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Abstract

Background: Transjugular intrahepatic portosystemic
shunt (TIPS) is a procedure for hepatic decompression and
lowering of portal hypertension. The procedure is
performed angiographically by inserting a metal stent
between the hepatic and portal vein. Improved
techniques and the expanding indications of TIPS
throughout the years have made it more common.

Consequently, a better prediction accuracy of its
outcomes and complications is warranted. The aims of
this study were to present real-life experience with the
TIPS procedure and to identify novel risk factors for short-
term complications and mortality.

Methods and findings: We conducted an observational,
retrospective study of all patients who underwent a TIPS
procedure from 2005-2017 in a single tertiary center. Data
collected from the medical records included
demographics, anthropometrics, co-morbidities,
biochemical tests, indications and short-term (≤ 90 days)
complications. Binary logistic regression analysis was
conducted to determine risk factors for 90-day mortality.

Results: A total of 101 patients (54% males and mean age
of 55.9 ± 15.7 years) underwent technically successful
TIPS insertion. The most common complications were
hepatic encephalopathy (43.6%, n=44) and hepatic
decompensation (17.8%, n=18). The incidence of 90-day
mortality was 21.8% (n=22).

Multivariate analysis revealed that older age (OR=1.061,
95% CI: 1.006-1.119), hypertension (OR=6.193, 95% CI:
1.666-23.024) and high Model for End-Stage Liver Disease
(MELD) score (OR=1.167, 95% CI: 1.017-1.329) were
independent and significant predictors of early post-TIPS
mortality.

Conclusions: Older age, hypertension and high MELD
score are independent predictors of early mortality post-
TIPS. We recommend considering these risk factors when
selecting patients for TIPS insertion.
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Steatohepatitis; PTFE: Polytetrafluoroethylene; PVT:
Portal Vein Thrombosis; TIPS: Transjugular Intrahepatic
Portosystemic Shunt

Introduction
Portal hypertension is common in patients with cirrhosis [1],

its clinical manifestations include variceal bleeding, ascites,
splenomegaly with hypersplenism as well as other less
common complications such as hepatic hydrothorax,
hepatorenal syndrome and others [2].

Transjugular intrahepatic portosystemic shunt (TIPS) is a
non-surgical interventional radiology procedure for hepatic
decompression and lowering of portal hypertension. TIPS
reduces portal pressure by creating an artificial shunt between
the portal vein and hepatic vein branches, via insertion of a
metal stent [3].

The major indications for TIPS are secondary prevention of
variceal bleeding and treatment of refractory ascites [4]. Less
commonly, other indications include hepatic hydrothorax,
hepatorenal syndrome, Budd-Chiari syndrome and
preoperative TIPS for cirrhotic patients undergoing abdominal
and pelvic surgery [5].
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Among the contraindications to the placement of TIPS are
severe congestive heart failures, moderate to severe
pulmonary hypertension, severe liver failure, and uncontrolled
systemic sepsis. Hepatocellular carcinoma (HCC), hepatic
encephalopathy (HE) and portal vein thrombosis (PVT) are
relative contraindications [4].

The procedure is usually well tolerated and safe, especially
when compared to surgical portosystemic shunting [6].
Nevertheless, patients undergoing TIPS can develop significant
complications. Technical complications include hepatic vessels
laceration and hepatic infarction, hemobilia and arterioportal
fistula. Later on, HE is a frequent (5-50%) complication in the
early post-procedure period [6,7].

Acute deterioration of liver function due to reduced portal
venous perfusion [8], as well as shunt stenosis, thrombosis and
occlusion may also occur [4]. Early post-procedural mortality
ranges from 3% to 44% [9], depending on TIPS indication and
clinical characteristics of the patient.

Technological innovations such as the use of
polytetrafluoroethylene (PTFE) covered stents, reduced the
incidence of clinical relapses, stent stenosis, thrombosis and
re-interventions and improved outcomes including patients'
survival [10].

Existing literature revealed several predictive factors that
have been associated with early mortality and poor TIPS
outcomes. These include older age, hyperbilirubinemia, renal
insufficiency, emergent TIPS and high Model for End-Stage
Liver Disease (MELD) score [9,11,12]. These prognostic data
mandate careful pre-procedural patient selection in order to
minimize the risk of short and long-term complications and
improve survival rates.

