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ABSTRACT
Objective  The transjugular intrahepatic portosystemic 
shunt (TIPS) procedure is an important intervention for 
management of complications of portal hypertension. 
The objective of this study was to identify predictors of 
mortality from the TIPS procedure with a focus on race 
and ethnicity.
Design  TIPS procedures from 2012 to 2014 in the 
National Inpatient Sample were identified. Weighting was 
applied to generate nationally representative results. In-
hospital mortality was the primary outcome of interest. χ2 
and Student’s t-tests were performed for categorical and 
continuous variables, respectively. Predictors of mortality 
following TIPS were assessed by survey-weighted logistic 
regression.
Results  17 175 (95% CI 16 254 to 18 096) TIPS cases 
were identified. Approximately 71% were non-Hispanic 
(NH) white, 6% were NH black, 16% were Hispanic and 
7% were other. NH black patients undergoing TIPS had 
an in-hospital mortality rate of 20.1%, nearly double the 
in-hospital mortality of any other racial or ethnic group. 
NH black patients also had significantly longer median 
postprocedure and total lengths of stay (p=0.03 and 
p<0.001, respectively). The interaction of race by clinical 
indication was a significant predictor of in-hospital 
mortality (p<0.001). NH black patients had increased 
mortality compared with other racial/ethnic groups when 
presenting with bleeding oesophageal varices (OR 3.85, 
95% CI 2.14 to 6.95).
Conclusion  This cohort study presents important findings 
in end-stage liver disease care, with clear racial disparities 
in in-hospital outcomes following the TIPS procedure. 
Specifically, black patients had significantly higher in-
hospital mortality and longer lengths of stay. Further 
research is needed to understand how we can better care 
for black patients with liver disease.

INTRODUCTION
Transjugular intrahepatic portosystemic 
shunt (TIPS) insertion plays an important 
role in the management of chronic liver 
disease and, specifically, complications of 
portal hypertension. The procedure achieves 
portal decompression through creation of 
a conduit between the hepatic and portal 
veins. Common indications for TIPS include 
bleeding oesophageal varices (EVB) and 

ascites refractory to conservative manage-
ment.1–8 TIPS carries risk of significant 
morbidity including hepatic encephalopathy 
and early liver failure with resulting risk of 
mortality.9 10 Clinician judgement is therefore 
required to identify patients who can benefit 
from TIPS placement.

Recent studies have reported black race 
is an independent predictor of mortality 
following the TIPS procedure.11 12 Race was 
not the focus of these studies. Healthcare 
disparities have previously been reported in 
liver transplantation access, hepatocellular 
carcinoma management and management 
of gastrointestinal haemorrhage.13–16 The 
purpose of this study was to identify predic-
tors of mortality from the TIPS procedure 
with a focus on race and ethnicity.

MATERIALS AND METHODS
This study was declared exempt by the Duke 
Health Institutional Review Board.

Summary box

What is already known about this subject?
	► Recent studies have reported black race is an in-
dependent predictor of mortality following the tran-
sjugular intrahepatic portosystemic shunt (TIPS) 
procedure. Race was not the focus of these studies.

What are the new findings?
	► Among the 17 175 TIPS procedures identified, sig-
nificant racial variation in in-hospital mortality ex-
isted, such that black patients had a 20% mortality 
rate, about twice the rate of all other racial groups.

How might it impact on clinical practice in the 
foreseeable future?

	► This study presents racial disparities in outcomes 
following TIPS. It contributes to a growing body of 
literature suggesting racial disparities in access to 
care and outcomes exist for patients with end-stage 
liver disease.
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Data sources
Data for the years 2012–2014 were obtained from the 
National Inpatient Sample (NIS), a database constructed 
by the Agency for Healthcare Research and Quality 
Healthcare Cost and Utilization Project (HCUP).17 This 
database represents the largest public, all-payer, inpa-
tient sample in the USA. With around 7 million hospi-
talisations per year, the NIS is a 20% stratified sample of 
discharges from US community hospitals, representing 
more than 97% of the US population.17

Study cohort
The cohort was limited to adult (age ≥18) TIPS proce-
dure cases in the USA between 2012 and 2014. TIPS 
procedure cases were identified by International Classifi-
cation of Diseases, Ninth Revision procedure code 39.1. 
Procedures with missing race/ethnicity information were 

removed from analysis (5.2%). There was no imputation 
for missing values.

