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Abstract

Background: This study was designed to determine the epidemio-
logical trends and adverse outcomes of hepatopulmonary syndrome 
(HPS).

Methods: This retrospective interrupted trend study analyzed data 
from the Nationwide Inpatient Sample (NIS) for the years 2012, 
2014, 2016 and 2018 to identify adult (≥ 18 years) hospitalizations 
with a diagnosis of HPS. We highlighted epidemiological trends for 
HPS. Inpatient mortality, mean length of stay (LOS) and mean total 
hospital charge (THC) were estimated using multivariate regression 
trend analysis.

Results: We observed an increase in the total number of HPS hos-
pitalizations from 1,565 in 2012 to 2,495 in 2018, with mean age 
ranging from 55.8 to 58.1 years. There was a trend towards increasing 
hospitalizations (P-trend < 0.001) with increasing mean age (P-trend 
= 0.003) for HPS. Whites made up most of the study population. The 

inpatient mortality for HPS ranged from 12.4% to 12.6%, but there 
was no statistically significant trend for mortality (P-trend = 0.534) 
between 2012 and 2018. Additionally, there was no change in both 
mean LOS (P-trend = 0.545) and mean THC (P-trend = 0.534) for 
HPS for these years.

Conclusions: Hospitalizations and mean age for HPS were on the 
rise. Inpatient mortality ranged from 12.4% to 12.6%; however, a sta-
tistically significant trend for mortality was absent.

Keywords: Hepatopulmonary syndrome; Epidemiology; Outcomes; 
Total hospital charge; Length of stay; Mortality

Introduction

Hepatopulmonary syndrome (HPS) is a characterized by ab-
normalities in blood oxygenation secondary to the presence 
of intrapulmonary vascular dilations (IPVD) in the setting of 
end-stage liver disease [1, 2]. The complex pathogenic mecha-
nism revolves around overproduction of vasoactive mediators 
such as tumor necrosis factor-alpha, heme oxygenase-derived 
carbon monoxide and nitric oxide, and angiogenesis within 
the pulmonary circulation leading to intrapulmonary shunting 
and ventilation-perfusion mismatch in the background of liver 
cirrhosis and portal hypertension [3]. Furthermore, based on 
the alveolar-arterial oxygen gradient (A-a gradient) and partial 
pressure oxygen (PaO2), it can be classified into four distinct 
categories ranging from mild (PaO2 ≥ 80 mm Hg), moderate 
(PaO2 60 - 79 mm Hg), severe (PaO2 50 - 59 mm Hg) to very 
severe (PaO2 ≤ 50 mm Hg) disease [4]. The prevalence of HPS 
is estimated to range from 4% to 47% in patients with cirrhosis 
[1, 5]. There is no clear effective medical therapy for HPS, 
but liver transplantation (LT) has shown to improve survival 
even in patients with severe disease [6]. Overall, in patients 
with liver cirrhosis, HPS significantly impacts quality of life 
and survival outcomes. However, there is significant paucity 
of data on the disease entity, particularly in an inpatient set-
ting. Hence, in this study, we use the National Inpatient Sam-
ple (NIS) database from 2012 to 2018 to assess hospitaliza-
tion characteristics, adverse outcomes, and the burden of HPS 
on the US healthcare system. Additionally, we also attempt to 
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identify trends in hospitalizations, outcomes, and healthcare 
utilization for HPS.

Materials and Methods

Design and data source

This was a retrospective interrupted trends study involving 
HPS hospitalizations in the USA from 2012 to 2018. Data was 
collected from the NIS for the years 2012, 2014, 2016 and 
2018. The NIS database was developed by the Healthcare Cost 
and Utilization Project (HCUP), a Federal-State-Industry part-
nership sponsored by the Agency for Healthcare Research and 
Quality (AHRQ). The NIS is a database of inpatient hospital 
stays derived from billing data submitted by hospitals to state-
wide data collection organizations across the USA, covering 
more than 97% of the US population [7]. It approximates a 
20% stratified sample of discharges from US community hos-
pitals, excluding rehabilitation and long-term acute care hospi-
tals. This dataset was weighted to obtain national estimates [8]. 
The NIS dataset prior to September 2015 was coded using the 
International Classification of Diseases, Ninth Revision, Clini-
cal Modification/Procedure Coding System (ICD-9-CM/PCS), 
whereas the dataset from the last quarter of 2015 onwards was 
coded using the International Classification of Diseases, Tenth 
Revision, Clinical Modification/Procedure Coding System 
(ICD-10-CM/PCS). Hence, in this study, both ICD-9 and ICD-
10 codes were used for data collection.

Study population

The study included all adult (≥ 18 years) hospitalizations with 
a primary diagnosis of HPS from 2012 to 2018 using the ICD 
codes 573.5 and K76.81. Patients younger than 18 years were 
excluded from the study.

