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Pulmonary hypertension (PH) is a chronic disease of the pulmonary vasculature,
characterized by vessel remodeling that leads to increased pulmonary vascular resis-
tance, right ventricular failure, and ultimately, death. While PH is somewhat simply
defined as a mean pulmonary artery pressure (mPAP) on right heart catheteriza-
tion (RHC) of greater than or equal to 25 mm Hg, the clinical, pathobiologic, and
physiologic manifestations of the disease, and its subsequent impact on an individual
patient, vary greatly. For example, while PH is defined by an elevated mPAP, current
guidelines classify PH into 5 major categories, each with numerous subcategories
based on clinical and physiologic features." Accordingly, proper classification of an
individual patient requires an extensive evaluation that includes pulmonary function
testing, submaximal exercise testing, several imaging studies, overnight oximetry,
echocardiography, and ultimately, RHHC. PH, regardless of etiology, imparts sig-
nificant burden on patients, causing severe functional limitations and negatively
impacting survival. Historically, in the era prior to the availability of specific pulmo-
nary vasodilator therapies to treat patients with the rarest form of PH, pulmonary
arterial hypertension, median survival was around 2 years.” With the advent of
targeted medical therapies over the past 30 years, the median survival has improved
to more than 7 years.” However, with these advances in therapies and the expanding
availability of lung transplantation for most forms of PH, the complexity of care for
patients with this disease has increased exponentially.

CLINICAL MANIFESTATIONS
OF PH

The hallmark of pulmonary hyper-
tension (PH) is breathlessness, typi-
cally with exertion, but progressing to
dyspnea at rest in more severe states.
Patients can experience fatigue, chest
pains, and edema, among other symp-
toms.* These symptoms are often
attributed to other causes, leading to a
delay in diagnosis of PH. Once prop-
erly diagnosed and classified, certain
forms of PH, namely pulmonary arteri-
al hypertension (PAH) and pulmonary
hypertension in the setting of chronic
thromboembolic disease (CTEPH), can
be treated with pulmonary vasodilators
or, in the case of CTEPH, pulmonary
thromboendarterectomy. In either case,
lifelong, burdensome therapies—of-
ten with significant side effects—are
required to maintain health and im-
prove outcomes. For example, patients
with severe PAH are often placed on
continuous infusions of intravenous
prostacyclin therapy; these therapies

require placement of an indwelling
catheter through which medications
are continuously infused via a portable
pump. The patient is responsible for
maintaining the access line and pump
and preparation and administration of
the medication on a daily basis. The
side effects of such medications are
often significant, including headaches,
flushing, jaw and heel pain, chronic
diarrhea, along with numerous others.
Patients are also often on supplemental
oxygen, which further adds to the dis-
ease burden and impairs quality of life.
Such complex therapies are exceedingly
expensive, often adding financial stress
to patients and caregivers of those with
this disease. These and other factors
lead to impaired quality of life and
contribute to a high prevalence of anxi-
ety and depression in patients with this
disease.’ Thus, PH in any form leads
not only to significant hemodynamic
and physiologic perturbations, but also
to severe functional limitations and
emotional burden.’
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THE CHALLENGE OF PH
LEADS TO THE PULMONARY
HYPERTENSION ASSOCIATION
The complexity of establishing the
diagnosis and proper classification,
selecting and initiating appropriate
medical therapy, and delivering effective
longitudinal care of patients with PH
necessitates expertise in this disease
state. However, given the rarity of cer-
tain forms of PH, namely PAH, and the
potential deleterious effects of improper
use of pulmonary vasodilator therapies
in other forms of PH, expertise in the
evaluation and management of PH is
imperative. Both providers and patients
have long recognized this need. Through
a patient-initiated collaboration with
experts in the care of patients with PH,
the Pulmonary Hypertension Associa-
tion (PHA), the largest patient advocacy
group for patients with PH, was formed
in 1991. This organization has been in-
tegral to raising awareness of PH in the
community, including among providers.
Educational programs for physicians and
allied health providers, both through
preceptorship conferences and online
resources, have helped to disseminate
guideline-recommended evaluation and
management principles to providers
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in the community and to trainees in
various disciplines. However, even with
these laudable initiatives, active advocacy
programs, and biennial international
conferences for patients and providers,
evidence accumulated that suggest-

