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ORIGINAL RESEARCH

Healthcare resource utilization and costs for patients with pulmonary arterial
hypertension: real-world documentation of functional class

Robert Dufoura, Janis Pruettb, Nan Hua, Cassandra Lickertb, Stephen Stemkowskia, Yuen Tsangb, Daniel Lanea

and William Drake IIIb

aComprehensive Health Insights, Humana Inc., Louisville, KY, USA; bActelion Pharmaceuticals US, Inc., San Francisco, CA, USA

ABSTRACT
Background and aims: Pulmonary arterial hypertension (PAH) is a rare medical disease in which
patients experience increased pulmonary vascular resistance (PVR) and pulmonary arterial pressure that
can result in remodeling of the pulmonary vasculature and heart, and eventually lead to right heart
failure and death. As PAH progresses, patients become unable to perform even routine daily tasks
without severe shortness of breath (dyspnea), fatigue, dizziness, and fainting (syncope). Treatment
strategies largely depend on assessment of an individual patient’s WHO Functional Class. The aim of
the present study was to determine whether PAH functional decline, as described by the WHO
Functional class (FC), is associated with increased healthcare costs for patients.
Methods: Patients with a prescription for a FDA-approved treatment for PAH and a medical claim indi-
cating chronic pulmonary heart disease or right heart catheterization were identified from an adminis-
trative claims database. Provider-reported data from prior authorization forms required for advanced
PAH therapies and medical charts were examined for reported FC. Healthcare resource utilization and
costs were the primary outcomes of interest. Costs were accounted in 2014US dollars ($) from a
healthcare payer perspective.
Results: Patients with a reported FC-IV were observed to have the worst outcomes; averaging signifi-
cantly more inpatient admissions, longer average lengths of stay, and more emergency department vis-
its than the other FC sub-groups, resulting in higher medical costs.
Conclusions: Using administrative data to document disease severity, this study replicates and expands
on findings obtained from the registry study; disease severity was associated with higher healthcare
resource utilization and costs. Stakeholders’ implications for patient management are discussed.
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Introduction

Pulmonary arterial hypertension (PAH) is a severe, rapidly
progressive condition characterized by pathological narrow-
ing of pulmonary arteries, leading to increased pulmonary
vascular resistance, right ventricular failure, and death1,2. The
severity of PAH is based on the New York Heart Association’s
classification scheme, modified by the World Health
Organization (WHO)1. In addition to the relationship of dys-
pnea and fatigue with activity limitations, the WHO func-
tional classification (FC) incorporates syncope, as well as
signs and symptoms of right heart failure. The classification
system includes four classes (I, II, III, and IV), with increased
PAH severity ranked as higher classes3,4. Table 1 shows a
description of each class. A 2015 update to the guidelines
advocates a risk assessment approach to characterize the dis-
ease progression (low, intermediate, or high risk) that
includes a series of determinant clinical characteristics and
specific test result levels including FC. A previous study has
documented that point-in-time measurement of FC remains
an important predictor of disease progression and future sur-
vival in PAH patients5. That study was based on data

collected from the Registry to Evaluate Early and Long-term
PAH Disease Management (REVEAL registry). Functional class
was collected at enrollment into the registry, and the study
did not address healthcare resource utilization and costs.
The importance of FC in the management of PAH is well-
evidenced, and impacts treatment selection and patient
outcomes6. Given that a significant proportion of newly-
diagnosed patients with PAH show an advanced presentation
of the disease, the determination of baseline FC is instrumen-
tal in risk stratification and the selection of appropriate treat-
ment7–9. The European Society of Cardiology (ESC) and the
European Respiratory Society (ERS) 2015 guidelines indicate
that intravenous prostacyclin is indicated in high risk (FC-IV)
PAH patients. Other therapies, including endothelin receptor
antagonists (ERAs), phosphodiesterase-5 inhibitors (PDE5is), a
soluble guanylate cyclase stimulator (SGc), prostainoids, and
an IP receptor agonist, are appropriate for low and intermedi-
ate risk patients (FC-II or FC-III)10. The short- and long-term
treatment goals for PAH include the improvement of patients
to a lower FC in order to achieve more favorable patient out-
comes11. In addition to the challenges in treating the disease,
the economic burden of PAH is significant. A number of
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administrative claims-based studies have reported higher
overall healthcare costs for patients with PAH12–15, as well as
the fact that PAH-related costs comprised a majority of a
patient’s total healthcare spend13,14. A major limitation of
previous retrospective studies has been the lack of ascertain-
ment of disease severity, which is not available on typical
administrative claims data. The incorporation of FC in a
claims-based study design that examines treatment patterns
and outcomes would validate the significance of point-in-
time measurement of FC (defined here as a single capture of
that status), and allow a more complete understanding of
healthcare resource utilization (HCRU) and costs for PAH
patients.

