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Abstract

Despite progress in pharmacotherapy in pediatric pulmonary hypertension, real-world patterns of directed pulmonary hyperten-

sion therapy have not been studied in the current era. A retrospective observational study of children (�18 years) with pulmonary

hypertension was performed using data from the MarketScan� Commercial and Medicaid claims databases. Associations between

etiology of pulmonary hypertension and pharmaceutical regimen were evaluated, as were the associations between subject social

and geographic characteristics (insurance-type, race, and/or census region) and regimen. Annualized costs of single- and multi-class

regimens were calculated. In total, 873 subjects were studied, of which 94% received phosphodiesterase-5 inhibitors, 31%

endothelin receptor antagonist, 9% prostacyclin analogs, and 7% calcium channel blockers. Monotherapy was used in 72% of

subjects. Phosphodiesterase-5 inhibitors monotherapy was the most common regimen (93%). Subjects with idiopathic pulmonary

hypertension, congenital heart disease, and unclassified pulmonary hypertension receive more than one agent and were more likely

to receive both endothelin receptor antagonist and prostacyclin analogs than other forms of pulmonary hypertension. Compared

to recipients of public insurance, subjects with commercial insurance were more likely to receive more intense therapy (p¼ 0.003),

which was confirmed in multivariable analysis (OR: 1.4, p¼ 0.03). Receipt of commercial insurance was also associated with

increased annual costs across all subjects (p< 0.001) and for the most common specific regimens. The majority of children

with pulmonary hypertension receive phosphodiesterase monotherapy, followed by phosphodiesterase–endothelin receptor

antagonist two drug regimens, and finally the addition of prostacyclin analogs for three-drug therapy. However, even after adjust-

ment for measurable confounders, commercial insurance was associated with higher intensity care and higher costs (even within

specific classes of pulmonary vasodilators). The effect of these associations on clinical outcome cannot be discerned from the

current data set, but patterns of treatment deserve further attention.
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Introduction

Pulmonary hypertension (PH) affects 2.1–3.7 children per
million1–4 and is associated with tremendous morbidity
and reduction in life expectancy.5 A number of pharmaceut-
ical agents have been developed that dilate the pulmonary
arterial bed in the hopes of preventing right ventricular
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failure, reducing symptoms, improving quality of life, and
potentially extending lifespan. These drugs include (1) cal-
cium channel blockers (CCB), (2) phosphodiesterase-5
inhibitors (PDE5), (3) prostacyclin analogs (PA), (4)
endothelin receptor antagonists (ERA), and (5) soluble gua-
nylate cyclase stimulators. Trials in adults with PH have
demonstrated significant benefits in terms of surrogate mar-
kers of functional capacity, such as the six-minute walk test
distance, as well as middle term mortality.6 Though pedi-
atric trial data are limited, survival in the era of targeted
therapy is significantly better than historical controls with
five-year survival between 74–78%.7–9

The optimal pharmacological regimen is not well estab-
lished. In adults, there is evidence that combination therapy
is associated with improved survival,10,11 but there are lim-
ited data in children. Retrospective studies have demon-
strated an association between multi-class therapeutic
regimens and improved survival.12 To our knowledge, no
studies have prospectively evaluated the benefit of single-
class versus combination therapy or of progressive intensi-
fication of therapy in children with PH. As a result, pub-
lished guidelines detail the evaluation, classification, and
risk stratification of children with PH, but there is limited
evidence defining the optimal regimen for directed ther-
apy.13,14 The Tracking Outcomes and Practice in Pediatric
Pulmonary Hypertension Registry reported the patterns of
treatment at their member institutions.15 However, this
multinational registry may have limited generalizability as
it drew from specialized PH referral centers. To our know-
ledge, the real-world utilization of pharmacotherapy in pedi-
atric patients with PH in the current era has not been
studied.

We utilized an insurance claims database to study the use
of pulmonary vasodilators in United States children and
adolescents with PH. We sought to describe the prevalent
prescribing patterns of PH-directed therapy, explore
whether disease etiology and other patient characteristics
were associated with different patterns of therapy, and cal-
culate estimated annual costs for the most common treat-
ment regimens. Real-world data on drug utilization is an
important step in establishing equipoise for future clinical
efficacy studies.

