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ABSTRACT

Introduction: There is a paucity of data on the
influence of sex, race, insurance, pulmonary
hypertension-related complications, and cir-
rhosis-related complications on mortality, hos-
pital length of stay (LOS), and total hospital
charges. The aim of this study was to identify
risk factors in a national population cohort (in
the USA) admitted to hospital between 2012
and 2017.

Methods: All patients aged[18 years with pul-
monaryhypertension and cirrhosis,whohad been
admitted tohospital between 2012 and 2017,were
identified from the US Nationwide Inpatient
Sample (NIS), a large publicly available all-payer
inpatient care database in the USA. Multivariate
regression analysis was used to estimate the odds
ratios of in-hospital mortality, average length of
hospital stay, and hospital charges, after adjusting
for age, gender, race, primary insurance payer sta-
tus, hospital type and size (number of beds), hos-
pital region, hospital teaching status, and
other demographic characteristics.
Results: Our study identified 1,111,594 patients
who had been discharged from hospital from
2012 to 2017. Of these patients, 355,455 were
admitted with pulmonary hypertension, with
9.8% having cirrhosis as a complication
(n = 34,986). The analysis revealed that patients
with both pulmonary hypertension and cirrhosis
compared to patients with only pulmonary
hypertension experience increased mortality,
hospital LOS, total hospital charges, and pul-
monary hypertension-related and cirrhosis-re-
lated complications. Independent positive
predictors ofmortalitywereAsian/Pacific Islander
race and ‘‘other’’ insurance status (worker’s com-
pensation; other US health benefits plans
[CHAMPUS/TRICARE, CHAMPVA, Title V]).
Independent positive predictors of increased
hospital LOS were black race and ‘‘other’’ patients
(more than one race/mixed). Independent posi-
tive predictors of increased total hospital charges
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were male gender, Hispanic ethnicity, Asian/
Pacific Islander race, and other insurance status.
Pulmonary hypertension-related complica-
tions (cor pulmonale, pulmonary embolism,
hemoptysis, cardiac arrest, atrial fibrillation,
ventricular tachycardia) and cirrhosis-related
complications (ascites, hepatorenal syndrome,
hepatic encephalopathy, variceal bleeding, portal
hypertension) were independent positive predic-
tors of mortality, hospital LOS, and total hospital
charges.
Conclusions: Patients with pulmonary hyper-
tension and cirrhosis have increasedmortality and
hospitalutilizationcomparedtopatientswithonly
pulmonary hypertension. We identified key dri-
vers for these outcomes. Targeted interventions,
such as novel medications, right-to-left shunts,
more evaluations for lung transplantation, and
reversal of pulmonary vacular remodeling, are
needed for the subgroups identified in this study in
order to improve outcomes.

Keywords: Cirrhosis; Total hospital charges;
Length of stay (LOS); Mortality; NIS;
Pulmonary hypertension

Key Summary Points

Why carry out this study?

There is a paucity of data on the influence
of sex, race, insurance, and pulmonary
hypertension-related and cirrhosis-related
complicationsonmortality, hospital length
of stay (LOS), and total hospital charges.

The overall sample included 1,111,594
patients, of whom 355,455 were admitted
with pulmonary hypertension, with 9.8% of
the latter complicated with cirrhosis
(n = 34,986).

What was learned from the study?

Patients with pulmonary hypertension
and cirrhosis compared to patients with
only pulmonary hypertension have
increased mortality, hospital LOS, total
hospital charges as well as pulmonary
hypertension-related and cirrhosis-related
complications.

Targeted interventions, such as novel
medications, right-to-left shunts, more
evaluations for lung transplantation, and
reversal of pulmonary vascular
remodeling, are needed for the subgroups
identified in this study.

INTRODUCTION

Pulmonary hypertension is defined as a mean
pulmonary arterial pressure[ 20 mmHg as
measured on right heart catheterization; it is
further subdivided into five different categories
based on the underlying etiology [1, 2].
Approximately 1% of the population is diag-
nosed with pulmonary hypertension every year
[3]. This disease has subtle symptoms on pre-
sentation and complex underlying pathophysi-
ological mechanisms that are not well
understood. Pulmonary hypertension is also a
chronic and progressive disease that has signif-
icantly increased morbidity and mortality. The
15-year survival rate from initial diagnosis has
been reported to be as low as 34% [4]. Yet,
frustratingly, there is currently no definitive
cure or treatment.

