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Increasing Economic Burden in Hospitalized Patients
With Cirrhosis: Analysis of a National Database

Archita P. Desai, MD!, Prashanthinie Mohan, MBA?, Brandon Nokes, MD3, Deekksha Sheth, MBBS*, Shannon Knapp, PhD®,
Malaz Boustani, MD, MPH®, Naga Chalasani, MD*, Michael B. Fallon, MD” and Elizabeth A. Calhoun, PhD, MEd?

INTRODUCTION: The prevalence of cirrhosis is increasing despite advances in therapeutics, and it remains an expensive
medical condition. Studies examining the healthcare burden of inpatient cirrhosis-related care
regardless of etiology, stage, or severity are lacking. This study aims to describe the current drivers of
cost, length of stay (LOS), and mortality in hospitalized patients with cirrhosis.

METHODS: Using the National Inpatient Sample (NIS) data from 2008 to 2014, we categorized admissions into
decompensated cirrhosis (DC), compensated cirrhosis (CC), and NIS without cirrhosis. Descriptive
statistics and regression analysis were used to analyze the association between patient characteristics,

comorbidities, complications, and procedures with costs, LOS, and mortality in each group.

RESULTS: The hospitalization costs for patients with cirrhosis increased 30.2% from 2008 to 2014 to $7.37

billion. Cirrhosis admissions increased by 36% and 24% in the DC and CC groups, respectively,
compared with 7.7% decrease in the NIS without cirrhosis group. DC admissions contributed to 58.6%
of total cirrhotic admissions by 2014. Procedures increased costs in both DC and CC groups by
15%-152%, with mechanical ventilation being associated with high cost increase and mortality
increase. Complications are also key drivers of costs and LOS, with renal and infectious complications
being associated with the highest increases in the DC group and infections and nonportal hypertensive
gastrointestinal bleeding for the CC group.

DISCUSSION: Economic burden of hospitalized patients with cirrhosis is increasing with more admissions and longer
LOS in DC and CC groups. Important drivers include procedures and portal hypertensive and nonportal

hypertensive complications.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A67
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INTRODUCTION

Liver cirrhosis is a significant source of mortality and morbidity in
the United States (1,2). The societal burden is likely to increase in
the next 10-20 years due to an increasing prevalence of alcoholic
liver disease, nonalcoholic fatty liver disease, and hepatocellular
cancer (1,3,4). Patients with cirrhosis have more hospitalizations,
longer stays, more readmissions, and poorer outcomes when
compared with patients with other chronic diseases such as
congestive heart failure and chronic obstructive pulmonary dis-
ease (5). Cirrhosis can also affect the outcome of non-liver-
related comorbidities requiring hospitalizations (6). Several
studies estimate the burden of chronic liver disease in the United
States to be in the range of $2.5 billion, with the indirect cost of

$10.6 billion (7-9). However, expensive medications that have
altered the treatment regimens for patients with cirrhosis have
been launched over the past few years (10), thus requiring us to
reassess the burden of cirrhosis and the drivers for the costs.
Therefore, our study aims to estimate the costs of hospitalizations
in patients with cirrhosis using a recent national database and
assess the drivers for such costs among patients with decom-
pensated cirrhosis (DC) and compensated cirrhosis (CC).

METHODS
Data source
The National Inpatient Sample (NIS) database is the largest all-
payer inpatient database within the United States. The database
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includes information on more than 7 million hospital stays each
year, with discharge weights to help produce national estimates.
In 2015, the sampling frame for NIS included more than 96% of
discharges from US community hospitals (11).

Inclusion criteria

Admission records between 2008 and 2014 for all patients aged
=18 years were included in the study. Two previous studies using
the NIS have used inclusion criteria restricting the primary di-
agnosis to cirrhosis, portal hypertension (PHTN), or complica-
tion of PHTN (12,13). However, this may not capture all patients
admitted with cirrhosis such as those primarily admitted for an
infection or acute kidney injury which is now considered an
important complication of cirrhosis. Thus, we considered both
primary and secondary diagnosis to identify admission records
for patients with cirrhosis. Primary and secondary diagnoses are
coded in the NIS using the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic and
procedural codes for all years included in this study. Admissions
were separated into 3 mutually exclusive groups for all analyses.

DC group included admissions with a primary or secondary
diagnosis of cirrhosis (ICD-9 codes 571.2,571.5, 571.6) along with
complications (PHTN [572.3], ascites [789.59], hepatic enceph-
alopathy [572.2], upper gastrointestinal [GI] bleed [456.0, 456.20,
578.0, 578.1, 578.9], and hepatorenal syndrome [572.4]).