The current study ascertained the FC of patients treated
for PAH through prior authorization (PA) form and medical
chart abstraction and, using these data, evaluated the health-
care utilization and costs for these patients.

Methods

We conducted a retrospective, observational cohort study
based on de-identified administrative claims data. The
research protocol was reviewed and approved prior to study
initiation by an independent institutional review board, and a
waiver of Health Insurance Portability and Accountability Act
authorization was obtained.

Data sources

Data for this study were obtained from the Humana
Research Database. The data sources included medical and
pharmacy claims, as well as enrollment records, spanning
from January 1, 2009 to June 30, 2014, encompassing the
identification and observation periods for this study.
Approximately 70% of the database is comprised of patients
enrolled in Medicare Advantage plans, and the remaining
30% consist of patients with commercial insurance. Figure 1
provides a diagram illustrating the study design. Enrollment
data included patient demographics and dates of insurance
coverage. Medical claims data included hospital inpatient
stays, emergency department (ED) visits, and cost elements.
Diagnosis codes were based on the International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes, current procedural terminology (CPT) for

tests and procedures, and healthcare procedure coding sys-
tem (HCPCS) for various procedures (e.g. injections, etc.).
Pharmacy claims data included details of each prescription
fill; specific medication by National Drug Code (NDC) and
Generic Product Identifier (GPI) codes, fill date, quantity dis-
pensed, and days’ supply.

Since FC, a key clinical element required to achieve the
study’s objectives, was not included in medical administrative
claims, alternative data collection methods were utilized to
ascertain FC. Prior authorization requirements for most PAH
treatments require the reporting of FC for review of appropri-
ateness. Data mining of the prior authorization (PA) forms for
PAH specific medications allowed for the collection of phys-
ician-reported FC. To supplement these data, chart abstrac-
tion was also conducted to collect FC.

Study sample

From the database, patients identified for study inclusion were
18–89 years of age, and had at least one claim for a PAH-spe-
cific medication available during the study period (January 1,
2009 and December 31, 2013), including an ERA, PDE5i, or
prostacyclin. Patients were required to have at least one med-
ical claim, with one of the relevant diagnosis codes associated
with pulmonary hypertension in any position on the adminis-
trative medical claim form, or at least one medical claim with a
CPT or ICD-9-CM procedure code, indicating a right heart cath-
eterization procedure during the identification period16. The
target ICD-9 diagnosis codes consisted of 416.0 (primary pul-
monary hypertension), 416.8 (other chronic pulmonary heart
diseases), or 416.9 (chronic pulmonary heart disease, unspeci-
fied). The CPT procedure codes consisted of 36013
(Introduction of catheter, right heart or main pulmonary
artery), 93451 (Right heart catheterization including measure-
ment(s) of oxygen saturation and cardiac output, when per-
formed), 93456 (Catheter placement in coronary artery(s) for
coronary angiography, including intraprocedural injection(s)
for coronary angiography, imaging supervision and interpret-
ation; with right heart catheterization), 93457 (Catheter place-
ment in coronary artery(s) for coronary angiography, including
intraprocedural injection(s) for coronary angiography, imaging
supervision and interpretation; with catheter placement(s) in
bypass graft(s) (internal mammary, free arterial, venous grafts)
including intraprocedural injection(s) for bypass graft angiog-
raphy and right heart catheterization), 93501 (Right Heart
Catheterization), 93526–93529 (Combined right heart catheter-
ization and retrograde left heart catheterization), 93530–93533
(Right heart catheterization, for congenital cardiac anomalies).
The ICD-9-CM procedure code consisted of 37.21 (Right heart
cardiac catheterization). Enrollment in a commercial or
Medicare plan, with both medical and pharmacy coverage, was
further required.