Liver cirrhosis is the final and irreversible
stage of chronic liver fibrosis. Many patients
with cirrhosis develop complications, including
ascites, hepatic encephalopathy, hepatorenal
syndrome, portal hypertension, ascites, and
variceal bleeding [5]. Alarmingly, cirrhosis is
reported to account for almost 2% of all deaths
worldwide, and it is the eighth leading cause of
death in the USA [5, 6]. This disease is a major
burden on the US healthcare system, with
annual costs having increased from approxi-
mately 10,000 million US dollars in 2005 to
16,000 million US dollars in 2015 [5, 6]. This
significant rise in costs is secondary to increased
hospitalizations, a greater number of transplant
evaluations, and surging levels of mortality
from cirrhosis-related complications and
decompensation [5].

The objective of our study was to determine
if patients with both pulmonary hypertension
and cirrhosis would have increased mortality,
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hospital length of stay (LOS), and total hospital
charges compared to patients with only pul-
monary hypertension. There is minimal data in
the literature on the influence of sex, race,
insurance status, cirrhosis-related complica-
tions, and pulmonary hypertension-related
complications on mortality, hospital LOS, and
total hospitalization charges for this patient
population. In this study we used data from a
national population cohort admitted to hospi-
tal between 2012 and 2017 to identify risk
factors.

METHODS

Study Population

The Nationwide Inpatient Sample (NIS) data-
base is a large, publicly available all-payer
inpatient healthcare database designed to pro-
duce US regional and national estimates of
inpatient utilization, access, charges, quality,
and outcomes. It contains data on approxi-
mately 7 million inpatient hospitalizations
annually in the USA. It is one of the largest
databases that was developed for the Healthcare
Cost and Utilization Project (HCUP). This large
nationwide population sample has been used to
study regional and hospital-level patterns,
quality of care, procedure-related patterns, and
trends that would otherwise be impossible to
analyze at a local or center-based study level [7].
For our study, data was extracted with the aim
to investigate patients with a diagnosis of both
pulmonary hypertension from any cause and
cirrhosis from all etiologies during the time
period of 2012–2017.

The datasets used in this study were fully de-
identified and, therefore, Institutional Review
Board (IRB) approval was not required. The
datasets analyzed during the current study are
publicly available on the NIS website (https://
www.hcup-us.ahrq.gov/nisoverview.jsp).

Design

We performed a retrospective, observational,
population cohort study using the HCUP NIS

database. A search of this database identified
1,111,594 patients who were discharged
between 2012 and 2017. All patients were C

18 years of age and had a diagnosis of either
‘‘cirrhosis’’ or ‘‘pulmonary hypertension.’’ To
identify patients with cirrhosis, we utilized the
following International Classification of Dis-
eases, 9th Revision, Clinical Modification (ICD-
9-CM) and International Classification of Dis-
eases, 10th Revision, Clinical Modification
(ICD-10-CM) codes: ICD-9-CM codes for
chronic liver disease and cirrhosis (571), alco-
holic cirrhosis of liver (571.2), cirrhosis of liver
without mention of alcohol (571.5), biliary cir-
rhosis (571.6); ICD-10-CM codes for alcoholic
cirrhosis of the liver without ascites (K70.30),
alcoholic cirrhosis of liver with ascites (K70.31),
cirrhosis (K74.60), biliary cirrhosis (K74.5),
unspecified cirrhosis of liver (K74.60), and other
cirrhosis of the liver (K74.69). Pulmonary
hypertension was defined as code 416.8 in ICD-
9-CM and code I27.0, I27.2 in ICD-10-CM.

Secondary diagnoses, such as cirrhosis-re-
lated complications, were extracted with the
following ICD-9-CM and ICD-10-CM codes:
ascites (789.59 and R18.8), portal hypertension
(572.3 and K76.6), hepatorenal syndrome
(572.4 and K76.7), variceal bleeding (I85.01 and
K920 K921 K922 I8500 I8510 I8501 I8511), and
hepatic encephalopathy (572.2 and G93.4).

Pulmonary hypertension-related complica-
tions were extracted with the following codes:
ICD-9-CM codes for cor-pulmonale (416.9,
415), heart failure (428.21, 428.23, 428.31,
428.33, 428.41, 428.43), pulmonary embolism
(415.1, 415.11, 415.13, 415.19), pulmonary
hemorrhage/hemoptysis (786.3, 786.39), atrial
fibrillation (427.2, 427.3, 427.31, 427.32), ven-
tricular tachycardia (427.4, 427.41, 427.42),
cardiac arrest (427.5), and coronary artery dis-
ease (414.0, 414.07, 414.2, 414.9); ICD-10-CM
codes for cor-pulmonale (I27.81, I26.09,
I27.29), heart failure (I11.0, I13.0, I13.2, I50,
I50.0, I50.1, I50.9), pulmonary embolism (I26.0,
I26.02, I26.09, I26.92, I26.93, I26.94, I26.99),
pulmonary hemorrhage/hemoptysis (R04.2,
R04.8, R04.9), atrial fibrillation (I48), ventricu-
lar tachycardia (I47.2, I49.0), cardiac arrest
(I46.9), and coronary artery disease (I25.10).
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Primary and Secondary Outcomes
and Variables