Outcome measures

The outcome measures included epidemiological trends, inpa-
tient mortality, and the burden of the disease on the US health-
care system in terms of mean length of stay (LOS) and mean 
total hospital charge (THC). The trends of inpatient mortal-
ity, LOS and THC were calculated using multivariate logistic 
trend analysis. Total hospital charge was obtained using the 
HCUP Cost-to-Charge Ratio files and adjusted for inflation us-
ing the Medical Expenditure Panel Survey index for hospital 
care with 2018 as the reference point [9, 10].

Statistical analysis

Stata® Version 16 software (StataCorp, Texas, USA) was used 
for data analysis. All analyses were conducted using weighted 
samples for national estimates in adjunct with HCUP regu-
lations for use of the NIS database. Multivariate regression 

analysis was used to calculate the adjusted odds of trend in in-
patient mortality, LOS and THC following adjustment for age, 
sex, race, grouped Charlson comorbidity Index (CCI), insur-
ance type, mean household income, and hospital characteris-
tics. All P-values were two-sided with 0.05 set as the threshold 
for statistical significance.

Ethical considerations

The NIS database lacks patient and hospital-specific identi-
fiers. Therefore, this study was exempt from Institutional 
Review Board (IRB) approval as per guideline put forth by 
our institutional IRB for analysis of HCUP databases and this 
study was conducted in compliance with the ethical standards 
of the responsible institution on human subjects as well as with 
the Helsinki Declaration.

Data availability statement

NIS is a large, publicly available all-payer inpatient database 
which contains hospitalization data on more than 7 million hos-
pital stays. The large sample size is ideal for assessing national 
and regional estimates while also enabling analysis of rare con-
ditions, uncommon treatments, and special populations. The 
NIS database is available at: https://www.hcup-us.ahrq.gov.

Results

Epidemiological characteristics

From 2010 to 2018, we noted an increase in the total num-
ber of HPS hospitalizations from 1,565 in 2012 to 2,495 in 
2018 (Table 1). The mean age for these hospitalizations ranged 
from 55.8 to 58.1 years. After a trend analysis, we noted a ris-
ing trend for total HPS hospitalizations (P-trend < 0.001) and 
mean age (P-trend = 0.003) for the study period (Fig. 1). A 
slight decrease in HPS hospitalizations from 50.5% in 2012 to 
47.3% in 2018 was observed for women. Furthermore, Whites 
made up a majority of the study population followed by His-
panics, Blacks, and other races (Table 1). Additionally, most 
patients had a CCI score ≥ 3 throughout the study period.

Inpatient mortality

The inpatient mortality for HPS ranged from 12.4% to 12.6% 
from 2010 to 2018 (Table 2). However, we did not find a statis-
tically significant trend for mortality in these patients (P-trend 
= 0.534).

Hospitalization characteristics

The THC for the management of HPS was noted to be $33,965 
in 2018 compared to $28,373 in 2012, and the LOS was 9.2 
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days in 2018 compared to 7.9 days in 2012 (Table 1). How-
ever, no change was noted for mean THC (P-trend = 0.534) 
and mean LOS (P-trend = 0.545) for the study period. Further-

more, from a payment perspective, Medicaid was the largest 
insurer followed by Private Insurance and Medicare. In 2018, 
3.5% of these patients were uninsured (Table 2).

Table 1.  Biodemographic Characteristics for Hepatopulmonary Syndrome Hospitalizations From 2012 to 2018

Variables
Year

2012 2014 2016 2018
Total number of hospitalizations 1,565 2,340 2,265 2,495
Mean age (years) 56.7 55.8 56.4 58.1
Women (%) 50.5 50.2 46.7 47.3
Racial distribution (%)
  White 67.7 67.5 62 69.2
  Black 6.4 3.8 4.6 6.4
  Hispanic 16.0 18.0 20.8 14.4
  Others 9.9 10.7 12.6 10.0
Charlson comorbidity index (CCI) score (%)
  1 10.2 9.0 7.7 5.6
  2 10.5 8.8 9.9 7.6
  ≥ 3 79.3 82.2 82.4 86.8
Insurance type (%)
  Medicaid 45.6 38.5 39.8 44.4
  Medicare 23.2 23.8 27.5 25.4
  Private 25.5 34.1 30.9 26.7
  Uninsured 5.7 3.6 1.8 3.5

Figure 1. Trends for hepatopulmonary syndrome (HPS) hospitalizations and inpatient mortality.
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Discussion

