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Abstract
The availability of polytetrafluoroethylene (PTFE) covered, self-expandable nitinol stents in 2001 considerably improved the patency,
response rates and survival of the transjugular intrahepatic portosystemic shunt (TIPS). Side effects of portosystemic shunting such as
hepatic encephalopathy (HE) and worsening of hepatic function, however, remained a problem. To reduce HE, underdilatation of nitinol
stents has been practiced for many years. However, as shown recently, underdilatation was a flop since, due to their intrinsic memory,
nitinol stents always expanded to reach their nominal diameter of 8 or 10 mm. To overcome this problem and to be able to perform
permanent shunts with a smaller diameter of < 8 mm, we studied the usefulness of a balloon-expandable, covered, metallic stent which
allowed adjustment to any diameter between 5 and 12 mm. Methods: 30 patients with cirrhosis and symptomatic portal hypertension
were included. The mean Child-Pugh score was 8 ± 2. 17 patients had refractory ascites, 9 patients variceal bleeding and four patients
other indications for the TIPS. Results: The TIPS was successfully implanted in all patients within 69.6 ± 21.8 min. The shunt reduced the
portosystemic pressure gradient by 57.5 ± 14.2% with a mean stent diameter of 7.4 ± 1.0 mm (5 -10.3 mm). During a mean follow-up of
330 ± 249 days, shunt revision was necessary in 5 patients (17%), four of them had insufficient response and received stent dilatation and
one patient had stent misplacement requiring a parallel shunt. Three patients (10%) developed HE. Conclusions: The covered, balloonexpandable stent could be placed accurately and allowed creation of adapted shunts with smaller diameters as usual. This resulted in a
comparatively low rate of HE.
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Introduction
In the beginning of the transjugular intrahepatic
portosystemic shunt (TIPS) procedure in the late 1980s
and early 1990s balloon-expandable stainless steel stents
such as the Palmaz-stent, were used frequently [1-4]. This
type of stent allowed stepwise dilatation with the aim to
optimize shunt function. Later in the 1990s, numerous
brands of nitinol stents were marketed and increasingly
used probably because of their better flexibility and easier
placement. The release of the polytetrafluoroethylene
(PTFE) covered version in 2002 (Viatorr, W.L.Gore, Flagstuff,
USA) eventually terminated the implantation of uncovered
balloon-expandable metallic stents.
Hepatic encephalopathy (HE) is the major and most
frequent complication of the TIPS [5]. Its incidence and
severity depend on the individual risk of the patient (preTIPS HE, age, Child-Pugh class) and the diameter of the
stent which determines the degree of shunting [5-11].
Thus, larger stent diameters with a greater reduction
in the portosystemic pressure gradient (the difference
between the portal and right atrial pressures) have a

higher incidence of TIPS-induced HE. As demonstrated
previously, HE occurred almost exclusively in patients with
post-TIPS pressure gradients of less than 12 mm Hg, while
variceal rebleeding occurred when gradients exceeded the
threshold of 12 mm Hg [12, 13]. This suggests a very narrow
therapeutic window of the TIPS approaching the threshold
of 12 mm Hg. The accurate adjustment of the threshold
requires stents with variable diameters. This goal can
seldom be achieved by nitinol stents which always expand
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towards their nominal diameter and which cannot retain a
given smaller diameter [14-17]. This is why underdilatation
of nitinol stents has an only temporary benefit and does
not sufficiently decrease the risk of shunt-induced HE
[17].
This study evaluates the usefulness of a balloon-expandable
stainless steel stent covered with PTFE. The stent can be
dilated to any size between 5 and 12 mm allowing a graded
and permanent adjustment of the portosystemic pressure
gradient to a desired value.

Patients and methods
The prospective cohort study includes 30 unselected
patients who received a TIPS implantation in two centers.
Data were deposed in our TIPS-registry which was approved
by our local Ethics Commettee. All patients gave their
written consent to the recording, analysis and publishing
of the data.
Before the TIPS intervention, echocardiography was
performed showing an ejection fraction of > 50% and a
normal E/A ratio excluding diastolic dysfunction. The TIPS
implantation was performed as described previously [4,
18]. Before the intervention, the portal bifurcation was
located sonographically and a metallic marker was placed
on the skin to approximately indicate its position. After
transjugular access, a right portal branch was punctured
under sonographic guidance. Splenoportography was
then performed and varices occluded with bucrylate
when necessary. After measurement of the portosystemic
pressure gradient, the parenchymal tract was opacified
to exclude arterial or biliary communications. Finally, a
covered balloon-expandable stent (Bentley, Hechingen,
Germany) was implanted. Stents were dilated gradually
and pressure measurements were performed after each
dilatation. In patients with HE before the intervention or a
bilirubin concentration of above 3 mg/dl, stent expansion
aimed at a pressure gradient of 12 ± 1 mmHg. In patients
with a baseline pressure gradient of < 20 mmHg pressure
gradients were reduced to below 12 mmHg aiming at a
reduction by 40 to 50% of baseline. Pressure measurements
before and after stent placement were performed in the
portal vein and the right atrium to calculate the porto-atrial
pressure gradient [19]. Stent diameters were determined
from angiographic pictures [20] using the software of
the IMPACS system (AGFA IMPAX EE R20 XV SU3, Agfa
HealthCare NV - Mortsel, Belgium).
Patients were seen in 3-month intervals after their
discharge. A reduction of the post-TIPS portal vein
flow velocity by > 50% or to < 30 cm/sec or a stent flow
velocity of < 40 cm/sec or > 200 cm/sec were defined as
significant shunt insufficiency [18]. In addition, insufficient
response or recurrence of the complication(s) of portal
hypertension, which indicated the TIPS intervention,
gave rise for radiological revision. Clinically overt HE was
assessed according to the New-Haven criteria [21].
Statistics
Continuous variables are expressed as mean with standard
deviation as well as median with the corresponding range
whereas categorial variables are reported as frequencies

