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Objective: To report an initial experience using a primary 

constrained transjugular intrahepatic portosystemic 

shunt (TIPS) technique for treating cirrhotic patients 

with refractory ascites or variceal bleeding.

Methods: All patients undergoing primary constrained 

(n = 9) and conventional (n = 18) TIPS between July 

2014 and June 2016 were retrospectively reviewed. 

Preprocedure demographics, Child–Pugh, model for 

end-stage liver disease and technical variables were 

recorded. Outcomes measured included technical and 

clinical success, complications, 30-day mortality, as well 

as necessity for TIPS revision. Average (SD) and median 

follow-up was 237 (190) and 226 days.

Results: All constrained and conventional TIPS were 

technically successful (100%). Clinical success as defined 

as a reduction or improvement in presenting symptoms 

was 88.9% (8/9) and 100% (18/18) in the constrained and 

conventional groups, respectively (p = 1). The average 

reduction in portosystemic gradient was lower in the 

constrained group, 6.1 mmHg compared with 10.6 mmHg 

in the conventional group (p = 0.73). The rate of hepatic 

encephalopathy following TIPS placement was  higher 

in the conventional group [16.7% (3/18)] compared with 

0% in the constrained group (p = 0.52). The percentage 

of patients requiring TIPS revision was lower in the 

constrained group, although the results were not signifi-

cant (11.1 vs 22.2%, p = 0.63).

Conclusion: Primary constrained TIPS is a feasible modi-

fication to conventional TIPS with similar technical and 

clinical success rates. A trend towards a smaller reduc-

tion in the portosystemic gradient and need for revision 

was observed in the constrained group.

Advances in knowledge: Primary constrained TIPS 

allows for greater stepwise control over shunt diameter 

and may represent an improved technique for patients 

at risk for hepatic encephalopathy.
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Introduction
Transjugular intrahepatic portosystemic shunt (TIPS) 
creation is a well-established and effective treatment for 
variceal bleeding and refractory ascites in patients with 
portal hypertension.1,2 The clinical success rates of TIPS 
have risen in the past decade with the routine use of 
extended polytetrafluoroethylene (e-PTFE) self-expanding 
stent grafts, as demonstrated by prolonged shunt patency 
and a reduced need for secondary endovascular interven-
tion when compared with bare metal stents.3–9

While the use of e-PTFE stents has improved clinical 
outcomes by decreasing rates of shunt restenosis and 
occlusion, patients following TIPS creation remain at risk 
for major clinical sequela such as hepatic encephalopathy 
(HE). HE in the post-TIPS setting is not an uncommon 
event and may occur in as many as 5–35% of cases.10 The 
majority of cases of post-TIPS HE resolve with medication 

and dietary modifications. If refractive to medical manage-
ment, one endovascular treatment option for HE includes 
shunt occlusion, a procedure that places patients at risk 
for recurrent ascites, variceal bleeding and severe haemo-
dynamic instability.11,12 Alternatively, another method to 
mitigate HE is to reduce the stent graft diameter without 
causing complete occlusion. Various procedural tech-
niques have been described to accomplish this, effectively 
all attempting to increase the portosystemic gradient (PSG) 
and alleviate symptoms of medically refractory HE.13–17 
Among these, shunt reduction with placement of hour-
glass-shaped ePTFE balloon-expandable stent  grafts into 
the existing TIPS have shown positive outcomes with the 
added advantage of creating shunts that can be further 
adjusted in calibre-based on the patient’s clinical condi-
tion.18 The usage of balloon-expandable stents to create 
primary constrained stents during initial TIPS creation is 
less studied but offers promise for greater initial control 
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Table 1. Demographic and preprocedural data

Characteristic
TIPS creation technique

p-value
Conventional (n = 18) Primary Constrained (n = 9)

Sex

 � Male n = 12, 66.7% n = 9, 100% 0.07

 � Female n = 6, 33.3% 0%

Race

 � White n = 7, 38.9% n = 8, 88.9% 0.019a

 � Hispanic n = 9, 50% n = 1, 11.1% 0.091

 � Other n = 2, 11.1% 0% 0.538

 � Age 55, ± 11.15 56, ± 13.9 0.915

Preprocedural

 � CP 9B, ± 0.6 9B, ± 1 0.868

 � MELD 13.5, ± 6.4 10, ± 4.1 0.796

Indication for intervention

 � Recurrent ascites n = 7, 38.9% n = 8, 88.9% 0.019a

 � Variceal haemorrhage n = 11, 61.1% n = 1, 11.1%
ap < 0.05.

