
Goble et al. Critical Care          (2024) 28:150  
https://doi.org/10.1186/s13054-024-04938-8

RESEARCH Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Critical Care

Critical care outcomes in decompensated 
cirrhosis: a United States national inpatient 
sample cross‑sectional study
Spencer R. Goble1*, Abdellatif S. Ismail2, Jose D. Debes3 and Thomas M. Leventhal4 

Abstract 

Background  Prior assessments of critical care outcomes in patients with cirrhosis have shown conflicting results. We 
aimed to provide nationwide generalizable results of critical care outcomes in patients with decompensated cirrhosis.

Methods  This is a retrospective study using the National Inpatient Sample from 2016 to 2019. Adults with cirrhosis 
who required respiratory intubation, central venous catheter placement or both (n = 12,945) with principal diagnoses 
including: esophageal variceal hemorrhage (EVH, 24%), hepatic encephalopathy (58%), hepatorenal syndrome (HRS, 
14%) or spontaneous bacterial peritonitis (4%) were included. A comparison cohort of patients without cirrhosis 
requiring intubation or central line placement for any principal diagnosis was included.

Results  Those with cirrhosis were younger (mean 58 vs. 63 years, p < 0.001) and more likely to be male (62% vs. 54%, 
p < 0.001). In-hospital mortality was higher in the cirrhosis cohort (33.1% vs. 26.6%, p < 0.001) and ranged from 26.7% 
in EVH to 50.6% HRS. Mortality when renal replacement therapy was utilized (n = 1580, 12.2%) was 46.5% in the cir-
rhosis cohort, compared to 32.3% in other hospitalizations (p < 0.001), and was lowest in EVH (25.7%) and highest 
in HRS (51.5%). Mortality when cardiopulmonary resuscitation was used was increased in the cirrhosis cohort (88.0% 
vs. 72.1%, p < 0.001) and highest in HRS (95.7%).

Conclusions  One-third of patients with cirrhosis requiring critical care did not survive to discharge in this U.S. 
nationwide assessment. While outcomes were worse than in patients without cirrhosis, the results do suggest better 
outcomes compared to previous studies.
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Background
Cirrhosis is a major cause of global morbidity and mor-
tality with annual deaths and hospitalizations con-
tinuing to rise [1–5]. In the United States (U.S.) alone, 
chronic liver disease accounts for nearly 700,000 annual 
hospitalizations and 44,000 annual deaths [6, 7]. Acute 
decompensation events in cirrhosis, such as gastrointes-
tinal hemorrhage and hepatic encephalopathy, are associ-
ated with high rates of both multiorgan dysfunction and 
short-term mortality [8–11]. To optimally manage these 
life-threatening complications, critical care is some-
times necessary. Indeed, 10% of patients hospitalized for 
a complication of cirrhosis require intensive care unit 
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(ICU) admission and 3% of all ICU admissions occur for 
patients with cirrhosis [12, 13]. Historically, outcomes 
have been considered very poor for patients with com-
plications of decompensated cirrhosis requiring ICU-
level care [10, 14–16]. Reported ICU mortality rates for 
patients with cirrhosis have ranged from 29 to 87% [4, 8, 
13, 17–20]. While recent studies have suggested that out-
comes in critical care for decompensated cirrhosis may 
be improving, the generalizability of available data is lim-
ited by differences in studied populations and institutions 
along with low sample sizes and overall outcomes in the 
U.S. are still unclear [2, 13, 21].

Understanding prognosis is important for providers as 
it informs clinical care and can help with proper stratifi-
cation in the management of these patients. It also allows 
for informed discussions with patients and their families 
about the utility of aggressive care [22]. In an attempt to 
objectively demonstrate critical care outcomes in those 
with cirrhosis admitted to an ICU and allow for future 
assessments in outcome trends, we utilized the U.S. 
National Inpatient Sample (NIS) to characterize decom-
pensation type, interventions utilized, and in-hospital 
mortality.

Methods
Study design and database description
This is a retrospective, cross-sectional study that utilized 
the NIS to analyze hospitalizations in the U.S. 2016–
2019. The NIS is a database that was developed for the 
Healthcare Cost and Utilization Project (HCUP). It is 
an all-payer database that approximates a 20-percent 
stratified sample of U.S. community hospital admissions. 
After weighting, the NIS can characterize approximately 
35 million annual hospitalizations. Basic patient demo-
graphic data along with hospital data such as hospital size 
and region are both available for individual hospitaliza-
tions within the NIS. The NIS contains a single principal 
discharge diagnosis which is considered to be the diag-
nosis chiefly responsible for the admission. Procedures 
completed during the hospitalization are also avail-
able within the NIS. The NIS is a de-identified database 
that is publicly available and Institutional Review Board 
approval was waived.