Methods

Data source

The Truven Health MarketScan� Claims and Encounter
Database (Truven Health Analytics, IBM Watson
HealthTM, Ann Arbor, MI, USA) contains insurance
claims data.16 For this project, modules containing data
from both commercial insurers and Medicaid programs
were used, as described in previously published studies.17–22

This database provides in-depth, cross-sectional, and longi-
tudinal patient-level data. It is a large convenience sample
that is geographically representative of the population

within the United States, spanning the entire nation. The
databases used included data about recipients of commercial
insurance and their families as well as United States public
insurance (Medicaid). The commercial database includes
data from both large and small employers with some
degree of over-representation of larger employers,16

though there was no reason prior to analysis to expect
that this would bias results in a pediatric PH population.
Data are de-identified, and, as a result, the study was judged
to be exempt from review by The Children’s Hospital of
Philadelphia Institutional Review Board according to the
Common Rule. Subject-level data and methods will not be
published or made publicly available, because this was pro-
hibited by our data use agreement.

Study population

Subjects eligible for inclusion were 0–18 years of age with a
diagnosis of PH, receiving directed therapy, and with data in
the MarketScan� Commercial and/or Medicaid databases
between 1 January 2013 and 31 December 2016. Subjects
were identified by screening all encounters in the database
for encounters with an International Classification of
Diseases (ICD) v9 or v10 code that reflected PH
(Supplementary Table 1). These codes are not perfectly
accurate in identifying true PH in a population. However,
to maximize the accuracy of cohort identification, study sub-
jects were included only if they (1) had� 2 encounters in a
90-day span with a PH diagnosis code and (2) if over the
study period they had �3 encounters with a PH diagnosis
code. These additional criteria were used to improve the
specificity of identifying PH and excluding persistent PH
of the newborn and other misclassification (suspected PH
that was later ruled out) from the study sample.
Characteristics of potential subjects receiving pulmonary
vasodilators and those without were compared
(Supplementary Table 2).

Study measures

The primary outcome of interest in this study was the rela-
tive likelihood of prescribing one or more of the following
classes of medication: PDE5, CCB, PA, and ERA. These
were identified using National Drug Codes (NDC). The
MarketScan Database has a look-up table connecting gen-
eric and trade names of pharmaceuticals with their NDC.
To insure this captured all NDC of interest, the RxNorm
(US National Library of Medicine) and United States Food
and Drug Administration look-up tables were cross-refer-
enced. The indication for therapy is not ascertainable, so
misclassification of therapy is possible (e.g. CCB for dys-
rhythmia or for hypertension). Though insurance claims
data are a standard method for measuring outpatient util-
ization of pharmaceuticals, there is evidence that these data
are not completely sensitive.23 We hoped to ameliorate this
risk by looking at prescriptions over the course of the
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coverage (reducing the risk of missed prescriptions during
shorter time periods) and by evaluating the distribution of
prescriptions in those who did receive pulmonary vasodila-
tor medications. Another potential issue is that many PH
patients receive medications either from specialty pharma-
cies or through cost-sharing/reducing programs, which
might be filled outside of their conventional prescription
benefit. This could result in missing data for individual sub-
jects and a potential source of error.

Subject age and sex were taken directly from the database.
Etiology of PH was identified using ICD-9 and 10 codes
based on the World Health Organization classification
system (Supplementary Table 1). Importantly, it is not pos-
sible to differentiate familial and inherited forms of PH from
idiopathic PH (IPAH). Also, race and ethnicity data were
available as a single variable, but only in recipients of
Medicaid. Census region data were only available for recipi-
ents of commercial insurance. For analytic purposes for these
variables, a category identifying subjects in which the data
were not provided in the database was created to allow for
inclusion and to avoid bias. All data were extracted directly.

To quantify the economic impact of treatments with
pulmonary vasodilators, outpatient pharmacy costs were
extracted from the database. The impact of pharmacother-
apy on the health system at large was the focus, co-payment
and reimbursement rates were not measured. All costs were
adjusted to 2016 United States Dollars using the
consumer price index for medical goods and services from
the United States Bureau of Labor Statistics (www.bls.gov/
cpi/). Wholesale prices were used because there are not,
to our knowledge, established methodologies to convert
from these prices to true cost and, to the best of our
knowledge, these prices are independent of pharmacy and
insurance payer. For each individual subject, prices were
collected for pre-identified pulmonary vasodilator pre-
scriptions over the period between the subjects first and
last outpatient pharmacy visit and normalized to a per
year cost (by dividing the total by the duration of time of
days supplied).