and percentages. P values of 0.05 or lower were considered
statistically significant.

Results
The characteristics of the patients are summarized in Table
1. Most of the patients had alcoholic cirrhosis of Child-Pugh
stage B and received the TIPS intervention for treatment of
refractory ascites. Relevant additional complications such
as hepato-renal syndrome, hepatic hydrothorax, and HE
were seen in 27, 7, and 10% of patients, respectively.
Table 1 Characteristics of the 30 patients.
Variable

Value

Percentage
(%)

Age (years)
mean ± SD
median (range)

56.5 ± 9.5
62 (32 - 84)

Child-Pugh class (n, %)
A

9

30

B

18

60

C

3

10

Child-Pugh score
mean ± SD
median (range)

8±2
8 (5 - 11)

MELD score
mean ± SD
median (range)

12 ± 3
12 (6 - 28)

TIPS indication (n, %)
Ascites

17

-with hepatorenal syndrome

8

-with Hydrothorax

2

Variceal bleeding

9

Budd-Chiari-syndrome

1

Portal hypertensive gastropathy

1

Portal vein thrombosis

1

Before abdominal surgery

1

High risk or hepatic Encephalopathy
before TIPS (n, %)

3

Mean follow-up, days
Median follow-up, days (range)

57

30

10

330 ± 249
255 (6 - 1029)

Technical aspects
After having punctured the portal vein, the length of the
parenchymal tract and the exact position of the hepatic
vein exit and the portal vein entrance were determined
by retrograde hand injection of contrast dye into the
hepatic vein and the tissue tract. Thereafter, the stent was
placed. Because of the small size of the device of 5 F only,
predilatation of the tissue tract was not necessary before
its introduction. As demonstrated in Figure 1, inflation
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of the balloon leads to expansion of the stent from both
ends. This is why migration during stent expansion did not
occur and distal as well as proximal ends could be placed
with great accuracy. The metallic marker on the skin
helps to orientate and facilitates stent placement. Balloon
expansion was stopped when a desired smallest diameter
of the stent was reached and pressure measurements were
performed (Figure 2). If necessary, dilatation was repeated
until the desired gradient has been achieved (Figure 3). As
shown in Figures 2 and 3, stent visibility is excellent even in
patients with tense ascites.

Physical variables of the procedure are summarized in
Table 2. The mean pressure gradient after TIPS was 8.9 ±
3.8 mmHg where 21 patients had a final pressure gradient
of < 12 mmHg and nine patients a gradient of ≥ 12 mmHg.
The smallest diameter of the implanted stent ranged from
5.0 to 10.3 mm with a mean of 7.4 ± 0.95 mm. Twenty
patients had a smallest diameter of < 8 mm.
Table 2 Physical variables: Pressures, stent diameter, and characteristics
of the intervention (mean +/- SD).
Number of
patients

Mean ± SD

Median
(range)

Pressure gradient before TIPS
(mmHg)

20.5 ± 5.4

19 (12 - 38)

Pressure gradient after TIPS
(mmHg)

8.9 ± 3.8

8 (1 - 25)

57.5 ± 14.2

57.6 (30 - 92)

7.4 ± 1.0

7.6 (5.0 - 10.3)

Duration of intervention (Min)

69.6 ± 21.8

60 (35 - 150)

Duration of radiation (Min)

16.4 ± 8.4

12 (6 - 38)

Number of patients with
gradients of

(a)

(b)

Figure 1 Placement of the Bentley stent. Dilatation begins from the ends of
the stent preventing migration during expansion.

< 8 mmHg

12

< 10 mm Hg

18

< 12 mm Hg

21

≥ 12 mm Hg

9

Reduction of the pressure
gradient by TIPS (%)
Smallest stent diameter
(radiological measurement,
mm)
Number of patients with a
smallest stent diameter of

(a)

(b)

Figure 2 TIPS implantation in a patient with Child-Pugh class C with variceal
bleeding and tense ascites. Embolization of varices using bucrylate has been
performed before stent placement. (a) Cautious dilatation of the stent to a
smallest diameter of 4.3 mm. This resulted in a reduction of the pressure
gradient by 34% from 31 to 19 mmHg, (b) Angiography shows considerable
shunt flow and prograde portal perfusion as well.