The primary outcome was mortality. The sec-
ondary outcomes were hospital LOS and total
hospital charges among the patient cohort of
pulmonary hypertension and cirrhosis com-
pared to patients with only pulmonary hyper-
tension. Multivariate logistic regression analysis
was performed to understand possible differ-
ences in complications across the two groups.
Cirrhosis-related complications were the fol-
lowing: hepatorenal syndrome, ascites, variceal
bleeding, hepatic encephalopathy, and portal
hypertension. Pulmonary hypertension-related
complications were the following: cor pul-
monale, heart failure, pulmonary embolism,
pulmonary hemorrhage/hemoptysis, atrial fib-
rillation, ventricular tachycardia, cardiac arrest,
and coronary artery disease.

In the USA, patients have the following types
of insurance: Medicare, Medicaid, private
insurance, self-pay, no charge, and ‘‘other’’.
Medicare is the federal government’s health
insurance plan for people aged C 65 years, cer-
tain younger people with disabilities, and peo-
ple with end-stage renal disease. It covers
inpatient hospital costs, outpatient medical
visits, and prescription drug coverage at a fixed
and lower cost than all other types of insurance.
Medicaid is a public assistance program based
largely on financial need for pregnant women,
parents of minors or teenagers living alone,
blind patients, patients with disabilities, and
low-income individuals aged\65 years without
disability or minor children. However, unlike
Medicare, which is completely federally funded,
both the state and the federal government fund
Medicaid. Private insurance refers to any health
insurance coverage that is not offered by a state
or federal government but rather by a private
entity, such as an insurance company or broker.
Self-pay is paying for all medical costs individ-
ually without an insurance plan. No charge
means that the individual was exempt from
hospital charges. Finally, other insurance
includes other insurance status worker’s com-
pensation (insurance that covers medical
expenses and a portion of lost wages for
employees who become injured or ill on the

job), CHAMPUS/TRICARE (a health care pro-
gram of the US Department of Defense Military
Health System which provides insurance for
military personnel, military retirees, and their
dependents), CHAMPVA (a healthcare program
for veterans and family members not eligible for
TRICARE), and Title 5 (health insurance for
healthcare workers).

Statistical Analyses

The patient data was analyzed using Stata ver-
sion 16 (Stata Corp., College Station, TX, USA)
and SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA). The study population was generated
from primary unit clusters that are representa-
tive of the diagnoses we studied, and then the
patient-level and hospital-level weights pro-
vided in the dataset were used to generate
national population estimate samples. Univari-
ate and multivariate comparisons were per-
formed utilizing Chi-squared analyses and
Student’s t tests. Both fixed and random effects
models were used to evaluate predictors of
mortality for patients with pulmonary hyper-
tension and cirrhosis. Odds ratios (OR), confi-
dence intervals, and p values were reported for
all of the outcomes. The statistical significance
level was set at a p value of\0.05.

We generated propensity scores to compare
our two analysis groups (pulmonary hyperten-
sion with cirrhosis vs. pulmonary hypertension
without cirrhosis). For propensity scores, the
psmatch2 algorithm was used. Psmatch2 pro-
vides propensity matching diagnostics and
allows for nearest neighbor matching. A
matching algorithm was used to balance
covariates across our study groups through one-
to-one matches.

RESULTS

The baseline characteristics for both patient
cohorts are listed in Table 1. A total of 1,111,594
patient hospitalizations were identified during
the study period of 2012–2017, of which 34,986
hospitalizations were for patients with pul-
monary hypertension and cirrhosis and 355,455
of the hospitalizations were for patients with
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Table 1 Baseline characteristics of patient cohorts

Characteristics Pulmonary HTN with
cirrhosis

Pulmonary HTN without
cirrhosis

Total p value

Number of patients

Original sample 34,986 (3%) 1,076,608 (97%) 1,111,594 (100%)

After propensity score

matching

34,986 (50%) 34,960 (50%) 69,946 (100%)