Statistical analysis

Descriptive statistics were calculated in order to describe the
proportion of the entire cohort and of diagnosis-specific
strata that were treated with each of the pulmonary vaso-
dilators and their classes.

The primary goal of the analysis was to study the asso-
ciation between subject medical (etiology of PH) and social
(commercial versus Medicaid insurance, race and/or ethni-
city, and census region) factors on the propensity for (1)
treatment with PDE5 agents as monotherapy versus all
other classes and combinations of classes and (2) treatment
with PA versus all other agents and combinations of agents.
Exceeding PDE5 monotherapy and use of PA were chosen
as outcomes that represented escalating intensity of pharma-
cologic regimen.

The primary hypotheses of this analysis were that (1) PH
associated with congenital heart disease (APAH-CHD)
would be associated with a lower proportion of subjects
with PH-directed therapy in excess of PDE5 monotherapy
than subjects with IPAH or unclassified PH and (2) that
there would not be differences in treatment based on other
etiologies of PH. We also hypothesized that there would not
be significant differences in prescribing patterns based on
region, insurance type (commercial insurance versus
Medicaid), and (within the Medicaid population) race.
These were evaluated without adjustment using Chi-square
test. For each of these hypotheses, multivariable logistic
regression models for each of the two outcomes were calcu-
lated adjusting for sex, age (divided into age categories as
defined previously24–27), race, and census region. Because of
the incomplete data for race and census region, models were
first calculated without these covariates. Subsequent models
introducing race and census region were calculated separ-
ately. Covariates were chosen prior to analysis. No model
refinement was performed. No formal power calculations
were performed, but the assumption given the number of
subjects was that the study was, if anything, over-powered
for most outcomes.

As a secondary analysis, the economic burden of pulmon-
ary vasodilator therapy was explored. Descriptive statistics
were calculated for the entire cohort. Annualized costs were
calculated for different regimens. Next, comparisons in the
costs of regimen were compared based on insurance status.
This was done based on observed costs using Wilcoxon
ranksum test.

All analyses were performed using SAS v9.4 (SAS
Institute, Cary, NC). The only field for which missing data
were seen was race and census region. Race was missing in
>20% of subjects with Medicaid insurance. Census region
was also missing at a lower rate (<5% for each subcategory).
It was not thought that either variable could be imputed from
other data so these subjects were given a ‘‘missing’’ classifi-
cation to avoid bias as described previously.24,28–32 The
threshold for significance was set at p< 0.05. Primary and
secondary outcomes were established prior to analysis, and
no adjustment for multiple comparisons was made.

Results

Study population

Ultimately, 873 children and adolescents of median age 4
(IQR: 1–10) were studied. The study population was
49% male and comprised of 12% IPAH, 47% APAH-
CHD, 21% PH associated with pulmonary conditions, 2%
associated with cardiomyopathy, and 19% with PH whose
etiology is otherwise unclassified by ICD code. Medicaid
recipients comprised 62% of the study population with the
remainder receiving commercial insurance. Baseline charac-
teristics of subjects stratified by etiology of PH are depicted
in Table 1.
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Distribution of directed PH therapy

The distribution of pharmaceutical treatments is depicted in
Fig. 1. Over the study population, 71% were receiving a
regimen with a single class of pulmonary vasodilation,
22% were receiving two classes, 6.5% three classes, and
0.5% four classes. PDE5 were the predominant therapy in
each regimen (93% of monotherapy, 91% of two-class regi-
mens, and 100% of three-drug regimens), followed by ERA
(6% of monotherapy, 81% of two-class regiments, and
100% of three-drug regimens) with PA and CCB making
up the difference. Of the total study population, 94%
received PDE5, 31% ERA, 9% PA, and 7% CCB.

There were small but statistically significant differences in
the distribution of these classes of medication among differ-
ent etiologies for PH (Supplementary Table 3). A higher
proportion of APAH-CHD, IPAH, and other/unclassified
subjects received PDE5, ERA, and PA (p¼ 0.04, 0.001,
0.001, respectively) compared to respiratory disease and car-
diomyopathy, while a higher proportion of subjects with
cardiomyopathy received CCB (p¼ 0.007) compared to all
other etiologies of PH. In terms of the number of classes of
agents used, a larger proportion of subjects with respiratory
disease as the cause of their PH received monotherapy

(79%), while IPAH, APAH-CHD, and other/unclassified
etiologies of PH were more likely to have three or more
agents (6%, 7%, and 11%, respectively, p< 0.0001,
Supplementary Table 4).