Baseline characteristics and outcomes
Statistical analyses were performed using SAS V.9.4 (SAS 
Institute). Descriptive statistics for patient characteristics, 
hospital characteristics and for outcomes were calcu-
lated by race/ethnic group. All descriptive statistics were 
weighted using weights provided by HCUP and were 
reported with 95% CIs. Global tests of significance were 
performed comparing baseline characteristics, in-hospital 
mortality, total and postprocedure length of stay (LOS), 
and discharge location across racial/ethnic groups. Pair-
wise testing was not performed. In-hospital mortality was 
the primary outcome of interest. Secondary outcomes 
were total and postprocedure LOS and discharge loca-
tion. Clinical indication for each procedure was deter-
mined by a hierarchy of clinical severity adapted from 

Table 1  Baseline population characteristics by race/ethnicity

White Black Hispanic Other

P value

N=12 245 (11 468 to 13 022) N=995 (837 to 1153) N=2735 (2443 to 3027) N=1200 (1021 to 1379)

71.3% (69.4 to 73.2) 5.8% (4.9 to 6.6) 15.9% (14.3 to 17.6) 7.0% (6.0 to 8.0)

Baseline characteristics

 � Age (mean) 57.4 (56.9 to 57.8) 54.9 (53.4 to 56.4) 55.0 (54.0 to 56.0) 55.48 (53.9 to 57.1) <0.001

 � Female, % 36.3 (34.4 to 38.3) 30.2 (23.7 to 36.6) 29.1 (25.2 to 32.8) 41.3 (34.7 to 47.8) 0.001

 � Elixhauser score (mean) 14.6 (14.2 to 15.1) 16.3 (15.0 to 17.7) 14.7 (13.8 to 15.7) 16.0 (14.7 to 17.4) 0.053

 � Days to procedure 
(median)

0.8 (0.7 to 0.9) 1.4 (0.9 to 2.0) 1.4 (1.1 to 1.7) 1.3 (0.9 to 1.7) <0.001

Indication, %

 � Bleeding oesophageal 
varices

28.2 (26.3 to 30.1) 31.2 (24.4 to 37.9) 35.8 (31.6 to 40.0) 35.4 (29.4 to 41.5) 0.001

 � Gastrointestinal bleeding 14.3 (12.9 to 15.7) 15.6 (10.7 to 20.4) 17.4 (14.3 to 20.5) 15.8 (11.4 to 20.3)

 � Budd-Chiari syndrome – – – –

 � Hepatic hydrothorax 7.2 (6.2 to 8.2) 4.5 (1.7 to 7.4) 7.5 (5.3 to 9.7) 7.1 (3.8 to 10.4)

 � Ascites 34.6 (32.6 to 36.7) 29.6 (23.4 to 35.9) 25.2 (21.6 to 28.9) 25.4 (19.9 to 30.9)

 � Portal vein thrombosis 1.8 (1.2 to 2.4) 2.0 (0.1 to 3.9) 1.1 (0.2 to 2.0) 2.1 (0.0 to 4.2)

 � Portal hypertension 6.2 (5.3 to 7.1) 7.5 (4.0 to 11.1) 6.2 (4.2 to 8.2) 7.9 (4.4 to 11.5)

 � Other 6.7 (5.7 to 7.6) 9.0 (5.1 to 13.0) 5.7 (3.6 to 7.7) 3.7 (1.3 to 6.2)

Admission type, %

 � Elective 30.0 (27.8 to 32.1) 23.7 (17.9 to 29.6) 23.2 (19.1 to 27.3) 26.8 (21.0 to 32.7) 0.009

 � Non-elective 70.0 (67.9 to 72.2) 76.3 (70.4 to82.1) 76.8 (72.6 to 80.9) 73.1 (67.2 to 78.9)

Primary Payor %

 � Medicare 38.4 (36.5 to 40.3) 29.1 (23.0 to 35.3) 32.0 (27.9 to 36.2) 24.2 (18.6 to 29.7) <0.001

 � Medicaid 18.7 (17.1 to 20.4) 32.2 (25.5 to 38.9) 30.4 (26.2 to 34.5) 30.0 (24.0 to 36.0)

 � Private insurance 31.8 (29.9 to 33.7) 25.1 (19.2 to 31.1) 18.4 (14.9 to 21.9) 33.3 (26.9 to 39.8)

