
Creative Commons licenses: This is an Open Access article distributed under the terms of the Creative Commons  
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY -NC -SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).

Original paper

How does cirrhosis impact mortality, morbidity, 
and resource utilization in non-variceal upper 
gastrointestinal bleeding? A nationwide analysis

Umer Farooq1, Zahid Ijaz Tarar2, Adnan Malik3, Muhammad Kashif Amin4, Humberto Sifuentes5

1Department of Internal Medicine, Loyola Medicine/MacNeal Hospital Berwyn, IL, USA
2Department of Internal Medicine, University of Missouri, Columbia, MO, USA
3Department of Internal Medicine, Loyola University Health System, Maywood, IL, USA
4Department of Internal Medicine, Texas Tech University Health Sciences Center, Amarillo, TX, USA
5Department of Gastroenterology and Hepatology, Medical College of Georgia at Augusta University, Augusta, GA, USA

Gastroenterology Rev 2023; 18 (2): 204–215
DOI: https://doi.org/10.5114/pg.2022.115232

Key words: liver cirrhosis, gastrointestinal haemorrhage, mortality, morbidity, hospital costs, esophagogastroduodenoscopy.

Address for correspondence: Umer Farooq MD, Department of Internal Medicine, Loyola Medicine/MacNeal Hospital Berwyn,  
6606 W Windsor Ave Apt 1E, Berwyn, IL, USA, phone: 862-215-8312, fax: 708-783-6567, e-mail: umer7513781@gmail.com

Abstract
Introduction: Upper gastrointestinal bleeding is common in liver cirrhosis patients. Studies have described the prognostic 

impact of liver disease in non-variceal upper gastrointestinal bleeding (NVUGIB), but a direct subgroup comparison is lacking 
using a large database.

Aim: To study the impact of NVUGIB on hospital-based outcomes in patients with cirrhosis.
Material and methods: This is a retrospective study using Nationwide Inpatient Sample (NIS) employing International Clas-

sification of Diseases (ICD-10) codes for adult patients with a primary diagnosis of NVUGIB. Mortality, morbidity, and resource 
utilization were compared. Analyses were performed using STATA, proportions were compared using Fisher exact test, and con-
tinuous variables using Student’s t-test. Confounding variables were adjusted using propensity matching, multivariate logistic, 
and linear regression analyses.

Results: Of 107,001,355 discharges, 957,719 had a diagnosis of NVUGIB. Of those, 92,439 had cirrhosis upon admission. 
NVUGIB patients with cirrhosis had higher adjusted odds of mortality and intensive care unit (ICU) admission than patients with-
out cirrhosis (adjusted odds ratio (AOR) for mortality 1.31, p < 0.001, ICU admission AOR = 1.29, p < 0.001). NVUGIB patients with 
cirrhosis had shorter length of stay (LOS) by 0.44 days (p < 0.001), greater hospital costs per day ($3114 vs. $2810, p < 0.001), 
and lower odds of acute kidney injury (AOR = 0.81, p < 0.001). In addition, the cirrhotic patients had higher odds of receiving 
endoscopic therapy (AOR = 1.08, p < 0.001). There was no difference between the 2 groups’ requirements of packed red blood 
cell transfusion, parenteral nutrition, hypovolaemic shock, and endotracheal intubation. We also identified novel independent 
predictors of mortality from NVUGIB in cirrhosis patients.

Conclusions: Cirrhosis presents greater mortality and morbidity burden and greater healthcare resource utilization from 
NVUGIB.

Introduction
Upper gastrointestinal bleeding (UGIB) is com-

mon in liver cirrhosis patients and accounts for 25% 
of mortality in this patient population [1]. The total 
annual hospitalizations due to gastrointestinal bleed-
ing in the United States amounts to 1,000,000, with 
an estimated 2–10% mortality rate [2, 3]. Out of these 
admissions, 40% are from upper gastrointestinal bleed-

ing [4]. Non-variceal upper gastrointestinal bleeding 
(NVUGIB) in cirrhotic patients is common, and studies 
have shown increased incidence and prevalence of pep-
tic ulcer bleeding in cirrhosis [5]. UGIB in cirrhosis pa-
tients harbours greater mortality compared to patients 
who do not have cirrhosis [6]. UGIB also drives higher 
health resource utilization, including healthcare costs 
and length of stay (LOS), in patients with cirrhosis [7].
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Aim
Our study aimed to understand the association of 

NVUGIB in cirrhosis patients and hospital-based out-
comes in this subset of patients. Moreover, we also re-
ported the impact of various patient characteristics and 
comorbidities acting as predictors of mortality.

Material and methods
Study design and database description
This is a retrospective study of adult patients hos-

pitalized due to NVUGIB. The joint releases of the 
year 2016 through 2018 of the Nationwide Inpatient 
Sample (NIS) database were utilized. It is designed as 
a stratified probability sample to be representative of 
all non-federal acute care hospitals nationwide. A 20% 
probability sample from all hospitals is then collected. 
Each hospital discharge is then weighted (weight = to-
tal number of discharges from all acute care hospitals in 
the United States divided by the number of discharges 
included in the 20% sample), which makes it nationally 
representative. The dataset for the years 2016 to 2018 
consists of more than 7 million discharges each year. 
This equals to about 35 million yearly discharges na-
tionwide when weighted and is representative of 95% 
of hospital discharges nationwide.  

Study patients
Patients with International Classification of Diseas-

es, Tenth Revision, Clinical Modification (ICD-10-CM) 
codes for NVUGIB were included in the study (Electronic 
Supplementary Material Table ‘Appendix’). Patients with 
and without cirrhosis were separated among NVUGIB 
patients. Patients were excluded if they were younger 
than 18 years of age. Institutional Review Board approv-
al was sought, but the study was deemed exempt due 
to the use of de-identified, publicly available data.

Study variables and outcomes 
The primary outcome was in-hospital mortality, 

which was provided within the NIS. The secondary 
outcomes were as follows: length of stay (LOS), blood 
transfusion, total hospitalization charges and costs, 
acute kidney injury (AKI) and dialysis requirement, hy-
povolaemic shock, vasopressors and intubation require-
ment, intensive care unit (ICU) admission, and paren-
teral feeding. Blood transfusion was considered to be 
completed within 24 h of admission if the time from ad-
mission to transfusion was zero or 1 day. The potential 
confounders that were adjusted for were as follows: age 
in years, gender, race, admission day as the weekend or 
weekday, median income in the patient’s zip code as  
4 hierarchical categories, patient comorbidities as mea-

sured by the Deyo adaptation of the Charlson Comor-
bidity Index for administrative data, hospital location, 
hospital region, hospital teaching status as teaching or 
nonteaching, and hospital bed size [8]. 

Statistical analysis
Analyses were performed by using STATA, version 

MP 14.2 (StataCorp, College Station, Texas, United 
States). We used univariable logistic regression to 
compute unadjusted odds ratios (ORs). We used 2 dis-
tinct approaches to adjust for confounders: propensity 
score matching and multivariate regression analysis. 
Propensity scores were employed to match patients 
with NVUGIB who had cirrhosis with those who did 
not. A non-parsimonious multivariate logistic regres-
sion model was developed to estimate the propensi-
ty score. During model building for propensity score, 
the family specified was binomial and link as logit [9]. 
The double robust method was used to generate treat-
ment weights, and the inverse probability of treatment 
weighting was used to match cases with controls using 
generalized linear models [9]. In the second analysis, 
multivariable regression models were built by includ-
ing all confounders that were significantly associated 
with the outcome on univariable analysis with a cut-off 
p-value of 0.2 [10]. Variables deemed clinically import-
ant to the outcome based on literature review were in-
cluded in the model irrespective of whether they were 
significantly associated on univariable analysis. A lo-
gistic regression model was used for binary outcomes, 
and a linear regression model was used for continuous 
outcomes. Fisher’s exact test for proportions and Stu-
dent’s t-test for continuous variables was used for other 
calculations. All p-values were two-sided, with 0.05 as 
the threshold for statistical significance.

Table I. Missing data

Variables Data missing (%)

Age [years] 0.007

Gender 0.02

Race 2.90

Charlson comorbidity index 0.00

Elective admission 0.17

Weekend admission 0.00

Median income in patient’s zip code 1.74

Hospital region 0.00

Hospital bed size 0.00

Hospital Location/teaching status 0.00

Insurance 0.14
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Missing data
Hospital variables did not have any missing data 

(Table I). However, 4 variables pertaining to the patient 
characteristics had missing data: most of the variables 
had a very low percentage of missing data (< 0.5%) ex-
cept for race (2.90%) and median income in the patient’s 
zip code (1.74%). To test whether missing data could 
introduce bias, we assumed that data were not missing 
at random and applied the multivariate imputation by 
chained equations (i.e. MICE) method estimated from 
sequential multivariable models with fully conditional 
specifications [11]. Overall, 10 imputed datasets were 
constructed using information from all covariates used 
in the regression models, as well as 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
Figure 1 shows the flow diagram for study inclusion. 

The total number of patients in the studied NIS cohort 
was 107,001,355, among whom 957,719 (0.89%) had 
a diagnosis of NVUGIB. Among NVUGIB patients, 92,439 
had cirrhosis. Patients with cirrhosis were more likely 
to be younger, male, and insured by Medicaid or pri-
vate insurance, less likely to have Medicare, and had 
small differences in median annual income compared 
to NVUGIB patients without cirrhosis (Table II). Among 
NVUGIB patients, cirrhosis was more prevalent in the 
Hispanic population. Patients with cirrhosis had higher 
Charlson Comorbidity Index scores. There were numeri-
cally small but statistically significant differences in the 

hospital characteristics between the 2 groups: patients 
with cirrhosis were more likely to present to a large-
sized hospital and less likely to be admitted to small 
and medium-sized hospitals than patients without cir-
rhosis. Patients without cirrhosis were more likely to be 
admitted to nonteaching hospitals in urban areas. The 
other characteristics were similar between the 2 patient 
groups or had differences numerically too small to be 
clinically significant. The proportion of various causes of 
NVUGIB in both groups is presented in Figure 2.

Mortality
Overall inpatient mortality from any cause in 

NVUGIB patients was 2.50%. There were 3.78% deaths 
for cirrhosis patients and 2.37% for patients without 
cirrhosis (unadjusted). After adjusting for confounders, 
cirrhosis patients with NVUGIB had higher odds of inpa-
tient mortality compared to patients without cirrhosis 
(adjusted odds ratio (aOR): 1.31, 95% confidence inter-
val (CI): 1.18–1.46, p < 0.001) (Table III).

Independent predictors of mortality
The strength of association of mortality from 

NVUGIB in cirrhosis patients with multiple variables was 
tested individually using univariate regression analysis. 
Multiple patient, hospital, and treatment-level variables 
were tested. The final model is presented in Figure 3. 
The variables found to be independent predictors of 
increased mortality from NVUGIB in cirrhosis were 
age, admission to medium, large-sized, and teaching 
hospitals, admission over the weekend, ascites, hepat-
ic encephalopathy, spontaneous bacterial peritonitis, 
Clostridium difficile infection, malnutrition, heart failure, 
thrombocytopaenia, hyponatraemia, hepatorenal syn-
drome, hepatopulmonary syndrome, and cerebrovascu-
lar accident. The variable associated with lower odds of 
mortality from NVUGIB in cirrhosis was female gender. 
The rest of the variables had no influence on mortality 
from NVUGIB.

Mortality trend
We also examined the mortality across the years in 

the studied dataset. The mortality from NVUGIB in cir-
rhosis patients decreased from 4.62% in 2016 to 3.87% 
in 2018 (p = 0.04) (Figure 4). However, NVUGIB mortal-
ity in patients without cirrhosis was unchanged across 
the years (2.24% in 2016 vs. 2.27% in 2018, p = 0.75). 

Morbidity
The overall rate of acute kidney injury (AKI) was 

19.67% and 20.52% among patients with and with-
out cirrhosis, respectively, and this difference was sig-
nificant after adjusting for confounders (aOR = 0.81,  

Figure 1. Patient selection flow diagram
NVUGIB – non-variceal upper gastrointestinal bleeding.

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

Diagnosis other than NVUGIB  
(n = 106,035,141)

Age less than 18  
(n = 8,495)

Patients who had NVUGIB 
on admission (n = 966,214)

Cirrhosis  
(n = 92,439)

No cirrhosis  
(n = 865,280)

Excluded

Excluded

Patients included  
in the study (n = 957,719)
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Table II. Patient and hospital characteristics

Baseline characteristics NVUGIB (n = 957,719) P-value

Cirrhosis (n = 92,439) No cirrhosis (n = 865,280)

Age, mean (95% confidence interval) [years] 59.85 (59.64–60.05) 69.37 (69.27–69.48) < 0.001

Female gender [n (%)] 36019 (38.97) 415749  (48.06) < 0.001

Race [n (%)]: < 0.001

White 59219 (64.06) 589779 (68.16) < 0.001

Black 9279 (10.04) 132000 (15.26) < 0.001

Hispanic 15714 (17.0) 69139 (7.99) < 0.001

Asians 1834 (1.99) 24194 (2.80) < 0.001

Native Americans 1754 (1.9) 5075 (0.59) < 0.001

Others 2254 (2.44) 19654 (2.27) 0.19

Charlson Comorbidity Index [n (%)]: < 0.001

0 – 126714 (14.64) –*

1 8459 (9.15) 197869 (22.87) < 0.001

2 8274 (8.95) 157359 (18.19) < 0.001

≥ 3 75704 (81.9) 383334 (44.3) < 0.001

Admission day is weekend [n (%)] 22469 (24.31) 208424 (24.09) 0.51

Median household income** (quartile) [n (%)]: < 0.001

1st (0–25th) 31814 (34.42) 262484 (30.34) < 0.001

2nd (26th–50th) 24410 (26.41) 229064 (26.47) 0.85

3rd (51st–75th) 20204 (21.86) 197989 (22.88) 0.003

4th (76th–100th) 13775 (14.9) 161229 (18.63) < 0.001

Insurance status [n (%)]: < 0.001

Medicare 42879 (46.39) 597184 (69.02) < 0.001

Medicaid 23199 (25.1) 82124 (9.49) < 0.001

Private 16859 (18.24) 135210 (15.63) < 0.001

Uninsured 6024 (6.52) 29820 (3.45) < 0.001

Hospital Region [n (%)]: < 0.001

Northeast 14649 (15.85) 165974 (19.18) < 0.001

Midwest 18040 (19.52) 196725 (22.74) < 0.001

South 37335 (40.39) 345040 (39.88) 0.31

West 22414 (24.25) 157539 (18.21) < 0.001

Hospital bed size [n (%)]: < 0.001

Small 16344 (17.68) 175499 (20.28) < 0.001

Medium 27274 (29.51) 267604 (30.93) 0.002

Large 48820 (52.81) 422175 (48.79) < 0.001

Hospital teaching status [n (%)]: < 0.001

Rural 5949 (6.44) 87509 (10.11) < 0.001

Urban non-teaching 21765 (23.55) 217620 (25.15) < 0.001

Urban teaching 64724 (70.02) 560149 (64.74) < 0.001

*Analysis not possible due to zero occurrences, **median household income for the patient’s Zip Code. NVUGIB – non-variceal upper gastrointestinal 
bleeding.
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 Peptic ulcer disease          Arteriovenous malformations (AVMs)          Unspecified (melena and/or hemetemesis code only)

Figure 2. Sources of non-variceal upper gastrointestinal bleeding in patients with and without cirrhosis

No cirrhosis Cirrhosis

68.37%

26.17%
19.4%

70.88%

5.454%

9.72%

Table III. Primary and secondary outcomes

Outcomes Overall NVUGIB
(95% CI)

Cirrhosis 
(95% CI)

No cirrhosis
(95% CI)

Adjusted OR (95% CI) P-value*

Mortality, % 2.50 (2.43–2.58) 3.78 (3.52–4.07) 2.37 (2.29–2.44) 1.31 (1.18–1.46) < 0.001

Blood transfusion, 
mean

0.71 (0.69–0.72) 0.70 (0.68–0.73) 0.71 (0.69–0.72) 1.02 (0.98–1.05) 0.37

Early blood 
transfusion, mean

0.29 (0.28–0.30) 0.29 (0.28–0.31) 0.29 (0.28–0.30) 1.04 (0.99–1.08) 0.06

Time to blood 
transfusion, mean

0.54 (0.53–0.56) 0.55 (0.51–0.58) 0.55 (0.53–0.56) – 0.83**

Mean LOS [days]  
(95% CI)

4.23 (4.21–4.26) 4.49 (4.42–4.56) 4.21 (4.18–4.23) –0.44 (–0.52–{–0.36}) < 0.001

Total charges, mean, 
USD

44,193 (43,632–44,754) 51,637 (50,338–52,936) 43,398 (42,854–43,942) –3,384 (–4592–{–2176})† < 0.001

Total cost, mean, USD 10,667 (10,578–10,756) 12,295 (12,064–12,526) 10,493 (10,405–10,582) –822.71 (–1069–{–576})† < 0.001

Acute kidney injury, % 20.44 (20.23–20.65) 19.67 (19.10–20.26) 20.52 (20.30–20.74) 0.81 (0.78–0.85) < 0.001

Kidney failure 
requiring dialysis, %

0.31 (0.29–0.34) 0.44 (0.35–0.55) 0.30 (0.28–0.33) 0.58 (0.44–0.77) < 0.001

Hypovolaemic shock, % 2.67 (2.60–2.76) 3.29 (3.04–3.57) 2.61 (2.53–2.69) 1.01 (0.91–1.11) 0.90

Vasopressor 
requirement, %

0.51 (0.47– 0.57) 0.78 (0.65–0.93) 0.48 (0.44–0.53) 0.94 (0.76–1.17) 0.60

Intubation, % 2.25 (2.18–2.32) 4.52 (4.22–4.83) 2.01 (1.94–2.08) 1.42 (1.29–1.56) < 0.001

ICU admission, % 3.05 (2.96–3.13) 5.58 (5.25–5.93) 2.78 (2.70–2.86) 1.29 (1.18–1.40) < 0.001

Parenteral nutrition, % 0.66 (0.62–0.70) 0.50 (0.41–0.61) 0.68 (0.63–0.72) 0.47 (0.37–0.60) < 0.001

NVUGIB – non-variceal upper gastrointestinal bleeding, 95% CI – 95% confidence interval, OR – odds ratio, LOS – length of stay, USD – United States Dollar. 
†Adjusted mean difference in USD, *p-value for the adjusted OR, **mean difference in time to blood transfusion between 2 groups.
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Independent predictors of mortality  Odds ratios (95% CI)  P-value 

Age  1.04 [1.03, 1.05] < 0.001
Female  0.83 [0.78, 0.89] < 0.001

Race 
White race (Reference) 
Black  0.88 [0.80, 0.97] 0.01
Hispanics  0.88 [0.78, 0.99] 0.03
Asian  0.97 [0.78, 1.16] 0.74
Native Americans  1.11 [0.79, 1.57] 0.53
Others  1.13 [0.93, 1.37] 0.20

Insurance provider 
Medicare (Reference) 
Medicaid  1.28 [1.12, 1.46] < 0.001
Private  1.23 [1.09, 1.37] < 0.001
Uninsured  1.27 [1.03, 1.57] 0.02

Median income in patient’s zipcode (Quartile)*
1st (0–25th) Reference 
2nd (26th–50th)  0.95 [0.88, 1.03] 0.22
3rd (51th–75th)  0.89 [0.82, 0.97] 0.01
4th (76th–100th)  0.87 [0.79, 0.95] < 0.001
Hospital level predictors  0.00 [0.00, 0.00]
Weekend admissions  1.12 [1.05, 1.2] 0.001
Hospital bedsize 
Small hospital (Reference) 
Medium  1.19 [1.09, 1.31] < 0.001
Large  1.27 [1.16, 1.38] < 0.001
Hospital teaching status 
Rural (Reference) 
Urban non-teaching  1.01 [0.89, 1.14] 0.86
Urban teaching  1.16 [1.03, 1.3] 0.01
Co-morbidities* 
Ascities  1.84 [1.56, 2.17] < 0.001
Spontaneous bacterial peritonitis  2.63 [1.64, 4.21] < 0.001
Clostridium difficile infection  1.64 [1.17, 2.31] < 0.001
Malnutrition  1.64 [1.47, 1.82] < 0.001
Heart failure  1.29 [1.2, 1.39] < 0.001
INR abnormalities  1.12 [0.95, 1.31] 0.17
Thrombocytopenia  1.61 [1.46, 1.77] < 0.001
Hyponatremia  1.5 [1.36, 1.65] < 0.001
Hepatorenal syndrome  5.43 [4.12, 7.16] < 0.001
Hepatopulmonary syndrome  3.18 [1.03, 9.78] 0.04
Pneumonia  1.93 [0.67, 5.55] 0.22
Chronic kidney disease  0.96 [0.89, 1.04] 0.37
Cerebrovascular accident  6.06 [4.91, 7.47] < 0.001

Figure 3. Independent predictors of mortality from non-variceal upper gastrointestinal bleeding in cirrhosis 
patients

 0.05 0.19 0.69 2.57 9.53

95% CI: 0.78–0.85, p < 0.001). Similarly, kidney failure 
requiring dialysis was significantly different between the  
2 subgroups (aOR = 0.58, 95% CI: 0.44–0.77, p < 0.001). 
Hypovolaemic shock did not differ among the 2 groups 
(aOR = 1.01, 95% CI: 0.91–1.11, p = 0.90).

Treatment setting and length of stay
The overall mean LOS was 4.23 days for patients 

hospitalized with cirrhosis, 4.49 days for patients 
with, and 4.21 days for patients without cirrhosis. Af-

ter adjusting for confounders, patients with cirrhosis 
had a significantly lower comparative mean LOS by 
0.44 days (mean adjusted difference in LOS: 0.44, p < 
0.001). 5.58% of cirrhosis patients required ICU stay 
compared with 2.78% in non-cirrhosis patients (aOR = 
1.29, 95% CI: 1.18–1.40, p < 0.001). Similarly, cirrhosis 
patients had higher odds of requiring intubation (aOR 
= 1.42, p < 0.001), but the requirement of vasopressor 
support was not significantly different (aOR = 0.94,  
p = 0.60). 
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Resource utilization
Markers of resource utilization used were as fol-

lows: total hospitalization costs, total hospitalization 
charges, blood transfusion, and parenteral nutrition. 
Evaluation of the mean total hospitalization charges 
showed that they were $44,193 (95% CI: $43,632–
$44,754) for the overall study population, $51,637 
(95% CI: $50,338–$52,936) for cirrhosis patients, 
and $43,398 (95% CI: $42,854–$43,942) for patients 
without cirrhosis (unadjusted numbers). After adjust-
ing for the confounders, total hospitalization charges 
were significantly lower for cirrhosis patients by $3384 
with a p-value of < 0.001. Upon evaluating the charge 
per day, we found it to be $12,909 for cirrhosis pa-
tients and $11,430 for patients without cirrhosis  
(p < 0.001). Similarly, when we examined total hos-
pitalization costs, it was found that the overall 
study population, cirrhosis patients, and non-cirrho-
sis patients had mean total hospitalization costs of 
$10,667 (95% CI: $10,578–$10,756), $12,295 (95% CI:  
$12,064–$12,526), and $10,493 (95% CI: $10,405–
$10,582), respectively. Cirrhosis patients had sig-
nificantly lower comparative adjusted mean total 
hospitalization costs by $822.71 (p < 0.001). Upon 
evaluating the cost per day, we found it to be $3114 
for cirrhosis patients and $2810 for patients without 
cirrhosis (p < 0.001). The requirement of blood trans-
fusion (overall and within the first 24 h) was similar 
in both groups (aOR = 1.02, 95% CI: 0.98–1.05, p = 
0.37 and aOR = 1.04, 95% CI: 0.99–1.08, p = 0.06 re-
spectively). The urgency in time for first blood transfu-
sion represented by mean time in days to first blood 
transfusion was similar in both groups (0.55 vs. 0.55, 
p = 0.83). Cirrhotic patients had lower odds for the 
need for parenteral nutrition (aOR = 0.47, 95% CI: 
0.37–0.60, p < 0.001) (Table III).

Treatment modalities
Upper endoscopy
For patients with total NVUGIB in cirrhosis, an 

in-hospital upper endoscopy without therapy (diag-
nostic endoscopy) was performed during 57.86% of 
admissions, and endoscopic therapy was administered 
during 14.85% of admissions (Table IV). An in-hospital 
diagnostic endoscopy was performed in 58.54% of ad-
mission in cirrhosis patients compared to 57.79% in pa-
tients without cirrhosis (unadjusted numbers). In com-
parison, endoscopic therapy was administered more in 
cirrhosis patients (17.20% vs. 14.60% of admissions). 
After adjusting for confounders, the cirrhosis group had 
significantly higher odds of receiving endoscopic ther-
apy than non-cirrhosis patients with NVUGIB (aOR = 
1.08, 95% CI: 1.03–1.13, p < 0.001). However, diagnostic 
endoscopy was performed 10% more often in non-cir-
rhosis admissions (aOR = 0.90, 95% CI: 0.87–0.93, p < 
0.001). Early (within 24 h) upper endoscopy (whether 
diagnostic or with therapy) was performed more often 
in cirrhosis patients (49.04% vs. 42.46%, p < 0.001).

Radiology-guided embolization of a bleeding vessel
For patients with NVUGIB in cirrhosis, radiogra-

phy-guided embolization was required for 0.54% of 
admissions. It was required for 0.42% of admissions in 
cirrhosis patients compared to 0.56% in non-cirrhosis 
patients; after adjusting for confounders, the cirrhosis 
group was 53% less likely to have undergone it than 
non-cirrhosis (aOR = 0.47, 95% CI: 0.36–0.61, p = 0.03).

Discussion
The overall mortality rate in NVUGIB varies from 

5% to 12% in different parts of the world [12]. Data 
from our study of 957,719 patients from the United 
States demonstrated overall mortality for NVUGIB to be 

Figure 4. Mortality trend across years in the studied data: A – NVUGIB mortality in patients with cirrhosis 
across the years, B – NVUGIB mortality in patients without cirrhosis across the years
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2.50%. The mortality of NVUGIB among patients with 
and without cirrhosis was 3.78% and 2.37%, respec-
tively, which was lower than previously reported in the 
literature. Owing to the large sample size, the likelihood 
of beta error is low in our study, thus being a better 
representative of the inpatient population with NVUGIB. 
We utilized NIS data from 2016 to 2018, and recent ad-
vances in endoscopic treatments of NVUGIB have led to 
a decrease in mortality. We also demonstrated decreas-
ing mortality trends from NVUGIB in cirrhosis patients 
compared to patients without cirrhosis. 

Historically reported in the literature, predictors of 
mortality for NVUGIB include advanced age, coexistent 
diabetes or malignancy, haematological conditions, al-
cohol use, hypoalbuminaemia, haemodynamic instabil-
ity, haematemesis upon admission, in-hospital bleed-
ing, re-bleeding, need for surgery, and admissions over 
weekends [13–15]. Our study also confirmed age, week-
end effect, and comorbidities as independent mortality 
risk predictors as well as insurance status, admission 
to medium or large-sized hospital, and presentation to 
an urban teaching hospital as additional risk factors. 
Other independent mortality predictors identified in-
cluded the presence of ascites, hepatic encephalopathy, 
spontaneous bacterial peritonitis, clostridium difficile 
infection, malnutrition, heart failure, thrombocytopae-
nia, hyponatraemia, hepatorenal syndrome, and cere-
brovascular accident. Ascites, albumin, and hepatic 
encephalopathy are prognostic components of Child 
Turcotte Pugh Classification, whereas serum sodium 
and creatinine levels are used to compute the MELD 
Sodium Score, a validated scoring system for mortality 
in chronic liver disease [16, 17]. 

Compared to a well-reported higher incidence of AKI 
in NVUGIB in cirrhosis, our study demonstrated less AKI 
in cirrhotic patients compared to patients without cir-
rhosis [18]. We relied on ICD-10-CM diagnosis codes 
to extract patients from the database, and there exist 
distinguished codes for AKI and hepatorenal syndrome. 
The diagnosis of AKI and hepatorenal syndrome overlap, 
and cirrhosis patients with creatinine disturbances on 
presentation are initially coded as AKI but later reclassi-

fied to hepatorenal syndrome if that is truly the aetiolo-
gy of kidney dysfunction. Thus, even though our results 
are reflective of clinical practice in the United States, 
caution should be taken while interpreting AKI findings 
in the study because low baseline creatinine in cirrhosis 
patients can lead to misdiagnosis of AKI. 

Despite limited evidence of outcome benefit, pro-
phylactic endotracheal intubation is commonly per-
formed prior to endoscopy in upper GI bleed for airway 
protection [19]. Although studies are lacking compar-
ing instances of intubation in the setting of NVUGIB 
between cirrhosis and non-cirrhosis, we demonstrated 
increased occurrence in cirrhotic patients (4.52% vs. 
2.01%). We illustrated that the therapeutic endoscopy 
was carried out more in cirrhotic patients than diagnos-
tic endoscopy alone. That could be explained by great-
er severity of gastroduodenal ulcers and the presence 
of high-risk bleeding stigmata in cirrhosis patients. As 
demonstrated by Garg et al., early endoscopy can lead 
to shorter LOS [20]. Early (within 24 h) upper endoscopy 
was carried out more in cirrhosis patients for NVUGIB 
in our study (49.04% vs. 42.46%, p < 0.001). Recent ad-
vances in endoscopic therapies to control bleeding and 
performance of earlier endoscopy result in lower overall 
resource utilization due to decreased LOS, as demon-
strated in our study. 

There are various limitations to our study. First, the 
exposure is not entirely randomized, owing to the retro-
spective design of our study. We relied on multivariate 
regression models and propensity matching to account 
for confounders. The results obtained from both meth-
ods were comparable, which diminishes the likelihood 
of confounding, although residual confounding can still 
occur. Additionally, we controlled for the diverse pa-
tient and hospital-level characteristics, which lessens 
the chance even further. Second, an administrative da-
tabase was evaluated to obtain the data. The use of 
ICD-10 codes in place of clinical parameters can lead 
to misclassification of the diagnosis. ICD-10-CM codes 
were used to derive the data, which are more specific 
than ICD-9-CM and have shown high sensitivity and 
specificity to investigate gastrointestinal diseases [21]. 

Table IV. Procedure performed 

Procedures Total NVUGIB 
Crude OR (95% CI)

Cirrhosis 
Crude OR (95% CI)

No cirrhosis P-value

Crude OR (95% CI) Adjusted* OR (95% CI)

Upper endoscopy 50.20 (49.58–50.84) 1.03 (0.99–1.06) 0.96 (0.93–1.00) 0.90 (0.87–0.93) < 0.001

Endoscopic therapy 48.89 (48.07–49.71) 1.21 (1.16–1.26) 0.82 (0.47–0.85) 1.08 (1.03–1.13) < 0.001

Radiography-guided 
embolization

21.88 (20.39–23.48) 0.76 (0.61–0.96) 1.30 (1.03–1.63) 0.47 (0.36–0.61) < 0.001

NVUGIB – non-variceal upper gastrointestinal bleeding, 95% CI – 95% confidence interval, OR – odds ratio. *Odds ratio of procedure being done in cirrhosis 
patients compared to patients without cirrhosis.
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Third, data on medical treatments is not captured in 
the NIS; therefore, the use of medication making pa-
tients vulnerable to UGIB, including antiplatelet ther-
apy and anticoagulants, could not be controlled for in 
the analyses. Similarly, due to inaccessible data on the 
laboratory values in the database, MELD or Child-Pugh 
scores could not be used; instead, we applied the Charl-
son Comorbidity Index to control for comorbidity bur-
den, a generalized validated prognostic scale, as was 
employed in previous studies. Finally, we reported the 
overall inpatient mortality of patients who were hospi-
talized with a principal diagnosis of NVUGIB, because 
the cause of death could not be determined from the 
database. We believe further randomized trials are im-
perative to overcome the limitations experienced in this 
study.

Regardless of these shortcomings, our study has 
several strengths. We described the rate of NVUGIB in 
cirrhosis as 3.78% in the hospitalized population across 
the United States, which is more than the overall rate 
of NVUGIB (2.50%). We used NIS, which includes data 
on patients at diverse hospital-level characteristics from 
more than 45 states as outlined in the methods section. 
This results in superior external validity and general-
izability; hence, we believe that the results obtained 
should reflect the patient population admitted to the 
hospitals across the United States. We also found out 
that hepatorenal syndrome, cerebrovascular disease 
burden, and clostridium difficile infection serve as pre-
dictors of mortality from NVUGIB in cirrhosis patients. 
Moreover, NIS eliminates the frequently experienced 
limitation of single-centre studies by allowing the use 
of a large sample size because it is the largest publicly 
available, all-payer database comprising the inpatient 
population. Propensity matching is a powerful tool 
while analysing administrative databases, and it helps 
control confounding by indication [22]. It uses a wide 
range of empirically derived covariates that constitute 
surrogates for unmeasured confounding variables while 
matching cases with controls [23, 24]. Utilizing national-
ly representative data, our study eradicates biases con-
nected with practice patterns in single- or multi-centre 
studies. Likewise, the distinguished variables in the da-
tabase awarded the opportunity to consider elements 
such as household income estimates, hospitalization 
cost, and hospital factors, which are not generally 
achievable in single-centre studies.