In terms of insurance type, recipients of commercial
insurance were more likely to receive ERA (40% versus
27%, p< 0.001) and CCB (9% versus 5%, p¼ 0.01,
Supplementary Table 5) than recipients of Medicaid.
There were no significant differences in the likelihood of
receiving PDE5 or PA. Recipients of commercial insurance
were similarly more likely than recipients of Medicaid to
receive combination therapy with 30% receiving two classes
of pulmonary vasodilator and 10% receiving three or more
classes (as opposed to 22% and 6% in patients with
Medicaid, p¼ 0.003, Supplementary Table 6).

In multivariable models to measure the association
between patient characteristics and likelihood of receiving
PDE5 monotherapy, no significant difference was seen
between IPAH, APAH-CHD, and other/unclassified PH
(Table 2). PH in pulmonary disease was associated with a
higher likelihood of receiving PDE5 monotherapy (OR:
2.00, 95% CI: 1.11–3.60, p¼ 0.02). Commercial insurance
was associated with a decreased likelihood of PDE5 mono-
therapy (OR: 0.71, 95% CI: 0.52–0.97, p¼ 0.03). Compared

Table 1. Study population.

IPAH

N¼ 105

APAH-CHD

N¼ 405

Respiratory disease

N¼ 183

Cardiomyopathy

N¼ 13

Other/unclassified

N¼ 162 p

Female sex 52% (55) 55% (221) 41% (75) 69% (9) 53% (86) 0.02

Age (years) 1 (IQR: 1–3) 5 (IQR: 2–11) 2 (IQR: 1–4) 15 (IQR: 3–15) 8 (IQR: 3–15) <0.001

Age categories <0.001

�1 year 61% (64) 17% (70) 31% (57) 8% (1) 20% (32)

2–6 years 22% (23) 43% (174) 52% (96) 31% (4) 21% (34)

7–12 years 8% (8) 19% (77) 10% (18) 8% (1) 25% (39)

13–18 years 10% (10) 21% (84) 7% (12) 54% (7) 35% (57)

Insurance payer

Medicaid 62% (64) 60% (243) 66% (121) 46% (6) 64% (103) 0.47

Commercial 38% (40) 40% (162) 34% (62) 54% (7) 36% (59)

Race/ethnicity (Medicaid only) N¼ 64 N¼ 243 N¼ 121 N¼ 6 N¼ 103 <0.001

White 25% (16) 47% (114) 31% (37) 33% (2) 45% (46)

Black 19% (12) 16% (38) 36% (44) 33% (2) 24% (25)

Hispanic 6% (4) 8% (20) 3% (4) 17% (1) 4% (4)

Other 8% (5) 2% (6) 2% (3) 17% (1) 3% (3)

Missing 42% (27) 27% (65) 27% (33) 0 (0) 24% (25)

Region (commercial only) N¼ 40 N¼ 155 N¼ 61 N¼ 7 N¼ 58 0.82

Northeast 13% (5) 16% (25) 15% (9) 29% (2) 12% (7)

Midwest 23% (9) 29% (45) 23% (14) 43% (3) 24% (14)

South 43% (17) 30% (47) 39% (24) 29% (2) 38% (22)

West 23% (9) 25% (38) 23% (14) 0% (0) 26% (15)

Missing 0% (0) 4% (7) 2% (1) 0% (0) 2% (1)

IPAH: idiopathic pulmonary hypertension; APAH-CHD: pulmonary hypertension associated with congenital heart disease.
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to school-aged children (age 7–12 years), infants (OR: 6.64,
95% CI: 4.00–11.00, p< 0.0001) and children aged 2–6 years
were associated with a higher likelihood of PDE5 monother-
apy (OR: 3.24, 95% CI: 2.13–4.94, p< 0.0001). The point
estimate for adolescent subjects suggested a lower likelihood
of PDE5 monotherapy (OR: 0.65), but the association was
not significant (p¼ 0.07). In secondary analyses evaluating
the association between race (Supplementary Table 7) and
census region (Supplementary Table 8) with likelihood of

receiving PDE5 monotherapy, no significant association
was seen.

In analogous models for the likelihood of receiving PA, a
similar pattern was seen (Table 3). IPAH, APAH-CHD, and
other/unclassified PH did not differ significantly in the odds
of receiving PA. The point estimate for the association
between PH with pulmonary disease and receiving PA sug-
gested decreased odds (OR: 0.39) but the association was

Fig. 1. Distribution of pulmonary vasodilator drug classes in different regimens.

