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Abstract

Background: Prevalence of gastroesophageal varices is around 50% 
of patients with cirrhosis. In compensated cirrhosis they are present 
in 30-40%. Progression from small to large varices occurs at rate of 
10-12% annually. That percentage increases significantly in decom-
pensated liver cirrhosis with gastroesophageal varices found in 85% 
of patients. Variceal hemorrhage occurs at a rate around 10-15% per 
year. The outcome of variceal hemorrhage depends on the severity 
of liver disease, size of varices, and presence of stigmata of recent 
bleeding (red whale sign). Six-week mortality of variceal hemorrhage 
ranges between 15% and 25%. Without treatment, variceal hemor-
rhage tends to recur in 60% of patients within 1 - 2 years. The aim of 
the study was to assess demographics of esophageal varices with and 
without bleeding, geographic distribution, comorbidities, outcomes, 
main payers, and cost of hospitalizations.

Methods: The National Inpatient Sample (NIS) database from year 
2011 to 2018 was used. Patients who had a primary diagnosis of es-
ophageal varices with or without bleeding were identified using the In-
ternational Classification of Diseases, Ninth Revision (ICD-9) codes 
(456.0 for esophageal varices with bleeding, and 456.1 for esophageal 
varices without bleeding), and International Classification of Diseas-
es, 10th Revision (ICD-10) codes (I85.01 for esophageal varices with 
bleeding, and I85.00 for esophageal varices without bleeding) in the 
first two discharge diagnoses. The propensity score to calculate the 
inverse probability treatment weighting (IPTW) to adjust between the 
differences of the compared groups was implemented. Two groups 
were compared in terms of their hospitalization outcomes, including 
LOS, hospital charges, hospital mortality, and disposition.

Results: A total of 322,761 patients were admitted with esophageal 
varices between 2011 and 2018, with 236,802 (73.6%) had bleeding 

esophageal varices and 85,959 (26.4%) had nonbleeding esophageal 
varices. The majority of the patients from both groups were white 
(66%), covered with Medicare (38% in the esophageal varices with 
bleeding vs. 41% in the nonbleeding group). There was a steady in-
crease of patients admitted with nonbleeding esophageal varices. 
Most common comorbidities were liver diseases, alcohol abuse, 
uncomplicated hypertension and depression in both groups. There 
were no significant changes in OLS over the years in both groups, 
but there was a significant increase in hospital charges, especially in 
the patients with bleeding esophageal varices starting in 2015, and no 
change in mortality throughout the years. Regarding hospital disposi-
tion, there was a notable decline in rehab discharge in the bleeding 
esophageal varices group.

Conclusions: Esophageal varices with and without bleeding have 
been steadily increasing since the beginning of this century. This may 
result in a substantial impact on increasing health care costs and uti-
lization due to acute variceal hemorrhage. Odds of death, transfer to 
urban hospital, and transfer to visiting nursing assistance remained 
unchanged.

Keywords: Nonbleeding esophageal varices; Bleeding esophageal 
varices; Liver cirrhosis

