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Abstract
AIM: To assess the effect of technical parameters on 
outcomes of transjugular intrahepatic portosystemic 
shunt (TIPS) created using a stent graft.

METHODS: The medical records of 68 patients who 
underwent TIPS placement with a stent graft from 
2008 to 2014 were reviewed by two radiologists 
blinded to the patient outcomes. Digital Subtraction 
Angiographic images with a measuring catheter in two 
orthogonal planes was used to determine the TIPS 
stent-to-inferior vena cava distance (SIVCD), hepatic 
vein to parenchymal tract angle (HVTA), portal vein 
to parenchymal tract angle (PVTA), and the accessed 
portal vein. The length and diameter of the TIPS stent 
and the use of concurrent variceal embolization were 
recorded by review of the patient’s procedure note. 
Data on re-intervention within 30 d of TIPS placement, 
recurrence of symptoms, and survival were collected 
through the patient’s chart. Cox proportional regression 
analysis was performed to assess the effect of these 
technical parameters on primary patency of TIPS, time 
to recurrence of symptoms, and all-cause mortality. 

RESULTS: There was no significant association 
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between the SIVCD and primary patency (P  = 0.23), 
time to recurrence of symptoms (P  = 0.83), or all-
cause mortality (P  = 0.18). The 3, 6, and 12-mo 
primary patency rates for a SIVCD ≥ 1.5 cm were 
82.4%, 64.7%, and 50.3% compared to 89.3%, 
83.8%, and 60.6% for a SIVCD of < 1.5 cm (P  = 0.29). 
The median time to stenosis for a SIVCD of ≥ 1.5 cm 
was 19.1 mo vs  15.1 mo for a SIVCD of < 1.5 cm (P  
= 0.48). There was no significant association between 
the following factors and primary patency: HVTA (P  = 
0.99), PVTA (P = 0.65), accessed portal vein (P  = 0.35), 
TIPS stent diameter (P  = 0.93), TIPS stent length (P  = 
0.48), concurrent variceal embolization (P  = 0.13) and 
reinterventions within 30 d (P  = 0.24). Furthermore, 
there was no correlation between these technical 
parameters and time to recurrence of symptoms or 
all-cause mortality. Recurrence of symptoms was 
associated with stent graft stenosis (P  = 0.03).

CONCLUSION: TIPS stent-to-caval distance and 
other parameters have no significant effect on primary 
patency, time to recurrence of symptoms, or all-cause 
mortality following TIPS with a stent-graft.

Key words: Transjugular intrahepatic portosystemic 
shunt; Stents; Mortality; Portal Hypertension; Technique; 
Outcomes
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Core tip: Current knowledge on the technical factors 
influencing the patency of transjugular intrahepatic 
portosystemic shunts (TIPS) is limited to the published 
data on TIPS created using bare-metal stents. 
However, stent grafts have replaced bare metal stents 
in TIPS creation. In this paper, we rigorously analyzed 
the effects of various technical factors on patency of 
TIPS created with stent grafts and also demonstrated 
how these factors influenced time to recurrence 
of symptoms and all-cause mortality. Our results 
challenge the accepted assumption that placement of 
the hepatic venous end of the stent beyond 1.5 cm of 
the hepatocaval confluence decreases primary shunt 
patency rates. 
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INTRODUCTION
The transjugular intrahepatic portosystemic shunt 
(TIPS) is widely used in the management of portal 
hypertension and supplanted the use of surgically 

created shunts due to its equivalent efficacy, decreased 
cost, and improved outcomes with future orthotropic 
liver transplantation[1-4]. Though originally used in 
the context of variceal bleeding[5-7], the indications 
for a TIPS quickly expanded to include refractory 
ascites[8-11], Budd-Chiari syndrome[12,13], and hepatic 
hydrothorax[14-17]. TIPS were initially created using 
bare-metal stents, which had poor primary patency 
rates requiring stent revision up to a rate of 50% 
within 1 year of creation[18-20]. There has been many 
theorized causes for the poor primary patency rates: 
(1) early acute thrombosis, often caused by technical 
failure (e.g., stent shortening or migration) or a biliary-
stent fistula; (2) parenchymal stenosis resulting from 
a fibrotic healing response to the trauma of shunt 
creation; and (3) late “pseudointimal” hyperplasia of 
the hepatic vein occurring between 3 mo and 1 year 
after TIPS placement[21-25]. 