The distribution of pulmonary vasodilator drug classes received by subjects on one, two, and three-drug regimens are depicted.

Phosphodiesterase 5 inhibitors (PDE5) are depicted in blue, endothelin receptor antagonists (ERA) in blue, prostacyclin analogs (PA) in

yellow, and calcium channel blockers (CCB) in orange.

Table 2. Association of patient characteristics and the likelihood of

phosphodiesterase-5 monotherapy.

OR 95% CI p

Etiology of PH

IPAH 1 n/a n/a

APAH-CHD 1.44 0.85–2.42 0.17

Respiratory 2.00 1.11–3.60 0.02

Cardiomyopathy 2.03 0.55–7.47 0.29

Other unclassified 1.22 0.68–2.18 0.51

Commercial insurance (vs. Medicaid) 0.71 0.52–0.97 0.03

Female sex 0.80 0.60–1.10 0.17

Age category

�1 year 6.64 4.00–11.00 <0.0001

2–6 3.24 2.13–4.94 <0.0001

7–12 1 n/a n/a

13–18 0.65 0.41–1.04 0.07

APAH-CHD: pulmonary hypertension associated with congenital heart disease;

CI: confidence interval; IPAH: idiopathic pulmonary hypertension; OR: odds

ratio; PH: pulmonary hypertension.

Table 3. Association of patient characteristics and the likelihood of

receipt of prostacyclin analogs.

OR 95% CI p

Etiology of PH

IPAH 1 n/a n/a

APAH-CHD 0.50 0.21–1.22 0.13

Respiratory 0.39 0.13–1.19 0.10

Cardiomyopathy 0.25 0.03–2.37 0.23

Other unclassified 0.83 0.33–2.10 0.69

Commercial insurance

(vs. Medicaid)

1.06 0.65–1.74 0.82

Female sex 1.59 0.96–2.61 0.07

Age category

�1 year 0.04 0.01–0.17 <0.0001

2–6 0.23 0.12–0.48 <0.0001

7–12 1 n/a n/a

13–18 1.41 0.80–2.48 0.25

APAH-CHD: pulmonary hypertension associated with congenital heart disease;

CI: confidence interval; IPAH: idiopathic pulmonary hypertension; OR: odds

ratio; PH: pulmonary hypertension.
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not significant (p¼ 0.10). No association was seen between
commercial insurance and odds of receiving PA (OR: 1.06,
p¼ 0.82). Female sex had a point estimate consistent with
increased odds of receiving PA (OR: 1.59), but this associ-
ation was not significant (p¼ 0.07). As with previous model,
younger age was associated with lower intensity of therapy,
in this case, a lower odds of PA in infants (OR: 0.04,
p< 0.0001) and subjects aged 2–6 years (OR: 0.23,
p< 0.0001). The point estimate for adolescents was consist-
ent with increased odds of receiving PA (OR: 1.41, p¼ 0.25).
As with models for PDE monotherapy, no significant asso-
ciation was seen between race (Supplementary Table 9) or
census region (Supplementary Table 10) with the likelihood
of receiving PA.

Economic impact of pharmacotherapy

Annualized costs are described for specific regimens in
Table 4. The annual costs of PDE monotherapy, PDE/
ERA two-drug-class therapy, and PDE/ERA/PA three-
drug-class therapy regimens were all significantly higher
for recipients of commercial insurance than those receiving
Medicaid (p< 0.0001, 0.001, and 0.04, respectively). Of note,
the annualized cost of sildenafil (median: $24,982, IQR:
$8719–66,195) was not significantly different than tadalafil
(median: $21,106, IQR: $14,160–31,539). The median cost
of ERA monotherapy in commercial subjects (median:
$95,765, IQR: $64,408–105,096) was larger than in
Medicaid subjects (median: $59,393, IQR: $42,160–
$88,634) but the association was not significant (p¼ 0.09),
but the analysis was limited by the very small number of
subjects receiving monotherapy (n¼ 38 and 17, respect-
ively). Duration of therapy and the number of prescriptions
over follow-up time were not significantly different for any
strata (data not shown).

