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INTRODUCTION

Pulmonary hypertension (PH) causes significant morbidity
and mortality in children either as an isolated condition
(idiopathic pulmonary arterial hypertension; IPAH) or in the
setting of diverse diseases, including cardiac, pulmonary,
hematologic, and other systemic disorders of childhood."”
Over the past decade, the field of pediatric PH has evolved
into a subspecialty, caring for very high-risk, complex chil-
dren. Pediatric PH programs grew throughout North Amer-
ica to meet this need but usually consisted of one physician
who was relied upon heavily for expertise and continuous
coverage. During this early era (1990-2010), these programs
faced multiple challenges, including the lack of pediatric-
specific guidelines for medical decision-making, minimal
administrative support, and insufficient professional
resources.

Today, a number of established pediatric PH programs in
North America at varying levels of size and breadth have
developed to meet the changing needs of the growing pe-
diatric PH population. Although joint guidelines on the care
of children with PH from the American Heart Association
(AHA) and American Thoracic Society (ATS) recommend
the development of multidisciplinary programs to optimize
the management of neonates, infants, and children with PH,?
details regarding the nature and composition of these pro-
grams are lacking. While some pediatric PH programs have
developed and successfully overcome early hurdles, many
other medical centers either lack PH programs
or are still struggling to surmount these critical barriers to
enhance care delivery, improve health outcomes and en-
hance program growth.

In 2011 the Pulmonary Hypertension Association (PHA)
developed an accreditation program to define centers of
comprehensive care (CCC), to highlight centers providing
outstanding care, and to delineate a standard criterion-based
approach to diagnosis, evaluation, and management. The led
to the development of the PHA-Accredited PH Care Centers
(PHCC) Initiative, which is a formalized accreditation process
with specific requirements for CCC in both adults and chil-
dren (https://phassociation.org/phcarecenters). This provides
an excellent framework for defining and maintaining center
excellence, as well as a method for patients, families, and
medical personnel to identify highly qualified referral

and commitment to education. It is our intention that this document will assist
newer and/or smaller programs identify avenues and resources for growth and
provide avenues for collaboration.

program development, pulmonary vascular disease, regional care

centers.” The criteria were chosen based on expert consensus
by PHA clinician leadership and have standard requirements
for Center Director, Center Coordinator, Program Staff and
Support Services, Facility, and Research—plus elements that
are required to demonstrate expertise in the care of Groups 1,
3, and 4 in the World Symposium for Pulmonary Hy-
pertension (WSPH) classification schema.

The Pediatric Pulmonary Hypertension Network
(PPHNet) was created as a network of established academic
PH programs in North America to improve the health,
quality of care, and outcomes of all children with PH by
enhancing collaboration.” Each member site is led by a pri-
mary investigator or site director to support the mission of the
PPHNet in clinical care, education, training, advocacy, and
high-quality research to push the field of pediatric PH for-
ward.” In this way, the PPHNet differs from the PHA in its
focus on NIH research for pediatrics, including the develop-
ment of the largest single registry of pediatric patients with
PH."® Another focus includes collaborative authoring of
practice guidelines, multicenter reviews, and consensus
statements.

To address the lack of criteria for an optimal pediatric
PH program, members of the PPHNet sought to de-
termine similarities and differences between the PPHNet
programs that may better define the favorable composi-
tion of a PH program. We approached this goal by sur-
veying site directors at PPHNet sites and then engaging in
extensive consensus discussions with PPHNet members.
We further reviewed recommendations from the PHA
accreditation process to provide important constructs for
a successful pediatric PH program. In this paper, we
provide a collective overview of key elements which were
instrumental for the growth of established pediatric PH
care programs, to advise and assist the development of
new PH programs and to identify avenues and resources
for growth and collaboration.

METHODS

To determine the constitution and design of the current
PPHNet programs we administered a Qualtrics survey to
every site director of participating centers and supported ex-
tensive discussion to develop a group consensus regarding
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the recommended composition of a dedicated program. The
site directors were encouraged to confer with their respective
teams for survey participation. Two consecutive surveys
were administered to this group of site directors at each of
the PPHNet sites to determine program composition at each
center, outpatient care, inpatient service, research, education,
and collaboration. The first survey, administered through
Qualtrics (Provo, UT) consisted of 33 questions. The second
survey was administered through web-based survey platform
Survey Monkey (SurveyMonkey Inc.; www.surveymonkey.
com) and consisted of 14 follow-up questions for more de-
tailed characterization of the surveyed sites.

