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BACKGROUND: Pulmonary arterial hypertension (PAH) is a rare disease, and much of our
understanding stems from single-center studies, which are limited by sample size and
generalizability. Administrative data offer an appealing opportunity to inform clinical,
research, and quality improvement efforts for PAH. Yet, currently no standardized, validated
method exists to distinguish PAH from other subgroups of pulmonary hypertension (PH)
within this data source.

RESEARCH QUESTION: Can a collection of algorithms be developed and validated to detect
PAH in administrative data in two diverse settings: all Veterans Health Administration (VA)
hospitals and Boston Medical Center (BMC), a PAH referral center.

STUDYDESIGNANDMETHODS: In each setting, we identified all adult patients with incident PH
from 2006 through 2017 using International Classification of Diseases PH diagnosis codes.
From this baseline cohort of all PH subgroups, we sequentially applied the following criteria:
diagnosis codes for PAH-associated conditions, procedure codes for right heart catheteri-
zations (RHCs), and pharmacy claims for PAH-specific therapy. We then validated each
algorithm using a gold standard review of primary clinical data and calculated sensitivity,
specificity, positive predictive values (PPVs), and negative predictive values.

RESULTS: From our baseline cohort, we identified 12,012 PH patients in all VA hospitals and
503 patients in BMC. Sole use of PH diagnosis codes performed poorly in identifying PAH
(PPV, 16.0% in VA hospitals and 36.0% in BMC). The addition of PAH-associated condi-
tions to the algorithm modestly improved PPV. The best performing algorithm required ICD
diagnosis codes, RHC codes, and PAH-specific therapy (VA hospitals: specificity, 97.1%;
PPV, 70.0%; BMC: specificity, 95.0%; PPV, 86.0%).

INTERPRETATION: This set of validated algorithms to identify PAH in administrative data can
be used by the PAH scientific and clinical community to enhance the reliability and value of
research findings, to inform quality improvement initiatives, and ultimately to improve
health for PAH patients. CHEST 2021; 159(5):1986-1994
KEY WORDS: administrative data; medical informatics; pulmonary arterial hypertension;
pulmonary hypertension
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Pulmonary arterial hypertension (PAH), a rare
subgroup of the heterogeneous diagnosis of pulmonary
hypertension (PH), is a devastating disease of the
pulmonary vasculature that exerts a heavy burden of
symptoms on patients and often leads to accelerated
mortality.1-3 Because of its rarity, much of what we
know of PAH comes from small, single-center cohort
studies and registries of PAH patients from expert
referral centers.4 These studies have been valuable in
building our knowledge of PAH, including
characterizing patient demographics, determining
prognostic factors, and establishing the natural history
of the disease. However, these cohorts and registries may
not always capture PAH patients managed in the
community outside of referral centers.5 Indeed, PAH
practice patterns in the community often diverge from
expert care, with large gaps in the recognition and
management of the disease.6-9 Additionally, PAH
registries often lack representation of racial and ethnic
minority groups, a critical problem recognized by the
PAH community.10

A clear need exists to expand our understanding of PAH
beyond registry data to the population level.
Administrative data generated by billing activities and
electronic health records provide an opportunity to
conduct large-scale epidemiologic studies to capture
community PAH care better and to include historically
underrepresented racial and ethnic groups. Administrative
data also may be used to develop and implement quality
improvement initiatives, to inform policy decisions, and to
support learning health systems.11 However, a present
challenge with using this type of data lies in how PH is
labeled in the International Classification of Diseases,
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Ninth Revision (ICD-9) and Tenth Revision (ICD-10),
coding systems. ICD PH diagnosis codes identify patients
as simply having primary or secondary PH and do not
mirror the current World Health Organization (WHO)
clinical classification,12 which categorizes PH into five
groups according to underlying causes, hemodynamics,
and medical management, with PAH considered group 1
PH. Examining PAH independently from other groups of
PH is critical because the epidemiologic features,
prognosis, treatment options, and health-care resource
costs for PAH patients are distinct from those of patients
with other groups of PH.13 Unfortunately, as we showed
in a recent systematic review,14 oversimplified algorithms
solely using ICD PH diagnosis codes perform poorly in
differentiating PAH from other, more common groups of
PH, with positive predictive values (PPVs) as low as 3%.

