
Changing epidemiology and outcomes of acute kidney
injury in hospitalized patients with cirrhosis – a US

population-based study

Graphical abstract

20162016

2004

Highlights
� Of an estimated 3.6 million US cirrhosis admissions, 22% had

acute kidney injury.

� Over time, acute kidney injury prevalence has doubled.

� Acute kidney injury admissions were costlier than admissions
without the condition.

� Chronic kidney disease is strongly associated with acute kidney
injury.

� Chances of dying were higher for those with acute kidney
injury.

Authors

Archita P. Desai, Shannon M. Knapp, Eric
S. Orman, ., Pere Ginès, Naga
P. Chalasani, Kavish R. Patidar

Correspondence
desaiar@iu.edu (A.P. Desai), kpatidar@
iu.edu (K.R. Patidar).

Lay summary
Sudden damage to the kidneys is
becoming more common in people who
are hospitalized and have cirrhosis.
Despite advances in cirrhosis care, those
with damage to the kidneys remain at
higher risk of dying.

Research Article
Cirrhosis and Liver Failure

https://doi.org/10.1016/j.jhep.2020.04.043
© 2020 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved. J. Hepatol. 2020, 73, 1092–1099

mailto:desaiar@iu.edu
mailto:kpatidar@iu.edu
mailto:kpatidar@iu.edu
https://doi.org/10.1016/j.jhep.2020.04.043
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhep.2020.04.043&domain=pdf


Research Article
Cirrhosis and Liver Failure
Key
Nat
Rec
ava

* C
Ind
USA
E-m
http
Changing epidemiology and outcomes of acute kidney injury in
hospitalized patients with cirrhosis – a US population-based study

Archita P. Desai1,*, Shannon M. Knapp2, Eric S. Orman1, Marwan S. Ghabril1,
Lauren D. Nephew1, Melissa Anderson3, Pere Ginès4, Naga P. Chalasani1, Kavish R. Patidar1,*

1Division of Gastroenterology and Hepatology, Indiana University School of Medicine, Indianapolis, IN, USA; 2University of Arizona Health
Sciences and Bio5 Institute, Tucson, AZ, USA; 3Division of Nephrology, Indiana University School of Medicine, Indianapolis, IN, USA; 4Liver

Unit, Hospital Clínic de Barcelona, University of Barcelona, and Institut d’Investigacions Biomèdiques August Pi i Sunyer, Centro de
Investigación Biomédica en Red de Enfermedades Hepáticas y Digestivas, Barcelona, Catalonia, Spain
Background & Aims: Acute kidney injury (AKI) is a significant © 2020 European Association for the Study of the Liver. Published by

clinical event in cirrhosis yet contemporary population-based
studies on the impact of AKI on hospitalized cirrhotics are lack-
ing. We aimed to characterize longitudinal trends in incidence,
healthcare burden and outcomes of hospitalized cirrhotics with
and without AKI using a nationally representative dataset.
Methods: Using the 2004–2016 National Inpatient Sample (NIS),
admissions for cirrhosis with and without AKI were identified
using ICD-9 and ICD-10 codes. Regression analysis was used to
analyze the trends in hospitalizations, costs, length of stay and
inpatient mortality. Descriptive statistics, simple and multivari-
able logistic regression were used to assess associations between
individual characteristics, comorbidities, and cirrhosis compli-
cations with AKI and death.
Results: In over 3.6 million admissions for cirrhosis, 22% had AKI.
AKI admissions were more costly (median $13,127 [IQR $7,367–
$24,891] vs. $8,079 [IQR $4,956–$13,693]) and longer (median 6
[IQR 3–11] days vs. 4 [IQR 2–7] days). Over time, AKI prevalence
doubled from 15% in 2004 to 30% in 2016. CKD was indepen-
dently and strongly associated with AKI (adjusted odds ratio
3.75; 95% CI 3.72–3.77). Importantly, AKI admissions were 3.75
times more likely to result in death (adjusted odds ratio 3.75;
95% CI 3.71–3.79) and presence of AKI increased risk of mortality
in key subgroups of cirrhosis, such as those with infections and
portal hypertension-related complications.
Conclusions: The prevalence of AKI is significantly increased
among hospitalized cirrhotics. AKI substantially increases the
healthcare burden associated with cirrhosis. Despite advances in
cirrhosis care, a significant gap remains in outcomes between
cirrhotics with and without AKI, suggesting that AKI continues to
represent a major clinical challenge.
Lay summary: Sudden damage to the kidneys is becoming more
common in people who are hospitalized and have cirrhosis.
Despite advances in cirrhosis care, those with damage to the
kidneys remain at higher risk of dying.
words: Cirrhosis; Portal hypertension; Renal failure; Chronic kidney disease;
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Introduction
Acute kidney injury (AKI) is an abrupt decrease in kidney func-
tion; it is reported to occur in approximately 20% of hospitalized
patients with cirrhosis.1–3 AKI in cirrhosis is associated with high
short-term mortality4,5 and poor outcomes post liver trans-
plantation.6 Conventional risk factors for AKI and its associated
mortality have been linked to certain complications of cirrhosis
(e.g. ascites,7 gastrointestinal bleeding,8 spontaneous bacterial
peritonitis [SBP]9) and with advancing stages of cirrhosis.1,2