The date of the first fill for an approved PAH-specific ther-
apy served as the index date. Patients were required to have
a minimum of 3 months pre-index and 6 months post-index
continuous enrollment, unless plan termination was associ-
ated with death. The short pre-index period of 3 months was
selected to optimize the sample count. All post-index data
available were used to evaluate HCRU and costs.

Table 1. World Health Organization’s PAH functional class description.
Functional
class

Description

I No limitation of usual physical activity; ordinary physical activity
does not cause dyspnea, fatigue, chest pain, or presyncope

II Mild limitation of physical activity; no discomfort at rest; but
normal activity causes increased dyspnea, fatigue, chest pain,
or presyncope

III Marked limitation of activity; no discomfort at rest, but less than
normal physical activity causes increased dyspnea, fatigue,
chest pain, or presyncope

IV Unable to perform physical activity at rest; may have signs of
RV failure; symptoms increased by almost any physical
activity

This table is adapted from http://pulmonaryhypertensionrn.com/functional-
classification-of-pulmonary-arterial-hypertension-pah/
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Applying the above criteria, a total of 1,894 patients were
identified for study qualification. This prevalence rate is
slightly higher than the national prevalence rate of PAH and
may reflect the higher proportion of patients age >65 years
in the database used for this study. Data mining of PA forms
for approved PAH-specific medications resulted in the ascer-
tainment of FC for 437 unique individuals. Chart abstraction
was requested for 819 of the remaining 1,457 patients with-
out FC. These 819 patients had a recent medical claim,
defined as ±90 days of the index date, containing either of
the relevant diagnosis codes listed above. Providers associ-
ated with these claims were contacted by a chart abstraction
vendor to provide the patients’ medical chart for the time
period around the index event. The clinical abstractors were
trained to retrieve functional class according to the same
standard of the functional class information requested on the
prior authorization form. Of these, 425 charts were collected
and the chart abstraction process yielded the FC for 39
unique individuals. Hence, the final cohort for this study con-
sisted of 476 patients with PAH and FC information (see
Figure 2 for the attrition table).

Of the 476 patients, 10 were classified as FC-I, 106
were as FC-II, 302 as FC-III, and 58 as FC-IV. Although

patients classified as FC-I were included in all the analy-
ses reported, this sub-group was too small to warrant
close examination of the results. As such, the results
reported are focused on the FC-II, FC-III, and FC-IV sub-
groups.

Demographic and clinical characteristics

Baseline demographic and clinical characteristics of the
cohort were examined overall and by FC. The demographic
characteristics included age at index date (years), gender,
race/ethnicity, duration of post-index period (days), insur-
ance type (commercial or Medicare), and geographical
region (Northeast, Midwest, South, and West). Baseline clin-
ical characteristics included index medication (ERA, PDE5i,
or prostacyclin), Elixhauser Comorbidity Index (ECI) (0–31),
qualifying ICD-9-CM diagnosis, and percentage of patients
with �1 right heart catheterization procedure. Three post-
index clinical characteristics were also captured: percentage
of patients with the addition of second therapy, duration
from index date to addition of second therapy (days), and
percentage of patients who died during the post-index
period.

Index Date

Pre-Index period 
3 months 

Post-Index period 
6 months

Case A: Pa�ents with  6 months post-index available.

Index Date

Pre-Index period 
3 months 

Post-Index period 
< 6 months if deceased

Case B: Pa�ents with < 6 months post-index due to death.