To overcome this limitation of the ICD coding
system, PH researchers have created nuanced
algorithms to distinguish PAH from other groups of
PH. These algorithms vary widely with no
standardization between studies, and most algorithms
have not been validated.14 In response to this unmet
need, a panel of PH clinical and research experts
recently convened to create best practices for
developing algorithms to identify PAH in
administrative data.15 These recommendations
included anticipated performance characteristics of
the algorithms, although none of the algorithms were
validated directly through primary data. Therefore,
we sought to create and validate systematically a
collection of algorithms following these expert
recommendations that can be used by the PAH
research and clinical community to address diverse
research questions and to capitalize on the rich data
available through administrative sources.

Methods
Study Settings

We performed retrospective studies of adults with PH diagnosed
between January 1, 2006, and December 31, 2017, in two distinct
settings: the Veterans Health Administration (VA), the largest
integrated health-care system in the United States that provides care
to veterans in diverse economic and geographic locations across the
spectrum of inpatient and outpatient settings, and Boston Medical
Center (BMC), a large safety-net hospital and academic PAH expert
referral center enriched with racial and ethnic minority groups. The
Edith Nourse Rogers Memorial VA Hospital and Boston University
Institutional Review Boards approved this study.

Algorithm Development

Within both settings (the VA and BMC), we identified all adult (age $
18 years) patients with PH between 2006 (the first full year of data after
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mailto:krgill@bu.edu
https://doi.org/10.1016/j.chest.2020.12.010
http://chestjournal.org


12,012 Adult Veterans with incident PH

1,837 Veterans with PAH-
associated condition

690 Veterans with PAH-associated
condition and RHC

10,175 excluded: no PAH-
associated condition

Algorithm #3: ICD PH codes +
PAH-associated condition

Algorithm #4: ICD PH codes +
PAH-associated condition + RHC

1,147 excluded: no RHC
performed 12 months before

or after first PH diagnosis

12,012 Adult Veterans with incident PH

2,151 Veterans with PH treated with
pulmonary vasodilators

9,861 excluded: no treatment with
pulmonary vasodilators 6 months prior
to or any time after first PH diagnosis