Introduction

Cirrhosis is an end result from different mechanisms of liver 
insults that lead to necrosis, inflammation and fibrogenesis; 
histologically it is characterized by diffuse nodular regenera-
tion surrounded by dense fibrotic septa with subsequent pa-
renchymal extinction and collapse of liver structures, resulting 
in a pronounced distortion of hepatic vascular architecture [1, 
2]. The prevalence of cirrhosis in the United States was ap-
proximately 0.27%, corresponding to 633,323 adults [3]. The 
prevalence was higher in non-Hispanic blacks and Mexican 
Americans, those living below the poverty level, and those 
with less than a 12th grade education [3]. Main leading causes 
of liver cirrhosis in developed countries are hepatitis C virus 
(HCV), alcohol misuse, and, increasingly, nonalcoholic liver 
disease, while hepatitis B virus (HBV)infection is the leading 
cause in sub-Saharan Africa and most parts of Asia [4]. Liver 
cirrhosis is the 12th leading cause of death in USA. Accord-
ing to a study, cirrhosis accounted for 37,890 deaths in 2013 
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[5]. One-year mortality in cirrhosis varies widely, from 1% to 
57%, depending on the occurrence of clinical decompensating 
events such as variceal bleeding, ascites, and hepatic encepha-
lopathy [6]. Median survival in the compensated stage exceeds 
12 years, whereas it is only 1.8 years in patients who develop 
decompensation [7]. One study estimated the annual cost of 
care of patients with cirrhosis to be about $2 billion [8]. One of 
main decompensations of liver cirrhosis is developing gastroe-
sophageal varices. Gastroesophageal varices present in around 
50% of patients with cirrhosis [9, 10]. In compensated cirrho-
sis they are present in 30-40% of patients with varices develop 
at rate of 7-8% annually [11], as well, progression from small 
to large at rate of 10-12% yearly [12]. That increases signifi-
cantly in decompensated liver cirrhosis with gastroesophageal 
varices found in 85% of patients [12]. Variceal hemorrhage 
occurs at a rate of around 10-15% per year. Outcomes of var-
iceal hemorrhage depend on the severity of liver disease, size 
of varices, and presence of red wale mark [12, 13]. Six-week 
mortality of variceal hemorrhage ranges between 15% and 
25% [14]. Without treatment, variceal hemorrhage tends to 
recur in 60% of patients within 1 - 2 years [15]. Poor prog-
nostic factors include high hepatic portal vein gradient more 
than 20 mm Hg, and bacterial infection at the time of variceal 
hemorrhage [16]. According to Solanki et al, hospitalizations 
due to esophageal varices were increasing in the first decade 
of this century. Mostly white males, with mean of hospital stay 
around 2 - 7 days and mean hospitalization cost of $12,322 
[17]. One of major concerns regarding acute variceal bleed-
ing is prolonged LOS, complications during hospitalization 
including sepsis, rebleeding, and acute renal failure [18, 19]. 
Another major concern is the risk of readmission to hospital. 
Weissman et al reported in his retrospective review that one in 
four patients with variceal hemorrhage was readmitted within 
30 days, and over one in three was readmitted within 90 days 
of discharge [19]. Most common reason for readmission in 30 
and 90 days was recurrence of acute variceal upper gastroin-
testinal (GI) hemorrhage [19]. In this study we are looking into 
demographics of esophageal varices with and without bleed-
ing, geographic distribution, comorbidities, outcomes (LOS, 
and discharge destination) as a factor that may affect risk of re-
admission and increased health care utilization, odds of death, 
main payers, and cost of hospitalizations.

Materials and Methods

Data source

We used the National Inpatient Sample (NIS) database from 
year 2011 to 2018. The NIS is an all-payer, annually collected 
abstraction of approximately 7 million hospital discharges 
from 46 states in addition to the District of Columbia, repre-
senting more than 97% of the US population. It is available 
through the Healthcare Cost and Utilization Project (HCUP) 
for research purposes. Since 2012, there have been changes in 
the sampling strategy of the NIS data to improve its precision 
and decrease sample error. These strategies include sampling 
20% from all participating hospitals instead of sampling hos-

pitals, using statewide data from the HCUP to feed the NIS 
database, and removing all identifiers of hospitals or states, as 
well as data not uniformly available in all states [20]. Starting 
in the last quarter of 2015, the hospital administrative data in 
the whole USA started using the International Classification 
of Diseases, 10th Revision (ICD-10) instead of International 
Classification of Diseases, Ninth Revision (ICD-9), accord-
ingly, the coding for diagnoses and procedures in all the HCUP 
data had changed to ICD-10 [20]. NIS data do not include 
model of end stage liver disease (MELD) laboratory data, or 
medications given during admission. NIS admission data do 
not include whether this is a new admission or readmission.

Study design and study population

Patients who had a primary diagnosis of esophageal varices 
with or without bleeding were identified using the ICD-9 codes 
(456.0 for esophageal varices with bleeding, and 456.1 for es-
ophageal varices without bleeding), and ICD-10 codes (I85.01 
for esophageal varices with bleeding, I85.00 for esophageal 
varices without bleeding) in the first two discharge diagnoses 
(Supplementary Material 1, www.gastrores.org). These codes 
have been used in multiple previous studies [17, 19, 20]. We 
excluded all subjects less than 18 years of age. The weighted 
comorbidity score [21] was calculated for all individuals in the 
study population, based on the ICD-9 and ICD-10 codes defi-
nition of the included comorbidities, and was used to adjust 
between esophageal varices with bleeding and esophageal var-
ices without bleeding. Demography (age, race, sex), median 
household income for the patient’s ZIP code based on the cur-
rent year, the expected primary payer for the patient’s hospital 
stay, patient location (based on a six-category urban-rural clas-
sification scheme for the United States counties developed by 
the National Center for Health Statistics), whether the patient 
was admitted to the hospital electively, and the type of facility 
that the patients were transferred from (if any) were considered 
as potential confounders.