The aims of our study were to assess "real life" experience
with the TIPS procedure including indications, complications
and outcomes over the past 12 years in a single tertiary center
and to identify novel risk factors for early post-TIPS
complications and mortality.

Research Methodology
Our study is a retrospective observational cohort study

conducted in a single tertiary center. Patients who underwent
TIPS from 2005-2017 were included in the study. Patients
under 18 years of age and patients in whom TIPS insertion was
technically unsuccessful were excluded. All TIPS procedures
were performed at the Tel-Aviv Sourasky Medical Center.

We reviewed medical records to determine age, gender,
BMI) and clinical data including co-morbidities, underlying
causes of cirrhosis and portal hypertension complications.
Laboratory parameters at the time of TIPS placement were
recorded and included serum bilirubin, creatinine, albumin,
sodium, platelet count and international normalized ratio
(INR).

MELD score and MELD–Na were calculated using the values
for total bilirubin, serum creatinine INR and sodium as

previously described [13]. Technical details about the TIPS
procedure were also collected including indications, timing
(emergent or elective), type of stent used and hepatic vein-
portal gradient (HVPG) before and after TIPS. The technical
aspects of the TIPS procedure were described in detail
previously [14].

Short-term (≤ 90 days) complications including technical or
stent-related complications, HE (graded according to the West-
Haven criteria [15]), renal and hepatic failure as well as TIPS
revisions were recorded.

The primary study outcome was early mortality within 90
days following TIPS. Secondary outcomes were the occurrence
of TIPS-related early complications and revisions.

Statistical analysis
Data were analyzed using the statistical program SPSS

(Version 24). Continuous variables were presented as means ±
standard deviation (SD) and dichotomous/categorical variables
as proportions. Continuous variables that failed
the normality test were analyzed using non-parametric tests.

To test differences in continuous variables between 2-
groups the independent-samples t-test was performed. For
comparison of dichotomous or categorical variables the Chi-
Square test was performed. Multivariate logistic regression
analysis using the stepwise method was conducted in order to
determine predictors of early death post-TIPS. The level of
significance for all analyses was set at p<0.05.

Results

Study population
One hundred and one patients (54% males) met the

inclusion criteria during the study period. Pre-TIPS baseline
characteristics are presented in Table 1. The mean age and
BMI at the time of TIPS were 55.9 ± 15.7 years and 26.1 ± 4.5
kg/m², respectively.

The main underlying causes of cirrhosis were hepatitis C
virus (HCV) infection (23.8%, n=24), Budd-Chiari syndrome
(17.8%, n=18), non-alcoholic steatohepatitis (NASH) (17.8%,
n=18) and cryptogenic cirrhosis (17.8%, n=18), alcoholic
hepatitis (5.9%, n=6), HBV (4.9%, n=5) autoimmune hepatitis
(2.9%, n=3), sarcoidosis (2.9%, n=3), Primary sclerozing
cholangitis (PSC) (2%, n=2), drug-induced cirrhosis (2%, n=2),
Wilson disease (0.9%, n=1), Schistosomiasis (1%, n=1) (Table
1).

Common cirrhotic complications were ascites (73.3%, n=74),
esophageal and gastric varices (65.4%, n=66) and
hypersplenism (42.6%, n=43). Pre-procedural mean MELD and
MELD-Na scores were 11.65 ± 4.5 and 15.4 ± 5.3, respectively.
Main prevalent co-morbidities were Type 2 diabetes (41.6%,
n=42), hypertension (36.6%, n=37), ischemic heart disease
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(IHD) (17.8%, n=18) and chronic renal failure (CRF) (16.8%,
n=17).

Table 1 Pre-TIPS baseline characteristics.