 � Other 11.0 (9.7 to 12.3) 13.6 (8.8 to 18.2) 19.2 (15.8 to 22.5) 12.5 (7.8 to 17.2)

Hospital size, %

 � Small 4.8 (4.2 to 5.4) 5.0 (2.1 to 8.0) 8.0 (5.2 to 10.9) 3.3 (1.4 to 5.3) <0.001

 � Medium 19.9 (17.7 to 22.0) 23.6 (17.2 to 30.1) 28.7 (23.4 to 33.9) 18.8 (13.4 to 24.1)

 � Large 75.3 (73.0 to 77.7) 71.4 (64.5 to 78.2) 63.3 (57.9 to 68.6) 77.9 (72.3 to 83.5)

95% CI for each value are presented in parentheses. Values for Budd-Chiari syndrome are withheld due to low counts per Healthcare Cost and 
Utilization Project standards.
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Trivedi et al.12 For any procedure with multiple diagnoses 
listed, the recorded clinical indication was the higher 
severity diagnostic code. The adapted clinical severity 
hierarchy was as follows: EVB, gastrointestinal bleeding 
(GIB), Budd-Chiari syndrome (BCS), hepatic hydro-
thorax, ascites, portal vein thrombosis (PVT), portal 
hypertension (PoHTN) and other.12

Modelling predictors of mortality
To account for possible interactions between predic-
tors of mortality and race we modelled the data using a 
survey-weighted logistic regression model. The outcome 
of interest was mortality, defined as in-hospital death. 
The full model included the following covariates: age, 
gender, race-ethnicity (non-Hispanic (NH) white, NH 
black, Hispanic, other), clinical indication (EVB, GIB, 
BCS, hepatic hydrothorax, ascites, PVT, PoHTN, other), 
hospital bed size (small/medium, large), payer (Medi-
care, Medicaid, private, other), admission type (elec-
tive, non-elective), postprocedure LOS and Elixhauser 
Comorbidity Score18; as well as the following interac-
tion terms: age*race, gender*race, indication*race, 
hospital bed size*race, payer*race, admission type*race, 
postprocedure LOS*race and Elixhauser Comorbidity 
Score*race. Race/ethnicity was our covariate of interest 
(NH white, NH black, Hispanic, other). Postprocedure 
LOS was log-transformed using the natural logarithm 
in all analyses. Additionally, we included race/ethnicity 
interactions with each of the previously listed control 
variables. We first fit the full model (all main effects and 
all interactions terms) and used backwards selection at 
α=0.05 to remove each non-significant interaction term 
until we reached the final model. Main effects were not 
considered for the selection process.

RESULTS
Population characteristics
There were 17 175 (95% CI 16 254 to 18 096) TIPS 
procedures from 2012 to 2014 after applying weighting. 
Approximately 71% were NH white, 6% NH black, 16% 
Hispanic and 7% other racial/ethnic groups. Population 
characteristics by race/ethnicity are presented in table 1. 
There were significant differences in gender distribu-
tion across racial/ethnic groups (p value =0.001), with 
the highest percentage of females (41%) in the other 
race group and the lowest percentage of females (29%) 
among Hispanics. There was a significant difference in 
average age among races/ethnicities (p value <0.01) 
ranging from an average age of 55 years among Hispanic 
patients to 57 years among NH Whites. NH whites had 
a higher percentage of elective procedures, while NH 
black and Hispanic patients had the lowest percentage of 
elective procedures (p value =0.009). Medicare was the 
most common payer among NH whites and Hispanics, 
while Medicaid was most common for NH black patients. 
Private insurance was the most common payer for the 
other race/ethnicities group (p value <0.001). Although 

there was variation in hospital size by race (p value 
<0.001), the majority of cases for all races and ethnicities 
occurred in large hospitals. The median LOS from admis-
sion until procedure ranged from 0.8 days for whites to 
between 1.3 and 1.4 days for all other races/ethnicities 
(p value <0.001).