CP, Child–Pugh; MELD, model for end-stage liver disease; TIPS, transjugular intrahepatic portosystemic shunt.

of the PSG.19,20 The purpose of this study is to report an initial 
experience using a primary constrained TIPS technique with 
balloon-expandable stents and to compare their outcome with 
conventional TIPS placement at a single academic institution.

Methods and materials
A single-institution, Health Insurance Portability and Account-
ability Act compliant, retrospective study was performed 
following institutional review board approval. 27 patients seen 
from July 2014 to July 2016 with variceal bleeding and refrac-
tory ascites who underwent TIPS placement at the same insti-
tution were evaluated. Among these patients, 9 (33%) received 
a primary constrained TIPS and 18 (67%) underwent conven-
tional TIPS placement. Selection for constrained vs conven-
tional technique was performed per operator preference and 
after multidisciplinary collaboration with hepatology regarding 
concern for potential development of HE from overshunting. 
No specific objective criteria were used to select or exclude 
patients from either technique. Data collection included patient 
demographic data, indication for intervention, preprocedural 
Child–Pugh (CP) score, model for end-stage liver disease 
(MELD) and procedure-specific technical variables. Primary 
outcomes measured included technical, clinical and haemody-
namic success rates as defined by the Society for Interventional 
Radiology’s 2016 Quality Improvement Guidelines for TIPS.2 Per 
guidelines, technical success was defined as successful creation of 
a shunt between the hepatic vein and an intrahepatic branch of 
the portal vein. Clinical success was defined as resolution of the 
clinical indication for which the procedure was performed and 
the length of disease-free interval. Haemodynamic success was 
consequently defined as reduction of the PSG to the threshold 
set by the clinical setting (PSG <12 mmHg). Follow-up data 

recorded included presence or absence of HE, refractory ascites, 
shunt restenosis, 30-day mortality and necessity for TIPS revi-
sion. Average (standard deviation) and median follow-up was 
224 (175) and 228 days. Patient demographic information and 
preprocedural data is listed in Table 1.

Primary constrained TIPS technique
All procedures were performed in the interventional radiology 
suite under general anaesthesia. All interventions were performed 
by one of two board certified interventional radiologists with at 
least 12 years of experience and a certificate of added qualifica-
tion in vascular and interventional radiology.

A 10-Fr sheath (Flexor® Check-Flo® Performer; Cook, Bloom-
ington, IN) was introduced into the  inferior vena cava (IVC) 
after obtaining access into the right internal jugular vein. A 5-Fr 
MPA catheter (Cook, Bloomington, IN) was used to select the 
right hepatic vein based on institutional preference and patient 
anatomy to create a TIPS from this access. A right hepatic veno-
gram was performed followed by wedged CO2 portograms in the 
anteroposterior and oblique projections to delineate the course 
of the portal vein (Figure  1). Next, a 16-gauge ross-modified 
Colapinto needle was advanced and used to puncture the right 
portal vein under fluoroscopic guidance and portal access was 
confirmed with contrast injection (Figure 2). Following confir-
mation, a hydrophilic guidewire (Terumo, Shibuya, Japan) 
was advanced into the main portal vein. Next, over the wire a 
5-Fr pigtail catheter was inserted and placed at the splenic and 
superior mesenteric vein confluence. Simultaneous venograms 
from the pigtail catheter and sheath positioned at the hepatic 
vein and IVC confluence were performed to delineate the tract 
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Figure 1. Wedged hepatic venogram utilizing CO2 delineating 

the course of the main portal vein and its branches.

Figure 2. Portography obtained upon puncture of the right 

portal vein confirms positioning of the needle tip within the 

portal system.

