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Abstract

Background Variceal upper gastrointestinal bleeding (VUGIB) occurs in patients with
decompensated cirrhosis, but non-VUGIB (NVUGIB) is not uncommon. We compared the
outcomes of VUGIB and NVUGIB in cirrhotic patients.

Methods This retrospective study used Nationwide Inpatient Sample employing International
Classification of Diseases codes for adult NVUGIB and VUGIB patients. Mortality, morbidity, and
resource utilization were compared. Analyses were performed using STATA; proportions and
continuous variables were compared using Fisher’s exact and Student’s ¢-test, respectively. Confounding
variables were adjusted using propensity matching, multivariate logistic and linear regression analyses.

Results Of 2,166,194 cirrhotics, 92,439 had a diagnosis of NVUGIB and 17,620 VUGIB. VUGIB
patients had higher rates of mortality [adjusted odds ratio (aOR) 1.42, 95% confidence interval
(CI) 1.19-1.69], hemorrhagic shock (aOR 1.84, 95%CI 1.54-2.17) and intensive care unit admission
(aOR 2.47, 95%CI 2.18-2.81), greater hospitalization costs ($16,251 vs. $12,295, P<0.001), more
need for packed red blood cell transfusion (aOR 1.12,95%CI 1.03-1.22) or endoscopic therapy (aOR
2.71,95%CI 2.47-2.93), and a longer hospital stay compared to NVUGIB. However, NVUGIB had
higher aOR of undergoing diagnostic endoscopy and radiography-guided vessel embolization.
There were no differences in the rates of acute kidney injury between the 2 groups. Ascites and
spontaneous bacterial peritonitis were independently associated with increased VUGIB mortality.

Conclusions VUGIB in patients with cirrhosis is associated with greater hospital costs, mortality,
and morbidity burden than NVUGIB. This study provides updated and current knowledge of
patient characteristics and differences in outcomes between VUGIB and NVUGIB, required to
successfully address the healthcare delivery gaps.
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Introduction

Upper gastrointestinal bleeding (UGIB), broadly classified
into variceal UGIB (VUGIB) and non-VUGIB (NVUGIB),
results in significant mortality as high as 10-15% [1,2]. VUGIB
occurs in patients with decompensated cirrhosis, but NVUGIB
is not uncommon, and 30-40% of cirrhotic patients can have
NVUGIB [3,4]. Despite advances in the management of UGIB,
it remains a strong predictor of overall mortality [5]. UGIB
in cirrhotic patients yields higher mortality trends compared
to patients who do not have cirrhosis [6,7]. Frailty due to
accompanying comorbidities and disturbances in coagulation
pathways due to reduced hepatic synthetic function and
thrombophilia are mechanisms that lead to greater mortality
from UGIB in cirrhotic patients [8-10].

Apart from mortality, UGIB overall is also responsible
for greater health resource utilization, including healthcare
costs and length of stay (LOS) in patients with cirrhosis [11].
Despite the aforementioned unfavorable outcomes, no study
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has compared the outcomes of VUGIB and NVUGIB in the
cirrhosis population based on a large sample size. Therefore,
the present study was undertaken to assess the difference in
mortality due to VUGIB and NVUGIB in cirrhotic patients.
In addition, we reported the impact of diverse patient
characteristics and comorbidities on mortality.

Materials and methods

Study design and database description

This was a retrospective cohort study of adult patients with
cirrhosis hospitalized for UGIB across the United States. Data
were obtained from the Nationwide Inpatient Sample (NIS)
database. The Agency for Healthcare Research and Quality
created and maintained this database. It is the largest publicly
available all-payer inpatient database and is designed as a
stratified probability sample representative of all nonfederal
acute care hospitals nationwide. A 20% probability sample of
patients from all hospitals is collected. Each discharge is then
weighted (weight=total number of discharges from all acute
care hospitals in the United States divided by the number of
discharges included in the 20% sample), making it nationally
representative. Up to 40 discharge diagnoses and up to 25
procedures are recorded. The dataset from 2016-2018 consists
of more than 7 million weighted discharges each year, which is
a 20% stratified sample from over 4500 nonfederal acute care
hospitals in more than 45 states of the United States. This is
equivalent to about 35 million yearly discharges nationwide
when weighted, and is representative of 95% of hospital
discharges nationwide.

Study patients

Patients with a principal International Classification of
Diseases, Tenth Revision, Clinical Modification (ICD-10-
CM) diagnosis specific for cirrhosis due to any etiology were
included in the study. Patients were excluded if they were
younger than 18 years of age. The specific ICD-10-CM codes
included are listed in Supplementary Table 1. Using ICD-10-
CM codes, patients with VUGIB and NVUGIB were identified
among all included cirrhotic patients and their data were
extracted for analysis.

The Institutional Review Board of Loyola University
Medical Center authorized this study and deemed the research
project exempt from approval because it is a retrospective
review of already collected de-identified data.