1,071 excluded: no RHC
performed 12 months before

or after first PH diagnosis

1,081 Veterans with PH with RHC and
treated with pulmonary vasodilators

Algorithm #6: ICD PH codes +
PAH-specific therapy + RHC

Algorithm #5: ICD PH codes +
PAH-specific therapy

12,012 Adult Veterans with incident PH

8,896 excluded: no
RHC performed 12
months before or

after first PH diagnosis

Algorithm #2: ICD
PH codes + RHC

3,116 Veterans with PH and RHC

10,834,304 Veterans with VA service use
2006-2017

10,796,376 excluded: No PH-linked visits,
1/1/2006-12/31/2017

24,526 excluded: only one PH diagnosis code

1,382 excluded: PH code before 1/1/2006

8 excluded: Veterans age < 18 or > 105

37,928 Veterans with PH

13,402 Veterans with two PH-linked visits

12,020 Veterans with incident PH

12,012 Adult Veterans with incident PH
Algorithm #1: PH ICD-9 code

416.0 or ICD-10 code I27.0

Figure 1 – Algorithm development in the VA setting. ICD ¼ International Classification of Diseases; PAH ¼ pulmonary arterial hypertension; PH ¼
pulmonary hypertension; RHC ¼ right heart catheterization; VA ¼ Veterans Health Administration.
sildenafil, a phosphodiesterase-5-inhibitor, was approved by the Food
and Drug Administration for use in PH) and 2017 (most recently
available data), defined by at least two visits (either inpatient or
outpatient) linked to an ICD-9 (416.0) or ICD-10 (I27.0) diagnosis
code for PH. We excluded patients with ICD PH diagnosis codes
unlikely to capture PAH, such as ICD-9 code 416.8 (“other chronic
pulmonary heart diseases”) and 416.2 (“chronic thromboembolic
pulmonary hypertension”). To select incident PH, we excluded those
with a PH code before December 31, 2005. From this baseline
cohort of all groups of PH, we built a series of algorithms following
expert recommendations for PAH algorithm development.15 We
sequentially applied the following criteria: (1) inclusion of ICD
diagnosis codes for PAH-associated conditions such as connective
tissue disease, congenital heart disease, HIV infection, and portal
hypertension; (2) inclusion of ICD or Current Procedural
Terminology diagnosis codes for right heart catheterization (RHC), a
required diagnostic test to confirm the presence of PAH and to
support treatment decisions13; and (3) inclusion of pharmacy claims
(both inpatient and outpatient) for PAH-specific therapies
(prostacyclins, prostacyclin receptor agonists, endothelin receptor
antagonists, phosphodiesterase-5-inhibitors, or soluble guanylate
cyclase agonists). We considered various combinations of the
aforementioned criteria and selected algorithms for chart validation
that retained $ 5% of the baseline cohort sample to ensure adequate
sample size. To ensure that phosphodiesterase-5-inhibitor therapy
was intended to treat PAH rather than erectile dysfunction, we
1988 Original Research
required a dispensing rate of at least 15 pills per month. The
derivation of our algorithms within the VA setting is shown in
Figure 1. Definitions for each of the above criteria, including ICD
and Current Procedural Terminology codes and timelines, are shown
in Table 1.
Algorithm Validation

We validated the developed algorithms in each setting using a gold
standard review of primary clinical and diagnostic data. For each
algorithm created, a pulmonologist (K. R. G.) performed structured
chart reviews on a random sample of 50 patients (6 algorithms � 50
charts ¼ 300 charts each in VA and BMC), extracting the following
variables from the chart using a data abstraction tool: (1)
demographics, including age, sex, race, and ethnicity; (2)
echocardiography results; (3) RHC results, including mean and
diastolic pulmonary artery pressure, pulmonary artery wedge
pressure, cardiac output, transpulmonary and diastolic pressure
gradients, pulmonary vascular resistance, and vasodilator
responsiveness, if performed; (4) ancillary testing results, including
CT scans of the chest, ventilation-perfusions scans, and pulmonary
function testing; and (5) clinic progress notes, consult notes, and
discharge summaries. Based on all available information, the
presence of PH and WHO PH group was determined. A second
pulmonologist (E. R. N.) who was blinded to the first reviewer’s
assessment examined a randomly selected 20% of charts reviewed by
[ 1 5 9 # 5 CHE ST MA Y 2 0 2 1 ]



TABLE 1 ] Definitions for Algorithm Criteria

Variable Definition ICD-9 Codes ICD-10 Codes CPT Codes

PAH-associated
condition

ICD code any time
before or 12 mo
after index datea

. . .

Connective
tissue diseases

ICD code any time
before or 12 mo
after index datea

517.1, 517.2,
695.4, 701.0,
710.0, 710.1,
710.2, 710.3,
710.4, 710.8,
710.9, 714.x

L90.0, L94.0, L93.x,
M05.x, M06.x, M08.x,

M12.0xx, M32.x, M33.x,
M34.x, M35.0x, M35.1,

M35.8, M35.9

.

HIV infection ICD code any time
before or 12 mo
after index datea

042.x, 079.53,
V08.x

B20.x, B21.x, B22.x,
B23.x, B24.x, B97.35,

Z21.x,

.