There have been recent shifts in the epidemiology of cirrhosis-
related hospitalizations10,11 and improved cirrhosis-related
care,12 as well as an increased recognition of chronic kidney
disease (CKD) and non-SBP infections as prognostic factors and
risk factors for AKI.13–16 It is unclear, however, if these conven-
tional determinants are still valid.

Population-based studies describing the current trends of AKI
epidemiology, risk factors, and outcomes in hospitalized patients
with cirrhosis are sparse. Prior studies on the trends and out-
comes of AKI are based on a sub-selection of patient population
studies or are limited to tertiary care referral centers,4,5,17–20 thus
limiting the generalizability of findings. Furthermore, the addi-
tive risk of AKI for mortality within the spectrum of common
cirrhosis-related complications, particularly at a population level,
is currently unknown. Thus, using a contemporary national
database, the aims of this study were to i) estimate trends in AKI
prevalence and outcomes in hospitalized patients with cirrhosis;
ii) identify risk factors associated with AKI in hospitalized
patients with cirrhosis and (iii) determine the impact of AKI on
inpatient mortality within various cirrhosis-related
complications.

Patients and methods
Data source
Hospital discharges were selected from the Healthcare Cost and
Utilization Project (HCUP) National Inpatient Sample (NIS)
databases, from 2004 through 2016.21 The NIS is the largest
all-payer inpatient database in the US, containing data from a
sample of discharges covering 97% of the US population, esti-
mating more than 35 million hospitalizations nationally. From
2004–2011, the NIS includes 100% of discharges from a sample of
20 vol. 73 j 1092–1099
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approximately 1,000 hospitals. Starting 2012, the NIS captures a
20% stratified sample of discharges from all U.S. community
hospitals. The NIS excludes rehabilitation and long-term acute
care hospitals. Further details on the NIS design are available
through HCUP's online resources.22 For all years, each individual
hospitalization is de-identified and carries demographic details
including age, sex, race, race/ethnicity, insurance provider, zip
code-based income quartile. We also extracted hospital charac-
teristics, discharge status, total charges, and length of stay.
Reason for admission, etiology of cirrhosis, complications related
to cirrhosis or portal hypertension, and presence of AKI and
comorbidities were extracted through ICD-9 or 10 codes (ICD-10
was used from the 4th quarter of 2015). We primarily identified
diagnosis codes by searching prior literature,11,23–25 as well as
www.ICD9Data.com and www.ICD10Data.com, which crosswalk
between ICD-9 and ICD-10. These codes are summarized in
Table S1.

Inclusion criteria
Admission records from 2004 to 2016 for all hospital discharges
for individuals >18 years-old were assessed for inclusion. Within
these records, we considered both primary and secondary
diagnosis to identify admission records with cirrhosis. Similar to
prior NIS studies,23,26,27 admissions were included in the
cirrhosis cohort if they contained at least 1 cirrhosis- or portal
hypertension-related complication (SBP, ascites, hepatic en-
cephalopathy [HE], variceal hemorrhage [VH], hepatocellular
carcinoma [HCC] and hepatorenal syndrome, Table S1). The
cirrhosis cohort was further categorized into admissions with
AKI and those without AKI based again on primary and
secondary diagnosis codes (Table S1).

Risk factors and outcomes definitions
Risk factors for AKI included patient-level demographics (age,
gender, race, zip code-based income quartile, admission payer
type, origin of admission, type of hospital, hospital region), co-
morbid conditions (e.g. diabetes, hypertension, CKD of any stage,
and Elixhauser comorbidity index [EI]),28,29 and complications
related to cirrhosis (SBP, non-SBP infections, sepsis, ascites, HE,
VH, and HCC). Clinical variables were defined using the presence
of ICD codes as described above and delineated in Table S1.
Analyzed outcomes were in-hospital death, length of hospital
stay, and total hospitalization cost.