Statistical analysis

Analyses were performed using STATA, version MP
14.2 (StataCorp, College Station, Texas, United States).
The weighting of patient-level observations was applied
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to procure estimates for the entire population. We used 2
distinct approaches to adjust for confounders in our analysis:
propensity score matching and multivariate regression
analysis. Propensity scores were employed to match patients
with cirrhosis who had VUGIB to those who suffered from
NVUGIB. A non-parsimonious multivariate logistic regression
model was developed to estimate the propensity score for
developing significant UGIB, using the following variables:
age, race, sex, Charlson comorbidity index (CCI) score, income
in patient’s zip code, insurance status, hospital size, hospital
urban location, hospital teaching status, and hospital region.
During model building for propensity scores, the family
specified was binomial and link as logit [12]. The double robust
method was then used to generate treatment weights, and the
inverse probability of treatment weighting was used to match
cases with controls using generalized linear models [12]. The
match variables were age, sex, race, and relevant comorbidities
identified from the literature search (ascites, hepatic
encephalopathy, spontaneous bacterial peritonitis, heart
failure, hypertension, hyperlipidemia, diabetes, malnutrition,
and Clostridioides difficile [C. difficile] infection). In the second
analysis, multivariate regression analysis models were used
to adjust the results for potential confounders. Multivariate
regression models were built by including all confounders
significantly associated with the outcome on univariate analysis
with a cutoff P-value of 0.2 [13]. Variables deemed clinically
important to the outcome based on the literature were included
in the model, irrespectively of whether they were significantly
associated with the outcome on univariate analysis—
international normalized ratio abnormalities, hyponatremia,
hypoalbuminemia, presence of ascites, spontaneous bacterial
peritonitis, and hepatic encephalopathy. A logistic regression
model was used for binary outcomes, and a linear regression
model was used for continuous outcomes. The variables
adjusted for in the regression models were: sex, age, race, CCI
score, insurance status, median household income for patients’
zip codes, hospital location, hospital region, hospital size,
hospital teaching status, admission over the weekend, ascites,
hepatic encephalopathy, spontaneous bacterial peritonitis,
C. difficile infection, coronary artery disease, hypertension,
hyperlipidemia, malnutrition, antiplatelet use (8.59% of the
cohort), and anticoagulant use (5.60% of the cohort) (heart
failure and diabetes are part of the CCI, the analysis for LOS was
additionally adjusted for mortality). For the other calculations,
proportions were compared using the Fisher exact test, and
continuous variables were compared using Student’s ¢-test. All
P-values were 2-sided, with 0.05 as the threshold for statistical
significance.

Missing data

Hospital characteristics variables did not have missing data
(Supplementary Table 2). However, 4 variables pertaining
to patient characteristics had missing data, most of them a
very low percentage (<0.5%), except for race (2.73%) and
median income in the patient’s zip code (2.57%). To test
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whether missing data could introduce bias into the study, we
assumed that data were not missing at random and applied
a multivariate imputation by chained equations (i.e., MICE)
method estimated from sequential multivariate models with
fully conditional specifications [14]. Overall, 10 imputed
datasets were constructed using information from all
covariates used in the regression models and other covariates
in the database without missing information. Results with and
without imputation were not meaningfully different. Thus,
results without imputation are reported.

Results
Patient characteristics

Fig. 1 shows the flow diagram for study inclusion. The total
number of patients in the studied NIS cohort was 107,001,355,
of whom 2,166,194 (2.02%) had a diagnosis of cirrhosis
(Table 1). The causes of cirrhosis included alcohol (42.38%),
toxins/poisoning  (0.12%), nonalcoholic  steatohepatitis
(12.35%), passive congestion (0.30%), autoimmune hepatitis
(2.14%), biliary cirrhosis (2.93%), chronic viral hepatitis
(28.36%), and others (11.42%). Among patients with cirrhosis,
92,439 had NVUGIB, 17,620 were admitted with a primary
diagnosis of VUGIB, and 3584 had hepatic encephalopathy.
There were no differences between the match variables before
and after propensity score matching. Patients with NVUGIB
were more likely to be older and female, more likely to be
insured by Medicare, less likely to have Medicaid or private
insurance, and had no to very little difference in median
annual income compared with VUGIB patients. NVUGIB was
found more in the White and Black population, while Hispanic
and Asian patients with cirrhosis had a higher comparative
prevalence of VUGIB. Among VUGIB, 37.21% had diabetes

Number of discharges
(n=107,001,355)

Diagnosis other than
cirrhosis
(n=104,829,401)

Patients who had cirrhosis
on admission (n=2,171,954)

Excluded

Age less than 18
(n=5,760)

Patients included in the study
(n=2,166,194)

|NVUGIB: 92,439| | VUGIB: 17,620

Figure 1 Study selection process
n, number; NVUGIB, non-variceal upper gastrointestinal bleeding;
VUGIB, variceal upper gastrointestinal bleeding
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mellitus, and 24.78% had chronic kidney disease. Patients with
VUGIB also had higher CCI scores.

Inpatient mortality

Overall, inpatient mortality due to any cause in cirrhotic
patients was 5.83% (Table 2). Mortality was 3.79% for NVUGIB
and 5.42% for patients with VUGIB (unadjusted). Even after
adjusting for confounders, VUGIB patients had higher odds of
inpatient mortality compared to NVUGIB (adjusted odds ratio
[aOR] 1.42, 95% confidence interval [CI] 1.19-1.69; P<0.001).

