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Abstract

Background Group 3 pulmonary hypertension (PH) describes a subpopulation of patients with PH due to chronic lung
disease and/or hypoxia, with chronic obstructive pulmonary disease (COPD) and interstitial lung disease (ILD) being two
large subgroups. Claims database studies provide insights into the real-world treatment patterns and outcomes among these
patients. However, claims data do not provide sufficient detail to assign the clinical subtype of PH required for identifying
these patients.

Methods A panel of PH clinical experts and researchers was convened to discuss methodologies to identify patients with
Group 3 PH associated with COPD or ILD in retrospective claims databases. To inform the discussion, a literature review
was conducted to identify claims-based studies of Group 3 PH associated with COPD or ILD published from 2010 through
June 2020.

Results Targeted title and abstract review identified 11 claims-based studies and two conference abstracts (eight based in
the United States [US] and five conducted outside the US) that met search criteria. Based on insights from the panel and
literature review, the following components were detailed across studies in the identification of Group 3 PH associated with
COPD and ILD: (a) COPD or ILD identification, (b) PH identification, (c) defining the sequence between COPD/ILD and
PH, and (d) other PH Group and Group 3 PH exclusions.

Conclusion This article provides recommended approaches and considerations for identifying and studying patients with
Group 3 PH associated with COPD or ILD using administrative claims data that provide the foundation for future validation
studies.
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Background

Pulmonary hypertension (PH) is a condition characterized
by elevation in pulmonary artery pressures of varying eti-
ologies, which may result in substantial morbidity. PH is
clinically classified into five groups, defined by the World
Symposium on PH, according to differing pathological find-
ings between groups, including underlying cause of disease,
clinical presentation, and hemodynamic characteristics [1].
PH clinical classifications are also used by healthcare pro-
viders for medical management and by the Food and Drug
Administration (FDA) for labeling of new drugs approved
for the treatment of PH [1, 2].

Group 3 PH describes a subpopulation of patients with
PH due to chronic lung disease and/or hypoxia. In particular,
chronic obstructive pulmonary disease (COPD) and intersti-
tial lung disease (ILD) are two large subgroups of chronic
lung disease patients who often develop PH [2, 3]. In COPD,
the prevalence rate ranges from 30 to 70% [4]. Because ILD
is composed of multiple lung diseases, its prevalence is dif-
ficult to estimate. In idiopathic pulmonary fibrosis (IPF),
the most common type of ILD, prevalence rates of PH range
from 8 to 15% at initial diagnosis to 46% at evaluation for
lung transplant and 86% at the time of transplant [5—10].
Wide ranges in prevalence can be due to heterogeneity in
the definitions for PH, diagnostic modalities for PH, differ-
ences in patient populations, physiologic characteristics, and
severity of underlying lung disease [4, 11].

Administrative claims are generated following healthcare
utilization for the purposes of payment. Medical documenta-
tion is converted to standardized codes using uniform coding
systems. The International Classification of Diseases (ICD),
a medical classification system, is the international standard
for reporting diseases and health conditions. In the US, the
ICD, 9th Revision, Clinical Modification (ICD-9-CM) and
ICD, 10th Revision, Clinical Modification (ICD-10-CM)
provide a system of diagnostic codes assigned for each
encounter.

ICD-9-CM diagnostic codes provide the level of detail
to indicate PH but are not specific to groups of PH defined
by World Symposium on PH. All groups of PH due to lung
disease are generally coded under the same four-digit codes.
The newer ICD-10-CM, implemented in October 2017, pro-
vides five-digit codes for PH with greater differentiation but
was not required for billing and reimbursement until October
2018 [12]. The designated code for Group 3 PH is 127.23,
and it remains to be seen how frequently and accurately the
utilization of this code will be.

While collected for billing purposes, claims data can pro-
vide real-world evidence outside the setting of a clinical trial
about the treatment patterns, risk factors, patient outcomes,
healthcare resource utilization, and costs for patients covered
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by health insurance plans. However, using diagnostic codes
in claims databases for the identification of patients with
Group 3 PH associated with lung disease conditions like
COPD and ILD is not sufficient. Additional considerations
must be applied to patient identification to reduce misclassi-
fication and improve the usefulness of claims data to under-
stand the medical management and health-related outcomes
of patients with these conditions.

Recently, a focused review provided recommended algo-
rithms for the identification of patients with pulmonary arte-
rial hypertension (Group 1 PAH) [13]. Others have explored
the use of machine-learning approaches to reduce selection
bias in patient identification [14]. Our goal is to provide
readers with information to determine the most appropriate
methodology for claims-based patient selection under differ-
ent types of research questions about Group 3 PH associated
with COPD or ILD.

Methods

A panel of US-based healthcare providers and researchers
with expertise in PH was convened to discuss methodolo-
gies to identify patients with Group 3 PH associated with
COPD or ILD in retrospective claims databases. Panel mem-
bers included US-based practicing pulmonologists (n=2), a
nurse (n=1), pharmacists (n=6) with expertise in PH and
backgrounds in public health and/or claims-based analysis,
and researchers (n=2) with expertise in pharmacoeconom-
ics, epidemiology, and claims-based analysis.

We conducted a literature review to identify studies and
explore considerations when using claims-based data to
identify patients with Group 3 PH associated with COPD
or ILD. The recommendations in this article are those of
the authors convened for the discussion and are based on
group consensus.

The literature review utilized EMBASE and MED-
LINE (via EMBASE) to identify English language articles
published from 2010 through June 2020, on adult patient
population, including both US and international studies.
We looked for claims-based studies, retrospective studies,
or healthcare management-related studies, focused on both
PH and lung diseases causing Group 3 PH, or that specifi-
cally mentioned Group 3 PH. The search terms for lung dis-
eases and PH were derived from several sources [3, 15] and
decided upon by the panel. Search terms were required in
the title or abstract (Supplemental Table 1). We also referred
to a similar effort around conceptualization of Group 1 PAH
in order to provide further support [13].

Additionally, we reviewed abstracts from 2018 through
2020 from the American Thoracic Society, the American
College of Chest Physicians, and the Pulmonary Vascular
Research Institute to identify relevant studies.
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Results

The broad literature search strategy resulted in 2,646 poten-
tial observational studies in patients with Group 3 PH asso-
ciated with COPD or ILD (Supplemental Table 1). The tar-
geted title and abstract review identified 11 studies and 2
conference abstracts for claims-based studies focusing on
Group 3 PH associated with COPD or ILD; 8 studies based
in the US and 5 non-US (Table 1) (Supplemental Fig. 1).

The focus of these studies varied. Four studies evaluated
measures across multiple PH groups or Group 3 PH in gen-
eral [16—19]. There were 3 studies on patients with COPD
[20-22]: 2 studies each in ILD [23, 24] and IPF [25, 26] and
1 study in systemic sclerosis classified as Group 3 PH [27].
One study looked at PH in ILD, COPD, and combined ILD
and COPD [28].

Most studies (n=9) claimed to be identifying Group 3 PH
and included steps in their methodology to filter for these
patients (such as ensuring that PH occurred after COPD/ILD
or excluded non-Group 3 PH) [16-22, 27, 28]. Other studies
took additional steps in their methodology but did not spe-
cifically claim to identify Group 3 PH [26] or reported PH
as a comorbidity to the lung disease [23-25].

In the following discussion section, we outline key com-
ponents to consider in the development of an algorithm for
Group 3 PH associated with COPD or ILD. For each, we out-
line the findings from the literature search that relate to the
component followed by our summary and recommendations.

Discussion

There are several components to consider when choosing
an algorithm. The methods used in the published literature
for identifying adult patients with Group 3 PH associated
with COPD or ILD relied on the following considerations:
(a) identification of COPD or ILD, (b) identification of
PH, (c) defining the sequence between COPD/ILD and PH
diagnoses, and (d) other PH groups or other Group 3 PH
exclusions. We provide a summary of the published litera-
ture findings followed by considerations as to the impact
of how restricting or relaxing the criteria for each of these
components can impact the diagnostic performance of the
algorithm. Components of the recommended algorithm are
provided in Fig. 1.

Identification of COPD or ILD
Findings in the Literature

The criteria used for the identification of COPD and ILD
within the examined studies included (a) diagnosis codes,

(b) relevant procedures, and (c) claims for medication. All
13 studies used diagnosis codes to identify patients with
COPD or ILD, with 11 studies reporting ICD-9-CM codes
[16-22, 24-26, 28] and 5 reporting ICD-10-CM codes [19,
20, 23, 27, 28].

Except for one COPD study conducted in the US that
required the COPD diagnosis to be in the primary position
[21], the remaining studies allowed the COPD or ILD diag-
nosis codes to be in either the primary or secondary posi-
tion. Twelve studies identified patients from either inpatient
or outpatient claims [16-23, 25-28] and the one remaining
study used inpatient claims only [24]. In addition, 6 of the
12 studies using outpatient claims included a requirement for
multiple claims (i.e.,>2 claims) with a specified diagnosis
[17,20-22, 26, 28].

Only two studies utilized procedures specific to COPD
or ILD to identify patients (i.e., pulmonary function tests in
patients evaluated for ILD). Lautsch et al. excluded patients
with prior lung transplant, while Frank et al. required
patients to have at least one diagnostic procedure including
bronchoscopy, lung computerized tomography (CT), pul-
monary function testing, or assessment of autoantibodies
[20, 23]. Two additional studies utilized procedures specific
to COPD or ILD in sensitivity or subset analyses, includ-
ing lung biopsy and CT [25, 26]. Requiring a procedure for
COPD or ILD identification resulted in a significant drop
in case count but did not change the general outcome of the
studies.

Summary and Recommendations

After reviewing codes across studies, recommended diagno-
sis codes for COPD and ILD are provided in Table 2. While
the US and non-US studies utilized similar ICD-9-CM codes
for COPD and ILD, they differed more frequently when it
came to ICD-10-CM. The US studies used codes down to
the fifth digit, whereas non-US studies tended to use the
higher, more general code down to the fourth digit. Thus,
corresponding codes should be verified if international ver-
sions of ICD are used.

In addition, we recommend searching for COPD or ILD
diagnoses in the primary or secondary position. When PH
symptom exacerbations are due to underlying COPD or ILD,
PH may be the primary reason for utilization diagnosis. We
also recommend using both inpatient and outpatient claims
unless doing so would affect study objectives (e.g., a study
looking at hospital readmissions). When outpatient codes are
used, we recommend using > 2 to reduce the likelihood that
a single diagnostic claim is used for patient identification.

We also note that PH is a complication of connective tis-
sue disease and can be due to mechanisms other than ILD.
Thus, caution should be considered with including con-
nective tissue disease-related codes in the identification of

@ Springer



Lung (2022) 200:187-203

190

(oseasip

Sun[ 1oye Hd) AdOD
19136 porrad xopur-jsod

(96 ‘vov “T6v ‘16¥

ND-6-AD]) sisougerp
Arewnid oy sem qdOD

aroym swrepd juenedino

891+ ‘091¥
IND-6-ADD) Hd jo wrep

(Tenua) ynog 91
NSIA) 9snoyarep eyeq
Jrerodio)) uonenst

WN  9y) ur punoj Hd jueprouy juenedur Jo juonedino [T g <o uonezieydsoy | < 2102-000C -UTWPY YI[BY SUBINRA LT0T NRIPIN
potxad ouraseq oy}
Surmnp weI3orpredoydd
10 UOTIRZLIdNAYIED
118y 1yS1I J0] Wrep [ <
ANV
JI9U10 [ora JO syuow 7| aseqeje(q reyuowe[ddng
pourad Apmis oy ur (oseosIp SunjI1oje UMY Inq Aep ] Ise9] e QIBDIPIIA AU} puE aseq
PopNoxe a1om HJ S 10 ‘4 Hd) Hd 21039q potrod £q poyeredas a1om jey) -eje(J SIUNOOUF pue
¢z sdnoiny 0} paje[a1 samp qurfeseq ay) Surmp (89110 0'91H IND-6 Hd ¢ dnoip SwIre[)) [eroIoumo))
-9001d 10 S9pOO sIsouSerp UQ9q 9ARY ISNW WIR[D -dDI1) Hd oy swred (M POIRIOOSSE 9SBISIP :soseqere(] UeoSIaIeIA
yNm wiepo [ < Yim syjuaned  aseasip Sunp 44 ¢ dnoin juenedino 1o juanedur g Suny e J0j WIR [ < €10T ‘0€ QUn[—O10T ‘T AInf  sonAreuy yiesy uoAniy, L10T 1S919H
a1
I9UJ0 J0J 9pod SIsouSeIp
(eseasp 3un| juanedur Jo juanedino So[Y
210J0q H{) sisouSerp ] < 219M 213U} JI POpN[oxXq d pue ‘y 1Ieq ‘soLIero
JdI 210§0q potrad xopur (x0911 (€9TS D6 -ljouaq aIedIpa]A S
-o1d oy ur pauruIARp  JND-6-ADI) Hd Jo wrepd -dDD) 4dl jo wrepd ayy jo opduwres aAneIULS
/N sem Hd prqiowo) juanedino 1o juenedur 1< juenedur 1o juenedino 1< 1102-000C -o1da1 pue wopuel %6 S10Z pre[od
sAep 9jeredos uo
11 jo 2dAy 1ayjoue 10§
9pod SISOUSeIp Awes ay)
yam swrepo juenedino
Jo yuanedur g < pey
juanied 9y J1 papnjoxg
(epod 616
ND-6-aDI uenbasqns e aseqele( sigouag
PUe ¢'91S ND-6-ADI [ Jo uoneuiploon pue
(aseasIp 1SBI[ 18 YO £91S IND-6 reyusworddng aredrpo]y
3un[ 19338 Hd) 2pod -dDI 7<) AdI Ynm U} pue aseqeje( SId)
9seasIp Junj puod3s Ay} 09T+ :IND-6  pareroosse sAep ajeredos -UNOJUY pue SWIe[)
I10)Je stsouSerp Hd se -dDI) Hd Jo wred uo swreo juenedino [BIOIOUIIOY) :SIAINAY
A/N  paugep sem Hd juoprou] juanedino Jo yuonedur [ < Jo yuanedur swre[d 7 < 800¢ ‘0€ 1deS—100¢ ‘1 uer UOSWOY ], UedSIAN IR 10T PIe[[0D
uon
SuoIsn[oxe ¢ dnoiS-uoN Surwry, uoneoynuUApI H4  -eoynuspr 0L 10 AdOD porrad Apmg 201n0s el Q0UAIJIY

QMBI AY) Ul ('] 10 AdOD Y pajerdosse Hd ¢ dnois jo saIpnjs paseq-swie[d SANENSIUIUpyY | 3jqel

pringer

Qs



191

Lung (2022) 200:187-203

U/N

1 dnoip jo uondaoxa o
s ‘sdnois Hq opdnnw
01 Suo[eq pInod syuaned
*1 dnoin) se pauSisse
Q19M SOPOD sIsouSerp
Hd + 1o ‘¢ ‘7 dnoip ou
)M SIUSTRJ "SOPOd
sisouSerp Suiziinn Hd §
Jo g sdnoin 1oy wirepd [ <
‘¢/z dnoin jo peoysur
G pue ‘4 ‘1 dnoip) se
syuaned Surpaqer Arenua
-19501d ‘sdnoi3 Hq uSisse
0} pasn sem wyjLIo3[e
ue ‘sdnoid ordnnw woiy
sasougeIp yim syuaned
Ioq "¢/g dno1g 1o ‘g/p
dnoip ‘1 dnoiny oo
ojur padnoi3 arom sjuaned

(eseastp 3uny

1918 Hd) SisougeIp 9SS
IoyJe sisouseIp Hd se

(LTI IND-01-ADI 10 9T

IND-8-ADD) Hd Jo wrepd

pauyap sem Hd juoprou] juonedur Jo juonedino [ <

(eseasp 3un|

Ioye Hd) Wrep Hd s1y

9} 910J9q SIBAL G oY) UT

9seasip Sun| paje[aI-¢
dnoin) 10§ passassy

uondrrosard

169 dd Alrep 181y dyy
210j9q Teadde jsnw

(6'LTI ‘8°LTL

‘TLTT'LT ‘0°LTL

WD-01-ADI *6'91¥

‘8°91% ‘191% ‘091¥

IND-6-ADI) Hd 0§ 11STA

juowredop AouaZiowo
10 uonezieydsoy | <

0¢ < oner yyuowr

13d 11nd se paugop st

A[req “Aderoy 169ad
Aqrep 103 uondrrosaxd 1<
ANV

(X91¥ ‘IND-6

-ddD) Hd jo wrepo

Hd 10j 9pood sisouerq juenedino 1o juenedur | <

(eseasIp uny yiim
own awres e Hq) WIeo
QUWIES 2Y) UO punoj a1om

(891%
‘091 IND-6-ADD
Hd Jo 9poo sisougeip

juenedur 1o jusnedino [ <

TreW

103 1da%a “bEIN ND-0T

-dOD) 9SS Jo sisouserp
QuIn-1sIy Jo wre[o

ST10T-8L61

9pod sIsougerp
oseasIp Sunj paje[aI-g
dnoin) e 10§ JISIA JUSW
-1xedop Aoua3iouwr

Io uonezipeydsoy [ < T102-€661

Hd € dnoin

UM PIJBIOOSSE ISBASIP
3unj e J0J W [ <

(S¢1) sisoproores

pue (5’9 ¢) stso1koon

-STY [0 sueyro3ue |

Kreuownd ‘(491 G) SISO}
-ewoAworsjordueydwA|

‘(9¢'916) eruowmoaud
Surziuesio orua3oydA1o
‘(6'S6v) snruowmoud
KnanisuasiodAy
(1€'916) 4dI :$9p0od
stsouseIp WD-6-ADI

C102=500¢

Ansi3oy
uondriosald reuoneN
o) pue Ansi3oy uon
-epndod [enue) ystue( 610 Mg

saseqe)ep
UOTJRWLIOJU] YI[eaH] JOF

Amusuy epeue)) ay)
pue oseqelep Jyaueg
Sni(q oureIuQ Y YPIIM
Suore sjuopIsal epeue))
‘oLrejuQ JIoj 93eI0A00
QIEOY)[BAY [ESIOATUN

Jo soseqejep payuI|
SOJURIOS QATEN[BAY

[edrur]) 10§ ymnsug 810 dwesdlipm

SWAISAS
eyR( Aovurreyd pue
uonezim feuoneN

UOTENSIUTWPY SUBISIOA 810 W]

(uredg ur so3reyosip

[endsoy jo 9,66) aseq
-ejR( 93IRYOSI(T T8}

W/N  sosouSerp Hd pue AdOJ e M uolsstwpe 1< @11 WM uotsstwpe [ < S10T—10¢ -1dsoy [euoneN ysiueds 61 OULLIS-BZRIPO]
uon
SuoIsn[oxa ¢ dnoiS-uoN Surr, uoneoynuUApI H4  -eoynuspr 0L 10 Ad0D pourad Apmig 201n0s vl Q0UAIJIY

(ponunuoo) | sjqey

pringer

a's



Lung (2022) 200:187-203

192

310409 _ sdnoi3 ordnnur,,
o ur painjdes arom L)
uoy) ‘sdnoi3 opdnnu
1opun [[9} syuanyed J1
1 dnoip se
PaIUNOd d1oM K9Y) ‘SOPOd
Hd § 10 ‘¥ ‘¢ ‘g dno1p
Kue aaey jou pip juaned e JT
sasougerp
Hd 19)je sypuow g o3 dn
PUE QUI[sEq UT PISSISSE
QIoM SIPOd HJ G 10 ‘b
‘¢ dnoip jo wrepd 1<
$9p0o 21mpadoid
1dD pue ‘ainpadoxd
IND-01/6-ADI ‘Sisouserp
IND-01/6-ADI papnpout
BIIOIID) "POPNIOXd dIoM
potrad xapur-axd ayj ur
Hd § o ‘y ‘g dnoip jo
wrep [ <Y sjuened

AN

(oseasIp

Suny se owr owes pue
1918 Hd) Stsougerp
Hd 19)je syjuow 9 0}
dn pue porrad surfaseq
Q) UI SOPOJ ASBISIP

Sun[ 10J passassy

(aseastp Suny

Io)je Hd) Wre[d Hd 2y
0 Jorxd ‘porrad quraseq
oy} ur parmbar a1om

swire[d @I pue ddOD

(aseasip

3un[ se own owes Ay}
18 Hd) SISOPIOJIes 10
AdI 1oy ‘sisouderp
11 JuapIoul se 19)renb
QuIBS JU} Ul PAUTULIIAP

sem Hd p1qiowo))

(691 891+ “TII¥

‘091 IND-6-ADD Hd

J0j wire]o Juonedur [ 210

jrede sAep (¢ < swre[o
juonedino <

(68°LTI ‘6T LTI
YT LTI ‘€T LT ‘1T LT
‘0T LTI ‘0°LTI IND-01
-ddI 8°91% ‘091¥
IND-6-dD1) Hd 10}
jrede sAep (¢ < swre[o
juenjedur 1o juanjed
-JNO WOIJ SWIR[D 7 <

juenjedino

J0 Juanedur woly (6°L71

‘§°LT1 ‘0°LT1 IND-01
-dDD) Hd 10} 9pod [ <

9pod srsougerp

oseasIp Sunj paje[or-Hd

¢ dnoin e 105 wrepd
juonedur Jo juanedino [ <

dII 10 ddOD Ieyite 10§
11ede skep (¢ < swrep
juenjedur 1o juanjed

-JNO WOl SWrep g <
SISOu3erp
JUBAQ[RI © ()IM JISIA ©
woly (serpoqnueoIne Jo
JUSWISSISSE JO ‘Sunsa)
uonouny Areuownd ‘Ayd
-e13owo) pazundwoo
Suny ‘Adoasoyouoiq)
ampaooid onsouerp

JUBAQ[I | ISBI[ IV

aNVv
SOSBISIP JUBAD
-[o1 9y} 10§ sesougelp
juenjedur Aue Jnoyrm
pue ‘sijeroads [eurojur
ue ‘si3ojouowrnd wory
sasougerp juenjedino
PAULIJUOD INOYIIM S[B
-NpIAIpUI AUB papn[oXyg
uenjedur 1o juanedino
woly (6'98A-0'98A
IND-01-dDI) S1soprod
-1es 10 (T"¥8[ IND-01

-dDI) AdI 10§ 9p0d [ <

$10¢ 1das—€00z uer

asnoyaIep BIR(
Jrerodio)) uonenst

-UIIPY YI[BOH SUBIRA 6107 T[owwel],

(eAnejuasaxdar Aqre
-uoneu <wred [edsoy
‘Teorpawr ‘Aoewreyd)
39S ©)Ep [BIOIOWWO))
sn[d SOLISAIeYd S

910¢—Cl0¢ 610¢ seutlloy

swrepo
doueinsut (OPIM)
Spunyj doueInSuy YI[eoy
A101M1B)G 9sseyuauLI
S[SHQ QUIWAF([Y

) JO AIMNSU] SYNUAIOG

¥102-600C 610¢ quel

suorsnoxe ¢ dnoi3-uoN

Surry,

uoneoynuapt H4

uon
-edynuapt 711 10 AdOD

potrad Apmg 901os ele(q

-t

L
oo

g

QOURIRJY nw.b.r
Gl

(ponunuoo) | sjqey



193

Lung (2022) 200:187-203

$OJR)S PAYIU() §/] ‘SISOIS[OS OIS}

-sAs 0g§ ‘ISTUOTRIUR JTULIBOSNW FUIOB-1I0YS Y VS ‘ISTUOTe ©1oq Sunoe-1aoys ygys ‘uoisuairadAy Areuownd gg ‘1onqmyur g-aserdysarpoydsoyd 1674 ‘uorsuairodAy reure Areuvownd gyg
‘parrodar jou YyN “stuoSeiue oruLedsnw Sunoe-3uoy VY7 smode vleq Sunoe-Suol ygy7 ‘stsoiqy Areuowynd orgredorpr J g7 ‘oseasip Sunj [eNnSISUIL (777 ‘PIOIISOINIOd PI[eYUI §)f ‘UON
-BOYIPOIAl [EOIUI[D) ‘UOISIAY 0] 10 16 IO (8 ‘SISEISI( JO UONBIYISSLLD) [RUONBUIUL WD-01/-6/-8-AD] ‘ASO[OUIMIST, [BINPID0I] JUSIIND [JD OSeasIp Areuownd 9ANONISO JUOIYD TJOD

SOsBASIP
Hd + 10 ‘Z ‘1 dnoin
199[9$ J10J SOpOD SIsouSerp

WD-6-dDI 105 wrep | <
stsou3erp Hd oy 03 Jorxd
Adeioy) pajedre)-Hvd jo
uoneZINN [IIM S0t}
pue Hd 9SeasIp 11eay 1Jo]
10 Hd 21[0quI20qUIOIY}
JTUOIYD JO SIsouSerp

I 2 yim syuaryed popnpoxyg

(saseasip
3un[ ¢ dnoin 1oy30)
eoude dag[s pue aseasip
9NSST} QATIOAUUOD YIIM
90IN0S Aue WoIj wre[d
1 <y syuaned papnjoxyg
sisougerp
adoD Arewnd oy 195
TeaK T uryiim sAep 87
uey) 2IOW J10J SWIR[D
juonedino o1 Jurpiodde
‘(seuryuexjAyiow ‘SO
‘systuoge J03dacaro
-UaIpe-7-819q OIWAISKS
‘VINVS/VEVS ‘VINVS
‘VaVS VAVTVEVT
‘VINVT ‘SOI/veav1
‘§°LTL“TLTLO°LTI ‘v VT) suonestpaw
ND-01-ADI 6°91¥ ddOD Sutsn pajear,
‘8911 ‘0°91Y IND6 ANV
-dDD) Hd 10} swre[o (96 “zov “16¥ ‘061
wool AouadIowe 7 < 1o NWD-6-ADI) AdOD 1oy
swre[o juenedur g < 1o Swireo SIsouserp juon
swrepo juenedino ¢ < -edur g <10 juonedino ¢ <

(6°LTl

(aseasip

Suny 1eye Hd) AdOD

10)Je passasse sem Hd

JUSPIOU] "POPNIOXd

1M qdOD 210J9q
swire[d Hd Y syuaned

S9pod

ampaooid £q paurw

-10)9p se ‘yuejdsuen

3un[ snoraaid pey oym

(aseasip Suny 10)Je POPNIOXd 2IaM SJuANed

Hd) Hd 01 fotid useq Hd 10J swrte[o ‘ddOD 10§ swrefd
QARY SN $p0d (qJOD Iuenedur 1o juenedino < juenedur Jo juonedino <

(sam

-ewreyd pue ‘sorurd

‘steadsoy sapnpour)

aseqejep ueld doueInsuy
(J[eoH [BUOIIEN UBMIEB],

L10T—-200T 020C "M

SIoquIOW 9SeIuUBAPY
QIBJIPIIA pue ejep ueld
)[8Y] [BIOISWWOD JO
pasodwos 1IeIA eleq
sonewoyur)) s,wmdQ

810C—¥10C 020¢ yosme']

suorsnoxe ¢ dnoi3-uoN

uon

Suruy, “Bdgnuapt I 10 ddOD

uoneoynuapt H4

pourad Apmg 90INn0S Ble( 0URIRJY

(ponunuoo) | sjqey

pringer

a's



194 Lung (2022) 200:187-203

Diagnosis
» Use recommended COPD or | LD diagnosis codes

listed in Table 2

« Diagnosis code can be in the primary of
secondary position

« Evaluate diagnosis codes from both inpatient and
outpatient claims

« For outpatient claims, require multiple claims with
the diagnosis code (>2)

LD & PH

Relationship

« PH diagnosis should occur after the COPD or
ILD diagnosis

Recommended

Algorithm Components

PH WHO Group
Exclusions

» Exclude patients with other PH groups prior to
Group 3 PH using diagnosis codes listed
in Table 4

« Consider analyzing patients meeting criteria for
multiple PH groups separately

PH

Diagnosis

- Use recommended PH diagnosis codes listed

in Table 3

« Diagnosis code can be in the primary of

secondary position

« Evaluate diagnosis codes from both inpatient and

outpatient claims

« For outpatient claims, require >2 diagnosis codes
and specify a minimum time frame of at least 30
days for how far apart outpatient claims need to be

Fig. 1 Recommended algorithm components — components of the recommended algorithm. COPD chronic obstructive pulmonary hypertension,

ILD interstitial lung disease, LD lung disease, PH pulmonary hypertension

ILD. We specifically recommend limiting diagnostic codes
to connective tissue disease with respiratory or lung involve-
ment. We also suggest alternative methods for the assess-
ment of patients whose underlying conditions overlap across
PH classification, such as analyzing patients meeting criteria
for multiple PH groups separately.

Based on the findings from the evaluated studies, we do
not recommend using any COPD/ILD-related procedure
codes or medication claims for patient identification.

Identification of PH
Findings in the Literature
The criteria used for the identification of PH within exam-

ined studies can be classified into the following: (a) diagno-
sis codes, (b) relevant procedures, (c) claims for medication,

@ Springer

and (d) exclusions. All 13 studies used ICD-9-CM and ICD-
10-CM diagnosis codes to identify patients with Group 3 PH
associated with COPD or ILD. The majority (n=11) [16-22,
24-26, 28] contained ICD-9-CM codes for patient identifi-
cation, while six contained ICD-10-CM codes [19, 20, 22,
23,27, 28]. No studies required the PH diagnosis to be in
the primary position. Twelve studies identified patients from
either inpatient or outpatient claims [16-23, 25-28] and the
remaining one study used inpatient claims only [24]. The
use of additional criteria such as a requirement for multiple
claims was reported in five studies [16, 18, 20, 22, 28].

Only one study utilized PH-related procedures (i.e., right
heart catheterization [RHC] or echocardiogram) in identi-
fication of patients with PH [16], and no studies required
claims for any PH-related medications except Kim et al.,
which focused on appropriate use of phosphodiesterase-5
inhibitors (PDES5is) [17].
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Table 2 Lung disease diagnosis codes for COPD and ILD

Lung disease subgroup ICD-9-CM ICD-10-CM Description

Chronic obstructive pul- ~ 491.0 J41.0 Simple chronic bronchitis
monary disease
491.1 J41.1 Mucopurulent chronic bronchitis
491.8 J41.8 Other chronic bronchitis
491.9 J42 Unspecified chronic bronchitis
491.20 Obstructive chronic bronchitis without exacerbation
492.0 J43.0 Unilateral pulmonary emphysema [MacLeod’s syndrome]
J43.1 Panlobular emphysema
J43.2 Centrilobular emphysema
492.8 J43.8 Other emphysema
J43.9 Emphysema, unspecified
491.22 J44.0 Chronic obstructive pulmonary disease with (acute) lower respiratory infection
491.21 J44.1 Chronic obstructive pulmonary disease with (acute) exacerbation
496 J44.9 Chronic obstructive pulmonary disease, unspecified
Interstitial lung disease 517.1 117 Rheumatic pneumonia
500 J60 Coal worker’s pneumoconiosis
501 J61 Pneumoconiosis due to asbestos and other mineral fibers
J62.0 Pneumoconiosis due to talc dust
502 J62.8 Pneumoconiosis due to other dust containing silica
503 J63.0 Aluminosis (of lung)
J63.1 Bauxite fibrosis (of lung)
J63.2 Berylliosis
J63.3 Graphite fibrosis (of lung)
J63.4 Siderosis
J63.5 Stannosis
J63.6 Pneumoconiosis due to other specified inorganic dusts
505 Jo4 Unspecified pneumoconiosis
J65 Pneumoconiosis associated with tuberculosis
504 J66 Airway disease due to specific organic dust
495 J67 Hypersensitivity pneumonitis due to organic dust
495.0 J67.0 Farmer’s lung
495.1 J67.1 Bagassosis
495.2 167.2 Bird fancier’s lung
495.3 J67.3 Suberosis
4954 J67.4 Malt worker’s lung
495.5 J67.5 Mushroom worker’s lung
495.6 J67.6 Maple-bark-stripper’s lung
495.7 J67.7 Air conditioner and humidifier lung
495.8 J67.8 Hypersensitivity pneumonitis due to other organic dusts
495.9 J67.9 Hypersensitivity pneumonitis due to unspecified organic dust
506 J68 Respiratory conditions due to inhalation of chemicals, gases, fumes, and vapors
506.4 J68.4 Chronic respiratory conditions due to chemicals, gases, fumes, and vapors
506.9 J68.9 Unspecified respiratory conditions due to chemicals, gases, fumes, and vapors
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Table 2 (continued)

Lung disease subgroup ICD-9-CM ICD-10-CM Description

J66.0 Byssinosis
J66.1 Flax-dressers’ disease
J66.2 Cannabinosis
J66.8 Airway disease due to other specific organic dusts

508.1 J70.1 Chronic and other pulmonary manifestations due to radiation
J70.3 Chronic drug-induced interstitial lung disorders
J70.4 Drug-induced interstitial lung disorders, unspecified

508.8 J70.8 Respiratory conditions due to other specified external agents

518.3 182 Pulmonary eosinophilia

516.2 184.02 Pulmonary alveolar microlithiasis

516.1 184.03 Idiopathic pulmonary hemosiderosis

515 J84.10 Pulmonary fibrosis, unspecified

516.8 J84.11 Idiopathic interstitial pneumonia

516.30 J84.111 Idiopathic interstitial pneumonia, NOS

516.31 J84.112 Idiopathic pulmonary fibrosis

516.32 J84.113 Idiopathic non-specific interstitial pneumonitis

516.33 J84.114 Acute interstitial pneumonitis

516.34 J84.115 Respiratory bronchiolitis interstitial lung disease

516.36 J84.116 Cryptogenic organizing pneumonia

516.37 184.117 Desquamative interstitial pneumonia
184.17 Other interstitial pulmonary diseases with fibrosis, in diseases classified elsewhere

516.35 184.2 Lymphoid interstitial pneumonia
184.89 Other specified interstitial pulmonary disease

516.9 184.9 Interstitial pulmonary disease, unspecified

710.0 M32.13 Lung involvement in systemic lupus erythematosus

710.1 M34.81 Systemic sclerosis with lung involvement

710.3 M33.01 Juvenile dermatomyositis with respiratory involvement
M33.11 Other dermatomyositis with respiratory involvement

710.4 M33.21 Polymyositis with respiratory involvement
M33.91 Dermatopolymyositis, unspecified with respiratory involvement

714.81 MO05.1 Rheumatoid lung disease with rheumatoid arthritis
MO05.10 Rheumatoid lung disease with rheumatoid arthritis of unspecified site
MO05.11 Rheumatoid lung disease with rheumatoid arthritis of shoulder
MO05.111 Rheumatoid lung disease with rheumatoid arthritis of right shoulder
MO05.112 Rheumatoid lung disease with rheumatoid arthritis of left shoulder
MO05.119 Rheumatoid lung disease with rheumatoid arthritis of unspecified shoulder
MO05.12 Rheumatoid lung disease with rheumatoid arthritis of elbow
MO05.121 Rheumatoid lung disease with rheumatoid arthritis of right elbow
MO05.122 Rheumatoid lung disease with rheumatoid arthritis of left elbow
MO05.129 Rheumatoid lung disease with rheumatoid arthritis of unspecified elbow
MO05.13 Rheumatoid lung disease with rheumatoid arthritis of wrist
MO05.131 Rheumatoid lung disease with rheumatoid arthritis of right wrist
MO05.132 Rheumatoid lung disease with rheumatoid arthritis of left wrist
MO05.139 Rheumatoid lung disease with rheumatoid arthritis of unspecified wrist
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Table 2 (continued)

Lung disease subgroup ICD-9-CM ICD-10-CM Description
MO05.14 Rheumatoid lung disease with rheumatoid arthritis of hand
MO05.141 Rheumatoid lung disease with rheumatoid arthritis of right hand
MO05.142 Rheumatoid lung disease with rheumatoid arthritis of left hand
MO05.149 Rheumatoid lung disease with rheumatoid arthritis of unspecified hand
MO05.15 Rheumatoid lung disease with rheumatoid arthritis of hip
MO05.151 Rheumatoid lung disease with rheumatoid arthritis of right hip
MO05.152 Rheumatoid lung disease with rheumatoid arthritis of left hip
MO05.159 Rheumatoid lung disease with rheumatoid arthritis of unspecified hip
MO05.16 Rheumatoid lung disease with rheumatoid arthritis of knee
MO05.161 Rheumatoid lung disease with rheumatoid arthritis of right knee
MO05.162 Rheumatoid lung disease with rheumatoid arthritis of left knee
MO05.169 Rheumatoid lung disease with rheumatoid arthritis of unspecified knee
MO05.17 Rheumatoid lung disease with rheumatoid arthritis of ankle and foot
MO05.171 Rheumatoid lung disease with rheumatoid arthritis of right ankle and foot
MO05.172 Rheumatoid lung disease with rheumatoid arthritis of left ankle and foot
MO05.179 Rheumatoid lung disease with rheumatoid arthritis of unspecified ankle and foot
MO05.19 Rheumatoid lung disease with rheumatoid arthritis of multiple sites

1CD-9/10-CM International Classification of Diseases, 9™ or 10" Revision, Clinical Modification, ILD interstitial lung disease, NOS not other-

wise specified

Table 3 PH diagnosis codes

ICD-9-CM ICD-9-CM description ICD-10-CM ICD-10-CM description
416 Chronic pulmonary heart disease 127 Other pulmonary heart diseases
416.0 Primary pulmonary hypertension 127.0 Primary pulmonary hypertension
416.8 Other chronic pulmonary heart diseases 127.2 Other pulmonary heart disease
127.20 Pulmonary hypertension, unspecified
127.21 Secondary pulmonary arterial hypertension
127.23 Pulmonary hypertension due to lung dis-
ease and hypoxia
127.29 Other secondary pulmonary hypertension
127.89 Other specified pulmonary heart diseases
416.9 Chronic pulmonary heart disease, unspecified 127.81 Cor pulmonale (chronic)
127.9 Pulmonary heart disease, unspecified

ICD-9/10-CM International Classification of Diseases, 9" or 10" Revision, Clinical Modification, PH pulmonary hypertension

Summary and Recommendations

As all studies included PH-related diagnosis codes and
there was general consensus on these codes across studies,
we recommend utilizing a limited list of consensus codes
(Table 3). Corresponding codes should be verified if interna-
tional versions of the ICD are used. We recommend that PH
diagnosis be in the primary or secondary position, as COPD
or ILD associated with PH symptom exacerbation may be
reported in the primary position. We also recommend using

both inpatient and outpatient claims unless the study objec-
tives are limited to one or the other. When outpatient codes
are used, require at least two to reduce the likelihood that a
single diagnostic claim is used for patient identification and
specify a minimum time frame of at least 30 days for how
far apart the outpatient claims need to be in order to qualify.

We generally do not suggest utilizing PH-related pro-
cedures. While the guideline-driven practice is to confirm
cases by means of RHC, studies suggest that less than two-
fifths of patients with PH have an RHC prior to diagnosis
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[16, 19] within 3 months before or after medication [29] or
within 12 months following diagnosis [30]. We also note that
claims data indicate if a patient received a diagnostic test but
do not include test results, thus utilizing echocardiography,
which is non-specific to Group 3 PH, would not improve the
sensitivity of patient identification. Thus, we recommend
limiting the use of procedure codes for sensitivity analysis in
patient identification or to limit the study population when a
purer cohort is required. Lastly, we do not suggest utilizing
PH-related medications for patient identification, as thera-
pies used in Group 1 PAH are often used on- and off-label
for Group 3 PH associated with both COPD and ILD.

The Sequence of the COPD/ILD and PH Diagnoses
Findings in the Literature

In order to confirm that COPD or ILD was a contributing
factor to the development of PH, patients must have devel-
oped lung disease prior to PH. Eight of the 13 evaluated
studies required the COPD or ILD diagnosis code to be prior
to the PH diagnosis code [16, 19-22, 26-28], and one study
required an underlying cause of PH (not limited to lung dis-
ease) to be documented prior to PDESi prescription [17]. In
fact, of the 8 studies that specifically claimed to be study-
ing Group 3 PH, seven of them included this criterion [16,
19-22, 27, 28].

Summary and Recommendations

We recommend that PH diagnosis occur after the COPD or
ILD diagnosis to align with the natural progression of this
disease. Patients should be identified and indexed on their
first claim with a PH diagnosis code and require a COPD
or ILD diagnosis code in the baseline period at least six to
12 months prior to the PH diagnosis.

Identification of Other PH Group and Other Group 3
PH Conditions

Findings in the Literature

When identifying patients with Group 3 PH, five studies
used diagnosis codes to identify and exclude non-Group 3
PH patients [16, 17, 20, 22, 28] and two studies used diag-
nosis codes to separate patients who met criteria for multiple
PH groups from those who met only Group 3 PH [18, 19].
In addition to diagnosis codes, two studies utilized claims
for PAH-indicated medications [20] and two studies used
procedure codes [16, 28] to exclude patients from Group
3 PH. One study used PDESi guidelines to assign patients
with multiple diagnoses to an “appropriate use” group [17].
Algorithm assignment across PH groups was compared to
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chart abstraction, resulting in a positive predictive value of
86% for possible inappropriate use across groups of PH.

Summary and Recommendations

We recommend methodology to exclude patients with
other PH groups prior to their Group 3 PH using diagnosis
codes provided in Table 4. We do not recommend excluding
patients with other PH conditions that develop after their
Group 3 PH diagnosis, as these are relatively uncommon
occurrences and may arise from diagnostic workup rather
than diagnostic confirmation, as claims data reflect clini-
cal care provided rather than results. We acknowledge that
approximately 34% of patients with PH have overlapping
diagnoses [19] and that excluding these patients may bias
results for some research objectives, and the combination
of multiple comorbidities may render patients vulnerable to
developing PH and contribute to poor prognosis [19]. Thus,
an alternative method would be to analyze patients meeting
criteria for multiple PH groups separately or assign patients
to a group based on the objectives of the study [17].

Using diagnosis codes in the identification of Group 3 PH
does have some limitations. ICD-9-CM codes do not have
specificity of classification for secondary PH, and it was not
until ICD-10-CM that diagnosis codes provided for greater
clinical classification of secondary PH. In addition, diagno-
sis codes do not reflect severity of the disease, particularly
as they relate to distinguishing between multiple underlying
causes of disease. So, for a patient with mild heart disease
but severe lung disease that contributes significantly to PH,
using real-world claims data may inadvertently misclassify
this person as Group 2 PH.

In addition, there are some notable considerations. Given
the overlap of secondary PH-related conditions in Group 1
PAH and Group 3 PH, we do not recommend using 127.x
codes when developing exclusion criteria. Further, when
conducting a study to identify Group 3 PH with COPD only,
we recommend all patients with diagnosis codes for con-
nective tissue disease be excluded. Lastly, given the high
prevalence of sleep disorder breathing in COPD and ILD,
we do not recommend excluding patients with this diagnosis.

None of the examined studies utilized PH-related medi-
cations to directly identify Group 3 PH, but one study did
exclude patients with evidence of PAH-indicated medica-
tions [20].

As inhaled treprostinil is now FDA approved in both
Group 1 PAH and Group 3 PH, and it is likely that medi-
cations approved for use in Group 1 PAH are being used
off-label in Group 3 PH to improve exercise capacity, we
do not recommend relying on medication use to identify or
exclude patients.
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Table 4 (continued)

ICD-10-CM ICD-10-CM description

ICD-9-CM description

ICD-9-CM

Multifocal and multisystemic (disseminated)

Langerhans cell histiocytosis

C96.0

Letterer—Siwe disease

202.5

Lymphangioma, any site

D18.1
E74

Lymphangioma any site

228.1
271

Other disorders of carbohydrate metabolism

Disorders of carbohydrate transport and metabo-

Metabolic disorders

lism

Gaucher disease

E75.22
J98.51
Q22

Gaucher disease

272.7

Mediastinitis

Mediastinitis

519.2
746

Others

Congenital malformations of pulmonary and

tricuspid valves

Other congenital anomalies of the heart

Congenital malformations of aortic and mitral
valves

Q23

Other congenital malformations of heart

Q24

CTEPH chronic thromboembolic pulmonary hypertension, ICD-9/10-CM International Classification of Diseases, 9" or 10" Revision, Clinical Modification, PH pulmonary hypertension

Conclusion

Correctly identifying adult patients with Group 3 PH associ-
ated with COPD or ILD in claims-based studies can improve
the value of research findings for application in clinical care
and population health, the utility of real-world evidence in
support of FDA regulatory approvals, and more accurately
inform formulary decision-making. When using the recom-
mendations provided herein, care should be taken to con-
sider policy and regulatory changes, such as FDA approvals
and updated guidelines and their impact on how patients
are identified. While some studies reported that they used
validated codes or algorithms for either COPD/ILD or PH,
it is important to note that only one reviewed study pro-
vided results on the validation of their patient identification
algorithm. Future research should be conducted to validate
patient identification algorithms, especially the combination
of criteria required for the identification of Group 3 PH asso-
ciated with COPD or ILD.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00408-022-00521-6.
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