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Abstract
Retrospective administrative claims database studies provide realworld evidence about treatment patterns, healthcare resource use,
and costs for patients and are increasingly used to inform policymaking, drug formulary, and regulatory decisions. However, there is
no standard methodology to identify patients with pulmonary
arterial hypertension (PAH) from administrative claims data. Given
the number of approved drugs now available for patients with PAH,
the cost of PAH treatments, and the signiﬁcant healthcare resource
use associated with the care of patients with PAH, there is a

considerable need to develop an evidence-based and systematic
approach to accurately identify these patients in claims databases. A
panel of pulmonary hypertension clinical experts and researchers
experienced in retrospective claims database studies convened to
review relevant literature and recommend best practices for
developing algorithms to identify patients with PAH in
administrative claims databases speciﬁc to a particular research
hypothesis.
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Pulmonary hypertension (PH) refers to an
increase in mean pulmonary arterial
pressure at rest as assessed by right heart
catheterization (RHC) (1). The World
Health Organization (WHO) clinically
classiﬁes PH into ﬁve groups according to
clinical and pathophysiologic features,
including the underlying cause of disease,
clinical and hemodynamic characteristics,
and medical management (2, 3).
Hemodynamic assessments of PH include
measuring pulmonary arterial pressure,
pulmonary artery wedge pressure (PAWP),
cardiac output, diastolic pressure gradient,
and pulmonary vascular resistance (1, 3).
Focused Review

PH classiﬁcations and hemodynamic
assessments are used by PH specialists to
diagnose and medically manage the
condition, by insurers to verify therapeutic
appropriateness, and by the Food and Drug
Administration (FDA) for approval of new
molecular entities or new indications for
existing PH treatments (2, 3). Clinically,
PH is often grouped as precapillary and
postcapillary, distinguished by PAWP less than
or equal to 15 mm Hg (precapillary) and
PAWP greater than 15 mm Hg (postcapillary).
Precapillary PH includes WHO group 1
(pulmonary arterial hypertension [PAH]),
group 3 (PH due to lung diseases and/or

hypoxia), group 4 (chronic thromboembolic
PH), and some group 5 (PH with unclear and/
or multifactorial mechanisms). Postcapillary
PH corresponds to WHO group 2 (PH due to
left heart diseases) (4).
In addition to precapillary
hemodynamic ﬁndings, PAH (group 1) is
characterized by pulmonary vascular
resistance greater than 3 Wood units in the
absence of other causes of precapillary PH,
such as PH due to lung diseases, chronic
thromboembolic pulmonary hypertension
(CTEPH), or other diseases. Between 10 and
15 people per 1 million population in the
United States are diagnosed with PAH
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each year (5). PAH includes different
endophenotypes that share a similar clinical
picture and virtually identical pathological
changes of the lung microcirculation (3).
RHC remains essential for the diagnosis of
PAH (1, 6). Because other groups of PH,
such as PH due to lung diseases and CTEPH,
look the same hemodynamically, the
hemodynamic assessment proﬁle is used in
combination with other clinical data to conﬁrm
WHO group 1 PAH. This differentiation is
commonly achieved using key diagnostic
testing, including echocardiography,
_ lung scan,
_ Q)
ventilation–perfusion (V=
pulmonary function testing, and other studies,
as well as clinical history and physical
examination. Distinguishing patients with
WHO group 1 PAH from patients with WHO
groups 2 to 5 is important for disease
management, to achieve therapeutic beneﬁt,
and to reduce the potentially harmful effects of
using targeted treatment in those who are not
in WHO group 1. Currently, WHO group 1
PAH and nonoperative group 4 CTEPH are the
only groups with FDA-approved therapies.
In recent years, more than 10 drugs
have been approved for the treatment
of PAH. Thus, there is a need to understand
how these newer treatments are being
prescribed and used in a real-world setting.
A common source to generate this type of
real-world evidence is healthcare
administrative claims data. In medical
practice, every patient encounter with the
healthcare system prompts generation of
administrative data, which are used for
record keeping and billing purposes (7).
Each encounter typically was historically
assigned an International Classiﬁcation of
Diseases, Ninth Revision, Clinical Modiﬁcation
(ICD-9-CM) code. As of October 2015, the
International Classiﬁcation of Diseases, 10th
Revision, Clinical Modiﬁcation (ICD-10CM) diagnosis codes replaced the ICD-9CM codes for billing purposes. Researchers
generally rely on ICD-9-CM and ICD-10CM diagnosis codes to identify patients.
Although typically collected for billing
purposes, claims data can provide insights
into real-world health outcomes, treatment
patterns, healthcare resource use, and
associated costs.