CC group included individuals with a primary or secondary
diagnosis of cirrhosis but without any of the portal hyperten-
sive complications used to define the DC group. The remaining
admissions were included in a third group, “NIS without cirrhosis”
and included all admissions without a cirrhosis-related ICD-9 code.
The reason for admission, etiology, and complications of liver
disease were extracted from the ICD-9 codes used for the primary
and secondary diagnoses (see Appendix A and B, Supplementary
Digital Content 1, http://links.Ilww.com/CTG/A67). Comorbidities
were assessed both as a dichotomous variable (present or not) and
using Elixhauser Comorbidity Index to understand their contri-
bution to costs and length of stay (LOS) (14).

Table 1. Specific outcome measures by group

Outcome variable
No. of admissions (2014) 334,370

Percentage increase in the no. of admissions 35.89

between 2008 and 2014
Total cost of hospitalization (2014)

Percentage increase in the total cost of 334
admissions between 2008 and 2014

Median cost per admission (IQR)?
Medicare (IQR)
Medicaid (IQR)
Private pay (IQR)
Median LOS (Q1-Q3) 4(2-7)
In-hospital mortality (%)® 6.66

Patients with DC

$4,570,431,130

$8,596 ($9,633)
$8,618 ($9,586)
$8,801 ($10,568)
$9,086 ($11,179)

Statistical analysis

Economic burden of hospitalizations was assessed using de-
scriptive statistics. Continuous variables were assessed as
weighted median with interquartile range (IQR), and categorical
variables were reported using weighted proportions. Cost-to-
charge ratio files published by the Healthcare Utilization Project
were used to calculate the costs from the charges provided in the
NIS database. Each file contains hospital-specific cost-to-charge
ratios based on all-payer inpatient costs for nearly every hospital
in the NIS. Cost information was obtained from the hospital
accounting reports collected by the Centers for Medicare &
Medicaid Services. All costs are reported using 2014 average
inflation-adjusted dollars.

Multivariable regression was used to assess the association of
each of the outcomes with patient demographics, comorbidities,
and hospital characteristics. For the outcomes inpatient mortal-
ity, LOS, and cost, we used logistic, negative binomial and inverse
Gaussian regression, respectively. Each model was analyzed
separately for the DC group and the CC group. In the regression
analysis, specific comorbidities were grouped together as
comorbidity classes to assess their association with the outcomes
(see Appendix C, Supplementary Digital Content 1, http://links.
Iww.com/CTG/A67). All data management and analysis were
conducted using SAS statistical software (version 9.4; SAS In-
stitute Inc), R Core Team (2016), and Microsoft Excel (15,16).

RESULTS

In 2014, the total number of weighted admissions for cirrhosis
was 570,730 or 1.92% of all admissions (Table 1). The total
number of admissions for patients with cirrhosis increased 30.8%
from 2008 to 2014, whereas the total number of admissions for
other NIS patients decreased 7.7% during the same period. Of the
2014 cirrhosis admissions, 58.6% had a portal hypertensive
complication (DC). Mean in-hospital mortality in the DC group
was higher during the study period at 6.7% when compared with
that in the CC group (3.4%) and other NIS admissions (2.1%).
The median LOS was also longer for the DC group (4 days) and

Patients with CC All NIS without cirrhosis
236,360 29,181,233
24.22 -7.72

$2,801,813,569 $333,194,350,525
2538 3.98

$7,738 ($8,998)
$7,922 ($9,028)

$7,141 ($9,137)
$8,183 (9,714)

$7,266 ($8,625) $5,073 ($6,023)
$7,962 ($9,881) $6,535 ($8,651)
4 (2-6) 3(2-5)
3.37 2.13

CC, compensated cirrhosis; DC, decompensated cirrhosis; IQR, interquartile range; LOS, length of stay; NIS, National Inpatient Sample.
@Median cost calculated for all years (2008-2014) combined and adjusted to 2014 dollars.

bPercentage of patients died before discharge.

Clinical and Translational Gastroenterology

VOLUME 10 | JULY 2019 www.clintranslgastro.com


http://links.lww.com/CTG/A67
http://links.lww.com/CTG/A67
http://links.lww.com/CTG/A67
http://www.clintranslgastro.com

Drivers of Economic Burden in Cirrhosis

Table 2. Demographics of patients admitted between 2008 and 20142

Age (in yr), mean (SD) 583 (12.1) 59.3 (12.6) 57.2 (20.8)

LIVER

45-64 61.4% 58.7% 28.7%

85+ 2.1% 2.9% 9.7%

Race (%)

Black 88 114 13.1

Asian or Pacific Islander 1.8 1.8 2.2

Other 29 2.7 2.8

Median income by patient zip code® (%)

Quartile 2 25.7 254 25.7

Quartile 4 (highest income) 16.9 16.1 20.2

Medicare 41.3 46.3 455

Private/HMO 223 19.7 29.7

Origin of admission (%)

Transfer 6.8 5.3 49

Home 58.3 61.9 66.8

Transfer to SNF, intermediate care, or another facility 155 16.2 15.6

Teaching hospital® (%) 54.5 53.2 49.2

Hospital region® (%)