Variables† All participants (n=101)

Study population

Age (years) 55.9 ± 15.7

Gender (% male) 54

Co-morbidities

BMI (kg/m²) 26.1 ± 4.5

Type 2 Diabetes (%) 41.6

Hypertension (%) 36.6

Ischemic Heart Disease (%) 17.8

Chronic Renal Failure (%) 16.8

Cerebrovascular Disease (%) 4

Laboratory Values

INR 1.3 ± 0.5

Serum Total Bilirubin (mg/dL) 1.2 ± 0.8

Serum Albumin (g/dL) 3.0 ± 0.6

Serum Creatinine (mg/dL) 1.2 ± 0.5

Serum Sodium (mEq/L) 134.9 ± 5.0

Platelets (x 109/L) 167.7 ± 142.4

Clinical characteristics

Cirrhosis etiology

HCV (%) 23.8

Budd-Chiari syndrome (%) 17.8

NASH (%) 17.8

Cryptogenic cirrhosis (%) 17.8

Others‡ (%) 22.8

Cirrhosis complications

Ascites (%) 73.3

Varices (%) 65.4

Hypersplenism (%) 42.6

PVT (%) 18.8

Hepatic encephalopathy (%) 9.9

HCC (%) 2

MELD score 11.7 ± 4.5

MELD-Na score 15.4 ± 5.3

Abbreviations: BMI: Body Mass Index, INR: International Normalized Ratio, NASH: Nonalcoholic Steatohepatitis, HCV: Hepatitis C virus, HBV: Hepatitis B virus,
PSC: Primary Sclerosing Cholangitis, PVT: Portal vein thrombosis, HCC: Hepatocellular carcinoma, MELD: Model for End-Stage Liver Disease.

†Values expressed as the mean ± SD, unless otherwise stated. ‡Alcoholic hepatitis (n=6), HBV (n=5) Autoimmune hepatitis (n=3), Sarcoidosis (n=3), PSC (n=2),
Drug-induced cirrhosis (n=2), Wilson disease (n=1), Schistosomiasis (n=1).
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TIPS related data
TIPS indications and procedure details are shown in Table 2.

The major indications for TIPS insertion were refractory ascites
(38.6%, n=39), secondary prevention of acute or recurrent,
esophageal or gastric variceal bleeding (30.7%, n=31) and
Budd-Chiari syndrome (18.8%, n=19). Less common indications
included PVT (5%, n=5), hepatic hydrothorax (3%, n=3),
hepatorenal syndrome (2%, n=2) and reduction of portal
hypertension prior to major abdominal surgery (2%, n=2).

Table 2 TIPS indications and procedure details.

Indications Number of patients (%)

Refractory ascites 39 (38.6)

Variceal bleeding (Acute or refractory) 31 (30.7)

Budd-Chiari syndrome 19 (18.8)

Hepatic hydrothorax 3 (3)

Hepatorenal syndrome 2 (2)

Others (PVT, preoperative) 7 (6.9)

Procedure details

Emergent TIPS 25 (24.8)

Covered stent 76 (75.2)

Variceal embolization 13 (12.9)

HVPG before shunt-1 19.3 ± 6.1

HVPG after shunt-1 7.8 ± 3.1

ΔHVPG†1 11.5 ± 5.7

Abbreviations: PVT: Portal vein thrombosis, HVPG: Hepatic vein-portal
gradient.

†Values expressed as the mean ± SD

1Data were available for 94 patients.

The majority of procedures were elective (75.2%, n=76) and
the others were performed as emergency procedures (24.8%,
n=25). Seventy-six patients received covered PTFE stent grafts
(Viatorr®) (75.2%), whereas the others received bare metal
stents (24.8%, n=25). Variceal embolization was performed in
13 patients (12.9%) who had bleeding varices as their TIPS
indication. HVPG was measured with a mean pre- and post-
TIPS pressure of 19.3 ± 6.1 mmHg, and 7.8 ± 3.1 mmHg
respectively.

Complications and mortality
Adverse events within 90-days of the procedure occurred in

70 (69.3%) of the patients and are summarized in Table 3.

Stent related complications accounted for 25 (24.8%) of
cases, including stent thrombosis (n=11, 10.9%), stenosis or
occlusion (n=13, 12.9%) and a single case of endotipsitis. No
events of stent migration were recorded. The most common
complication at 90-days post-TIPS was HE, in 44 (43.6%)
patients. Technical access-related complications were the least

common, with difficult cannulation (n=5, 5%), bleeding (n=3,
3%) and puncturing of the liver capsule (n=2, 2%). Twenty-six
TIPS revisions (26.7%) were performed within 90-days post-
TIPS.