Statistical analysis
The unit of analysis is each unique hospitalization. Individuals
with repeated admissions are represented on multiple occasions.
For each hospitalization record, admission characteristics were
compared by AKI status (no-AKI and AKI) and by inpatient
mortality (Alive and Dead). Continuous variables were assessed
as weighted median with IQR and categorical variables were
reported using weighted proportions. The overall effect of each
categorical variable on AKI status or death was assessed using
simple logistic regression. All of the analyses incorporated
sampling weights provided by HCUP.30 Cost-to-Charge Ratio files
published by HCUP were used to calculate costs from the charges
provided in the NIS database. All costs are reported using 2016
average inflation-adjusted dollars.

We examined trends in in-hospital mortality, length of stay
and cost of hospitalization. For in-hospital mortality, the trend in
probability (proportion) over time was modeled using logistic
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regression. For cost, the trend in median cost over time was
modeled using quantile regression. Because length-of-stay is
integer valued with primarily small numbers, we initially
modeled the mean length-of-stay using Poisson regression;
however, we observed overdispersion relative to the Poisson, so
overdispered Poisson regression was used. For all analyses we
included effects of time and AKI as well as the time-AKI inter-
action effect. Because of the large time span covered, we did not
assume a constant (linear) trend over time, but, instead, explored
up to 5th-order polynomial effects over time for all models. For
each outcome, the final model (i.e., the order of the polynomial)
was selected via a combination of visual inspection of model-fit
(comparing the observed to model-predicted values) and either
the Akaike information criterion (AIC) (for in-hospital mortality)
or, because neither overdispersed-Poisson nor quantile regres-
sion are likelihood based (thus AIC cannot be calculated), ex-
amination of the statistical significance of higher-order terms.

Next, we explored predictors of AKI and death via a multi-
variable logistic model where the response was the presence/
absence of the outcome and predictors were selected based on
associations with the outcome on univariate analysis and prior
literature. Variables included age, gender, race/ethnicity, median
income by zip code (AKI model only), causes of liver disease, EI,
CKD, infections (pneumonia, urinary tract infection, SBP), sepsis,
mechanical ventilation, and cirrhosis complications (ascites, HE,
VH and HCC) and AKI (death model only). Observations with
missing values for gender and race were excluded from this
analysis. For non-binary categorical variables, categories are lis-
ted in their respective tables.

We then examined the effect of AKI on in-hospital mortality
for groups with various complications using multivariable lo-
gistic regression where the response was death (yes/no) and
predictors included AKI as well as age and EI as quantitative
variables. For each complication examined, we subset the data to
only those individuals with that complication. Odds ratios for in-
hospital mortality for those with vs. without AKI are given,
adjusted for age and EI.

Data management and analysis were performed using SAS
v9.4 (SAS Institute, Cary, NC) and R Core Team (2016).

For further details regarding the materials used, please refer
to the CTAT table and supplementary information.

Results
Trends in burden and outcomes
During the study period, the total weighted number of admis-
sions for patients with cirrhosis was 3,673,711, of whom
2,847,666 (78%) did not have AKI and 826,044 (22%) had AKI. The
incidence and overall cost of AKI-related hospitalizations
increased steadily from 2004 to 2016 (Fig. 1A,B). By 2016,
AKI-related hospitalizations made up 29.5% of all cirrhosis
admissions compared to 15.1% in 2004 (Fig. 1A). In addition, AKI-
related hospitalizations made up 41.8% of total hospitalization
costs among cirrhotics in 2016 compared to 27.7% in 2004. Costs
per admission for those with AKI were substantially higher than
for those without AKI (AKI $13,127 [IQR $7,367–$24,891] vs. no
AKI $8,079 [IQR $4,956–$13,693]) (Table 1). Accordingly, AKI
admissions were associated with higher median length of stay
(LOS) than admissions without AKI (AKI 6 days [IQR 3–11] vs. no
AKI 4 days [IQR 2–7]) (Table 1). For those without AKI, cost per
admission was relatively unchanged but decreased dramatically
over the study period for those with AKI (Fig. 1C). At the end of
20 vol. 73 j 1092–1099 1093
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Table 1. Cohort characteristics and hospital outcomes stratified by AKI
status.

Total
cohort

N = 3,655,181
(%)

No-AKI
n = 2,801,317

(%)

AKI
n = 853,864

(%)

p
valueˆ

Demographics
Age* 57 (50, 66) 57 (50, 66) 59 (52, 66) <0.001
18–44 11.2 12.0 8.8
45–64 60.2 61.0 57.8
>65 28.6 27.1 33.4

Male gender 62.6 62.3 63.6 <0.001
Race/ethnicity# <0.001
White 58.3 58.1 58.8
Black 8.6 8.1 10.2
Hispanic 16.5 16.9 15.2
Other 5.7 5.7 6.0

Zip-code based
income

<0.001

Quartile 1 (lowest) 32.2 32.6 31.0
Quartile 2 25.5 25.7 25.0
Quartile 3 22.2 22.0 22.9
Quartile 4 (highest) 17.0 16.5 18.3