Stent grafts including the Viatorr® stent graft 
(Gore® Flagstaff, Arizona) have shown superior efficacy 
in terms of primary patency and clinical outcomes 
compared to bare metallic stents and have, therefore, 
replaced bare metal stents for TIPS[26-29]. The effect 
of various technical parameters influencing primary 
patency of TIPS performed with bare metal stents has 
been previously studied to varying degrees. A distance 
greater than 2 cm between the hepatic venous end 
of the stent and the hepatic vein-inferior vena cava 
confluence - stent to inferior vena cava distance 
(SIVCD) (Figure 1), has been identified as one of the 
main technical factors affecting the patency of TIPS 
created with a bare-metal stent[30]. Late stenosis (after 
3 mo) of a bare metal stent is secondary to pseudo-
intimal hyperplasia[21-25]. Prior studies on stent grafts 
have suggested that they are less predisposed to 
pseudo-intimal hyperplasia as compared to the bare 
metal stents[31,32]. The effect of SIVCD, the hepatic 
vein-parenchymal tract angle (HVTA, Figure 2) and 
portal vein-parenchymal tract angle (PVTA, Figure 
2), stent graft diameter, stent graft length, and the 
accessed portal vein on the outcomes of TIPS have not 
been well studied after the introduction of stent grafts 
for TIPS. The purpose of this study is to evaluate the 
effect of these selected technical factors on the primary 
shunt patency, time to recurrence of symptoms and 
survival following TIPS created with a Viatorr® stent 
graft (Gore® Flagstaff, Arizona). 

MATERIALS AND METHODS
Study population
The institutional review boards of two institutions 
from which the data were gathered approved this 
retrospective study and waived the requirement for 
an informed consent. A database of patients who had 
TIPS preformed from 2008 to 2014 was generated. 

Patients lost to follow up were censored from the 
analysis. Sixty-eight patients with appropriate imaging 
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studies and follow up were included in the study. The 
demographic information of the patients including the 
indication for TIPS is presented in Table 1. The etiology 
of cirrhosis included alcoholic (55%), hepatitis C (32%), 
non-alcoholic steatohepatitis (8%) and other (5%, 
hepatitis B, autoimmune, primary biliary cirrhosis, 
and cryptogenic). TIPS was placed according to the 
latest 2009 American Association for the Study of 
Liver Diseases 2009 Guidelines[33]. The indications for 
the procedure included: refractory variceal bleeding, 
refractory ascites, hepatic hydrothorax, hepatorenal 
syndrome, or a combination of these factors. 

Data review 
Two radiologists blinded to the outcomes of this 
study independently reviewed the angiographic 
images obtained during TIPS placement. Digital 
subtraction angiographic images were utilized for 
the measurement of the SIVCD, HVTA, and PVTA. A 
measuring catheter positioned within the stent graft 
was used to calculate the SIVCD. All patients included 
in this study had a TIPS completion venogram that 
depicted the confluence of the IVC and the hepatic 
vein. The HVTA and PVTA were measured in right 
anterior oblique view. The two observers had excellent 
correlation with the interclass correlation coefficients 
for the measured variables of SIVCD, HVTA, and PVTA 

of 0.98, 0.91, and 0.93, respectively. No measurement 
had more than a 10% discrepancy and, therefore, 
no measurements were discarded for analysis. 
The accessed portal vein was also determined by 
review of angiographic images. The TIPS stent graft 
diameter, TIPS stent graft length, and final TIPS 
balloon angioplasty diameter s were determined by 
review of the procedure note. Electronic chart review 
was performed to review interventions within first 
30 d after TIPS creation, the time to recurrence of 
symptoms, United States Doppler studies, repeat 
venography and/or TIPS interventions, and mortality.