Study sample and variables
Hospitalizations 2016–2019 requiring critical care with 
a primary diagnosis of esophageal variceal hemorrhage, 
hepatic encephalopathy, hepatorenal syndrome, or spon-
taneous bacteria peritonitis were assessed (Fig.  1). A 
secondary diagnosis of cirrhosis was also an inclusion 
criterium. These hospitalizations were compared to hos-
pitalizations requiring critical care in patients who did 
not have a discharge diagnosis of cirrhosis. Delivery of 

critical care was defined as having received respiratory 
intubation, central venous catheter placement or both 
interventions. All principal diagnoses, secondary diagno-
ses, and procedures were defined by ICD-10 diagnostic 
and procedural codes (Table  S1). Baseline demographic 
and clinical data along with hospital-level data were eval-
uated for each hospitalization with specifically assessed 
variables found in Table 1.

Outcomes
Clinical outcomes included mortality, the use of renal 
replacement therapy (RRT) and the use of cardiopul-
monary resuscitation (CPR). Outcomes were described 
for the combined cohort (all four primary diagnoses) 
and separately for the four unique primary diagnoses; 
esophageal variceal hemorrhage, hepatic encephalopathy, 
hepatorenal syndrome and spontaneous bacterial perito-
nitis. The prevalence of RRT was described and mortality 
was assessed in those who received RRT and those who 
did not receive RRT. Similarly, the prevalence of CPR was 
described as was mortality in those who underwent CPR.

Statistical analysis
The NIS incorporates a self-weighted sample design that 
is intended to ensure that results are representative of 
the U.S. inpatient population. The sampling is a stratified 
systematic random sample of hospitalizations. Weighted 
results were created using the standard procedures out-
lined by HCUP and all reported results are weighted. 
Continuous variables were described with means (with 
the standard deviation provided for age) and categorical 
variables, including baseline clinical and hospital level 
data along with clinical outcomes, were described using 
proportions. The means of continuous variables were 
compared with the Student’s t-test. Proportions were 
compared using chi-square. Hospitalizations with miss-
ing variables were not excluded from the study, however, 
they were not included in proportion calculations that 
involved the missing variables. STATA, version 17.0 was 
used for all statistical computations.

Results
Study demographic and clinical characteristics
A total of 12,945 hospitalizations for complications of 
decompensated cirrhosis were included in the study. 
The mean age of patients was 58 years (SD = 11.2 years) 
and 38% of the hospitalizations were for female patients. 
The majority of the cohort was white (63.8%) with other 
races comprising 36.2% of the cohort (Table 1). Hepatic 
encephalopathy was the most common primary diag-
nosis, accounting for 7485 hospitalizations (57.8%). 
There were 3130 hospitalizations (24.2%) for esopha-
geal variceal hemorrhage, 1,830 (14.1%) for hepatorenal 
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syndrome, and 500 (3.9%) hospitalizations for spontane-
ous bacterial peritonitis. Intubation was the sole crite-
rium met for critical care in 69.9% of the hospitalizations 
while 18.0% of the cohort underwent central venous 
catheter placement without intubation and 12.1% under-
went both procedures. There were 3,724,744 hospi-
talizations requiring critical care in patients without 
cirrhosis during the same period of time. In comparison 

to hospitalizations for patients without cirrhosis, hospi-
talizations for complications of decompensated cirrhosis 
tended to occur in younger patients (mean age 58.0 vs. 
62.5 years, p < 0.001) and these patients were more likely 
to be male (61.8% vs. 53.9%, p < 0.001). Additionally, pal-
liative care encounters were more common in hospi-
talizations for decompensated cirrhosis complications 

Fig. 1  Derivation of a cohort of hospitalizations requiring critical care for complications of decompensated cirrhosis. Derivation of a comparison 
cohort of hospitalizations requiring critical care in patients without cirrhosis is also shown
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compared to hospitalizations for patients without cirrho-
sis (21.4% vs. 14.5%, p < 0.001).