for making important healthcare and
regulatory decisions (8, 9). The 21st Century
Cures Act (Pub. L. 114-255, 130 Stat. 1033)
requires the FDA to develop a framework
and guidance to evaluate real-world evidence
to support approvals of new indications for
previously approved drugs and to support or
fulﬁll postapproval safety or efﬁcacy study
requirements. Health insurance payers also
rely on real-world evidence for making
formulary and coverage decisions.
Researchers must rely on selective data
available in claims. The ICD-9-CM and
ICD-10-CM codes for PH in administrative
data do not align directly with the ﬁve WHO
clinical classiﬁcation groups. In addition,
claims data contain procedure codes to
indicate if a patient received RHC or had an
_ scan (i.e., to exclude
_ Q
echocardiogram or V=
CTEPH), but there are no results of these
procedures to provide evidence of a
diagnosis. Taken together, no clear standard
methodology distinguishes the clinical
classiﬁcations of PH or identiﬁes the subset of
patients with PAH from administrative claims
data. Although the ICD-10-CM update
attempts to address this issue, the historical
issue remains, and these changes will not be
useful for claims-based research for years.
The ICD-10-CM codes for PH were most
recently updated in October 2017.
Despite a growing number of available
therapies, PAH is an orphan disease (10),
and hence the sample size for any claimsbased study remains a major challenge.
Researchers must balance between sample
size, sensitivity, and speciﬁcity when
conducting these studies and use other
patient-related information to identify
patients with PAH. Thus, the potential
misclassiﬁcation of patients with PAH is a
limitation of any claims-based assessment.
Given these considerations, we sought to
provide guidance based on available literature
and insights from PH clinical experts and
researchers experienced in retrospective
claims database studies. The algorithm
recommendations can be applied to address
different types of research questions about
pulmonary vascular disease when
administrative claims data are leveraged.

The Unmet Need in PH
Claims-based Research

How Is PAH Currently Being
Identiﬁed in Claims-based
Research?

Data generated by claims analyses are
receiving more emphasis and are being used

To support algorithm recommendations, we
searched literature from 2008 through
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February 2018 to identify U.S.-based studies
that used claims data to study patients with
PAH. A total of 18 claims-based studies
were identiﬁed (Table 1). Three components
were commonly used for identifying
patients with PAH: diagnosis codes, PAHspeciﬁc medications, and performance of
RHC or echocardiography (Table 2). Most
claims database studies required at least two
of these components for identifying patients
with PAH; very few relied on only one
component for identifying patients with
PAH (11–14). All reviewed studies used
ICD-9-CM codes. ICD-10-CM codes were
not used in the reviewed studies, because the
studies were conducted on claims data
collected before October 2015. ICD-10-CM
codes would be necessary for any claimsbased studies conducted thereafter, and
suggested ICD-10-CM codes for the
diagnosis of PAH are provided in Table 3
(15). RHC and echocardiography were
identiﬁed using Current Procedural
Terminology (CPT) codes and ICD-9-CM
procedure codes.

Algorithms Used for Identifying
Patients with PAH
The algorithms used in the published
literature for identifying patients with PAH
varied considerably across the studies. The
choice of algorithm was based on the data
available (medical and pharmacy claims),
subpopulation focus (e.g., patients with
human immunodeﬁciency virus), and study
goals. The most restrictive algorithms
required use of PH-related diagnosis codes
together with PAH-speciﬁc medications and
RHC procedure codes (16, 17). The least
restrictive algorithms required use of only
one component: PH-related diagnosis codes
or PAH-speciﬁc medications (11–14). It
should be noted that the choice of PAH
algorithm components affects the
sensitivity, speciﬁcity, and positive
predictive value (PPV) of the algorithm. A
given research question should inﬂuence the
employed algorithm with these performance
characteristics in mind.
Two studies compared multiple
algorithms using administrative databases
or electronic medical record (EMR) data.
Burger and colleagues (16) used a two-step
approach to ascertain which patients had
PAH. In the ﬁrst step, patients starting
prostacyclin therapy were selected if they
had 1) a diagnosis of PH or nonspeciﬁc
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Data Source

