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Abstract

This manuscript on real‐world evidence (RWE) in pulmonary hypertension

(PH) incorporates the broad experience of members of the Pulmonary

Vascular Research Institute's Innovative Drug Development Initiative Real‐
World Evidence Working Group. We aim to strengthen the research

community's understanding of RWE in PH to facilitate clinical research

advances and ultimately improve patient care. Herein, we review real‐world
data (RWD) sources, discuss challenges and opportunities when using RWD

sources to study PH populations, and identify resources needed to support the

generation of meaningful RWE for the global PH community.
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INTRODUCTION

Traditional randomized clinical trials (RCTs) are recog-
nized as powerful tools for developing scientific evidence
regarding therapeutic interventions. RCTs guide regula-
tory approval of new drugs and devices, and they are the
foundation of clinical guidelines. Yet RCTs recruit highly
selected populations and manage them in controlled
settings, which makes it difficult to generalize the results
of RCTs to larger, diverse populations encountered in
clinical practice.1 Increasingly, clinicians, regulators,
payers, and the pharmaceutical industry recognize the
utility of real‐world evidence (RWE) to complement the
knowledge gained from RCTs.2

Recent legislation and regulatory mandates have acceler-
ated RWE generation.3,4 In the United States (US), the 21st
Century Cures Act, passed by Congress in 2016, required the
Food and Drug Administration (FDA) to develop a
framework for evaluating RWE to support drug approval
and postapproval evaluations. In response, the FDA has
based several drug approvals on RWE.5,6 Similarly in Europe,
the European Medicines Agency (EMA) has advocated for
the use of RWE in regulatory decision making and has
accepted RWE when evaluating new marketing authoriza-
tion applications and extensions of indications.7

Since the First World Symposium on Pulmonary
Hypertension (WSPH) convened in 1973, the under-
standing of pulmonary hypertension (PH) and, more
recently, disorders grouped in the clinical classification
of pulmonary arterial hypertension (PAH), have
benefited greatly from RCTs and analyses of real‐world
data (RWD). RCTs provided the evidence necessary for
regulatory approval of 15 PAH‐specific medications.
RWD fueled the derivation and validation of risk
stratification tools8,9 used to assess patients diagnosed
with PAH, and RWD provided the key data for current
treatment guidelines for PAH patients who show
vasoreactivity at the time of a diagnostic right heart
catheterization.10,11 Similarly, RWD from registries
yielded additional insights into the safety, side effects,
and efficacy of PAH‐specific medications not identified
during RCTs.12 Analyses of RWD also provided an
understanding of the natural history, epidemiology,
healthcare delivery practices, quality of life, and long‐
term outcomes related to large and diverse PAH patient
cohorts over decades.13–19

It is against this backdrop that we explore the
continuing role that RWD plays in our understanding
of PH. In the sections that follow, we review RWD
sources, discuss challenges and opportunities when using
RWD sources to study PH populations, and identify
resources needed to support the generation of meaning-
ful RWE for the global PH community.

DEFINITIONS AND DATA
SOURCES

RWE is clinical evidence regarding the use and potential
benefits or harms of an intervention derived from the
analysis of RWD (Table 1). RWD is defined as informa-
tion relating to patient health status or healthcare
delivery that is routinely collected through a wide variety
of sources. For this discussion, we limit ourselves to the
main data sources defined by regulatory authorities:
administrative claims data, electronic health records
(EHRs), registries, and patient‐generated data outside of
clinical trials.2,3 Appropriate analysis of RWD requires a
fundamental understanding of the purpose and strengths
and weaknesses of the varied sources of RWD (Table 2).

Administrative claims data

Administrative claims data are generated within a
healthcare system to reimburse medical services. Every
patient encounter generates claims data that include
diagnostic and procedural codes for services rendered in
inpatient and outpatient settings and pharmacy dispens-
ing data. Because these data are generated for billing and
not patient care, administrative claims lack important
clinical, laboratory, and functional health information
that are relevant for analyzing populations. Furthermore,
coding included on claims for reimbursement purposes
may not always reflect the medical condition of a patient.
Despite these limitations, claims data provide an
opportunity to evaluate morbidity related to procedures,
medical treatments, and other healthcare resource
utilization.22–25 In some countries, population‐level vital
statistics registries can also be linked to claims databases
or to other RWD sources using unique identifiers, which
can permit mortality analyses.26–29 Claims data also
provide large sample sizes with longitudinal follow‐up to
generate RWE related to adherence to medical care
plans. Moreover, claims data may contain information on
practice patterns not captured by other sources of RWD.

EHRs

EHRs represent longitudinal data in an electronic format
that are collected during the routine delivery of health-
care. EHRs capture a broad group of patients, and EHRs
are widely available in developed countries.22,24,30–32

Furthermore, a patient's EHR often includes data from
all facets of their inpatient and outpatient care, including
laboratory results, medication records, pathology reports,
procedures, and clinical notes. As such, EHRs allow a very
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granular examination of a patient's medical profile.
However, since the primary intent of EHR data is to
facilitate individual patient management rather than
research, missing data remains a limitation of EHRs.

Registry data

Patient registries are collections of data for a group of
people who share a common characteristic (e.g., PAH).33

Patient registries capture clinical data uniformly over
time to evaluate the incidence and prevalence, demo-
graphics, and outcomes of real‐world patients with the
condition of interest. Patient registry cohorts are large
and generally more diverse than populations enrolled in
RCTs, but registry data are uncontrolled and observa-
tional. Consequently, registry data may be biased by
patient selection and reporting, missing data, and
analytic errors.

Patient‐generated health data (PGHD)

PGHD are created, recorded, or gathered by or from
patients. Examples of PGHD include biometric data34

obtained from wearable or implantable devices and data
gathered from social media. While medical use of
data from social media is limited, use of biometric data
generated from wearable and implantable devices has
garnered much attention, stimulated, in part, by the need
for remote monitoring during the COVID pandemic.

Advances in digital technology created a plethora of
PGHD from wearable devices such as smartwatches and
activity trackers. These personal wearables capture
important biometric data, including heart rate, ECG,
oxygen saturation, sleep quality, and step count/activity,
which may provide a more comprehensive picture of
patients than episodic measurements made in clinics and
hospitals. A recent review describes (1) wearable devices
and associated machine learning (ML) techniques, (2)
research studies that have investigated the role of
wearable devices in the early detection and treatment
of cardiovascular conditions (e.g., atrial fibrillation or

heart failure), and (3) some of the challenges and
opportunities related to the use of PGHD from wearable
devices.35

Although noninvasive biometrics generate a wealth
of data, the use of these data remains limited by several
concerns. For example, the tendency of individuals to
modify their behavior when they are being observed (the
Hawthorne effect) may limit the value of biometric data
collected from wearables and other readily visible
sources. Biometric data from implantable devices may
overcome the Hawthorne effect, but implantable devices
introduce risks that must be counterbalanced by clear
clinically relevant benefits.36

Regional and global resource disparities also limit
the value of PGHD. Many sources of biometric RWD
require access to expensive devices and platforms,
such as devices paired with smartphones, reliable
internet access, and a stable power grid, which are
widely available in resource‐rich regions but are not
feasible or practical for implementation in resource‐
poor environments, introducing systemic bias to the
collection of these data.

GENERAL CHALLENGES WHEN
UTILIZING RWD

There are general challenges related to the utilization
of RWD.22,23,30,31 RWD are often large, difficult to
locate and access, and potentially cost‐prohibitive to
process and use. EHR data are the most resource‐
intensive source of RWD with respect to data
extraction, curation, and validation. Investigators
may require data engineering and analysis resources
to clean and restructure data from source systems,
engineer features through methods like natural
language processing (NLP), and implement analytic
methods that scale effectively to process large
heterogeneous data sets. These steps can significantly
inflate the total costs of RWD acquisition and
utilization.37 Furthermore, legal, regulatory, and
financial barriers may limit the availability and use
of some of the largest sources of EHR and claims data

TABLE 1 Definition of RWD and RWE by FDA and EMA.

FDA20 EMA21

RWD: Data relating to patient health status and/or the
delivery of healthcare routinely collected from a
variety of sources

RWD: Routinely collected data relating to a patient's health status
or the delivery of healthcare from a variety of sources other
than traditional clinical trials

RWE: Clinical evidence about the usage and potential benefits
or risks of a medical product derived from analysis of RWD

RWE: Information derived from analysis and/or synthesis of RWD

Abbreviations: EMA, European Medicines Agency; FDA, Food and Drug Administration; RWD, real‐world data; RWE, real‐world evidence.
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(e.g., Veterans Administration database, Centers for
Medicare & Medicaid Services). Without pre‐existing
agreements or significant financial resources, it
remains difficult to obtain and utilize RWD from
large national sources of RWD, a limitation not
unique to the US.38,39

Regulations and laws concerning the acquisition,
transfer, and utilization of RWD differ.22–25,30–32,39

These regulations and laws can have significant
implications for the use of RWD. For example, the
types of RWD available to researchers and the rules
governing the use of these data differ markedly
between countries, particularly for informed consent,
opt‐in versus opt‐out of data collection, and anonymi-
zation. Such differences in national regulations and
laws impair the integration of RWD from multiple
national sources.

A related concern involves data privacy and patient
rights, as RWD often contains personal health informa-
tion that may not be adequately anonymized, creating a
conflict between data transparency and patient privacy.
Concerns regarding patient privacy, data security, and
disclosure of sensitive health information not only affect
the acquisition and use of RWD but also vary across
geographic locations.

One final challenge relates to the lack of standard-
ization of data formats.22–25,31,32 This lack of stan-
dardization significantly complicates the ability to
share, integrate, and analyze RWD. Further com-
pounding the problem, many sources of RWD are
electronic, and they are acquired on unique proprie-
tary platforms that compete directly in free markets.
Competing proprietary platforms often limit or
actively discourage effective communication with
one another. The lack of harmonization between
different RWD sources, combined with heterogenous
standards for data entry and formatting, is currently
the greatest challenge in the use of RWD.

Fortunately, the US federal government recently
took an important step to address the challenge of
standardization. The Office of the National Coordina-
tor for Health Information Technology issued a
regulation that addressed both the technical obstacles
and the economic problems caused by the competitive
nature of the US healthcare system. The regulation
requires providers to share EHRs, and it provides stiff
financial penalties as consequences for EHR vendors
and health information networks that obstruct infor-
mation exchange. Similar initiatives are underway to
allow for EHR interoperability across the European
Union.40,41 Even with these steps to advance stan-
dardization in Europe and the US, adoption of global
standards for RWD is likely years away.

CHALLENGES WHEN UTILIZING
RWD TO STUDY PH

There are several unique challenges to consider when
using RWD to study PH. First, the diagnosis of PH
requires accurate measurement of pulmonary hemo-
dynamics during right heart catheterization. These
measurements are fundamental for the physiologic
classification of PH.42 Misclassification of PH diagnoses
remains a common problem, and RWD sources such as
EHRs are not designed to assess the quality and accuracy
of hemodynamic data.

Second, definitions of PH and pulmonary vascular
disease (PVD) have evolved.10,43,44 PH was once diag-
nosed when right heart catheterization confirmed a
mean pulmonary artery (PAmean) pressure of at least
25mmHg. In 2018, the Task Force on Hemodynamic
Definitions of the sixth WSPH modified this definition to
include patients with a PAmean pressure >20mmHg.
Another revised definition accompanied the 2022 Eur-
opean Society of Cardiology (ESC)/European Respiratory
Society (ERS) Guidelines for the Diagnosis and Treat-
ment of PH wherein the definition of PVD was changed
from a pulmonary capillary wedge pressure (PCWP) ≤15
mmHg with a pulmonary vascular resistance (PVR) ≥3
Wood units to a PCWP ≤15mmHg with PVR ≥2 Wood
units.45 These changes in the definitions challenge
investigators who collect and analyze RWD to study PH
and PVD.

Third, the clinical classification of PH based on RWD
remains challenging. The classification of PH has evolved
from the early differentiation of PH into primary PH and
secondary PH to the current World Health Organization
(WHO) clinical classification of PH. These changes in the
clinical classification require investigators to make
careful adjustments when analyzing and reporting data,
as illustrated by Frost et al.46 Furthermore, the non-
specific signs and symptoms of PH and the presence of
related comorbidities, such as chronic obstructive pul-
monary disease or chronic pulmonary emboli, challenge
analysis of patients with PH because these patients often
have mixed causes of PH. In the PVDOMICS study,
preliminary analysis showed that over a third of patients
had mixed causes of PH and could not be assigned to a
single WSPH group.47

Fourth, the diagnostic tests required to establish the
clinician's classification of PH may confound investiga-
tors seeking to use RWD for the study of PH. Several tests
are recommended in addition to diagnostic right heart
catheterization, including ventilation and perfusion lung
scans, high‐resolution chest computed tomography,
pulmonary function tests, and infectious and immuno-
logic tests, to identify potential etiologies of PH. A survey

PULMONARY CIRCULATION | 5 of 24



of centers in the US showed that guideline‐recommended
tests were often not completed.48 Outside of the US,
resource disparities, operator preference, and even social
and cultural attitudes surrounding certain tests (e.g.,
blood testing for human immunodeficiency virus [HIV]
or hepatitis C virus is stigmatized in certain regions of
the world) may foster incomplete evaluation of PH.

Recent efforts to study PAH have exposed several of
these challenges for the use of RWD. A study to estimate
the global prevalence, incidence, and mortality of PAH
reported a 175‐fold variation in the estimated incidence
and a 40‐fold difference in the estimated prevalence of
PAH across 37 countries.49 While these differences may
exist in part due to local/regional factors, such as the
higher prevalence of methamphetamine use‐related PAH
in the Western world and the higher prevalence of
congenital heart disease‐related PAH in developing
countries, the authors concluded that no known risk
factor was of sufficient strength to explain this extreme
variability. Rather, these variations occurred due to a
lack of a generalized approach to the diagnosis and
classification of PAH.