TIPS revisions included balloon angioplasty (n=9) and the
placement of covered (n=4) and bare metal (n=4) stents within
the previous stent. Other procedures such as narrowing or
closure of the shunt (n=3), thrombosis evacuation (n=3) and
varices embolization without angioplasty or stent placement
(n=3). The overall 90-day patient mortality rate was 21.8%
(n=22) (Table 3). The most common cause of death was liver
and/or multi-organ failure (n=12, 54.5%). Other causes were
septic shock (n=3, 13.6%) and gastrointestinal bleeding (n=1,
4.5%). The remaining causes of death (n=6, 27.3%) were
unspecified.

Table 3 Post-TIPS complications.

Complications Number of patients (%)

Difficult cannulation 5 (5)

Bleeding 3 (3)

Liver capsule puncture 2 (2)

Stent thrombosis 11 (10.9)

Stent stenosis 13 (12.9)

Endotipsitis 1 (1)

Hepatic encephalopathy

Grades 1-2 29 (28.7)

Grades 3-4 15 (14.9)

Total 44 (43.6)

Renal failure 15 (14.9)

Hepatic decompensation 18 (17.8)

HCC 0 (0)

Liver transplantation 1 (1)

Death 22 (21.8)

Abbreviations: HCC: Hepatocellular carcinoma.

When patients who died 90-days post-TIPS were compared
to those who survived, there was no statistical difference
noted with regard to the mortality rate of patients with
refractory ascites (45.5% vs. 36.7%, P=0.352) or bleeding
varices (31.8% vs 39.24%, P=0.227) as their primary TIPS
indication. When TIPS was performed on an emergent basis,
the 90-day mortality rate was 36.4% (8 of 22) as compared to a
rate of 21.5% (17 of 79) when preformed on an elective basis
(P=0.173). While not statistically significant, a trend toward
greater mortality rate was observed in emergent TIPS.

Predictors of early death after TIPS placement
In univariate analysis, older age was significantly associated

with death 90-days post-TIPS compared to younger patients
(65.2 ± 10.7 vs. 53.3 ± 15.9 years, P < 0.001).
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Additionally, a positive history of hypertension, which was
defined as previously diagnosed hypertension on medical
records and/or previously initiated antihypertensive drug
treatment (72.7% vs. 26.6%, P< 0.001) and IHD (31.8% vs.
13.9%, P=0.052) were significantly more common in patients
who died 90-days post-TIPS. MELD score, while not reaching
statistical significance in univariate analysis showed a trend
towards significance with more patients with higher MELD
scores died within 90-days post-TIPS (13.1 ± 6.7 vs 11.3 ± 3.7,
P=0.086). MELD-Na score showed a similar trend, with higher
scores in patients who died within 90-days post-TIPS (17 ± 6.9
vs 14.9 ± 4.8, P=0.103).

Binary logistic regression was conducted in order to
determine independent predictors of 90-day mortality. To
avoid an over-fitted model, we limited the number of
examined variables to six, with a rule of thumb of one
independent variable for each 15 patients. Age, hypertension
and IHD, which were statistically significant on univariate
analysis were entered into the analysis. We added MELD score
because it showed a trend toward significance and was
previously shown to have prognostic value [16]. We also
selected the calculated difference of change in HVPG from
baseline (Delta HVPG) due to its previously shown relevance in
predicting adverse events in cirrhosis [17]. Lastly, we selected
gender due to the differences in natural history and outcomes
in cirrhosis between men and women [18] and also due to its
association with post-TIPS HE, which in turn may contribute to
early death rates [7]. Emergent TIPS (P=0.154),
hyperbilirubinemia (P=0.754) and renal insufficiency (P=0.774)
were not statistically significant and therefore excluded from
this model.

After adjustments for all covariates, increased risk of 90-day
mortality was significantly associated with older age,
hypertension and higher MELD score (Table 4). Gender, IHD,
and Delta HVPG were not found to be associated with
increased odds for early death in our cohort.