Study Period
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Truven Health
MarketScan
Databases
Truven Health
MarketScan
Databases

January 2004–
December
2009
January 2003–
December
2009

Pharmacy claims
January 2008–
data from Medco
December
Health Solutions
2010

13

January 2004–
December
2008

Optum Research
Database

23

January 2005–
September
2008

Truven Health
MarketScan
Databases

27

Retrospective cohort design
26
Large managed
January 2006–
healthcare
December
plan data
2008
(commercial,
Medicare
Advantage,
Medicare part D)
20
Private insurance January 1999–
claims database,
December
random sample
2007
of Medicare
population (5%
national sample)

25

21

Retrospective case–control design
19
Multiemployer
January 2002–
database
December
2007

Reference

Procedure Codes

None to report

(Continued)

None to report

>1 Claim for
ambrisentan,
bosentan, i.v.
epoprostenol,
iloprost,
i.v. or s.c. treprostinil,
or sildenaﬁl
(except Viagra)
Adcirca or Revatio
Not used

Receipt of Viagra
excluded

>1 Claim for
Revatio

Factors associated with
adherence to PDE5
inhibitors in the
management of PAH
were studied.

None to report

Not used

>2 Claims with diagnosis >1 Claim for RHC
of primary PH (ICD-9or echocardiogram
CM 416.0) and no
claims associated with
categories 2–5 of the
Venice and Dana Point
classiﬁcations
>1 Inpatient claim or >2 Not used
outpatient claims with
diagnosis of PH (ICD-9CM 416.0 or 416.8)
>1 Medical claim with
Claim for RHC (ICD-9-CM
diagnosis of PH (ICD-9procedure code 37.21 or
CM 416.0 or 416.8) and
37.23; CPT codes 93501,
PH-related inpatient
93526–93529)*
stay

None to report

Study conducted in
patients with CTDs
(ICD-9-CM)

None to report

None to report

Other Considerations

Regardless of PAH
diagnosis, >1 claim
for ERAs or PAs

Required to have
pharmacy claim
for sildenaﬁl

Not used

Not used

Medications

>2 Claims with diagnosis Not used
of PH (ICD-9-CM
416.0, 416.8 or 416.9)

>2 Claims with diagnosis >1 Claim for RHC
of primary PH (ICD-9or echocardiogram
CM 416.0) and no
claims associated with
categories 2–5 of the
Venice classiﬁcation
>2 Claims with diagnosis >1 Claim for RHC
of primary PH (ICD-9or echocardiogram
CM 416.0)
>1 Inpatient claim or >2 Not used
outpatient claims with
diagnosis of PH (ICD-9CM 416.0 or 416.8)

Diagnosis Codes

Table 1. Studies using claims or registry data to identify patients with pulmonary arterial hypertension
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799

800

Kaiser Permanente January 2004–
Southern
November
California Health
2012
Plan Data
Optum Research
January 2002–
Database
December
2011

Humana Research January 2009–
Database
June 2014

Optum Research
Database

Truven Health
MarketScan
Databases

Truven Health
MarketScan
Databases

14

30

12

16

22

January 2010–
December
2014

January 2010–
December
2015

April 2001–
December
2012

Optum Research
Database

29

18

Diagnosis Codes

Procedure Codes

>1 Claim with diagnosis >1 Claim for RHC, left
of PH (ICD-9-CM
heart catheterization,
416.0, 416.8, or 416.9)
cardiac surgery,
echocardiogram, or
lung/heart-lung transplant)*
>2 Medical claims with Not used
diagnosis of PH (ICD-9CM 416.0 or 416.8) or
>2 medical claims with
PAH-related condition
diagnosis (HIV, portal
hypertension, CTD,
congenital heart
disease)

Outpatient consultation
(CPT 99241–99245)
>1 Medical claim with
>1 Medical claim with
diagnosis of PH (ICD-9cardiac catheterization
CM 416.0, 416.8, or
CPT codes
416.9)
>1 Claim with diagnosis Not used
of PH (ICD-9-CM 416.0
or 416.8)

>1 Outpatient visit with Outpatient visit (CPT
diagnosis of PH (ICD-999201–99205 and
CM 416.0 or 416.8)
99211–99215)