Outcomes

Our primary outcomes of interest were: 1) hospital length of 
stay (LOS); 2) total charges of hospital admission; and 3) in-
hospital mortality in bleeding and nonbleeding esophageal 
varices groups. We also examined other secondary outcomes 
including: 1) odds of discharge to rehabilitation; 2) odds of 
discharge home with visiting nurse; 3) and odds of transfer to 
other hospital in bleeding and nonbleeding esophageal varices 
groups.

Statistical analysis

R version 3.5.1 (R foundation for statistical computing, Vien-
na, Austria) was used for the analysis. Descriptive statistics 
were used to describe the baseline hospital and patient char-
acteristics. We used the Chi-square test to compare categori-
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cal variables and two-group analysis of variance to compare 
continuous variables, while the Kruskal and Fisher tests were 
used for variables not fitting a normal distribution. We then 
estimated propensity scores for each patient based on their 
demographic, primary insurance, median household income 
for their living areas, Elixhauser comorbidity score, sepsis, 
acute kidney injury, and hospital characteristics (Supplemen-
tary Material 2, www.gastrores.org). We then used the pro-
pensity score to calculate the Inverse Probability Treatment 
Weighting (IPTW) to adjust between the differences of the 
compared groups. The overlap between of propensity scores 
of the two groups was evaluated visually using density and 
box plots (Supplementary Material 2, www.gastrores.org), 
and the absolute standardized mean deference of ≤ 0.1 was 
used as an indicator to achieve covariate balance after im-
plementing the IPTW. We compared the two groups in terms 
of their hospitalization outcomes, including LOS, hospital 
charges, hospital mortality, and disposition. All analyses 
were performed using survey-adjusted methods accounting 
for NIS-specific hospital weighting and the IPTW. As a con-
firmatory measure, we re-estimated propensity scores using 
generalized boosting modeling (GBM) and compared final 
results to the previous ones.

In the trend analysis, we utilized discharge or trend weight 
that was provided by the NIS data, used year 2011 as a refer-
ence, and adjusted for inflation for the hospital charges to the 
year 2018.

Institutional review board statement

This study was done using the NIS database, which does not 
require approval from the Institutional Review Board (IRB), 
thus no IRB approval was needed for this study.

Ethical compliance with human study

All study procedures were carried out in accordance with the 
Declaration of Helsinki regarding research involving human 
subjects.

Results

Baseline characteristics

Basic demographics revealed that our patient population was 
mostly white men (66%) and average age of 57 years in both 
groups. The rest of the characteristics were summarized in Ta-
bles 1, 2.

Our study showed that 322,761 patients were admitted 
with esophageal varices between 2011 and 2018, with 236,802 
(73.6%) had bleeding esophageal varices and 85,959 (26.4%) 
had nonbleeding esophageal varices. The percentage of pa-
tients with nonbleeding esophageal varices had increased over 
the years (Table 3, Fig. 1). The majority of the patients from 
both groups were white (66%), covered with Medicare (38% 

in the esophageal varices with bleeding vs. 41% in the non-
bleeding group), other baseline characteristics are summarized 
in Table 1. Patient with esophageal varices with bleeding had 
higher Elixhauser comorbidity score (mean 20 (standard de-
viation (SD) 19.78)) compared with patient with nonbleeding 
esophageal varices (mean 16.13 (SD 18.2)), and the most com-
mon comorbidities were liver diseases, alcohol abuse, uncom-
plicated hypertension and depression in both groups (Table 2).

Primary outcomes

In the outcome analyses, the bleeding esophageal varices group 
had a higher LOS with mean difference (MD) of 1.33 days 
(95% confidence interval (CI): 1.25 - 1.41, P < 0.001), total 
hospital charges (MD $20,445.8, 95% CI: 19,354.5 - 21,537.1, 
P < 0.001), odds ratio (OR) of death (11.8, 95% CI: 9.4 - 14.73, 
P < 0.001) (Fig. 2). In the trend analysis, there was no signifi-
cant changes in LOS over the years in both groups, but there 
was a significant increase in hospital charges, especially in 
the patients with bleeding esophageal varices starting in 2015 
(Fig. 3a, b, Table 4). That may be attributed to increased cod-
ing for nonbleeding variceal bleeding. There were changes in 
hospital mortality throughout the years, but without a specific 
trend (Fig. 3c, Table 4).