Discussion

Using insurance claims data, this study provides a novel
opportunity to study the pharmacological regimens of a
non-selected sample of children with PH. The majority of

patients received PDE5 monotherapy, followed by two-
drug-class therapy with PDE5 and ERA, and finally three-
drug-class-therapy with PDE5, ERA, and PA. Children with
PH attributed to pulmonary conditions were less likely to
receive more than one class of agents and agents other than
PDE5, while APAH-CHD, IPAH, and otherwise unclassi-
fied PH patients received similar regimens. An unexpected
finding was that, in both raw and adjusted analyses, com-
mercial insurance was associated with higher proportion of
patients receiving more intense regimens. Though clinical
severity is not ascertainable in the current dataset, it seems
improbable that disease severity would be disproportion-
ately present in the recipients of commercial insurance.
Additionally, even stratified by individual treatment regi-
men, annual costs were higher for subjects with commercial
insurance compared to Medicaid recipients with the same
classes of drugs. At this time, it is not possible to determine
the mechanisms underlying these differences, nor is it pos-
sible to determine whether these differences are associated
with differences in outcome. Further research is necessary,
but there is potentially significant difference in the pharma-
cotherapy of subjects with commercial and Medicaid
insurance.

Identifying distributions of therapy is important to estab-
lish real-world equipoise for future research. Though some
trials in adults have evaluated the benefit of combination
therapy with ERA and PDE5,10,11 there are only limited
pediatric data from observational studies demonstrating
better outcomes with two- and three-drug-class regi-
mens.12,33 To our knowledge, no such trials (randomized
or pragmatic) have been performed in children. Current
treatment guidelines suggest consideration of early combin-
ation therapy in high-risk patients,34 but there is no pedia-
tric-specific data to guide this decision. In the current study,
clinical data that could be used to measure severity of PH
are not available, and therefore there is no way to determine
if regimens were escalated in conjunction with severity of
disease.

Retrospective studies from single centers5 and clinical
registries15,35 have described the treatment regimens of chil-
dren with PH. However, these studies arise from

Table 4. Costs of specific drug regimens by insurance type.

Medicaid Commercial p

PDE N¼ 383

18,493 (IQR: 6025–49,374)

N¼ 200

41,095 (IQR: 18,610–74,404)

<0.0001

ERA N¼ 17

59,393 (IQR: 42,160–88,634)

N¼ 20

95,765 (IQR: 64,408–105,096)

0.09

PDEþ ERA N¼ 92

92,095 (IQR: 59,438–116,278)

N¼ 72

115,420 (IQR: 76,880–143,798)

0.001

PDEþ ERAþ PA N¼ 32

197,197 (IQR: 177,923–263,226)

N¼ 30

278,664 (IQR: 183,157–346,577)

0.04

Comparisons for PDEþCCB and PDEþ PA were not possible because the sample size was too small.

ERA: endothelin receptor antagonist; IQR: interquartile range; PA: prostacyclin analog; PDE: phosphodiesterase 5 inhibitor.
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specialized PH referral centers with limited generalizability
to broad practice. Children with IPAH and those with
more severe disease are also over-represented in these stu-
dies.4,36–39 Studies based in relatively unselected popula-
tions have shown that the burden of disease in children
with congenital heart disease is underappreciated in PH
registries.25,27,40,41 Because of coding conventions, the
prevalence of PH associated with pulmonary conditions
(especially survivors of premature birth with chronic lung
disease) may be under-reported to an even greater degree.42

As a result, the treatment strategies of both APAH-CHD
and PH associated with pulmonary disease have not
received the same attention as IPAH. Optimal treatment
of these subgroups may differ significantly from patients
with IPAH. To our knowledge, one previous study has
studied the epidemiology of PH in a generalized popula-
tion including PH-directed therapy between 2007 and
2013.43 The current study expands on the findings of this
initial study not only by including recipients of public
insurance who represent a sizable minority of children
with chronic medical conditions, but also including granu-
lar detail about different etiologies of PH and their influ-
ence on treatment regimen. In addition, the current study
evaluates potential determinants of these regimens, which
was not part of the prior study.

The observation that commercial insurance was asso-
ciated with more intensive pharmaceutical regimens was
unexpected. To our knowledge, previous registry studies
have not evaluated this association. This highlights the
advantage of the current study design. One possible explan-
ation for the difference in observation between this study
and previous registry studies is in the constitution of the
study population. Care at the highest volume PH programs
(who contribute to registries) is unlikely to be influenced by
insurance status. However, differences in socioeconomic
status (in this case represented by insurance type) may influ-
ence access to specialized care for families outside the imme-
diate catchment areas of specialized centers. These would
not be reflected in center-based registry studies. We acknow-
ledge that it is not possible to determine the center or type of
center at which subjects in this study were seen to evaluate
this possible explanation.