HPS is characterized by the classical triad of liver disease, 
IPVD, and arterial hypoxemia secondary to abnormalities in 
pulmonary gas exchange without the presence of an intrinsic 
lung pathology [11]. The term HPS was first coined in 1977 
by Kennedy and Knudson; however, the first case of HPS may 
have been described much earlier in 1884 by Fluckiger [12]. 
Much of the literature available on HPS has been obtained 
from animal studies [13, 14]. The current diagnostic criteria 
proposed for HPS include the presence of chronic liver dis-
ease, an A-a gradient ≥ 15 mm Hg in individuals < 64 years of 
age or ≥ 20 mm Hg in individuals ≥ 65 years of age on arte-
rial blood gas analysis in a seated position, and the detection 
of IPVD by either contrast-enhanced echocardiography or a 
macroaggregated albumin lung perfusion scan (99mTc-MAA) 
[15, 16]. Over the years, literature has reported a varied preva-
lence range for HPS due to differences in diagnostic criteria. 
However, to our knowledge, there have only been a handful of 
studies assessing the epidemiology and outcomes of HPS in an 
inpatient setting. Therefore, this study was designed to identify 
biodemographic characteristics, and estimate inpatient mortal-
ity and burden of HPS on the US healthcare system.

Hospitalization characteristics for HPS

The epidemiology of HPS is relatively unknown due to a sig-
nificant dearth of prospective studies on the disease entity. For 
the US population, an incidence rate has not been estimated 
in literature. Additionally, the prevalence of HPS is highly de-
pendent on the diagnostic criteria, methods used to establish 
diagnosis and the study population. In patients with end-stage 
liver disease, studies have reported a prevalence ranging from 
4% to 32% in adults and 9% to 20% in children [17-21]. In 
terms of patient profiles, differences in the prevalence rates 
for HPS have also been observed. The average prevalence of 
HPS in patients with Budd-Chiari syndrome was noted to be 
28%, for those with chronic viral hepatitis (with or without 
cirrhosis), it was about 10%, and in patients enrolled for LT, it 
ranged from 4% to 32% [2]. Overall, aggregations of studies 
in literature have estimated the prevalence rate ranging from 
4% to 47% [1, 5].

In our study, there was a rising trend of HPS hospitaliza-
tions from 1,565 in 2012 to 2,495 in 2018 (Table 1). This may 
in part be due to the increasing prevalence of liver cirrhosis 
in the general population in combination with an increasing 

awareness about the disease entity [22-24]. The mean age of 
our study population was noted to be 55.8 - 58.1 years. This 
finding was in line with literature which has reported a mean 
age of 53.3 ± 10.3 for HPS. There was an increasing trend of 
the mean age for HPS during our study period (Fig. 1). This 
may, in part, be due to the fact that patients above 65 years of 
age are being increasingly diagnosed with liver cirrhosis and 
the elderly demographic (≥ 65 years) is on the rise in the USA 
as per data available from the US Census Bureau [25, 26]. Fur-
thermore, we noted a slight decrease in HPS hospitalizations 
for women from 50.5% in 2012 to 47.3% in 2018. The exact 
reason for this finding is unknown, but may be attributed to a 
declining prevalence of cirrhosis in women [27, 28]. An ineq-
uitable racial distribution was noted in our study with major-
ity of our study cohort being White, followed by Hispanics, 
Blacks, and other races. This finding reflected current litera-
ture which reports a White predominance for HPS [29, 30].

Inpatient mortality for HPS

Studies assessing the impact of HPS on mortality are fairly 
limited despite a relatively high prevalence in cirrhotics. It has 
been well established that the presence of HPS is associated 
with worse clinical outcomes and decreased quality of life in 
patients with liver cirrhosis [29, 31]. A retrospective study 
noted a 41% mortality rate for HPS over a 2.5-year study pe-
riod [32]. Another study investigating the impact of HPS on 
liver cirrhosis reported a 23% 5-year survival for patients with 
HPS and 67% for those without HPS in a setting of cirrhosis 
[16]. Numerous studies assessing survival outcomes for pa-
tients with cirrhosis and HPS who underwent LT have reported 
worse survival in patients with HPS compared to patients with-
out HPS [1, 24]. Moreover, PaO2 < 50 mm Hg has also been 
associated with worse survival. However, the data available in 
literature on mortality may not reflect true mortality rates for 
HPS due to the differences in the diagnostic criteria and the 
methods used to establish diagnosis.

In our study, after a multivariate regression trend analy-
sis for the 2012 to 2018 study period, inpatient mortality for 
HPS ranged from 12.4% to 12.6% (Table 2), but a statistically 
significant trend for inpatient mortality was absent. The lower 
percentage of mortality compared to other prospective studies 
may stem from early diagnosis, improved management and bet-
ter follow-up for HPS. Furthermore, an increase in LT over the 
past decade may also have had a role to play [33]. It is also 
worth noting that inpatient mortality for HPS may be different 
from mortality secondary to HPS in the general population. Ad-
ditionally, the mortality rates noted in our study may primarily 
reflect inpatient mortality for patients with advance liver dis-
ease requiring hospitalization and LT. Nonetheless, additional 
studies are needed to further assess the relationship between 
HPS and mortality as it may govern therapeutic intervention.