ed significant delays in the diagnosis

of PH and widespread nonadherence
with guidelines for the evaluation and
treatment of PH. For example, the mean
time from symptom onset to diagnosis
of PAH in the US-based REVEAL reg-
istry from 2012 was 33 months; in the
National Institutes of Health registry
from 1987, the average time to diagnosis
was 24 months.>* These registry data
suggest that no progress had been made
in the timely diagnosis of PAH despite
increasing awareness and availability of
specific therapies for PAH. Further, in
one observational study of both aca-
demic and community practices actively
involved in the evaluation of patients
with PH, researchers found that only 6%
of patients who were given a diagno-

sis of PH had completed the entire
guideline-recommended evaluation.®
These investigators also found frequent
inappropriate use of medical therapy:
for instance, only 7% of patients treated
for PAH with calcium channel blockers
had hemodynamic evidence of a positive
vasodilator response, which is necessary
to identify the subset of PAH patients
who are likely to respond to calcium
channel blocker therapy. These and oth-
er observations prompted the PHA and
its scientific advisory arm, the Scientific
Leadership Council (SLC), to consid-
er the utility of establishing centers of
excellence.’

THE CYSTIC FIBROSIS
FOUNDATION CARE NETWORK
ASAMODEL

The motivation to pursue developing
centers of excellence was largely based
on the successes of the Cystic Fibrosis
Foundation’s (CFF) Care Center Net-
work. This network was established in
1960 by the CFF in recognition of the
need to incorporate a multidisciplinary
approach to the care of patients with

a rare, fatal disease with multisystem
involvement. The Center Committee,
appointed by the CFF, generated criteria

for care centers, focused on optimizing
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clinical care for patients and support for
their families, developing research pro-
grams, and educating trainees to become
the next generation of care providers and
researchers. The criteria mandated that
a center have a multidisciplinary team to
address not only inpatient and outpa-
tient medical care, but also psychological
and sociological needs. In addition, the
centers must abide by guideline-driv-

en practices and maintain a sufficient
number of patients in its practice to
demonstrate adherence with these man-
dates. Initial accreditation requires a site
visit with a detailed review of patient
outcomes, program infrastructure, and
program processes. Maintenance of
status requires a site visit at least every

5 years with a similar review of clinical
operations and infrastructure.

Initial accreditation was given to 2
centers, but the network rapidly expand-
ed to more than 100 by 1980. While the
network provided recognition of indi-
vidual centers of excellence in clinical
care and research, the advent of the CFF
Patient Registry in 1966 proved to be an
invaluable advancement. This registry,
approved by the institutional review
board, captures data from all centers in
the Care Network as part of a longitu-
dinal, observational study across the US.
The registry has provided invaluable
data on the natural history of cystic fi-
brosis (CF) and trends in treatment and
complications. (Cystic Fibrosis Patient
Registry. Cystic Fibrosis Foundation,
Bethesda, MD 2017) Importantly, the
registry has demonstrated remarkable
trends in outcomes for CF over the past
25+ years: 1) improved median survival
from less than 28 years to now over 41
years, and 2) evolving demographics
from adults comprising less than 30% to
now 50% of individuals with CF.

These data also offered opportunity to
study outcomes at the individual center
level. While initially controversial,
these studies have provided important
observations. Previously unrecognized
variation in outcomes between cen-
ters allowed for comparisons between
the best-performing centers and the
remaining centers. Remarkable differ-
ences in survival, approaching 7 years,
were noted between the top-performing
centers and other centers in the net-

Volume 16, Number 4; 2018

work.'’ Subsequent studies identified
significant variability in adherence

with treatment practice guidelines and
hypothesized this variability contributed
to the observed differences. The CFF
recognized an opportunity to develop
quality improvement initiatives across
the Care Network. To this end, they
promoted “benchmarking projects”

to identify best practices in CF care."
One of these early projects comparing

2 CF centers identified that high-fat as
opposed to restricted-calorie diet was
associated with improved nutritional
outcomes and survival."”? Subsequent
projects involved site visits by teams of
physicians, allied health care providers,
and CF parents with training in sys-
tems-oriented approaches to care. These
teams were deployed to high-performing
centers to better understand center-spe-
cific practice patterns, aspects that are
not captured by data from the CFF
Patient Registry that may impact patient
care and outcomes. These visits identi-
fied 5 key features: systems, attitudes,
practices, patient/family empowerment,
and projects. These key practices have
been subsequently assimilated into other
centers’ practices under the guidance of
the CFF.