TIPS procedure
The median pre-TIPS and post-TIPS portosystemic 
gradient for this cohort was 18 (Range 7-42) mmHg 
and 6 (Range 1-10) mmHg, respectively. In 64% of 
patients, a large physiological portosystemic shunt was 
observed, which could explain the low median pre-
TIPS portosystemic gradient. All patients included in 
this study achieved a portosystemic gradient of < 12 
following TIPS. All stents placed were Viatorr® stent 
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Figure 1  Digital substraction angiography showing the placement of 
the hepatic venous end of the transjugular intrahepatic portosystemic 
shunt stent. A: Hepatic venous end of the stent at the hepatocaval junction 
(short arrow); B: Placement of the hepatic venous end of the stent away from 
the hepatocaval junction (arrow denotes end of stent, arrowhead denotes 
hepatocaval junction, and triangle denotes unstented hepatic vein).

Figure 2  Digital subtraction illustrating the definition of hepatic vein to 
parenchymal tract angle (148° above) and portal vein to parenchymal tract 
angle (73° above). 

Table 1  Demographic information of 68 patients included 
in this study including gender, age, Child Pugh class, and 
indication for transjugular intrahepatic portosystemic shunt

Demographic factor n  (%)

Male 35 (51.5)
Female 33 (48.5)
Average age, yr 55.5 
Child Pugh Class
   A 10 (14.7)
   B 44 (64.7)
   C 14 (20.6)
Indication1

   Variceal bleeding 38 (55.9)
   Ascites 38 (55.9)
   Hepatic hydrothorax   8 (11.8)
   Hepatorenal syndrome 1 (1.5)

1The indications do not sum to 100% as some patients had more than one 
indication.
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simultaneous effect of all eight technical parameters 
(SIVCD, HVTA, PVTA, accessed portal vein, TIPS stent 
diameter, TIPS stent length, final balloon diameter, and 
reintervention within 30 d) on primary patency, time 
to recurrence of symptoms, and all-cause mortality. 
The association between recurrence of symptoms and 
stent graft stenosis was also evaluated via a χ 2 test. 
Effects with P value less than 0.05 were considered as 
statistically significant. All analyses were conducted in 
statistical software package SAS® 9.3. The statistical 
methods of this study were reviewed by Yin Xi from 
the University of Texas Southwestern Medical Center. 

