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High Prevalence of Transjugular
Intrahepatic Portosystemic Shunt Creation
Without Prior Endoscopy During Acute
Variceal Bleeding Hospitalization in the
United States

Premal S. Trivedi,! Alexandria M._]ensen,2 Matthew A. Brown,! Rustain L. Morgan,1 Richard C. Lindrooth,? Robert K. Ryu,3
P. Michael Ho,* and Michael S. Kriss

Current clinical guidelines by both American Association for the Study of Liver Disease and European Association for
the Study of the Liver recommend endoscopy in all patients admitted with acute variceal bleeding within 12 hours of
admission. Transjugular intrahepatic portosystemic shunt (TIPS) creation may be considered in patients at high risk
if hemorrhage cannot be controlled endoscopically. We conducted a cross-sectional observational study to assess how
frequently TIPS is created for acute variceal bleeding in the United States without preceding endoscopy. Adult patients
undergoing TIPS creation for acute variceal bleeding in the United States (n = 6,297) were identified in the last 10
available years (2007-2016) of the National Inpatient Sample. Hierarchical logistic regression was used to examine the
relationship between endoscopy nonutilization and hospital characteristics, controlling for patient demographics, income
level, insurance type, and disease severity. Of 6,297 discharges following TIPS creation for acute variceal bleeding in
the United States, 31% (n = 1,924) did not receive first-line endoscopy during the same encounter. Rates of “no en-
doscopy” decreased with increasing population density of the hospital county (nonmicropolitan counties 43%, n = 114;
mid-size metropolitan county 35%, n = 513; and central county with >1 million population 23%, n = 527) but not by
hospital teaching status (n = 1,465, 32% teaching vs. n = 430, 26% nonteaching; P = 0.10). Higher disease mortality
risk (odds ratio, 0.42; 95% confidence interval, 0.22-0.80; P = 0.02) was associated with lower odds of noncompliance.
Conclusion: One third of all patients undergoing TIPS creation for acute variceal bleeding in the United States do not
receive first-line endoscopy during the same encounter. Patients admitted to urban hospitals are more likely to receive
guideline-concordant care. (Hepatology Communications 2021;5:1784-1790).

ore than 600,000 Americans have liver of patients with decompensated cirrhosis®? and rup-
cirrhosis, which is now the twelfth lead- ture at a rate of 10%-15% per year,(4) resulting in life-
ing cause of mortality in the United threatening hemorrhage. Without treatment, variceal

States.?) Esophageal varices are present in up to 85% hemorrhage is associated with ~40% mortality and

Abbreviations: APR-DRG, All Patients Refined Diagnosis Related Groups; CI, confidence interval; ICD-9/10, International Classification of

Diseases, Ninth/Tenth Revision; NIS, National Inpatient Sample; OR, odds ratio; TIPS, transjugular intrahepatic portosystemic shunt.
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up to 70% recurrence.>® Endoscopic variceal liga-
tion and administration of nonselective beta block-
ers reduces rebleeding to 40%-50% and mortality to
20%-35%.") In patients with acute variceal bleeding,
current guidelines by both American Association for
the Study of Liver Disease and European Association
for the Study of the Liver recommend endoscopy
within 12 hours of admission. Transjugular intrahe-
patic portosystemic shunt (TIPS) creation may be
considered in patients with bleeding that cannot be
controlled endoscopically and in those at high risk for
rebleeding.”®

Randomized controlled trial data indicate that
TIPS reduces rebleeding and offers a significant
survival advantage over endoscopic management
in high-risk patients with variceal bleeding.’?
Guideline-supported endoscopy before TIPS is a con-
sistent requirement of patients in clinical trials aimed
at assessing risk and efficacy of TIPS creation for
acute variceal bleeding. How often endoscopy precedes
TIPS creation in real-world settings is not known.
We therefore examined how often TIPS was created
without first-line endoscopy among patients admitted
with acute variceal bleeding in the United States. We
secondarily examined which patient and hospital fac-
tors were associated with endoscopy nonutilization.