Independent predictors of mortality

Independent predictors of mortality were assessed for
VUGIB. The final model (multivariate regression model) is
presented in Table 3. The variables that independently increased
mortality in VUGIB patients were ascites, hyponatremia,
spontaneous bacterial peritonitis, hepatic encephalopathy,
hepatorenal syndrome, age, and admission to medium or
large-sized hospitals. The variables resulting in lower mortality
odds from VUGIB in cirrhosis were diabetes mellitus and
female sex.

Morbidity

The overall rate of acute kidney injury (AKI) was 19.67%
and 18.35% among NVUGIB and VUGIB, respectively, but this
difference was not significant after adjusting for confounders
(aOR 0.96, 95%CI 0.87-1.06; P=0.45). Similarly, AKI requiring
dialysis did not differ between the 2 subgroups (aOR 0.68,
95%CI 0.36-1.30; P=0.24). However, hemorrhagic shock
occurred more in VUGIB (6.15% vs. 3.29%), and the variceal
group had higher odds even after adjusting for confounders
(aOR 1.83, 95%CI 1.54-2.17; P<0.001).

Treatment setting and LOS

The overall mean LOS was 6.10 days for patients hospitalized
with cirrhosis, 4.49 days for NVUGIB, and 4.83 days for VUGIB
(unadjusted numbers). After adjustment for confounders,
patients with VUGIB had a significantly higher mean LOS
than NVUGIB (mean adjusted additional LOS: 0.30, 95%CI
0.14-0.44; P<0.001). In addition, 13.19% of VUGIB patients
required intensive care unit (ICU) stay compared with 5.55%
in NVUGIB (aOR 2.47, 95%CI 2.18-2.81; P<0.001). Similarly,
VUGIB patients had higher odds of requiring intubation and
vasopressor support (aOR 2.71, 95%CI 2.37-3.09; P<0.001,
and aOR 1.84, 95%CI 1.29-2.63; P<0.001, respectively). The
indications for intubation included acute respiratory failure
(66.08%), hepatic encephalopathy (2.18%), and airway
protection (31.74%).



Table 1 Baseline characteristics of patients
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Baseline characteristics Cirrhosis: (n=2,166,194) P-value
NVUGIB (n=92,439) VUGIB (n=17,620)
Age [mean (95%CI)] (years) 59.85 (59.64-60.05) 56.80 (56.40-57.20) <0.001
Female sex [n (%)] 36019 (38.97) 5699 (32.35) <0.001
Race [n (%)] <0.001
White 59219 (64.06) 10945 (62.12) 0.03
Black 9279 (10.04) 1115 (6.33) <0.001
Hispanic 15714 (17.0) 3585 (20.35) <0.001
Asians 1834 (1.99) 514 (2.92) <0.001
Native Americans 1754 (1.9) 290 (1.65) 0.31
Others 2254 (2.44) 509 (2.89) 0.12
Charlson comorbidity index [n (%)] <0.001
1 8459 (9.15) 434 (2.47) <0.001
2 8274 (8.95) 200 (1.14) <0.001
>3 75704 (81.9) 16985 (94.4) <0.001
Admission day is weekend [n (%)] 22469 (24.31) 4494 (25.51) 0.14
Median household income* (quartile) [n (%)] 0.09
1st (0-25th) 31814 (34.42) 5679 (32.24) 0.01
2nd (26th-50th) 24410 (26.41) 4825 (27.38) 0.23
3rd (51st-75th) 20204 (21.86) 3994 (22.67) 0.29
4th (76th-100th) 13775 (14.9) 2719 (15.44) 0.41
Insurance status [n (%)] <0.001
Medicare 42879 (46.39) 5769 (32.75) <0.001
Medicaid 23199 (25.1) 4894 (27.78) 0.001
Private 16859 (18.24) 4559 (25.88) <0.001
Uninsured 6024 (6.52) 1615 (9.17) <0.001
Hospital Region [n (%)] 0.009
Northeast 14649 (15.85) 2410 (13.68) 0.003
Midwest 18040 (19.52) 3564 (20.23) 0.34
South 37335 (40.39) 7060 (40.07) 0.75
West 22414 (24.25) 4584 (26.02) 0.04
Hospital size [n (%)] <0.001
Small 16344 (17.68) 2929 (16.63) 0.17
Medium 27274 (29.51) 5819 (33.03) <0.001
Large 48820 (52.81) 8870 (50.34) 0.01
Hospital teaching status [n (%)] 0.04
Rural 5949 (6.44) 1134 (6.44) 0.99
Urban non-teaching 21765 (23.55) 4510 (25.6) 0.01
Urban teaching 64724 (70.02) 11975 (67.96) 0.02

*Median household income for the patient’s zip code

NVUGI, non-variceal upper gastrointestinal bleeding; VUGIB, variceal upper gastrointestinal bleeding; CI, confidence interval

Resource utilization

Total hospitalization charges, total hospitalization costs,
and packed red blood cell (PRBC) transfusion were among the
markers assessed for resource utilization. The total adjusted
hospitalization charges were significantly higher for VUGIB
than NVUGIB patients. Similar results were found when
examining total hospitalization costs. VUGIB required more
transfusion of PBRCs (overall and within the first 24 h) than
NVUGIB (aOR 1.12, 95%CI 1.03-1.22; P<0.001 and aOR 1.09,
95%CI 1.01-1.19; P=0.03, respectively). The time to first blood
transfusion was similar in both groups (0.55 days vs. 0.51 days,
P=0.28).