Midwest 189 18.6 23.0

West 23.8 225 18.8
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CC group (4 days) compared with other NIS admissions (3 days;
Table 1). Similar trends were seen when admissions related to
pregnancy (10.1% of all non-cirrhosis NIS admissions) were ex-
cluded (see Appendix D, Supplementary Digital Content 1, http://
links.lww.com/CTG/A67). Patient demographics and hospital
characteristics by the group for the study period are listed in
Table 2. In the DC group, the average patient was 58 years old,
male (62.5%), and white (60.6%), compared with the average
patient in the NIS without cirrhosis group who was 57 years old,
female (59.8%), and white (61.7%). Most of the admissions in the
cirrhosis groups were for patients in the 45-64 age category
(61.4% and 58.7% for DC and CC groups, respectively) compared
with more even age distribution in admissions for patients
without cirrhosis. Among minorities, Hispanics constituted
a larger portion of the DC and CC group, whereas blacks were
a higher proportion of the non-cirrhotic admissions. Those in the
DC and CC groups were more likely to live in zip codes in the
lowest median income quartile and in urban settings compared
with the non-cirrhosis group (Table 2; see Appendix E, Supple-
mentary Digital Content 1, http://links.lww.com/CTG/A67). The
reason for admission in the cirrhosis groups was largely related to
liver disease in the DC group (53.8%), followed by GI causes
(10.7%) and infections (7.2%) (Figure 1la; see Appendix B, Sup-
plementary Digital Content 1, http://links.Iww.com/CTG/A67).
In comparison, the top 3 causes of admission in the CC group
were infections (15%), liver disease (12.2%), and GI causes
(11.5%) (Figure 1la; see Appendix B, Supplementary Digital
Content 1, http://links.Iww.com/CTG/A67). There was a signifi-
cantly higher burden of cirrhosis due to alcohol without con-
comitant hepatitis C in those with DC compared with those with
CC (39% vs 27%). More than 50% of the admissions in the DC
group constituted those with alcoholic liver disease with or without
hepatitis C. Of note, nonalcoholic steatohepatitis (NASH) is not

specifically accounted for due to lack of an associated ICD-9 code
throughout the study period (see Appendix A, Supplementary
Digital Content 1, http://links.Iww.com/CTG/A67).

Appendix C (see Supplementary Digital Content 1, http://
links.Iww.com/CTG/A67) lists the weighted proportion of
admissions, with each of the comorbidities across the 3 groups.
Fluid and electrolyte disorders were among the top 3 comor-
bidities in all 3 groups. Although hypertension was the most
common comorbidity among non-cirrhotic admissions, it ranked
second among CC admissions (49.9%) and fourth among DC
admissions (38.6%). When summarized as Elixhauser Index,
20.8% of the NIS population without cirrhosis had an Elixhauser
Index of 0, whereas only 1% of DC admissions and 0.5% of CC
admissions had a 0 index (Figure 1b). Furthermore, most
admissions in the cirrhosis groups had an Elixhauser Comor-
bidity Index of 3 or greater (79.2% in DC group vs 83.6% in CC
group vs 39.6% in non-cirrhotic group).

Drivers of cost in cirrhosis admissions

The total annual cost of hospitalization in patients with cirrhosis
was $7.37 billion in 2014, with $4.57 billion for the DC group and
$2.80 billion for the CC group (Table 1). Patients with cirrhosis
contributed to 2.16% of the total hospitalization costs incurred
by the NIS sample in 2014. The median cost of hospitalization
in 2014 for patients with DC was $8,596 (IQR: $9,633), whereas
itwas $7,738 (IQR: $8,998) for patients with CC and $7,141 (IQR:
$9,137) for other NIS patients. Over the study period, hospitali-
zation costs for cirrhosis admissions increased 30.2% compared
with 3.98% increase for non-cirrhotic NIS admissions. The costs
for the DC group increased 33.4% and that for the CC group
increased 25.3% (Table 1; see Appendix D, Supplementary
Digital Content 1, http://links.lww.com/CTG/A67). In the re-
gression model, all procedures were associated with significant

a Decompensated Cirrhosis Group

Musculoskeletal, 0.7 __ Endocrine, 0.3

5|

Malignancy, 1.3 Psychiatry, 0.8
S

Central Nervous
System, 0.4

Pulmonary, 0.8

b Compensated Cirrhosis Group

Endocrine, 1.9 Psychiatry, 6.2

Musculoskeletal, 2.9

Malignancy, 3

Central Nervous
System, 2.9

Pulmonary, 2.3

Figure 1. Primary diagnosis for admission by group reveals distinct reasons for admission between those with (a) decompensated cirrhosis, and (b)
compensated cirrhosis. Analysis done on admissions from 2008 to 2011 on primary diagnosis codes with prevalence of =0.1%.
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Table 3. Results of the regression analysis

DC group CC group
Mortality Change in Change in Mortality Change in Change in

Variable oddsratio  95% ClI cost (%) 95% Cl LOS (%) 95% Cl oddsratio  95%Cl cost (%) 95% Cl LOS (%) 95% Cl
Age (in yr)?

