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Abstract

Purpose:

Financial burden associated with providing healthcare to patients with pulmonary arterial hypertension (PAH)
is poorly characterized. This study sought to quantify 3-year healthcare expenditures and determine whether
expenditures differed between incident and prevalent PAH cases.

Methods:

This was a retrospective cohort study of Kaiser Permanente Colorado (KPCO) patients with confirmed
diagnosis of PAH. Included patients were followed from study entry until 3 years, death, or termination
of KPCO membership, whichever came first. All expenditures were reported in 2011 US dollars from the
KPCO perspective.

Results:

In total, 157 patients were included: 44 (28%) prevalent and 113 (72%) incident cases. Mean age (prevalent
vs incident cases) was 61 years vs 67 years and 13.6% vs 27.4% were males. The majority of patients
(55%) were classified as WHO Group 1 PAH. Prevalent cases had less follow-up (843 vs 975 days;
p=0.033). Overall, median total per patient per day (PPPD) and 3-year total expenditures were $56
(interquartile range (IQR=$29-$166) and $50,599 (IQR = $25,958-$135,535), respectively. After
adjustment for patient characteristics and chronic disease burden, median PPPD ($54 vs $56;
p=0.950) and 3-year ($37,340 vs $55,073; p=0.111) total expenditures were equivalent between
prevalent and incident cases; however, the risk of death during the 3-year follow-up was lower among
incident cases (hazard ratio=0.41, 95% Cl=0.18-0.91). No significant differences were detected in
pharmacy, inpatient, medical office, emergency department, or other expenditures. Median PAH specialty
medication PPPD expenditures were also equivalent, also ($226 vs $223 among specialty medication users;
p=0.861).

Conclusion

Healthcare expenditures related to PAH represent substantial financial burden. Significant differences
according to prevalent or incident case status appeared to be driven by median ED and inpatient
expenditures; however, PAH specialty medication expenditures represented a substantial cost-driver
overall. Future efforts should focus on optimizing care for patients with PAH to avoid unnecessary harm
or waste.

Introduction

Pulmonary arterial hypertension (PAH) is a rare (estimated prevalence ranging
from 15 per 1 million individuals worldwide to 1007 per 1 million individuals,
depending on underlying etiology), fatal, and incurable disease characterized by
chronically elevated pulmonary artery pressure, abnormal cell proliferation and
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remodeling, vasoconstriction, as well as thrombosis!?.

Patients with PAH suffer from chronic shortness of
breath, limited exercise capacity, weakness and fatigue,
along with progressive right heart failure’. While long-
term prognosis for patients with PAH is poor, survival
rates have improved since the introduction of pharmaco-
logic therapies including prostanoids, endothelin receptor
antagonists (ERAs), and phosphodiesterase-5 (PDE-5)
inhibitors’.

The currently available therapies are associated with
symptomatic improvement, improved quality-of-life,
delayed onset of clinical right heart failure, and longer
survival®. Intravenous epoprostenol (Flolan®) was the
first therapy introduced for PAH in 1995 and is considered
to be the hallmark therapy for patients based on demon-
stration of improved survival compared to an historical
cohort of PAH patients maintained by the World Health
Organization (WHO) and the National Institutes of
Health (NIH)’. Subsequently other therapies with differ-
ent pharmacologic mechanisms—ERAs and PDE-5
inhibitors—were approved. Bosentan (Tracleer®), a non-
selective ERA, was the first oral PAH therapy approved in
the US, with sildenafil (Revatio®), a PDE-5 inhibitor,
closely following. Subsequently, ambrisentan (Letairis®)
and tadalafil (Adcirca®) were approved in the US and
represent incremental improvements over bosentan and
sildenafil (mostly due to favorable pharmacokinetic or
pharmacodynamic properties)®’. Studies suggest that
overall health and prognosis for patients with PAH is
improving despite the potential expense of these therapies
as well as financial burden they place upon health
systems®.