Treatment modalities
Upper endoscopy

An in-hospital diagnostic endoscopic examination was
performed more in NVUGIB than in VUGIB patients
(58.54% vs. 26.24% of admissions), while VUGIB required
more endoscopic therapy (35.32% vs. 17.20% of admissions).
Similar results were reproduced on confounder-adjusted
odds analysis (Table 4). In addition, early (within 24 h) upper
endoscopy (whether diagnostic or with therapy) was performed
more in VUGIB (50.96% vs. 49.04%, P<0.001). The discharge
endoscopic diagnoses for NVUGIB were esophagitis (10.8%),
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Table 2 Outcomes in hospitalized patients

Outcomes Overall NVUGIB VUGIB Adjusted OR P-value*
(95%CI) (95%CI) (95%CI) t+
Mortality, % 5.83 (5.74-5.92) 3.79 (3.52-4.07) 5.42 (4.72-6.23) 1.42 (1.19-1.69) <0.001
Blood transfusion, mean 0.24 (0.23-0.25) 0.70 (0.68-0.72) 0.76 (0.72-0.79) 1.12 (1.03-1.22) <0.001
Early blood transfusion*, 0.08 (0.07-0.09) 0.29 (0.28-0.30) 0.32 (0.30-0.33) 1.09 (1.01-1.19) 0.03
mean
Time to blood transfusion, 1.87 (1.83-1.92) 0.55 (0.52-0.58) 0.51 (0.44-0.58) _ 0.28
mean, days
Mean LOS, days (95%CI) 6.10 (6.06-6.15) 4.49 (4.42-4.56) 4.83 (4.68-4.98) 0.30 (0.14-0.47) <0.001
Total charges, mean, US$ 68,537 (67,214-69,861) 51,637 (50,338-52,936) 61,891 (59,403-64,380) 8316 (5634-10,998) <0.001
Total cost, mean, US$ 16,251 (15,989-16,514) 12,295 (12,064-12,526) 14,753 (14,192-15,313) 2025 (1467-2,632) t <0.001
Acute kidney injury, % 25.44 (25.22-22.66) 19.67 (19.10-20.26) 18.35 (17.10-19.68) 0.96 (0.87-1.06) 0.45
Kidney failure requiring 1.04 (0.98-1.10) 0.44 (0.36 - 0.55) 0.31 (0.17-0.56) 0.68 (0.36-1.30) 0.24
dialysis, %
Hemorrhagic shock, % 1.15 (1.11-1.19) 3.29 (3.04-3.57) 6.15 (5.42-6.98) 1.83 (1.54-2.17) <0.001
Vasopressor requirement, % 1.40 (1.30-1.51) 0.78 (0.65-0.93) 1.36 (1.03-1.80) 1.84 (1.29-2.63) 0.001
Intubation, % 5.85 (5.75-5.96) 4.52 (4.22-4.83) 11.74 (10.70-12.87) 2.71 (2.37-3.09) <0.001
ICU admission, % 7.03 (6.92-7.14) 5.55 (5.25-5.93) 13.19 (12.10-14.37) 2.47 (2.18-2.81) <0.001
Parenteral nutrition, % 1.11 (1.05-1.17) 0.50 (0.41-0.62) 0.42 (0.26-0.70) 0.74 (0.42-1.30) 0.29

+ Adjusted mean difference in USD, * Early: within 24 h of admission, ** mean difference in time to blood between 2 groups, todds ratio in VUGIB

compared with NVUGIB

NVUGIB, non-variceal upper gastrointestinal bleeding; VUGIB, variceal upper gastrointestinal bleeding; CI, confidence interval; OR, odds ratio; LOS, length of

stay; ICU, intensive care unit

esophageal ulcer (3.6%), gastritis (12.8%), gastric ulcer (21.2%),
duodenitis (2.5%), duodenal ulcer (14.8%), angiodysplasia
(12.7%), Dieulafoy’s lesion (4.2%), and others (17.4%).

Radiology interventions

Transjugular intrahepatic portosystemic shunt (TIPS) was
performed more in VUGIB (aOR 6.18, 95%CI 3.32-11.49;
P<0.001). The indication for TIPS was refractory ascites in
NVUGIB patients. However, radiography-guided embolization
was required more in NVUGIB (0.42% vs. 0.17%). After
adjusting for confounders, the NVUGIB group was 59% more
likely to have undergone radiologic-guided embolization than
the VUGIB group (aOR 0.41, 95%CI 0.17-0.95; P=0.03).

Discussion

We showed that in-hospital mortality in patients with
cirrhosis and NVUGIB is 3.79%. This finding is in line with a
prior study showing that cirrhotic patients are at higher risk of
NVUGIB than the general population [15]. However, it differs
from the in-hospital mortality of 2.1% reported by Abougergi
et al [16]. A previous study by Tandon et al compared mortality
from VUGIB with NVUGIB and yielded results contradictory
to ours, as they found no difference in mortality [17]. That study
was performed outside of the United States and had a very small
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sample size. Our study had a large sample size, which reduces
the likelihood of beta error in estimates obtained, and the
population studied is nationally representative of the inpatient
population in the United States. Another plausible explanation
is that the mortality trend is specific to the healthcare system
in the United States, but studies in different regions across the
globe are not available.