CURRENT STATUS OF RWD IN PH
AND OPPORTUNITIES FOR
IMPROVEMENT

Administrative claims data

It is well documented that the use of administrative
claims data in a PH population is primarily limited by
challenges related to aligning the International Classifi-
cation of Diseases, 10th Revision, Clinical Modification
(ICD‐10‐CM) diagnostic codes with the five clinical
classification groups of the WSPH.50 Several algorithms
have been developed to improve discrimination of
patients with PAH in claims data.50–52 A systematic
review of PAH algorithms concluded that ICD codes
alone performed poorly, with positive predictive values
ranging from 3.3% to 66.7%.50 Algorithms that are
multicomponent and include the presence of PAH
medications, diagnostic codes, and procedural codes
improve performance.50,52,53 The development and vali-
dation of algorithms outside of Group 1 PH are especially
challenging in part because therapies approved for the
treatment of PAH are used on and off‐label for the
treatment of other PH groups (e.g., PH in interstitial lung
disease, chronic thromboembolic pulmonary hyper-
tension [CTEPH]). Compounded with the lack of
specificity in diagnostic codes, researchers are limited
in their ability to discriminate patients within the
five clinical classification groups in claims data. While

some attempts have been made to develop algorithms for
Groups 3 and 4 PH,54,55 additional work is needed and
validation through medical record review will be
required. Further, an opportunity may exist for clinical
experts to define the standards for coding in their
specialty by collaborating with the standard‐setting
organizations.

EHRs

The granular nature of EHRs has provided several areas
of opportunity for PH researchers. As one example, EHRs
can be used to evaluate prescribing patterns and clinical
monitoring of patients with Group 3 PH, as demon-
strated by Johnson et al.56 Perhaps the most exciting
opportunity for EHRs lies in the application of ML
techniques to better identify PH populations. In a
multistage ML experiment, Schuler et al. demonstrated
that the successive application of random forest models
can be used in combination with human validation to
create clean training cohorts of patients with PAH that
were large enough to train ML‐based case definitions.57

Furthermore, Schuler et al. demonstrated that these
definitions could be applied to an EHR database to create
cohorts that identify additional patients with known risk
factors for PAH.57 This highlights the possibility that
such approaches could be used to find PAH further
upstream in the diagnostic process and more effectively
create site‐based registries. Given the different clinical
care processes that might exist at each site, such
algorithms may not be generalizable to all expert PH
centers.

Registry data

Among RWD sources available to investigators, national
PH registries have contributed the most RWE (Table 3),
particularly for patients diagnosed with PAH or CTEPH.
In the 1980s, the US National Institutes of Health
Primary Pulmonary Hypertension (PPH) Registry estab-
lished the natural progression of PPH (primarily
idiopathic PAH [IPAH] and heritable PAH) in an era
preceding the advent of PAH‐targeted therapies.58,59

Subsequently, RWD generated from thousands of
patients enrolled in PH registries around the world
provided crucial long‐term epidemiologic data,8,60–62

including the identification of a significant increase in
median survival from 2.8 years at the end of the 20th
century to more than 7 years in a more contemporary
treatment era.14,58 RWD also changed the early belief
that IPAH (formerly known as PPH) develops primarily
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in young women without comorbidities46 by showing
that IPAH also affects older women and men with
cardiovascular comorbidities.16,63 RWD from PH regis-
tries also were instrumental in the derivation and
validation of PAH risk assessment tools that are now
emphasized in guidelines for the treatment of PAH,45,64

including the ESC/ERS, the French or COMPERA 2.0
noninvasive method, and the US REVEAL 2.0 and
REVEAL Lite scores.9,45,65–67

Although the majority of registry data describe
populations of adult PH patients, pediatric registries of
patients with PH have provided important insights
into the nature and natural history of PH in
children.103,111,127 These registries have shown the
importance of PH caused by lung disorders in children.
One contemporary pediatric registry, the Pediatric
Pulmonary Hypertension Network (PPHNet) Registry,
reported that PH due to lung disorders such as
bronchopulmonary dysplasia constituted more than
one‐half of the registry population.111

Registry data also create opportunities to enrich
current and future PAH clinical trials.128 Event‐driven
primary endpoints are increasingly used in PAH clinical
trials, substantially increasing the size, duration, and
cost of these trials. The FDA has advocated the use of
prognostic enrichment of event‐driven clinical trials by
preselecting a patient population with an increased
likelihood of experiencing the trial's primary endpoint.
Risk assessment tools, derived from RWD, identify
patients who are likely to experience a clinical worsen-
ing event for trial enrichment.

RWD from PH registries have also allowed the
analysis of treatment patterns within risk groups,
retrospective validation of guidelines, and generation
of innovative and often complex treatment strategies for
future RCTs.129,130 For example, a retrospective analysis
of French registry data suggested a benefit of initial
combination therapy in intermediate‐risk, but not low‐
risk, patients diagnosed with PAH.129 Furthermore,
analysis of data from French referral centers suggested
that initial triple‐combination therapy, including a
parenteral prostanoid, was associated with improved
survival in treatment‐naïve patients at high risk for
mortality,129 in line with a previous RWD pilot study.131

In addition to the contributions of past and current
registries, more work is needed to address the paucity of
registry data in regions with limited resources. As
illustrated by investigators in sub‐Saharan Africa and
South America,132,133 alternative algorithms to identify
disease may be required. Nevertheless, investigators
have already provided important data to allow the
international community to better understand unique
challenges and opportunities to advance the diagnosisT
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and treatment of PH in regions with limited
resources.108,134,135 For example, the Pan African Pulmo-
nary Hypertension Cohort, a multinational registry of
254 consecutive patients diagnosed with PH from
nine centers in four African countries, describes baseline
characteristics and three‐year survival of an HIV‐infected
cohort newly diagnosed with PH and identifies the
common concurrence of chronic lung disease (tubercu-
losis) and hypoxia with HIV‐associated PAH.

More work is also needed to provide data from
registries that enroll patients diagnosed with Groups 2, 3,
and 5 PH, as well as PH due to a combination of
disorders (e.g., chronic lung disease and chronic pulmo-
nary embolism).

To further address these unmet needs, the Pulmonary
Vascular Research Institute (PVRI) established the
Global Deep Phenotyping PH Meta‐Registry (PVRI‐
GoDeep; NCT05329714). PVRI‐GoDeep is poised to
become a global hub and RWD mart for PH research.
This meta‐registry is expected to encompass >25,000
patients with PH spanning all continents, offering rare
geographical and ethnic profiles of patients affected by
PH. The architects of GoDeep developed a strategy a
priori to address the global disparities in PH epidemio-
logic data, employed a standardized framework and strict
diagnostic criteria, and leveraged multiple EHR data sets
to create a large, robust source of PH RWD. Although
PVRI‐GoDeep investigators faced multiple challenges
(Table 4), the ongoing success of PVRI‐GoDeep demon-
strates how careful planning can effectively overcome
many challenges, create a novel source of PH RWD, and
lay the groundwork for generating high‐quality RWE
that directly informs improvements in the care of PH
patients.126

Patient‐generated biometric data

Unlike patient registries that have an established role in
understanding PH, patient‐generated RWD from biomet-
ric sources have only recently begun to contribute to the
study of PH. Many available metrics, such as heart rate
variability, heart rate recovery, step count, exercise
intensity, and accelerometry, have been explored in
relation to PH disease severity, and outcomes but are yet
to be incorporated into risk stratification models.136–139

The 6‐min walk distance (6MWD), an established metric
for clinical trials of PAH therapies, can now be measured
at a point in time or estimated longitudinally by several
smart devices and applications with relative accuracy and
reliability.140

Accelerometry is a new source of patient‐generated
data for PH populations. In a recent study of pediatric

patients with PAH, Zijlstra et al. found that physical
activity, as assessed by accelerometers, correlated with
indices of disease severity (including 6MWD) and
predicted clinical deterioration.141 Given the importance
of quantifying PH patients' functional limitations, accel-
erometry may yield complementary or surrogate infor-
mation for 6MWD.35,141 A recent decision by the FDA to
accept accelerometry as a primary endpoint for a phase 3
clinical trial shows that accelerometry has the potential
to become a common endpoint for PH clinical
trials.142,143

Similarly, implantable devices may provide valuable
RWD to advance the understanding and care of patients
with PH. For example, the CardioMEMS heart failure
system, an implantable pulmonary artery pressure
monitor, records changes in pulmonary artery pressure.
Investigators tested CardioMEMS in patients with PH
due to left heart disease. The CHAMPION and MEMS‐
HF trials independently demonstrated that management
guided by CardioMEMS reduced pulmonary artery
pressure and reduced heart failure hospitalizations in
patients with left heart failure.144–147

More recent data suggest opportunities to apply data
from CardioMEMS in the management of precapillary
PH. Benza and colleagues implanted CardioMEMS in 26
patients with PAH with WHO functional class III
symptoms. The study had no device‐related short‐ or
long‐term serious adverse events.148,149 CardioMEMS
provided data regarding variability and trends in pulmo-
nary artery pressure and other calculated measures
(proprietary algorithm) and was able to identify pre-
hospitalization changes in stroke volume, cardiac output,
and pulmonary artery pressure as a patient developed
right ventricular failure.148 The presence of CardioMEMS
reduced the use of invasive right heart catheterization by
50%,149 and it was also used to successfully transition
three patients from intravenous treprostinil to oral
selexipag in the home setting.150 As implantable hemo-
dynamic monitoring gains interest, increased use in
clinical trials (such as the ongoing ARTISAN trial
[NCT05203510]) and clinical settings will proffer more
information and clarity on how to use RWD from
implantable devices like CardioMEMS.

RESOURCES NEEDED TO PROVIDE
MEANINGFUL RWE TO THE
GLOBAL PH COMMUNITY

RWD clearly provides opportunities to enhance our
understanding of PH and improve care for patients with
PH. However, innovative solutions are still necessary to
overcome the challenges inherent to the acquisition and
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use of RWD. Here we offer specific recommendations to
improve current RWD data sources, discuss newer
methodologies to generate RWE, and discuss opportuni-
ties for the expansion of regulatory policies that will be
vital to generate high‐quality RWE for the global PH
community.

Recommendations to improve current
RWD sources for PH populations

1. Support global PH registries: Currently, there are PH
registries in individual countries and multinational
registries.151 Past registries overrepresented Western
countries and underrepresented other regions of the
world. Global PH registries can provide a better
understanding of the epidemiology of PH worldwide,
address global disparities in PH care, and foster global
collaborative research. PVRI has begun this work by
establishing the GoDeep initiative as a platform that
can be continuously supported and improved.

2. Ensure harmonization and integrity of data collection:
Specific data dictionaries and standards must be
established to define quality control, data validation,
and transparency of data‐processing methods. A novel
approach in this regard is to adopt a common data
model (CDM) that dictates the organization of tables,
standard vocabularies, and mappings used within an
observational health data set (Figure 1). By organizing
data in identical ways, data do not need to move
across organizational firewalls to be analyzed collect-
ively. Analysis code, configured against the CDM, can
be distributed among participating centers and
executed behind an organization's firewall, at which
point only the aggregate, inherently deidentified
results are shared. This approach circumvents

obstacles to data movement across firewalls and
allows large cohorts to be studied rapidly. For
example, a CDM approach characterized 4.5 million
COVID patients across three continents and demon-
strated the hazard of combining azithromycin and
hydroxychloroquine early in the pandemic.152 Within
the PH community, investigators have already con-
verted registries into CDM formats.153

3. Develop a standard software platform for data collec-
tion: Such tools must be processed, handled, and
stored in accordance with Regulation (EU) 2016/679
(General Data Protection Regulation) and be compli-
ant with FDA 21 CFR Part 11 to protect personal data
from unauthorized or unlawful access, disclosure,
dissemination, alteration, or destruction or accidental
loss. PAHTool is a commercially available database
software that is already used by several registries
worldwide for data collection.154

4. Include medical imaging in future electronic databases
of clinical data: This requires the exchange of
extensive image data, image processing, and storage
of results. Normal picture archiving and communica-
tion systems are used to store and retrieve data
following institutional regulations, but picture archiv-
ing and communication systems are not designed for
clinical research. Innovative solutions for managing
the storage, retrieval, and processing of medical image
data should include features specific to clinical
research.

5. Support development and adoption of EHRs in low‐
and middle‐income countries (LMICs): Fewer than half
of all countries have a national EHR system,155 and
adoption in LMICs is often limited to specific
programs for infectious diseases.156 The WHO pub-
lished guidance in 2006 on EHR implementation in
developing countries that details the necessary

TABLE 4 Successful approaches and remaining challenges of PVRI‐GoDeep registry initiative.

RWD challenge Approach Remaining barriers

Regulatory/legal
landscape

• Multiple stakeholders involved in steering
committee

• Centralized database

Data transfer between institutions and across borders

Multiple large data
sources

• Local processing at each site followed by
automatic anonymization and addition to
central database

Integration with multiple EHR platforms

Data security/privacy • Data protection via anonymization
• Electronic encryption for data transfer

Data access use rules for data sharing and utilization

Data standardization • Common parameter list for “essential” data
• Local and central data validation strategies

Heterogeneity in data sources and practice patterns
across sites (e.g., magnetic resonance imaging or
right heart catheterization)

Abbreviations: EHR, electronic health record; PVRI, Pulmonary Vascular Research Institute; RWD, real‐world data.
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functions and features of an EHR system, the required
workforce training to implement an EHR, and the
technological infrastructure essential for implementa-
tion. Yet EHR implementation in LMICs remains a
work in progress, and there is limited research on
evidence‐based implementation strategies to enable
the successful integration of EHRs into health
systems.157,158 Continued research to understand
barriers and facilitators to EHR adoption in LMICs
will be vital to support efforts to build and scale EHRs
effectively.