Women 16,793 (48%) 16,781 (48%) 33,574 (48%) 0.728*

Race/ethnicity

White 21,691 (62%) 22,025 (63%) 43,716 (63%) 0.001*

Black 5598 (16%) 5594 (16%) 11,192 (16%) 0.068

Hispanic 4408 (13%) 4195 (12%) 8603 (13%) 0.410

Asian or Pacific Islander 699 (2%) 699 (2%) 1398 (2%) 0.376

Native American 350 (1%) 350 (1%) 700 (1%) 0.000*

Other 1.050 (3%) 1050 (2%) 2100 (3%) 0.034*

Age, years (mean ± SD) 64.7 ± 5.4 64.5 ± 5.4 64.6 ± 5.4

Insurance type

Medicare 22,391 (64%) 22,374 (64%) 44,765 (64%) 0.210

Medicaid 5.598 (16%) 5594 (16%) 11,192 (16%) 0.886

Private 5.248 (15%) 5244 (15%) 10,842 (15%) 0.240

Self-pay 1.050 (3%) 699 (2%) 1749 (3%) 0.004*

No charge 70 (0.2%) 70 (0.2%) 140 (0.2%) 0.053

Other 700 (2%) 699 (2%) 1399 (2%) 0.001*

Hospital region

Northeast 6.297 (18%) 6293 (18%) 12,590 (18%) 0.595

Midwest 7.697 (22%) 7691 (22%) 15,388 (22%) 0.849

South 12,945 (37%) 12,935 (37%) 25,880 (37%) 0.332

West 8.047 (23%) 7691 (22%) 15,738 (23%) 0.155

Hospital location/teaching status

Rural 2.099 (6%) 2098 (6%) 4197 (6%) 0.186

Urban non-teaching 9.096 (26%) 9090 (26%) 18,186 (26%) 0.582

Urban teaching 23,441 (67%) 23,773 (68%) 47,214 (67%) 0.232

Hospital bed size (n of beds)

Small 4.898 (14%) 4894 (14%) 9792 (14%) 0.575

Medium 9.446 (27%) 9090 (26%) 18,536 (27%) 0.471
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only pulmonary hypertension. After propensity
matching, there were 34,986 patients with pul-
monary hypertension and cirrhosis and 34,960
patients with only pulmonary hypertension, of
whom 48% were female and 63% were Cau-
casian (in total patient cohort and in each sep-
arate patient cohort). The mean age of the total
patient cohort was 64.6 (± 5.4, standard devia-
tion) years.

Most of the patients had Medicare (64%).
Approximately 33% of the patients had an
income of\ $24,999 (note: all values given in
dollars in text refer to US dollars). Regarding
hospital characteristics, 60% were large centers,
37% were located in the South, and 67% were
urban teaching centers.

Multivariate logistic regression analysis was
used to remove confounders and revealed that
mortality was 1.5-fold higher in patients with
pulmonary hypertension and cirrhosis com-
pared to patients with only pulmonary hyper-
tension (p\0.0001) (Table 2). Mean hospital
LOS was 0.5 days longer for patients with pul-
monary hypertension and cirrhosis
(p\ 0.0001). Mean total hospital charges were
$9804 higher for patients with pulmonary
hypertension and cirrhosis (p\0.001). There
was a higher incidence of complications in
patients with pulmonary hypertension and cir-
rhosis versus those with only pulmonary

hypertension that was statistically significant
(p\ 0.001) for all of the following cirrhosis-re-
lated complications as well as their odds ratios:
60.2-fold higher for hepatorenal syndrome;
24.3-fold higher for ascites; 122-fold higher for
variceal bleeding; 74-fold higher for hepatic
encephalopathy; 92.6-fold higher for portal
hypertension. Apart from cor pulmonale (OR
1.25), all other pulmonary hypertension-related
complications presented a lower incidence in
patients with pulmonary hypertension and cir-
rhosis as compared to patients with pulmonary
hypertension alone. Interestingly, the remain-
der of the pulmonary hypertension-related
complications that were statistically significant
(p\ 0.0001) showed a decreased incidence in
patients with pulmonary hypertension and cir-
rhosis with the following odds ratios: 0.8-fold
for heart failure, 0.4-fold for pulmonary embo-
lism, 0.8-fold for atrial fibrillation, 0.8-fold for
ventricular tachycardia, and 0.7-fold for coro-
nary artery disease.

The univariate logistic regression (Table 3)
subsequently revealed that black patients with
pulmonary hypertension and cirrhosis suffered
5% less mortality than black patients with only
pulmonary hypertension (p\0.05) compared
to other races/ethnicities, whereas Asians/Paci-
fic Islanders had 1.4-fold higher mortality (p\
0.03) compared to other races/ethnicities.