Burden of HPS on the US healthcare system

HPS not only impacts the quality of life of individual patients 
but also places a significant burden on the US healthcare sys-

Table 2.  Outcomes for Hepatopulmonary Syndrome From 
2012 to 2018

Outcome
Year

2012 2014 2016 2018
Inpatient mortality (%) 12.5 12.6 12.5 12.4
Mean length of stay (days) 7.9 10.0 8.7 9.2
Mean total hospital cost ($) 28,373 36,976 34,717 33,965
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tem in terms of cost and healthcare utilization. However, litera-
ture on the impact of the disease entity on the US healthcare sys-
tem is limited. Studies have reported 27% higher hospital costs 
for the management of HPS compared to non-HPS patients [34]. 
HPS has also been observed to be independently associated with 
longer intensive care unit (ICU) and hospital stay [34]. Nursing 
cost was reported to be six times higher and respiratory care cost 
was about 2.6 times higher for patients with HPS compared to 
non-HPS patients [34]. LT is currently the only known treat-
ment option that may reverse HPS in a period of 6 to 12 months 
[1]. Hence, these patients would eventually require LT which 
further increases hospitalization costs, ICU stay post-transplant 
and healthcare resource utilization [35]. In our study, the mean 
THC for management of HPS was noted to be $33,965 in 2018 
compared to $28,373 in 2012 and the mean LOS in 2018 was 
found to be 9.2 days compared to 7.9 days for 2012. However, 
after a trend analysis, no change was noted for both mean THC 
and mean LOS. This may be because the management approach 
for these patients was standardized and has remained constant 
over the years. Moreover, as discussed earlier, we did not find 
a trend of inpatient mortality which further supports this hy-
pothesis. Furthermore, in the US healthcare system, insurance 
plays a key role in the payment for hospital charges. From a 
payment perspective for HPS hospitalizations, Medicaid was 
the largest insurer followed by Private Insurance and Medicare. 
About 3.5% of these patients were uninsured in 2018 compared 
to 5.7% in 2012 (Table 2).

Strength and limitations

This study has several key strengths and numerous limitations. 
A considerable strength of the study is the study population, 
which is derived from one of the largest, publicly available 
databases in the USA developed through a Federal-State-In-
dustry partnership. It contains data on inpatient admissions 
from hospitals all over the USA. Hence, the outcomes are ap-
plicable to almost all hospitals across the USA. Moreover, to 
our knowledge, this is one of the very few studies which use 
the NIS database to determine the epidemiology, adverse out-
comes, and burden of HPS on the US healthcare system. Due 
to the design of the NIS database, it is perfect to estimate the 
trends of HPS and allows for addition of meaningful informa-
tion to current literature.

However, we do acknowledge the limitations. The NIS 
database does not provide data on the severity of the disease, 
time to diagnosis, methods used to establish diagnosis, and the 
treatment aspects of the disease. Additionally, the study popu-
lation only included patients with a primary diagnosis of HPS; 
hence, individuals with liver cirrhosis or its complications with 
HPS in the background were not identified for the analysis. 
Furthermore, all biases present in retrospective studies are ap-
plicable to this study. The hospitalizations identified for the 
study were based on a diagnosis of HPS rather than individual 
patients. Hence, individuals admitted numerous times for the 
same chief complaint may have been included several times 
in the data set. Lastly, NIS is an administrative database that 
uses specific codes to gather and store information; therefore, 
possibility of coding errors cannot be excluded. Despite these 

limitations, we believe that the sample size, study design and 
comprehensive analysis technique used, helps us better under-
stand the topic in question. Through this study, we aim to en-
courage intellectual conversation and promote future research 
on HPS.

Conclusions

HPS is frequent complication of cirrhosis; however, there is 
substantial paucity of knowledge about the disease entity. An 
increasing number and trend of hospitalizations for HPS was 
observed in our study. The mean age for these individuals was 
55.8 - 58.1 years with a trend towards increasing mean age. In-
patient mortality for HPS was 12.4-12.6% from 2010 to 2018. 
In 2018, the THC for HPS was noted to be $33,965 and the 
LOS was 9.2 days. However, there was no significant change 
for mean THC and mean LOS over the study period.
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the USA containing data on more than 7 million hospital stays 
yearly. Its large sample size is ideal for developing national 
and regional estimates and enables analyses of rare conditions, 
uncommon treatments, and special populations.
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