Figure 3. Simulatenous portogram and hepatic venogram 

delineates the length of the intrahepatic tract for transjugular 

intrahepatic portosystemic shunt placement.

length necessary for TIPS placement (Figure  3). Haemody-
namic pressure measurements were also obtained to calculate 
the pre-TIPS PSG. The pigtail catheter was exchanged over a stiff 
guidewire and a 6- or 7-mm balloon-expandable stent (Express®; 
Boston Scientific, Natick, MA) was deployed within the hepatic 

parenchymal tract (Figure  4). The stent diameter size between 
6 and 7 mm was considered insignificant as it could be overdi-
lated as necessary following placement. Subsequently, a 10-mm 
Viatorr® selfexpanding ePTFE-lined stent graft (W.L. Gore & 
Associates, Flagstaff, AZ) was directly advanced through the 
transvenous tract created by the balloon-expandable stent and 
deployed to create a TIPS shunt from the right portal to right 
hepatic vein. Balloon dilation of the stent  graft was initially 
performed using a 7 or 8 mm high pressure balloon with the 
balloon-expandable stent acting to constrict and prevent further 
selfexpansion of the Viatorr stent (Figure 5). PSGs were calcu-
lated and titrated to a goal PSG of 5–12 mmHg by systematically 
increasing the size of balloon in 1 mm increments and repeating 
PSG measurements intraprocedure. If necessary, the balloon-ex-
pandable stent could be dilated to the 10 mm nominal size of the 
TIPS stent to achieve the target PSG. Completion venography 
was performed to confirm appropriate positioning of the TIPS 
(Figure 6). The sheath was subsequently removed, and haemo-
stasis was obtained with manual compression. Conventional 
TIPS placement was performed in similar fashion but without 
the use of a balloon-expandable stent. This technique has been 
previously described.21,22

Post procedural care and follow -up
Post-operatively, patients were monitored in the ICU for 24 h 
for signs or symptoms of haemodynamic instability and/or HE. 
Patients were scheduled for 1 month follow-up with Doppler 
ultrasound to assess shunt patency.

Statistical analysis
Descriptive statistics were expressed as proportions for categor-
ical variables and means ±  standard deviation for continuous 
variables. Patient characteristics between primary constrained 
and conventional groups were compared by using quantile 
regression on the median for continuous data and Fisher exact 
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Figure 4. Fluoroscopic image demonstrating initial placement 

of a 7-mm balloon expandable in the intrahepatic tract. This 

stent will serve to act as the primary constraining device for 

subsequent transjugular intrahepatic portosystemic shunt 

placement with the extended  polytetrafluoroethylene-lined 

graft.

Figure 5. Fluoroscopic image demonstrating creation of the 

transjugular intrahepatic portosystemic shunt by deploy-

ment of Viatorr selfexpanding extended  polytetrafluoro-

ethylene-lined stent graft within previously placed 7-mm 

balloon-expandable stent. The graft is being dilated to 8 mm 

to further decrease the portosystemic gradient.

Figure 6. Fluoroscopic image obtained with and without hand 

injection of contrast demonstrating patency of transjugular 

intrahepatic portosystemic shunt. Arrowhead indicates the 

site of balloon expanded primary constraining stent.

test for categorical data. All analyses were performed with Stata 
software (release 13.1; StataCorp, College Station, TX). A p value 
< 0.05 was considered statistically significant.

Results
The technical success rate for both conventional and primary 
constrained TIPS groups was 100%. There was a significant 
difference between indications for TIPS placement between two 
groups, with 38.9% (n = 7) of patients undergoing TIPS placement 
for recurrent ascites in the conventional group, compared with 
88.9% (n = 8) of patients in the constrained group. There were no 
significant differences between sex, age and preprocedure MELD 
and Child–Pugh score between the conventional and primary 
constrained groups (Table  1). Patients in both groups demon-
strated a reduction in the PSG. The average reduction in PSG 
in the conventional group was 10.6 mmHg compared with 6.1 
mmHg in the primary constrained group (p = 0.731). TIPS place-
ment was 100% successful in resolution of variceal bleeding in 
both groups. In the conventional group, 100% (n = 7) of patients 
with presenting symptom of ascites experienced improvement 
or resolution of their ascites symptoms after TIPS placement, 
compared with 87.5% (n = 7) in the constrained group (p = 1.0). 
Clinical outcomes of TIPS placement are summarized in Table 2.