While improvements in patient functional capacity and
survival associated with these PAH therapies have been
investigated, evidence of the financial burden associated
with providing care to patients with PAH—particularly
within integrated systems—is under-developed. One retro-
spective study that examined resource utilization and cost
for managing patients with PAH who received either sil-
denafil or bosentan reported that these patients’ health-
care costs were significant with pharmacy expenditures as
a primary driver’. Wilkens et al.'® similarly described
the clinical and economic burden of PAH for patients
in Germany. In addition, reports from Copher et al.!!
and Said et al.!? examined costs related to patients with
a PAH diagnosis in the US. Beyond recognizing that
caring for patients with PAH is associated with economic
and financial burden, these studies do not report or char-
acterize the expenditures related to incident (diagnosis
upon study entry) or prevalent diagnosis (diagnosis made
prior to study entry). While it may be assumed that preva-
lent cases will be older and at a more advanced state of
disease, thus incurring higher healthcare expenditures,
incident cases may be more likely to utilize new technol-
ogies that may be more expensive'”!'*. Little is known

© 2013 Informa UK Ltd  www.informahealthcare.com/jme

about the expenditure differences of these sub-groups of
patients with PAH.

Because characterization of the financial burden asso-
ciated with managing PAH patients within an integrated
healthcare delivery system—particularly in the context of
rapidly increasing healthcare costs—is currently incom-
plete, we sought to quantify 3-year healthcare expend-
itures for patients with PAH in Kaiser Permanente
Colorado (KPCO) and to determine whether expenditures
differed between prevalent and incident cases.

Methods
Study design

This was a retrospective cohort study characterizing the
financial burden of PAH in patients with a confirmed diag-
nosis of PAH identified. This data-only study examined
direct healthcare expenditures from the KPCO perspec-
tive. All patients meeting inclusion criteria were followed
for 3 years or until death or loss of KPCO membership
occurred. This study was reviewed and approved by the
KPCO Institutional Review Board (IRB).

Study setting

Kaiser Permanente Colorado is a group model, not-
for-profit, integrated healthcare delivery system serving
more than 530,000 members at 26 medical offices in
Colorado. Member visits for primary care and most spe-
cialties, including both cardiology and pulmonology, are
provided by KPCO healthcare professionals. The vast
majority of member hospitalizations occur at contract
facilities. At KPCO, an electronic medical record (EMR)
has been used since January 1, 1996. Data from the EMR,
including diagnostic, laboratory, pharmacy, and imaging,
along with claims and membership data, are stored in
administrative databases. In addition, KPCO maintains a
Decision Support System (DSS). The DSS gathers and
compiles expenditures for healthcare encounters among
KPCO members using both claims and internal expend-
iture algorithms. This system matches expenditures from
the KPCO general ledger with member utilization to pro-
duce estimates that include both direct costs (e.g., provider
time, medical supplies, and medications) and indirect costs
(e.g., facilities, malpractice insurance, information tech-
nology, and other shared business costs). Expenditure data
from the DSS are available from January 1, 2005 until the
present.

Patient population

The International Classification of Diseases Ninth
Revision code 416.0 (primary pulmonary hypertension)

Financial burden of pulmonary hypertension Johnson et al. 1415
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was used to query the KPCO electronic ambulatory diag-
nostic database between July 1, 2004 and June 30, 2008 to
identify potential study patients. Potential study patient
PAH diagnosis was confirmed with manual medical
record chart review using the following criteria: (1) docu-
mentation that the patient was managed clinically by a
PAH clinical specialist (i.e., cardiologist, pulmonologist)
and underwent right heart catheterization at the time of
PAH diagnosis; or (2) electronic prescription order for
pulmonary vasodilator therapy including PDE-5 inhibitors
(sildenafil and tadalafil), ERAs (ambrisentan and bosen-
tan), prostanoids (epoprostenol, iloprost, and treprostinil),
or any combination thereof.