45-64 15 1.47,1.54 -19 —2.76,-1.03 -067 —-067,-143 1.78 1.7,1.86 8.07 6.91,9.25 3.58 2.56,4.6

64-84 2.38 2.32,2.46 —-3.13 —4.18,-2.06 1.67 1.67,0.69 3.88 3.69,4.08 10.76 9.31,12.24 4.4 3.19,5.63

85+ 4.26 4.07,4.46 -6.3 -8.2,-4.37 7.13 7.13,5.21 7.97 747,85 0.73 —1.54,3.05 5.72 3.67,7.81
Gender

Female 0.99 097,1 -1.68 —223 -1.13 -0.27 -027,-0.76 0.96 0.94,0.99 -639 —-7.04,-574 -4.63 -5.19, —-4.06
RaceP

Black 1.14 1.12,1.17 2.73 1.73,3.74 4.25 4.25,3.37 1.08 1.04,1.11 323 2.09,4.39 5.36 4.39,6.34

Hispanic 091 0.9,0.93 -0.35 -1.1,04 -095 -095,-161 0.96 0.93,0.99 -0.29 -1.29,0.71 -122 -2.07,-0.37

Other 1 0.97,1.02 2.75 1.57,3.94 0.72 0.72, —0.26 1.05 1.01,1.1 3.45 1.9,5.03 -0.38 -1.6,0.87
Etiology

ALD 12 1.15,1.25 -0.1 —1.85,1.68 0.9 09, -0.71 1.43 134,152 -1003 -11.68,-834 25 0.88,4.14

Hepatitis C 0.97 0.95, 0.99 0.25 -0.59, 1.1 -043 -043,-1.18 0.77 0.75,0.79 -6.11 -697,-524 -544 -6.18, —4.69

ALD and Hepatitis C 0.95 0.92,0.98 -139 -253,-024 1.32 1.32,0.28 1.17 1.12,1.23 2381 1.32,4.31 4.07 276,54

Other NOS 1 0.95, 1.04 —3.8 -5.38, —2.19 =377 —377,-522 1.43 1.35,1.52 -419 -581,-254 062 -0.85,212
Comorbidity

Alcohol and drug abuse 0.85 0.84,0.87 -7.02 =769, -6.34 -6.36 —6.36,-694 0.87 0.85,0.9 -0.23 —-1.08,0.64 0.71 -0.01,1.45

Anemia 0.7 0.69, 0.72 -4.04 —457,-35 -331 -3.31,-338 0.73 0.71,0.75 1.04 0.23,1.85 5.12 4.42,5.82

Cancer 1.36 132,14 6.11 4.75,7.48 2.82 2.82,1.68 217 2.1,2.24 17.92 16.14,19.73 7.64 6.42,8.87

Chronic pulmonary disease 1.02 1,1.04 5.12 4.36,5.89 3.73 3.73,3.06 0.89 0.87,0.92 7.15 6.29, 8.02 5.02 4.31,5.74

Diabetes 0.66 0.64, 0.67 —-5.02 -5.57,-447 -6.56 —6.56, —7.05 0.74 0.72,0.76 -084 -156,-0.12 —-3.89 —4.49,-3.29

Heart disease 1.08 1.06,1.1 9.54 8.69, 10.4 el 991,9.18 1.16 1.13,1.19 9.5 8.48,10.53 10.02  9.19,10.84

Hypertension 0.71 0.7,0.72 -3.24 —3.77, =2.71 —-4.57 —-4.57, =5.04 0.6 0.59, 0.61 0.16 -0.52,0.84 —3.66 =422, -3.1

Renal failure and fluid disorders 1.36 1.34,1.38 9.98 9.32,10.65 9.14 9.14, 8.56 1.47 1.44,1.51 9.21 8.44,9.99 1293 12.25,1361

Mental illness 0.64 0.62, 0.66 205 -=277,-132 3.37 3.37,2.66 0.62 0.59, 0.64 -437 =515,-358 1.56 0.82,2.3

Neurologic disorders 0.94 0.92,0.97 8.01 6.89,9.14 12.18 12.18,11.16 0.88 0.85,0.91 4.57 3.41,5.74 14.48  13.42,15.55
Median income by zip code®

Quartile 2 0.94 0.92,0.95 3.89 3.19,4.59 -1.06 -1.06,-167 0.99 0.97,1.02 4.36 3.48,5.26 -095 -1.68,-0.21

Quartile 3 0.9 0.88,0.92 8.32 7.563,9.12 -12 -12,-184 0.87 0.85,0.9 8.18 7.17,9.2 -196 -275,-1.18