Secondary outcomes

In the secondary outcomes, the group with bleeding esopha-
geal varices had higher odds of rehabilitation facility discharge 
(OR: 1.45, 95% CI: 1.36 - 1.55, P < 0.001), and hospital trans-
fer (OR: 1.84, 95% CI: 1.64 - 2.06, P < 0.001), compared to the 
nonbleeding esophageal varices group (Fig. 2d, f). However, 
they had lower odds of discharge with a visiting nurse (OR: 
0.87, 95% CI: 0.82 - 0.92, P < 0.001) compared to the non-
bleeding esophageal varices group (Fig. 2e).

The trend analysis revealed a noticeable decline in reha-
bilitation discharges within the bleeding esophageal varices 
group (Fig. 4a, Table 4). The trends for discharges with a visit-
ing nurse and hospital transfers are summarized in Figure 4b, 
c, as well as Table 4.

Discussion

Important data related to hospitalizations of patients with es-
ophageal varices with and without bleeding during an 8-year 
period in the USA are reported in our study. Overall number 
of hospitalization of patients with esophageal varices has in-
creased significantly from 2011 to 2018, from 37,381 in 2011 
to 44,305 in 2018, with number of patients admitted with es-
ophageal varices with hemorrhage remaining relatively steady 
(Table 3). Similar findings noted in the first decade of this cen-
tury were reported by Solanki et al [17]. This is consistent with 
reports of increased alcohol consumption and obesity as two 
main etiological factors for alcohol liver disease and nonal-
cohol steatohepatitis-related cirrhosis [21, 22]. Steadiness of 
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number of admissions related to bleeding esophageal varices 
may reflect effectiveness of preventive measures such as beta 
blockers monotherapy for portal hypertensive patients, who 
never experienced variceal bleeding, or serial varices banding 
and beta blockers for patient who had a variceal bleeding [23, 
24].

After adjusting to inflation, hospital charges ranged be-
tween $51,839.98 - $71,473.25 and $35,827.21 - $43,452.13 

for patients with and without bleeding esophageal varices, re-
spectively. This represents a sharp increase in comparison to 
$15,202 for esophageal varices with hemorrhage and $12,322 
for esophageal varices without hemorrhage which was report-
ed by Solanki et al [17]. This could be attributed to increased 
coding for patients without hemorrhage.

Incidence of esophageal varices without bleeding re-
mained steady throughout the study period and remained be-

Table 1.  Baseline Characteristics

Characteristics EV without bleeding EV with bleeding P value
Total number (weighted) 85,959 236,802
Age (mean (SD)) 57.83 (11.96) 57.80 (13.52) 0.762
Female (%) 31,390 (36.5) 78,693 (33.2) < 0.001
Race (%) < 0.001
  White 54,281 (66) 149,284 (66.1)
  Black 6,306 (7.7) 17,926 (7.9)
  Hispanic 16,621 (20.2) 42,085 (18.6)
  Others 5,086 (6.3) 16,459 (7.3)
Expected primary payer (%) < 0.001
  Medicare 35,073 (40.9) 89,665 (38)
  Medicaid 20,241 (23.6) 53,690 (22.7)
  Private insurance 20,602 (24.0) 56,264 (23.8)
  Self-pay/others/no charge 9,787 (11.4) 36,530 (15.5)
Median household income for patients ZIP code (%) < 0.001
  0 to 25th percentile 27,056 (32.4) 79,344 (34.4)
  26th to 50th percentile 22,258 (26.6) 61,760 (26.8)
  51st to 75th percentile 19,750 (23.6) 52,120 (22.6)
  76th to 100th percentile 14,494 (17.3) 37,116 (16.1)
Weighted Elixhauser comorbidity (mean (SD)) 16.13 (18.2) 20 (19.78) < 0.001
Sepsis 1,103 (1.3) 5,805 (2.5) < 0.001
Acute kidney injury 7,033 (8.2) 43,897 (18.5) < 0.001
Weekend admissions (%) 18,971 (22.1) 60,791 (25.7) < 0.001
Location/teaching status of hospital < 0.001
  Rural 13,122 (15.2) 33,243 (14.0)
  Urban nonteaching 23,202 (26.9) 69,308 (29.2)
  Urban teaching 49,792 (57.8) 134,671 (56.8)
Bed size of the hospital (%) < 0.001
  Small 13,122 (15.2) 33,243 (14.0)
  Medium 23,202 (26.9) 69,308 (29.2)
  Large 49,792 (57.8) 134,671 (56.8)
Region of the hospital (%) < 0.001
  Northeast 16,077 (18.6) 35,168 (14.8)
  Midwest 16,116 (18.7) 40,737 (17.1)
  South 33,752 (39.1) 105,821 (44.5)
  West 20,300 (23.5) 5,615 (23.6)