PPHNet members reviewed survey results, discussed the
composition of each program and what would be optimal for
the growth and maintenance of excellence. This discussion
focused on three main aspects of an optimal pediatric PH
program: (1) team composition; (2) treatments, services, and
facilities offered for patient care; (3) scholarly activity: re-
search and education. Consensus was derived from PPHNet
member discussion.

RESULTS

Surveys were administered to all 13 PPHNet sites. Char-
acteristics of each program are included in Table 1. As noted,
PPHNet sites generally have large PH programs. To our
knowledge, the sites in the PPHNet comprise the largest
pediatric PH centers in the country. Eight of these programs
are also accredited by the PHA as CCCs. All programs
managed patients on continuous parenteral prostacyclin
therapy, with the majority managing >11 patients at a time.
All programs considered themselves PH referral centers or
destinations for other smaller regional programs. It was no-
ted that for referred patients, the PPHNet site assumed and
maintained primary responsibility of the patient's PH care
and saw the patient regularly in addition to communicating
with external centers by phone or email. Additional survey
results were tabulated, and trends noted (Figures 1 and 2).

Team composition

Program sites reported at least one pediatric cardiologist
(range: 1-3) in 80%, at least one pediatric pulmonologist
(range: 1-4) in 40%, at least one pediatric critical care phy-
sician (range: 1-2) in 40%, and at least one neonatologist
(range: 1-2) in 40% of the responding sites. One program
also included a pediatric geneticist and pediatric palliative
care physician. Of the sites surveyed, 50% included an MD
from two or more disciplines on their PH team. All programs
had dedicated nurse practitioners (range: 1-2). The majority
(70%) of programs had a nurse (five dedicated, two shared),
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90% had a research coordinator (six dedicated, three shared),
80% a social worker (one dedicated, seven shared), 60% a
pharmacist (one dedicated, five shared), and 70% a dietician
(one dedicated, six shared). In addition, 40% of programs had
access to a shared genetics counselor and a shared child life
specialist.

All programs indicated that they had a dedicated
program coordinator. The majority of PH program co-
ordinator positions were filled by a registered nurse
(62%) or nurse practitioner (69%) with a smaller number
of roles filled by research coordinators or respiratory
therapists. The total full-time equivalent (FTE) of the PH
coordinator at these sites varied.

Pediatric lung transplant program access either at the
same institution (40%) or through an established referral
process to a lung transplant program at an external in-
stitution (60%) was available for all sites. All programs had
an affiliated adult PH program, with varied processes for
transition such as shared clinic with adult providers or a
structured transition process beginning in adolescence,
while others were still identifying a center-specific protocol.

Clinical care

All sites had an outpatient PH clinic, ranging in frequency
from 1 half-day per week to 3 full days per week. Most
providers saw between three and seven patients per half-day
session, although one site reported >8 patients per half-day.

Inpatient care was a feature for the majority of the sur-
veyed programs as well, providing consulting coverage in the
various intensive care units (cardiac, pediatric, and neonatal
intensive care units.) In addition to serving as intensive care
consultants, 40% of survey respondents also had a primary
admitting service, and 80% cared for children with PH on the
acute care ward. All respondents cared for neonatal/infant
Group 3 patients, with the majority in an interdisciplinary
fashion with other pediatric subspecialists.

RESPONSES TO QUERIES ABOUT
TESTING

Almost all responding sites reported ready access for
echocardiograms, electrocardiograms, cardiopulmonary
exercise tests, and pulmonary function tests within the
PH clinic or institution. All sites performed 6-min walk
tests (6MWT), starting in preschool or school-age. Ge-
netic testing was performed for the majority of Group 1
patients but not routinely in Group 3 patients.