Though differences in treatment regimens between recipi-
ents of commercial insurance and Medicaid are provocative,
care should be taken in evaluating differences in patterns of
treatment with social factors. To the best of our ability, we
adjusted for measurable confounders. It is unlikely that dis-
ease severity or other clinically relevant factors should intro-
duce differential bias to our analysis. However, we
acknowledge the possibility of unmeasured confounding.
Moreover, care must be taken to address the complicated
relationship between socioeconomic status, insurance,
access to care (especially specialized care), and race/ethni-
city. The structure of the MarketScan database makes it
impossible to evaluate these factors. With that in mind, we
would contend that it was important to explore these issues

to the best of our ability. Identifying disparities in pharma-
cotherapy based on insurance is a first step in addressing
these issues. If these associations are verified in additional
studies, it is also important to work to understand whether
disparities reflect differential access to care, differences in
coverage, or differences in prescribing. The remedies for
each of these are different.

Another important issue to address is that ICD-9 and 10
codes for PH diagnoses are not consistent with either
Panama or WHO classification of PH,25,27,42 nor are they
perfectly accurate at identifying true PH. We can identify
subjects with congenital heart disease, cardiomyopathy, and
concomitant pulmonary disease, but differentiating other
forms of PH is challenging. Additionally, in the ninth ver-
sion of ICD coding, a large proportion of patients were
described as being unclassified/other etiology. A previous
study of adults with PH demonstrated that the transition
to ICD-10 coding was accompanied by an increase in the
prevalence of IPAH cases,44 suggesting that IPAH cases
were misclassified by ICD-9 coding. We cannot be certain
in children a similar pattern of misclassification is seen, but
in general, it appears that the children with PH classified as
other/unknown had similar characteristics and treatment as
those with IPAH.

The use of CCB appears more common in the study
population than expected. The proportion is likely inflated
by CCB that are prescribed for other indications (e.g. sys-
temic hypertension or arrhythmia). As noted, it was not
possible to identify the indication for pharmaceuticals.
There is no way in this dataset to further investigate
whether the prescription of CCB was related to the
institution(s) at which the subject received care, severity
of illness, or other factors. It was not associated with
public versus commercial insurance (data not shown). In
previous registry-based studies, the prevalence of PH
patients receiving CCB is relatively small,36 and the
reported prevalence of its use in this series is not intended
as an endorsement of the practice.

There are additional limitations to this study. We are
restricted to a relatively short study period, which makes
it impossible to evaluate changes in the use of drugs over
time both for the population in general and for individual
patients. Restricting our analysis to subjects with longer
follow-up and multiple visits confirming the diagnosis of
PH, we tried to maximize the accuracy of our cohort iden-
tification and to find a cohort in which a stable regimen was
identified. A second concern is that several important
aspects of patient data are obscured in our database to pro-
tect consumer privacy. More detailed information about
geographical location of the home, which can be used to
estimate both socioeconomic status (e.g. median income
and education level) and ease of access to care (e.g. urban
versus rural and/or distance to a tertiary or quaternary care
center), would improve our ability to address these import-
ant questions. Overcoming these obstacles is an important
step in successfully studying these issues. As with all

Pulmonary Circulation Volume 10 Number 3 | 7



observational datasets, there is the possibility of miscoding
of diagnoses and of unmeasured confounding (specifically
race and ethnicity, smoking status, and other exposures) in
spite of efforts to be stringent with diagnostic code algo-
rithms. Finally, we acknowledge that in an insurance
claims database, the ‘‘utilization’’ of pharmaceuticals that
is measured is filled prescriptions. This does not directly
measure what medications are prescribed or the degree to
which subjects adhere to prescribed regimens, but is the best
available estimate.

Conclusions

Despite these limitations, the current study demonstrates the
pattern of PH-directed therapy in a representative sample of
US children. The intensity of drug therapy was not only
associated with patient factors (e.g. diagnosis and age) but
also insurance status. Commercial insurance was associated
with an increased likelihood of receiving multidrug therapy.
Within drug regimens, commercial insurance was also asso-
ciated with higher annualized costs. Determining whether
these differences are associated with differences in outcome
is critical and deserves attention.
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