Historically, predictors independently associated with the
mortality from VUGIB described in the literature include
age, higher Child-Pugh class and model for end-stage liver
disease (MELD) score, low hemoglobin, systolic blood
pressure, rebleeding, higher serum bilirubin, impaired renal
function, and active bleeding seen on endoscopy [18-21].
Our study found that certain systematic and biologic factors,
such as age, self-pay status, admission to larger hospitals,
admission over the weekend, ascites, hepatic encephalopathy,
spontaneous  bacterial  peritonitis, hyponatremia and
hepatorenal syndrome also predict mortality from VUGIB
independently. Age, ascites, hepatic encephalopathy, and
hyponatremia represent scoring components for calculating
Child-Pugh class and MELD scores [22,23]. Larger hospitals
usually act as referral and tertiary care centers for patients
with higher comorbidity and higher frailty. Previous studies
have resulted in contradictory findings regarding the impact
of the day of admission on mortality in VUGIB and NVUGIB.
For NVUGIB specifically, most studies found no effect based
on the day of admission [24-26]. Ananthakrishnan et al and
Abougergi et al reported that weekend admission was not
associated with greater odds of mortality for VUGIB. Both



Table 3 Independent predictors of mortality
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Variable

Adjusted P-value
odds ratios (95%CI)

Patient-level variables
Age
Female sex

Race
White
Black
Hispanic
Asian or Pacific Islander
Native American
Other Race

Insurance provider
Medicare
Medicaid
Private
Uninsured

Median income in patient’s zip code (quartile)*
1st (0-25th)
2nd (26th-50th)
3rd (51st-75th)
4th (76th-100th)

Hospital-level variables
Hospital size
Small
Medium
Large

Hospital location/teaching status
Rural
Urban non-teaching
Urban teaching
Weekend admission

Comorbidities
Ascites
Hepatic encephalopathy
Spontaneous bacterial peritonitis
Clostridioides difficile infection
Malnutrition
Diabetes mellitus
Hypertension
Hyperlipidemia
Coronary artery disease
Heart failure
INR abnormalities
Thrombocytopenia
Hyponatremia
Hepatorenal syndrome
Hepatopulmonary syndrome

1.03 (1.02-1.04) <0.001
0.76 (0.65-0.87) <0.001
Reference Reference
1.13 (0.89-1.44) 0.29
0.89 (0.71-1.10) 0.27
1.16 (0.75-1.77) 0.49
0.85 (0.47-1.53) 0.60
1.37 (0.94-2.03) 0.10
Reference Reference
1.22(0.97-1.52) 0.07
1.06 (0.84-1.32) 0.63
1.62 (1.19-2.19) 0.002
Reference Reference
1.00 (0.84-1.20) 0.95
0.88 (0.72-1.06) 0.20
0.97 (0.78-1.21) 0.80
Reference Reference
1.33 (1.07-1.66) 0.01
1.24 (1.005-1.52) 0.04
Reference Reference
1.06 (0.75-1.51) 0.73
1.25 (0.90-1.74) 0.18
1.24 (1.06-1.46) 0.007
1.22 (1.003-1.49) 0.04
8.84 (4.18-18.70) <0.001
1.92 (1.21-3.07) <0.001
1.07 (0.39-2.99) 0.89
1.24 (0.94-1.64) 0.13
0.58 (0.49-0.69) <0.001
0.97 (0.83-1.14) 0.74
0.81 (0.65-1.009) 0.06
0.86 (0.68-1.07) 0.18
1.11 (0.89-1.38) 0.33
1.16 (0.77-1.74) 0.47
0.97 (0.84-1.13) 0.73
1.61 (1.34-1.93) <0.001
5.15 (3.87-6.84) <0.001
2.23 (0.61-8.16) 0.22

* Median household income for the patient’s zip code

INR, international normalized ratio; CI, confidence interval

studies used a smaller subset of the same dataset that we used
and employed the same definition of weekend admission as we
did. Ananthakrishnan et al captured 7240 weekend admissions
with VUGIB, while there were 3251 patients with VUGIB in
the Abougergi et al study. In our study, we were able to use a
larger sample size (n=17,620 VUGIB) and demonstrated that

weekend admission is independently associated with mortality
for VUGIB when compared to NVUGIB. Female sex was
associated with lower odds of mortality in VUGIB: a finding
in line with prior studies where female sex was associated
with better survival outcomes in VUGIB and overall cirrhosis
[27,28]. Studies pointing towards more immune suppression

Annals of Gastroenterology 35



624 U. Farooq et al

Table 4 In-hospital procedures

Procedures

NVUGIB

% (95%CI)

EGD, diagnostic (without therapy)
EGD with endoscopic therapy

EGD, all types (both diagnostic and
with endoscopic therapy

Radiography-guided embolization

Transjugular intrahepatic

58.54 (57.79-59.29)
17.20 (16.59-17.83)
75.74 (75.04-76.44)

0.42 (0.34-0.53)
0.12 (0.07-0.19)

VUGIB Adjusted* OR P-value
(95%CI)
% (95%CI)
26.24 (24.79-27.75) 0.23 (0.21-0.25) <0.001
35.32 (33.55-37.15) 2.71 (2.47-2.97) <0.001
61.56 (59.77-63.33) _ 0.01
0.17 (0.07-0.37) 0.41 (0.17-0.95) 0.03
0.94 (0.66-0.99) 6.18 (3.32-11.49) <0.001

portosystemic shunt

NVUGIB, non-variceal upper gastrointestinal bleeding; VUGIB, variceal upper gastrointestinal bleeding; CI, confidence interval; OR, odds ratio;

EGD, esophagogastroduodenoscopy

following hemorrhage and trauma in males can offer a
potential explanation for sex-related differences in mortality
trends observed in VUGIB [29].