In‑hospital mortality
In total, 4290 deaths were recorded in patients with com-
plications of decompensated cirrhosis while 990,205 
deaths were recorded in patients without cirrhosis. In-
hospital mortality for complications of decompensated 
cirrhosis for all patients was 33.1%, which was signifi-
cantly higher (p < 0.001) than the 26.6% mortality noted 
in hospitalizations for patients without a history of cir-
rhosis (Table  2). Mortality in complications of decom-
pensated cirrhosis ranged from 26.7% in hospitalizations 

for esophageal variceal hemorrhage to 50.6% in hospitali-
zations for hepatorenal syndrome (Fig. 2).

RRT prevalence and outcomes
RRT was utilized in 1580 (12.2%) hospitalizations for 
decompensated cirrhosis complications, which was 
higher compared to hospitalizations in patients without 
cirrhosis (8.4%) (p < 0.001). RRT was most commonly 
utilized when the primary diagnosis was hepatorenal 
syndrome (500/1830, 27.3%). In patients who did not 
undergo RRT (n = 11,365), overall mortality was 31.3% 
and esophageal variceal bleed remained the condition 
with the lowest mortality (25.7%) while hepatorenal 

Table 1  Demographic and clinical characteristics of hospitalizations requiring critical care for complications of decompensated 
cirrhosis

Variable Hospitalizations for decompensated 
cirrhosis complications

Hospitalizations in patients without 
cirrhosis

p value

Sample size 12,945 3,724,744

Mean age, years (SD) 58.0 (11.2) 62.5 (16.9) < 0.001**

Female, % 38.2 46.1 < 0.001**

Race, %

 White 63.8 64.2 0.610

 Black 11.1 19.1 < 0.001**

 Hispanic 17.8 10.2 < 0.001**

 Asian or Pacific Islander 2.9 2.7 0.695

 Native American 1.2 0.7 0.001*

 Other 3.2 3.1 0.808

Alcohol use, % 42.8 8.8 < 0.001**

Hepatitis C virus, % 23.7 2.6 < 0.001**

Hepatitis B virus, % 3.4 0.4 < 0.001**

Autoimmune hepatitis, % 1.3 0.0 < 0.001**

Primary biliary cholangitis, % 1.7 0.0 < 0.001**

Primary sclerosing cholangitis, % 0.6 0.2 < 0.001**

Diabetes, % 14.3 10.6 < 0.001**

Obesity, % 13.7 17.7 < 0.001**

Chronic kidney disease % 30.6 29.2 0.105

Human immunodeficiency virus, % 1.2 0.9 0.176

Hepatocellular carcinoma, % 6.1 0.1 < 0.001**

Palliative care encounter, % 21.4 14.5 < 0.001**

Primary payer, %

 Medicare 40.5 59.4 < 0.001**

 Medicaid 30.0 17.2 < 0.001**

 Private 22.8 18.8 < 0.001**

 Self-pay 6.7 4.6 < 0.001**

Hospital region, % 0.129

 Northeast 17.3 16.5 0.248

 Midwest 20.6 20.3 0.668

 South 41.1 43.4 0.026*

 West 21.0 19.8 0.174

Rural hospital, % 5.8 6.7 0.060
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syndrome had the highest mortality (51.5%). Mortal-
ity in hospitalizations for complications of decompen-
sated cirrhosis that received RRT was 46.5% and ranged 
from 44.4% in cases of hepatic encephalopathy to 62.5% 
in cases of esophageal variceal hemorrhage. For hospi-
talizations requiring critical care in patients without cir-
rhosis, mortality when RRT was utilized was 32.3% which 

was significantly lower (p < 0.001) than mortality in the 
decompensated cirrhosis cohort.

CPR prevalence and outcomes
Of the 12,945 hospitalizations for complications of 
decompensated cirrhosis, CPR was utilized in 710 
(5.5%). CPR rates ranged from 4.9% in hospitalizations 

Table 2  Clinical outcomes of hospitalizations requiring critical care in patients with complications of decompensated cirrhosis

Hospitalizations for decompensated 
cirrhosis complications (n = 12,945)