Quartile 4 0.9 0.88,0.92 16.14 15.15,17.13 0.1 0.1, -0.62 0.88 0.85,0.91 15.83 14.56,17.11 -042 -1.31,048
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Table 3. (continued)

Variable
Payerd
Medicaid
Other
Private
Urban hospital
Hospital region®
Northeast
Midwest
South
Hospital characteristics
Teaching hospital
ED admission

Hospital transfer

Primary diagnosis: liver disease

Complications
AKI
Infection
Non-PHTN Gl bleed
Ascites
HRS
Variceal bleed
HCC
HE
Hyponatremia
Malnutrition
SBP
Procedure

Fluid removal

Mechanical ventilation

Non-RBC transfusion

DC group CC group
Mortality Change in Change in Mortality Change in Change in
oddsratio  95% ClI cost (%) 95% ClI LOS (%) 95% ClI oddsratio  95% ClI cost (%) 95% ClI LOS (%) 95% ClI

1.16 1.14,1.19 0.73 —0.06, 1.52 7.09 7.09, 6.34 1.26 122,13 0.59 —-0.38,1.58 893 8.02,9.84
1.7 1.66,1.74 -151 —-238,-063 1.33 1.33,0.51 1.74 1.68,1.8 -0.82 -1.93,0.32 0.14 -0.87,1.16
1.16 1.13,1.18 5.36 4.54,6.19 0.33 0.33, -0.35 1.53 1.48,1.58 7.45 6.37,8.54 —-245 -3.26,-1.63
0.83 0.81,0.85 1.32 0.42,2.23 9.08 9.08,8.1 0.81 0.78,0.84 331 2.18,4.46 1166 1048, 12.84
1.04 1.02, 1.06 —-8.05 —-8.89, —7.21 17.48 17.48, 16.64 1.17 1.13,1.21 —-13.68 —14.65, —-12.7 15.03 14.02, 16.05
0.82 0.81,0.84 —19.34 -20.04,-18.63 —426 —4.26,-4.98 0.93 0.9, 0.96 -21.27 =-22.16,-2037 -26 —3.51, —1.67
0.94 093,096 -23 —23.56, —22.44 4.37 4.37,3.72 1.14 111,117 —-24.08 -24.79,-23.36 511 4.3,5.93
0.82 0.81,0.83 20.37 19.67,21.07 5.95 5.95, 5.41 0.88 0.86,0.9 20.26 19.38,21.15 3.54 29,418
1.02 1,1.04 -1735 -1796,-16.74 —-1194 -1194,-12.46 0.97 094,099 -2325 —-2391,-2259 -1181 -124,-11.22
1.22 1.19,1.25 3 1.63,4.39 17.5 17.5,16.34 1.62 1.55,1.69 —-397 565, -2.27 41.57  39.78,43.38
0.84 0.83,085 —1996 -20.42,-19.51 -15.04 -—15.04,—-15.46 1.72 1.67,1.78 -522 —6.19, -4.25 —-858 —9.39, -7.76
231 2.28,2.35 20.12 19.2,21.04 16.2 16.2,15.52 2.49 243,255 16.25 14.94,17.58 15.48 14.5,16.46
0.84 0.83,0.86 28.04 27.1,28.98 41.18  41.18,40.38 0.76 0.74,0.78 16.14 15.15,17.15 36.26  35.33,37.19
1.36 1.34,1.38 5.34 4.61,6.09 -396 —-396,-4.55 0.61 0.59, 0.64 25.51 23.6,27.46 3.09 1.96, 4.24
1.18 117,12 7.58 6.93,8.23 8.59 8.59, 7.99 NI NI NI NI NI NI

3.45 3.38,3.51 33.07 31.1,35.07 18.88 18.88,17.73 NI NI NI NI NI NI

1.54 1.5,1.58 9.59 8.41,10.79 —3.58 —3.58, —4.44 NI NI NI NI NI NI

1.56 151,161 2858 21.47,25.21 0.78 0.78, —0.49 NI NI NI NI NI NI

1.51 1.49,1.54 6.81 6.15, 7.48 22.91 22.91,22.25 NI NI NI NI NI NI

0.96 0.94,0.98 7.19 6.34, 8.04 13.29 13.29, 12.56 NI NI NI NI NI NI

0.9 0.87,0.93 3.38 2.21,4.55 81 8.1,7.03 NI NI NI NI NI NI

1.71 1.67,1.76 18.39 16.58, 20.23 13.37 13.37,12.09 NI NI NI NI NI NI

0.7 0.69,0.71 15.63 14.88, 16.39 22.34 22.34,21.65 1.15 1.1,1.19 40.57 37.85,43.34 475 4559, 49.43
1485 14.62,15.09 152.83  148.05, 157.7 52.17 52.17, 50.82 27.69 27.05,2834 171.79 164.05,179.76 69.48 67.28,71.71
1.78 1.75,1.81 46.27 44.71, 47.83 18.93 18.93, 18.09 222 2.15,2.3 62.34 58.83, 65.93 2201  20.46,23.58
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Only results of model 4 are presented in this table.