Patients and Methods
DATA SOURCE

We used discharge data from the National Inpatient
Sample (NIS) of the Healthcare Cost and Ultilization
Project (HCUP), "3 created by the Agency for
Healthcare Research and Quality (AHRQ). The NIS
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is a 20% stratified sample of all nonfederal hospitals in
44 participating states, encompassing more than 95%
of the US population. Clinical, resource use, and bill-
ing data submitted to statewide agencies by hospitals
are aggregated in a survey-weighted national sample.
This study was deemed exempt by our institutional
review board as the data set contains no patient-level
identifiers and is publicly available for purchase.

STUDY COHORT

We included patients >18 years old admitted with
a principal diagnosis of acute variceal bleeding treated
with TIPS creation in the last 10 available years of the
NIS (2007-2016). We excluded patients transferred
from another hospital due to absence of record linkage
precluding verification of endoscopy use before trans-
ter. Primary discharge diagnosis and procedure codes
were identified using International Classification of
Diseases, Ninth and Tenth (ICD-9/10) Revision
codes, summarized in Supporting Table S1.

PATIENT CHARACTERISTICS AND
CLINICAL SEVERITY

Patient age, sex, race, primary payer, and median
annual household income were extracted from the
NIS. ICD-9/10 codes were used to identify clinical
risk factors of interest(z’ls'zo); these comprised con-
gestive heart failure, chronic pulmonary disease, pul-
monary hypertension, coagulopathy, alcohol abuse,
hepatocellular spontaneous
peritonitis, hepatic encephalopathy, ascites, sarcope-
nia, and portal vein thrombus. AHRQ_comorbidity
software provided by HCUP®Y was used to iden-
tify 29 Elixhauser comorbidities, using ICD-9-CM

carcinoma, bacterial
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codes. Finally, All Patients Refined Diagnosis Related
Groups (APR-DRG) severity of illness and mortality
risk scores were extracted from the NIS severity files
for adjustment of mortality risk. The APR-DRG is
a proprietary formula developed by 3M for severity
adjustment in the NIS and has specifically been val-
idated as the best predictor of in-hospital mortality
among patients with cirrhosis.??

HOSPITAL CHARACTERISTICS

Hospital characteristics of interest extracted from
the NIS included hospital bed size, location and
teaching status (urban/rural, teaching/nonteaching),
census region, and county population size.

STATISTICS AND SENSITIVITY
ANALYSIS

Categorical variables were compared using the
chi-squared (Rao-Scott likelihood adjusted) test.
Continuous variables were compared using a survey-
weighted 7 test. To test the association between no
endoscopy and hospital characteristics, we used a
hierarchical logistic regression, controlling for base-
line differences in patient demographics, comor-
bid risk factors, and the APR-DRG mortality risk,
while accounting for clustering at the hospital level.
Finally, we performed an internal validity analysis to
assess rates of undercoding for endoscopy in the NIS
by calculated rate of endoscopy use in all patients
admitted with acute variceal bleeding over the same
time period. Additionally, to assess whether elective
planned admissions for TIPS creation accounted for
endoscopy nonutilization, we performed a subset
analysis excluding patients with a length of stay less
than 2 days.

SAS, version 9.4 (SAS Institute, Cary, NC) and R
3.6.0 (Vienna, Austria) were used for data manage-
ment, analysis, and visualization. Results were consid-
ered statistically significant for P < 0.05.

Results

PATIENT FACTORS
There were 6,297 discharges following TIPS cre-

ation for acute variceal bleeding in the United States
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between 2007 and 2016. Overall, 31% (n = 1,924)
did not receive endoscopy during the same encoun-
ter. Baseline patient factors (demographics, socioeco-
nomic indicators, and comorbid risk factors) stratified
by whether or not they underwent endoscopy before
TIPS are summarized in Table 1. A greater propor-
tion of patients who received guideline-concordant
endoscopy were men (72% endoscopy vs. 68% no
endoscopy, P = 0.05), had comorbid hepatic enceph-
alopathy (24% endoscopy vs. 16% no endoscopy,
P < 0.001), coagulopathy (54% endoscopy vs. 46%
no endoscopy, P = 0.01), and belonged to the highest
mortality risk category (45% endoscopy vs. 34% no
endoscopy, P < 0.001). Patient factors of age, race/
ethnicity, and income status did not differ signifi-

cantly by study group.

HOSPITAL FACTORS

Rates of no endoscopy decreased with increasing
population density of the hospital county (P < 0.001)
as follows: nonmicropolitan counties 43% (n = 114),
mid-size metropolitan county 35% (n = 513), and
central county with >1 million population 23%
(n = 527). Endoscopy nonutilization did not differ
by hospital teaching status (n = 1,465, 32% teaching
vs. n = 430, 26% nonteaching; P = 0.10) or whether
the admission occurred on a weekend (n = 454, 28%
weekend vs. n = 1,470, 31% weekday; P = 0.29).
Endoscopy nonutilization was highest when TIPS
creation occurred within a day of admission and
decreased with increasing time to TIPS (Fig. 1).
Inpatient mortality was higher for admissions with
TIPS creation occurring on day 0 (n = 299/1,494,
20.0%) and day 1 (n = 313/1,507, 20.7%) as opposed
to day 2 (n = 84/853, 9.8%) or day 3 and beyond
(n = 231/2,439, 9.4%).

Additional multivariable predictors of no endos-
copy are summarized in Table 2 and included mic-
ropolitan counties (odds ratio [OR], 2.60; 95%
confidence interval [CI] 1.24-5.47; P = 0.01),
female sex (OR, 1.54; 95% CI, 1.04-2.30; P = 0.03),
and Midwest census region (OR, 2.59; 95% CI,
1.23-5.44; P = 0.01). Higher APR DRG mortal-
ity risk (OR, 0.42; 95% CI, 0.22-0.80; P = 0.02),
the presence of hepatic encephalopathy (OR, 0.55;
95% CI, 0.34-0.89; P = 0.01), and greater time
from admission to TIPS (OR, 0.85; 95% CI, 0.79-
0.91; P < 0.001) were associated with lower odds



HEPATOLOGY COMMUNICATIONS, Vol. 5, No. 10, 2021

TRIVEDIET AL.

TABLE 1. BASELINE PATIENT DEMOGRAPHICS, INCOME LEVEL, PAYER INFORMATION, COMORBID RISK
FACTORS, AND DISEASE SEVERITY SCORE STRATIFIED BY USE OF ENDOSCOPY BEFORE TIPS CREATION
FOR ACUTE VARICEAL BLEEDING IN THE UNITED STATES (2007-2016)

No Endoscopy Endoscopy
Patient Characteristics n=4,373
Age in years, median (IQR) 54 (47-61) 54 (48-61)
18-40 years 166 (8.6%) 367 (8.4%)
40-60 years 1,164 (60.5%) 2,744 (62.8%)
60-80 years 570 (29.6%) 1,187 (27.1%)
>80 years 24 (1.3%) 74 (1.7%)
Race/ethnicity
White 1,284 (66.7%) 2,707 (61.9%)
Black 87 (4.5%) 238 (5.4%)
Hispanic 343 (17.8%) 1,005 (23.0%)
Asian 18 (0.9%) 64 (1.5%)
Native 24 (1.2%) 30 (0.7%)
Other 39 (2.0%) 170 (3.9%)
Missing 129 (6.7%) 159 (3.6%)
Sex
Male 1,304 (67.8%) 3,186 (72.8%)
Female 620 (32.2%) 1,188 (27.2%)
Census region
Midwest 381 (19.8%) 584 (30.4%)
Northeast 293 (15.2%) 769 (17.59%)
South 875 (45.5%) 2,077 (47.50%)
West 375 (19.5%) 943 (21.56%)
Median zip code income*
Quartile 1 635 (33.0%) 1,459 (33.4%)
Quartile 2 503 (26.1%) 1,216 (27.8%)
Quartile 3 422 (21.9%) 959 (21.9%)
Quartile 4 318 (16.5%) 607 (13.9%)
Missing 46 (2.4%) 132 (3.0%)
Expected primary payer
Medicare 619 (32.2%) 1,154 (26.4%)
Medicaid 455 (23.6%) 1,233 (28.2%)
Private 588 (30.6%) 1,228 (28.1%)
Self-pay 154 (8.0%) 474 (10.8%)
No charge 20 (1.0%) 68 (1.6%)
Other 78 (4.1%) 201 (4.6%)
Missing 10 (0.5%) 15 (0.3%)
Comorbid risk factors
Ascites 780 (40.5%) 1,894 (43.3%)
Portal vein thrombus 138 (7.2%) 250 (5.7%)
Spontaneous bacterial peritonitis 68 (3.6%) 98 (2.2%)
Hepatic encephalopathy 306 (15.9%) 1,065 (24.4%)
Hepatorenal syndrome 54 (2.8%) 122 (2.8%)
Heptocellular carcinoma 34 (1.7%) 141 (3.2%)
Sarcopenia 0 (0.0%) 15 (0.3%)
Congestive heart failure 54 (3.2%) 131 (3.4%)
Pulmonary circulation disease 59 (3.5%) 24 (0.6%)
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TABLE 1. Continued

No Endoscopy Endoscopy
Patient Characteristics n=1924 n=4,373
Chronic pulmonary disease 160 (9.5%) 360 (9.3%)
Coagulopathy 772 (46.0%) 2,069 (53.9%)
Alcohol abuse 681 (40.6%) 1,825 (47.5%)
Drug abuse 68 (4.1%) 181 (4.7%)
APR DRG mortality risk
Moderate 229 (11.9%) 229 (5.2%)
Major 819 (42.6%) 1,643 (37.6%)
Extreme 666 (34.6%) 1,956 (44.7%)

Data show number (%) except where indicated.

“Income level increases with increasing quartile number (1, lowest;
in which the patient resides.

Abbreviation: IQR, interquartile range.

of noncompliance (or, conversely, higher odds of
endoscopy use).

INTERNAL VALIDITY ANALYSIS

There were 224,600 admissions for acute var-
iceal bleeding in the United States between 2007
and 2016. A claim for endoscopy use was present
in 182,375 (81%) of encounters in this aggregate
mixed-severity population. In the subset analysis,
410 patients with a length of stay less than 2 days
were excluded to assess for possible impact of unrec-
ognized elective admissions. Of the remaining 5,887
encounters, 1,667 (28.3%) did not bill for endoscopy

use.

Discussion

In this retrospective cross-sectional study of dis-
charges following TIPS creation for acute variceal
bleeding in the United States, we observed a high
rate (31%) of endoscopy nonutilization during the
same encounter, discordant with current clinical prac-
tice guidelines. Rates of noncompliance were highest
among hospitals in small/rural counties and lowest
among hospitals in dense/urban counties, suggesting
that lower access to endoscopists may underlie the
observed nonadherence.

High-risk patients with hepatic encephalopa-
thy and/or major/extreme risk of death had lower
odds of undergoing TIPS creation without first-line
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FIG. 1. Proportion of admissions for acute variceal bleeding in
which TIPS creation was performed without first-line endoscopy,
stratified by day of procedure.

endoscopy, indicating greater consideration afforded
for this sicker subset. Although endoscopy nonutili-
zation was significantly higher when TIPS creation
occurred within a day of admission, it is unlikely
that previously planned elective admissions primar-
ily account for endoscopy nonuse for two reasons.
First, inpatient mortality was significantly higher for
patients undergoing TIPS on day 0 and day 1 com-
pared with days 2 and beyond, which we do not expect
of a healthier elective-procedure population. Second,
in a subset analysis that excluded patients with a short
length of stay as would be expected of elective cases,
the proportion of TIPS without preceding endoscopy
remained high (28%). We also studied the association
between patient demographics and endoscopy use,
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TABLE 2. HIERARCHICAL LOGISTIC REGRESSION FOR THE OUTCOME OF NO ENDOSCOPY OCCURRING
BEFORE TIPS CREATION (n = 6,297) FOR ACUTE VARICEAL BLEEDING IN THE UNITED STATES

Variable Level OR 95% Cl PValue
Age (years), centered 0.99 (0.98,1.01) 0.49
Female sex 1.54 (1.04,2.30) 0.03
Patient race Black 1.13 (0.47,2.73) 0.78
Hispanic 0.91 (0.57,1.47) 0.71
Other 1.36 (0.60,3.10) 0.45
Missing 0.37 (0.14,0.98) 0.04
Residential zip code income level* Quartile 2 0.70 (0.44,1.13) 0.14
Quartile 3 0.95 (0.57,1.59) 0.85
Quartile 4 1.02 (0.56,1.87) 0.95
Primary payer Medicaid 0.85 (0.52,1.40) 0.51
Medicare 1.23 (0.75,1.99) 0.41
Other 0.80 (0.45,1.42) 0.45
Comorbidities Ascites 1.06 (0.73,1.53) 0.76
Encephalopathy 0.55 (0.34,0.89) 0.01
Portal vein thrombus 1.59 (0.76, 3.35) 0.22
SBP 1.51 (0.54,4.21) 0.43
Coagulopathy 0.81 (0.56,1.17) 0.25
Alcohol abuse 0.75 (0.51,1.10) 0.14
APR DRG mortality risk Major/extreme risk 0.42 (0.22,0.80) <0.01
Hospital location/teaching status Rural 0.17 (0.01,1.98) 0.15
Urban nonteaching 0.99 (0.62,1.59) 0.97
Hospital census region Midwest 2.59 (1.23,5.44) 0.01
South 1.40 (0.74,2.63) 0.30
West 1.94 (0.95,3.97) 0.06
Hospital county size Fringe >1 million 1.29 0.76,2.19) 0.35
Metro 250,000-1 million 1.65 (0.99,2.74) 0.05
Metro 50,000-250,000 1.89 (0.93,3.84) 0.07
Micropolitan counties 2.60 (1.24,5.47) 0.01
Weekend admission 1.08 0.72,1.61) 0.71
Day of TIPS (from admission) 0.85 0.79.0.91) <0.0001

*Income level increases with increasing quartile number (1, lowest; 4, highest) and is based on median income reported for the zip code

in which the patient resides.
Abbreviation: SBP, spontaneous bacterial peritonitis.

incidentally observing higher odds of guideline non-
adherence for female patients. Sex disparity in guide-
line adherence has been noted in management of
many other acute conditions, including percutaneous
coronary intervention for myocardial infarction.*
This finding is difficult to explain but deserves further
focused investigation.

Admission to hospitals in the Midwest was also
associated with higher odds of noncompliance, sug-
gesting regional practice pattern variation. To reduce
rates of guideline nonadherence, public health efforts
must focus on improving access/resources among hos-
pitals in more rural locations. Finally, future studies

need to evaluate whether endoscopy nonutilization
before TIPS is associated with worse outcomes, par-
ticularly because current guidelines are largely based
on expert opinion.

Several study limitations deserve mention. The
primary limitation to consider is the possibility of
undercoding for endoscopy. To assess its impact
on the reported findings, we performed an inter-
nal validity analysis studying rate of endoscopy use
within the larger cohort of all national admissions
for acute variceal bleeding. We found a significantly
higher rate of endoscopy use in this control popula-
tion (81% among 224,600 discharges over the same
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study period), suggesting that undercoding does not
primarily explain the reported findings. Some degree
of undercoding is nonetheless expected. Second, the
NIS does not contain records before or following
hospital admission. It is possible that some of the
patients who did not receive endoscopy before TIPS
were candidates for the shunt based on findings from
prior endoscopic encounters. Our subset analysis sug-
gests that planned elective admissions do not pri-
marily account for endoscopy nonutilization but may
inflate the reported rate. Third, while we did adjust
for comorbid conditions and severity of illness, the
NIS does not have granular laboratory data to assess
severity of liver disease based on traditional metrics,
such as the Model for End-Stage Liver Disease score.

In summary, approximately one third of patients
undergoing TIPS creation for acute variceal bleeding
in the United States do not receive recommended first-
line endoscopy during the same admission. Guideline
nonadherence is more likely to occur in female patients
and in hospitals located in less populated areas. Further
studies are necessary to determine the impact of endos-
copy nonutilization on TIPS outcomes to ultimately
inform practice guidelines moving forward.
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