>1 Claim with diagnosis Not used
of PH (ICD-9-CM 416.0
or 416.8)

>1 Claim with diagnosis Not used
of primary PH or other
chronic pulmonary
heart diseases (ICD-9CM 416.0 or 416.8) or a
diagnosis code for a
PAH-associated
condition AND >2
claims with primary PH
diagnosis, >2 claims
with PAH-related
diagnosis, and >1
claim with PAH-related
medication
January 2007– >1 Medical claim with
Not used
October 2011
diagnosis of PH (ICD-9CM 416.0 or 416.8)

Study Period

Administrative
January 2004–
claims of a large
June 2010
national
managed care
organization

Data Source

28

Reference

Table 1. (Continued )

None to report

Other Considerations

>1 Outpatient pharmacy
claim for ERA, sGC,
or PDE5 inhibitor

(Continued)

Receipt of prostacyclin
excluded

>1 Claim for ERA, PDE5 None to report
inhibitor, prostacyclin
(diagnosis or procedure
codes required)
Not used
Required to have ICD-9-CM
diagnosis code for
multiple sclerosis or
hepatitis C before
interferon treatment
>1 Claim for prostacyclin, None to report
prostacyclin receptor
agonist, ERA, PDE5
inhibitor, sGC*

Viagra (sildenaﬁl) and
Cialis (tadalaﬁl) ﬁlls
had to have daily
doses at levels
approved for PAH
Required to have
ICD-9-CM diagnosis
code for psoriasis
or psoriatic arthritis
>1 Claim for ambrisentan, ICD-9-CM codes for
erectile dysfunction
bosentan, sildenaﬁl,
were excluded
tadalaﬁl, epoprostenol,
iloprost, treprostinil

>1 Claim for sildenaﬁl,
tadalaﬁl, iloprost,
bosentan, ambrisentan,
epoprostenol
treprostinil
Not used

>1 Claim for bosentan,
ambrisentan, tadalaﬁl,
sildenaﬁl, iloprost,
treprostinil,
epoprostenol*

Medications
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Definition of abbreviations: CPT = Current Procedural Terminology; CTD = connective tissue disease; EMR = electronic medical records; ERA = endothelin receptor antagonist; HIV = human
immunodeficiency virus; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; i.v. = intravenous; PA = prostaglandin analog; PAH = pulmonary arterial
hypertension; PDE5 = phosphodiesterase type 5; PH = pulmonary hypertension; RHC = right heart catheterization; s.c. = subcutaneous; sGC = soluble guanylate cyclase; SSc = systemic
sclerosis.
*Selection criteria were discrete (e.g., either diagnosis codes, procedure codes, or medications were used in the selection process, but each was not necessarily required).

PAH-speciﬁc medications
used in algorithm but
not listed in article

Required to have
nondiagnostic
claims for SSc
None to report
Not used

>2 Nondiagnostic claims Not used
with diagnosis of PH
(ICD-9-CM 416.0)
Diagnosis of PH (ICD-9- Not used
CM 416.0 or 416.8)
Truven Health
January 2003–
MarketScan
December
Databases
2014
EMR data at
January 2012–
outpatient clinics
August 2015
at the University
of Texas Medical
Branch and the
University of
Virginia
11

Data Source
Reference

Table 1. (Continued )

Study Period

Diagnosis Codes

Procedure Codes

Medications

Other Considerations
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pulmonary heart disease, 2) a PH-related
procedure, or 3) PAH-speciﬁc medication.
A total of 13,633 patients were identiﬁed in
the ﬁrst step. In the second step, patient
counts were ascertained for multiple
algorithms created by a combination of any
two or three of the preceding components.
In the algorithms that required an inpatient
claim with PH diagnosis or RHC procedure,
only half of the patients identiﬁed in step 1
were retained. These requirements help to
restrict the study population to the subset of
patients who are most likely to have PAH.
Using the algorithm requiring an outpatient
claim with a diagnosis of PH plus a claim for
a PAH-related medication resulted in 90%
of patients identiﬁed in step 1 being
retained. Algorithms that modify the criteria
to require two outpatient claims or two
PAH-speciﬁc medication claims resulted in
a nearly identical number of patients as
obtained with similar algorithms requiring
only one claim. Algorithms that required
inpatient claims together with other criteria
yielded much smaller sample sizes.
A study by Papani and colleagues (17)
validated several algorithms for use in
claims data against a hemodynamic
diagnosis of PAH determined by RHC
through EMR data. Claims-based
algorithms that included diagnosis codes
plus PAH-speciﬁc medications better
identiﬁed patients with PAH than diagnosis
codes alone. Requiring two or more classes
of PAH-related therapies increased
speciﬁcity but decreased sensitivity of the
algorithm (i.e., identiﬁed fewer patients who
truly have PAH but reduced the falsepositive results). Algorithms using diagnosis
codes together with a claim for at least one
PAH-related medication have the highest
sensitivity and moderate speciﬁcity. Using
this algorithm improves the likelihood of
identifying more patients with PAH, but at
the risk of obtaining a few more false–
positive results. However, this algorithm
precludes the ability to study the untreated
population.