AKI, acute renal injury; ALD, alcoholic liver disease; CC, compensated cirrhosis; Cl, Charlson Index; DC, decompensated cirrhosis; ED, emergency department; Gl, gastrointestinal; HCC, hepatocellular carcinoma; HE, hepatic

encephalopathy; HRS, hepatorenal syndrome; LOS, length of stay; NI, not included; NOS, not otherwise specified; PHTN, portal hypertension; RBC, red blood cell; SBP, spontaneous bacterial peritonitis.

2Age group of 18-44 is the reference age group.

bWhites are the reference group for race.

“Quartile 1 is the reference group for median income by zip code.

9Medicare is the reference group for payer.

®West is the reference group for hospital region.

Drivers of Economic Burden in Cirrhosis

cost increases (Tables 3 and 4). The top 3 procedures associated
with the highest cost increase were mechanical ventilation,
non-red blood cell (RBC) transfusions, and hemodialysis.
However, these procedures were also associated with higher
odds for mortality in both DC and CC groups. The odds ratio
(OR) for mortality for mechanical ventilation in DC admissions
is 14.85, whereas for CC admissions it is 27.69 (Table 3). He-
modialysis was also associated with higher mortality odds (1.57
in the DC group and 1.73 in the CC group) and 41.6% and 25.4%
increase in the costs per admission for DC and CC, respectively.
Fluid removal (defined by paracentesis and/or thoracentesis)
(see Appendix A, Supplementary Digital Content 1, http://links.
lww.com/CTG/A67), while costly (15.63% increase in cost), was
the most common procedure in the DC group and was associ-
ated with lower mortality odds (OR: 0.70). The other procedures
included in the study (RBC transfusion and varices treatment)
were also associated with lower OR for mortality and higher
costs for both DC and CC admissions (Table 3; see Appendix A,
see Supplementary Digital Content 1, http://links.lww.com/
CTG/A67). All complications of cirrhosis resulted in significant
cost increases in the DC group. Based on the regression analysis,
renal-related complications (hepatorenal syndrome and acute
renal injury) were associated with the maximum increase in the
odds for mortality and costs in the DC group. This was followed
by infection (28.0% increase in the costs) and liver cancer (23.3%
increase in the costs; Table 3). Notably, in the CC group, 34.7%
of the admissions had 1 or more of the nonportal hypertensive
complications such as infection (20.2%), renal injury (12.5%),
nonportal hypertensive GI bleed (7.53%) but contributed to
45% of the costs for total CC admissions. The total cost of
hospitalizations for admissions with nonportal hypertensive
complications in the CC group increased by 42.6% to $1.3 bil-
lion over the study period, whereas the costs for CC hospital-
izations without these complications increased only by 14% to
$1.5 billion for the same period. In both DC and CC groups,
none of the comorbidity classes were in the top 5 variables as-
sociated with increased odds for mortality or percentage in-
crease in LOS and costs. Renal and fluid disorders and heart
conditions were associated with the most increase in costs in the
DC group (9.98% and 9.54%, respectively).

Drivers of LOS in cirrhosis admissions

The median LOS for both DC and CC admissions was 4 days,
whereas the IQR for DC admissions (5 days) was longer than that
for CC admissions (4 days). In the regression model, all advanced
procedures were associated with increased LOS in both DC and
the CC groups (Tables 3 and 4). In the DC group, mechanical
ventilation and hemodialysis were associated with the highest
increase among procedures in the LOS (52.2% and 33.6% longer
LOS, respectively). Similarly, all procedures were associated with
higher LOS in the CC group, with mechanical ventilation being
associated with the highest increase (69.5% increase in the LOS).
Based on the regression model, all complications, except for non-
PHTN GI bleed and varices with bleeding, were associated with
an increase in the LOS in the DC group. Infection and hepatic
encephalopathy were associated with the maximum increase in
the LOS in the DC group (41.1% and 22.9% increased LOS, re-
spectively). In the CC group, all nonportal hypertensive com-
plications were associated with increased LOS, with infection
ranking the highest (36.3% increase). Admissions through hos-
pital transfers were also associated with a significant increase in
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Table 4. Mean LOS and mean cost of hospitalization for admissions with and without specific procedures and complications