01/01/2009 06/30/2014 12/31/2013 

Observa�on Period

Iden�fica�onPeriod

Study Design

Figure 1. Study design and two sample case types.
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Healthcare resource utilization and costs

All-cause inpatient hospitalizations, ED visits and outpatient
visits were measured using the post-index medical claims,
and the average length of stay for inpatient admissions was
reported. Pharmacy utilization was evaluated based on the
count of distinct fill dates for specific NDC codes using post-
index pharmacy claims.

All costs reported consist of the allowed amount (patient-
and plan-paid). Total costs were defined as the sum of all
allowed medical and prescription costs incurred. Medical
costs were associated with any incurred medical benefit
claim. Prescription costs were associated with any incurred

pharmacy benefit claim. Costs were adjusted to 2014US dol-
lars using the annual Medical Care component of the
Consumer Price Index.

The national monthly mean total costs for Medicare
patients as reported for 2012 (most recent year available)
was computed using data published by the Centers for
Medicare and Medicaid Services (CMS) and converted into
2014US dollar using the annual Medical Care component of
the Consumer Price Index17. The Medicare monthly mean
total costs provides a point of comparison as to how the
costs of patients treated for PAH contrast with the broader
population.

Pa�ents with a pharmacy claim for a FDA-approved 
treatment for PAH between 01/01/2009-

12/31/2013 

12,698

Pa�ents with a Pulmonary Hypertension diagnosis 
or Right Heart Catheteriza�on procedure between 

01/01/2009-12/31/2013 

3,817 (30.1%) 

Post-Index period 180 days or 
deceased date post-index 

3,802 (29.9%) 

Pre-Index period 90 days 

2,798 (29.9%) 

Commercial or Medicare Advantage Insurance Type

1,916 (15.1%) 

Age between 18-89 years at index

1,894 (14.9%) 

Func�onal Class documented in Prior Authoriza�on 
Form for Index PAH Treatment 

437 (3.44%) 

Medical claim ± 90 days from index date and 

819 (6.45%)

Selected for Chart Abstrac�on 

425 (3.3%) 

Func�onal Class documented in abstracted chart

39 (0.31%) 

Final Sample of PAH pa�ents with documented 
Func�onal Class 

476 (3.75%)

Figure 2. Attrition summary of study population.
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Statistical analyses

For baseline demographic and clinical characteristics of the
subjects, means ± standard deviation (SD) were reported for
continuous variables, and frequencies (%) were reported for
categorical variables.

A series of analyses were performed examining post-index
HCRU overall and HCRU stratified by FC. The statistical analy-
ses consisted of a series of general linear model regressions
contrasting two of the FC sub-groups to one another. Hence,
three sets of contrasts were performed. The models included
the following covariates: age, gender, geographical region,
race/ethnicity, insurance type (Medicare or commercial),
index treatment for PAH, deceased status, and baseline
Elixhauser comorbidity index. The Holm adjustment was used
to determine level of significance across the three sets of
contrasts. All resulting statistical tests from these analyses
consisted of p-values.

A similar series of analyses were performed examining
healthcare costs. For all cost measures, a family of generalized
linear models was generated using the log-link and gamma
distribution. These models were generated to contrast costs
by FC and to control for demographic and clinical characteris-
tics (age, gender, geographical region, race/ethnicity, insurance
type, source of FC (PA or chart abstraction), index treatment
for PAH, deceased status, and baseline ECI). All resulting statis-
tical tests from these analyses consisted of Wald Chi-Square
evaluating the Maximum Likelihood Parameter Estimates.

A sensitivity analysis focusing on the healthcare costs of
patients in the PAH cohort with Medicare coverage was also
performed. These patients were further contrasted to the
Medicare national average, based on data publicly released
by the Center for Medicare and Medicaid (CMS)16.

Patients had varied lengths of post-index follow-up.
The mean post-index period available for analyses was

595.2 days, and the mean post-index period varied by FC
sub-groups, but the differences were not statistically signifi-
cant. To address these variations, values were normalized to
a per-patient-per-month (PPPM; total units/total months
post-index and total cost amount/total months post-index)
value. For all measures, mean (± SD), median, and range were
reported.