Table 4 Multivariate analysis for the prediction of post-TIPS 90-
day mortality.

Variables OR (95% CI) P value

Age (years) 1.061 (1.006-1.119) 0.028

Hypertension 6.193 (1.666-23.024) 0.006

MELD score 1.167 (1.017-1.339) 0.028

Discussion
In the present study, we analyzed a cohort of 101 patients

with portal hypertension who underwent the TIPS procedure
in a single center over a period of 12 years. The patients had
diverse underlying liver diseases and underwent the procedure
for various indications. Older age, high MELD score and
hypertension were found to be independently associated with
increased 90-day mortality.

Our study confirms several risk parameters previously
shown to predict mortality in TIPS patients while identifying a

novel one. However, we were unable to validate several other
factors that were previously shown to predict mortality in
these patients. This disparity could be explained in part by the
differences in baseline characteristics of the study populations.
Our patients had diverse etiologies of cirrhosis with alcoholic
liver disease being rare in contrast to previously analyzed
populations [8]. Furthermore, because our study covered a
later time period than previously reported cohorts, we were
able to implement newer clinical practice guidelines [4] which
among other recommendations endorsed the use of PTFE-
covered stents, further improving the clinical outcomes of the
procedure [10].

The MELD score, which was originally developed to predict
3-month survival in TIPS recipients [16], was shown to be
superior to Child-Pugh classification in patients undergoing
TIPS [12]. Yet, possible limitations of MELD's prognostic value
[19] have led to evaluation of other variables which may
improve its accuracy, such as serum sodium and the presence
of ascites [20]. Our work validates the MELD score as a
predictor for mortality following TIPS, showing relatively
higher scores in patients who died within 90 days following the
procedure, compared to those who survived. The MELD score
was assessed as a median value and compared to validated
MELD scores [16,21] to establish a cut-off point for increased
mortality risk. However, we were unable to define a discrete
value from which there was an increased risk for 90-day
mortality. Comparison of this study to other publications
suggests that a cut-off value for early post-TIPS mortality can
vary between populations and indications [22]. Still, it is
generally accepted that TIPS should be avoided in MELD scores
> 24, unless it's being used in an emergency setting [16].
Interestingly, our study identifies a population of cirrhotic
patients who presented with serious portal hypertension
complications with a relatively low MELD score. One plausible
explanation could be the impact of persistent ascites, which
was the most prevalent TIPS indication in our cohort and of
nearly half of the patients who died. Mortality was previously
shown to be higher in patients with moderate ascites, with a
more prominent effect in lower MELD scores [23]. Prior to
TIPS, the major treatment modality of refractory ascites is
large-volume paracentesis (LVP) [20]. Repeated LVP can result
in the significant caloric loss and induce further catabolic
response, even in patients who begin treatment with normal
nutritional status [24]. In this cohort, the timing and number of
paracenteses, albumin infusions or supplemental feeding prior
to TIPS were not reviewed. Hence, we cannot exclude the
possibility of these parameters' effects on further post-
paracentesis circulatory dysfunction, a complication that can
have an impact on survival without evident clinical symptoms
[25].

We had a large population of NASH-related cirrhotics in our
cohort. They may represent a specific population characterized
by slow fibrosis progression, low inflammation, preserved
synthetic function and high HVPG [26]. Compared with HCV-
related cirrhosis, patients with NASH and low MELD scores (≤
15) are less likely to progress, yet are more likely to die or to
be withdrawn from the liver transplantation list due to their
co-morbidities [27]. This further supports the notion of large
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cirrhotic populations whose poor prognosis is not necessarily
reflected by the MELD score.

For these low-MELD patients, other parameters or MELD-
adjusted models might be better predictors of short-term
mortality. MELD-Na, which incorporates serum sodium into its
formula, was previously described as a better predictor of
death compared to MELD, particularly in patients with low
MELD scores [28]. Our results partially supported this theory,
as MELD-Na scores, although only showing a trend towards
significance, were higher in patients who died in the early
period post-TIPS.