Insurance/payer <0.001
Medicaid 23.5 24.0 21.6
Medicare 41.1 40.3 43.7
Private/HMO 22.6 22.1 24.3
Other 12.6 13.3 10.1

Origin of admission
Emergency
department

74.6 75.3 72.2 <0.001

Transfer 6.2 5.3 9.5 <0.001
Hospital type
Teaching hospital 55.1 53.2 61.5 <0.001
Rural hospital 8.7 9.3 6.6 <0.001

Hospital region <0.001
Northeast 18.2 18.1 18.6
Midwest 18.7 18.5 19.2
South 39.1 39.5 37.8
West 24.0 23.9 24.4

Clinical characteristics
Etiology of cirrhosis
Hepatitis C 27.1 27.9 24.3 <0.001
Alcohol 51.9 51.9 52.0 <0.001
NASH 20.6 20.9 19.7 <0.001
Other 5.0 5.1 4.7 <0.001

Comorbidities
Diabetes 28.8 29.4 27.0 <0.001
Hypertension 26.3 29.2 16.8 <0.001
Chronic kidney
disease

15.7 11.0 30.9 <0.001

Elixhauser index$

0–2 37.2 38.6 32.6 <0.001
3–4 46.4 45.3 50.1
>5 16.4 16.1 17.2

Infections (any) 25.1 22.2 34.6 <0.001
Pneumonia 6.7 5.8 9.6 <0.001
Urinary tract
infection

11.8 10.3 16.6 <0.001

SBP 3.6 2.7 6.6 <0.001
Sepsis 9.2 6.1 19.3 <0.001
Mechanical
ventilation

9.3 6.2 19.6 <0.001

Hemodialysis 5.3 4.1 9.0 <0.001
Cirrhosis
complication
Ascites 58.1 55.3 67.0 <0.001
Hepatic
encephalopathy

32.8 30.1 41.8 <0.001

(continued)

Table 1. (continued)

Total
cohort

N = 3,655,181
(%)

No-AKI
n = 2,801,317

(%)

AKI
n = 853,864

(%)

p
valueˆ

Variceal hemorrhage 12.2 13.2 9.2 <0.001
Hepatocellular
carcinoma

4.9 4.5 6.2 <0.001

Hospital outcome
Disposition of patient <0.001
Home 57.8 64.1 37.3
Transfer to another
hospital

3.8 3.2 5.6

Transfer to SNF,
intermediate care
or another facility

15.5 14.2 20.0

Home health care 13.2 12.2 16.4
In-hospital
mortality

7.3 3.7 19.2

Cost per admission* $8,955
(5,357,
15,888)

$8,107
(4,983,
13,695)

$13,219
(7,434,
25,015)

–

Length of stay* 4 (3, 7) 4 (2, 7) 6 (3, 11) –

AKI, acute kidney injury; HMO, health maintenance organization; NASH, non-
alcoholic steatohepatitis; SNF, skilled nursing facility.
*(median, IQR).
#About 10% missing.
$Modified to exclude liver and renal disease categories.
ˆp value calculated using simple logistic regression p <0.001 considered significant.
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the study period, cost per admission for both admissions with
and without AKI increased slightly at the end of 2015 into 2016.
Similar to costs, LOS for admissions without AKI was relatively
unchanged while decreasing over time for those with AKI over
the study period (Fig. 1D).

Importantly, AKI contributed significantly to inpatient mor-
tality in cirrhotics. While overall mortality was 7.3% in our cohort,
patients with AKI had significantly higher mortality compared to
patients without AKI, 19.2% vs. 3.7%, p <0.001, respectively
(Table 1). Unlike the rising incidence of AKI, however, inpatient
mortality decreased from 35.3% in 2004 to 10.0% by 2016 (Fig. 1E).
This is in comparison to a smaller decline in mortality seen in
cirrhotics without AKI from 5.9% in 2004 to 3.1% in 2016.

Individual and hospitalization characteristics
Individual and hospitalization characteristics for the entire
cohort stratified by AKI status are listed in Table 1. The median
age for the entire cohort was 57 years (IQR 50–66); the majority
were Caucasian (58.3%), male (62.6%), and the most common
etiology of cirrhosis was alcohol (51.9%) followed by HCV (27.1%).
Compared to admissions without AKI, patients with AKI were
older (59 vs. 57 years), more likely to be Black (8.1% vs. 10.2%,
p <0.001), and less likely to have HCV (24.3% vs. 27.9%, p <0.001)
(Table 1). Interestingly, patients who were transferred for
admission or admitted to a teaching hospital had higher per-
centages of AKI compared to patients without AKI, 9.5% vs. 5.3%,
p <0.001 and 61.5% vs. 53.2%, p <0.001, respectively.