All analyses were conducted using SAS Enterprise Guide
version 5.1. The a priori alpha level for all inferential analyses
was set at 0.05. All statistical tests were two-tailed, unless
otherwise specified. Data were evaluated for violations of
assumptions underlying the associated statistical tests as
appropriate.

Results

Demographic and clinical characteristics

The demographic characteristics of the PAH cohort indicate
that 63.5% of the cohort had progressed to FC-III, while
12.2% had progressed to FC-IV (Table 2). The mean age and
the percentage of women were similar for all FC sub-groups.
Across FC sub-groups, the majority of patients were white.

The clinical characteristics of the PAH cohort indicate that
more than half of the cohort were treated at index with an
ERA (Table 2). Only 37.9% of the FC-IV sub-group had an ERA
as the index treatment, compared to 54.7% of the FC-II and
55% of the FC-III sub-groups (p¼ .048). Less than half (39.9%)
of patients were treated at index with a PDE5i. This index
treatment was more frequently found in FC-IV than in FC-II
or FC-III sub-groups (p¼ .27). The remaining 7.8% of the
cohort were treated with prostacyclin, and 26.7% of the
cohort had a second medication. There was an overall effect
of FC on mean time to add a second medication (p¼ .03),
with days to addition of a second medication occurring

Table 2. Demographic and clinical characteristics of PAH cohort.
Overall FC-I FC-II FC-III FC-IV

Demographic
Count, n (%) 476 10 (2.1) 106 (22.3) 302 (63.5) 58 (12.2)
Mean age, years [SD] 67.5 [11.3] 68.7 [8.8] 66.6 [13.4] 67.9 [10.9] 66.7 [10.0]
Gender (% female) 69.8 50.0 67.9 70.9 70.7
Race (% Caucasian) 74.3 66.7 70.7 76.6 70.2
Mean post-index period (days) 595.2 570.5 630.6 586.9 578
Insurance Type (%)

Medicare 91.6 90.0 86.8 92.1 98.3
Geographical (%)

Southa 64.9 60.0 67.0 64.6 63.8
Clinical
Index therapy (%)

ERA 52.3 30.0 54.7 55.0 37.9
PDE5i 39.9 40.0 38.7 38.1 51.7
Prostacyclin 7.8 30.0 6.6 7.0 10.3

Count of patients adding 2nd therapy, n (%) 127 (26.7) NA 19 (17.9) 86 (28.5) 21 (36.2)
Mean time to 1st added medication (days) 113.8 NA 109.7 119 74.1
Elixhauser Comorbidity Index, mean [SD] 6.9 [4.0] 4.5 [3.2] 6.4 [4.2] 7.1 [3.9] 7.1 [4.1]
Qualifying ICD-9-CM, (%)

416.0 90.8 90.0 90.6 91.7 86.2
416.8 98.5 90.0 100.0 98.7 96.6
416.9 41.4 20.0 34.9 42.1 53.5

Right heart catheterization, (% with �1 RHC) 61.8 80.0 59.4 61.6 63.8
Mortality
Deceased patients, n (%) 119 (25.0) < 10 14 (13.2) 78 (25.8) 26 (44.8)
aUsed most populous region in database as reference.
ERA, endothelin-receptor antagonist; FC, functional class; NA, not applicable; PAH, pulmonary arterial hypertension; PDE5i, phosphodiesterase type-5 inhibitor;
SD, standard deviation.
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sooner for patients in FC-IV (74.1 days) than for patients in
FC-II (109.7 days, p¼ .01) and for patients in FC-III (119.0
days, p¼ .01).