Portal
hypertension

ICD code any time
before or 12 mo
after index datea

572.3 K76.6 .

Congenital heart
disease

ICD code any time
before or 12 mo
after index datea

745.x, 747.0,
747.41, 747.42

Q20.0, Q20.1, Q20.2,
Q20.3, Q20.4, Q20.5,
Q25.0, Q21.x, Q26.2,

Q26.3

.

Schistosomiasis ICD code any time
before or 12 mo
after index datea

120.x B65.x .

PCH ICD code any time
before or 12 mo
after index datea

448.0 I78.0 .

PPHN ICD code any time
before or 12 mo
after index datea

747.83 P29.30 .

Right heart
catheterization

Diagnostic code
within 12 mo
before or after
index datea

37.21, 37.23,
89.63, 89.64

4A023N6, 4A023N8,
02HP32Z, 02HQ32Z,

02HR32Z

93451, 93453, 93456,
93457, 93460, 93461,
93463, 93501, 93503,
93526, 93527, 93528,
93529, 93530, 93531,

93532, 93533

PAH-specific
therapy

Prescription for
pulmonary

vasodilatorb 6 mo
before or any time
after index datea

. . .

CPT ¼ Current Procedural Terminology; HIV ¼ human immunodeficiency virus; ICD ¼ International Classification of Diseases; ICD-9 ¼ International
Classification of Diseases, Ninth Revision; ICD-10 ¼ International Classification of Diseases, Tenth Revision; PAH ¼ pulmonary arterial hypertension; PCH ¼
pulmonary capillary hemangiomatosis; PPHN ¼ persistent pulmonary hypertension of the newborn.
aFirst PH diagnosis code.
bIncluding prostacyclin, prostacyclin receptor agonist, endothelin receptor antagonist, phosphodiesterase-5-inhibitor, or soluble guanylate cyclase agonists.
For phosphodiesterase-5-inhibitor therapy, dispensing rate $ 15 pills/mo.
the first physician from the BMC setting (n ¼ 60) to ensure agreement
on PAH diagnosis.16,17 Agreement between reviewers regarding
presence of PAH was excellent, with a Cohen’s k value of 0.92.18

Statistical Analysis

For each algorithm, we created a 2 � 2 contingency table using
reviewer-determined PAH as the gold standard. Our comparison
cohort for each algorithm (those with negative test results)
consisted of those from the baseline cohort (those with $ 2
visit-linked PH diagnosis codes) who did not meet the
additional criteria (eg, did not have a PAH-associated condition,
chestjournal.org
RHC, or PAH-specific therapy, as appropriate). We performed
chart reviews on a random subset (n ¼ 50) of each of these
comparison cohorts. The choice of these comparison cohorts
allowed us to determine the ability of these algorithms to
distinguish PAH from other, more common groups of PH. We
calculated performance characteristics for each algorithm,
including sensitivity, specificity, PPV, and negative predictive
value. In line with prior studies, we considered values of $

70% to be high, values between 50% and 70% to be moderate
or modest, and values < 50% to be poor.19 An example of a
2 � 2 contingency table is shown in Table 2.
1989
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Results

Study Cohort

From our baseline cohort of all groups of incident PH,
we identified 12,012 PH patients in the VA and 503 PH
patients at BMC. Based on direct chart review, veterans
were older (69.5 years vs 59.5 years), predominantly
male (90.0% vs 28.0%) and less racially and ethnically
diverse compared with BMC patients (Table 3).
Veterans showed a higher prevalence of PH resulting
from left heart disease (group 2 PH) and chronic lung
disease (group 3 PH) and a lower prevalence of PAH
compared with BMC patients. Among patients identified
as having PAH through chart review, the most common
underlying cause of PAH in both settings was idiopathic
PAH (37.2% in the VA and 45.5% in BMC), followed by
PAH associated with connective tissue diseases
(33.6% in the VA and 38.4% in BMC). Veterans showed
a higher burden of PAH secondary to portal
hypertension, whereas BMC patients showed a higher
burden of PAH associated with HIV infection.