RESULTS
Cox proportional regression analysis did not show any 
association between the TIPS stent to IVC distance 
(SIVCD) and primary patency (P = 0.23), time to 
recurrence of symptoms (P = 0.83), and all-cause 
mortality (P = 0.18). The data was also split into two 
groups for Kaplan-Meier analysis using 1.5 cm as the 
cutoff (N greater than 1.5 cm- 19, N less than or equal 
to 1.5 cm- 49). There was no statistically significant 
difference between the two groups in terms of age, 
sex, indication for procedure, etiology of cirrhosis, 
or Child-Pugh class. The 3, 6, and 12-mo primary 
patency rates for a SIVCD ≥ 1.5 cm were 82.4% 
(SE = 9.3%), 64.7% (SE = 11.6%), and 50.3% (SE 
= 12.7%) compared to 89.3% (SE = 4.5%), 83.8% 
(SE = 5.7%), and 60.6% (SE = 8.6%) for a SIVCD of 
< 1.5 cm as shown in Figure 3. The median time to 
stenosis for a SIVCD of ≥ 1.5 cm was 19.1 mo (SE = 
4.0 mo) compared to 15.1 mo (with SE = 2.2 mo) for 
an SIVCD < 1.5 cm (Kaplan-Meier analysis, P = 0.29). 
After one year, 57% (SE = 6.6%) of the patients with 
a SIVCD less than 1.5 cm were without symptoms vs 
53% (with SE = 10.5%) of the patients with a SIVCD 
greater than 1.5 cm. (Kaplan-Meier analysis, P = 0.64) 
In the cohort with a SIVCD of greater than 1.5 cm, the 
patients who had recurrence of symptoms all recurred 
with the same symptom that served as the primary 
indication for the procedure. In the cohort with a 
SIVCD of less than 1.5 cm, there were three patients 
who had recurrence of symptoms that differed from 
their primary indication as two patients had a TIPS 
placed for recurrent ascites who recurred with variceal 
bleeding and one patient had a TIPS placed for variceal 
bleeding who recurred with recurrent ascites. After one 
year, the survival rate of the cohort of patients with a 
SIVCD less than 1.5 cm were 74% (with SE = 6.0%) 
vs 81% (with SE = 7.8%) for the cohort of patients 
with a stent graft distance greater than 1.5 cm. Figure 
3 shows the primary patency, time to recurrence 
of symptoms, and all-cause mortality as a function 
of time. As expected, recurrence of symptoms was 
associated with stent graft stenosis with P value 0.0275 
(χ 2 test). 

Furthermore, cox proportional hazard regression 

grafts (Gore® Flagstaff, Arizona). 
The SIVCD distance ranged from 0.0 to 3.8 cm. 

The HVTA and PVTA ranged from 117°-180° and 
71°-176°, respectively. The accessed portal vein varied 
and included the main portal vein (n = 4, 6.0%), right 
portal vein (n = 31, 46.3%), first order right portal vein 
(n = 25, 37.3%), left portal vein (n = 5, 7.5%), and 
first order left portal vein (n = 2, 3.0%). The diameter 
of the stent graft used included 8 mm (n = 45, 66.2%) 
and 10 mm (n = 23, 33.8%). The stent graft length 
varied based on the patient’s anatomy and included 6 
cm (n = 10, 15.2%), 7 cm (n = 28, 42.5%), 8 cm (n 
= 16, 24.2%), 9 cm (n = 6, 9.1%), and 10 cm (n = 6, 
9.1%). An 8 mm balloon was used initially for 10 mm 
stent grafts with further dilation with a 10 mm balloon 
if needed. The maximum balloon dilation diameter 
included either 8 mm (n = 45, 66.2%) or 10 mm (n 
= 23, 33.8%). Variceal embolization was performed 
following TIPS if any significant gastroesophageal 
varices were still visualized following TIPS. 

Follow-up
The median follow up time was 11.2 mo. Patients 
were regularly followed with clinical and imaging 
follow-up performed at interval time points using 
TIPS ultrasound or when the patient presented with 
recurrence of symptoms. The determination of TIPS 
stenosis using ultrasound was based on established 
velocity thresholds of approximately 90-190 cm/s[34,35]. 
However, given these reference ranges can vary 
significantly with respiration and Doppler angle, all 
identified stenosis were confirmed with follow up 
venography. A stenosis on venography was defined as 
a portosystemic gradient greater than 12 mmHg and/
or 50% narrowing on angiographic images (confirmed 
on two orthogonal views). A stenosis identified on 
venography was treated with angioplasty +/- additional 
stenting. In a few select patients (n-3), venography 
was performed without preceding ultrasound due to 
high pre-test probability of stenosis given recurrence 
of clinical symptoms. Patients lost to follow up were 
censored at the time of the last known imaging of the 
shunt (either duplex ultrasound or shunt venography). 
Patients who underwent liver transplantation were also 
censored at the time of transplantation (n = 3). 

