the
imaging study group. Our exclusion criteria for TIPS cre-
ation were HE within 3 months prior to TIPS evaluation or
previous severe (grade III-IV) HE, multinodular hepato-
cellular carcinoma, tumoral portal vein thrombosis,
ischemic or valvular heart disease, presence of pulmonary
hypertension, MELD > 20 and active spontaneous bacte-
rial peritonitis.

TIPS Procedure

All TIPS were performed in an angiographic suite (Innova
4100, GE Medical Systems, Milwaukee, WI, USA) by two
faculty interventional radiologists, under general anesthe-
sia. Access to the right or left portal vein branch was
achieved with real-time ultrasound guidance using a
Colapinto needle (GORE TIPS Set; W.L.GORE and
Associates) [15, 16]. Following portal system catheteriza-
tion the portosystemic pressure gradient (PSG), defined as
the difference between the portal pressure and inferior vena
cava pressure, was measured [17]. Dilatation of the intra-
hepatic tract was performed with an 8-mm non-compliant
balloon catheter (Mustang; Boston Scientific, Galway,
Ireland) subsequently a VCX was deployed followed by
8-mm diameter balloon dilatation. The same 8-mm diam-
eter balloon previously used to dilate the intrahepatic tract
was used to dilate the VCX after its deployment. Dilatation
was always performed using an inflation device (Encore
26; Boston Scientific) and a pressure of 20 atm, corre-
sponding to the rated burst pressure, was applied. Subse-
quently PSG was measured again. In patients not reaching
the hemodynamic target (< 12 mmHg) the stent was fur-
ther dilated to 10 mm of diameter during the same session
using a 10-mm Mustang balloon with an inflation pressure
of 14 atm. All patients were followed-up in the outpatient
clinic with clinical, biochemical and Doppler ultrasound
(US) evaluation, initially at 1 month after TIPS, then at
3 months, and every 6 months thereafter. TIPS would be
revised in case of recurrent variceal bleeding, continued
need for paracentesis after more than 3 months after TIPS
creation without evidence of HE, and in cases of Doppler
findings of TIPS dysfunction.

Ex Vivo Validation of CT Measurement Technique

To test reliability of CT measurements, VCX was analyzed
ex vivo. The stent was deployed and dilated with an 8-mm
Mustang balloon with an inflation pressure of 20 atm in a
37 °C water bath. After that, the outer stent diameter was
measured with a Vernier caliper (precision, 0.02 mm) at
the midpoints of the ePTFE graft-lined region and at the
unlined portal region. The VCX was then inflected to
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assume approximately the shape of an implanted stent, kept
in the water bath, and scanned by a 64 detector-row CT
(VCT 64; GE Medical Systems) in a double oblique ori-
entation of the stent relative to the scanner. Using a com-
mercially available workstation (Advantage Windows 4.6;
GE Medical Systems) equipped with multiplanar recon-
struction software, double oblique reconstructions were
created exactly perpendicular to the long axis of the stent to
allow for measurement of the stent diameter on the trans-
verse view at two sections: (1) the midportion of the ePTFE
graft-lined region and (2) the unlined portal region. Ten
orthogonal slices were reconstructed from each segment
and the respective stent diameter extending between the
midportion of the metal struts was obtained by a faculty
radiologist blinded to the stent dilatation diameter and
caliper measurement results. The values measured by CT
were compared with the caliper measurements.

Clinical CT Studies

Clinical indications for CT imaging were liver transplant
work-up, surveillance, staging or treatment response eval-
uation of hepatocellular carcinoma, exclusion of procedural
complications, and assessment of extent and severity of
portal vein thrombosis after TIPS placement. All patients
were imaged using a VCT 64 CT scanner (GE Medical
Systems). The study protocol included the acquisition of
unenhanced images of the entire liver, followed by acqui-
sition of triple-phase contrast material-enhanced images
during the hepatic arterial phase, portal venous phase and
equilibrium phase.