Perspectives on the
Development and Use of
PAH Algorithms
Many algorithms can be useful for assessing
healthcare resource use and cost, treatment
patterns (including the diagnostic process
and PAH-speciﬁc drug use), PH and PAH
prevalence, or risk of developing PAH. Some
801
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Table 2. Components of pulmonary arterial hypertension deﬁnition used in published literature
Components of PAH Algorithm
Diagnosis codes

Procedure codes

PAH-speciﬁc medication

Criteria

References

Diagnosis codes were used in all studies identiﬁed.
ICD-9-CM codes included 416.0 (primary pulmonary hypertension),
416.8 (other chronic pulmonary heart diseases), and 416.9 (chronic
pulmonary heart disease, unspeciﬁed).
ICD-10-CM codes were not used in the reviewed studies, because the
studies were conducted using claims data collected before October
2015.
ICD-10-CM codes would be necessary for any claims-based studies
conducted thereafter.
All studies used outpatient claims in the algorithm; inpatient claims were
used less frequently.
Use of diagnosis codes for PAH-related conditions (group 1 conditions
such as connective tissue disorders) for patient inclusion was not very
common.
Some studies used PH-related conditions in groups 2–5 (such as
chronic obstructive pulmonary disease or chronic thromboembolic
disease) to exclude patients.
Patients with erectile dysfunction were excluded to avoid inclusion of
patients prescribed PAH-related medication for conditions other than
PH.
All studies using RHC also required a diagnosis code for PH.
All studies using echocardiography also required a diagnosis code for
PH.
Some studies using RHC or echocardiography also required a
diagnosis code for a condition associated with WHO classiﬁcation
group 1 PAH condition (e.g., HIV, connective tissue disorders).
Timing of RHC procedure and PH diagnosis was considered. Studies
required claims for RHC and PH diagnosis to occur between as few
as 60 d and as many as 12 mo of each other.
PAH-related medication classes included ERAs, PDE5 inhibitors, PAs,
prostacyclin receptor agonists, and sGC stimulators.
Some drugs excluded from these algorithms were CCBs and sildenaﬁl
brand Viagra, a PDE5 inhibitor.

11–14, 16–23, 25–30

22, 23, 25, 27
11, 12, 14, 16, 25, 28
19–21
18, 23
19–23, 30
19–22
11, 12, 14
19–23
12, 13, 17, 18, 22, 23, 25–30
23

Definition of abbreviations: CCB = calcium channel blocker; ERA = endothelin receptor antagonist; HIV = human immunodeficiency virus; ICD-9-CM =
International Classification of Diseases, Ninth Revision, Clinical Modification; ICD-10-CM = International Classification of Diseases, 10th Revision, Clinical
Modification; PA = prostaglandin analog; PAH = pulmonary arterial hypertension; PDE5 = phosphodiesterase type 5; PH = pulmonary hypertension; RHC =
right heart catheterization; sGC = soluble guanylate cyclase; WHO = World Health Organization.

algorithms are better than others for speciﬁc
outcomes or assessments (Figure 1).
Three-Component Algorithms