Taken together, these examples high-
light the impact the CFF Care Net-
work and Patient Registry have had on
patient care and offer strategies to best
utilize data from both the registry and
individual center practices. There are
many similarities between CF and PH,
particularly with PAH. Both are rare
diseases that affect children and adults
and are life-limiting. Both lead to signif-
icant physiologic impairment that cause
dyspnea and functional limitations. Both
require cumbersome therapies with a
myriad of side effects that can negatively
impact quality of life. Importantly, both
require clinical expertise to properly
diagnose and treat. The successes of
this Care Network and Patient Registry
served as strong support for the develop-
ment of a similar program in PAH.

CHALLENGES SPECIFICTO
PAH AND OTHER FORMS OF PH
While there are numerous similarities
between CF and PAH, multiple dis-

tinct differences exist. Unique aspects
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of PAH, including its epidemiology,
clinical manifestations, diagnosis, and
treatment, present challenges in the
evaluation and management of this dis-
ease. Some of these also apply to other
forms of PH, contributing to significant
knowledge gaps in the proper clinical
assessment of PH in general.

Recognition

As discussed above, despite increased
awareness of PAH and availability of
novel therapies to treat this disease, the
average time to diagnosis of PAH from
symptom onset is still nearly 3 years.*
This delay in diagnosis is potentially
significant; although not definitively
demonstrated in a randomized clinical
trial, therapy earlier in the disease course
may lead to improved outcomes." The
reasons for delayed diagnosis includ-

ed presence of concomitant diseases
such as chronic obstructive pulmonary
disease (COPD) and sleep apnea to
which symptoms of dyspnea and fatigue
were attributed. Importantly, screening
recommendations exist only for patients
with underlying risk factors for PAH,
such as known or suspected heritable
risk or underlying scleroderma.'* While
screening for PAH in the general popu-
lation is unlikely to be cost-effective or
warranted, this differs significantly from
CF where all 50 states in the United
States have mandated newborn screen-
ing for the disease and thus offers the
opportunity to identify disease early.

Diagnosis and Classification

Proper diagnosis and classification
remains a significant issue in PAH and
PH. As shown by McLaughlin and col-
leagues, only a minority of patients with
a diagnosis of PAH have actually under-
gone a complete evaluation for PH in
accordance with clinical practice guide-
lines.® Nonadherence to these guide-
lines likely leads to misclassification of
patients. As shown in the RePHerral
Study, of 98 patients referred to a ter-
tiary center for PH evaluation who were
assigned a diagnosis prior to referral,

32 (33%) received a misdiagnosis based
on subsequent evaluation and comple-
tion of the guideline-recommended
evaluation.” Other issues with proper
diagnosis and classification may also

exist, although the problems are less well
quantified. For example, results from
the study by McLaughlin and colleagues
showed that less than 50% of PAH pa-
tients underwent ventilation-perfusion
(V/Q) scans as part of their evaluation.’®
V/Q_scans are more sensitive than com-
puted tomography angiograms in the
detection of chronic pulmonary embolic
disease.'® Since V/Q_is a necessary test
to exclude the possibility of CTEPH, it
is likely that some patients diagnosed as
PAH actually had CTEPH. Treatment
approaches differ greatly for CTEPH
vs PAH; pulmonary thromboendarter-
ectomy, if indicated, may be curative.
Medical therapy differs as well; only
the soluble guanylate cyclase stimulator
riociguat is approved for this indication.
Given the impact on prognosis and
treatment modality, misclassification of
PH remains an important issue.

Treatment
The study by Deano and colleagues also
identified that over half of the patients
who received PAH-specific therapy
prior to referral to the tertiary center
did not meet clinical criteria for PAH."
Similar observations were recently
reported in a large, population-based
study in Canada. Using numerous
administrative databases and verification
of diagnosis of PH using chart review
in a subset of patients, Wijeratne and
colleagues found substantial use of
PAH-specific therapies for patients with
PH related to left heart disease and to
lung disease.'” These data suggest that
off-label use of PAH-specific therapies
is common, adding significant cost bur-
den to the health care system.' In fact,
inappropriate use of PAH therapies in
patients with other forms of PH is one
of 5 topics highlighted in the Choosing
Wisely campaign by the American Board
of Internal Medicine. This campaign
(www.choosingwisely.org) is designed
to address issues of overuse in medical
evaluation and treatment. The fact that
use of PAH therapy is one of the 5 most
pressing problems in medicine empha-
sizes the significant knowledge gap
that exists in the proper diagnosis and
classification of PH.