Outcomes
There was a significant difference in in-hospital mortality, 
such that NH black patients had a 20% mortality rate, 
about twice the rate of all other racial/ethnic groups 
which ranged from 9% to 10.8% (p value <0.001; 
figure  1). Among the secondary outcomes, there were 
significant differences in total and postprocedure LOS 
(p value <0.001 and p value =0.03, respectively; figure 2). 
NH black patients had the longest total and postproce-
dure median LOS. NH black patients were also nearly two 
times as likely to be discharged to a short-term hospital 
compared with all other racial groups (6% compared 
with 2.5%–3.7%; figure  3). About 50% of NH black 
patient discharges were considered routine compared 
with 60%–70% for all other racial groups. Due to low 
counts for discharged alive with destination unknown 

Figure 1  In-hospital mortality by race/ethnicity. Significant 
variation in in-hospital mortality between groups was 
observed (p<0.001).

Figure 2  Postprocedure and total LOS by race/ethnicity. 
Significant variation between groups was present in 
both postprocedure and total LOS (p=0.03 and p<0.001, 
respectively). LOS, length of stay.
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and discharged against medical advice, these categories 
were omitted per HCUP standards of reporting.

Predictors of mortality
After backwards selection, the final model included all 
of the main effect variables (age, gender, clinical indi-
cation, hospital bed size, payer, admission type, natural 
logarithm of days postprocedure, Elixhauser Score and 
race/ethnicity), which were not considered for selection, 
and a single interaction term, race by clinical indication. 
No other interaction terms from the full model remained 
in the final model. Indication for the procedure, admis-
sion type, Elixhauser Score, race/ethnicity and the inter-
action between race and indication were all significant 
predictors for the probability of mortality. The results of 
the model are displayed in table 2. Non-elective admis-
sion and increased comorbidity score both increased 
the odds of mortality. With regards to the interaction 
term race by clinical indication, NH black patients had 
significantly increased mortality compared with all other 
racial/ethnic groups when presenting with EVB or PVT. 
No other interaction variables were significant. Per stan-
dards of reporting, ORs for selected results are withheld 
from table 2 due to low counts.

DISCUSSION
In this nationally representative cohort study, we found 
in-hospital TIPS outcomes were far worse for NH black 
patients. NH blacks undergoing TIPS had significantly 
higher in-hospital mortality, longer LOS and lower 
rates of routine discharge compared with all other 
racial groups. When examined further, we saw that the 
interaction of race and clinical indication was signifi-
cant, with NH black patients having markedly higher 
probability of in-hospital death when presenting with 
EVB. There are a number of likely explanations for this 
result. Previous studies have identified disparities in varix 

management.19 20 While rates of endoscopy for variceal 
haemorrhage are similar for whites and blacks, black 
patients are significantly more likely to undergo delayed 
endoscopy when presenting with EVB.19 Similarly, in our 
study, we found significant variation in pre-procedure 
LOS, with non-white patients generally having longer 
times from admission to TIPS. Timely variceal screening 
following the diagnosis of cirrhosis also occurs less often 
in the black population.20 Most likely, a combination of 
factors, including those listed, are contributing to the 
drastically worse outcomes following TIPS among black 
patients.

Interestingly, NH black patients also had dispropor-
tionately low representation in our study. The NIS is 
a nationally representative database with weighting 
designed to reflect the US population.17 Despite repre-
senting ~29% of the US cirrhotic population and ~10% 
of US cirrhotic admissions, under 6% of TIPS procedures 
in our study were performed for NH black patients.19 21 
Earlier studies have also found lower rates of portosys-
temic shunt creation in the black population compared 
with other races/ethnicities, raising important concerns 
about equity of access to care in the end-stage liver disease 
(ESLD) population.19

Unfortunately, racial and ethnic disparities in ESLD 
care are not new to the literature. Access to adequate 
ESLD care in traditionally underserved populations has 
been of increasing concern in recent years. Studies have 
shown that black patients are less likely to receive trans-
plant or treatment for hepatocellular carcinoma,15 22 and 
are referred to transplant centres at lower rates for their 
ESLD care.13

Our results also have prognostic value for clinicians. In 
addition to the race-related findings, our model found 
that those with higher comorbidity scores and those 
presenting non-electively are at higher probability of 
in-hospital death. Although not surprising, these factors 
should be considered when counselling patients and 
families prior to TIPS.