Algorithms requiring all three components
(i.e., diagnosis codes, PAH-speciﬁc
medications, and RHC or
echocardiography) are the most stringent
and would likely maximize PPV and
therefore the probability that subjects truly
have PAH (16, 17). However, patients with
PAH who are not hemodynamically
diagnosed within the study period may be
misclassiﬁed (i.e., may be falsely classiﬁed as
not having PAH because they are missing
the hemodynamic procedure). Although
requiring all three components may reduce
the sample size, recent studies suggest that a
large proportion of patients have received
either RHC or echocardiography. Duarte
and colleagues (18) found that 42.7% of
802

patients received RHC and 60.2% received
any cardiac catheterization during the
12 months before or 15 months after PH
diagnosis, and 91.4% of patients taking
PAH-related medication had an
echocardiogram in the 12 months before or
after their diagnosis. Similarly, Fischer and
colleagues (11) found that among incident
patients with systemic sclerosis (SSc)-related
PAH, 82.5% had an echocardiogram and
28.5% had an RHC procedure within
12 months of ﬁrst diagnosis of SSc.
This three-component algorithm is
likely the best method for measuring
prevalence of treated patients with PAH in
claims databases, with the limitation that
this algorithm will miss patients who are
either untreated or do not undergo RHC or
echocardiography during the study period.
This algorithm may also be most
appropriate for use in health economic

evaluations such as cost-effectiveness
models, given that the algorithm will capture
a broader spectrum of healthcare resource
use for all patients in the study, including
diagnostic tests, pharmaceutical treatment
patterns, and PAH-related inpatient and
outpatient visits. To increase speciﬁcity,
patients with diagnosis codes for PH-related
conditions listed under WHO groups 2 to 5
can be excluded (19–21). However, this
algorithm will fail to capture off-label uses of
PAH therapy in non–WHO group 1
conditions and patients with PAH and a
concomitant group 2 to 5 comorbidity that
is not the underlying cause of their PH.
When RHC is included, the timing of and
order between claims is important. For
example, it must be conﬁrmed that the RHC
is preceded or followed by a diagnosis of PH
or PAH within a speciﬁed time period. The
RHC should be conducted within 12 months

AnnalsATS Volume 16 Number 7 | July 2019
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Table 3. List of ICD-10-CM codes for identifying patients with pulmonary arterial
hypertension
PH Clinical Classiﬁcations
WHO Group 1: PAH
Idiopathic PAH
Heritable PAH
BMPR2
ALK-1, ENG, SMAD9, CAV1, KCNK3
Unknown
Drug and toxin induced
Adverse effect of appetite depressants
Associated with
Connective tissue disease
Systemic sclerosis
Systemic lupus erythematosus
Other connective tissue diseases
HIV infection
HIV disease
Portal hypertension
Congenital heart diseases
Eisenmenger syndrome
Atrial septal defect
Ventricular septal defect
Schistosomiasis
Pulmonary veno-occlusive disease
and pulmonary capillary
hemangiomatosis
Persistent pulmonary hypertension
of the newborn

ICD-10-CM

Two-Component Algorithms
I27.0
I27.0
I27.0
I27.0
I27.21
I27.21 and T50.5X50
I27.21
I27.21 and M34.x
I27.21 and M32.x
I27.21 and other required ICD-10-CM codes
I27.21
I27.21 and B20
I27.21 and K76.6
I27.9 or 127.89
I27.83
(I27.9 or 127.89) and Q21.1
(I27.9 or 127.89) and Q21.0
I27.21 and B65.x
I27.29
I27.20 or I27.89

Definition of abbreviations: ALK-1 = activin type I receptor kinase-like gene; BMPR2 = bone
morphogenetic protein type 2; CAV1 = caveolin 1; ENG = endoglin; HIV = human immunodeficiency
virus; ICD-10-CM = International Classification of Diseases, 10th Revision, Clinical Modification;
KCNK3 = potassium channel superfamily K member 3; PAH = pulmonary arterial hypertension; PH =
pulmonary hypertension; SMAD9 = SMAD family member 9; WHO = World Health Organization.
Adapted from Reference 15.

of ﬁrst diagnosis of PH or PAH and/or ﬁrst
pharmacy claim for a PAH-speciﬁc
medication, because this is especially
important if PAH incidence is being studied.
We recommend that algorithms
require at least one outpatient claim or at
least one inpatient claim with a diagnosis of
PH. A similar algorithm requiring at least
two outpatient claims identiﬁed nearly the
same number of patients, suggesting that at
least one outpatient claim may be sufﬁcient
(16). Requiring only inpatient claims
reduces sample sizes (22); however, using
inpatient claims in combination with
outpatient claims will increase sample size.
Only FDA-approved medications for the
treatment of PAH should be used. Excluding
speciﬁc medications may reduce potential
misclassiﬁcation as PAH. First, the use of
calcium channel blockers as PAH-related
medication should be avoided because these
are recommended for a very small number
of patients with positive acute vasoreactivity
testing, but they are more commonly used to
treat other cardiovascular conditions (23).
Focused Review

versus only one PAH-speciﬁc drug class will
likely increase PPV (i.e., reduce the number
of false-positive results) (16, 17).