Algorithm Performance in the VA Setting

We found that the sole use of ICD-9 and ICD-10 PH
diagnosis codes (algorithm 1) performed poorly in the
VA setting, with a PPV of 16.0% (Table 4). Addition of
ICD diagnosis codes for PAH-associated conditions
(algorithm 3) achieved modest sensitivity (68.4%) with
high specificity (91.1%), although the PPV remained
poor (48.0%). Likewise, the algorithm requiring an RHC
procedure code (algorithm 2) resulted in high sensitivity
(84.0%) and specificity (80.0%), although poor PPV
(30.0%). The pairing of PAH-associated condition
diagnosis codes with RHC procedure codes (algorithm
4) improved the specificity (97.0%) and PPV (52.0%),
although this resulted in a loss of sensitivity (44.2%) and
sample size. Pairing ICD PH diagnosis codes with
TABLE 2 ] Example of a 2 � 2 Contingency Table for an Alg

Variable PAHb

Positive testc (24/50) � 1,837 ¼ 882

Negative testd (2/50) � 10,175 ¼ 407

Total 1,289

ICD ¼ International Classification of Diseases; PAH ¼ pulmonary arterial
Administration.
aICD PH codes plus PAH-associated condition.
bAs determined by gold standard chart review of primary clinical data.
cPatients selected by the above algorithm.
dPatients selected from the baseline cohort (n ¼ 12,012) who did not meet the ad
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pharmacy claims for PAH-specific therapy (algorithm 5)
led to improved performance characteristics, with high
specificity (91.5%) and modest PPV (58.0%) and
without a significant cost to sensitivity (86.4%) or
sample size. The most restrictive criteria requiring ICD
PH diagnosis codes, RHC procedures codes, and
pharmacy claims for PAH-specific therapy (algorithm 6)
achieved a high specificity (97.1%), PPV (70.0%), and
sensitivity (77.6%).

Algorithm Performance in PAH Referral Setting

The algorithms consistently achieved higher PPV in the
BMC PAH referral center setting, although they
maintained a similar pattern of sensitivity and specificity
(Table 5). Sole use of ICD diagnosis codes again
performed poorly, with a PPV of 36%. Addition of
diagnosis codes for PAH-associated conditions modestly
improved the PPV (60.0%), although this resulted in
lower sensitivity (68.7%). Pairing PAH-associated
conditions with RHC procedure codes led to a high PPV
(74.0%) and specificity (96.2%), although this resulted in
further loss of sensitivity (56.3%) and sample size. The
algorithm requiring a pharmacy claim for PAH-specific
therapy performed well, with a specificity of 82.9% and
PPV of 78.0%. The additional requirement of both RHC
procedure codes and PAH-specific therapy improved
the performance characteristics even further, with a
specificity of 95.0% and PPV of 86.0%, while still
maintaining sensitivity (78.9%).
Discussion
In this retrospective study performed in two distinct
settings representing diverse patient populations, we
created and validated a collection of algorithms to identify
PAH and to distinguish it from other groups of PH in
administrative data. Overall, the algorithms achieved a
orithma in the VA Setting

No PH or Groups 2-5 PHb Total

(26/50) � 1,837 ¼ 955 1,837

(48/50) � 10,175 ¼ 9,768 10,175

10,723 12,012

hypertension; PH ¼ pulmonary hypertension; VA ¼ Veterans Health

ditional criteria (ie, patients who did not have a PAH-associated condition).
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TABLE 3 ] Characteristics of Baseline Cohort in the VA vs BMC Setting Determined by Chart Review

Variable VA Setting (n ¼ 50) BMC Setting (n ¼ 50)

Age, y 69.5 � 11.5 59.5 � 14.8

Female sex 5 (10.0) 36 (72.0)

Race . .