6. Support WHO efforts to optimize the use of health service
data to affect PH outcomes: Based on several surveys
during recent years, the WHO has provided guidance
about the optimization of health service data, including
(a) data use for policy and action, (b) data and evidence to

drive policy and planning, (c) data access and sharing,
and (d) strong country‐led governance of data (Figure 2).
Such a large and comprehensive data set exchange across
databases represents an opportunity to improve our
understanding of patients' phenotypes, expanding the
collection of meaningful information for all PH
categories.

Methods to improve RWD analysis for PH
populations

Advanced computational methods that replicate human
cognitive processes are being developed and applied
across the spectrum of human medicine, from the
development of diagnostics and therapeutics to

FIGURE 1 Proposed flow chart of mapping data from three different pulmonary hypertension registries into a CDM (3). This figure was
reproduced under Creative Commons 4.0 International License. CDM, common data model; ETL, extract, transform, load; OMOP,
observational medical outcomes partnership; QA, quality assurance; QC, quality control; SAP, statistical analysis plan; SDTM, study data
tabulation model; UAT, user acceptance testing. Source: Biedermann et al.153
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population health management and healthcare regula-
tion. Broadly referred to as artificial intelligence (AI),
these emerging technologies can serve as powerful tools
to improve data quality and expand the applicability of
RWD in PH.

ML refers to the development of algorithms that learn
from input data to automatically make predictions or infer
patterns in complex data. Once developed, these ML
algorithms can be used as decision‐support tools. The
potential applications of ML to RWD in PH are nearly
endless. For example, ML algorithms have been created to
more accurately identify PH and PH subgroups within EHR
and claims data,57,159 to detect patients with PH earlier in
their disease course using commonly collected clinical
data,160,161 to improve PH risk stratification,162 and to
automate echocardiogram interpretation.163 ML algorithms
could expand relevant expertise to low‐income countries and
other areas with expert provider shortages. Despite the
promises of ML, more work is required to validate
performance characteristics, expand generalizability, and
improve the transparency of ML algorithms.164

NLP is a collection of automated methods that can be
used to extract unstructured data (e.g., clinical notes,
imaging reports) and translate them into structured data
elements, substantially reducing the time required for
manual expert review. NLP is particularly relevant for
RWD sources, as more than 80% of EHR data are
unstructured.165 NLP has been applied in a variety of
clinical contexts, including detecting potential adverse
drug events not identified through standard reporting

systems,166 screening candidates for clinical trial elig-
ibility,167 and improving the identification of diseases,168

among others. While NLP has been widely employed in
other cardiovascular and pulmonary diseases,169 at
present, its use in PH remains limited.

Robotic process automation uses automation technology
to perform repeated tasks, speeding processing time and
reducing human error. In the context of RWD, robotic
process automation can be used to quickly capture, interpret,
and process large volumes of data from RWD sources,
including EHRs, claims data, mobile applications, or social
media.

Combining AI technologies can create even more
powerful tools to harness RWD in PH. For example, robotic
process automation could be used to extract and process
waveforms from right heart catheterizations in EHR data,
which could then be combined with other clinical data and
fed into ML algorithms to predict the presence of PH and
determine PH subgroups. As the research community
continues to expand and refine these technologies, their
value in utilizing RWD in PH will continue to grow.

Opportunities to improve regulatory
policies to support the acquisition, use,
and value of RWD

There are many opportunities to improve regulatory policies
to support the acquisition, use, and value of RWD. For
example, data from RCTs should be shared, particularly in

FIGURE 2 Comparison of capacities regarding ability of countries to provide data for policy and action uses. Source: World Health
Organization. Map Production: Public Health Information and Geographic Information Systems (GIS).
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rare diseases. Existing research data can be utilized to
answer questions beyond those planned in the original
study, to analyze outcomes that were not included in the
primary analysis, to enable individual participant data meta‐
analysis, and to investigate new methodologies for analyzing
data. In addition, published results can be independently
validated. However, data ownership, the confidentiality of
personal information, and data protection represent areas of
concern that may prevent data sharing. For this purpose,
detailed methods for creating deidentified, anonymized data
sets in compliance with current data protection laws have
been previously described.170 Further, clear regulations are
needed that define data ownership.

In the field of PH research, patient‐level pooled analyses
of deidentified data sets from RCTs have been per-
formed.171,172 However, clinical trial data sets are not
uniformly available upon request. Mandatory submission
of deidentified clinical trial data from RCTs as part of
submissions to regulatory agencies (e.g., FDA, EMA, Health
Canada) would create resources for expanded use of
RCT data.

Recently, global regulatory agencies endorsed a joint
statement calling for international collaboration to enable
the generation and use of RWD and RWE for regulatory
decision making.173 However, challenges remain, including
heterogeneous data sources, different levels of data quality,
and various governance models for data sharing and access.
Global networks such as the Data Analytics and Real‐World
Interrogation Network (DARWIN EU) are currently under
construction to address these challenges.

Although RWD from international sites can be valuable,
the fitness of international RWD for use in regulatory
decision making is limited by important differences in
healthcare systems. Challenges in PAH recognition and
management are well‐reported in LMICs.135 For example,
PH‐left heart disease (Group 2 PH) was the most common
cause in PH registries from LMICs.135 Thus, using data from
other countries for regulatory decision making might require
additional analyses that consider the differences in medical
practice, healthcare delivery, and data reliability. Further-
more, for a rare disease such as PAH, the ability to draw
causal inferences from RWD/RWE requires robust metho-
dologic approaches to account for the variability of data
sources and the relatively small effect size of treatments
in PAH.

SUMMARY AND
RECOMMENDATIONS

Over the past 50 years, RWD has contributed greatly to
our understanding of the epidemiology, risk stratifica-
tion, and treatment of PH. RWE complements data from

RCTs. Recent regulatory support has elevated the
importance of RWD sources, including administrative
claims data, EHRs, registry data, and PGHD, in the
modern healthcare environment. The increasing reliance
upon RWD and RWE will require the development of
meaningful quality standards for study designs. Recent
legal and regulatory requirements mandate new ap-
proaches to gathering, storing, protecting, and analyzing
RWD. The collection, storage, and analysis of RWD will
require that investigators overcome both general chal-
lenges and challenges specific to the study of PH.

Development of CDM and AI applications and
expansion of EHRs to LMICs are among the most
important steps necessary to advance global under-
standing and treatment of PH. Moving forward, multi-
stakeholder participation is necessary to accelerate the
understanding of PH disease states among initiatives that
further develop the framework necessary for the respon-
sible collection, analysis, interpretation, and sharing
of RWD.

AUTHOR CONTRIBUTIONS
All authors made substantial contributions to the concept
or design of the work; drafted the article or revised it
critically for important intellectual content; approved the
version to be published; and participated sufficiently in
the work to take public responsibility for appropriate
portions of the content.

AFFILIATIONS
1Global Medical Affairs, United Therapeutics Corporation, Research
Triangle Park, North Carolina, USA
2Department of Internal Medicine II, Division of Cardiology, Medical
University of Vienna, Vienna, Austria
3Division of Pulmonary, Critical Care, and Sleep Medicine, University
of Cincinnati, Cincinnati, Ohio, USA
4Division of Cardiovascular Medicine, The Ohio State University,
Columbus, Ohio, USA
5Department of Medicine, Division of Pulmonary Medicine, University
of Alberta, Edmonton, Canada
6The Pulmonary Center, Boston University Chobian & Avedisian
School of Medicine, Boston, Massachusetts, USA
7Center for Healthcare Organization & Implementation Research, VA
Bedford Healthcare System and VA Boston Healthcare System,
Bedford, Massachusetts, USA
8Division of Pulmonary, Critical Care & Sleep Medicine, Houston
Methodist Hospital, Houston, Texas, USA
9Division of Pulmonary and Critical Care Medicine, Johns Hopkins
University School of Medicine, Baltimore, Maryland, USA
10Faculté de Médecine, Université Paris‐Saclay, Le Kremlin‐Bicêtre,
France
11Service de Pneumologie et Soins Intensifs Respiratoires, Centre de
Référence de l'Hypertension Pulmonaire, Hôpital Bicêtre, Assistance
Publique Hôpitaux de Paris, Le Kremlin Bicêtre, France

14 of 24 | MORLAND ET AL.



12National Heart and Lung Institute, Imperial College, London, UK
13Center of Chest Diseases & Critical Care, Milpark Hospital,
Johannesburg, South Africa
14Sree Chitra Tirunal Institute for Medical Sciences and Technology,
Trivandrum, Kerala, India
15Department of Medicine & O'Brien Institute for Public Health,
University of Calgary, Calgary, Canada
16Department of Cardiology, University Medical Center of the Johannes
Gutenberg University Mainz, Mainz, Germany
17Center for Thrombosis and Hemostasis (CTH), University Medical
Center of the Johannes Gutenberg University Mainz, Mainz, Germany
18Department of Clinical, Anesthesiological and Cardiovascular
Sciences, Sapienza University of Rome, Policlinico Umberto I, Rome,
Italy
19Department of Respiratory Medicine, Royal Prince Alfred Hospital,
University of Sydney, Camperdown, New South Wales, Australia
20Faculty of Medicine and Health, University of Sydney, Camperdown,
New South Wales, Australia
21State Key Laboratory of Complex Severe and Rare Diseases, Peking
Union Medical College Hospital, Chinese Academy of Medical Sciences
and Peking Union Medical College, Beijing, China
22Service de Cardiologie, Centre de Compétence en Hypertension
Pulmonaire 27/76, Centre Hospitalier Universitaire Charles
Nicolle, INSERM EnVI U1096, Université de Rouen, Rouen, France
23Pulmonary Division, Heart Institute, University of São Paulo Medical
School, São Paulo, Brazil
24School of Medicine, The University of Notre Dame Australia, Perth,
Western Australia, Australia
25Ignacio Chávez National Heart Institute, México City, Mexico
26Department of Rheumatology and Clinical Immunology, Chinese
Academy of Medical Sciences & Peking Union Medical College,
National Clinical Research Center for Dermatologic and Immunologic
Diseases (NCRC‐DID), Ministry of Science & Technology, State Key
Laboratory of Complex Severe and Rare Diseases, Peking Union
Medical College Hospital (PUMCH), Key Laboratory of Rheumatology
and Clinical Immunology, Ministry of Education, Beijing, China
27Department of Translational Medical Sciences, Federico II University,
Naples, Italy
28Department of Medicine, Faculty of Medicine, University of Ottawa,
Ottawa, Canada
29Division of Cardiovascular Medicine, University of Michigan, Ann
Arbor, Michigan, USA
30Division of Pulmonary and Critical Care Medicine, University of
Utah, Salt Lake City, Utah, USA
31Department of Pulmonary and Critical Care Medicine, Intermountain
Medical Center Murray, Salt Lake City, Utah, USA
32Global Clinical Development, Bayer AG, Berlin, Germany
33Mount Sinai Heart, Icahn School of Medicine at Mount Sinai, New
York, New York, USA

ACKNOWLEDGMENTS
The authors acknowledge Kylie Matthews, MS, for her
support in manuscript preparation and copyediting. The
authors have no funding to report.

CONFLICTS OF INTEREST STATEMENT
Boucly reports consulting fees from AOP Orphan;
payment, honoraria for lectures, presentations, speakers
bureaus, manuscript writing or educational events from
AOP Orphan, MSD, and Janssen; and support for
attending meetings/travel from MSD and Janssen. Moles
reports grants or contracts from Acceleron Pharma,
Janssen, and CVS Caremark; and leadership or fiduciary
role in other board, society, committee, or advocacy
group, paid or unpaid, for Gossamer Bio. Elwing reports
grants or contracts from United Therapeutics Corpora-
tion, Gossamer Bio, Bayer, Acceleron/Merck, Altavant,
Aerovate, Tenax, Pharmosa, Actelion/Janssen, Arena,
Lung, Liquidia, and Phase Bio; consulting fees for United
Therapeutics Corporation; support for attending meet-
ings and/or travel for United Therapeutics, Altavant,
Aerovate, Bayer, Gossamer Bio, Liquida, Acceleron/
Merck, Janssen/Actelion, and Insmed; and other finan-
cial or nonfinancial interests from Bayer as a grant
reviewer. Jose reports grants or contracts from Team
Phenomenal Hope Charity, Francis Family Foundation,
United Therapeutics, and Janssen/Johnson & Johnson.
Alves Jr. reports payment or honoraria from Bayer and
Janssen; and support for attending meetings and/or
travel from Janssen. Minty reports consulting fees from
Janssen Pharmaceuticals and Orpyx Medical Technolo-
gies; and stock or stock options from Orpyx Medical
Technologies. Weatherald reports grants or contracts
from Janssen, Bayer, Merck, Canadian Institutes for
Health Research, and the Heart & Stroke Foundation of
Canada; consulting fees from Janssen and Merck;
payment or honoraria for lectures, presentations, speak-
ers bureaus, manuscript writing or educational events
from Janssen and Merck; payment for expert testimony
from Sprigings Intellectual Property Law; support for
attending meetings and/or travel from Janssen; partici-
pation on a data safety monitoring board or advisory
board from Janssen, Acceleron, and Université Laval;
and leadership or fiduciary role in other board, society,
committee or advocacy group, paid or unpaid, from the
Pulmonary Hypertension Association of Canada. Mathai
reports grants or contracts from NIH/NHLBI (HL125175)
and DOD (W81XWH‐20‐1‐0768); consulting fees from
Actelion/Janssen, Aerovate, Merck, United Therapeutics
Corporation, and Theravance; and participation on a data
safety monitoring board or advisory board from Bayer.
Sahay reports grants or contracts from United Therapeu-
tics Corporation, Janssen, Bayer, Merck, Liquidia, and
Gossamer; consulting fees from Merck, Liquidia, and
Gossamer; payment or honoraria for lectures, presenta-
tions, speakers bureaus, manuscript writing or educa-
tional events from United Therapeutics Corporation