All KPCO members >18 years of age with a confirmed
PAH diagnosis recorded between July 1, 2004 and June 30,
2008 were included in the analysis. Patients whose initial
confirmed PAH diagnosis was recorded in the EMR at any
time prior to January 1, 2005 (i.e., a look-back period until
January 1, 1996) were assigned to the prevalent case
group. Patients whose initial confirmed PAH diagnosis
was recorded in the EMR after January 1, 2005 and without
a confirmed PAH diagnosis recorded at any time in the
EMR prior to January 1, 2005 were assigned to the incident
case group. Prevalent cases had continuous KPCO
membership from January 1, 2004 until 4 years, KPCO
membership termination, or death, whichever came first.
Incident cases had at least 1 year of continuous KPCO
membership prior to initial PAH diagnosis and then
until 3 years of follow-up, KPCO membership termination,
or death, whichever came first. Prevalent patients were
followed from January 1, 2005 until 3 years, death, or
KPCO membership termination, whichever came first.
Incident patients were followed from date of initial,
confirmed PAH diagnosis until 3 years, death, or KPCO
membership termination, whichever came first.

Patients were categorized according to World Health
Organization (WHO) PAH classification (i.e., Group 1,
idiopathic, inheritable, drug or toxin-induced, or asso-
ciated PAH; Group 2, PAH due to left heart disease;
Group 3, PAH due to lung disease and/or hypoxemia;
Group 4, chronic thromboembolic PAH; and Group 5,
PAH with unclear mechanisms)? and further characterized
by a Chronic Disease Score (CDS). Verification of
WHO PAH group manually
adjudicated through electronic medical record review by
three individual investigators (S], PS, and ALB). The CDS
is a validated risk measure for baseline health status and
allows for the accounting of each patient’s risk of mortality
and future healthcare utilization at the time of index
event. The CDS ranges from 0-35, with higher scores sug-
gesting a higher disease burden. After adjustment for age
and sex, a patient with a CDS of 7 would have 9.8-times
the rgisk of death compared to a patient with a CDS
of 0116,

classification ~ was
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Outcomes

The primary outcome measure was the 3-year total health-
care expenditure in 2011 US dollars. Expenditures were
stratified by inpatient, emergency department (ED), med-
ical office, total ambulatory pharmacy, ambulatory spe-
cialty pharmacy, and other (e.g., ambulance, radiology,
laboratory, durable medical equipment). Dental care was
excluded as expenditure since KPCO does not provide this
service. In addition, patients were stratified independently
on incident/prevalent status and WHO PAH classifica-
tion. Secondary outcomes included all-cause mortality
and healthcare expenditures per patient per day (PPPD).
Total healthcare expenditures, as opposed to disease-spe-
cific, were described since most patients were being treated
for multiple chronic diseases during the study period.
Per patient per day expenditures are provided since
patients had variable lengths of follow-up. Additionally
in order to assess the impact of end-of-life care on expend-
itures, expenditures from the last 90 days of the study
period were calculated and compared between patients
who died and did not die during the study period.
Finally, to assess the immediate impact of a PAH diagnosis
on expenditures, expenditures from the first year of the
study period were calculated.

Data collection

Information on patient medical encounters, medication
purchases, and characteristics were obtained from queries
of the electronic, administrative records, and claims data-
bases. Information on type of PAH was verified with
manual chart review and discrepancies were resolved by
a third reviewer. Additionally, information on PAH medi-
cation purchases was verified with manual medical chart
review. Patient age was determined as of study entry.
Date of death was determined from the administrative
membership database.

Queries of the KPCO’s DSS database were made using
place of service, revenue, procedure, laboratory, and radio-
logic codes to identify encounter expenditures during
year of service performed. Expenditures were adjusted for
inflation to 2011 US dollars with the medical care price
index.