Sites were queried about timing for right heart ca-
theterization (RHC) at diagnosis: 91% stated that they
would seek this testing for Group 1 compared to 73% for
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Program Composition
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FIGURE 1 Composition of advanced practice provider and physician support in surveyed programs. Percentage indicated the numbers

of programs with each type of provider

Ancillary Providers
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FIGURE 2 Composition of ancillary support in surveyed programs. Percentage indicated the numbers of programs with each type of provider

Group 3 (n=11) and were more likely to perform RHC
routinely at regular intervals for Group 1 children. Re-
peated RHC in Group 3 population were typically done
with changes in medical therapy or to inform clinical
medical decision-making.

Educational and scholarly activity

Programs provided hospital staff education, had a prostacy-
clin protocol(s), and participated in academic writing pub-
lications specific to PH. Almost 90% held regular teaching
conferences for trainees. In addition to education, programs
reported participation in PH-specific research (n=11), the
majority of programs having two to four studies per site.

Study types included industry-sponsored trials, NIH/feder-
ally funded trials, local studies (prospective and retro-
spective), collaborative/multicenter studies, and registries.
Most sites had a dedicated research coordinator for PH
studies. Additional research support such as statistics, grant
writing, and funding were shared across the institution.

CONSENSUS

Building on the survey results, consensus among PPHNet
member sites, and taking the PHA recommendations for
CCC into account, we identified required and recommended
components to build a dedicated pediatric PH program.
These are summarized in Table 2. For the team composition,



6 of 10

TABLE 2 Components of a dedicated pediatric PH program

A. Team composition

Component

Program director: The primary clinical focus is
pediatric PH. May have protected PH
research time

PH team subspecialties: Multidisciplinary team for
direct PH care

Consulting services: Collaboration between PH
team and consultant services

Program coordinator (recommended RN or
APP): Performs coordination of care between
patient, specialty pharmacies, and insurance
companies; first line of team contact for
patient/caregiver

Nurse practitioner: Provides medical and research
support through inpatient and outpatient care
including transition, communication with
family and prostacyclin management

Ancillary services: Diverse team to work with
medical team for interdisciplinary care
delivery of comprehensive services and
assessment

HANDLER ET AL.

Required

Pediatric cardiology and/or
pediatric pulmonology

Genetics

Palliative care

Rheumatology

Gastroenterology Physical
Medicine and
rehabilitation

Cardiac anesthesia

Interventional cardiology

Cardiac surgery

®

Social worker
Pharmacist dietician
Child life
Administrative support

B. Treatments, services, and facilities offered for patient care

Pediatric interventional cardiology/pediatric
cardiothoracic surgery

Continuous patient care coverage: Daily service
and physician call schedule for PH patients

Comprehensive offering of vasodilator
therapies: Expertise with all available
pulmonary vasodilator treatments (oral,
inhaled, subcutaneous, intravenous)

Patient, caregiver, and staff education: Education
on prostacyclin therapy inpatient and at home

Treatment expertise: All WSPH/Panama
classification groups of PH

Acute vasodilator testing
Atrial septostomy
Ductus arteriosus stent

®

®

®

Provide comprehensive
care or consultation on

neonatal/infant Group 3

patients

Recommended (either at
primary institution or
through referral)

Neonatology pediatric
Intensive care

Pediatric
Pulmonology/cardiology

Surgeons skilled in
thromboendarterectomy
(referral basis)

Lung transplant specialists

Developmentalist

Palliative care

Pediatric surgery

Pain management
Genetics counselor/genetics

Reverse Potts shunt
Lung transplantation

CTEPH program
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TABLE 2 (Continued)

B. Treatments, services, and facilities offered for patient care

Transition pathway: Identified partner for
continuing adult care

Referral destination: Center for regional and (%)

affiliate partners, able to provide care for
Medicaid patients

Full ancillary testing: Echocardiogram, ®

catheterization, CT/MRI, V/Q, CPET,
6MWT, PFT

Institutional support: Recognized role of PH team ®

within institution, support for expansion

C. Scholarly activity: research and education

Active participation in research: Industry- ®

sponsored, Pl-initiated, registries
Research support

Education of learners: Students, residents, fellows,

colleagues
Hospital staff education ®
Conference participation: Regional (as ®

applicable), local and national conferences

Commitment to quality improvement: Regular ®

projects for program self-assessment
and growth

the authors reviewed the multidisciplinary teams at PPHNet
member sites necessary to provide comprehensive care for
patients with all WSPH group patients. The following team
components were determined to be essential either at the
primary institution or available through referral to address
all aspects of pediatric PH disease and to provide all possible
treatment options for all WSPH groups, based on current
PPHNet site composition.