PULMONARY CIRCULATION | 15 of 24



(received by hospital rather than self); patents planned,
issued, or pending with Janssen; and participation on a
data safety monitoring board or advisory board with
GSK, Bayer, United Therapeutics, and Janssen. Pulido
reports grants or contracts from Janssen, MSD, and
United Therapeutics; consulting fees from Janssen,
Bayer, Gossamer, and MSD; and payment or honoraria
for lectures, presentations, speakers bureaus, manuscript
writing or educational events from Bayer, Janssen, and
Pfizer. Badagliacca reports grants or contracts from
United Therapeutics Corporation, Ferrer, and Janssen;
consulting fees from MSD, United Therapeutics Corpo-
ration, Ferrer, Janssen, and AOP; payment or honoraria
for lectures, presentations, speakers bureaus, manuscript
writing or educational events from MSD, United
Therapeutics Corporation, Ferrer, Janssen, and AOP;
and support for attending meetings and/or travel from
MSD, United Therapeutics Corporation, Ferrer, Janssen,
and AOP. Cirulis reports grants or contracts from
Entelligence (now ATS); and leadership or fiduciary role
in other board, society, committee or advocacy group,
paid or unpaid, with ATS Web Committee Co‐Director
and ATS Program Committee. Gerges reports grants or
contracts from AOP Health; payment or honoraria for
lectures, presentations, speakers bureaus, manuscript
writing or educational events from AOP Health, Acte-
lion/Janssen, and Ferrer; and support for attending
meetings and/or travel from AOP Health, Actelion/
Janssen, Ferrer, Daiichi Sankyo, and MSD. Gillmeyer
reports grants or contracts from Parker B. Francis
Fellowship Award, Doris Duke Charitable Foundation
Award, and National Center for Advancing Translational
Sciences, National Institutes of Health (BU‐CTSI Grant
Number 1UL1TR001430); and leadership or fiduciary
role in other board, society, committee or advocacy
group, paid or unpaid, for the American Thoracic Society
Program Committee (unpaid). Hobohm reports consult-
ing fees for Janssen, Boston Consulting, and MSD. Lau
reports grants or contracts from Janssen and GSK;
consulting fees for Janssen; and payment or honoraria
for lectures, presentations, speakers bureaus, manuscript
writing or educational events from Janssen. Morland
reports grants or contracts from United Therapeutics
Corporation; leadership or fiduciary role in other board,
society, committee or advocacy group, paid or unpaid,
from the PVRI Innovative Drug Development Initiative
(unpaid); and stock or stock options from United
Therapeutics Corporation. Nikkho reports grants or
contracts from Bayer AG; and leadership or fiduciary
role in other board, society, committee or advocacy
group, paid or unpaid, from the PVRI Innovative Drug
Development Initiative (unpaid). The remaining authors
declare no conflict of interest.

ETHICS STATEMENT
All authors conform to the International Standard for
Authors. There are no ethical concerns.

ORCID
Kellie Morland https://orcid.org/0000-0003-1800-7983
Kari R. Gillmeyer https://orcid.org/0000-0002-
5333-259X
Sandeep Sahay https://orcid.org/0000-0002-0672-1680
Lukas Hobohm https://orcid.org/0000-0002-4312-0366
Zhi‐Cheng Jing https://orcid.org/0000-0003-0493-0929
Sylvia M. Nikkho https://orcid.org/0000-0003-
1245-2656
Raymond L. Benza https://orcid.org/0000-0001-
9627-6236

REFERENCES
1. Elliott CG. Real‐world data for pulmonary arterial hyper-

tension. Chest. 2019;155(4):653–4.
2. Sherman RE, Anderson SA, Dal Pan GJ, Gray GW, Gross T,

Hunter NL, LaVange L, Marinac‐Dabic D, Marks PW,
Robb MA, Shuren J, Temple R, Woodcock J, Yue LQ,
Califf RM. Real‐world evidence—what is it and what can it
tell us? N Engl J Med. 2016;375(23):2293–7.

3. Food and Drug Administration. Framework for FDA's Real‐
World Evidence Program 2018. Available from: https://www.
fda.gov/science-research/science-and-research-special-
topics/real-world-evidence

4. Arlett P, Kjær J, Broich K, Cooke E. Real‐world evidence in
EU medicines regulation: enabling use and establishing
value. Clin Pharm Ther. 2022;111(1):21–3.

5. Concato J, Corrigan‐Curay J. Real‐world evidence—where
are we now? N Engl J Med. 2022;386(18):1680–2.

6. Food and Drug Administration. Examples of real‐world
Evidence (RWE) used in medical device regulatory
decisions‐. 2023. Available from: https://www.fda.gov/
media/146258/download

7. Flynn R, Plueschke K, Quinten C, Strassmann V,
Duijnhoven RG, Gordillo‐Marañon M, Rueckbeil M,
Cohet C, Kurz X. Marketing authorization applications made
to the European Medicines Agency in 2018‐2019: what was
the contribution of real‐world evidence? Clin Pharm Ther.
2022;111(1):90–7.

8. Boucly A, Weatherald J, Savale L, Jaïs X, Cottin V, Prevot G,
Picard F, de Groote P, Jevnikar M, Bergot E, Chaouat A,
Chabanne C, Bourdin A, Parent F, Montani D, Simonneau G,
Humbert M, Sitbon O. Risk assessment, prognosis and
guideline implementation in pulmonary arterial hyper-
tension. Eur Respir J. 2017;50(2):1700889.

9. Benza RL, Gomberg‐Maitland M, Elliott CG, Farber HW,
Foreman AJ, Frost AE, McGoon MD, Pasta DJ, Selej M,
Burger CD, Frantz RP. Predicting survival in patients with
pulmonary arterial hypertension. Chest. 2019;156(2):323–37.

10. Humbert M, Kovacs G, Hoeper MM, Badagliacca R,
Berger RMF, Brida M, Carlsen J, Coats AJS, Escribano‐
Subias P, Ferrari P, Ferreira DS, Ghofrani HA,
Giannakoulas G, Kiely DG, Mayer E, Meszaros G,

16 of 24 | MORLAND ET AL.

https://orcid.org/0000-0003-1800-7983
https://orcid.org/0000-0002-5333-259X
https://orcid.org/0000-0002-5333-259X
https://orcid.org/0000-0002-0672-1680
https://orcid.org/0000-0002-4312-0366
https://orcid.org/0000-0003-0493-0929
https://orcid.org/0000-0003-1245-2656
https://orcid.org/0000-0003-1245-2656
https://orcid.org/0000-0001-9627-6236
https://orcid.org/0000-0001-9627-6236
https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence
https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence
https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence
https://www.fda.gov/media/146258/download
https://www.fda.gov/media/146258/download


Nagavci B, Olsson KM, Pepke‐Zaba J, Quint JK, Rådegran G,
Simonneau G, Sitbon O, Tonia T, Toshner M, Vachiery JL,
Noordegraaf AV, Delcroix M, Rosenkranz S. ESC/ERS
Scientific Document Group. ESC/ERS guidelines for the
diagnosis and treatment of pulmonary hypertension. Eur
Respir J. 2022;43(38):3618–731.

11. Sitbon O, Humbert M, Jaïs X, Ioos V, Hamid AM,
Provencher S, Garcia G, Parent F, Hervé P, Simonneau
G. Long‐term response to calcium channel blockers in
idiopathic pulmonary arterial hypertension. Circulation.
2005;111(23):3105–11.

12. Corrigan‐Curay J, Sacks L, Woodcock J. Real‐world evidence
and real‐world data for evaluating drug safety and effective-
ness. JAMA. 2018;320(9):867–8.

13. Humbert M, Sitbon O, Chaouat A, Bertocchi M, Habib G,
Gressin V, Yaïci A, Weitzenblum E, Cordier J, Chabot F,
Dromer C, Pison C, Reynaud‐Gaubert M, Haloun A,
Laurent M, Hachulla E, Cottin V, Degano B, Jaïs X,
Montani D, Souza R, Simonneau G. Survival in patients
with idiopathic, familial, and anorexigen‐associated pulmo-
nary arterial hypertension in the modern management era.
Circulation. 2010;122(2):156–63.

14. Benza RL, Miller DP, Barst RJ, Badesch DB, Frost AE,
McGoon MD. An evaluation of long‐term survival from time
of diagnosis in pulmonary arterial hypertension from the
REVEAL Registry. Chest. 2012;142(2):448–56.

15. Hoeper MM, Pausch C, Grünig E, Staehler G, Huscher D,
Pittrow D, Olsson KM, Vizza CD, Gall H, Distler O, Opitz C,
Gibbs JSR, Delcroix M, Ghofrani HA, Rosenkranz S, Park DH,
Ewert R, Kaemmerer H, Lange TJ, Kabitz HJ, Skowasch D,
Skride A, Claussen M, Behr J, Milger K, Halank M, Wilkens H,
Seyfarth HJ, Held M, Dumitrescu D, Tsangaris I, Vonk‐
Noordegraaf A, Ulrich S, Klose H. Temporal trends in pulmonary
arterial hypertension: results from the COMPERA registry. Eur
Respir J. 2022;59(6):2102024.

16. Hoeper MM, Huscher D, Ghofrani HA, Delcroix M,
Distler O, Schweiger C, Grunig E, Staehler G,
Rosenkranz S, Halank M, Held M, Grohé C, Lange TJ,
Behr J, Klose H, Wilkens H, Filusch A, Germann M, Ewert R,
Seyfarth HJ, Olsson KM, Opitz CF, Gaine SP, Vizza CD,
Vonk‐Noordegraaf A, Kaemmerer H, Gibbs JSR, Pittrow D.
Elderly patients diagnosed with idiopathic pulmonary
arterial hypertension: results from the COMPERA registry.
Int J Cardiol. 2013;168(2):871–80.

17. Kaemmerer H, Gorenflo M, Huscher D, Pittrow D, Apitz C,
Baumgartner H, Berger F, Bruch L, Brunnemer E, Budts W,
Claussen M, Coghlan G, Dähnert I, D'Alto M, Delcroix M,
Distler O, Dittrich S, Dumitrescu D, Ewert R, Faehling M,
Germund I, Ghofrani HA, Grohé C, Grossekreymborg K,
Halank M, Hansmann G, Harzheim D, Nemes A, Havasi K,
Held M, M. Hoeper M, Hofbeck M, Hohenfrost‐Schmidt W,
Jurevičienė E, Gumbienè L, Kabitz HJ, Klose H, Köhler T,
Konstantinides S, Köestenberger M, Kozlik‐Feldmann R,
Kramer HH, Kropf‐Sanchen C, Lammers A, Lange T,
Meyn P, Miera O, Milger‐Kneidinger K, Neidenbach R,
Neurohr C, Opitz C, Perings C, Remppis BA, Riemekasten G,
Scelsi L, Scholtz W, Simkova I, Skowasch D, Skride A,
Stähler G, Stiller B, Tsangaris I, Vizza CD,
Vonk Noordegraaf A, Wilkens H, Wirtz H, Diller GP,

Grünig E, Rosenkranz S. Pulmonary hypertension in adults
with congenital heart disease: real‐world data from the
international COMPERA‐CHD registry. J Clin Med.
2020;9(5):1456.

18. Boucly A, Cottin V, Nunes H, Jaïs X, Tazi A, Prévôt G, Reynaud‐
Gaubert M, Dromer C, Viacroze C, Horeau‐Langlard D, Pison C,
Bergot E, Traclet J, Weatherald J, Simonneau G, Valeyre D,
Montani D, Humbert M, Sitbon O, Savale L. Management and
long‐term outcomes of sarcoidosis‐associated pulmonary hyper-
tension. Eur Respir J. 2017;50(4):1700465.

19. Weatherald J, Boucly A, Launay D, Cottin V, Prévot G,
Bourlier D, Dauphin C, Chaouat A, Savale L, Jaïs X,
Jevnikar M, Traclet J, De Groote P, Simonneau G,
Hachulla E, Mouthon L, Montani D, Humbert M, Sitbon O.
Haemodynamics and serial risk assessment in systemic
sclerosis associated pulmonary arterial hypertension. Eur
Respir J. 2018;52(4):1800678.

20. Food and Drug Administration (FDA). Framework for FDA's
Real‐World Evidence Program. 2018. [updated February
2018. Available from: https://www.fda.gov/media/120060/
download#:~:text=Real%2DWorld%20Data%20(RWD),
derived%20from%20analysis%20of%20RWD

21. Cave A, Kurz X, Arlett P. Real‐world data for regulatory
decision making: challenges and possible solutions for
Europe. Clin Pharm Ther. 2019;106(1):36–9.

22. Katkade VB, Sanders KN, Zou KH. Real world data: an
opportunity to supplement existing evidence for the use of
long‐established medicines in health care decision making.
J Multidiscip Healthc. 2018;11:295–304.

23. Mc Cord KA, Al‐Shahi Salman R, Treweek S, Gardner H,
Strech D, Whiteley W, Ioannidis JPA, Hemkens LG.
Routinely collected data for randomized trials: promises,
barriers, and implications. Trials. 2018;19(1):29.

24. Rudrapatna VA, Butte AJ. Opportunities and challenges in
using real‐world data for health care. J Clin Invest.
2020;130(2):565–74.

25. Sievers H, Joos A, Hiligsmann M. Real‐world evidence:
perspectives on challenges, value, and alignment of regula-
tory and national health technology assessment data collec-
tion requirements. Int J Technol Assess Health Care.
2021;37:e40.

26. Andersson C, Hansen PW, Steffensen IE, Andreasen C,
Weeke PE, Køber L, Gislason GH, Torp‐Pedersen C.
Mortality associated with cardiovascular drugs in patients
with chronic obstructive pulmonary disease and right‐sided
heart failure—A danish nationwide registry‐based study. Eur
J Intern Med. 2019;63:56–61.

27. Schwartz SS, Madsen N, Laursen HB, Hirsch R, Olsen MS.
Incidence and mortality of adults with pulmonary hyper-
tension and congenital heart disease. Am J Cardiol.
2018;121(12):1610–6.

28. Wijeratne DT, Lajkosz K, Brogly SB, Lougheed MD, Jiang L,
Housin A, Barber D, Johnson A, Doliszny KM, Archer SL.
Increasing incidence and prevalence of world health organization
groups 1 to 4 pulmonary hypertension: a population‐based cohort
study in Ontario, Canada. Circ Cardiovasc Qual Outcomes.
2018;11(2):e003973.