Healthcare resource utilization

The post-index inpatient stays, inpatient length of stays,
emergency department visits, outpatient visits and pharmacy
fills HCRUs were analyzed. The unadjusted means are pre-
sented in Table 3. For inpatient stays, the overall cohort
experienced a mean of 0.1 (±0.2) hospitalizations per patient
per month (pppm), with a mean average length of stay of
1.0 (±2.0) day/pppm. The patients in the FC-IV sub-group
experienced significantly higher mean monthly hospitaliza-
tion rates (0.2 stays/pppm) than patients in FC-II (0.1 stays;
p< .0001) or FC-III (0.1 stays; p¼ .0005) sub-groups. Similarly,
patients in the FC-IV sub-group experienced a significantly
higher monthly mean length of stay (1.9 days) than patients
in FC-II (0.8 days; p¼ .0037) or FC-III (0.9 days; p¼ .0005) sub-
groups. The overall cohort generated 47 hospitalizations per
month and averaged 476 hospital days per month.

The overall cohort generated a mean of 0.4 (±0.5) ED visits/
pppm (200 ED visits/month). As might be expected, patients
in the FC-IV sub-group experienced a significantly higher
mean number of ED visits (0.6 visits) than the patients in FC-II
(0.3 visits; p¼ .0044) or FC-III (0.3 visits; p¼ .0013) sub-groups.
In contrast, both the mean outpatient visit (3.5± 2.5 visits) and
the mean prescription fills (4.0± 1.8 fills) for the cohort were
similar across FC sub-groups (all p> .05).

Healthcare costs

Table 4 shows the results of the analyses of the all-cause
healthcare costs for the cohort, as well as the cost results

stratified by FC. In these cost analyses, FC-IV was used as the
reference group; the parameter estimates generated by the
models provide an indication of the likelihood that the FC-II
or FC-III sub-group experienced higher or lower costs than
the FC-IV sub-group. The means presented are unadjusted.

The mean total costs for the PAH cohort was $9,560
(±$9,986) pppm. There were significant differences in mean
total costs by FC. Patients in the FC-IV sub-group
($11,230 ± $7,142 pppm) had higher mean costs than patients
in the FC-II ($9,845 ± $16,196 pppm, p¼ .021) or FC-III ($9,300
pppm, p¼ .015) sub-groups (Figure 1). The medians showed
the expected positive linear trend; the median for the FC-II
sub-group ($7,620 pppm) was lower than the median for FC-
III sub-group ($8,287 pppm), which was lower than the
median for the FC-IV sub-group ($10,006 pppm).

The mean (SD) monthly prescription costs for the PAH
cohort included in this study were $4,590 (±$3,548) pppm.
There were no statistical differences between FC sub-groups
(all p> .10).

The mean monthly medical costs were $4,970 (± $9,749)
pppm. In this case, there were significant differences in mean
medical costs pppm between FC-IV when compared to FC-II
and FC-III. The mean medical costs of patients in the FC-II
sub-group were slightly higher than those in the FC-III sub-
group; however, the medical cost range for the FC-II sub-
group indicated that one patient experienced very high med-
ical costs. Since the size of the FC-II sub-group was relatively
small (n¼ 106), this patient’s contribution to the mean was
impactful. The median medical costs showed a positive linear
trend from FC-II to FC-IV.

The impact of this outlier cost was examined by removing
it from the computation of FC-II mean total costs. Figure 3
shows the altered means, indicating that the new mean total
cost of FC-II patients was lower than that of FC-III patients,

Table 3. Post-index all-cause mean healthcare resource utilization stratified by FC (per patient per month, unadjusted).
Overall FC-I FC-II FC-III FC-IV
(n¼ 476) (n¼ 10) (n¼ 106) (n¼ 302) (n¼ 58)

Inpatient stays
Mean (SD) 0.1 (0.2) 0.1 (0.1) 0.1 (0.1) 0.1 (0.2) 0.2 (0.2)a,b

Median 0 0 0 0 0
Range [0.0–1.7] [0.0–0.3] [0.0–0.6] [0.0–1.7] [0.0–1.4]

Inpatient days
Mean (SD) 1.0 (2.0) 0.5 (0.9) 0.8 (2.0) 0.9 (1.7) 1.9 (2.9)a,b

Median 0 0 0 0 1
Range [0.0–16.5] [0.0–1.9] [0.0–16.5] [0.0–14.2] [0.0–13.8]