Black 12 (24.0) 22 (44.0)

White 36 (72.0) 19 (38.0)

Other 2 (4.0) 9 (18.0)

Ethnicity . .

Hispanic or Latino 4 (8.0) 7 (14.0)

PH groupa . .

1 (PAH) 8 (16.0) 18 (36.0)

2 27 (54.0) 25 (50.0)

3 29 (58.0) 8 (16.0)

4 2 (4.0) 3 (6.0)

5 1 (2.0) 4 (8.0)

Data are presented as No. (%) or mean � SD. BMC ¼ Boston Medical Center; PAH ¼ pulmonary arterial hypertension; PH ¼ pulmonary hypertension; VA ¼
Veterans Health Administration.
aValues do not sum to 100% because patients can have multiple groups of PH.
higher PPV in the BMC setting compared with the VA
setting, which may reflect differences in the underlying
patient populations and practice patterns. Because BMC
is a PAH expert referral center, its patient population is
enriched with patients at risk for PAH. In contrast,
veterans carry a high burden of diseases associated with
other groups of PH, including heart disease and lung
disease.20 Additionally, differences in coding, testing, and
treatment practices likely exist among practitioners at
BMC compared with those at the VA.

Consistent with prior findings,21-23 indiscriminate use of
ICD PH diagnosis codes performed poorly with PPV,
ranging from 16.0% in the VA setting to 36.0% in the
BMC setting, reflecting the incompatibility of ICD PH
diagnosis codes with the WHO clinical classification
TABLE 4 ] Performance Characteristics for Algorithms in th

Variable Sample

ICD-9 code 416.0 or ICD-10 code I27.0 12

ICD PH codes plus RHC 3

ICD PH codes plus PAH-associated conditiona 1

ICD PH codes plus PAH-associated conditiona plus RHC 6

ICD PH codes plus PAH-specific therapyb 2

ICD PH codes plus RHC plus PAH-specific therapyb 1

ICD ¼ International Classification of Diseases; ICD-9 ¼ International Classifica
Diseases, Tenth Revision; NPV ¼ negative predictive value; PAH ¼ pulmonary
catheterization; VA ¼ Veterans Health Administration.
aIncluding connective tissue diseases, congenital heart disease, HIV infection, a
bIncluding prostacyclin, prostacyclin receptor agonist, endothelin receptor antag
cSensitivity, specificity, and NPV could not be calculated as this is the reference
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scheme and the low prevalence of PAH in the general
population.4 This finding reinforces that ICD PH
diagnosis codes should not be used solely to identify
PAH in administrative data, and results from studies
using this case definition for PAH should be interpreted
cautiously.

The addition of RHC procedure codes to the algorithm
led to only modest improvements in the PPV,
particularly in the VA setting. RHC is required to
confirm the diagnosis of PH, particularly PAH,13

although it also may be performed for other indications
such as monitoring left-sided heart pressures in response
to therapy in known group 2 PH. Thus, the performance
of an RHC may not be specific to PAH and may capture
false-positive results, particularly in settings such as the
e VA Setting

Size (No.) Sensitivity (%) Specificity (%) PPV (%) NPV (%)

,012 —c —c 16.0 —c

,116 84.0 80.0 30.0 96.0

,837 68.4 91.1 48.0 96.0

90 44.2 97.0 52.0 96.0

,151 86.4 91.5 58.0 98.0

,081 77.6 97.1 70.0 98.0

tion of Diseases, Ninth Revision; ICD-10 ¼ International Classification of
arterial hypertension; PPV ¼ positive predictive value; RHC ¼ right heart

nd portal hypertension.
onist, phosphodiesterase-5-inhibitor, or soluble guanylate cyclase agonist.
group for the other algorithms.
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TABLE 5 ] Performance Characteristics for Algorithms in the BMC Setting

Variable Sample Size (No.) Sensitivity (%) Specificity (%) PPV (%) NPV (%)