EV: esophageal varices; SD: standard deviation.
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tween 8,194 and 12,960. It is important to mention that they 
occur in patients with clinically significant portal hypertension 
(CSPH) with hepatic vein pressure gradient (HVPG) of 10 - 
12 mm Hg. The main goal in this clinal setting is to prevent 
the first bleeding episode by reducing HVPG to less than 12 
mm Hg or more than 20% from baseline [24]. Prophylaxis is 
indicated in patients with medium/large varices (more than 5 
mm in size), patients with small varices and stigmata of recent 
bleeding (red wale sign); and decompensated patients with 
small varices [12, 25]. Options are pharmacological therapy 
including non-selective beta blockers such as propranolol and 
nadolol [13], non-elective beta blockers and selective alpha 

blocker carvedilol [26]. The second option is serial esophageal 
varices ligation (EVL) [12]. It is unclear from our data whether 
patients were on beta blockers or not, as NIS data do not reflect 
patient’s home medications at the time of admission.

Incidence of esophageal varices with bleeding fluctuated 
throughout study period but remained mostly between 27,790 
and 31,515 patients. Increase in HVPG can result from un-
treated underlying pathology that contributes into worsening 
of cirrhosis (untreated HCV, HBV, persistent alcohol use) [27, 
28], or development of portal vein thrombosis [29]. Accord-
ing to our study, Elixhauser comorbidity score showed high 
alcohol abuse, chronic liver disease as most common comor-

Table 2.  Comorbidities of Patients With Esophageal Varices With and Without Bleeding

Comorbidity EV without bleeding EV with bleeding P value
Weighted Elixhauser score (mean (SD)) 16.13 (18.2) 20 (19.78) < 001
Congestive heart failure (%) 13,686 (15.9) 44,087 (18.6) < 0.001
Cardiac arrhythmias (%) 17,023 (19.8) 58,266 (24.6) < 0.001
Valvular heart disease (%) 10,881 (12.7) 34,611 (14.6) < 0.001
Pulmonary circulation disorders (%) 9,970 (11.6) 32,580 (13.8) < 0.001
Peripheral vascular disorders (%) 11,032 (12.8) 36,238 (15.3) < 0.001
Uncomplicated hypertension (%) 40,524 (47.1) 106,297 (44.9) < 0.001
Complicated hypertension (%) 15,614 (18.2) 49,574 (20.9) < 0.001
Paralysis (%) 7,273 (8.5) 25,394 (10.7) < 0.001
Other neurological disorders (%) 12,296 (14.3) 45,828 (19.4) < 0.001
Chronic pulmonary disease (%) 21,949 (25.5) 59,993 (25.3) 0.717
Uncomplicated diabetes (%) 27,834 (32.4) 76,129 (32.1) 0.67
Complicated diabetes (%) 17,474 (20.3) 48,838 (20.6) 0.586
Hypothyroidism (%) 17,514 (20.4) 49,443 (20.9) 0.354
Renal failure (%) 16,493 (19.2) 52,400 (22.1) < 0.001
Liver disease (%) 85,959 (100) 207,942 (87.8) < 0.001
Peptic ulcer disease (%) 11,560 (13.4) 40,648 (17.2) < 0.001
AIDS/HIV (%) 5,459 (6.4) 18,627 (7.9) 0.001
Lymphoma (%) 5,539 (6.4) 22,604 (9.5) < 0.001
Metastatic cancer (%) 8,478 (9.9) 34,028 (14.4) < 0.001
Solid tumor without metastasis (%) 12,018 (14) 44,755 (18.9) < 0.001
Rheumatic disease (%) 9,825 (11.4) 32,968 (13.9) < 0.001
Coagulopathy (%) 37,934 (44.1) 120,617 (50.9) < 0.001
Obesity (%) 17,217 (20) 47,954 (20.3) 0.684
Weight loss (%) 12,230 (14.2) 50,634 (21.4) < 0.001
Fluid and electrolytes disorders (%) 32,524 (37.8) 116,208 (49.1) < 0.001
Blood loss anemia (%) 12,143 (14.1) 49,675 (21) < 0.001
Deficiency anemia (%) 15,883 (18.5) 40,592 (17.1) 0.015
Alcohol abuse 49,894 (58) 142,227 (60.1) < 0.001
Drug abuse (%) 14,397 (16.7) 45,745 (19.3) < 0.001
Psychoses (%) 9,198 (10.7) 30,960 (13.1) < 0.001
Depression (%) 21,209 (24.7) 54,712 (23.1) 0.004