DC group CC group
Weighted mean cost Weighted mean LOS Weighted mean cost Weighted mean LOS
Complications/ With Without With Without With Without With Without
procedure variable variable variable variable variable variable variable variable
Complications
AKI 20,144.74 12,856.28 8.12 5.54 16,313.11 11,612.24 6.84 5.04
Infection 19,290.99 13,177.99 8.56 5.48 14,312.12 11,660.03 6.88 4.86
Non-PHTN Gl bleed 16,690.02 13,531.77 6.17 6.02 18,662.58 11,670.72 6.25 5.19
Ascites 15,263.46 13,087.10 6.54 5.43 NI NI NI NI
HRS 27,285.18 13,528.64 .75 5,28 NI NI NI NI
Variceal bleed 17,194.55 13,991.24 5.5 6.07 NI NI NI NI
HCC 17,453.50 14,156.30 597 6.06 NI NI NI NI
HE 15,885.17 13,581.11 6.98 5.62 NI NI NI NI
Hyponatremia 16,951.93 13,685.55 7.52 5.70 NI NI NI NI
Malnutrition 12,985.04 14,406.42 6.34 6.04 NI NI NI NI
SBP 19,990.12 14,091.57 8.13 597 NI NI NI NI
Procedures
Fluid removal 16,721.81 13,086.43 7.25 5.44 20,832.48 11,801.28 8.38 5.12
Mechanical 41,269.22 12,469.73 11.38 5.69 36,866.80 11,132.50 10.72 5.03
ventilation
Non-RBC transfusion ~ 25,515.98 12,696.84 841 5.72 25,934.65 11,475.62 7.69 5.14
RBC transfusion 20,651.56 12,294.63 7.47 5.61 20,999.43 11,042.49 7.33 5.00
Varices treatment 16,860.18 13,526.72 6.54 581 14,930.59 11,995.17 6.35 5.19
Hemaodialysis 30,493.37 13,460.21 10.04 5.85 19,690.88 11,885.06 7.21 5.18

Only procedures and complications included in the regression analysis are listed in this table.
AKI, acute renal injury; CC, compensated cirrhosis; DC, decompensated cirrhosis; Gl, gastrointestinal; HCC, hepatocellular carcinoma; HRS, hepatorenal syndrome; LOS,
length of stay; NI, not included; PHTN, portal hypertension; RBC, red blood cell; SBP, spontaneous bacterial peritonitis.

the LOS in both CC and DC groups (41.6% and 17.5% increase in
the LOS, respectively).

DISCUSSION

Our study found that the economic burden of hospitalized
patients with cirrhosis is increasing with more admissions and
longer LOS in the DC and CC groups. Procedures and PHTN and
non-PHTN complications were the key drivers for such burden in
both patients with CC and DC. From 2008 to 2014, our study
found 31% increase in the prevalence of all cirrhosis-related
hospitalizations in comparison with 8% reduction in the preva-
lence of non-cirrhosis-related admissions.

Although there was no predominant primary diagnosis for CC
admissions, the top 3 diagnoses were infection, liver disease, and
Gl-related diagnoses. Figure 1a highlights the variety of reasons
patients with cirrhosis are admitted. The drivers of cost in the CC
population included procedures such as mechanical ventilation and
hemodialysis and nonportal hypertensive complications such as
infection, nonportal hypertensive GI bleeding, and acute renal
failure. Despite our effort to carefully define the CC group by ex-
cluding any ICD-9 codes related to known cirrhosis complications,
the high prevalence of renal failure and infection during the com-
pensated phase of cirrhosis requires further investigation because
these may be early indicators of future healthcare utilization (HCU).

Clinical and Translational Gastroenterology

These trends in the CC group do not discount the significant
contribution of DC on healthcare costs. Those with DC experi-
enced even higher increases in the number of hospitalizations
than those with CC, 35.89% vs 24.22%. As with the CC group, the
rise in hospitalizations for the DC group contributes to a 33.4%
increase in the total healthcare costs. These significant increases
are put into context when we compare with those without cir-
rhosis for whom hospitalization costs increased by only 3.98%
during the same period. In both CC and DC groups, our analysis
also highlights the burden of cirrhosis-related inpatient care on
individuals at the prime of their life, with about two-thirds of
admissions in both groups occurring in those aged 45-64 years
compared with only one-third of admissions in the NIS without
cirrhosis cohort. In addition, our data describe a higher burden in
those at the lowest quartile of income in these groups. Further-
more, alcohol-related cirrhosis is disproportionately represented
in the DC group compared with the CC group, highlighting the
changing landscape of chronic liver disease (17). Programs and
interventions that allow for earlier diagnosis in this group stand to
significantly affect HCU in the cirrhosis population. In addition
to such interventions, our results highlight the role of teaching
hospitals in the care of cirrhosis population. As with previous
literature, we show lower mortality rates in both DC and CC
groups despite higher costs and LOS (12). This association may be
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explained by access to specialists and transplantation, although
those undergoing transplant remain the extreme minority
(<0.001% in the DC group) (Table 3; see Appendix A, Supple-
mentary Digital Content 1, http://links.lww.com/CTG/A67).
Beyond the primary diagnoses, our data also highlight the role of
chronic comorbid conditions in those with cirrhosis. Whereas
there was not a predominant comorbid condition, almost all
admissions in the CC group had at least 1 comorbidity and 83.6%
had more than 3 comorbidities. Furthermore, 8.2% of all CC
admissions carried a primary diagnosis of cardiovascular disease.
These data support the hypothesis that whereas individual
comorbid conditions may not be a significant driver of HCU,
specific combinations of comorbidities may differentially affect
the HCU (18). Models of care used to manage patients with cir-
rhosis who are the most costly and at highest risk of dying need to
keep comorbid conditions in mind. An important trend we noted
is lower odds of mortality with certain prevalent comorbid con-
ditions such as type II diabetes mellitus and hypertension. We are
not the only study to notice this trend (19-21). It is clinically more
plausible that during data abstraction of complex hospital-
izations, comorbid conditions are undercoded when only the first
15 diagnoses are included. Other hypotheses include the associ-
ation of these comorbidities with the causes of cirrhosis such as
NASH which may provide to have different drivers of cost, LOS,
and inpatient mortality than seen in alcohol- or hepatitis C-
related cirrhosis.