ICD-9 code 416.0 or ICD-10 code I27.0 503 —c —c 36.0 —c

ICD PH codes plus RHC 188 86.0 80.7 62.0 96.0

ICD PH codes plus PAH-associated conditiona 186 68.7 78.2 60.0 84.0

ICD PH codes plus PAH-associated conditiona plus RHC 61 56.3 96.2 74.0 92.0

ICD PH codes plus PAH-specific therapyb 235 92.0 82.9 78.0 94.0

ICD PH codes plus PAH-specific therapyb plus RHC 130 78.9 95.0 86.0 92.0

BMC ¼ Boston Medical Center; ICD¼International Classification of Diseases; ICD-9 ¼ International Classification of Diseases, Ninth Revision; ICD-10 ¼
International Classification of Diseases, Tenth Revision; NPV ¼ negative predictive value; PAH ¼ pulmonary arterial hypertension; PPV ¼ positive predictive
value; RHC ¼ right heart catheterization.
aIncluding connective tissue diseases, congenital heart disease, HIV infection, and portal hypertension.
bIncluding prostacyclin, prostacyclin receptor agonist, endothelin receptor antagonist, phosphodiesterase-5-inhibitor, or soluble guanylate cyclase agonist.
cSensitivity, specificity, and NPV could not be calculated as this is the reference group for the other algorithms.
VA in which the prevalence of group 2 PH is high. The
requirement of ICD diagnosis codes for PAH-associated
conditions such as connective tissue diseases, HIV
infection, and portal hypertension improved specificity
and PPV, although this resulted in an overall lower
sensitivity. This loss of sensitivity reflects the exclusion
of idiopathic PAH from this algorithm, which by
definition is not associated with any underlying
conditions. Additionally, the presence of a PAH-
associated condition does not necessarily indicate the
presence of PAH because patients often carry multiple
underlying comorbidities associated with more than one
group of PH. Although a patient may be at risk for PAH
based on their PAH-associated condition, a thorough
clinical evaluation ultimately may determine that the
patient’s PH is classified most accurately under another
group. Pairing RHC procedure codes with PAH-
associated conditions improved the specificity and PPV
beyond the algorithms with the individual components,
although at a cost of further loss of sensitivity and
sample size.

The best performing algorithm in both settings required
pharmacy claims for PAH-specific therapy and RHC
procedure codes, achieving a specificity of 97.1% and a
PPV of 70.0% in the VA and a specificity of 95.0% and a
PPV of 86.0% in BMC, while still maintaining sensitivity
and sample size in each setting. It should be noted that
this algorithm may still capture off-label use of PAH-
specific therapy in PH groups other than PAH.
Additionally, PAH patients who did not undergo an
RHC during the period specified in the algorithm or
who underwent an RHC or PAH-specific therapy in an
external health-care system not captured by the available
administrative data would be excluded with application
of this algorithm and would result in false-negative
results.
1992 Original Research
To our knowledge, only one other study has developed
and validated claims-based algorithms systematically to
detect PAH in administrative data. In the study by
Papani et al,21 an algorithm pairing a single ICD-9 PH
diagnosis code (416.0 or 416.8) with one class of PAH-
specific medications achieved a specificity of 86.9% and
a PPV of 34.7% in the development cohort and a
specificity of 81.9% and a PPV of 40.0% in the validation
cohort. Requiring more than one class of PAH-specific
medications improved the specificity and PPV in both
the development cohort (specificity, 98.6%; PPV, 66.9%)
and validation cohort (specificity, 94.0%; PPV, 57.1%),
although with a significant loss of sensitivity. No
algorithms without PAH-specific therapy in the case
definition were developed. The higher PPV seen in our
algorithms compared with those developed by Papani
et al21 likely reflects our use of only specific ICD PH
diagnosis codes (416.0 or I27.0) and perhaps differences
in PAH prevalence in the underlying patient
populations.