29. Korsholm K, Andersen A, Kirkfeldt RE, Hansen KN,
Mellemkjær S, Nielsen‐Kudsk JE. Survival in an incident

PULMONARY CIRCULATION | 17 of 24

https://www.fda.gov/media/120060/download#:~:text=Real%2DWorld%20Data%20(RWD),derived%20from%20analysis%20of%20RWD
https://www.fda.gov/media/120060/download#:~:text=Real%2DWorld%20Data%20(RWD),derived%20from%20analysis%20of%20RWD
https://www.fda.gov/media/120060/download#:~:text=Real%2DWorld%20Data%20(RWD),derived%20from%20analysis%20of%20RWD


cohort of patients with pulmonary arterial hypertension in
Denmark. Pulm Circ. 2015;5(2):364–9.

30. Zura R, Irwin DE, Mack CD, Aldridge ML, Mackowiak JI.
Real‐world evidence: a primer. J Orthop Trauma.
2021;35(Suppl 1):S1–5.

31. Grimberg F, Asprion PM, Schneider B, Miho E, Babrak L,
Habbabeh A. The real‐world data challenges radar: a review
on the challenges and risks regarding the use of real‐world
data. Digit Biomark. 2021;5(2):148–57.

32. Facile R, Muhlbradt EE, Gong M, Li Q, Popat V, Pétavy F,
Cornet R, Ruan Y, Koide D, Saito TI, Hume S, Rockhold F,
Bao W, Dubman S, Jauregui Wurst B. Use of clinical data
interchange standards consortium (CDISC) standards for
real‐world data: expert perspectives from a qualitative delphi
survey. JMIR Med Inform. 2022;10(1):e30363.

33. Feinstein AR. Clinical epidemiology: the architecture of
clinical research. Philadelphia: W.B. Saunders; 1985.

34. Food and Drug Administration. Patient‐Generated Health
Data. Foundations and Opportunities. 2021. Available from:
https://www.fda.gov/media/148495/download

35. Hughes A, Shandhi MMH, Master H, Dunn J, Brittain E.
Wearable devices in cardiovascular medicine. Circ Res.
2023;132(5):652–70.

36. Mombers C, Legako K, Gilchrist A. Identifying medical
wearables and sensor technologies that deliver data on
clinical endpoints. Br J Clin Pharmacol. 2016;81(2):196–8.

37. Crane G, Lim JCW, Gau CS, Xie J, Chu L. The challenges and
opportunities in using real‐world data to drive advances in
healthcare in East Asia: expert panel recommendations. Curr
Med Res Opin. 2022;38(9):1543–51.

38. Trammell AW, Shah AJ, Phillips LS, Michael Hart C.
Mortality in US veterans with pulmonary hypertension: a
retrospective analysis of survival by subtype and baseline
factors. Pulm Circ. 2019;9(1):1–12.

39. Hiramatsu K, Barrett A, Miyata Y. Current status, challenges,
and future perspectives of real‐world data and real‐world
evidence in Japan. Drugs Real World Outcomes. 2021;8(4):
459–80.

40. European Commission. 2022. Available from: https://digital-
strategy.ec.europa.eu/en/policies/electronic-health-records

41. Kiourtis A, Mavrogiorgou A, Mavrogiorgos K, Kyriazis D,
Graziani A, Symvoulidis C, Bella G, Bocca S, Torelli F. Electronic
health records at people's hands across Europe: The InteropEH-
Rate Protocols. Stud Health Technol Inform. 2022;299:145–50.

42. Newman JH. Pulmonary hypertension by the method of Paul
Wood. Chest. 2020;158(3):1164–71.

43. Galiè N, McLaughlin VV, Rubin LJ, Simonneau G. An
overview of the 6th world symposium on pulmonary
hypertension. Eur Respir J. 2019;53(1):1802148.

44. Galiè N, Humbert M, Vachiery JL, Gibbs S, Lang I, Torbicki A,
Simonneau G, Peacock A, Vonk Noordegraaf A, Beghetti M,
Ghofrani A, Gomez Sanchez MA, Hansmann G, Klepetko W,
Lancellotti P, Matucci M, McDonagh T, Pierard LA,
Trindade PT, Zompatori M, Hoeper M. 2015 ESC/ERS
guidelines for the diagnosis and treatment of pulmonary
hypertension: the joint task force for the diagnosis and
treatment of pulmonary hypertension of the European Society
of Cardiology (ESC) and the European Respiratory Society

(ERS): endorsed by: Association for European Paediatric and
Congenital Cardiology (AEPC), International Society for Heart
and Lung Transplantation (ISHLT). Eur Respir J. 2015;46(4):
903–975s.

45. Humbert M, Kovacs G, Hoeper MM, Badagliacca R,
Berger RMF, Brida M, Carlsen J, Coats AJS, Escribano‐
Subias P, Ferrari P, Ferreira DS, Ghofrani HA,
Giannakoulas G, Kiely DG, Mayer E, Meszaros G,
Nagavci B, Olsson KM, Pepke‐Zaba J, Quint JK,
Rådegran G, Simonneau G, Sitbon O, Tonia T, Toshner M,
Vachiery JL, Noordegraaf AV, Delcroix M, Rosenkranz S.
ESC/ERS Scientific Document Group. ESC/ERS Guidelines
guidelines for the diagnosis and treatment of pulmonary
hypertension: developed by the task force for the diagnosis
and treatment of pulmonary hypertension of the European
Society of Cardiology (ESC) and the European Respiratory
Society (ERS). endorsed by the International Society for
Heart and Lung Transplantation (ISHLT) and the European
Reference Network on rare respiratory diseases (ERN‐
LUNG). Eur Heart J. 2022;43:3618–731.

46. Frost AE, Badesch DB, Barst RJ, Benza RL, Elliott CG,
Farber HW, Krichman A, Liou TG, Raskob GE, Wason P,
Feldkircher K, Turner M, McGoon MD. The changing
picture of patients with pulmonary arterial hypertension in
the United States. Chest. 2011;139(1):128–37.

47. Tang WHW, Wilcox JD, Jacob MS, Rosenzweig EB,
Borlaug BA, Frantz RP, Hassoun PM, Hemnes AR, Hill NS,
Horn EM, Singh HS, Systrom DM, Tedford RJ,
Vanderpool RR, Waxman AB, Xiao L, Leopold JA,
Rischard FP. Comprehensive diagnostic evaluation of car-
diovascular physiology in patients with pulmonary vascular
disease: insights from the PVDOMICS program. Circ Heart
Fail. 2020;13(3):e006363.

48. McLaughlin VV, Langer A, Tan M, Clements PJ, Oudiz RJ,
Tapson VF, Channick RN, Rubin LJ. Contemporary trends in
the diagnosis and management of pulmonary arterial
hypertension. Chest. 2013;143(2):324–32.

49. Emmons‐Bell S, Johnson C, Boon‐Dooley A, Corris PA,
Leary PJ, Rich S, Yacoub M, Roth GA. Prevalence, incidence,
and survival of pulmonary arterial hypertension: a systematic
review for the global burden of disease 2020 study. Pulm
Circ. 2022;12(1):e12020.

50. Gillmeyer KR, Lee MM, Link AP, Klings ES, Rinne ST,
Wiener RS. Accuracy of algorithms to identify pulmonary
arterial hypertension in administrative data. Chest.
2019;155(4):680–8.

51. Gillmeyer KR, Nunez ER, Rinne ST, Qian SX, Klings ES,
Wiener RS. Development and validation of algorithms to
identify pulmonary arterial hypertension in administrative
data. Chest. 2021;159(5):1986–94.

52. Mathai SC, Hemnes AR, Manaker S, Anguiano RH, Dean BB,
Saundankar V, Classi P, Nelsen AC, Gordon K,
Ventetuolo CE. Identifying patients with pulmonary arterial
hypertension using administrative claims algorithms. Ann
Am Thorac Soc. 2019;16(7):797–806.

53. Gillmeyer KR, Miller DR, Glickman ME, Qian SX, Klings ES,
Maron BA, Hanlon JT, Rinne ST, Wiener RS. Outcomes of
pulmonary vasodilator use in Veterans with pulmonary

18 of 24 | MORLAND ET AL.

https://www.fda.gov/media/148495/download
https://digital-strategy.ec.europa.eu/en/policies/electronic-health-records
https://digital-strategy.ec.europa.eu/en/policies/electronic-health-records


hypertension associated with left heart disease and lung
disease. Pulm Circ. 2021;11(2):1–12.

54. Heresi GA, Dean BB, Castillo H, Lee HF, Classi P, Stafkey‐
Mailey D, Kantorovich A, Morland K, Sketch MR, Wu BS,
King CS. Identifying patients with group 3 pulmonary
hypertension associated with COPD or ILD using an
administrative claims database. Lung. 2022;200(2):187–203.

55. Teal S, Auger WR, Hughes RJ, Ramey DR, Lewis KS,
O'Brien G, Yaldo A, Burton TM, Bancroft T, Seare J, Fabian J.
Validation of a claims‐based algorithm to identify patients
with chronic thromboembolic pulmonary hypertension using
electronic health record data. Pulm Circ. 2019;9(1):1–4.

56. Johnson SW, Gillmeyer KR, Bolton RE, McCullough MB,
Qian SX, Maron BA, Klings ES, Wiener RS. Variable
monitoring of veterans with group 3 pulmonary hypertension
treated with off‐label pulmonary vasodilator therapy. Ann
Am Thorac Soc. 2022;19(7):1236–9.

57. Schuler KP, Hemnes AR, Annis J, Farber‐Eger E, Lowery BD,
Halliday SJ, Brittain EL. An algorithm to identify cases of
pulmonary arterial hypertension from the electronic medical
record. Respir Res. 2022;23(1):138.

58. D'Alonzo GE, Barst RJ, Ayres SM, Bergofsky EH,
Brundage BH, Detre KM, Fishman AP, Goldring RM,
Groves BM, Kernis JT, Levy PS, Pietra GG, Reid LM,
Reeves JT, Rich S, Vreim CE, Williams GW, Wu M. Survival
in patients with primary pulmonary hypertension. Results
from a national prospective registry. Ann Intern Med.
1991;115(5):343–9.

59. Rich S. Primary pulmonary hypertension. A national
prospective study. Ann Intern Med. 1987;107(2):216–23.

60. Badesch DB, Raskob GE, Elliott CG, Krichman AM,
Farber HW, Frost AE, Barst RJ, Benza RL, Liou TG,
Turner M, Giles S, Feldkircher K, Miller DP, McGoon MD.
Pulmonary arterial hypertension. Chest. 2010;137(2):376–87.

61. Hoeper MM, Kramer T, Pan Z, Eichstaedt CA, Spiesshoefer J,
Benjamin N, Olsson KM, Meyer K, Vizza CD, Vonk‐
Noordegraaf A, Distler O, Opitz C, Gibbs JSR, Delcroix M,
Ghofrani HA, Huscher D, Pittrow D, Rosenkranz S,
Grünig E. Mortality in pulmonary arterial hypertension:
prediction by the 2015 European pulmonary hypertension
guidelines risk stratification model. Eur Respir J.
2017;50(2):1700740.

62. Kylhammar D, Kjellström B, Hjalmarsson C, Jansson K,
Nisell M, Söderberg S, Wikström G, Rådegran G. A
comprehensive risk stratification at early follow‐up deter-
mines prognosis in pulmonary arterial hypertension. Eur
Heart J. 2018;39(47):4175–81.

63. Hoeper MM, Pausch C, Grünig E, Klose H, Staehler G,
Huscher D, Pittrow D, Olsson KM, Vizza CD, Gall H,
Benjamin N, Distler O, Opitz C, Gibbs JSR, Delcroix M,
Ghofrani HA, Rosenkranz S, Ewert R, Kaemmerer H,
Lange TJ, Kabitz HJ, Skowasch D, Skride A, Jureviciene E,
Paleviciute E, Miliauskas S, Claussen M, Behr J, Milger K,
Halank M, Wilkens H, Wirtz H, Pfeuffer‐Jovic E, Harbaum L,
Scholtz W, Dumitrescu D, Bruch L, Coghlan G, Neurohr C,
Tsangaris I, Gorenflo M, Scelsi L, Vonk‐Noordegraaf A, Ulrich S,
Held M. Idiopathic pulmonary arterial hypertension phenotypes
determined by cluster analysis from the COMPERA registry.
J Heart Lung Transplant. 2020;39(12):1435–44.

64. Galiè N, Channick RN, Frantz RP, Grünig E, Jing ZC,
Moiseeva O, Preston IR, Pulido T, Safdar Z, Tamura Y,
McLaughlin VV. Risk stratification and medical therapy
of pulmonary arterial hypertension. Eur Respir J. 2019;
53(1):1801889.

65. Hoeper MM, Pausch C, Olsson KM, Huscher D, Pittrow D,
Grünig E, Staehler G, Vizza CD, Gall H, Distler O, Opitz C,
Gibbs JSR, Delcroix M, Ghofrani HA, Park DH, Ewert R,
Kaemmerer H, Kabitz HJ, Skowasch D, Behr J, Milger K,
Halank M, Wilkens H, Seyfarth HJ, Held M, Dumitrescu D,
Tsangaris I, Vonk‐Noordegraaf A, Ulrich S, Klose H,
Claussen M, Lange TJ, Rosenkranz S. COMPERA 2.0: a
refined four‐stratum risk assessment model for pulmonary
arterial hypertension. Eur Respir J. 2022;60(1):2102311.

66. Boucly A, Weatherald J, Savale L, de Groote P, Cottin V,
Prévot G, Chaouat A, Picard F, Horeau‐Langlard D,
Bourdin A, Jutant EM, Beurnier A, Jevnikar M, Jaïs X,
Simonneau G, Montani D, Sitbon O, Humbert M. External
validation of a refined four‐stratum risk assessment score
from the French pulmonary hypertension registry. Eur
Respir J. 2022;59(6):2102419.