This knowledge gap further extends

to the appropriate referral of patients
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for advanced care. Deano and colleagues
found that over 60% of patients with
PH had World Health Organization
functional class III or IV symptoms

at the time of referral.” In the RE-
VEAL registry, Farber and colleagues
found that only 56% of patients who
died received advanced therapies with
prostacyclins in the months leading up
to death.” However, when compared
to a high-volume center with clinical
expertise in PAH, 70% of patients who
died were receiving parenteral prosta-
noids at the time of death.?® This stark
difference in use of advanced therapies
could be explained by lack of expertise
or availability of this therapy in certain
practices.

Patient-Related Outcomes

PAH imparts a significant burden on
patients and caregivers alike.” Therapies
are cumbersome and have profound side
effects. Health-related quality of life
(HRQOL) is impaired, frequently to

the same extent as that seen in various
cancers.® Importantly, PAH-specific
therapies may not significantly impact
HRQOL as most studies have failed

to demonstrate a clinically relevant im-
provement in HRQOL with initiation
of PAH therapy.” Similarly, dyspnea, the
most common symptom in PAH, does
not appear to improve with pulmonary
vasodilators despite improvement in
functional capacity and hemodynamics.”
Depression and anxiety are common and
not often addressed by PH providers.
Similarly, awareness of and referrals to
palliative care are rare.” Thus, current
practice patterns may fail to address the
most important symptoms or relieve

disease burden for patients with PAH.

2

OPPORTUNITIES WITH THE
PH CARE CENTER PROGRAM
In 2011, the SLC of the PHA recom-
mended the PHA lead a program to
develop a nationwide accreditation pro-
gram for PH centers. The goals for the
Pulmonary Hypertension Care Center
(PHCC) program were the following: 1)
increase disease awareness; 2) improve
access to expert care; 3) raise the level
of care at all centers through increased
adherence to published guidelines and
consensus statements; 4) provide a
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blueprint to prospective programs for
becoming accredited centers; 5) foster
collaboration among expert centers for
treating individual patients and culti-
vating new research opportunities in the
field; and 6) conducting center-specific
and national quality improvement proj-
ects with the aid of a national patient
registry. Using a similar model as that
employed in the CFF Care Network,
criteria were developed by a multidis-
ciplinary committee of experts in PH
and teams composed of physicians and
allied health professionals were sent to
individual sites for accreditation visits.
The first site was accredited in 2014. To
date, 57 centers and 3 Regional Clinical
Programs (RCPs) have been certified; of
these, 8 are pediatric centers.

The development of the PHCC
serves as a major advancement in the
field of PH. The accreditation pro-
cess will identify centers of excellence,
recognizing not only expertise in the
care of PH but also a commitment to
research in the field. Designation as
a PHCC strongly encourages partici-
pation in the PHA registry (PHAR).
This Web-based registry will capture
not only patient demographic, physi-
ologic, and hemodynamic information
on newly diagnosed patients with PAH
and CTEPH but will also capture
patient-reported outcomes. Further,
enrolled patients will be followed
longitudinally, with data collected at
6-month intervals. These data will be an
invaluable resource that have numerous
applications, from outcomes assessment
to benchmarking projects. A real-world
assessment of patient-related outcomes
will provide novel insights into the
patient perspective on the impact of
disease over time, a woefully understud-
ied area in PH. Best practices can be
defined by analyses of high-performing
centers. Importantly, the PHCC will
provide the framework for future inter-
ventional studies of novel diagnostics
and therapeutics. As such, the PHCC
and PHAR have a unique opportunity
to redefine the care of PH.

CONCLUSION
There are numerous challenges in the
diagnosis and management of PH.

Establishment of a network of PHCCs
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will increase disease awareness in the
community, provide a known refer-

ral center for evaluation of PH, and
thereby potentially reduce the time

to proper diagnosis and classification.
The network will provide an opportu-
nity for collaboration across centers to
foster research initiatives. Importantly,
the data obtained from the PHAR will
allow for assessment of outcomes across
the network and at the center level.
This will lead to quality improvement
initiatives that have the potential to set
a new standard of care for patients with

PH. For a rare disease such as PAH, the
PHCC offers a rare opportunity.
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