Characteristics of comorbid conditions and complications of
cirrhosis
Patients with AKI had a higher degree of comorbidities, as
measured by EI, compared to those without AKI (Table 1). Spe-
cifically, patients with AKI were more likely to have CKD
20 vol. 73 j 1092–1099



compared to those without AKI (25.8% vs. 6.5%, p <0.001). How-
ever, patients with AKI were less likely to have diabetes and hy-
pertension compared to patients without AKI, 27.0% vs. 29.4%, p
<0.001 and 16.8% vs. 29.2%, p <0.001, respectively. When consid-
ering complications specific to cirrhosis, such as infections, sepsis,
ascites, HE, and HCC, admissions with these complications were
associated with higher rates of AKI than admissions without
these complications (Table 1). However, cases admitted with VH
were less likely to have AKI compared to admissions without VH
(9.2% vs. 13.2%, p <0.001).
Factors independently associated with AKI
Table 2 describes the independent association between AKI and
demographic and clinical characteristics. Older age, male gender,
black race, high income by zip code, EI >2, CKD, pneumonia, UTI,
SBP, sepsis, mechanical ventilation and complications related to
cirrhosis (ascites, HE, VH, and HCC) were found to be indepen-
dently associated with AKI. Of these variables, CKD had the
strongest association with AKI (adjusted odds ratio [aOR] 3.75;
95% CI 3.72–3.77) followed by mechanical ventilation (aOR 3.25;
Table 2. Independent predictors of AKI.

Variable in model* Adjusted odds ratio

ˇ

95% CI

Age
18–44 Ref –

45–64 1.15 (1.14–1.17)
>65 1.35 (1.34–1.37)

Male gender 1.10 (1.10–1.11)
Race/Ethnicity (0.90–0.91)
White Ref –

Black 1.10 (1.09–1.11)
Hispanic 0.89 (0.88–0.89)
Other 1.00 (0.99–1.01)

Zip-code based income#

Quartile 1 (lowest) Ref –

Quartile 2 1.04 (1.03–1.05)
Quartile 3 1.09 (1.09–1.10)
Quartile 4 (highest) 1.14 (1.13–1.15)

Etiology of cirrhosis
Hepatitis C 0.92 (0.91–0.93)
Alcohol 1.03 (1.02–1.04)
NASH 0.84 (0.83–0.85)
Other 1.00 (0.99–1.01)

Elixhauser index$

0–2 Ref –

3–4 1.22 (1.22–1.23)
>5 1.16 (1.15–1.17)

Chronic kidney disease 3.75 (3.72–3.77)
Infections
Pneumonia 1.05 (1.04–1.07)
Urinary tract infection 1.52 (1.51–1.53)
Spontaneous bacterial peritonitis 1.89 (1.86–1.91)

Sepsis 2.52 (2.50–2.54)
Mechanical ventilation 3.18 (3.15–3.21)
Cirrhosis complication
Ascites 1.67 (1.66–1.68)
Hepatic encephalopathy 1.62 (1.61–1.62)
Variceal hemorrhage 0.84 (0.83–0.84)
Hepatocellular carcinoma 1.57 (1.55, 1.59)

AKI, acute kidney injury; aOR, adjusted odds ratio; NASH, non-alcoholic
steatohepatitis.
*If no reference indicated, variable was treated as yes vs. no (i.e. Female, yes vs. no).
#Missing in 3.1%, aOR for AKI in missing group 0.95, 95% CI (0.93–0.97).
$Modified to exclude liver and renal disease categories.

ˇ

Adjusted odds ratio calculated using multiple logistic regression, 95% CI which does
not include 1.0 was considered significant.
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95% CI 3.22–3.28), sepsis (aOR 2.64; 95% CI 2.62–2.67), SBP (aOR
1.90; 95% CI 1.88–1.93), ascites (aOR 1.68; 95% CI 1.67–1.69) and
HE (aOR 1.60; 95% CI 1.59–1.61).

Patient and hospitalization characteristics of patients who
died
Of our cohort, 7.3% did not survive the hospitalization. Of all
cirrhosis admissions resulting in death (n = 267,091), 61.4% had
AKI. Table S2 describes the differences in patient and hospitali-
zation characteristics between those who survived the hospi-
talization vs. those who died. Those who died had similar
demographic characteristics but were more likely to be trans-
ferred in (10.6% vs. 5.9%, p <0.001), have alcoholic liver disease
(57.9% vs. 51.5%, p <0.001) and were less likely to have non-
alcoholic steatohepatitis (11.6% vs. 21.3%, p <0.001). Those who
died were also more likely have infections and complications of
cirrhosis (Table S3).