Statistical analysis
Cox proportional hazard regression analysis was 
performed using SIVCD as a continuous variable for 
its effect on primary patency, time to recurrence of 
symptoms, and all-cause mortality. Using 1.5 cm 
as the cutoff, Kaplan-Meier survival analyses were 
used to test any difference in primary patency, time 
to recurrence of symptoms, and all-cause mortality 
between SIVCD ≤ 1.5 cm or > 1.5 cm. The cutoff of 1.5 
cm was chosen as it was similar to the 2.0 cm cutoff 
used in a prior study[30]. Then, cox proportional hazard 
multivariate regression analysis was performed on the 
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analysis did not show any association between the 
HVTA and primary patency (P = 0.99), recurrence of 
symptoms (P = 0.62), and all-cause mortality (P = 
0.16). Similarly, cox proportional hazard regression 
analysis did not show any association between the 
PVTA and primary patency (P = 0.65), recurrence of 
symptoms (P = 0.25), and all-cause mortality (P = 
0.17). 

Finally, the accessed portal vein, TIPS stent graft 
diameter, TIPS stent graft length, final TIPS balloon 
angioplasty diameter, presence of concurrent variceal 
embolization or reintervention within first 30 d had no 
statistically significant effect on primary stent patency, 
time to recurrence of symptoms, or all-cause mortality 
(Table 2). 

DISCUSSION
The standard for positioning the hepatic venous end 
of the stent graft during TIPS creation is based on 
the study by Clark et al[30] that reported results from 
TIPS created using bare-metal stents. In this study, 
authors reported superior primary patency of TIPS 
when the hepatic venous end of the bare metal stent 
used for TIPS creation was positioned within 2 cm of 
the confluence between the hepatic vein and the IVC. 
Though early stenosis can be attributed to procedural 
complications (i.e., biliary-stent fistulas), late stenosis 
of a bare metal stent (especially after 3 mo) is mainly 
secondary to pseudo-intimal hyperplasia[21-25]. Prior 
research on stent grafts has suggested that they are 
less predisposed to pseudo-intimal hyperplasia as 
compared to the bare metal stents[31,32]. For instance, 
Huang et al[31] found a statistically significant decrease 
in the incidence of intimal hyperplasia with stent grafts 
compared to that with bare metal stents (33% vs 3%, 
respectively, P < 0.01) in a study involving 60 patients 
who underwent TIPS. 

Our results support the hypothesis that stent grafts 
are less predisposed to pseudo-intimal hyperplasia as 
there was no significant effect of SIVCD on primary 
patency of TIPS. This was further substantiated by 
the finding that there was no difference in clinical 
outcomes such as time to recurrence of symptoms or 
all-cause mortality. Our study shows that positioning 
the hepatic venous end of the stent graft within 1.5 
cm of hepatocaval junction during TIPS creation may 
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Table 2  Results of cox regression analysis for transjugular 
intrahepatic portosystemic shunt placed with a stent-graft

 Primary 
patency

Time to recurrence 
of symptoms

All-cause 
mortality

P  value P  value P  value

SIVCD 0.23 0.83 0.18
HVTA 0.99 0.62 0.16
PVTA 0.65 0.25 0.17
Accessed portal vein 0.35 0.93 0.67
TIPS stent diameter 0.93 0.69 0.37
TIPS stent length 0.48 0.58 0.69
Final balloon diameter 0.99 0.43 0.22
Variceal Embolization 0.13 0.43 0.30
< 30 d of intervention 0.24 0.33 0.54

There was no statistically significant effect (i.e., P < 0.05) of any of the 
above variables on primary patency, time to recurrence of symptoms, or 
all-cause mortality. TIPS: Transjugular intrahepatic portosystemic shunt; 
SIVCD: Stent-to-inferior vena cava distance; HVTA: Hepatic vein to 
parenchymal tract angle; PVTA: Portal vein to parenchymal tract angle.