Hospitalizations in patients without 
cirrhosis (n = 3,724,744)

p value

Renal replacement therapy, % 12.2 8.4 < 0.001**

Cardiopulmonary resuscitation, % 5.5 8.4 < 0.001**

Mortality, %

 All hospitalizations 33.1 26.6 < 0.001**

 Received renal replacement therapy 46.5 32.3 < 0.001**

 Underwent cardiopulmonary resuscitation 88.0 72.1 < 0.001**

Fig. 2  In-hospital mortality for decompensated cirrhosis complications requiring critical care. Results are stratified by primary diagnosis 
for the hospitalization and the need for renal replacement therapy and cardiopulmonary resuscitation
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for hepatic encephalopathy to 6.4% in hospitalizations 
for esophageal variceal hemorrhage. Death occurred in 
88.0% of hospitalizations that included the use of CPR 
and ranged from 82.5% in cases of esophageal variceal 
hemorrhage to 95.7% in cases of hepatorenal syndrome. 
CPR rates were similar between patients who underwent 
RRT (5.7%) and patients who did not undergo RRT (5.5%, 
p = 0.86). In comparison, hospitalizations for patients 
without cirrhosis had a higher rate of CPR (8.4%, < 0.001) 
and lower mortality when CPR was utilized (72.1%, 
p < 0.001).

Discussion
One-third of patients requiring critical care for compli-
cations of decompensated cirrhosis did not survive-to-
discharge in our 4-year U.S. nationwide analysis. These 
results provide generalizable information on critical care 
outcomes for patients within the U.S. with decompen-
sated cirrhosis. In addition, we demonstrate an increase 
in mortality in those requiring RRT as well as poor CPR 
outcomes in this population.

Overall in-hospital mortality for complications of 
decompensated cirrhosis was increased compared to 
hospitalizations for patients without cirrhosis and was 
within the range of previously reported ICU mortality in 
patients with cirrhosis (29–87%) [4, 8, 12, 13, 17–20, 23, 
24]. However, it is noteworthy that at 33.1%, our findings 
were on the lower end of previously reported mortality 
and therefore highlight the importance of nationwide 
large cohorts to better understand generalized outcomes. 
Prior evaluations of critical care outcomes in patients 
with cirrhosis have largely used ICU admission as an 
inclusion criterium without specification to whether or 
not patients underwent respiratory intubation or central 
line placement [8, 14, 17–19]. Patients in the ICU requir-
ing respiratory intubation or the placement of a central 
venous catheter have been shown to have worse out-
comes than those who do not require either [25–27]. All 
subjects in our study underwent respiratory intubation 
and/or central venous catheter placement. Mortality in 
our study being on the lower end of previously reported 
rates despite our inclusion criteria suggests that out-
comes are either improving or that previous conclusions 
were overly pessimistic [2, 8, 10, 13, 28, 29]. Notably, we 
did include patients who received a liver transplant dur-
ing the index hospitalizations (n = 400), which is another 
possible explanation for the relatively low mortality. 
However, this had relatively little impact in our analysis, 
as even after excluding those hospitalizations, mortal-
ity in our study remained on the lower end of previously 
reported rates (34.0%).

A large-scale assessment of a combined cohort of 
patients in Australia and New Zealand found that ICU 

mortality in those with cirrhosis declined from 44% in 
2000 to 29% in 2015 [29]. Another large-scale assessment 
of patients in the United Kingdom found that mortal-
ity in those with cirrhosis admitted to the ICU declined 
from 58% in 1998 to 46% in 2012 [8]. This trend has been 
demonstrated in the U.S. as well, with a study by Cheung 
et  al. showing improvement in mortality of intubated 
patients with cirrhosis from 2005 to 2014 [30]. Advances 
in the management of complications of cirrhosis, includ-
ing variceal hemorrhage and hepatorenal syndrome, have 
been described recently and these, along with improve-
ments in critical care in general, may be responsible for 
the trend of improvement noted in the literature and sup-
ported by our findings [4, 9, 11, 13, 31–33].

An important distinction between our study and pre-
vious assessments is that we solely evaluated admissions 
for complications of decompensated liver disease while 
many of the previous assessments included ICU admis-
sions for any reason in patients with cirrhosis [8, 18, 19, 
29]. This may have also contributed to the relatively low 
mortality in our study if admission reasons not assessed 
in our study portend high mortality. Sepsis, in particu-
lar, warrants mention as infection accounts for approxi-
mately 50% of deaths in patients with cirrhosis [34]. 
While spontaneous bacterial peritonitis was the only 
infectious complication we specifically evaluated for, 
prior studies have identified infection as a common trig-
ger for acute decompensation events with concurrent 
infection present in 66% of cases of upper gastrointesti-
nal bleeding and 64% of cases of hepatic encephalopathy 
in patients with cirrhosis [35–37]. It is therefore likely 
that infection complicated many of the cases we included 
despite the primary diagnoses being non-infectious com-
plications of cirrhosis. Our method of evaluation, while 
limited in regard to comparing to prior studies, provides 
a study design that can be replicated in future studies to 
assess trends in critical care outcomes specifically for 
patients with complications of decompensated cirrhosis.