Table 1 continued

Characteristics Pulmonary HTN with
cirrhosis

Pulmonary HTN without
cirrhosis

Total p value

Large 20,992 (60%) 20,976 (60%) 41,968 (60%) 0.298

Household income (US dollars)

$1–24,999 11,545 (33%) 11,537 (33%) 23,082 (33%) 0.425

$25,000–34,999 8.747 (25%) 9090 (26%) 17,837 (26%) 0.578

$35,000–44,999 8.047 (23%) 7691 (22%) 15,738 (23%) 0.731

C 45,000 5.948 (17%) 5943 (17%) 11,891 (17%) 0.928

*Significant difference between patient cohorts at pre-determined significance level of p\ 0.05
Values are presented as the number with the percentage in parenthesis unless indicated otherwise
HTN Hypertension, SD standard deviation
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Patients with Medicare suffered 13% less mor-
tality than those with all other insurances types,
whereas patients with ‘‘other’’ insurance status
suffered 1.6-fold more mortality than did
patients with all other insurance types. Almost
all cirrhosis-related and pulmonary hyperten-
sion-related complications increased mortality,
which was statistically significant in all cases
(p\ 0.0001): 4.1-fold higher for hepatorenal
syndrome; 1.7-fold higher for hepatic
encephalopathy; 1.2-fold higher for ascites; 1.4-
fold higher for cor pulmonale (p\0.035); 2.6-
fold higher for pulmonary embolism; 2.7-fold
higher for hemoptysis/pulmonary hemorrhage;
2.6-fold higher for ventricular tachycardia; and

36.0-fold higher for cardiac arrest. The only
complication that was associated with lower
mortality (by 24%) was coronary artery disease
(p\ 0.0001).

Furthermore, black and ‘‘other’’ patients
(more than one race) were associated with a
longer hospital LOS by 0.4 (p\0.001) and
1.2 days (p\ 0.001), respectively, compared to
LOS in patients of all other races/ethnicities.
Medicare and no charge insurance were associ-
ated with decreased LOS by 0.4 (p\0.012) and
2.3 days (p\0.016), respectively. The following
statistically significant (p\ 0.0001) cirrhosis-
related and pulmonary hypertension-related
complications were associated with increased

Table 2 Outcomes of patients with acute decompensated heart failure with and without cirrhosis

Outcomes Pulmonary HTN with
cirrhosis

Pulmonary HTN
without cirrhosis

Multivariate beta
distributiona

p value

Mortality 2554 (7.3%) 1538 (4.4%) 1.54 (1.48–1.61) \0.0001*

Mean length of stay (LOS),

days (95% CI)

7.5 (5.9–8.1) 7.0 (5.8–8.2) 0.51 (0.32–0.73) \0.0001*

Mean total hospital charges,

$US (95% CI)

77,245 (75,555–79,444) 67,441 (61,223–73,454) 9804 (8882–10,565) \0.0001*

Hepatorenal syndrome 1260 (3.6%) 21 (0.06%) 60.2 (54.8–66.1) \0.0001*

Ascites 11,126 (31.8%) 839 (2.4%) 24.33 (23.70–24.99) \0.0001*

Variceal bleeding 2834 (8.1%) 70 (0.2%) 122 (113.0–132.6) \0.0001*

Hepatic encephalopathy 2834 (8.1%) 70 (0.2%) 74.0 (69.3–79.2) \0.0001*

Portal hypertension 7347 (21%) 105 (0.3%) 92.6 (88.6–96.7) \0.0001*

Cor pulmonale 665 (1.9%) 245 (0.7%) 1.25 (1.16–1.35) \0.0001*

Heart failure 10,356 (29.6%) 9334 (26.7%) 0.84 (0.82–0.86) \0.0001*

Pulmonary embolism 455 (1.3%) 114 (3.3%) 0.41 (0.38–0.45) \0.0001*

Pulmonary hemorrhage/

hemoptysis

175 (0.5%) 70 (0.2%) 0.99 (0.85–1.16) 0.939

Atrial fibrillation 7837 (22.4%) 12,236 (35%) 0.76 (0.74–0.78) \0.0001*

Ventricular tachycardia 6645 (1.9%) 280 (0.8%) 0.83 (0.76–0.90) \0.0001*

Cardiac arrest 525 (1.5%) 524 (1.5%) 1.09 (0.99–1.20) 0.088

Coronary artery disease 11,300 (32.3%) 14,264 (40.8%) 0.70 (0.68–0.72) \0.001*

All outcomes are presented as a number with the percentage in parenthesis, unless indicated otherwise
*Significant difference between patient cohorts at pre-determined significance level of p\ 0.05
a Presented as the odds ratio (OR) with the 95% confidence interval (CI) in parenthesis
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hospital LOS for patients with pulmonary
hypertension and cirrhosis compared to those
with pulmonary hypertension alone: hepatore-
nal syndrome (4.8 days longer); hepatic
encephalopathy (1.3 days longer); ascites
(0.9 days longer); portal hypertension (0.6 days
longer); heart failure (1.2 days longer); pul-
monary embolism (2.7 days longer); hemopty-
sis/pulmonary hemorrhage (3.1 days longer);
atrial fibrillation (0.7 days longer ); ventricular
tachycardia (3.2 days longer); cardiac arrest
(1.3 days longer). Only coronary artery disease
decreased hospital LOS by - 0.3 days
(p\ 0.0001).