67. Benza RL, Kanwar MK, Raina A, Scott JV, Zhao CL, Selej M,
Elliott CG, Farber HW. Development and validation of an
abridged version of the REVEAL 2.0 risk score calculator,
REVEAL lite 2, for use in patients with pulmonary arterial
hypertension. Chest. 2021;159(1):337–46.

68. Thenappan T, Shah SJ, Rich S, Tian L, Archer SL, Gomberg‐
Maitland M. Survival in pulmonary arterial hypertension: a
reappraisal of the NIH risk stratification equation. Eur Respir
J. 2010;35(5):1079–87.

69. Thenappan T, Shah SJ, Rich S, Gomberg‐Maitland M. A
USA‐based registry for pulmonary arterial hypertension:
1982‐2006. Eur Respir J. 2007;30(6):1103–10.

70. Peacock AJ, Murphy NF, McMurray JJV, Caballero L,
Stewart S. An epidemiological study of pulmonary arterial
hypertension. Eur Respir J. 2007;30(1):104–9.

71. van Loon RLE, Roofthooft MTR, Hillege HL, ten Harkel ADJ,
van Osch‐Gevers M, Delhaas T, Kapusta L, Strengers JLM,
Rammeloo L, Clur SAB, Mulder BJM, Berger RMF. Pediatric
pulmonary hypertension in the Netherlands: epidemiology
and characterization during the period 1991 to 2005.
Circulation. 2011;124(16):1755–64.

72. Gall H, Felix JF, Schneck FK, Milger K, Sommer N,
Voswinckel R, Franco OH, Hofman A, Schermuly RT,
Weissmann N, Grimminger F, Seeger W, Ghofrani HA.
The Giessen Pulmonary Hypertension Registry: Survival
in pulmonary hypertension subgroups. J Heart Lung
Transplant. 2017;36(9):957–67.

73. Kane GC, Maradit‐Kremers H, Slusser JP, Scott CG,
Frantz RP, McGoon MD. Integration of clinical and
hemodynamic parameters in the prediction of long‐term
survival in patients with pulmonary arterial hypertension.
Chest. 2011;139(6):1285–93.

74. Fruchter O, Yigla M. Underlying aetiology of pulmonary
hypertension in 191 patients: a single centre experience.
Respirology. 2008;13(6):825–31.

75. Escribano‐Subias P, Blanco I, López‐Meseguer M, Lopez‐
Guarch CJ, Roman A, Morales P, Castillo‐Palma MJ,
Segovia J, Gómez‐Sanchez MA, Barberà JA. Survival in

PULMONARY CIRCULATION | 19 of 24



pulmonary hypertension in Spain: insights from the Spanish
registry. Eur Respir J. 2012;40(3):596–603.

76. Bohacekova M, Kaldararova M, Valkovicova T, Remkova A,
Vesely J, Simkova I. Risk factors detection in chronic
thromboembolic pulmonary hypertension, a tool for risk
quantification? Bratisl Lek Listy. 2016;117(10):577–82.

77. Tueller C, Soccal P. Epidemiology of pulmonary hyper-
tension: new data from the Swiss registry. Swiss Med Wkly.
2008;138(25–26):379–84.

78. Mueller‐Mottet S, Stricker H, Domeninghetti G, Azzola A,
Geiser T, Schwerzmann M, Weilenmann D, Schoch O,
Fellrath JM, Rochat T, Lador F, Beghetti M, Nicod L,
Aubert JD, Popov V, Speich R, Keusch S, Hasler E,
Huber LC, Grendelmeier P, Tamm M, Ulrich S. Long‐term
data from the Swiss pulmonary hypertension registry.
Respiration. 2015;89(2):127–40.

79. Jing ZC, Xu XQ, Han ZY, Wu Y, Deng KW, Wang H,
Wang ZW, Cheng XS, Xu B, Hu SS, Hui RT, Yang YJ.
Registry and survival study in Chinese patients with
idiopathic and familial pulmonary arterial hypertension.
Chest. 2007;132(2):373–9.

80. Enríquez A, Castro P, Sepúlveda P, Verdejo H, Greig D,
Gabrielli L, Ferrada M, Lapostol C. [Changes long term
prognosis of 17 patients with pulmonary artery hyper-
tension]. Rev Med Chil. 2011;139(3):327–33.

81. Jansa P, Jarkovsky J, Al‐Hiti H, Popelova J, Ambroz D,
Zatocil T, Votavova R, Polacek P, Maresova J,
Aschermann M, Brabec P, Dusek L, Linhart A. Epidemiology
and long‐term survival of pulmonary arterial hypertension in
the Czech Republic: a retrospective analysis of a nationwide
registry. BMC Pulm Med. 2014;14(45):45.

82. Rådegran G, Kjellström B, Ekmehag B, Larsen F,
Rundqvist B, Blomquist SB, Gustafsson C, Hesselstrand R,
Karlsson M, Kornhall B, Nisell M, Persson L, Ryftenius H,
Selin M, Ullman B, Wall K, Wikström G, Willehadson M,
Jansson K. Characteristics and survival of adult Swedish
PAH and CTEPH patients 2000‐2014. Scand Cardiovasc J.
2016;50(4):243–50.

83. Bouzina H, Rådegran G, Butler O, Hesselstrand R,
Hjalmarsson C, Holl K, Jansson K, Klok R, Söderberg S,
Kjellström B. Longitudinal changes in risk status in
pulmonary arterial hypertension. ESC Heart Failure.
2021;8(1):680–90.

84. Ling Y, Johnson MK, Kiely DG, Condliffe R, Elliot CA,
Gibbs JSR, Howard LS, Pepke‐Zaba J, Sheares KKK,
Corris PA, Fisher AJ, Lordan JL, Gaine S, Coghlan JG,
Wort SJ, Gatzoulis MA, Peacock AJ. Changing demo-
graphics, epidemiology, and survival of incident pulmonary
arterial hypertension: results from the pulmonary hyper-
tension registry of the United Kingdom and Ireland. Am
J Respir Crit Care Med. 2012;186(8):790–6.

85. Hurdman J, Condliffe R, Elliot CA, Davies C, Hill C,
Wild JM, Capener D, Sephton P, Hamilton N,
Armstrong IJ, Billings C, Lawrie A, Sabroe I, Akil M,
O'Toole L, Kiely DG. ASPIRE registry: assessing the
spectrum of pulmonary hypertension identified at a REferral
centre. Eur Respir J. 2012;39(4):945–55.

86. Humbert M, Sitbon O, Chaouat A, Bertocchi M, Habib G,
Gressin V, Yaici A, Weitzenblum E, Cordier JF, Chabot F,

Dromer C, Pison C, Reynaud‐Gaubert M, Haloun A,
Laurent M, Hachulla E, Simonneau G. Pulmonary arterial
hypertension in France: results from a national registry. Am
J Respir Crit Care Med. 2006;173(9):1023–30.

87. Zagolin BM, Wainstein GE, Uriarte GdCP, Parra CR.
[Clinical, functional and hemodynamic features of patients
with pulmonary arterial hypertension]. Rev Med Chil.
2006;134(5):589–95.

88. Talavera L, Cáneva J, Favaloro L, Klein F, Boughen R,
Bozovich G, Ossés J, Favaloro R, Bertolotti A. Hipertensión
arterial pulmonar. Registro de un centro de referencia en
Argentina. Rev Am Med Respir. 2014;14:144–52.

89. Fraisse A, Jais X, Schleich JM, di Filippo S, Maragnès P,
Beghetti M, Gressin V, Voisin M, Dauphin C, Clerson P,
Godart F, Bonnet D. Characteristics and prospective 2‐year
follow‐up of children with pulmonary arterial hypertension
in France. Arch Cardiovasc Dis. 2010;103(2):66–74.

90. Wang J, Li M, Wang Q, Zhang X, Qian J, Zhao J, Xu D,
Tian Z, Wei W, Zuo X, Zhang M, Zhu P, Ye S, Zhang W,
Zheng Y, Qi W, Li Y, Zhang Z, Ding F, Gu J, Liu Y, Wang Y,
Zhao Y, Zeng X. Pulmonary arterial hypertension associated
with primary Sjögren's syndrome: a multicentre cohort study
from China. Eur Respir J. 2020;56:1902157.

91. Benza RL, Miller DP, Gomberg‐Maitland M, Frantz RP,
Foreman AJ, Coffey CS, Frost A, Barst RJ, Badesch DB,
Elliott CG, Liou TG, McGoon MD. Predicting survival in
pulmonary arterial hypertension: insights from the registry to
evaluate early and long‐term pulmonary arterial hyper-
tension disease management (REVEAL). Circulation.
2010;122(2):164–72.

92. Qian J, Li M, Zhang X, Wang Q, Zhao J, Tian Z, Wei W,
Zuo X, Zhang M, Zhu P, Ye S, Zhang W, Zheng Y, Qi W, Li Y,
Zhang Z, Ding F, Gu J, Liu Y, Wang Y, Zeng X. Long‐term
prognosis of patients with systemic lupus erythematosus‐
associated pulmonary arterial hypertension: CSTAR‐PAH
cohort study. Eur Respir J. 2019;53(2):1800081.

93. Zhang R, Dai LZ, Xie WP, Yu ZX, Wu BX, Pan L, Yuan P,
Jiang X, He J, Humbert M, Jing ZC. Survival of Chinese
patients with pulmonary arterial hypertension in the modern
treatment era. Chest. 2011;140(2):301–9.

94. Skride A, Sablinskis K, Lejnieks A, Rudzitis A, Lang I.
Characteristics and survival data from Latvian pulmonary
hypertension registry: comparison of prospective pulmonary
hypertension registries in Europe. Pulm Circ. 2018;8:1–9.

95. Pittrow D, Ghofrani H, Opitz C, Huscher D, Hoeper M.
Internationales, prospektives register zur erfassung der
initial‐ und dauertherapie von patienten mit pulmonaler
hypertonie (CompERA‐XL). Dtsch Med Wochenschr.
2009;134:S173–5.

96. Hoeper MM, Huscher D, Pittrow D. Incidence and preva-
lence of pulmonary arterial hypertension in Germany. Int
J Cardiol. 2016;203:612–3.

97. Baptista R, Meireles J, Agapito A, Castro G,
Marinho da Silva A, Shiang T, Gonçalves F, Robalo‐
Martins S, Nunes‐Diogo A, Reis A. Pulmonary hypertension
in Portugal: first data from a nationwide registry. BioMed Res
Int. 2013;2013:1–8.

98. Chung WJ, Park YB, Jeon CH, Jung JW, Ko KP, Choi SJ,
Seo HS, Lee JS, Jung HO. Baseline characteristics of the

20 of 24 | MORLAND ET AL.



Korean registry of pulmonary arterial hypertension. J Korean
Med Sci. 2015;30:1429–38.

99. Tamura Y, Kumamaru H, Satoh T, Miyata H, Ogawa A,
Tanabe N, Hatano M, Yao A, Abe K, Tsujino I, Fukuda K,
Kimura H, Kuwana M, Matsubara H, Tatsumi K. Effective-
ness and outcome of pulmonary arterial hypertension‐
specific therapy in Japanese patients with pulmonary arterial
hypertension. Circ J. 2018;82(1):275–82.

100. Alves JL, Gavilanes F, Jardim C, Fernandes CJCS,
Morinaga LTK, Dias B, Hoette S, Humbert M, Souza R.
Pulmonary arterial hypertension in the Southern Hemi-
sphere. Chest. 2015;147(2):495–501.

101. Wedzicha JA, Brochard L, Martinez FD, Martinez FJ.
Editorial changes and opportunities at theAJRCCM. Am
J Respir Crit Care Med. 2015;191:1–2.

102. Ploegstra MJ, Dunbar Ivy D, Beghetti M, Bonnet D,
Alehan D, Ablonczy L, Mattos S, Bowers D, Humpl T,
Berger RMF. TOPP Investigators. Long‐term outcome of
children with newly diagnosed pulmonary arterial hyper-
tension: results from the global TOPP‐registry. Eur Heart
J Qual Care Clin Outcomes. 2023;27:qcad020.

103. Marín MJC, Rotés AS, Ogando AR, Soto AM, Jiménez MQ,
Camacho JLG, Sonnenfeld IR, Bonora AM, Brotons DCA,
Galdó AM. Assessing pulmonary hypertensive vascular
disease in childhood. Data from the Spanish registry. Am
J Respir Crit Care Med. 2014;190(12):1421–9.

104. Deng L, Quan R, Yang Y, Yang Z, Tian H, Li S, Shen J, Ji Y,
Zhang G, Zhang C, Wang G, Liu Y, Cheng Z, Yu Z, Song Z,
Zheng Z, Cui W, Chen Y, Liu S, Xiong C, Shan G, He J.
Characteristics and long‐term survival of patients with
chronic thromboembolic pulmonary hypertension in China.
Respirology. 2021;26(2):196–203.

105. Quan R, Yang Y, Yang Z, Tian H, Li S, Shen J, Ji Y, Zhang G,
Zhang C, Wang G, Liu Y, Cheng Z, Yu Z, Song Z, Zheng Z,
Cui W, Chen Y, Liu S, Chen X, Qian Y, Xiong C, Shan G,
He J. Risk prediction in medically treated chronic thrombo-
embolic pulmonary hypertension. BMC Pulm Med.
2021;21(1):128.

106. Federacion Argentina de Cardiologia-Comité de Insuficien-
cia Cardíaca e Hipertensión Pulmonar. Diseño del Registro
HINPULSAR: HIpertensióN PULmonar y aSociaciones en la
ARgentina. Insuficiencia cardíaca. 2010;5:126–231.

107. Soliman Y, Elkorashy R, Kamal E, Ismail M, El‐Hinnawy Y,
Yamamah H, El Aziz A, Heshmat H, Mahmoud K, El‐
Gunidy H, El Shazly M, Soliman M. Pulmonary hypertension
registry: a single‐center experience in Egypt. Egypt J Chest
Dis Tuberc. 2020;69(3):596–603.