Second, use of the brands Viagra (Pﬁzer;
sildenaﬁl) and Cialis (Eli Lilly & Co.;
tadalaﬁl) on the list of PAH-speciﬁc
medications should also be precluded,
because these medications are indicated for
erectile dysfunction (23). Alternatively, the
quantity and dose dispensed can be
considered to distinguish patients
receiving these medications, because Revatio
(Pﬁzer; sildenaﬁl) and Adcirca (United
Therapeutics; tadalaﬁl) are being branded
speciﬁcally for PAH treatment, and both
products now have generic equivalents
available. Alternatively, patients with
erectile dysfunction may also be excluded to
reduce this misclassiﬁcation (18). The drug
riociguat is approved by the FDA for two
types of PH: nonoperative CTEPH (group 4
PH) and PAH (group 1 PH). If patients with
groups 2 to 5 WHO classiﬁcation conditions
are excluded as suggested earlier, this drug
should identify only patients with PAH;
otherwise, patients with group 4 PH may be
misclassiﬁed if they are not excluded.
Requiring two PAH-speciﬁc drug classes

Alternative algorithms using a
combination of two components may also
be useful in certain situations. Algorithms
requiring diagnosis codes and PAHspeciﬁc medication but no RHC will likely
produce some false-positive results. To
reduce false-positive results, the following
strategies could be used: 1) require only the
primary diagnosis code (ICD-9-CM code
416.0; ICD-10-CM code I27.0), although
this will restrict the algorithm to patients
with idiopathic PAH and exclude patients
with PAH associated with other
conditions; 2) require patients to have
ﬁlled PAH-speciﬁc drugs from at least two
different classes; or 3) require diagnosis of
one of the PH WHO classiﬁcation group 1
conditions together with the diagnosis
codes; and 4) exclude patients with
diagnosis codes for PH-related conditions
(e.g., chronic obstructive pulmonary
disease, heart failure) listed under groups
2 to 5 of the WHO classiﬁcation (19–21).
Such an algorithm would be especially
appropriate for studying PAH treatment
patterns.
Algorithms requiring diagnosis codes
and RHC will improve the true-positive
cases of PAH, but sample size will be
reduced. Current practice guidelines require
RHC to deﬁnitively diagnose PAH; however,
a notable proportion of patients within a
claims-based dataset will not undergo RHC
during the study period (16, 18). Requiring
either RHC or echocardiography can be
considered because a large proportion of
patients will have undergone either one of
them (11, 18). When only medical claims are
available, the algorithm should require
patients to have one of the WHO group 1
conditions for increasing the likelihood of
truly having PAH. This algorithm may be
more appropriate for PAH prevalence and
assessing PAH as an outcome in WHO
group 1 idiopathic PAH and associated
PAH conditions. The major limitation with
this approach is that the results of RHC or
echocardiography are not available in claims
data. Thus, just having undergone RHC or
echocardiography is not an indicator of a
PAH-speciﬁc diagnostic result. Another
limitation is that although WHO
classiﬁcation group 1 conditions are most
often associated with PAH, other forms of
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Recommended for studies of health economic evaluations
Three component Algorithm
Diagnosis + PAH-related
medication +
RHC/echocardiography

Pros
• Most restrictive
• Maximizes PPV

Cons
• Low sample size
• Untreated patients excluded
• Patients without RHC excluded

Remove RHC/echocardiography
requirement
Recommended for studying treatment patterns
Pros
• Less restrictive
• Improved sample size

Two component Algorithm
Diagnosis + PAH-related
medication classes or RHC

Cons
• More false positive identified
• Off-label use of PAH-related meds
may result in misclassification
• Low proportions of RHC tests
• Lack of RHC test results for
confirmation

Consider incorporating additional requirements to improve specificity and PPV
• Eliminate the use of less specific ICD-9-CM/ICD-10-CM diagnosis codes
• Require 2 medication classes
• Require a WHO Clinical classification group 1 condition
• Exclude WHO Clinical classification group 2–5 conditions