Data analysis

Results are reported as percentages, means and standard
deviations, or medians and interquartile ranges (IQR). Per
patient per day expenditures were calculated by dividing
each individual patient’s accumulated expenditures during
follow-up by his/her length of follow-up. Median cohort
and group PPPD expenditures with their interquartile
ranges are reported as expenditure data in toto were non-
normally distributed. Mean cohort and group PPPD
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Table 1. Baseline characteristics overall and by prevalence/incidence status.

Characteristic Overall cohort Prevalent PAH Incident PAH p-value
(n=157) (n=44) (n=113)
Mean age® (SD) 65.4 (14.4) 61.0 (17.8) 67.1 (12.5) 0.085
Male (n, %) 37, 23.6% 6, 13.6% 31, 27.4% 0.067
Comorbidity® (n, %)
Diabetes Mellitus 27,17.2% 4,9.1% 23, 20.4% 0.093
Hypertension 82, 52.3% 16, 36.4% 66, 58.4% 0.013
Heart Failure 31, 19.5% 9, 20.5% 22,19.5% 0.889
Liver Disorder 4, 2.6% 1,3.0% 3,2.7% 0.891
Mean chronic disease score (SD) 5.8 (3.1) 5.8 (2.9 5.7 (3.2 0.900
Race (n, %) 0.181
White 110, 70.1% 27, 61.4% 83, 73.5%
Black/African American 12, 7.6% 2, 4.6% 10, 8.9%
Native American/Alaskan Indian 3,1.8% 2, 4.6% 1, 0.9%
Asian/Pacific Islander 3,1.8% 1,2.3% 2,1.8%
Undeclared 29, 18.5% 12, 27.3% 17, 15.0%
World Health Organization PAH Classification (n, %) 0.103
Class 1 86, 54.8% 31, 70.5% 55, 48.7%
Class 2 5, 3.2% 0, 0.0% 5, 4.4%
Class 3 53, 33.8% 10, 22.7% 43, 38.1%
Class 4 10, 6.4% 3, 6.8% 7,6.2%
Class 5 3,1.9% 0, 0.0% 3,2.7%

2As of January 1, 2005 for prevalent patients and PAH diagnosis date for incident patients.
PWithin the prior 180 days from January 1, 2005 for prevalent patients and within the prior 180 days from PAH diagnosis date for

incident patients.

expenditures are reported, also. Categorical variables
were compared between groups using the chi-square test
of association or Fisher’s exact test, as applicable. Interval-
level variables were compared using two-sample t-tests
and ANOVAs between and across groups, respectively,
for parametric data or Wilcoxon rank-sum and Kruskal-
Wallis tests between and across groups, respectively, for
non-parametric data.

Expenditures between incident and prevalent groups
were compared further using linear regression analysis
with log-transformed expenditures as the dependent vari-
able and grouping indicator as the independent variable.
Expenditure data were log transformed owing to the non-
normal distributions of the group expenditures. Regression
models were adjusted for age, sex, race, CDS, and histories
of diagnosis for hypertension and diabetes mellitus.
Cumulative incidence of all-cause mortality was compared
between incident and prevalent groups using a Nelson-
Allen cumulative hazard function graph and Cox propor-
tional hazards modeling with adjustment for age, sex, race,
CDS, and histories of diagnosis for hypertension and
diabetes mellitus. Adjusted analyses were not conducted
across WHO Groups owing to the small sample sizes in
some groups.

Results

In total, 263 patients were identified with a diagnosis of
PAH. Of these, 106 were excluded because they did not
have a confirmed diagnosis of PAH. Thus, 157 patients

© 2013 Informa UK Ltd  www.informahealthcare.com/jme

were included in the analysis; 113 (72%) and 44 (28%)
patients in the incident and prevalent case groups, respect-
ively. Overall, patients were predominately elderly with
mean age of 65.4 (SD==+14.4) years, female (76.4%),
and white (70.1%), and with a mean CDS of 5.8
(Table 1). The most frequent PAH classification was
WHO Group 1. Incident cases were more likely to have
had hypertension than prevalent cases (p=0.013). All
other characteristics were equivalent between prevalent
and incident cases (p>0.05).