ED services
Mean (SD) 0.4 (0.5) 0.2 (0.2) 0.3 (0.5) 0.3 (0.5) 0.6 (0.8)a,b

Median 0 0 0 0 0
Range [0.0–4.5] [0.0–0.6] [0.0–2.2] [0.0–2.7] [0.0–4.5]

Outpatient services
Mean (SD) 3.5 (2.5) 2.5 (1.4) 3.2 (2.3) 3.6 (2.5) 3.8 (2.8)
Median 3 3 3 3 3
Range [0.0–18.4] [0.2–4.6] [0.4–18.4] [0.0–17.6] [0.1–16.9]

Specialists
Mean (SD) 1.7 (1.7) 1.2 (0.7) 1.5 (1.6) 1.7 (1.8) 1.6 (1.4)
Median 1 1 1 1 1
Range [0.0–15.0] [0.1–2.3] [0.2–15.0] [0.0–14.9] [0.0–8.1]

Prescription (fills)
Mean (SD) 4.0 (1.8) 2.6 (2.1) 3.9 (1.8) 4.0 (1.7) 4.5 (1.9)
Median 4 3 4 4 4
Range [0.0–11.1] [0.0–5.2] [0.6–10.0] [0.0–11.1] [0.9–10.3]

ED, emergency department; FC, functional class; SD, standard deviation.
aFC-IV patients achieved a statistically higher mean than FC-II patients.
bFC-IV patients achieved a statistically higher mean than FC-III patients.
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confirming that this datum did affect the overall trend. As
the outlier datum is from a patient with commercial insur-
ance, another approach is to limit the total costs analysis to
patients with Medicare insurance. The analysis showed a
positive linear trend from FC-II to FC-IV (see Figure 3). Finally,
as a point of comparison, the national monthly mean total
cost for the Medicare population was also computed. The
analysis shows that patients in each functional class experi-
enced much higher mean total costs than those reported for
the Medicare population nationally.

Discussion

This study showed how PAH progression, as measured by
our cross-sectional sample of FC, impacts various healthcare
outcome metrics and associated healthcare costs.
Documentation of FC was found in slightly less than 10% of

all abstracted medical charts. However, research has shown
that single point-in-time measurement of FC is an important
predictor of future survival in PAH patients.

In this study, across all the measures reported, the FC-IV
sub-group, compared to the FC-II or FC-III sub-group, had
less favorable outcomes. The FC-IV sub-group had more
inpatient stays, longer lengths of stay, more ED services,
higher all-cause medical costs, and total costs. Some of these
patterns have been previously documented in research11–14.
Recently, using REVEAL registry data, Farber et al.5 demon-
strated that the poorest outcomes were observed among
patients in FCIII or IV, with 5-year survival rates of 60.0% and
43.8%, respectively.

Overall, PAH patients in this study required many services,
regardless of their FC. This finding is consistent with previous
registry studies, further emphasizing that, despite its low
prevalence and irrespective of population source, PAH is a
costly disease. The overall PAH treatment goal, as defined in
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Figure 3. Sensitive analysis of monthly total healthcare costs (mean, median, mean for Medicare patients only) for PAH patients by functional class and contrast to
national monthly total healthcare costs for CMS managed care population.

Table 4. Post-index all-cause mean healthcare costs by cost type: total paid stratified by FC (2014 $, per-patient-per-month, unadjusted).
Overall FC-I FC-II FC-III FC-IV
(n¼ 476) (n¼ 10) (n¼ 106) (n¼ 302) (n¼ 58)

Pharmacy costs
Mean (SD) $4,590 ($3,548) $2,301 ($2,889) $4,514 ($3,316) $4,696 ($3,472) $4,575 ($4,323)
Median $4,053 $1,353 $3,078 $4,595 $3,767
Ranged [$0–$26,919] [$0–$8,364] [$126–$15,454] [$0–$19,675] [$70–$26,919]