Figure 3  Kaplan-Meier curves following placement of a transjugular 
intrahepatic portosystemic shunt using a stent-graft when the stent-to-
inferior vena cava distance was less than or equal to 1.5 cm and more 
than 1.5 cm. A: Primary patency as a function of time; B: Time to recurrence of 
symptoms as a function of time; C: All-cause mortality as a function of time. 
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not be necessary, unlike what was reported with bare 
metallic stents. 

Stent graft geometry including the HVTA and PVTA 
was not well studied with bare metal stents or stent 
grafts. Despite early thoughts that shear stress from 
stent angulation may contribute to stenosis, two series 
presented only in abstract form (Perry et al[36] and 
Weeks et al[37]) with 19 and 61 patients, respectively, 
had shown that stent geometry (i.e., HVTA and PVTA) 
had no effect on primary patency. Our data further 
supports there is no significant correlation between 
HVTA/PVTA and primary patency. Furthermore, our 
data further showed that stent graft angulation did 
not affect time to recurrence of symptoms or all-cause 
mortality. 

Our results showed that there was no statistically 
significant effect of stent graft length, stent graft 
diameter, and final balloon angioplasty diameter on 
primary patency, time to recurrence of symptoms, 
or all-cause mortality. Therefore, during TIPS stent 
creation, focus should be on the combined effect of 
these technical factors on the pressure gradient and 
anatomic considerations as opposed to focusing on any 
one of the individual above parameters alone for the 
purposes of increasing primary stent patency. 

The accessed portal vein also had no statistically 
effect on primary patency, time to recurrence of 
symptoms, or all-cause mortality. The right hepatic 
vein is usually chosen to access the right portal vein 
as the anterior approach reduces the likelihood of 
extra capsular puncture. Our data shows there is no 
indication to change this choice of hepatic vein to 
portal vein based on any gain in the primary patency 
of the stent.

Our data does not show any statistical correlation 
between reintervention within the first 30 d and more 
long term primary patency, time to recurrence of 
symptoms, or all-cause mortality. Therefore, short 
term patency may not be a good predictor of long term 
patency. This is consistent with prior reports which 
showed that the factors resulting in early thrombosis 
(i.e., stent migration, stent shortening, biliary-stent 
fistulas) differ from those affecting long term patency 
(i.e., pseudo-intimal hyperplasia). 

This study has limitations. First, it was a retrospective 
study from only two institutions and included a 
moderate number of patients. A prospective, large 
cohort, multi-institutional study is desirable; however, 
we believe that between the two institutions included 
in this study, there was a wide range of patient 
populations. This study is also limited as it only had 
a moderate follow up time interval. However, as 
above, prior research has shown that pseudo-intimal 
hyperplasia typically occurs within 3 mo to one year 
following placement of the TIPS, which is within the 
follow up interval. Long term follow up is desirable. 
Given the similar patient characteristics including 
gender, age, MELD score, and indication for procedure 
across the two groups of SIVCD, confounding factors 

were minimized. 
In conclusion, the positioning of hepatic venous 

end of TIPS stent graft in relation to hepatic vein 
- inferior vena cava confluence has little effect on 
the primary patency rate, time to recurrence of 
symptoms, and all-cause mortality following TIPS. 
Similarly, other technical factors such as hepatic vein 
to parenchymal tract angle, portal vein to parenchymal 
tract angle, TIPS stent graft diameter, TIPS stent 
length, concurrent variceal embolization and early 
re-intervention have no effect on primary patency, 
recurrence of symptoms, or all-cause mortality.
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Given that the technical parameters have little effect on final outcomes of TIPS, 
one should focus on physiological end points to improve clinical outcomes.
Terminology
A bare metal stent is a hollow tube lined with a lattice of metal (either stainless 
steel or Nitinol alloy). A stent-graft is a stent with an external (sometimes 
internal and external) covering on the metal lattice, typically made of a polymer 
of expanded polytetrafluoroethylene.
Peer-review
This manuscript retrospectively re-analyzed the gathered clinical data of of 
the transjugular intrahepatic portosystemic shunt used for patients with portal 
hypertension.
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