In the conventional group, 11.1% (n = 2) of patients experi-
enced new onset ascites after TIPS placement from worsening 
liver function compared with 0% in the constrained group  
(p = 0.53). 16.7% (n = 3) of patients in the conventional group 
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Table 2. TIPS results

Outcome
TIPS creation technique

p-value
Conventional (n = 18) Primary Constrained (n = 9)

Pre-TIPS PSG (mmHg) 17.7, ±8.2 14, ±3 0.758

Post-TIPS PSG (mmHg) 6.7, ±1.84 7.9, ±1.96 0.693

PSG reduction (mmHg) 10.6, ±8.879 6.1, ±2.57 0.731

Post-procedural MELD Score 16, ±5.8 14, ±6.4 0.742

Improvement of recurrent ascitesa n = 7, 100% improvement n = 7, 87.5% improvementb 1.0

Improvement of variceal haemorrhagea n = 11, 100% resolution n = 1, 100% resolution 1.0

MELD, model for end-stage liver disease; PSG, portosystemic gradient; TIPS, transjugular intrahepatic portosystemic shunt.
aImprovement and resolution of clinical symptoms that were indication for TIPS placement in each group.
bBased on data from total of eight patients who underwent primary constrained TIPS placement for indication of refractory ascites.

Table 3. Procedure-related complications

Complication
TIPS creation technique

p-value
Conventional (n = 18) Primary Constrained (n = 9)

Refractory ascites n = 2, 11.1% 0% 0.53

Hepatic encephalopathy n = 3, 16.7% 0% 0.52

Other n = 1, C. difficile infection postoperatively n = 1, Bacterial peritonitis postoperatively 1.0

30 day mortality n = 2, 11.1% 0% 0.53

TIPS, transjugular intrahepatic portosystemic shunt.

experienced HE after TIPS procedure compared with 0% of 
patients in the constrained group (p = 0.52). There was one 
incidence of Clostridium difficile infection post-procedurally 
in the conventional group, and one incident of bacterial peri-
tonitis post-procedurally in the primary constrained group  
(p = 1). There were no significant differences in 30-day mortality 
between both groups (p < 0.05). Procedure-related complica-
tions are summarized in Table 3.

30-day follow-up imaging demonstrated reduced shunt patency 
in 13.3% (n = 2) of conventional cases compared with 0% in the 
constrained group (p = 1.0). There were no significant differences 
shunt patency and restenosis on follow-up imaging (Table  4). 
During the follow-up period, 22.2% (n = 4) of patients required 
shunt re-intervention in the conventional group compared with 
11.1% (n = 1) of patients in the constrained group (p = 0.63). 
Indications for re-intervention for both conventional and 
primary constrained groups are summarized in Table 5.

Discussion
The efficacy for TIPS in treating complications of portal hyper-
tension are well documented, with the largest body of evidence 
for its use supported in the setting of recurrent or refractory 
variceal bleeding and refractory ascites.23 The major limita-
tions of TIPS include shunt restenosis and an increased risk for 
HE.5,12 Although the routine use of ePFTE-lined stent grafts has 
substantially decreased the risk of shunt restenosis and conse-
quently increased long-term TIPS patency rates, HE remains a 
frequent clinical sequela and often times a contraindication to 

the procedure itself.10 Encephalopathy primarily occurs owing to 
the bypass of unfiltered portal blood through the TIPS stent graft 
and into the systemic circulation.24 Based on previous studies, the 
onset of encephalopathy after TIPS insertion occurs in 5 to 35% 
of cases, with 5% of cases refractory to medical management.10

An increased risk of encephalopathy following TIPS is associ-
ated with higher preprocedural MELD scores, advanced stage of 
hepatic fibrosis, pre-TIPS portal venous pressure, older age and 
pre-existing encephalopathy.24–28 Prior studies have also uncov-
ered an association between HE and the change in PSG after shunt 
placement. Findings presented by Haskal et al demonstrated that 
higher final PSG is associated with reduced incidence of HE.29,30 
Hence, along with careful patient selection, controlled reduc-
tion in the PSG gradient can potentially reduce the risk of HE 
after TIPS placement.17,30 With conventional TIPS technique, 
controlling the reduction in PSG remains a challenge during 
primary placement as the change in gradient is unpredictable. 
While various endovascular techniques have been described to 
decrease shunt diameter after the onset of encephalopathy, little 
data exists on effective modification strategies during primary 
placement to prevent this complication.18,19

The current study describes an endovascular technique for 
creation of a primary constrained TIPS that allows for greater 
control over shunt diameter than traditionally described methods. 
This constrained technique has previously been described in the 
literature based on two small patient case-studies.20 Compared 
with conventional TIPS placement, this method includes one 
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Table 4. Follow-up shunt patency