The trends noted in our study may help inform future inter-
ventions aimed at improving the cost effectiveness of therapies
provided to patients with end-stage liver disease. For example, we
find that for patients with cirrhosis, not only did procedures raise
the cost significantly as expected but some of these procedures were
also associated with the highest odds of mortality. Here, a com-
parison can be made between the procedures. Although both
mechanical ventilation and fluid removal are considered lifesaving
but costly procedures, mechanical ventilation increased the odds of
inpatient death by 14.85 in the DC group, whereas fluid removal
was associated with lower odds of mortality. Despite the high
mortality and costs associated with mechanical ventilation, it is
used near twice as more often in patients with DC compared with
all other admissions. These data indicate that interventions at the
individual level through improved goal setting during critical ill-
ness are key to controlling healthcare costs. At the hospital level,
quality measures that can trigger interventions for those at risk for
respiratory failure would affect a high-risk group of patients with
cirrhosis (22-24). Conversely, individuals with cirrhosis in need of
fluid removal via procedures such as dialysis, thoracentesis, and
paracentesis should receive these procedures without delay (25).
This is also true of patients with cirrhosis who present with GI
bleeding. These patients often require endoscopy and blood
transfusion for management. Because these costly procedures are
associated with lower mortality, making quality improvement
projects that identify this cohort early and set up processes to allow
the procedures to occur efficiently are key to further improving
outcomes. In the case of non-RBC transfusions, an example would
be the use of thromboelastography which may curtail the number
of transfusions and reduce transfusion-related complications
without adverse effects on patient outcomes (26).

Our study provides an all-payer perspective on drivers of in-
patient HCU for cirrhosis-related admission. These national-
level data were specifically created to represent national estimates
of HCU. Combined with our broad inclusion of cirrhosis
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admissions through the analysis of secondary ICD-9 codes and
creation of DC and CC cohorts through validated definitions, our
study uniquely defines the trends and drivers of inpatient HCU
for end-stage liver disease. With HCU increasing for patients with
cirrhosis much faster than for other NIS patients, our analysis
provides data to guide future healthcare delivery research targeted
at improving HCU in cirrhosis population.

Weacknowledge several limitations to our study. The NIS lacks
traditional methods to stage liver disease such as Model for End-
Stage Liver Disease-Sodium score or Child Pugh score. In addi-
tion, although the use of discharge codes has been validated to
identify groups of patients with cirrhosis in the compensated and
decompensated stages, only the first 15 diagnostic codes are cap-
tured in this dataset. Therefore, assessments of other drivers of
poor outcomes in advanced cirrhosis such as frailty may not be
coded and underrepresented in this analysis (27,28). Future
studies using pharmacy data that are not available in the NIS may
also improve our understanding of the drivers of HCU in end-
stage liver disease. Finally, the lack of longitudinal data only allows
for comments on associations between exposure variables ana-
lyzed and outcomes. Futures studies using cohorts with multiple
data points over time may allow for inferences on the association
between our proposed exposure variables and HCU. Despite these
limitations, our findings have important implications. Our data
provide key national estimates of inpatient mortality and health-
care use in both DCand CC, define trends in the healthcare burden
of hospitalized patients with cirrhosis, and identify drivers of in-
patient mortality, LOS, and costs in this vulnerable population.

Interventions that allow more efficient use of procedures in
patients with cirrhosis are likely to yield significant reductions in
inefficient healthcare use. Future studies that better align
healthcare delivery for the prevention and management of in-
fection and renal failure in those with CC will similarly have
a significant impact on healthcare use by those with chronic liver
disease. In addition, studies looking at the impact of comorbid
conditions on future healthcare use by cirrhosis population may
improve our ability to deliver more tailored and efficient care.
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