EV: esophageal varices; SD: standard deviation; AIDS: acquired immunodeficiency syndrome; HIV: human immunodeficiency virus.
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bidities in both groups. HVPG > 20 mm Hg (mostly prevalent 
among Child-Pugh C patients) is strongly associated with risk 
of bleeding and rebleeding [28].

We found in our analysis that rates of sepsis and acute 
kidney injury were steadily increasing (1.2-3.4% and 13.7-
16.9%). Both are associated with increased risk of readmission 
in 30 and 90 days according to Weissman et al [19].

Regarding outcomes, LOS was higher in esophageal var-
ices with bleeding with average of 5.3 days versus 4.1 days 
in nonbleeding esophageal varices, which may correlate with 
acuity of patients with esophageal varices bleeding. It is 
thought that there has been no change in LOS trend over the 
years, which may reflect the effectiveness of protocol being 
used for esophageal varices bleeding. Treatment protocol is 
usually conducted within 5 days, which includes stabilizing 
patient, restrictive blood transfusion with hemoglobin (Hb) 
goal of 7 - 9 g/dL [30], short-term prophylactic antibiotics for 
maximum 7 days [31], and vasoactive peptides (somatostatin, 
octreotide and terlipressin) [32]. Transjugular intrahepatic por-
tosystemic shunt (TIPS) is reserved for endoscopic treatment 
failure. Increased LOS is a risk of readmission as was reported 
by Bilal et al [33].

Odds of transfer to visiting nursing assistant, transfer to 
other hospital and odds of death remained the same through-
out the study period (Fig. 4 a-c). Transfer to tertiary teaching 
hospital can be explained by tendency to refer those patients 
for higher level of care or liver transplant evaluation. As well, 
there was a noticeable decrease of discharge to rehab in var-
iceal bleeding group. We were not to capture the effects of 
these trends on readmission risk as our data do not support 
that trend.

One limitation of this study is the accuracy of the NIS 
database in capturing ICD-9 and ICD-10 codes. For instance, 
some acute variceal hemorrhage-related admissions could 
have been reported as upper GI bleeding, lower GI bleeding, 
or acute severe anemia, which would exclude those patients 

from our analysis. There was also no information regarding the 
outcomes in terms of rebleeding after discharge. We were not 
able to capture whether those are primary (first time acute var-
iceal hemorrhage) bleeding or a readmission. As well, it was 
not clear whether patients received prophylaxis measures for 
variceal varices (with or without bleeding) after discharge.

Conclusions

Esophageal varices with and without bleeding have been 
steadily increasing since the beginning of this century. This 
may result in a substantial impact on increasing health care 
costs and utilization due to acute variceal hemorrhage. Odds of 
death, transfer to urban hospital, and transfer to visiting nurs-
ing assistance remained unchanged.

Supplementary Material

Suppl 1. ICD-10 codes for diagnoses and procedures that were 
used in the study.
Suppl 2. (A) Box plot to compare the overlap of propensity 
score between the two intervention groups. (B) Density plot of 
the propensity scores of the groups. (C) Love plot to summa-
rize covariate balance before and after applying ATT. Red dots 
represent covariates before applying ATT and blue triangles 
represent covariates after applying ATT.
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Figure 1. Trend of hospital admissions of esophageal varices with and without bleeding.
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Figure 2. Hospital outcomes of patients with nonbleeding esophageal varices versus bleeding esophageal varices. 0 represents 
nonbleeding esophageal varices and 1 represents bleeding esophageal varices. VNA: visiting nursing assistance.
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Figure 3. The trend in the hospitalization outcomes for patients admitted with esophageal varices (part 1). (a) Hospital LOS. (b) 
Total hospital charges. (c) Hospital mortality. LOS: length of stay.
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Figure 4. The trend in the hospitalization outcomes for patients admitted with esophageal varices (part 2). (a) Discharge to rehab. 
(b) Discharge with visiting nurse. (c) Outside hospital transfer. VNA: visiting nursing assistance.
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