Medical costs
Mean (SD) $4,970 ($9,749) $2,401 ($3,117) $5,331 ($16,332) $4,604 ($6,816) $6,655 ($6,991)a,b

Median $1,712 $564 $1,222 $1,648 $3,486
Range [$23–$151,691] [$271–$10,085] [$60–$151,691] [$23–$48,357] [$182–$35,255]

Total costsc

Mean (SD) $9,560 ($9,986) $4,703 ($5,743) $9,845 ($16,196) $9,300 ($7,334) $11,230 ($7,142)a,b

Median $8,144 $2,755 $7,620 $8,287 $10,006
Range [$397–$152,112] [$397–$18,449] [$822–$152,112] [$424–$49,197] [$1,895–$36,251]

FC, functional class; SD, standard deviation.
aFC-IV patients achieved a statistically higher mean than FC-II patients.
bFC-IV patients achieved a statistically higher mean than FC-III patients.
cTotal costs¼ pharmacyþmedical costs.
d$0.00 cost is possible as some drugs (injection/infusion) are paid as a medical benefit.
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the guidelines6, is to achieve low risk status. Previous
research has shown that PAH disease severity as measured
by functional class is associated with lower quality-of-life18,
and our results indicate that PAH disease severity is associ-
ated with increase healthcare cost. The high costs are driven
by increased frequency of inpatient admissions. This study
found that FC-IV patients generated twice the frequency of
inpatient stays per-patient-per-month compared to FC-II
patients. Newer PAH therapies, oral treprostinil, riociguat, and
selexipag, not available during the study observation period,
may slow disease progression and reduce the risk of hospital-
ization, consistent with the guidelines’ goal to attain low risk
status for PAH patients19.

These findings suggest that if higher risk patients (FC-III
and FC-IV) were actively treated using treatment guidelines,
their risks could be lowered, leading to improvements in
their function and quality-of-life, and potentially lowering
median healthcare costs. Therefore, functional class docu-
mentation is an important tool for all stakeholders—health
plans, providers, and patients—as part of a PAH patient’s
management plan12–15.

Limitations

Limitations common to studies using administrative claims
data applied to this study. These included a lack of some
information in the database (e.g. some lab results, weight,
and health behavior information) and errors in claims coding.
There is no specific ICD-9-CM code for PAH, and claims data
do not indicate patient severity. No causal inference can be
ascertained from this study, as it was an observational study
using retrospective claims data. As this study used data from
Humana patients only, the results may not be generalized to
the general population; however, Humana is a large national
health plan with patients residing in a broad array of geo-
graphic regions. The reliability of clinical information
obtained from PA documentation has yet to be fully vetted.
Finally, patients may have progressed to a more severe FC
during the post-index period; nonetheless, the point-in-time
measurement of FC has been documented as an important
predictor of future survival in PAH patients, and was very
useful in providing a better understanding of health-related
outcomes as a function of FC.

Conclusions

This study examined the healthcare resource utilization and
costs of patients treated for pulmonary arterial hypertension
by disease severity. The results indicated that highest risk
patients (patients with a documented FC-IV status) had
poorer outcomes than patients in lower risk class (FC-II).
Patients diagnosed with PAH are a complex and heteroge-
neous group, as evidenced by their age range, comorbidities,
and complications. PAH functional class documents the
severity, progression, and impairment of activity associated
with this progressive, fatal disease. In this study, we observed
how progression of the disease, as measured by our cross-
sectional sample of FC, impacts various healthcare outcome

metrics, including healthcare resource utilization and costs.
As the recent treatment guidelines aim to have patients diag-
nosed with PAH attain low risk status, transparency about
the severity of the disease is important to facilitate a collab-
orative partnership and open communication among stake-
holders—health plans, providers, and patients—and might
increase disease understanding. Optimizing treatment with
newer agents with long-term evidence that demonstrates
improved disease progression and reduced risk of hospitaliza-
tion may lead to decreased healthcare resource utilization
and improved management of this rare and costly disease.
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