Doppler ultrasound (30 day)
TIPS creation technique

p-value
Conventional (n = 18) Primary Constrained (n = 9)

Availability n = 15, 83.3% n = 7, 77% 1.0

Demonstrate atency n = 13, 86.7% n = 7, 100% 1.0

Reduced flow through shunt n = 2, 13.3% 0% 1.0

TIPS, transjugular intrahepatic portosystemic shunt.

single additional step of deploying a balloon-expandable bare 
metal stent into the hepatic transvenous track to function 
as an externally constraining device for the selfexpanding e- 
PTFE-lined stent graft. This technique provides a greater control 
over the degree of shunting during the initial TIPS creation, 
allowing for stepwise increments in the shunt size diameter 
and reduction in PSG. This is also beneficial as the potential for 
undershunting is also avoided as the balloon-expandable stent 
can be overdilated up to the nominal size of the TIPS stent. This 
technique may particularly be advantageous in populations at 
high risk for encephalopathy, in which modest reductions of 
the PSG may prevent the onset or exacerbation of encephalop-
athy. In the current study, although there were no statistically 
significant difference in haemodynamic outcomes between both 
groups, there was a trend towards a smaller change in PSG in 
the constrained cohort (10.6  vs  6.1 mmHg) suggesting a greater 
control allowed for by the constrained technique. Similarly, a 
trend towards a decreased rate of encephalopathic complications 
was noted with the primary constrained TIPS group. Although 
statistically insignificant, the incidence (0%, n = 8) of post-TIPS 
HE observed in the primary constrained group is less than those 
previously reported with conventional TIPS placement. The inci-
dence (n = 3, 17%) of HE in the conventional cohort were similar 
to previous studies.10

An additional unique advantage of primary constrained TIPS 
placement is the ease of future interventions. Although a trend 
towards lower reintervention was observed in the constrained 
group, in the incident that there was insufficient shunting 
following TIPS placement as indicated by refractory ascites or 
ongoing variceal bleeding, the shunt diameter could be expanded 
relatively easily through balloon dilation of the stent graft up to 
the nominal size of the TIPS. With conventional methods, more 
aggressive intervention such as parallel TIPS may need to be 
pursued. Alternatively, shunt reduction for conventional TIPS is 
a technically more challenging and time consuming procedure 
than shunt dilation.

There are several limitations to this investigation. First, this 
study is limited by its retrospective nature and subject to 
inherent weaknesses of a non-prospective study. Second, our 
investigation represents the experience of a single academic 
institution. Third, this study was conducted with a small 
sample size of patients as TIPS. Fourth, there is a signifi-
cance difference between TIPS indication and racial makeup 
of individuals in both groups which could have influenced 
the outcomes of the study. Fifth, data collection relied upon 
reviewing patient charts and clinical assessment and clinical 
recognition of HE and other complications may be variable 
among medical providers. Sixth, variability in patient adher-
ence to medical therapy and concurrent medical illnesses could 
impact reported rates of procedural complications. Finally, 
the ability to increase the calibre of TIPS will be limited by 
the diameter of the constraining stent. Finally, the long-term 
patency of primary constrained TIPS and the dynamics of 
stent–stent interaction are currently unknown.

In conclusion, while TIPS placement is a safe and effective 
therapy for treatment of portal hypertension, it places patients 
at increased risk for HE. The current study demonstrates that 
primary constrained shunt creation offers a promising and 
feasible alternative to conventional TIPS placement with similar 
technical and clinical success rates, with a trend towards tighter 
control of PSG and decreased risk of HE. These findings support 
a broader utilization of primary constrained technique, partic-
ularly in patients at increased risk for HE. Future efforts with 
larger patient size are required to determine the appropriate 
patient selection and clinical effectiveness of this procedure.
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Table 5. TIPS revision

Shunt revision
TIPS creation technique

p-value
Conventional (n = 18) Primary Constrained (n = 9)

Total incidence per group n = 4, 22.2% n = 1, 11.1% 0.63

Shunt expansion owing to refractory ascites n = 3, 16.7% n = 1, 11.1% 1.0

Shunt reduction owing to hepatic encephalopathy n = 1, 5.6% 0% 1.0

TIPS, transjugular intrahepatic portosystemic shunt.
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