There was a greater likelihood of hemorrhagic shock,
vasopressor requirement, intubation and ICU stay in
patients with VUGIB. Hemorrhagic shock is an established
phenomenon in patients with VUGIB, usually treated
with PBRC transfusion and administration of crystalloids.
Prophylactic endotracheal intubation is commonly practiced
for airway protection in critically ill patients with UGIB prior
to upper endoscopy, despite the limited evidence suggesting
a clear outcome benefit [30]. Studies directly comparing
endotracheal intubation rates and effects on outcomes are
lacking, but we showed that the rate of endotracheal intubation
was higher in VUGIB than in NVUGIB (11.74% vs. 4.52%).
Hepatic encephalopathy commonly complicates VUGIB and
governs the increased rate of endotracheal intubation in the
peri-endoscopy period.

We also demonstrated that a greater proportion of patients
required endoscopic therapy in the VUGIB group, while
endoscopy without therapy (i.e., diagnostic endoscopy) was
performed more in NVUGIB patients. Varices are formed
because of blockage in the blood flow in the liver with resultant
high backpressure, causing the formation of varices with an
increased tendency to rupture and bleed [30]. The endoscopic
treatment of choice for VUGIB is band ligation. Minor cases of
NVUGIB may not need endoscopic therapy and improve with
supportive measures. Recurrent bleeding despite endoscopic
therapy or failure to achieve hemostasis requires rescue radiologic
or surgical intervention to control bleeding. Radiography-guided
embolization of the bleeding vessel was performed more in
NVUGIB, while TIPS was the most commonly used radiologic
procedure in the VUGIB population.

Using a nationally representative sample, we also
demonstrated that PRBC transfusion was more common
in VUGIB than NVUGIB. There is very limited literature
directly comparing blood transfusion requirements between
the 2 groups. We also showed that the PRBC transfusion
requirement within the first 24 h was also greater in VUGIB.
Variceal bleeding correlates with a high hepatic venous
pressure gradient (>20 mmHg) [31]; thus, a restricted threshold
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should be adopted for transfusion while balancing the need to
avoid complications from hemorrhagic shock. However, no
difference was found in the time from patient presentation
to when the first PRBC transfusion was given. This suggests
that emergency room providers efficiently prioritize the blood
transfusion needs of patients with UGIB, depending on their
hemodynamic status, and intervene promptly.

The available literature hints at mixed trends for the
difference in LOS between the 2 groups of UGIB. Tandon et al
directly compared the LOS between the 2 groups and found
no significant difference between them (median LOS, VUGIB:
4.9, NVUGIB: 5.0, P=0.34); however, the results were probably
skewed due to the smaller sample size. In our study, the mean
LOS for VUGIB ranged from 4.68-4.98, while the NVUGIB
range was 4.42-4.56. Prior high-quality evidence suggests that
early endoscopy reduces the LOS in UGIB [32]. We found in our
dataset that early endoscopy (within 24 h) was performed more
in VUGIB (50.96% vs. 49.04, P<0.001), whereas mean LOS
was significantly greater by 0.30 days in VUGIB, even though
the difference may not be clinically relevant. Total hospital
costs and charges were greater in VUGIB as a result of greater
resource utilization, be it LOS or requiring comparatively more
endoscopic therapy.

This trend is also supported by a prior study comparing the
costs between the 2 groups [11]. In the contemporary healthcare
delivery system, there is a great deal of focus on cost-effectiveness
and viability of systems, as the center of Medicare and Medicaid
Services has established a target to cover half of Medicare payments
in unconventional and substitute payment models involving value-
based purchasing. Prevention of bleeding represents an ideal way
of achieving better cost-effectiveness. We showed that VUGIB
results in higher resource utilization compared to NVUGIB. Each
episode of VUGIB prevented will decrease in-hospital mortality
by 42%, LOS by 0.30 days, total hospitalization costs by $1467-
2632, and the total hospitalization charges by $5634-10,998
compared to NVUGIB in patients with cirrhosis. These numbers
are based on observational findings from a retrospective cohort
study, and prospective studies in the future will help directly test
and confirm these findings in real-life practice.

There are various limitations to our study. First, the exposure
is not completely randomized, given the retrospective nature of



our study. We employed propensity matching and multivariate
regression models to control for confounders. Even though
the results obtained from both methods were similar, which
reduces the likelihood of confounding, residual confounding
can still exist. Moreover, we controlled for diverse patient and
hospital-level characteristics, which further minimizes the
risk. Second, an administrative database was used to acquire
the data. Claims-based databases such as NIS are inherently
vulnerable to missing codes or erroneously entered data [33].
Moreover, UGIB itself is prone to coding inaccuracies, as
shown by Joos et al [34]. Nonetheless, the frequency of missing
data among the variables we used was less than 2.5%, with a
few exceptions, and the multiple imputations method was
used to explicate the missing data. Third, the unavailability
of laboratory values in the database made it impossible to use
UGIB-specific severity scales and MELD score; instead, the
CClI, a generalized validated prognostic scale, was used, as in
previous studies [26]. Similarly, the overlapping diagnosis of
AKI and hepatorenal syndrome in cirrhosis poses challenges
in assessment. Even though reflective of clinical practice in
the United States, care should be taken during analyzing AKI
results in the study, as low baseline creatinine in cirrhotic
patients can lead to misdiagnosis of AKI. Finally, we reported
the overall inpatient mortality of patients hospitalized with a
principal diagnosis of either VUGIB or NVUGIB, as the cause
of death could not be determined from the database. We believe
further well-designed cohort studies are required to overcome
the limitations in this study.

Regardless of these limitations, our study has numerous
strengths. To our knowledge, this is the first study that compares
the mortality of VUGIB, its predictors and other outcomes,
with those of NVUGIB at the national level. Moreover, the
NIS database eliminates the commonly encountered limitation
of single-center studies by allowing the use of a large sample
size, as it is the largest publicly available all-payer database
consisting of the inpatient population. Propensity matching is
a powerful tool for the analysis of administrative databases and
helps control confounding by indication [35]. It relies on a wide
range of empirically-derived covariates that serve as surrogates
for unmeasured confounding variables while matching cases
with controls [36]. Utilizing nationally representative data, our
study eliminated biases related to practice patterns in single- or
multi-center studies. Similarly, the distinctive variables in
the database granted us the opportunity to explore variables
such as household income estimates, hospitalization cost and
hospital factors, which are not generally possible in single-
center studies.

In conclusion, cirrhotic patients with VUGIB have 5 times
the inpatient mortality compared with NVUGIB patients. In
addition to the already known prognostic indicators, we report
that self-pay status, admission to larger hospitals, ascites,
spontaneous bacterial peritonitis, and hyponatremia are
independent predictors of mortality and should alert treating
physicians to a poorer prognosis. VUGIB patients also had a
higher likelihood of morbidity measured by hemorrhagic shock,
vasopressor requirement, intubation and ICU stay, as well as
higher resource utilization as indicated by PRBC transfusion,
hospital LOS, adjusted total hospitalization charges and costs,
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and higher rates of upper endoscopy therapy involving both
acuity and complexity of intervention during the procedure.
Further research is warranted to test interventions to reduce
the morbidity and mortality gap between these 2 subgroups.
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Summary Box
What is already known:

e Variceal upper gastrointestinal bleeding (VUGIB)
occurs in patients with decompensated cirrhosis,
but non-VUGIB (NVUGIB) is not uncommon, and
30-40% of cirrhotic patients can have NVUGIB

e Previous studies compared outcomes of VUGIB and
NVUGIB in cirrhosis and found similar mortality
rates between the 2 groups using a small sample size

e A difference in mortality and other hospitalization
outcomes between these 2 groups of upper
gastrointestinal bleeding is yet to be determined

What the new findings are:

e VUGIB patients with cirrhosis had greater mortality
than NVUGIB patients after adjustment for
confounders in a large sample

e VUGIB also resulted in greater hospital costs and
higher rates of hemorrhagic shock, intensive care
unit admission, and endoscopic therapy

e Ascites and spontaneous bacterial peritonitis were
independently associated with increased mortality
in VUGIB patients
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Supplementary material

Supplementary Table 1 International Classification of Diseases (ICD) codes

Disease/Procedure ICD-10-CM codes

Non-variceal upper gastrointestinal ~ K20.81 Other esophagitis with bleeding
bleeding K20.91 Esophagitis, unspecified with bleeding
K21.01 Gastro-esophageal reflux disease with esophagitis, with bleeding
K22.11 Ulcer of esophagus with bleeding
K25.0 Acute gastric ulcer with hemorrhage
K25.2 Acute gastric ulcer with both hemorrhage and perforation
K25.4 Chronic or unspecified gastric ulcer with hemorrhage
K25.6 Chronic or unspecified gastric ulcer with both hemorrhage and perforation
K26.0 Acute duodenal ulcer with hemorrhage
K26.2 Acute duodenal ulcer with both hemorrhage and perforation
K26.4 Chronic or unspecified duodenal ulcer with hemorrhage
K26.6 Chronic or unspecified duodenal ulcer with both hemorrhage and perforation
K27.0 Acute peptic ulcer, site unspecified, with hemorrhage
K27.2 Acute peptic ulcer, site unspecified, with both hemorrhage and perforation
K27.4 Chronic or unspecified peptic ulcer, site unspecified, with hemorrhage
K27.6 Chronic or unspecified peptic ulcer, site unspecified, with both hemorrhage and perforation
K28.0 Acute gastrojejunal ulcer with hemorrhage
K28.2 Acute gastrojejunal ulcer with both hemorrhage and perforation
K28.4 Chronic or unspecified gastrojejunal ulcer with hemorrhage
K28.6 Chronic or unspecified gastrojejunal ulcer with both hemorrhage and perforation
K29.01 Acute gastritis with bleeding
K29.21 Alcoholic gastritis with bleeding
K29.31 Chronic superficial gastritis with bleeding
K29.41 Chronic atrophic gastritis with bleeding
K29.51 Unspecified chronic gastritis with bleeding
K29.61 Other gastritis with bleeding
K29.71 Gastritis, unspecified, with bleeding
K29.81 Duodenitis with bleeding
K29.91 Gastroduodenitis, unspecified, with bleeding
K31.811 Angiodysplasia of stomach and duodenum with bleeding
K31.82 Dieulafoy lesion (hemorrhagic) of stomach and duodenum