Patients were followed for a mean of 843 (£377) vs 975
(£265) days in the prevalent and incident case groups,
respectively (p=0.033) (Table 2). A total of 30 (19%)
patients died from any cause during their 3-year follow-
up (Figure 1). In unadjusted analysis, mortality rates
were equivalent between prevalent and incident cases
and across WHO classes (all p>0.05). However, in
adjusted Cox proportional hazards modeling where time
to death is taken into consideration, incident cases
had a lower risk of death (hazards ratio=0.41, 95%
CI=0.18-0.91).

Overall, the 3-year median total healthcare expend-
itures were $50,559 (Table 2). The median total expend-
itures were $56 PPPD. Median ‘other’ expenditures
contributed most to the overall total expenditures at $16
PPPD. The overall median pharmacy expenditures were $5
PPPD and median PAH medications (i.e., pulmonary
vasodilator therapy) expenditures were $226 PPPD for
those patients who received PAH medications (n=18;
prevalent cases n=06 (14%) and incident cases n=12

(11%); p=0.591).

Financial burden of pulmonary hypertension Johnson et al. 1417
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Figure 1. Cumulative deaths by incident/prevalent PAH case status.

Incident cases had higher median total ED expenditures
(31250 vs $357; p=0.009) and inpatient expenditures
($7313 vs $980; p = 0.028) over the 3-year follow-up com-
pared to prevalent cases in unadjusted analyses (Table 2).
However, in adjusted analysis, these expenditures were no
longer statistically significantly different. Median PPPD
total expenditures, ambulatory pharmacy expenditures,
PAH specialty medication expenditures (among specialty
medication users only), and median total expenditures
were equivalent between prevalent and incident cases
(all p>0.05 in unadjusted and adjusted analyses).
Median PPPD total expenditures for patients who did
and did not receive a PAH medication were $435 (mean
=$430, IQR=%$292-$561) and $49 (mean=2$102,
IQR =$26-$115), respectively (unadjusted p=0.287,
adjusted p =0.099).

During the last 90 days of life, prevalent and incident
cases who died had median total expenditures of $7621
(mean =$19,050, IQR =$1407-$46,113) and $13,229
(mean =$28,831, IQR =$7276-$34,570), respectively
(unadjusted p=0.149, adjusted p=0.087). During the
last 90 days of the study period, prevalent and incident
cases who did not die had median total expenditures
of $2546 (mean=9%$11,179, IQR =3%$1257-$20,205)
and $3066 (mean=$10,191, IQR =$1417-$12,309),
respectively (unadjusted p=0.940, adjusted p=0.803).
Overall, cases who died and survived had 90-day end-
of-study-period median total expenditures of $12,776
(mean =$25,245, IQR =$5030-$34,570) and $2810
(mean =%$10,448, IQR =$1417-$13,296), respectively
(unadjusted p <0.001, adjusted p<0.001).

During the first year of the study period, prevalent and
incident cases had median total expenditures of $15,693

(mean = $42,077, IQR =$7852-$28,986) and $17,706

© 2013 Informa UK Ltd  www.informahealthcare.com/jme

(mean =$33,041, IQR =$9926-$39,391), respectively
(unadjusted p=0.317, adjusted p =0.289). Prevalent and
incident cases had median PPPD total expenditures of $43
(mean=9$115, IQR =$22-$79) and $49 (mean =$91,
IQR =$27-%$108), respectively (unadjusted p=0.350,
adjusted p =0.301).