Reduce number of
components required

One component Algorithm
Diagnosis or PAH-related
medication or RHC

Recommended for studies evaluating patients at risk, off-label use
of PAH therapies, and real-world clinical practice
Pros
• Least restrictive
• Maximizes sensitivity

Cons
• Highest risk of false positives
• Requires additional requirements
to improve PPV

Figure 1. Algorithm variations and recommendations. ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; ICD-10CM = International Classification of Diseases, 10th Revision, Clinical Modification; PAH = pulmonary arterial hypertension; PPV = positive predictive value;
RHC = right heart catheterization; WHO = World Health Organization.

PH can also occur within these same
conditions. Thus, some of the underlying
WHO group 1 conditions can be associated
with non–group 1 disease, including SSc (24).
Patients with SSc can develop PH (traditionally
described as mean pulmonary arterial pressure
>25 mm Hg) caused by PAH, left ventricular
disease, or pulmonary ﬁbrosis; therefore,
accurate diagnosis of PAH is particularly
challenging. To reduce false-positive results,
requiring a claim for RHC would likely yield
an improved PPV.
One-Component Algorithms

Algorithms requiring only one component
are likely to identify more false-positive
patients. Such an algorithm would be useful
for studies evaluating patients at risk of
804

PAH. We recommend restricting
identiﬁcation to ICD-9-CM code 416.0
and ICD-10-CM code I27.0 for idiopathic
PAH and requiring at least two claims
with these diagnosis codes when using
diagnosis codes alone. Consider this
algorithm when pharmacy claims are
not available. Alternatively, when
only pharmacy claims data are available,
use PAH-speciﬁc medications (13) and
require at least two different PAHspeciﬁc medication classes to improve
identiﬁcation of patients with PAH.
Such an algorithm could be useful
for studying drug use and pharmacy
costs. An RHC procedure alone can be
used when only patient charts or EMR
data are available, given

the availability of procedure results
in these datasets.

Limitations of Algorithms
There are some common limitations
inherent to claims data. Claims lack
information on disease severity, which can
be useful for the evaluation of patients with
PAH. As described above, coding with
ICD-9-CM and ICD-10-CM codes can
result in errors or can be inﬂuenced by
reimbursement decisions. Patients may
not be continuously enrolled in the health
insurance plan or may die during the study
period, resulting in exclusion from the
study or loss to follow-up, which can
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adversely affect the sample size and
bias results if these exclusions are
systematically associated with disease or
exposure status.
Claims-based analyses in PH have
additional potential limitations, including
the lack of speciﬁcity of ICD-9-CM and
ICD-10-CM codes in relation to WHO
clinical classiﬁcation. The use of claims data
is further complicated by the lack of
laboratory test results. Although claims
provide insight into whether RHC was
conducted for diagnostic purposes, the
results of that test are not available in the
claims data, and thus perfect accuracy with
respect to PAH diagnosis (or WHO
classiﬁcation) is not possible. For example,
patients who do not meet hemodynamic
criteria for PAH would meet algorithm
requirements for an RHC claim but would
be misclassiﬁed as having PAH. For most of
these algorithms to be successful, both
medical and pharmacy claims data must be
available. In the absence of pharmacy claims
data, procedure codes for RHC or
echocardiography could be used in
combination with PH-related diagnosis
codes. In addition, some of the PAH-speciﬁc
medications may be used for off-label
conditions, which may confound or bias the

results. Although ICD-10-CM codes
provide more speciﬁcation pertaining to
PAH, they are not solely sufﬁcient to
accurately identify patients with PAH, and
this may, in fact, make future claims-based
analyses more complicated because
researchers must determine how these codes
are clinically used.
There is also signiﬁcant clinical
practice variation in the diagnosis and
treatment of PH and PAH, which may or
may not adhere to consensus guidelines;
this could result in misclassiﬁcation bias
and affect the conclusions drawn from
using administrative claims data. The
results from these studies may be
hypothesis generating but should be used
cautiously.

Next Steps in PAH-related
Real-World Evidence Research
Identifying patients with PAH using
administrative claims data can be
challenging. Depending on the research
question and availability of the data, several
algorithms could be used in claims-based
research involving patients with PAH.
Correctly identifying patients with PAH in
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