Variceal upper gastrointestinal 185.01 Esophageal varices with bleeding
bleeding I85.11 Secondary esophageal varices with bleeding
Cirrhosis K74 Fibrosis and cirrhosis of liver

K71.7 Toxic liver disease with fibrosis and cirrhosis of liver
K70.3 Alcoholic cirrhosis of liver
K70.2 Alcoholic fibrosis and sclerosis of liver

Ascites R18.8 Other ascites
K70.31 Alcoholic cirrhosis of liver with ascites
K70.11 Alcoholic hepatitis with ascites
K71.51 Toxic liver disease with chronic active hepatitis with ascites

Hepatic encephalopathy K72.91 Hepatic failure, unspecified with coma
Spontaneous bacterial peritonitis K65.2 Spontaneous bacterial peritonitis
Clostridioides difficile infection A04.71 Enterocolitis due to Clostridioides difficile, recurrent

A04.72 Enterocolitis due to Clostridioides difficile, not specified as recurrent

Malnutrition E44.1 Mild protein-calorie malnutrition
E44.0 Moderate protein-calorie malnutrition
E46 Unspecified protein-calorie malnutrition

Acute kidney injury N17.0 Acute kidney failure with tubular necrosis
N17.1 Acute kidney failure with acute cortical necrosis
N17.2 Acute kidney failure with medullary necrosis
N17.8 Other acute kidney failure
N17.9 Acute kidney failure, unspecified

(Contd...)



Supplementary Table 1 (Continued)

Disease/Procedure ICD-10-CM codes
Renal dialysis 5A1D60Z, 5A1D00Z, 3E1M39Z
Vasopressors 3E043XZ, 3E040XZ, 3E033XZ, 3E030XZ

Endotracheal intubation
Blood transfusion
Abnormal INR

Thrombocytopenia

Hyponatremia
Hepatorenal syndrome
Hepatopulmonary syndrome

Pneumonia

Heart failure
Anticoagulant use
Antiplatelet use

Chronic kidney disease
Cerebrovascular accident

Gastrointestinal
endoscopy - inspection

Gastrointestinal
endoscopy - intervention

Arterial embolization

Hypovolemic shock

0BHI18EZ, 0BH17EZ
30233N1, 30233P1, 30243N1, 30243P1, 30243H1, 30233H1
R79.1 Abnormal coagulation profile

D69.6 Thrombocytopenia, unspecified
D69.59 Other secondary thrombocytopenia

E87.1 Hypo-osmolality and hyponatremia
K76.7 Hepatorenal syndrome
K76.81 Hepatopulmonary syndrome

J13 Pneumonia due to Streptococcus pneumonia

J14 Pneumonia due to Hemophilus influenza

J15 Bacterial pneumonia, not elsewhere classified

J16 Pneumonia due to other infectious organisms, not elsewhere classified

150 Heart failure

779.01 Long term (current) use of anticoagulants
779.02 Long term (current) use of antiplatelets
N18 Chronic kidney disease

163 Cerebral infarction

0DJ08ZZ, 0DJ68ZZ, 0DB18ZX, 0DB18ZZ, 0DB28ZX, 0DB28ZZ, 0DB38ZX, 0DB38ZZ, 0DB48ZX,
0DB48ZZ, 0DB58ZX, 0DB58ZZ, 0DB68ZX, 0DB68ZZ, 0DB78ZX, 0DB78ZZ, 0DB88ZX, 0DB88ZZ,
0DB98ZX, 0DB98ZZ

0D518ZZ, 0D528Z7Z, 0D538ZZ, 0D548Z2Z, 0D558ZZ, 0D568ZZ, 0D578ZZ, 0D598ZZ, 0DQ18ZZ,
0DQ28ZZ, 0DQ38ZZ, 0DQ48ZZ, 0DQ58ZZ, 0DQ68ZZ, 0DQ78ZZ, 0DQISZZ, 0OW3P8ZZ, 3E0G8TZ,
06L38CZ

04L13DZ, 04L23DZ, 04L43DZ, 04L53DZ

R57.1 Hypovolemic shock

INR, international normalized ratio

Supplementary Table 2 Missing data

Variables Data Missing (%)
Age (y) 0.004
Sex 0.01
Race 2.73
Charlson comorbidity index 0.00
Elective admission 0.19
Weekend admission 0.00
Median income in patient’s zip code 2.57
Hospital region 0.00
Hospital size 0.00
Hospital location/teaching status 0.00
Insurance 0.15