Patients in WHO Group 2 had the highest mean age
(p<0.008). Classes were equivalent in proportion of
males, comorbidities, CDS, race, and incident case status
(all p>0.05) (Table 3). While median total PPPD expend-
itures were numerically highest for patients in the WHO
Group 5 group at $115 PPPD, this did not reach statistical
significance compared to any other group (Table 4).
No other statistically significant differences were detected
in expenditures across WHO groups (all p>0.05).

Discussion

In this financial analysis of 157 patients with chart-review
confirmed prevalent and incident PAH, we identified that
median all-cause, total PPPD expenditures were $56 or
~$1680 per patient per month (PPPM) in 2011 dollars.
We identified that total PPPD expenditures were equiva-
lent between these groups. Expenditures for prevalent
cases may provide the most salient information for health-
care payers since these expenditures identify immediate
impacts on budgets. However, expenditures for incident
cases, where new, more expensive treatment technologies
are more likely employed, may not be estimated accurately
when using only the expenditures from prevalent cases.
In addition, newly diagnosed patients may require more
frequent ED and inpatient visits, for example for episodes
of decompensation, if they are more symptomatic.
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Table 3. Patient characteristics by World Health Organization (WHO) PAH class status.

Characteristic Class 1 (n=86) Class 2 (n1=15) Class 3 (1=53) Class 4 (n=10) Class 5 (n=3)  p-value

Mean age (SD) 61.8 (16.0) 77.8 (9.4 68.8 (11.2) 71.2(9.) 66.7 (1.5) 0.008

Male (n, %) 17, 19.8% 1, 20.0% 15, 28.3% 2,20.0% 5, 66.7% 0.325

Comorbidity (n, %)
Diabetes Mellitus 14, 16.3% 1, 20.0% 11, 20.8% 1,10.0% 0, 0.0% 0.882
Hypertension 41, 47.7% 3, 60.0% 31, 58.5% 5, 50.0% 2, 66.7% 0.744
Heart Failure 18, 20.9% 2,40.0% 10, 18.9% 0, 0.0% 1, 33.3% 0.280
Liver Disorder 3,3.5% 0, 0.0% 1,1.9% 0, 0.0% 0, 0.0% 0.929
Mean chronic disease score (SD) 5.4 (3.3) 5.8 (1.4) 6.2 (3.1) 52(2.2) 7.7 (2.3) 0.548

Race (n, %) 0.441
White 57, 66.3% 4, 80.0% 39, 73.6% 8, 80.0% 2,66.7%

Black/African
American 8, 9.3% 1, 20.0% 2,3.8% 1,10.0% 0, 0.0%

Native American/Alaskan Indian 1,1.2% 0, 0.0% 2, 3.8% 0, 0.0% 0, 0.0%

Asian/Pacific Islander 2,2.3% 0, 0.0% 0, 0.0% 1, 10.0% 0, 0.0%

Undeclared 18, 20.9% 0, 0.0% 10, 18.9% 0, 0.0% 1, 33.3%

Incident PAH (n, %) 55, 64.0% 5, 100% 43, 81.1% 7, 70.0% 3, 100% 0.103

Interestingly, we did not find statistical differences in total
expenditures between prevalent and incident cases during
the first year of study inclusion. Unfortunately, published
studies that examined differences in expenditures between
incident and prevalent cases of patients of PAH with
which to compare our findings were not identified. Even
so, previous publications provide a rationale and explan-
ation for comparing incident and prevalent cases; namely,
that this reduces the healthy user effect (i.e., prevalent
users are likely to have survived early periods of pharma-
cotherapy), which increases bias substantially if risk varies
with time, as it does in patients with PAH!*!*,

Two recent US studies, however, have reported that
mean all-cause, total PPPM ‘costs’ in patients with a
PAH diagnosis in the US range from ~$6200-$9300.
Our mean all-cause, total PPPM expenditures (~$4200)
appear to be lower. This is especially evident when con-
sidering that we report our expenditures in 2011 dollars;
whereas Copher et al.'' report their costs in 2008 dollars
and, while not explicitly stated, Said et al.'? report their
costs from the year in which the costs were accumulated
(2004-2009). Our reported expenditures may be lower due
to our study being performed in an integrated healthcare
system, including both prevalent and incident cases, and
using the perspective of the insurer in our analysis.