DISCUSSION

Pediatric PH has evolved into a complex subspecialty re-
quiring multidisciplinary care, program expertise paired with
national collaboration for research, efforts to train the next
generation, and the establishment of clinical practice
guidelines. Initially, care teams in a few programs across the
nation focused primarily on children with Group 1 pul-
monary arterial hypertension (PAH), according to the clas-
sification by the sixth WSPH and treatment with pulmonary
vasodilators followed adult treatment guidelines. Improve-
ments in diagnosis, treatment, and recognition of PH asso-
ciated with other systemic childhood diseases, such as
congenital heart disease and chronic lung disease, have now

Research coordinator

Statistician

®

expanded the field and the need for pediatric PH specialty
programs with pediatric-specific guidelines.

Pediatric PH programs now include care for a large
number of children with PH associated with lung
disease (WSPH Group 3), which represents nearly 50%
of subjects enrolled in the PPHNet Registry.” This
finding underscores the advances in neonatal care
allowing survival of premature infants with bronch-
opulmonary dysplasia and congenital diaphragmatic
hernia, as well as a growing awareness of rare devel-
opmental lung diseases. This also highlights the need
for developing multidisciplinary teams, including
cardiologists, neonatologists, pulmonologists, in-
tensivists, and others, to optimize outcomes.””>” In
addition, a team approach is necessary to enhance the
continuity of inpatient and outpatient care with a
seamless transition to chronic ambulatory care with
pediatric subspecialty providers and then ultimately
for transition on to adult PH providers." >’

Addressing the need for standardization of diagnostic
evaluation and treatment of pediatric PH, PPHNet lea-
ders along with the AHA and ATS created a working
group to establish practice guidelines.” Acknowledging
the guidelines were created from both best practice
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evidence as well as expert consensus, recommendations
were made regarding initial diagnostic testing, treatment
algorithms, and follow-up care.

Throughout these joint guidelines, care is recommended
at “an experienced center” or in “comprehensive, multi-
disciplinary clinics at specialized pediatric centers.” The re-
cognition of the importance of expert, specialized care is
evident by the multidisciplinary recommendations for all
types of PH including patients with hereditary PAH or other
genetic syndromes, as well as those related to other systemic
diseases. Interestingly, despite the obvious need to conduct
care in this setting, published patient care guidelines do not
define the composition of such an established center nor
what constitutes experience.

As a service to both collaborating physicians as
well as families seeking specialized care, the PHA, an
independent private nonprofit organization, created
an accreditation framework for the designation of
CCCs based on expert recommendations.” These cri-
teria provide a construct for both the identification of
necessary resources and the determination of the
appropriate structure and experience of a compre-
hensive program. However, since the establishment of
the PPHNet and PHA accreditation of CCCs, there has
not been an overview of the makeup, clinical practice
patterns, programmatic support structure, or infra-
structure of these expert pediatric centers nor detailed
recommendations. Now that it has been 10 years since
the PHCC initiative was first undertaken, assessment
of these centers in addition to PPHNet sites shows
that expert pediatric PH care is often tailored for in-
stitutional and regional needs, resulting in significant
heterogeneity. In reviewing program make-up and
proposed criteria, we acknowledge the overlap with
the PHA criteria for a comprehensive pediatric center
and aim to jointly determine and work toward the
definition of an optimized, dedicated program for
pediatric care.

However, for smaller or early-stage programs, the
importance of identifying necessary components for a
successful program cannot be overstated. There is no
guiding document on how to build a dedicated pe-
diatric PH program and so this project was created to
meet that need. Querying several successful programs
in the country, we have identified the resources that
are necessary to successfully deliver complete care to
children with PH. Therefore, we present consensus
recommendations with specific recommendations for
the program “must-haves” and “should-haves.”