Finally, male patients had $5139 of increased
total hospital charges (p\0.001) compared to
female patients. The hospital charges for His-
panic, Asian/Pacific Islander, and ‘‘other’’
patients were higher than those for patients of
all other races/ethnicities by $25,341
(p\ 0.001), $30,214 (p\0.001), and $29,351
(p\ 0.0001), respectively. Interestingly,
patients with the following insurance type had
decreased total hospital charges: Medicare
($12,522; p\0.0001), Medicaid ($7534;
p\0.006), self-pay ($20,591; p\0.001), no
charge ($51,893; p\0.005). All statistically
significant cirrhosis-related and pulmonary
hypertension-related complications increased
total hospital charges by the following
amounts: $81,036 for hepatorenal syndrome
(p\ 0.001); $6989 for hepatic encephalopathy
(p\ 0.033); $5366 for ascites (p\0.001);
$10,951 for portal hypertension (p\ 0.0001);
$11,313 for heart failure (p\0.0001); $28,648
for pulmonary embolism (p\0.0001); $51,316
for hemoptysis/pulmonary hemorrhage
(p\ 0.0001); $50,572 for ventricular tachycar-
dia (p\ 0.0001); $56,632 for cardiac arrest
(p\ 0.0001).

DISCUSSION

This is the first large, retrospective population
cohort study of patients with a diagnosis of
both pulmonary hypertension from any cause
and cirrhosis from all etiologies using patient
data from the HCUP NIS database. We identi-
fied 1,111,594 patients in the NIS database who
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had been discharged from hospital during the
period under study (2012–2017). Of these, after
propensity matching, our patient sample com-
prised 34,986 patients with pulmonary hyper-
tension and cirrhosis and 34,960 patients with
only pulmonary hypertension. Our findings
suggest that compared to patients without cir-
rhosis, patients with pulmonary hypertension
and cirrhosis had 1.5-fold higher mortality,
which was our primary outcome, as well as a
0.5-fold increase in hospital LOS and an
increase in total hospital charges per visit of
$10,000, which were our secondary outcomes.

The statistically significant findings in our
study were:

Independent positive predictors of mortality
were Asian/Pacific Islander race, other insur-
ance status, hepatorenal syndrome, hepatic
encephalopathy, ascites, cor pulmonale, pul-
monary embolism, hemoptysis, ventricular
tachycardia, and cardiac arrest.
Independent negative predictors of mortality
were black race, Medicare insurance, and
coronary artery disease.
Independent positive predictors of increased
hospital LOS were black race, other patients
(more than one race/ethnicity), hepatorenal
syndrome, hepatic encephalopathy, ascites,
portal hypertension, heart failure, pulmonary
embolism, hemoptysis, atrial fibrillation, and
ventricular tachycardia.
Independent negative predictors of increased
hospital LOS were Medicare insurance, no
charge instead of insurance, and coronary
artery disease.
Independent positive predictors of increased
total charges were male gender, Hispanic
ethnicity, Asian race, other insurance status,
hepatorenal syndrome, hepatic encephalopa-
thy, ascites, portal hypertension, heart fail-
ure, pulmonary embolism, hemoptysis,
ventricular tachycardia, and cardiac arrest.
Independent negative predictors of increased
total hospital charges were Medicaid insur-
ance, self-pay for insurance, and no charge
for insurance.

In patients with pulmonary hypertension,
recent studies have reported a 13% increase in
hospital LOS (11.8 days longer), initial diagnosis

at an older age ([65 years), a small percentage
patients with private insurance, doubled hos-
pital charges, and a 23% decrease in mortality
[8]. Mortality has decreased due to advance-
ments in treatment and the new pharma-
cotherapies that are now available. Despite the
decrease in mortality reported in patients with
pulmonary hypertension, the increase in mor-
tality seen with patients with pulmonary
hypertension and cirrhosis may be explained by
comparing this patient population to the one
that is most similar, namely, patients with
portopulmonary hypertension. This latter dis-
ease occurs due to portal hypertension, mostly
resulting from underlying cirrhosis, and pul-
monary hypertension. It is a difficult disease to
understand and it is associated with a mortality
at 5 years of 51% [9]. However, there is no cur-
rent consensus on survival or prognostic factors
for portopulmonary hypertension due to a
scarcity of studies as well as a lack of data sec-
ondary to a small number of patients enrolled
in clinical trials, a situation similar to that for
patients with pulmonary hypertension and cir-
rhosis [10].