There are some notable weaknesses to this study. 
First, our model only addressed the primary outcome, 
in-hospital mortality. Risk stratification and prognostic 
counselling for TIPS should be all-encompassing and 
personalised to individual clinical scenarios, with both 
risks and benefits considered.4 23 24 In our study, other 
notable complications of the TIPS procedure, namely 
intractable hepatic encephalopathy, could not be 
measured. Our study also used a hierarchical approach 
for determining procedure indication. Although prece-
dent exists for this method in earlier literature,12 it would 
be unreasonable to think that the true indication for 
all procedures matched that assigned by the hierarchy. 
Further, this study was conducted using administrative 
data. In addition to common coding and analysis issues 
within such datasets, conclusions from studies conducted 
using this database are limited by the absence of labora-
tory data. Future centre-based studies incorporating clin-
ical data could provide clearer insight into the disparities 

Figure 3  Per cent of each race/ethnic group falling into the 
labelled discharge categories. A significant difference in the 
distribution of disposition at discharge was observed across 
these racial/ethnic groups (p<0.001). ICF, intermediate care 
facility; SNF, skilled nursing facility.
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observed. Finally, the dataset in this study is from the 
years 2012–2014. Given the lapse in time from data 
collection to present, there is a possibility that changes 
in TIPS utilisation over time could affect the current rele-
vance of conclusions presented in this study. Although 
possible, the authors feel a change in utilisation is rela-
tively unlikely. Multiple prior studies demonstrated that 

annual TIPS volume did not change significantly in the 
years preceding this study.11 12 Furthermore, if changes in 
TIPS utilisation have occurred, the trend is likely towards 
more aggressive use, which, if present, would be unlikely 
to correct racial disparities in access to and outcomes 
after TIPS, and may even amplify these disparities.

Table 2  OR estimates from survey-weighted logistic regression model

OR estimates

Effect Comparison OR estimate P value

Age For each 1-year increase 1.00 (0.99 to 1.02) 0.536

Gender (reference=male) Female 1.08 (0.83 to 1.39) 0.579

Bed size (reference=small/medium) Large 1.05 (0.79 to 1.38) 0.751

Admission type (reference=elective) Non-elective 1.85 (1.28 to 2.65) 0.001

ln(days postprocedure) For each 1-unit increase 0.95 (0.79 to 1.15) 0.613

Elixhauser Score For each 1-point increase 1.07 (1.05 to 1.08) <0.001

Payor (reference=Medicare) 0.229

Medicaid 1.23 (0.85 to 1.77)

Private Insurance 1.34 (0.96 to 1.85)

Other Payor 0.94 (0.61 to 1.46)

Interaction of race/ethnicity by clinical indication (reference for race=white) <0.001

EVB Black 3.85 (2.14 to 6.95) *

Hispani 1.24 (0.76 to 2.03)

Other 0.49 (0.20 to 1.22)

GIB Black 1.71 (0.51 to 5.68)

Hispanic 1.74 (0.80 to 3.75)

Other 1.08 (0.30 to 3.96)

Budd-Chiari Black –

Hispanic 1.04 (0.13 to 8.66)

Other –

Hydrothorax Black 3.95 (0.88 to 17.87)

Hispanic 0.58 (0.12 to 2.79)

Other 1.49 (0.26 to 8.44)

Ascites Black 1.25 (0.39 to 3.98)

Hispanic 1.61 (0.75 to 3.45)

Other 2.38 (0.95 to 5.96)

PVT Black 34.59 (1.78 to 672.27) *

Hispanic –

Other 5.61 (0.48 to 65.36)

Portal hypertension Black 2.94 (0.57 to 15.14)

Hispanic 0.68 (0.07 to 6.94)

Other –

Other Black 0.57 (0.12 to 2.66)

Hispanic 0.44 (0.10 to 2.01)

Other 1.65 (0.21 to 12.95)

For all comparisons, the reference variable is listed in the variable header. Per standards of reporting, some values are withheld due to low 
counts.
*Used to designate significant ORs in the interaction term.
EVB, bleeding oesophagealoesophageal varices; GIB, gastrointestinal bleeding; PVT, portal vein thrombosis.
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Altogether, this study presents important and 
concerning findings in ESLD care. There are clear 
disparities in outcomes following TIPS. Our research also 
contributes to a growing body of literature suggesting 
racial disparities in access to care exist for patients with 
ESLD. In the broader context of the American health-
care system, this finding sadly comes with little surprise. 
In June 2018, the American Medical Association declared 
they would establish a new entity to work to improve 
healthcare equity in the USA.25 Moving forward, it will be 
important to identify both cultural barriers to care and 
sociodemographic factors that may be augmenting this 
trend if we hope to improve liver disease care across all 
racial and ethnic groups.
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