108. Thienemann F, Dzudie A, Mocumbi AO, Blauwet L,
Sani MU, Karaye KM, Ogah OS, Mbanze I, Mbakwem A,
Udo P, Tibazarwa K, Damasceno A, Keates AK, Stewart S,
Sliwa K. The causes, treatment, and outcome of pulmonary
hypertension in Africa: insights from the pan African
Pulmonary Hypertension Cohort (PAPUCO) Registry. Int
J Cardiol. 2016;221:205–11.

109. Dinarti LK, Hartopo AB, Kusuma AD, Satwiko MG,
Hadwiono MR, Pradana AD, Anggrahini DW. The COngeni-
tal HeARt disease in adult and pulmonary hypertension
(COHARD‐PH) registry: a descriptive study from single‐
center hospital registry of adult congenital heart disease and

pulmonary hypertension in Indonesia. BMC Cardiovasc
Disord. 2020;20(1):163.

110. Echazarreta DF, Perna ER, Coronel ML, Diez M, Lescano AJ,
Atamañuk AN, Mazzei JA, Cáneva JO, Svelitza GN,
Nitsche A, Babini A, Casado G, Haag DF, Cazalas M,
Stepffer C, RECOPILAR Registry I. Collaborative registry of
pulmonary hypertension in Argentina (RECOPILAR). Final
analysis. Medicina. 2021;81(2):180–90.

111. Abman SH, Mullen MP, Sleeper LA, Austin ED,
Rosenzweig EB, Kinsella JP, Ivy D, Hopper RK, Raj JU,
Fineman J, Keller RL, Bates A, Krishnan US, Avitabile CM,
Davidson A, Natter MD, Mandl KD. Characterisation of
paediatric pulmonary hypertensive vascular disease from the
PPHNet Registry. Eur Respir J. 2022;59(1):2003337.

112. Radchenko GD, Zhyvylo IO, Sirenko YM. Analysis of
pulmonary hypertension patient survival after treatment in
referral center (data of first Ukrainian register). Pulm Circ.
2019;9(2):1–9.

113. Harikrishnan S, Mani A, G S, M A, Menon J, G R,
Kumar RK, Koshy AG, Attacheril TV, George R,
Punnose E, Ashraf SM, SR A, Cholakkal M, Jeemon P,
Joseph S, Govindan U, Joseph J, Eapen K, Sreedharan M,
Kumar A, Venugopal K. Pulmonary hypertension registry of
Kerala, India (PRO‐KERALA): one‐year outcomes. Indian
Heart J. 2022;74(1):34–9.

114. Harikrishnan S, Sanjay G, Ashishkumar M, Menon J,
Rajesh G, Kumar RK. Pulmonary hypertension registry of
Kerala (PROKERALA) ‐ rationale, design and methods.
Indian Heart J. 2016;68(5):709–15.

115. Harikrishnan S, Sanjay G, Ashishkumar M, Menon J,
Rajesh GN, Kumar RK, George Koshy A, Attacheril TV,
George R, Punnoose E, Ashraf SM, Arun SR, Cholakkal M,
Jeemon P. Pulmonary hypertension registry of Kerala,
India (PRO‐KERALA)—clinical characteristics and practice
patterns. Int J Cardiol. 2018;265:212–7.

116. Sandoval Zarate J, Jerjes‐Sanchez C, Ramirez‐Rivera A,
Zamudio TP, Gutierrez‐Fajardo P, Elizalde Gonzalez J,
Leon MS, Gamez MB, Abril FM, Michel RP, Aguilar HG,
REMEHIP I. Mexican registry of pulmonary hypertension:
REMEHIP. Arch Cardiol Mex. 2017;87(1):13–7.

117. Zamudio TP, Sandoval J, Diaz CJSZ, Ramirez A, Beltran M,
Seoane M, Moreno J, GutiéRrez‐Fajardo P, Elizalde J,
Cueto G, GarcíA H, Parra R. The phenotype of the adult
Mexican patient with pulmonary arterial hypertension:
baseline characteristics of the REMEHIP registry. the
REMEHIP investigators. Eur Respir J. 2018;52(suppl 62):
PA3086.

118. Badlam JB, Badesch DB, Austin ED, Benza RL, Chung WK,
Farber HW, Feldkircher K, Frost AE, Poms AD, Lutz KA,
Pauciulo MW, Yu C, Nichols WC, Elliott CG, Simms R,
Fortin T, Safdar Z, Burger CD, Frantz RP, Hill NS, Airhart S,
Elwing J, Simon M, White RJ, Robbins IM, Chakinala MM.
United States pulmonary hypertension scientific registry.
Chest. 2021;159(1):311–27.

119. Saleh K, Khan N, Dougherty K, Bodi G, Michalickova M,
Mohammed S, Kerenidi T, Sadik Z, Mallat J, Farha S,
Sabbour H. The first pulmonary hypertension registry in the
United Arab Emirates (UAEPH): clinical characteristics,
hemodynamic parameters with focus on treatment and

PULMONARY CIRCULATION | 21 of 24



outcomes for patients with group 1‐PH. J Clin Med. 2023;12:
1996.

120. Gray MP, Kawut SM. The pulmonary hypertension associa-
tion registry: rationale, design, and role in quality improve-
ment. Adv Pulm Hypertens. 2018;16(4):185–8.

121. Pulmonary Hypertension Association. PHA Registry Enroll-
ment Reaches 2,022 in 2022. 2022. Available from: https://
phassociation.org/pha-registry-enrollment-reaches-2022-
in-2022/

122. Chang KY, Duval S, Badesch DB, Bull TM, Chakinala MM,
De Marco T, Frantz RP, Hemnes A, Mathai SC,
Rosenzweig EB, Ryan JJ, Thenappan T, Allen R,
Bartolome S, Benza R, Cadaret L, Eggert M, Elwing J,
Fineman J, Foley R, Ford HJ, Hirsch R, Grinnan J, Ivy DD,
Kawut S, Kennedy J, Klinger J, Leary P, Mazimba S,
Ramani G, Raina A, Runo J, Swisher J, Varghese N,
White RJ, Williamson T, Yung D, Zamanian R, Zwicke D.
Mortality in pulmonary arterial hypertension in the modern
era: early insights from the pulmonary hypertension
association registry. J Am Heart Assoc. 2022;11(9):e024969.

123. DesJardin JT, Kolaitis NA, Kime N, Kronmal RA, Benza RL,
Elwing JM, Lammi MR, McConnell JW, Presberg KW,
Sager JS, Shlobin OA, De Marco T, Allen R, Badesch D,
Bakshi S, Bartolome S, Bull T, Burger CD, Cadaret LM,
Chakinala M, De Marco T, Duncan M, Eggert M, Elwing JM,
Feldman J, Fineman J, Foley RJ, Ford HJ, Frantz RP,
Grinnan D, Hemnes AR, Hirsch R, Horn EM, Ivy DD,
Kawut SM, Klinger JR, Lammi MR, Leary PJ, Mathai SC,
Mazimba S, McConnell JW, Parikh KS, Presberg KW,
Raina A, Ramani G, Robinson JC, Rosenzweig EB,
Runo JR, Ryan JJ, Sager JS, Shlobin OA, Simon MA,
Swisher JW, Thenappan T, Varghese NP, Ventetuolo CE,
White RJ, Williamson T, Yung D, Zamanian RT, Zwicke DL.
Age‐related differences in hemodynamics and functional
status in pulmonary arterial hypertension: baseline results
from the pulmonary hypertension association registry.
J Heart Lung Transplant. 2020;39(9):945–53.

124. Kopeć G, Kurzyna M, Mroczek E, Chrzanowski Ł, Mularek‐
Kubzdela T, Skoczylas I, Kuśmierczyk B, Pruszczyk P,
Błaszczak P, Lewicka E, Karasek D, Mizia‐Stec K,
Tomaszewski M, Jacheć W, Ptaszyńska‐Kopczyńska K,
Peregud‐Pogorzelska M, Doboszyńska A, Pawlak A,
Gąsior Z, Zabłocka W, Ryczek R, Widejko‐Pietkiewicz K,
Waligóra M, Darocha S, Furdal M, Ciurzyński M,
Kasprzak JD, Grabka M, Kamiński K, Hoffman P,
Podolec P, Torbicki A. Characterization of patients with
pulmonary arterial hypertension: data from the polish
registry of pulmonary hypertension (BNP‐PL). J Clin Med.
2020;9(1):173.

125. Kwiatkowska J, Zuk M, Migdal A, Kusa J, Skiba E, Zygielo K,
Przetocka K, Werynski P, Banaszak P, Rzeznik‐
Bieniaszewska A, Surmacz R, Bobkowski W, Wojcicka‐
Urbanska B, Werner B, Pluzanska J, Ostrowska K,
Waldoch A, Kopec G. Children and adolescents with
pulmonary arterial hypertension: baseline and follow‐up
data from the polish registry of pulmonary hypertension
(BNP‐PL). J Clin Med. 2020;9(6):1717.

126. Majeed RW, Wilkins MR, Howard L, Hassoun PM, Anthi A,
Cajigas HR, Cannon J, Chan SY, Damonte V, Elwing J,

Förster K, Frantz R, Ghio S, Al Ghouleh I, Hilgendorff A,
Jose A, Juaneda E, Kiely DG, Lawrie A, Orfanos SE, Pepe A,
Pepke‐Zaba J, Sirenko Y, Swett AJ, Torbas O, Zamanian RT,
Marquardt K, Michel‐Backofen A, Antoine T, Wilhelm J,
Barwick S, Krieb P, Fuenderich M, Fischer P, Gall H,
Ghofrani HA, Grimminger F, Tello K, Richter MJ, Seeger W.
Pulmonary Vascular Research Institute GoDeep: a meta‐
registry merging deep phenotyping datafrom international
PH reference centers. Pulm Circ. 2022;12(3):e12123.

127. Constantine A, Dimopoulos K, Haworth SG, Muthurangu V,
Moledina S. Twenty‐year experience and outcomes in a
national pediatric pulmonary hypertension service. Am
J Respir Crit Care Med. 2022;206(6):758–66.

128. Scott JV, Garnett CE, Kanwar MK, Stockbridge NL,
Benza RL. Enrichment benefits of risk algorithms for
pulmonary arterial hypertension clinical trials. Am J Respir
Crit Care Med. 2021;203(6):726–36.

129. Boucly A, Savale L, Jaïs X, Bauer F, Bergot E, Bertoletti L,
Beurnier A, Bourdin A, Bouvaist H, Bulifon S, Chabanne C,
Chaouat A, Cottin V, Dauphin C, Degano B, De Groote P,
Favrolt N, Feng Y, Horeau‐Langlard D, Jevnikar M,
Jutant EM, Liang Z, Magro P, Mauran P, Moceri P,
Mornex JF, Palat S, Parent F, Picard F, Pichon J,
Poubeau P, Prévot G, Renard S, Reynaud‐Gaubert M,
Riou M, Roblot P, Sanchez O, Seferian A, Tromeur C,
Weatherald J, Simonneau G, Montani D, Humbert M,
Sitbon O. Association between initial treatment strategy
and long‐term survival in pulmonary arterial hypertension.
Am J Respir Crit Care Med. 2021;204(7):842–54.

130. Boucly A, Humbert M, Sitbon O. To be or not to be treated
with initial combination therapy, that is the (PAH) question.
Eur Respir J. 2022;59(6):2200390.

131. Sitbon O, Jais X, Savale L, Cottin V, Bergot E, Macari EA,
Bouvaist H, Dauphin C, Picard F, Bulifon S, Montani D,
Humbert M, Simonneau G. Upfront triple combination
therapy in pulmonary arterial hypertension: a pilot study.
Eur Respir J. 2014;43(6):1691–7.

132. Lapa MS, Ferreira EVM, Jardim C, Martins BCS,
Arakaki JSO, Souza R. Características clínicas dos pacientes
com hipertensão pulmonar em dois centros de referência em
São Paulo. Rev Assoc Med Bras. 2006;52:139–43.

133. Thienemann F, Dzudie A, Mocumbi AO, Blauwet L,
Sani MU, Karaye KM, Ogah OS, Mbanze I, Mbakwem A,
Udo P, Tibazarwa K, Ibrahim AS, Burton R, Damasceno A,
Stewart S, Sliwa K. Rationale and design of the Pan African
Pulmonary hypertension Cohort (PAPUCO) study: imple-
menting a contemporary registry on pulmonary hypertension
in Africa. BMJ Open. 2014;4:e005950.

134. Valverde AB, Soares JM, Viana KP, Gomes B, Soares C,
Souza R. Pulmonary arterial hypertension in Latin America:
epidemiological data from local studies. BMC Pulm Med.
2018;18(1):106.

135. Hasan B, Hansmann G, Budts W, Heath A, Hoodbhoy Z,
Jing ZC, Koestenberger M, Meinel K, Mocumbi AO,
Radchenko GD, Sallmon H, Sliwa K, Kumar RK. Challenges
and special aspects of pulmonary hypertension in middle‐ to
low‐income regions. J Am Coll Cardiol. 2020;75(19):2463–77.

136. Andersen MO, Diederichsen SZ, Svendsen JH, Carlsen J.
Heart rate variability in patients with pulmonary

22 of 24 | MORLAND ET AL.

https://phassociation.org/pha-registry-enrollment-reaches-2022-in-2022/
https://phassociation.org/pha-registry-enrollment-reaches-2022-in-2022/
https://phassociation.org/pha-registry-enrollment-reaches-2022-in-2022/


hypertension as assessed with long‐term continuous cardiac
monitoring correlates with other established risk assessment
parameters. Eur Heart J. 2021;42(Suppl 1):ehab724.1967.

137. Ramos RP, Arakaki JSO, Barbosa P, Treptow E, Valois FM,
Ferreira EVM, Nery LE, Neder JA. Heart rate recovery in
pulmonary arterial hypertension: relationship with exercise
capacity and prognosis. Am Heart J. 2012;163(4):580–8.