Cirrhosis, alone or in combination with
pulmonary hypertension, is known to increase
total hospital charges, but this disease decreases
mortality and hospital LOS independently of
other risk factors, likely due to improvements in
management and the rise of palliative care [10].
However, this is not the same for patients with
cirrhosis-related complications, as can be seen
in our study as well. Patients with cirrhosis-re-
lated complications continue to experience
higher mortality rates, increased hospital LOS,
and greater total hospital charges for all com-
plications [5, 6]. Our study further shows that
high-risk cirrhosis patient populations, such as
our cohort with pulmonary hypertension, also
continue to have significantly higher mortality
that is further magnified in association with
deadly cirrhosis-related complications [5]. In
previous studies, cirrhosis has been shown to
increase hospitalizations for white patients,
females, and holders of public insurance (e.g.,
Medicare or Medicaid) [5]. For our patients with
pulmonary hypertension and cirrhosis, the
opposite was true: black, Asian/Pacific Islander,
and Hispanic patients experienced significant
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increases in either mortality, hospital LOS, and/
or total hospital charges, whereas patients with
Medicare had better outcomes.

Interestingly, we observed an unexpected
decrease in mortality for black patients among
all patients with pulmonary hypertension and
cirrhosis. One of the largest studies evaluating
the impact of race and ethnicity on patient
outcomes for pulmonary hypertension was the
study using data from the REVEAL registry (n
= 3515 patients). The results of this study
showed that following adjustments for insur-
ance status, hemodynamic monitoring, and
5-year follow-up, black patients no longer
experienced increased mortality [4, 5, 9]. These
results strongly suggest that a greater invest-
ment in insurance, more patient education
on the diseases, increased availability of re-
sources to patients suffering from these comor-
bidities, and increased hospital resources (such
as follow-up, scheduling help, community-
based resources, etc.) could further decrease
mortality and possibly help decrease hospi-
tal LOS and total hospital charges in this patient
group.

Surprisingly, Asians/Pacific Islanders showed
the greatest increase in mortality and total
hospital charges of any race or ethnicity. Until
the REVEAL registry, it was unclear whether
different races or ethnicities had differing
prognosis following the diagnosis of pulmonary
hypertension; however, the authors of the
REVEAL study concluded that race and ethnic-
ity did not impact outcomes for patients with
pulmonary hypertension [11, 12]. In contrast,
our study results show that Asians/Pacific
Islanders are at a significantly higher risk than
other races and ethnicities for mortality. Also,
Asian/Pacific Islander patients are more likely to
have congenital heart disease-associated pul-
monary hypertension, which would signifi-
cantly increase their lifelong morbidity and
mortality compared to patients first diagnosed
with pulmonary hypertension in adulthood
because those diagnosed in adulthood would
likely have decreased lifetime survival and hos-
pitalizations [11]. Genetic mutations in inter-
action with epigenetics and environmental
factors, which may be present for Asians/Pacific
Islanders, could also theoretically increase

mortality in this patient group. Cirrhosis, espe-
cially with decompensation, has been known to
increase in-hospital mortality for Asians/Pacific
Islanders, which may also further explain our
results [6].

Not only race and ethnicity, but insur-
ance status also impacted mortality. In earlier
studies in US populations, insurance status was
the single most important prognosticator of
increased mortality, even greater than race,
further highlighting the importance of insur-
ance coverage for our patient populations [4].
Our patients were mostly of lower socioeco-
nomic status, which has been shown to signifi-
cantly further worsen outcomes due to poor
access to care, later disease presentation, and
limited availability of treatment options for
advanced stages of these diseases [9, 12]. Our
results highlight why good insurance coverage,
especially for those of lower socioeconomic
status with access to limited resources, is vital
for improving outcomes because patients with
Medicare were associated with better outcomes
in our study. Even though Medicare insurance
does not provide the same level of coverage as
private insurance, having insurance itself
improved outcomes for our patients with pul-
monary hypertension and cirrhosis. Pulmonary
hypertension has been associated with longer
hospital LOS, especially in patients with Medi-
care insurance. Total hospital charges for
patients with pulmonary hypertension with
commercial insurance were almost threefold
higher, but there was also a substantial increase
in total hospital charges of $16,000 for patients
with Medicare [13]. Yet our study reveals that
patients with both pulmonary hypertension
and cirrhosis with Medicare had significantly
decreased total hospital charges. Also, patients
with decompensated cirrhosis and complica-
tions have been known to have a lower risk for
in-hospital mortality with any type of insurance
[6].

Regarding complications, cardiac arrest had
the greatest impact on mortality. Our study
showed a catastrophic 36-fold increase in mor-
tality for patients with pulmonary hypertension
and cirrhosis complicated by cardiac arrest. The
second largest risk factor for morality is hepa-
torenal syndrome, with a fourfold increase in
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mortality, which pales in comparison to cardiac
arrest. Cardiac arrest is an especially extremely
life-threatening complication for our patient
population due to the difficulty in resuscitating
patients with severe underlying hypoxia and
acidosis as a result of pulmonary hypertension
and cirrhosis [14]. Of all cardiac arrests in
patients with pulmonary hypertension, 50% are
due to the progression of the underlying dis-
ease, so this complication must be prevented
from occurring in the first place due to the very
low chance of recovery [15]. Similarly for
patients with cirrhosis, cardiac arrest is a marker
of a very poor prognosis; in one study, only 19%
of these patients survived and of these patients,
most had very poor neurological recovery
1 month after surviving cardiac arrest [16].