Our collection of algorithms offers PAH clinicians,
researchers, and policy makers the ability to address
diverse questions while providing increased confidence
in the findings. Various factors will need to be
considered when deciding on which algorithm to use,
including the available administrative data (medical
vs pharmacy claims), the outcome to be investigated, the
sample size required for the anticipated analyses, and
any subpopulation to be examined (eg, patients with
scleroderma). As previously discussed,15 studies aiming
to assess the prevalence of PAH, treatment patterns, or
cost-effectiveness should use an algorithm with high
specificity and PPV, such as the algorithm requiring
both PAH-specific therapy and RHC procedure codes. If
pharmacy claims are unavailable, or if researchers wish
to examine an untreated population, the algorithm using
[ 1 5 9 # 5 CHE ST MA Y 2 0 2 1 ]



a PAH-associated condition and RHC procedure code
may be a reasonable alternative. The population to
which the algorithm will be applied also should be
considered. A more restrictive algorithm may be
required when examining a population with an expected
low underlying prevalence of PAH (ie, community-
based settings), whereas a more lenient algorithm may
be sufficient when applied to populations with higher
prevalence of PAH (ie, PAH referral centers).

Several limitations of these algorithms should be noted.
First, although administrative data can confirm if certain
diagnostic tests such as a RHC were performed, the
granularity of the data does not allow for determination
of actual test results, such as the hemodynamic profile
obtained during an RHC or lung volumes obtained from
pulmonary function tests. Thus, even the most
restrictive algorithms will never achieve absolute
precision, and the possibility of misclassification will
remain. Similarly, because variables such as WHO
functional class and hemodynamic severity of RHC are
unavailable through these data sources, PAH disease
severity cannot be ascertained. Second, application of
these algorithms requires an administrative data source
to have longitudinal data to establish an appropriate
timeline for each algorithm component. Thus, these
algorithms may not be applicable to all administrative
databases. Likewise, veterans have a unique
demographic profile, and thus the performance
characteristics seen in the VA cohort may not apply to
all community settings, particularly in the
underrepresentation of women. Third, although we
attempted to exclude group 4 PH patients (chronic
thromboembolic pulmonary hypertension) from the
algorithms by excluding patients with the associated
ICD-9 (416.2) and ICD-10 (I27.82) codes, these patients
often undergo RHC and receive treatment with
pulmonary vasodilators. Thus, the possibility that some
chestjournal.org
group 4 PH patients are included in even the most
restrictive of algorithms remains. Fourth, although we
required an ICD PH diagnosis code for each algorithm
in an attempt to maximize specificity and PPV, these
algorithms necessarily exclude those without a diagnosis
code, which likely reduces the sensitivity of the
algorithms. Fifth, the prevalence of PAH in the source
population from which the administrative data are
derived will impact the PPV of the algorithm, as
demonstrated in this study with higher PPV in a PAH
referral center (ie, administrative data enriched for PAH
will demonstrate better performance characteristics than
those enriched for other PH groups). Likewise, when
applying these algorithms to a national database such as
the VA, the performance characteristics may vary
between subsets of the database (ie, some VA medical
centers that see high volumes of patients with PAH may
have performance characteristics more akin to those
seen in the BMC cohort). Finally, although our sample
of 50 charts per algorithm was selected randomly, the
possibility of sampling error remains, which may affect
the precision around the effect estimates.
Interpretation
Accurately distinguishing PAH from other groups of PH
in administrative data creates wide opportunities to
examine PAH-specific real-world practice patterns,
health-care use and costs, quality of care metrics, and
patient-centered outcomes and to include
underrepresented racial and ethnic groups in research
and policy efforts. We developed and validated a
collection of algorithms to improve that accuracy and
thereby enhance the integrity and value of research
findings and quality improvement efforts, to inform
policy decisions better, and ultimately to improve the
quality of care and health for patients with PAH.
1993
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