Another US study of patients who received either sil-
denafil or bosentan reported that mean all-cause, total
PPPM costs were ~$6500 in 2008 dollars’. We identified
an apparently higher mean all-cause, total PPPM expend-
iture of ~$12,900 for our patients with PAH who received
a PAH medication. Our expenditures for patients who
received a PAH medication may be higher due to our
inclusion of all PAH therapies (e.g., epoprostenol, iloprost,
treprostinil) and our expenditures being in 2011 dollars.
[t is interesting to note that the majority of our patients
with PAH had not received a PAH therapy; thus, possibly

restraining our cohort’s total expenditures.
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Overall, expenditures for our patients with PAH
were driven by ‘other’ expenditures. Other expenditures
included items such as ambulance transportation, radio-
logic assessments, laboratory measurements, and durable
medical equipment. Conversely for patients who received
a PAH medication, expenditures were driven by PAH
medications. Our findings supplement findings from the
studies by Wilkens et al.'® and Angalakuditi et al.” that
suggested the economic burden of clinical PAH manage-
ment was driven primarily by therapy utilization.

Mortality was high overall amongst patients in our
study. However, prevalent patients had a higher risk of
death. Despite their younger age, the higher percentage
of females, and lower comorbidity burden compared to
incident cases, their increased risk may have been related
to their having had PAH for a longer time at study start.
As would be expected, patients who died during our 3-year
follow-up had ~3-fold higher 90-day, end-of-study
expenditures than patients who survived the entire
follow-up. These findings suggest that end-of-life care
for patients with PAH can add an extra financial burden
on healthcare payers.

While WHO Group 1 patients are commonly pre-
scribed PAH medications and these medications can con-
tribute the most to overall expenditures in patients with
PAH, we found that total expenditures were equivalent
across WHO Groups”. However; we found no statistical
differences in total PPPD expenditures despite wide vari-
ation in expenditures across WHO groups. The most likely
reason for the lack of statistical significance is the limited
power we had due to the individual groups’ small sample
sizes.

We were able to distinguish prevalent from incident
cases and collect and analyze expenditures across the spec-
trum of health services, but our study is not without limi-
tations. Our sample size was confined to objectively
confirmed PAH cases, and this may have limited our
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ability to detect statistically significant differences in
expenditures between groups. Our expenditures for clin-
ical services and medications were based on a single health
plan. The expenditures we report may not be representa-
tive of other plans or settings. However, evidence to con-
firm or refute this is not readily available. We were unable
to quantify and include patient out-of-pocket expenses
(e.g., co-payment, co-insurance) in our analysis. The like-
lihood that these expenditures would substantially alter
our findings is low, as patient contributions to direct med-
ical costs tend to be a minor component of total expend-
itures. We did not identify PAH-related expenditures
since our patients, typically, had multiple chronic condi-
tions and PAH-related expenditures are not distinguished
readily from expenditures for the clinical management of
concomitant chronic diseases. Finally, we were not able to
match patients between groups based upon baseline char-
acteristics (e.g., age or gender) due to the small number of
patients enrolled; however, this is typical of studies of
patients with PAH given its low penetrance in the general
population.

Conclusions

Findings from our investigation suggest that clinical man-
agement of patients with PAH, regardless of incident or
prevalent case status, represents a substantial financial
burden to health insurers. With rapidly increasing health-
care costs, future clinical and administrative efforts should
focus on optimizing care for patients with PAH by mini-
mizing waste and strategically aligning expenses with areas
of greatest evidence-based benefit. Future research could
be conducted among a larger sample of patients to assess if
differences in expenditures exist across WHO groups.
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