Older age in patients with advanced cirrhosis was previously
shown to be associated with a higher mortality risk [29].
Similar to previous publications we identified older age as a
continuous variable to be a predictor of TIPS mortality. The
median age of 60 was assessed as a cut-off in univariate
analysis, and patients who were 60 and older had a greater
risk of early death post-TIPS, yet this threshold was not
significant independently in a multivariate analysis. Previous
studies of TIPS in older population cohorts, trying to establish
an optimal age cut-off for performing TIPS, have shown
inconsistent results. Pan et al. [30] showed an age ≥ 70 to be
associated with poor survival at 90-days and 1 year post-TIPS,
while other studies demonstrated that age does not
necessarily affect early mortality after the procedure [11,25].
Parvinian et al. found that 90-day mortality was significantly
higher in older patients (≥55) with intermediate range MELD
scores [18-25] undergoing TIPS [31]. This implies that sub-
stratification of older patients with lower MELD scores might
aid in better patient selection. However, the initial report was
underpowered, including 47 patients (with only 23 of them
over the age of 55), and did not adjust for other co-
morbidities.

Age-related mortality has been suggested to reflect
deterioration in functioning hepatocyte reserve. However,
previous physiological and morphological studies have
disputed this suggestion [32,33]. Future studies should focus
on other age-associated conditions such as the degree of
sarcopenia, or modifiable factors such as the concurrent use of
multiple prescription medications.

There has not been much emphasis on medical co-
morbidities as predictors of survival following TIPS, other than
type 2 diabetes mellitus [34] and renal insufficiency [35]. In
our cohort IHD was associated with short-term mortality on
univariate analysis, but was not independently predictive of
death on multivariate analysis. Nonetheless, the interaction
between hemodynamic alterations seen post-TIPS [36] and
concurrent IHD, may result in worsening of myocardial
perfusion, leading to increased morbidity and mortality. In our
institute echocardiography is routinely performed as part of a
cardiac evaluation prior to TIPS insertion, so our population
may be biased towards patients with better myocardial
function.

Surprisingly, hypertension was found to be an independent
predictor of short-term mortality in our cohort. Arterial
hypertension and cirrhosis concurrence is known to be around

7% [37]. Moreover, these patients may become normotensive
as disease progresses due to a decreased overall systemic
vascular resistance [38]. Decreased splanchnic resistance and
increased peripheral resistance may coexist in some patients,
giving rise to increased arterial blood pressure and less
pronounced vasodilatory changes [37]. Either way, the
insertion of TIPS has been shown to cause worsening of the
hyperdynamic circulation of advanced cirrhosis, as
demonstrated by increased cardiac output and decreased
systemic vascular resistance in the first few months after the
procedure [36]. There are major differences in blood pressure
regulation between hypertensive and normotensive cirrhosis
patients, notably the direct relationship between arterial
blood pressure and cardiac output in the former group. Short
central circulation time (central blood volume relative to
cardiac output) is also substantially reduced in hypertensive
cirrhotics and has a significant relation to survival. These
mechanisms might be aggravated following TIPS insertion and
may explain the increased mortality seen in our patients. On
the other hand, the hypertensive cirrhotic patient has less
overall peripheral vasodilatation, which may serve as a
protecting factor from excessive retention of sodium and
water [39,40].

This study's main limitations were its relatively small sample
size and retrospective nature, with its built-in weaknesses of
data collection and selection bias. Another limitation is the
study duration, which spans 12 years in a single center. Patient
heterogeneity, variation in selection criteria for TIPS or
improvements in medical therapy over the years may have
confounded some of our findings. However, our findings
represent real life experience and can form the basis of further
investigations. Of note, our study was conducted in the era
were TIPS indications are expanding, novel techniques are
being employed and older and sicker populations are being
considered for the procedure. With the data presented here
we hope to improve decision-making and identification of at-
risk populations.

Conclusion
In summary, our study identified older age, hypertension

and high MELD scores as risk factors for 90-day mortality in
patients undergoing TIPS. In addition to current
contraindications, further caution should be taken when
considering TIPS insertion in these groups of patients.
Meticulous patient selection remains paramount for lowering
the incidence of complications and associated mortality in
patients undergoing TIPS insertion.
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