Factors independently associated with inpatient mortality
Table 3 describes the independent associations between death
and demographic as well as clinical characteristics. Older age,
male gender, black race, presence of infections, sepsis, mechan-
ical ventilation and complications related to cirrhosis including
ascites, HE, VH, and HCC were found to be independently asso-
ciated with death. Interestingly, when EI was modified to remove
liver and renal disease, a higher EI was not associated with death
(EI >5 aOR 0.79; 95% CI 0.78–0.80). Importantly, AKI remained
independently associated with death in this model (aOR 3.75;
95% CI 3.71–3.79).
Table 3. Independent predictors of death.

Variable in model* Adjusted odds ratio

ˇ

95% CI

Age
18–44 Ref –

45–64 1.22 (1.20–1.24)
>65 1.79 (1.75–1.82)

Male 1.03 (1.02–1.04)
Race/ethnicity
White Ref –

Black 1.12 (1.10–1.14)
Hispanic 0.91 (0.90–0.92)
Other 0.99 (0.97–1.01)

Etiology: alcohol 1.22 (1.20–1.23)
Elixhauser index#

0–2 Ref –

3–4 0.83 (0.82–0.84)
>5 0.67 (0.66–0.68)

Chronic kidney disease 0.79 (0.78–0.80)
Infections
Pneumonia 1.00 (0.98–1.01)
Urinary tract infection 0.79 (0.78–0.81)
Spontaneous bacterial peritonitis 1.16 (1.13–1.18)

Sepsis 3.06 (3.03–3.10)
Mechanical ventilation 12.95 (12.81–13.10)
Cirrhosis complication
Ascites 1.06 (1.05–1.07)
Hepatic encephalopathy 1.52 (1.50–1.53)
Variceal hemorrhage 1.06 (1.04–1.08)
Hepatocellular carcinoma 2.05 (2.01–2.09)

Acute kidney injury 3.75 (3.71–3.79)

*If no reference indicated, variable was treated as yes vs. no (i.e. male, yes vs. no).
#Modified to exclude liver and renal disease categories.

ˇ

Adjusted odds ratio calculated using multiple logistic, 95% CI which does not include
1.0 was considered significant.
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Fig 1. Trends in cirrhosis-related hospitalizations and outcomes by AKI status. (A) Number of hospitalizations by AKI status and percentage of hospitalizations
with AKI over time; (B) cumulative hospitalization costs by AKI status and percentage of costs due to AKI over time; (C) observed and estimated median cost by
AKI status based on a 5th order polynomial quantile regression; (D) observed and estimated mean LOS per hospitalization by AKI status based on a 5th order
polynomial overdispersed Poisson regression; (E) observed and estimated inpatient mortality rate by AKI status based on a 5th order polynomial logistic
regression. AKI, acute kidney injury; LOS, length of stay.
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Impact of AKI on inpatient mortality in cirrhosis subgroups
We looked at the impact of having AKI in different subgroups of
cirrhosis admissions. AKI dramatically increased the risk of death
in each subgroup (Table 4). Increased odds of death were seen in
those with CKD, infections, sepsis or those needing mechanical
ventilation when AKI was present. In those with ascites, VH, HE,
HCC, and SBP, AKI increased the odds of mortality over 5-fold
(Table 4). Notably, after adjusting for age and EI, patients with
VH and AKI were over 8 times more likely to die compared to
patients with VH without AKI (5.0% vs. 29.1%; aOR 8.05; 95% CI
7.88–8.23).

Given the impact of AKI on mortality, we explored factors
associated with death within the subgroup with cirrhosis and
AKI (Table S3). Patients who died within this subgroup were
younger, more often had alcoholic cirrhosis, Medicaid insurance,
and were more likely to be transferred from another facility. On
univariate analysis, comorbidities were less common in cir-
rhotics with AKI who died (Table S3). In addition, infections were
more common in those who died, most notably pneumonia
(16.9% vs. 7.8%, p <0.001). As expected, rates of sepsis and me-
chanical ventilation are significantly higher in those who died
(43.8% vs. 13.5%, p <0.001 and 59.0% vs. 10.2%, p <0.001,
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respectively). Looking at complications of cirrhosis, HE and HCC
were more common in those with cirrhosis and AKI who died
compared to those who survived.

Discussion
Our study looks at over 3.5 million cirrhosis-related admissions
over the past 12 years in a large nationally representative sample
in the US. Within this sample, we show high healthcare burden
associated with cirrhosis-related AKI as well as significant asso-
ciation with inpatient mortality. Our study also highlights differ-
ences between cirrhosis admissions with vs. without AKI while
providing insight into key trends in cirrhosis admissions by AKI
status over time. Importantly, this is the first study describing
cirrhosis admissions using the NIS after conversion to ICD-10
codes and provides the most recent national perspective on in-
dividuals hospitalized with cirrhosis both with and without AKI.