Conclusions
Cirrhosis acts as a significant predictor of mortality 

in NVUGIB. We also showed that admission to larger 
bed-size hospitals, hepatorenal syndrome, cerebrovas-
cular disease burden, heart failure, and clostridium diffi-

cile infection serve as independent predictors of mortal-
ity from NVUGIB in cirrhosis patients and should alarm 
the physicians of poorer prognosis. Identification of 
these should lead to proper placement of the patient in 
a hospital unit with the appropriate level of care to pro-
vide effective and high-value care for the patient that 
potentially helps reduce mortality. NVUGIB in patients 
without cirrhosis was found to have a higher resource 
utilization as indicated by hospital LOS, and adjusted 
total hospitalization charges and costs, but the rates 
of upper endoscopy therapy involving both acuity and 
complexity of intervention during the procedure were 
greater in the cirrhosis subgroup. Further research is 
warranted to test interventions to reduce the morbidity 
and mortality gap between these 2 subgroups.
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Appendix A

Disease/procedure ICD-10-CM codes

Non-variceal upper 
gastrointestinal bleeding

K20.81 Other esophagitis with bleeding
K20.91 Esophagitis, unspecified with bleeding

K21.01 Gastro-oesophageal reflux disease with esophagitis, with bleeding
K22.11 Ulcer of oesophagus with bleeding

K25.0 Acute gastric ulcer with haemorrhage
K25.2 Acute gastric ulcer with both heamorrhage and perforation

K25.4 Chronic or unspecified gastric ulcer with haemorrhage
K25.6 Chronic or unspecified gastric ulcer with both haemorrhage and perforation

K26.0 Acute duodenal ulcer with haemorrhage
K26.2 Acute duodenal ulcer with both haemorrhage and perforation

K26.4 Chronic or unspecified duodenal ulcer with haemorrhage
K26.6 Chronic or unspecified duodenal ulcer with both haemorrhage and perforation

K27.0 Acute peptic ulcer, site unspecified, with haemorrhage 
K27.2 Acute peptic ulcer, site unspecified, with both haemorrhage and perforation

K27.4 Chronic or unspecified peptic ulcer, site unspecified, with haemorrhage
K27.6 Chronic or unspecified peptic ulcer, site unspecified, with both haemorrhage and perforation

K28.0 Acute gastrojejunal ulcer with haemorrhage
K28.2 Acute gastrojejunal ulcer with both haemorrhage and perforation

K28.4 Chronic or unspecified gastrojejunal ulcer with haemorrhage
K28.6 Chronic or unspecified gastrojejunal ulcer with both haemorrhage 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 (haemorrhagic) of stomach and duodenum
K92.0 Hematemesis

K92.1 Melena
K92.2 Gastrointestinal haemorrhage, unspecified

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

Clostridium difficile infection A04.71 Enterocolitis due to Clostridium difficile, recurrent
A04.72 Enterocolitis due to Clostridium 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 

Renal dialysis 5A1D60Z, 5A1D00Z, 3E1M39Z  

Vasopressors 3E043XZ, 3E040XZ, 3E033XZ, 3E030XZ  
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Disease/procedure ICD-10-CM codes

Endotracheal intubation 0BH18EZ, 0BH17EZ  

Blood transfusion 30233N1, 30233P1, 30243N1, 30243P1, 30243H1, 30233H1 

Abnormal INR R79.1 Abnormal coagulation profile

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

Hyponatremia E87.1 Hypo-osmolality and hyponatremia

Hepatorenal syndrome K76.7 Hepatorenal syndrome

Hepatopulmonary syndrome K76.81 Hepatopulmonary syndrome

Pneumonia 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

Heart failure I50 Heart failure

Chronic kidney disease N18 Chronic kidney disease

Cerebrovascular accident I63 Cerebral infarction

Gastrointestinal endoscopy – 
inspection

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

0DB98ZX, 0DB98ZZ  

Gastrointestinal endoscopy – 
intervention

0D518ZZ, 0D528ZZ, 0D538ZZ, 0D548ZZ, 0D558ZZ, 0D568ZZ, 0D578ZZ, 0D598ZZ, 0DQ18ZZ, 
0DQ28ZZ, 0DQ38ZZ, 0DQ48ZZ, 0DQ58ZZ, 0DQ68ZZ, 0DQ78ZZ, 0DQ98ZZ, 0W3P8ZZ, 3E0G8TZ, 

06L38CZ  

Arterial embolization 04L13DZ, 04L23DZ, 04L43DZ, 04L53DZ

Hypovolemic shock R57.1 Hypovolemic shock

Parenteral nutrition 3E0G36Z, 3E0G76Z, 3E0436Z, 3E0336Z  

Appendix A. Cont.