The complications hepatorenal syndrome,
pulmonary embolism, hemoptysis, and ven-
tricular tachycardia also significantly worsened
mortality, but to a lesser extent than cardiac
arrest, and they also simultaneously increased
hospital LOS and total hospital charges. Hepa-
torenal syndrome is the most lethal complica-
tion of cirrhosis, with patients having a 37%
mortality rate; this condition almost always
requires hospitalization and is associated with
the worst prognosis [17]. Pulmonary embolism
leads to chronic thromboembolic pulmonary
hypertension in up to 3.8% of survivors of acute
pulmonary embolism [18]. Patients with pul-
monary hypertension and cirrhosis complicated
by pulmonary embolism likely need close
surveillance and a high index of suspicion to
diagnose chronic thromboembolic pulmonary
hypertension. This must be done in a timely
manner to reduce mortality in this patient
population. Data on the independent impact of
pulmonary hemorrhage/hemoptysis for hospi-
tal outcomes are limited, but the small amount
of data that is available shows that these
patients have a higher mortality [19]. Ventric-
ular tachycardia has been seen in up to 24% of
patients with pulmonary hypertension [20],
which is a very low incidence. However,
alarmingly, in a 3-year study in which over 500
patients with pulmonary hypertension died,
17% of the deaths were due to sudden and
unexpected causes attributed to ventricular
tachycardia [20, 21]. The results of our study

show that ventricular tachycardia slightly
worsened outcomes so there may need to be
more vigilance for monitoring patients for the
development of ventricular tachycardia in this
patient population.

Study Limitations

Our study had several limitations. First, despite
extensive literature searches, we were unable to
find studies from which we could draw signifi-
cant conclusions on the relationship between
these two highly prevalent issues, pulmonary
hypertension and cirrhosis, in medicine today.
We therefore analyzed a collection of the most
recent years of the NIS database from the years
2012 to 2017. However, the NIS dataset does
not provide laboratory data or account for
treatments for cirrhosis with diuretics, beta
blockers, albumin, terlipressin, vasoactive
agents, midodrine, or for the various treatments
for different types of pulmonary hypertension,
such as blood vessel dilators/vasodilators,
guanylate cyclase stimulators, endothelin
receptor antagonists, phosphodiesterase inhibi-
tors, high-dose calcium channel blocks, war-
farin, digoxin, and chronic oxygen therapy.
Secondly, individually, there are currently few
studies on either pulmonary hypertension and
its complications with regards to our parameters
for cirrhosis. Thirdly, long-term outcomes post
hospitalization were also unaccounted for as the
database only allows for analysis of data ranging
from admission to discharge. Fourthly, we did
not sub-categorize the type of pulmonary
hypertension because we wanted to examine all
patients with primary or secondary pulmonary
hypertension; such an analysis would have
allowed us to further elaborate on risk speci-
ficity. The stratification of pulmonary hyper-
tension etiology would have provided insight
into specific treatment directions and options
presented to the patient that ultimately have an
effect on hospital data (i.e., LOS, cost), but we
were not able to stratify the study population
for these data as there are currently no explicit
ICD codes outlining the five sub-categorizations
in as much depth as we would have liked to
investigate. Lastly, our results may not be
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generalizable to international populations
despite a broad spectrum of localities repre-
sented within the weighted data. Due to the
regional differences and hospital types found in
the NIS from across the USA, there is no way
currently to extrapolate these findings to inter-
national regions, hospitals, or populations.

CONCLUSION

In conclusion, we found that patients with
pulmonary hypertension and cirrhosis have
higher mortality, hospital LOS, and total hos-
pital charges compared to patients with only
pulmonary hypertension. Health care cost data
for pulmonary hypertension and cirrhosis as
well as pulmonary hypertension is currently
scarce. The relationship between race and eth-
nicity and pulmonary hypertension and cir-
rhosis is complex, but understanding this
relationship may help us improve outcomes in
the future for these patient populations. In
contrast to other cardiovascular diseases, such
as heart failure and hypertension, there are no
specific treatment guidelines for patients based
on race or ethnicity for patients with pul-
monary hypertension, so this must be investi-
gated in future studies. Targeted interventions,
such as novel medications, right-to-left shunts,
more evaluations for lung transplantation, and
reversal of pulmonary vasculature remodeling,
are needed for the subgroups identified in this
study.
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