Over the study period, we document an increasing prevalence
of AKI-related admissions from 15% of cirrhosis admissions in
2004 to 30% by 2016. These data are in line with prior studies
showing increasing rates of AKI in various large databases in
patients without cirrhosis18,31 and with cirrhosis.19,32 Further-
more, this increased prevalence is paralleled by increasing total
20 vol. 73 j 1092–1099



Table 4. Risk of death by complication and AKI status.

Died with complication without AKI (%) Died with complication and AKI (%) Adjusted odds ratio* 95% CI

Full cohort 3.7 19.2 6.37 (6.31–6.42)
CKD 4.5 10.4 2.43 (2.38–2.48)
Infections
Any infection 5.0 21.7 5.25 (5.18–5.33)
Pneumonia 10.0 33.9 4.50 (4.40–4.60)
Urinary tract infection 3.8 17.8 5.46 (5.34–5.59)
SBP 5.2 24.8 5.89 (5.67–6.11)

Sepsis 15.9 43.6 4.00 (3.93–4.06)
Mechanical ventilation 30.3 57.9 3.07 (3.03–3.11)
Cirrhosis complication
Ascites 3.8 17.8 5.63 (5.57–5.70)
Hepatic encephalopathy 5.5 23.9 5.54 (5.47–5.61)
Variceal hemorrhage 5.0 29.1 8.05 (7.88–8.23)
Hepatocellular carcinoma 6.0 23.3 5.03 (4.87–5.19)

AKI, acute kidney injury; CKD, chronic kidney disease; SBP, spontaneous bacterial peritonitis.
*Adjusted for Age and modified Elixhauser index (excluding liver and renal disease); calculated using multiple logistic regression, 95% Cl which does not include 1.0 was
considered significant.
healthcare costs. Our data and prior studies show more health-
care dollars are being spent on cirrhosis admissions over
time,11,27 however, we show that a greater proportion of costs are
attributed to AKI-related admissions. Specifically, in 2016, 42% or
$2.16 billion of the $5.16 billion spent on all admissions with
cirrhosis were on those with AKI, compared to only 28% in 2004.
Interestingly, our data show that while prevalence and overall
costs are increasing, per hospitalization cost and LOS are
decreasing. It is possible that our observed trends could be
attributed to higher hospitalization rates for milder AKI. The
recognition of AKI as a complication of cirrhosis has improved
over the past decade; therefore, cases with early or easily
reversed AKI may not have been labeled as such in 2004 but are
coded for AKI in 2016. In addition, AKI is known to recur;
therefore, we may be seeing more readmissions for AKI than
previously due to improved survival from each individual hos-
pitalization. While these trends may be partially explained by
these coding-related phenomenon, our data continue to show
higher costs associated with AKI. Specifically, we show a
persistent and substantial gap between LOS and healthcare costs
between those with and without AKI. Taken together, our find-
ings show a rising burden of cirrhosis and AKI and emphasize the
need to better understand mechanisms driving AKI in the setting
of cirrhosis while improving recognition and access to specialty
management.

Another important finding of the current study was that
cirrhotic patients with AKI were 6 times more likely die in the
hospital compared to patients without AKI. After adjusting for
relevant clinical predictors of death, AKI remained indepen-
dently and strongly associated with death. Taking this US-based
national sample as a whole, AKI was present in over 60% of
cirrhosis admissions that resulted in death. Prior studies have
shown that development of AKI portends a significant change in
prognosis for those with cirrhosis.4,5 Notably, our study shows
that AKI-related in-hospital mortality rates have decreased over
time. This is in line with studies in the general hospitalized
population with AKI33 and those with cirrhosis.12 In 2016, we
note a mortality rate of 10% for AKI-related admissions. This is a
lower mortality rate than seen in other tertiary care center-based
studies, our estimates are derived for a national sample of all US
hospitals including non-teaching urban and rural hospitals
where hospital acuity and case complexity have been shown to
be lower.23 Furthermore, improved inpatient mortality is likely
Journal of Hepatology 20
attributed to improved cirrhosis-related care, in particular, care
related to SBP,12 ascites,34 and increased recognition of AKI. Early
identification likely promoted earlier initiation of AKI-related
care such as resuscitation, nephrology consultation, changing
dialysis treatment patterns35 and improved intensive unit care36

over the time period of the study, which could also account for
these improvements. Despite these advances in medical care, we
observe that a significant gap in mortality remains between
those with vs. without AKI further emphasizing the need for
continued recognition and management of AKI in cirrhotics.