Renal dysfunction is common in hospitalized patients 
with cirrhosis with prior studies finding that approxi-
mately 20% of patients with cirrhosis admitted to the 
hospital experience renal dysfunction, and up to 50% 
admitted to the ICU experience renal failure with 
20–30% receiving RRT [11, 12, 38, 39]. Our findings are 
in-line with previous work as we found RRT was uti-
lized more in hospitalizations for patients with cirrho-
sis compared to those without cirrhosis. RRT was used 
in 12.2% of hospitalizations for decompensated cirrhosis 
and mortality was significantly increased in those who 
required RRT (46.5% vs. 31.3%, p < 0.001). Renal failure 
has previously been identified as a risk factor for mortal-
ity in patients with cirrhosis [14, 18, 21, 23, 38]. Indeed, 
for non-transplant candidate patients with cirrhosis, 
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inpatient mortality after initiating RRT has been esti-
mated to be between 65 and 75% with 6-month mortal-
ity as high as 85% [39–43]. Our findings again suggest a 
decreased prevalence of RRT and mortality in those who 
receive it, but we are limited by the inability to follow-
up patients after discharge. Additionally, we are unable 
to assess which patients went on to receive a transplant 
after discharge.

CPR outcomes in patients with cirrhosis have been 
shown to be worse than in patients with metastatic can-
cer with previous studies estimating in-hospital mortality 
rates from 85 to 90% [44–46]. Our study supports these 
previous findings with an in-hospital mortality rate of 
88% which was significantly higher than the in-hospital 
mortality when cirrhosis was not present. Notably, our 
study found that outcomes were particularly poor in 
those with hepatorenal syndrome receiving CPR with 
96% not surviving to discharge. Palliative care encounters 
were increased in hospitalizations for decompensated 
cirrhosis complications compared to hospitalizations for 
patients without cirrhosis in our study (21.4% vs. 14.5%, 
p < 0.001), but it is notable that the majority (78.6%) of 
those critically ill with complications of decompensated 
cirrhosis do not have a palliative care encounter. The 
poor CPR outcomes noted in this study further empha-
size the need for honest discussions around prognosis, 
possibly with the assistance of a palliative care profes-
sional, to allow patients and families to make informed 
decisions about their code status.

Significant strengths of our study include the large, 
nationwide, generalizable sample and our reporting of out-
comes stratified by primary admission diagnosis. Inclusion 
of patients who received a liver transplant during the index 
hospitalization improves the generalizability of our results. 
However, we limited our discussion of liver transplantation 
outcomes in this study as the NIS does not specify whether 
or not a patient was admitted to a liver transplant center or 
eventually referred to a transplant center. Other limitations 
include the reliance on ICD-10 codes, a lack of laboratory 
data and the inability to provide information on outcomes 
after hospital discharge which limits our conclusions largely 
to inpatient outcomes. The lack of laboratory data prevented 
us from including commonly used prognostic tools for both 
liver disease and critical care such as Model for End-Stage 
Liver Disease and Sequential Organ Failure Assessment 
scores and it limited the ability to fully assess the extent and 
number of organ failures in individual patients. However, 
we would note that a previous single center assessment of 
ICU mortality in patients with cirrhosis found MELD to be 
a relatively poor prognostic marker while factors such as 
the need for RRT and intubation, which were included in 
our study, were more predictive of mortality 41. Restricting 
our definition of critical care to those requiring intubation 

or a central venous catheter likely excluded many patients 
who did require ICU admission. Additionally, the inclu-
sion of these procedures within the NIS is contingent upon 
documentation of them being performed and billing for the 
procedures and the NIS does not provide the indication for 
procedures. However, we believe that providing an opera-
tional definition of critical care which can be applied to 
future studies using administrative databases is a balancing 
strength and will allow for future trend analysis.

Conclusions
Critical care outcomes may be improving in patients with 
cirrhosis. The need for RRT may not be as poor of a prog-
nostic marker as previously believed with 53% of those who 
required it surviving to discharge. CPR outcomes, on the 
other hand, remain poor with 88% in-hospital mortality. 
These findings aide in defining trends in critical care out-
comes in patients with cirrhosis and can inform prognosis 
discussions with patients and families, particularly when 
discussing code status.
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