Image Analysis

CT studies were retrieved from our picture archiving and
communication system (Centricity; GE Medical Systems),
post-processed on a commercially available workstation
(Advantage Windows 4.6; GE Medical System) and

Fig. 1 Case example of in vivo CT measurement of VCX diameters.
A Rendering of VCX stent on follow-up CT scan performed 348 days
after TIPS creation demonstrating standard sites of stent diameter
measurements at the midpoint of the ePTFE graft-lined region of the
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reviewed in consensus by two faculty radiologists both
blinded to the stents dilatation diameters. Stent diameter
was measured between the midportion of the metal struts
on contrast-enhanced images acquired during the portal
venous phase at the following two sites: (1) at the midpoint
of the ePTFE graft-lined region within the intraparenchy-
mal tract (IPT) and (2) close to the portal venous end
(PVE) where stent expansion is not influenced by sur-
rounding parenchyma. For both sites, to visualize the stent
on true orthogonal short axis images, a coronal image
showing the long axis of the stent was obtained first. A
perpendicular plane was then traced on this image, and by
multiplanar reconstruction, the cross-sectional image of the
stent was obtained (Fig. 1). To minimize blooming effect,
the window width and level values were set at 1100
Hounsfield unit (HU) and 300 HU, respectively.

Clinical Data Collection and Statistical Analyses

The following pre-TIPS clinical data were analyzed: age,
gender, cause of liver cirrhosis, Child—Pugh score, Model
for End Stage Liver Disease (MELD) score, previous HE,
previous upper gastrointestinal hemorrhage, radiological
(contrast material-enhanced MDCT/MR) evidence of por-
tal vein thrombosis, PSG before and after TIPS creation,
and diameter of the stent graft. The Child—Pugh and MELD
scores were calculated on the basis of data obtained on the
day of TIPS creation.

The variables evaluated during TIPS follow-up included
the following: need of paracentesis, long-term need of
paracentesis (defined as need of paracentesis after more
than 3 months of TIPS creation), overall HE, HE grade 111/
IV, variceal bleeding, Child—Pugh, MELD, TIPS dys-
function, radiological (contrast material-enhanced MDCT/
MR) evidence of recanalization of the portal venous system
in patients with portal system thrombosis before TIPS, liver
transplantation (censored as alive) and dead.

8.2 mm (2D)

stent within the IPT (arrowhead) and close to the PVE (arrow).
Multiplanar reconstructed sagittal (B) and coronal (C) CT images
with orthogonal plane designation and corresponding transaxial plane
with stent diameter measurement (D) at the IPT site
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Table 1 Baseline characteristics of 75 patients underwent TIPS
creation using the VCX endoprosthesis

Variable
Mean age (years)* 58.1 (£ 11.7)
Gender (M/F) 44/31
Etiology
Viral 34
Alcoholic 14
Nash 12
Other 15
Mean follow-up (mo)* 5.8 (£ 4.5, range 1-20)
Portal vein thrombosis pre-TIPS 29
Previous HE grade I-II pre-TIPS 8
Indication for TIPS
Refractory ascites 45
Gastrointestinal bleeding 22
Other 8
MELD score before TIPS* 11.9 (£ 5.2)
Child-Pugh score before TIPS* 8.0 (£ 1.5)

Unless otherwise indicated, values denote the number of patients

Data are expressed as mean =+ standard deviation

Patients were followed-up from the date of TIPS cre-
ation until the last clinical evaluation, liver transplantation,
or death.

Quantitative variables were expressed as mean =+ stan-
dard deviation, median and range, and qualitative variables
as absolute and relative frequencies. Post-TIPS HE and
paracentesis rates were assessed for all patients with the
Kaplan—-Meier method. The association between IPT stent
diameter and the time from TIPS creation to CT scan was
assessed by linear regression analysis. In a subgroup of
patients with two CT scans after TIPS creation, intra-in-
dividual stent diameter changes were assessed using paired
t test for dependent samples. All tests were two-sided and
significance was set at p < 0.05. Data handling and anal-
yses were performed with software (SAS version 9.4; SAS
Institute Inc., Cary, NC).

Results

Our study cohort consisted of 75 patients (74 adults, 1
pediatric) treated with TIPS for complications of portal
hypertension using the new VCX. Mean follow-up time
was 5.8 months (£ 4.5, range 1-20). Baseline character-
istics of the patients are reported in Table 1. Twenty-nine
patients (38%) had radiological evidence of portal vein
thrombosis; grade 4 according to Bauer classification
(> 75% of luminal occlusion of main portal vein) [18] in 4

cases, grade 1-3 in the remaining 25 patients. Indications
for TIPS insertion were prevention of recurrent episodes of
gastroesophageal variceal bleeding in patients who had
failed endoscopic and/or medical therapy (n =22), and
refractory ascites or refractory hydrothorax (n = 45). Four
patients underwent TIPS on the basis of portal system
thrombosis alone, unresponsive to anticoagulant therapy, to
recanalize the portal vein and maintain transplant waiting
list status. Two patients underwent TIPS to treat severe
portal hypertension before abdominal surgery (one gastric
resection, one colon resection). Two patients underwent
TIPS for Budd Chiari syndrome.

Hemodynamic and Clinical Outcomes

TIPS was successfully created in all 75 patients, with no
immediate procedural-related complications, such as
hemobilia, intrahepatic bleeding or hemoperitoneum,
identified within 24 h from TIPS creation.

PSG before TIPS was 15.7 (& 4.8). After TIPS creation
PSG was 6.4 (£ 2.6). Sixty-nine patients (92%) reached a
reduction of the PSG below 12 mmHg with the VCX
dilated to 8 mm of diameter. In six patients (8%) not
reaching the hemodynamic target the stent was dilated to
10 mm of diameter during the same procedure with a final
PSG < 12 mmHg; of note 2 of those patients had grade 4
portal system thrombosis; in a third patient the PSG sig-
nificantly increased after gastric varices embolization and a
10 mm dilatation was subsequently performed. All patients
with pre-TIPS portal system thrombosis underwent contrast
material-enhanced CT 1 month after TIPS creation, as
routine in our center, showing partially/completely
resolved thrombosis in 24 patients (82%), unchanged
thrombosis in four patients (14%) and progression in one
patient (4%).

Overall post-TIPS HE was observed in 17 patients
(22%) (Fig. 2), grade II-III HE was observed in five
patients (6%). Of note 5 out of 17 patients with HE after
TIPS had previous episodes of HE before TIPS.

In the subgroup of patients with refractory ascites as
indication to TIPS creation, clinical success, defined as
disappearance of ascites or significant reduction of para-
centesis number, was obtained in 37 patients (80%). Con-
sidering patients with more than 3 months of follow-up,
clinical success was maintained in 32 patients, 71%
(Fig. 3).

In the subgroup of patients with prevention of recurrent
episodes of gastroesophageal variceal bleeding as indica-
tion one patient had one episode of bleeding secondary to
TIPS stenosis; overall clinical success was obtained in 21
patients (95%).

In the subgroup of patients with other indications the
overall clinical success was obtained in all patients.
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Overall TIPS revision was performed in 8 cases (10%).
In detail one patient with a VCX dilated to 8§ mm and grade
IIT HE underwent successful stent reduction. Four patients
(5%) underwent TIPS revision with dilatation to 10 mm for
stent stenosis. Three patients (4%) with ascites persistence
after 3 months and no clinical evidence of HE underwent
TIPS revision with dilatation to 10 mm although no
stenosis were detected both in Doppler US and direct
portography; in detail one patient improved his clinical
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30

condition after 10 mm dilatation, one patient underwent
liver transplant 1 month after revision and one patient had
no significant clinical improvement.

After TIPS creation, there were no differences between
the baseline mean MELD score and the MELD score at
24 h. Moreover, although there was a mild increase of the
MELD score both at 1 and 3 months, this showed a
reduction towards baseline MELD at 6 and 12 months; the
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MELD increase was not associated with a worsened Child—
Pugh score (Fig. 4).

Five patients underwent liver transplant from 5 weeks to
6 months after TIPS, in all cases the transplant was not
secondary to early liver failure after TIPS. Fourteen
patients died during follow-up from 2 to 11 months after
TIPS as a result of progressive liver failure (n = 11), HCC
progression (n = 1) or unrelated diseases (1 intestinal
occlusion, 1 ovarian cancer). All results are summarized in
Table 2.

Ex Vivo Measurements of VCX Diameters

The results of caliper measurements of stent diameter at the
midpoint of the ePTFE graft-lined region and the unlined
portal region were 8.34 and 10.30 mm, respectively. Mean
stent diameter measured by CT at the midportion of the
ePTFE graft-lined region was 8.32 + 0.1 mm (median
8.30 mm, range 8.20-8.50). Comparison between CT
measurements and the caliper measurement showed non-
significant differences with a percentage deviation ranging
from — 1.92 to 1.68% (p = 0.5086). Mean stent diameter
measured by CT at the unlined portal region was
10.21 £ 0.1 mm (median 10.20 mm, range 10.00-10.50).
Deviation from caliper measurement ranged from — 1.94
t0 2.91% (p = 0.0543).

In Vivo CT Measurements of VCX Diameters

Fifty post-TIPS CT scans were available for 39 out of 75
patients. Mean interval time between VCX placement and
first CT scan was 58 4 43 days (median 40 days, range
0-172). Mean VCX diameters at IPT and PVE site were
8.28 mm = 0.14 (range 8.00-8.50) and 10.25 mm =+ 0.17
(range 10.00-10.60), respectively. There was no associa-
tion between stent diameter and time after TIPS creation
(Fig. 5). Eleven patients (28.2%) underwent two follow-up
CT scans after intervention (mean time to first follow-up
CT 55 &+ 32.4 days, median 34, range 26—126; mean time
to second follow-up CT 165 £ 91.4 days, median 147,
range 37-348). Mean interval time between CT scans was
110 + 82.6 days (median 110 days, range 7-279). In this
subgroup of patients no significant intra-individual changes
of stent diameters were found (mean difference of stent
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Fig. 4 Histogram shows variation of MELD score and Child—Pugh
score in the follow-up after TIPS creation

Table 2 Clinical outcomes of 75 patients underwent TIPS creation
using the VCX endoprosthesis

Variable
PSG before TIPS (mmHg)* 15.7 (£ 4.8)
PSG after TIPS (mmHg)* 6.4 (£ 2.6)
Patients reaching the hemodynamic target
8 mm 69 (92%)
10 mm 6 (8%)
Portal vein thrombosis post TIPS
Partially/completely resolved 24 (82%)
Unchanged 4 (14%)
Progression 1 (4%)
Overall HE post TIPS 17 (22%)
HE grade II-1II post TIPS 5 (6%)

Clinical success
Refractory ascites 37/45 (80%)

21/22 (95%)

8/8 (100%)

8/75 (10%)

Gastrointestinal bleeding
Other

TIPS revision

Stenosis 4
Ascites persistence (no stent dysfunction) 3
Stent reduction 1

Liver transplant
Death

5175 (6%)
14/75 (18%)

Unless otherwise indicated, values denote the number of patients
“Data are expressed as mean =+ standard deviation

diameter at IPT site between CT scans was 0.02 mm, 95%
CI — 0.08 to 0.12 mm, p = 0.6905; mean difference of
stent diameter at PVE site was 0.00 mm, 95% CI — 0.15 to
0.15 mm, p > 0.9999) (Fig. 6).

Discussion

Our study reports a single-center preliminary experience in
patients who underwent TIPS creation using the new VCX.
The results showed that the use of the VCX was associated
with a good short-term clinical success with a reasonably
low rate of HE and stent revision; moreover, stability over
time of VCX diameter was observed by CT measurements.
Only few data is currently available on the use of VCX in
clinical practice. Praktiknjo et al. [13] showed, in a
3 months follow-up, a reduced readmission rate for sepsis
and ascites in 21 patients treated with VCX as compared to
a matched cohort of patients treated with bare metal stents
and regular covered Viatorr stents. The stent diameter that
should be used to create TIPS and treat complications of
portal hypertension in cirrhotic patients has not been
widely studied. The first study comparing 8 and 10 mm
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covered stents in TIPS was conducted in 2010 [19]. In this
small randomized controlled trial, the probability of
remaining free of ascites and variceal bleeding was sig-
nificantly higher in the 10 mm than in the 8§ mm stent
group. However, this trial was stopped early due to sig-
nificantly higher complications in 8 mm group versus
10 mm. In a large retrospective study 10 mm diameter
ePTFE covered stent lead to better control of refractory

@ Springer

T
Second CT scan
Follow-up

ascites, as compared to an 8 mm stent, without increasing
the incidence of HE [20]. In contrast, recently, some
studies showed good results in the use of 8 mm covered
stent. A large randomized study comparing 8 mm diameter
ePTFE covered TIPS stent with a primary pharmacologic
approach for the prevention of re-bleeding from esophageal
varices showed better results for an elective 8 mm in
diameter TIPS in preventing re-bleeding [21]. More
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recently, a randomized controlled trial, comparing TIPS
with 8 and 10 mm covered stents for the prophylaxis of
variceal re-bleeding in cirrhotic patients showed that TIPS
with 8 mm covered stents did not compromise shunt
patency, or influence the efficacy of variceal re-bleeding
prevention compared to TIPS with 10 mm stents, but
reduced the risk of spontaneous overt HE and the incidence
of severe HE [22]. In a recent prospective, non-random-
ized, study of patients with cirrhosis, the underdilation of
covered TIPS, up to 6 mm of diameter, was found to be
effective and associated with a low rate of HE [23].

In this “confused” scenario a multi-step dilatation
strategy, with modulation of the TIPS diameter, deploying
the stent at a diameter smaller than the nominal one as a
first approach, has been recommended in the most recent
consensus on TIPS management [24]. This approach has
been reported in patients with variceal bleeding treated by
early TIPS [25] and more recently in patients with refrac-
tory ascites [26]. However, this under-sizing is not con-
sidered permanent because ePTFE covered endoprosthesis
are expected to expand to their nominal diameter after a not
predictable period of time [8—12]. To account for this, a
modified technique in which a primary externally con-
strained TIPS shunt, created by deploying a covered stent
inside a smaller balloon expandable stent, has recently
been proposed as a means to calibrate the PSG to an
intended value at TIPS creation or at a later time as needed
[27-29]. Compared to this technique, the newly released
VCX offers the same possibility with a single device. In
fact, VCX is identical to the 10-mm Viatorr ePTFE stent
graft with the added feature of controlled expansion pro-
vided by an outer constraining balloon expandable sleeve
on the lined region of the stent graft that allows balloon
adjustment of the stent diameter in a labeled range between
8 and 10 mm, maintaining the selected diameter. However,
as stated by the manufacturer, these features are based on
benchtop data demonstrating less than 0.25 mm diameter
expansion by a simulated 10 years period at physiologic
portal pressures [30]. Our results showed that at the IPT
site the CT measured mean diameter of VCX dilated with
an 8-mm balloon was 0.28 mm larger than expected. We
hypothesize two possible explanations for this: first, stent
diameter within metal struts rather than luminal diameter
was measured; second, during stent dilation balloon was
inflated up to the rated burst pressure of 20 atm corre-
sponding, according to the balloon specifications, to a
diameter of 8.46 mm. However, it should be emphasized
that no association was observed between stent diameter
and time after intervention and no significant intra-indi-
vidual size changes were found over time, supporting the
stability of VCX diameter, at least within the time frame of
the study.

In clinical practice the VCX shows advantages as
compared to the standard 8 or 10 mm nominal diameters
Viatorr stent grafts: first, the VCX maintains the smallest
diameter without significant expansion over time as pre-
viously reported in under-sized 10 mm stent; second, it is
possible to further expand the 8 mm stent in subsequent
procedures in cases of clinical failure, possibility that was
precluded with the use of a standard Viatorr covered stent
with nominal diameter of 8 mm.

As the main limitation of the study we have only a short-
term follow-up and a relatively low number of patients;
however, very few data are available on this new device.
Other limitations are PSG measurement, in our practice, is
performed only during TIPS procedure, under general
anesthesia, and not confirmed in a further hemodynamic
measurement. In addition, none of the VCXs were dilated
to 9 mm of diameter.

In conclusion, in our preliminary experience, the new
VCX was safely used in patients with complications of
portal hypertension and its use was associated with a good
short-term clinical outcome with bleeding and ascites
control rates similar to the results reported with standard
10 mm stents, with decreased encephalopathy rate, without
passive stent expansion. Further studies, with a longer
follow-up, are necessary to confirm our data.
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