Besides showing AKI in cirrhosis is a strongly linked with in-
hospital death, we have also identified several risk factors that
were independently associated with AKI in this large cohort.
Noteworthy demographic factors were age, black race, and
higher income zip code. The latter is an interesting finding and
likely due to access to care37 and therefore early recognition of
AKI. While we note that male gender was independently asso-
ciated with AKI, it is possible that AKI was over-diagnosed in
males due to higher serum creatinine compared to women.38 A
high burden of comorbidities was strongly associated with AKI,
particularly CKD. We found CKD of any stage to be the strongest
risk factor, where patients with CKD are 3.75 times more likely
to have AKI. Notably, the prevalence of CKD in patients with AKI
was 30%. These findings are consistent with those reported form
the general population of patients hospitalized with AKI39,40 and
in patients with decompensated cirrhosis.15–17 Interestingly, our
analysis would indicate that diabetes and hypertension are
associated with lower odds of AKI. These findings are in line
with others and possibly related to under-coding of certain co-
morbid conditions such as diabetes and hypertension during a
complex hospitalization.27,29,41,42 Moreover, our study
confirmed that conventional risk factors for AKI in cirrhosis,
particularly infections9,14 and ascites,5,7 continue to remain
relevant despite shifts in epidemiology in cirrhosis-related
hospitalizations.

Given the substantial risk for mortality in patients with AKI,
identifying risk factors for mortality in this sub-population will
be crucial for improving survival (e.g. transfer to tertiary care
liver transplant center43,44). We found that AKI significantly in-
creases the risk of death in those with infections and sepsis.
Surprisingly, the impact of AKI on those with variceal hemor-
rhage is striking with an 8-fold increase in mortality in those
with variceal hemorrhage and AKI vs. those with variceal
20 vol. 73 j 1092–1099 1097
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hemorrhage alone. We suspect that the latter is related to the
presence of severe bacterial infections as it is well established
that bleeding predisposes to the development of bacterial in-
fections, especially SBP.45,46 Furthermore, it is also likely that AKI
may serve as a predictor of mortality and is substantial in these
patients as they are often admitted to intensive care unit with
hemorrhagic shock and multiorgan failure.43

The current study has several strengths worth highlighting.
First, out study cohort included a large number of hospitalized
patients with cirrhosis admitted over a decade. Having this large
sample size allowed us to perform in-depth analysis on the
changing epidemiology, risk factors, and outcomes related to AKI
in cirrhosis. Second, we are able to build on prior literature by
describing trends in outcomes in cirrhotics, both with and
without AKI, using the most recent years of the NIS available. In
addition, with the inclusion of all hospitals in rural and urban
areas in our data set, our findings are generalizable and therefore
reflective of the hospitalized US population with cirrhosis and
AKI.

Despite these strengths, we acknowledge several limitations,
particularly in relation to the use of an administrative dataset.
While discharge codes have been validated to identify groups of
admission with cirrhosis, only the first 15 diagnostic codes are
captured, subjecting our results to coding bias. In addition, our
study spans the transition from ICD-9 to ICD-10 coding. While all
codes were carefully cross-mapped between ICD-9 and ICD-10
by the authors, the transition to ICD-10 may introduce varia-
tions in coding whose impact may not be understood until more
data in the ICD-10 era are available.47 This retrospective dataset
limits our ability to comment only on associations between AKI
and inpatient outcomes. Moreover, the NIS lacks laboratory data,
which is crucial in determining baseline kidney function, stage
and severity of AKI as well as severity of liver disease. We could
not account for these important variables in our multivariable
model. CKD, in particular, is a heterogenous disease and it is not
possible to determine duration, etiology, or pathophysiology of
renal disease using this dataset. Additionally, it is not known
how many patients had renal recovery. However, neither point
diminishes the prognostic information captured for this cohort.
Finally, as the data are de-identified, we were unable to define
the impact of AKI beyond each individual hospitalization or ac-
count for re-hospitalizations. These limitations are inherent to
datasets such as the NIS and offset by the strengths of the study.

In conclusion, our study provides key insight in the national
landscape of hospitalized cirrhotics with and without AKI. AKI is
increasingly prevalent in those with cirrhosis and substantially
increases the inpatient mortality and healthcare costs associated
with cirrhosis. Inpatient mortality is decreasing in those with
cirrhosis both with and without AKI. Despite improved recog-
nition of AKI and its impact on cirrhosis, AKI continues to in-
crease mortality in various subgroups of cirrhosis. Furthermore,
our study highlights a significant gap in mortality between cir-
rhotics with and without AKI, suggesting that AKI continues to
represent a major clinical challenge for clinicians managing cir-
rhotics. Future studies are needed to identify strategies which
allow for earlier identification of this high-risk group, triggering
earlier, potentially preventive, management.
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