≤ 6 mm

4

> 6 - ≤ 7 mm

8

> 7 - ≤ 8 mm

10

> 8 mm

8

Clinical aspects
During follow-up of 330 ± 249 days (median 255, 6-1029
days) rebleeding occurred in 3 (10%) and ascites in 2
patients, all of them received a TIPS revision. HE occurred in
3 patients. One of these patients developed debilitating HE
requiring occlusion of the TIPS. Seven patients (23%) died
between 137 and 625 days after the TIPS implantation. No
patient had clinically overt cardiac decompensation during
follow-up after TIPS. This was also true for three patients
with elevated pro-BNP concentrations (1021-1139 pg/ml)
before TIPS implantation.
Patency

(a)

(b)

Figure 3 Same patient as in Figure 2. Because of the presence of tense ascites
a greater reduction of the pressure gradient seemed to be necessary. (a) A
second dilatation of the stent including its smallest portion was performed
to result in a diameter of 7.1 mm which resulted in a pressure gradient of
11 mmHg, (b) Although the diameter did not even reach 8 mm, the hepatic
portal perfusion was completely lost.

Patency was assessed by duplex-sonography and confirmed
by shunt revision. Five patients without sufficient response
received revision. In four of them the patent stent was
dilated to further reduce the pressure gradient. Only one
patient had shunt insufficiency because the stent did not
cover the whole length of the parenchymal tract. A parallel
shunt was placed because recatheterization of the shunt
was not possible.
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Discussion

Conclusion

HE is the most frequent and undesirable adverse event
of the TIPS procedure, a reason for exclusion of patients
at risk. In spite of this, some patients may develop severe
HE after TIPS and require TIPS reduction or occlusion [18,
22]. In addition to patients´ selection, post-TIPS HE may
be prevented by reducing the shunt diameter to a degree
just needed to effectively improve the indicating symptom.
For instance, similar to drug treatment, a 20% reduction in
the pressure gradient, which may be reached with small
stent diameters of 5 to 7 mm, may be sufficient to prevent
variceal rebleeding and to improve survival [23]. This is
supported by recent studies and a recent recommendation
telling that a reduction of the pressure gradient by 10%
effectively prevents rebleeding [24]. In patients with ascites
the situation is not as clear. Therefore, wider shunts are
implanted to guarantee treatment response.

This covered and balloon-expandable, metallic stent
seems to be ideal in patients with decompensated liver
function and a higher risk of hepatic encephalopathy. In
these patients, a stent diameter of < 8 mm may reduce
severe post-TIPS complications.

To reduce the risk of HE, many interventionalists dilated
the stents only partially. Secondary enlargement of the
diameter was intended in case of insufficient response.
However, recent studies demonstrate that nitinol stents
always expand until they reach their nominal diameter [1417]. Thus, 10 mm stents expanded during follow-up by 1.5
mm almost always reaching their nominal diameter [14].
This is why underdilatation of nitinol stents is of transient
value and does not prevent HE [17]. To overcome this
problem, a new type of nitinol stent (Viatorr CX) was released
in 2016. This stent allows gradual expansion to a diameter
of 8, 9 or 10 mm. However, considering the individual risk
of HE, smaller shunts (< 8 mm) may be considered in many
patients at risk for post-TIPS HE or liver failure. This may
be achieved using a balloon-expandable metallic stents
which maintains its given diameter over time. In case of
insufficient response and lack of side effects, the shunt can
be revised and expanded.
This study demonstrates the usefulness of a balloonexpandable, covered stent for creation of the TIPS. Exact
placement could be achieved in 29/30 patients and
long-term patency was comparable to covered nitinol
stents [25-26]. Most important, stent diameters could be
adjusted as warranted to a diameter of 5.0 to 10.3 mm
to result in a desired reduction of the pressure gradient.
Thus, 20 patients received a stent diameter of < 8 mm and
nine patients had a final pressure gradient of ≥ 12 mmHg.
This may be the reason for the low incidence of post-TIPS
HE of 10% only. In comparison, two recent studies using
8 or 10 mm covered nitinol stents had a risk of HE of 18%
and 40%, respectively [27, 28]. On the other hand, nonresponse may be increased but could easily be resolved by
enlargement of the stent.
The placement of the stent is easy and fast. Due to the
small diameter of the stent device, predilatation of the
tissue tract and introduction of a sheath is not necessary.
The stent which is mounted on a balloon catheter can
be placed right away. When compared with the covered
nitinol stent (Viatorr), the balloon expandable stent is less
expensive and the sheath and balloon catheter can be
saved as well.
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