The clear need for multidisciplinary support from
various team members—physicians, advanced prac-
tice providers, ancillary staff—was evident through-
out this discussion. However, we submit that a

multidisciplinary program is not enough; but rather
interdisciplinary, highlighting a collaborative and
integrated approach to care. The ability to provide
continuous inpatient and outpatient care, as well as
the infrastructure to support the stringent require-
ments for not only enrollment for medication ad-
ministration, but maintenance of continuous
prostacyclin therapy, can only be accomplished with
this team structure. In addition, for the utmost safety
of these patients when receiving care, an institution
must have experienced pediatric providers of cardiac
anesthesia and cardiac surgery.

A consistent finding across the surveyed PPHNet
sites was the active role of a program coordinator.
Generally, the coordinator provides the expertise ne-
cessary to bridge gaps between the patient, payer, and
the dispensing pharmacy to ensure efficient delivery
of therapies; engages the patient and caregiver as the
first point of contact on the medical team for educa-
tion and support; and contributes to program growth
by participating in protocol development. A co-
ordinator is a crucial component of a dedicated PH
program, to consistently ensure a high level of com-
prehensive care for children with PH across various
WSPH groups. In fact, most PPHNet sites had more
than one program coordinator, commensurate with
patient volume and complexity.

One distinct difference between PHA criteria and
PPHNet recommendations is the strong re-
commendation in the latter for a dedicated advanced
practice provider on the team. Through the adminis-
tered survey and in our collective experience, the
advanced practice provider truly completes the med-
ical team by bridging the physician and nursing
workforce, as well as providing transitional care, re-
search management, and both nursing and adminis-
trative training through their advanced degree. An
advanced practice provider also plays a key role in the
successful and safe administration of continuous
prostacyclin therapy, providing a necessary bridge for
the inpatient and outpatient settings given the com-
plexity and high-risk nature of this population.

A second distinguishing feature of this consensus
statement is the strong recommendation for partici-
pation in research and quality initiatives (Table 2C).
This requirement highlights the responsibility that
dedicated pediatric PH programs have to contribute to
advancing the field and participate in regular interval
assessments to ensure the quality of care delivery.
Participation in research is necessary at a local and
national levels and in collaboration with other pro-
grams to ensure that children with all types of PH are
adequately represented in clinical trials, which is
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fostered by PPHNet membership and through na-
tional conferences to engage smaller programs who
would join in efforts to conduct clinical trials, retro-
spective registry studies, and translational research.

Unfortunately, supporting the education of lear-
ners cannot be named as a program requirement, due
to variable access to trainees among sites. We also
recognize that the ability to support a dedicated PH
fellowship is limited, even among established centers.
However, as part of these consensus recommenda-
tions, we urge pediatric PH program directors to in-
vest in training learners at each institution
as familiarity with pediatric PH is generally low in
communities.

With improvements in the long-term outcomes and
consideration for palliative treatment before lung trans-
plant, it is also important to have the ability to provide
evaluation for atrial septostomy, reverse Potts shunt
creation, pulmonary thromboendarterectomy, and/or
lung transplant either at the primary institution or with
an established referral partner. Similarly, programs must
have a process for the transition of patients to adult
providers capable of caring for PH.

It is important to note that this consensus dis-
cussion was developed out of the experience gained by
each of the PPHNet member sites, as they grew from
clinics of one to two people to teams of multiple
members with unique and complementary roles. We
acknowledge that this expertise is North American
specific based on the membership sites, and appreci-
ate that treatment and training recommendations
outside of North America may differ. Although each
site is considered to be a complete, expert center,
there remains significant heterogeneity among the
development and growth of these sites and our ap-
proach to patient care. Therefore, this discussion was
undertaken to learn from each other and create a
common knowledge for pediatric expertise. What re-
sulted from that discussion, is a set of recommenda-
tions to help build dedicated pediatric PH programs.
Truly, each program has its unique growth story but
ultimately creating and sustaining a care model for
pediatric PH patients requires the presence of many of
the same components for success. The PPHNet hopes
that sharing these learned experiences with the larger
community will encourage medical centers to invest
in the creation of much-needed PH programs, to ex-
pand services for children across North America. It is
our wish that these recommendations will support the
growth of dedicated pediatric PH programs, en-
courage a shared evolution in care practices and po-
sitively impact care delivery for children across the
spectrum of WSPH groups.
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