138. Sehgal S, Chowdhury A, Rabih F, Gadre A, Park MM, Li M,
Wang X, Highland KB. Counting steps: a new way to monitor
patients with pulmonary arterial hypertension. Lung.
2019;197(4):501–8.

139. Halliday SJ, Shi H, Brittain EL, Hemnes AR. Reduced free‐
living activity levels in pulmonary arterial hypertension
patients. Pulm Circ. 2019;9(1):1–3.

140. Scherrenberg M, Bonneux C, Yousif Mahmood D, Hansen D,
Dendale P, Coninx K. A mobile application to perform the six‐
minute walk test (6MWT) at home: a random walk in the park is
as accurate as a standardized 6MWT. Sensors. 2022;22(11):4277.

141. Zijlstra WMH, Ploegstra MJ, Vissia‐Kazemier T,
Roofthooft MTR, Sarvaas GM, Bartelds B, Rackowitz A,
van den Heuvel F, Hillege HL, Plasqui G, Berger RMF.
Physical activity in pediatric pulmonary arterial hypertension
measured by accelerometry. A candidate clinical endpoint.
Am J Respir Crit Care Med. 2017;196(2):220–7.

142. Nathan SD, Flaherty KR, Glassberg MK, Raghu G, Swigris J,
Alvarez R, Ettinger N, Loyd J, Fernandes P, Gillies H, Kim B,
Shah P, Lancaster L. A randomized, double‐blind, placebo‐
controlled study of pulsed, inhaled nitric oxide in subjects at
risk of pulmonary hypertension associated with pulmonary
fibrosis. Chest. 2020;158(2):637–45.

143. ClinicalTrials.gov. A Study to Assess Pulsed Inhaled Nitric
Oxide in Subjects With Pulmonary Fibrosis at Risk for
Pulmonary Hypertension (REBUILD). 2023. Updated Febru-
ary 21, 2023. Available from: https://clinicaltrials.gov/ct2/
show/NCT03267108

144. Heywood JT, Jermyn R, Shavelle D, Abraham WT,
Bhimaraj A, Bhatt K, Sheikh F, Eichorn E, Lamba S,
Bharmi R, Agarwal R, Kumar C, Stevenson LW. Impact of
practice‐based management of pulmonary artery pressures in
2000 patients implanted with the CardioMEMS sensor.
Circulation. 2017;135(16):1509–17.

145. Givertz MM, Stevenson LW, Costanzo MR, Bourge RC,
Bauman JG, Ginn G, Abraham WT. Pulmonary
artery pressure‐guided management of patients with heart
failure and reduced ejection fraction. J Am Coll Cardiol.
2017;70(15):1875–86.

146. Abraham WT, Adamson PB, Bourge RC, Aaron MF,
Costanzo MR, Stevenson LW, Strickland W, Neelagaru S,
Raval N, Krueger S, Weiner S, Shavelle D, Jeffries B,
Yadav JS. Wireless pulmonary artery haemodynamic mon-
itoring in chronic heart failure: a randomised controlled trial.
Lancet. 2011;377(9766):658–66.

147. Angermann CE, Assmus B, Anker SD, Asselbergs FW,
Brachmann J, Brett ME, Brugts JJ, Ertl G, Ginn G, Hilker L,
Koehler F, Rosenkranz S, Zhou Q, Adamson PB, Böhm M.
Pulmonary artery pressure‐guided therapy in ambulatory
patients with symptomatic heart failure: the CardioMEMS
European Monitoring Study for Heart Failure (MEMS‐HF).
Eur J Heart Fail. 2020;22(10):1891–901.

148. Benza RL, Doyle M, Lasorda D, Parikh KS, Correa‐Jaque P,
Badie N, Ginn G, Airhart S, Franco V, Kanwar MK, Murali S,
Raina A, Agarwal R, Rajagopal S, White J, Biederman R.
Monitoring pulmonary arterial hypertension using an
implantable hemodynamic sensor. Chest. 2019;156(6):
1176–86.

149. Thangavel S, Kanwar M, Benza R, Raina A. Long term safety
and outcomes utilizing the CardioMEMS device in patients
with pulmonary arterial hypertension. J Heart Lung
Transplant. 2022;41(Suppl 4):S141.

150. Airhart S, Verlinden N, Badie N, Raina A, Benza R. Use of an
implantable wireless pulmonary pressure monitor during
transition of therapy in pulmonary arterial hypertension.
J Heart Lung Transplant. 2019;38(2):227–30.

151. Weatherald J, Reis A, Sitbon O, Humbert M. Pulmonary
arterial hypertension registries: past, present and into the
future. Eur Respir Rev. 2019;28(154):190128.

152. Lane JCE, Weaver J, Kostka K, Duarte‐Salles T,
Abrahao MTF, Alghoul H, Alser O, Alshammari TM,
Biedermann P, Banda JM, Burn E, Casajust P,
Conover MM, Culhane AC, Davydov A, DuVall SL,
Dymshyts D, Fernandez‐Bertolin S, Fišter K, Hardin J,
Hester L, Hripcsak G, Kaas‐Hansen BS, Kent S, Khosla S,
Kolovos S, Lambert CG, van der Lei J, Lynch KE, Makadia R,
Margulis AV, Matheny ME, Mehta P, Morales DR, Morgan‐
Stewart H, Mosseveld M, Newby D, Nyberg F, Ostropolets A,
Park RW, Prats‐Uribe A, Rao GA, Reich C, Reps J,
Rijnbeek P, Sathappan SMK, Schuemie M, Seager S,
Sena AG, Shoaibi A, Spotnitz M, Suchard MA, Torre CO,
Vizcaya D, Wen H, de Wilde M, Xie J, You SC, Zhang L,
Zhuk O, Ryan P, Prieto‐Alhambra D. Risk of hydroxychlor-
oquine alone and in combination with azithromycin in the
treatment of rheumatoid arthritis: a multinational, retrospec-
tive study. Lancet Rheumatol. 2020;2(11):e698–e711.

153. Biedermann P, Ong R, Davydov A, Orlova A, Solovyev P,
Sun H, Wetherill G, Brand M, Didden EM. Standardizing
registry data to the OMOP common data model: experience
from three pulmonary hypertension databases. BMC Med
Res Methodol. 2021;21(1):238.

154. Inovultus Ltd. PAHTool. Available from: http://www.
pahtool.net/

155. How Electronic Health Records Strengthen the Health
Systems of Low‐ and Middle‐Income Countries: Learning
from Eswatini and Mexico. (2018).

156. Kumar M, Mostafa J. Electronic health records for better
health in the lower‐ and middle‐income countries. Library Hi
Tech. 2020;38(4):751–67.

157. World Health Organization: Regional Office for the Western
Pacific. Electronic health records: manual for developing
countries. 2006.

158. Woldemariam MT, Jimma W. Adoption of electronic health
record systems to enhance the quality of healthcare in low‐
income countries: a systematic review. BMJ Health Care
Inform. 2023;30:1.

159. Ong MS, Klann JG, Lin KJ, Maron BA, Murphy SN,
Natter MD, Mandl KD. Claims‐based algorithms for identi-
fying patients with pulmonary hypertension: a comparison of
decision rules and machine‐learning approaches. J Am Heart
Assoc. 2020;9(19):e016648.

PULMONARY CIRCULATION | 23 of 24

https://clinicaltrials.gov/ct2/show/NCT03267108
https://clinicaltrials.gov/ct2/show/NCT03267108
http://www.pahtool.net/
http://www.pahtool.net/


160. Kiely DG, Doyle O, Drage E, Jenner H, Salvatelli V,
Daniels FA, Rigg J, Schmitt C, Samyshkin Y, Lawrie A,
Bergemann R. Utilising artificial intelligence to determine
patients at risk of a rare disease: idiopathic pulmonary
arterial hypertension. Pulm Circ. 2019;9(4):1–9.

161. Kwon J, Kim KH, Medina‐Inojosa J, Jeon KH, Park J, Oh BH.
Artificial intelligence for early prediction of pulmonary
hypertension using electrocardiography. J Heart Lung
Transplant. 2020;39(8):805–14.

162. Kanwar MK, Gomberg‐Maitland M, Hoeper M, Pausch C,
Pittrow D, Strange G, Anderson JJ, Zhao C, Scott JV,
Druzdzel MJ, Kraisangka J, Lohmueller L, Antaki J, Benza RL.
Risk stratification in pulmonary arterial hypertension using
Bayesian analysis. Eur Respir J. 2020;56(2):2000008.

163. Zhang J, Gajjala S, Agrawal P, Tison GH, Hallock LA,
Beussink‐Nelson L, Lassen MH, Fan E, Aras MA, Jordan C,
Fleischmann KE, Melisko M, Qasim A, Shah SJ, Bajcsy R,
Deo RC. Fully automated echocardiogram interpretation in
clinical practice. Circulation. 2018;138(16):1623–35.

164. Rhodes CJ, Sweatt AJ, Maron BA. Harnessing big data to
advance treatment and understanding of pulmonary hyper-
tension. Circ Res. 2022;130(9):1423–44.

165. Kong HJ. Managing unstructured big data in healthcare
system. Healthc Inform Res. 2019;25(1):1–2.

166. Geva A, Stedman JP, Manzi SF, Lin C, Savova GK,
Avillach P, Mandl KD. Adverse drug event presentation
and tracking (ADEPT): semiautomated, high throughput
pharmacovigilance using real‐world data. JAMIA Open.
2020;3(3):413–21.

167. Tissot HC, Shah AD, Brealey D, Harris S, Agbakoba R,
Folarin A, Romao L, Roguski L, Dobson R, Asselbergs FW.
Natural language processing for mimicking clinical trial
recruitment in critical care: a semi‐automated simulation
based on the LeoPARDS trial. IEEE J Biomed Health Inform.
2020;24(10):2950–9.

168. Johnson SA, Signor EA, Lappe KL, Shi J, Jenkins SL,
Wikstrom SW, Kroencke RD, Hallowell D, Jones AE,
Witt DM. A comparison of natural language processing to
ICD‐10 codes for identification and characterization of
pulmonary embolism. Thromb Res. 2021;203:190–5.

169. Reading Turchioe M, Volodarskiy A, Pathak J, Wright DN,
Tcheng JE, Slotwiner D. Systematic review of current natural
language processing methods and applications in cardiology.
Heart. 2022;108(12):909–16.

170. Keerie C, Tuck C, Milne G, Eldridge S, Wright N, Lewis SC.
Data sharing in clinical trials—practical guidance on
anonymising trial datasets. Trials. 2018;19(1):25.

171. Gerges C, Gerges M, Skoro‐Sajer N, Zhou Y, Zhang L,
Sadushi‐Kolici R, Jakowitsch J, Lang MB, Lang IM. Hemo-
dynamic thresholds for precapillary pulmonary hyper-
tension. Chest. 2016;149(4):1061–73.

172. Ventetuolo CE, Gabler NB, Fritz JS, Smith KA, Palevsky HI,
Klinger JR, Halpern SD, Kawut SM. Are hemodynamics
surrogate end points in pulmonary arterial hypertension?
Circulation. 2014;130(9):768–75.

173. Public Consultation on the Draft Global Strategy on Digital
Health. 2019. Available from: https://extranet.who.int/
dataform/upload/surveys/183439/files/Public-Consultation-
on-the-Draft-Global-Strategy-on-Digital-Health.pdf

How to cite this article: Morland K, Gerges C,
Elwing J, Visovatti SH, Weatherald J, Gillmeyer
KR, Sahay S, Mathai SC, Boucly A, Williams PG,
Harikrishnan S, Minty EP, Hobohm L, Jose A,
Badagliacca R, Lau EMT, Jing Z‐C, Vanderpool
RR, Fauvel C, Leonidas Alves J, Strange G, Pulido
T, Qian J, Li M, Mercurio V, Zelt JGE, Moles VM,
Cirulis MM, Nikkho SM, Benza RL, Elliott CG.
Real‐world evidence to advance knowledge in
pulmonary hypertension: Status, challenges, and
opportunities. A consensus statement from the
Pulmonary Vascular Research Institute's
Innovative Drug Development Initiative's Real‐
world Evidence Working Group. Pulm Circ.
2023;13:e12317. https://doi.org/10.1002/pul2.12317

24 of 24 | MORLAND ET AL.

https://extranet.who.int/dataform/upload/surveys/183439/files/Public-Consultation-on-the-Draft-Global-Strategy-on-Digital-Health.pdf
https://extranet.who.int/dataform/upload/surveys/183439/files/Public-Consultation-on-the-Draft-Global-Strategy-on-Digital-Health.pdf
https://extranet.who.int/dataform/upload/surveys/183439/files/Public-Consultation-on-the-Draft-Global-Strategy-on-Digital-Health.pdf
https://doi.org/10.1002/pul2.12317

	Real-world evidence to advance knowledge in pulmonary hypertension: Status, challenges, and opportunities. A consensus statement from the Pulmonary Vascular Research Institute's Innovative Drug Development Initiative's Real-world Evidence Working Group
	INTRODUCTION
	DEFINITIONS AND DATA SOURCES
	Administrative claims data
	EHRs
	Registry data
	Patient-generated health data (PGHD)

	GENERAL CHALLENGES WHEN UTILIZING RWD
	CHALLENGES WHEN UTILIZING RWD TO STUDY PH
	CURRENT STATUS OF RWD IN PH AND OPPORTUNITIES FOR IMPROVEMENT
	Administrative claims data
	EHRs
	Registry data
	Patient-generated biometric data

	RESOURCES NEEDED TO PROVIDE MEANINGFUL RWE TO THE GLOBAL PH COMMUNITY
	Recommendations to improve current RWD sources for PH populations
	Methods to improve RWD analysis for PH populations
	Opportunities to improve regulatory policies to support the acquisition, use, and value of RWD

	SUMMARY AND RECOMMENDATIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICTS OF INTEREST STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES




