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Abstract

The considerable progress made in recent years in the diagnosis, risk

stratification, and treatment of pulmonary hypertension was highlighted during

the most recent edition of the Pulmonary Hypertension Association Scientific

Sessions, which was held in Atlanta, Georgia from June 9 to 11, 2022, with the

theme: Vision for the PHuture: The Evolving Science and Management of PH.

Content presented over the 3‐day conference focused on scientific and

management updates since the last sessions were held in 2018 and included

didactic talks, debates, and roundtable discussions across a broad spectrum of

topics related to pulmonary hypertension. This article aims to summarize the key

messages from each of the session talks.
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INTRODUCTION

The Pulmonary Hypertension Association Scientific
Sessions was held in Atlanta, Georgia from June 9 to
11, 2022. The theme for the conference was Vision for the
PHuture: The Evolving Science and Management of PH.
The content focused on scientific and management
updates since the last sessions were held in 2018 and
included didactic talks, debates, and roundtable discus-
sions across a broad spectrum of topics related to
pulmonary hypertension. This article aims to summarize
the key messages from each of the Sessions talks.

WHAT HAVE WE LEARNED FROM
PULMONARY HYPERTENSION
ASSOCIATION CONFERENCE 2018?

Update on Clinical Trials, Dr. Corey
Ventetuolo

This session focused on emerging therapies for treating
pulmonary arterial hypertension (PAH), trials of combi-
nation therapies, and new trial designs.

The FREEDOM‐EV trial, which is a double‐blind,
randomized trial, compared oral treprostinil with placebo
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when added to single‐agent monotherapy, with the primary
outcome being clinical worsening. The primary endpoint
occurred in 26% of the oral treprostinil arm compared to
36% of the placebo arm with no difference in mortality or
progression to parenteral treprostinil.1

In the REPLACE trial (n= 226), patients on phos-
phodiesterase type 5 (PDE5) inhibitors (with or without
an endothelin receptor antagonist [ERA]) and
intermediate‐risk and functional Class III were random-
ized in open‐label fashion to continued usual care or to
switch to riociguat in place of a PDE5 inhibitor. The
primary endpoint was clinical improvement at Week 24,
which was met by 41% in the riociguat group versus 20%
of the PDE5 inhibitor group (odds ratio [OR]: 2.78; 95%
confidence interval [CI]: 1.53–5.06; p= 0.0007). This trial
suggests that switching to riociguat for patients who are
failing PDE5 inhibitors may be a good alternative for
some patients.2

The TRITON trial was conducted to test the relative
efficacy of upfront dual versus triple oral therapy. The
trial was a multicenter, double‐blind, randomized, Phase
III study randomizing 247 patients to either macitentan
and tadalafil plus selexipag versus placebo. The primary
endpoint was a change in pulmonary vascular resistance
(PVR) at 26 weeks. The results showed no difference in
the primary endpoints; however, there was a non-
significant 41% (hazard ratio: 0.59; 95% confidence
interval: 0.32–1.09) reduction in disease progression in
the upfront triple combination therapy group.3

Ongoing nonvasodilator trials

High estradiol and low dehydroepiandrosterone sulfate
(DHEAS) in both men and women are associated with
worse hemodynamics and shorter 6‐min walk distance
(6MWD). A small study (n= 18) found a modest increase
in 6MWD to 26m in the treatment arm, which has
motivated several related, ongoing trials. The EDIPHY
trial (NCT03648385) is currently enrolling patients to
study the effect of supplemental DHEAS on the primary
endpoint of the right ventricular (RV) strain on cardiac
magnetic resonance imaging (MRI). The PHANTOM
trial (NCT03229499) is a fully enrolled randomized,
Phase II trial of anastrozole with a primary endpoint of
6MWD at 1 year. Finally, T3 PAH (NCT03528902) is a
single‐center, Phase II trial, testing the effect of tamoxi-
fen on a tricuspid annular plane systolic excursion and
several secondary clinical outcomes.

Sotatercept is a tumor growth factor‐β ligand trap
that reduces activin signaling, thereby increasing bone
morphogenetic Protein (BMP) signaling, resulting in a
less proliferative state. The PULSAR trial randomized

patients on background PAH therapy to placebo or two
doses of sotatercept with a primary endpoint of change
in PVR at 24 weeks. The intervention arms had a
significant reduction in PVR.4 The STELLAR
(NCT04576988) trial is Phase III multicenter and fully
enrolled with results expected soon.

HOW CAN REGISTRIES IMPROVE
THE FUTURE OF PH CARE? DR.
NICHOLAS KOLAITIS

PAH registries provide information on survival met-
rics, outcomes, risk stratification, PAH subgroups, the
impact of PAH on quality of life, and the effects of
clinical management. Large PAH registries also facili-
tate the creation of risk calculators and risk stratifica-
tion tools such as REVEAL, COMPERA, and ERS/ESC.
Since 2018, the REVEAL risk score was updated to
REVEAL 2.0, which added all‐cause hospitalization
and renal function to improve risk stratification.
REVEAL 2.0 is more accurate than the parent score
and is validated for up to 5 years of follow‐up.5

REVEAL Lite 2.0 includes noninvasive data that is
more readily available such as functional class, 6MWD,
renal function by estimated glomerular filtration rate,
brain natriuretic peptide (BNP)/N‐terminal prohor-
mone of BNP (NT‐proBNP) in addition to systolic
blood pressure and heart rate. It was found that the
REVEAL Lite 2.0 approximates the REVEAL risk
calculator in estimating risk categories for 1‐year
mortality in a way that is more clinically accessible.6

COMPERA became more complex by more stratifica-
tion of the intermediate risk to intermediate low and
intermediate high risk, which showed better delinea-
tion of risk that was validated in the COMPERA
registry and also in the French PHA registry.7

Registries also help identify differences among
PAH subgroups. For example, PHAR registry investi-
gators noted a high prevalence of methamphetamine‐
associated PAH in the western United States and that
those patients are treated similarly with upfront
combination therapy but are less likely to be on triple
therapy or parenteral prostacyclin therapy. The PHAR
registry also showed high coexistence of illicit drug use
among those with human immunodeficiency virus‐
associated PAH. Finally, patients with portopulmonary
hypertension were found to have a lower rate of college
education, higher rate of unemployment, and lower
income compared to idiopathic PAH.8–10

Many registries inform clinicians on how PAH affects
the quality of life. The emPHasis‐10 instrument is a PH‐
specific quality‐of‐life metric that correlates well with
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clinical outcomes including 6MWD, BNP, and NT‐
proBNP, as well as age, education level, body mass index
(BMI), and the REVEAL score. Min et al. used PHAR and
evaluated the relationship of survival metrics such as
emPHasis‐10 on quality of life, finding that high‐risk
scores were consistently associated with worse quality of
life.11

Registries also revealed the hemodynamics of
different PAH subgroups and the effect of different
hemodynamics on the progression of the disease. As
patients age, there was a decline in PVR, mean
pulmonary artery pressure (mPAP), and pulmonary
artery systolic and diastolic pressures. Patients at high
altitudes were found to have higher oxygen require-
ments and higher PVR.12 In the COMPERA registry,
PVR was found to have a better prediction of mortality
than mPAP.13

Registries have also provided insight recently into
management practices and effectiveness. The COM-
PERA registry showed that despite trials like AMBI-
TION, which showed a benefit of combination thera-
pies, still we have room to start more patients on
combination therapies.14 On the other hand, a retro-
spective trial analyzed data from the French PAH
registry. The objective of this trial was to assess the
long‐term survival of PAH patients based on their initial
treatment strategy. In this trial, 1611 patients were
included, 984 patients in the monotherapy group, 551 in
the dual therapy group, and 76 in the triple therapy
group. The triple therapy group had younger members,
and more females were in the group when compared to
other groups. The survival rate in 5 years was 91% in the
triple therapy group and 61% in both the monotherapy
and dual therapy groups.15 Lung transplantation is an
option in some patients with advanced disease. The lung
allocation score (LAS), which helps in allocating organs
in the United States, lacks important clinical parameters
in PAH patients, resulting in an underestimation of risk.
Chen et al., using United Network for Organ Sharing
(UNOS) registry, studied the effect LAS had on lung
transplantation for PAH patients. The results showed
that PAH patients have a lower cumulative incidence of
transplants and a higher cumulative incidence of
waitlist death.16 In 2015 the UNOS added parameters
such as cardiac index and bilirubin level, which are
thought to help patients with PAH. Kolaitis et al.
investigated the effect of this change and PAH patients
still have a low incidence of transplants and a high
incidence of waitlist death.17 Finally, in advanced
disease, palliative care should be considered, and the
PHAR registry showed in unpublished data that only
43% of patients were referred at the last clinic visit
before their death.

RECENT BASIC SCIENCE
ADVANCE FOR CLINICIANS, DR.
KURT PRINS

Since the mortality rate of PAH patients remains high with
current therapy targeting common pathways involved in
the pathophysiology of PAH, researchers are studying
different and novel pathways that could alter the disease
course. One novel approach under investigation is the role
of epigenetics in PAH. Epigenetics is the modulation of
genes and protein expression without modifying the DNA.
Bromodomain and extraterminal motif (BET) proteins exert
epigenetic modification by binding to histones to induce the
transcription of proinflammatory and antiapoptotic factors.
In preclinical models, BET inhibitor exposure leads to
improved hemodynamics and histopathology.18 A pilot
study of the BET inhibitor apabetalone in humans resulted
in a reduction of PVR and increased cardiac output,
motivating further human studies.19

Cellular senescence is a process where the cell undergoes
a terminal stage of growth arrest and becomes very resistant
to apoptosis. This occurs in response to endogenous or
exogenous stress that includes hypoxia, mitochondrial
dysfunction, telomere dysfunction, oncogene activation,
and persistent DNA damage. This process can lead to a
proinflammatory state via secretory senescence phenotype
and through signaling can induce smooth muscle prolifera-
tion.20 Cellular senescence might play a role in PAH
pathophysiology. For example, congenital heart disease‐
related PAH was associated with higher levels of prosenes-
cence markers. Targeting cellular senescence is possible with
a class of drugs known as senolytics. After confirming the
ability of ABT263 to induce cell death in senescent cells, Van
Der Feen et al.21 demonstrated that treatment with the
senolytic ABT263 resulted in significant improvement in
hemodynamics and reversal of pulmonary vascular remodel-
ing in a rodent model of PAH due to a left‐to‐right shunt. In
humans, we do not yet know the consequence of long‐term
senescence modulation.

The microbiome is a complex system that contains
bacteria and other organisms such as fungi, viruses, and
Archaea. It was reported that PAH patients had altered
microbiomes and had distinct gut microbiome systems with
enrichment for organisms that secrete trimethylamine N‐
oxide (TMAO), a metabolite reported to be proinflamma-
tory.22 Targeting TMAO with 3,3‐dimethyl‐1‐butanol in a
rodent model of PAH resulted in a reduction in right
ventricle systolic pressure (RVSP).23 A pilot study is currently
recruiting to test intestinal microbiota transplantation (IMT)
in PAH patients. This is a Phase I safety and feasibility trial
to include 12 patients and follow‐up for 6 months with
primary endpoint frequency of adverse events and compli-
ance proportion to the IMT (NCT04884971).
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IMPACT OF COVID ‐19 ON
PULMONARY VASCULATURE
AND PH CARE, DR. JOHN RYAN

Care for patients during the COVID‐19 pandemic was
significantly disturbed. More than 90% of care was
through telemedicine, and around 30% of patients did
not see their providers as previously scheduled. Tele-
medicine requires access to technology such as smart-
phones, and 26% of US households reported that they do
not have access to such technology. Seventy percent of
PAH patients who developed COVID‐19 were hospital-
ized, with 30% requiring intensive care and around a 12%
mortality rate from COVID‐19.

Social determinants of health, such as education level
and income, are known to be associated with PAH risk
for progression, and those factors were also compro-
mised, which may have led to even worse outcomes in
PAH patients. Other health disparities also affected PAH
patients during the COVID‐19 pandemic. Factors such as
race, education level, and language barriers negatively
impacted efforts to deliver care to PAH patients remotely.
Clinically, it was observed that COVID‐19 patients are at
high risk of developing pulmonary embolism and chronic
thromboembolic pulmonary hypertension (CTEPH), as
well as PH that is directly attributable to COVID‐19 in
the absence of thromboembolic disease. Finally, COVID‐
19 impacted health care delivery worldwide; our PAH
patients suffered from this pandemic due to barriers in
receiving health care and due to negative impacts on
social factors such as income and education, which are
also known to adversely affect their disease severity.

THE FUTURE OF THERAPY FOR
PULMONARY HYPERTENSION

New treatments and targets, Dr. Robert
Frantz

Mechanical interventions to help in PAH are considered
for patients who fail medical therapy and are not
candidates for transplant. Atrial septostomy is one
possible method, which helps unload the RV at the
expense of systemic hypoxemia while maintaining
adequate oxygen delivery. Reverse Potts shunt is another
method to offload the RV by creating a connection
between the pulmonary artery and the aorta. For this to
be successful, patients should have PA pressure higher
than the systemic pressure to ensure right to left shunt.
Recent case series have been published with the creation
of a reverse Potts shunt with a radiofrequency catheter
that created an opening between the left PA and the

descending aorta; no complications were reported, and
the functional class was improved; however, longer
follow‐up is needed.24

New treatments for PAH targeting different pathways
or a different formula or dosing of drugs that we know are
effective in treating PAH might shift the paradigm.
Macitentan, an ERA, is known to be effective in PAH.
An ongoing trial will examine higher doses of macitentan
in addition to ralinepag, a prostacyclin receptor agonist that
acts similarly to selexipag but has a longer half‐life and
higher affinity to the receptor. As discussed previously,
sotatercept is another new drug that has been studied in the
PAH treatment; it helps rebalance BMPR2 signaling to
promote an antiproliferative state. Inhibiting tyrosine
kinases is another pathway with possible benefits for
patients with PAH. Inhaled seralutinib works by blocking
platelet‐derived growth factor receptors, colony‐stimulating
factor 1 receptor, and c‐KIT. This drug showed benefit in
animal studies, was well tolerated in the Phase I trial, and is
now being studied in a fully enrolled Phase II trial in
treating PAH patients (NCT04456998). The serotonin
pathway is a possible target in PAH treatment. Serotonin
promotes pulmonary vascular proliferation and vaso-
constriction; reduction of the peripheral serotonin might
reverse pulmonary vascular remodeling. Rodatristat, which
works on the pathway as a peripheral tryptophan hydroxy-
lase 1 inhibitor, is currently being studied in a Phase II trial
that is still enrolling (NCT04712669).

Novel trial designs and endpoints, Dr.
Ioana Preston

The scientific community in PAH has evolved rapidly
over time in many aspects of how clinical trials are
conducted, such as changing composite endpoint targets
to better and more feasible endpoints that could provide
a meaningful answer to our questions and, instead of
studying one drug in advanced disease, studying multiple
drugs in less advanced patients. Through trials like
AMBITION, RESPITE, and REPLACE, we learned that
composite endpoints, which had not been validated
previously and were easier to evaluate, such as functional
class, lack of clinical worsening, and composite end-
points of betterment, may be a better approach to
conducting clinical trials in PAH.25–27 Risk scores in
PAH such as REVEAL and COMPERA can assess
prognosis and give an impression about survival; these
scores have not yet been used as a composite endpoint in
prospective trials but have been applied in post hoc
analyses. Using these scores as endpoints in clinical trials
might improve the ability of trials to demonstrate
meaningful changes in clinical status, although this
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approach requires further validation. In terms of availa-
ble risk scores, REVEAL Lite 2.0 is a more clinically
feasible score because it contains modifiable noninvasive
parameters, but as with other scores, it lacks RV
assessment, which is a crucial survival indicator. Another
limitation of REVEAL Lite 2.0 and other validated scores
is that they focus on clinical predictors of risk that may
be less meaningful to patients and lack the evaluation of
patient‐centered outcomes such as quality of life,
symptom burden, and more specific assessments of daily
function outside of basic functional class.

RV function has not been frequently used as an
endpoint despite RV failure negatively impacting prognosis
in patients with PAH. REPAIR studied patients on
macitentan with or without PDE5 inhibitor with improve-
ment in RV function assessed by cardiac MRI as an
endpoint. At 26 weeks, there was a clinically significant
improvement in RV function and stroke volume.28 It is also
important to remember that, in general, patients care more
about how they feel and function than their RV function or
hemodynamic measures. New methods to monitor daily
physical activity such as actigraphy may enable physical
activity to be included as an endpoint in future clinical
trials, especially since using devices such as actigraphy to
count steps or total energy expenditure has been found to
correlate with functional class, 6MWD, and health‐related
quality of life measures.29

The TRACE trial randomized patients to selexipag
versus placebo and used accelerometry for 24 weeks to
assess the mean difference in activity time and step
count, with results that favored the selexipag group, but
did not reach statistical significance.30 Looking into other
disease literature, PHYSACTO PROactive study in
chronic obstructive pulmonary disease (COPD) used
scores that combine patient‐reported outcomes with
accelerometer‐derived data to assess patient physical
activity, and these scores are being used as endpoints in
the COPD literature. In this trial, there was a 20%
improvement by just using accelerometry in the placebo
and behavioral treatment groups. However, using accel-
erometry might have high variability due to weather and
behavior, and we must consider these variables when
designing studies using actigraphy‐based endpoints.31

AI, network medicine, and systems
pharmacology, Dr. Jane Leopold

Artificial intelligence (AI) is intelligence exhibited by
machines mimicking human cognitive intelligence, such
as learning and problem‐solving. In the medical field, AI

was found to predict race from medical imaging.32 In the
field of pulmonary vascular disease, AI was found to
predict patients at risk of idiopathic PAH. A trial's
investigators input information about patients and AI
predicted those at risk based on factors such as age,
specialty of the physician following the patient, and
prevalence of the PAH in the group that is being
studied.33 The AI‐based model predicted outcomes in
PAH patients better than REVEAL 2.0, but AI‐based risk
assessment remains imperfect and further work is
needed to determine how best to integrate with clinical
risk assessments.

Network medicine is based on the hypothesis that
human disease is a consequence of the perturbation of
a biological network from either genetics, proteins,
metabolic derangements, or exposures on a cellular or
organ level. Network topology can be used to identify
interactions between various proteins and or genes
that might have biological meaning. Using algorithms,
we can define a function or disease module from these
connections. These analyses using networks have the
advantage of clustering patients with similar features
since most people with similar diseases have different
characteristics. In PAH, networks can also help
identify various disease mediators as well as different
predictors of outcomes in PAH patients to help
improve risk stratification. Networks also help in
seeing patients with common phenotypes, grouping
patients with similar phenotypes, and then, based on
the literature, deciding on what medications work on
patients with the phenotype to allow for more targeted
therapy.34

Repurposing drugs based on the interaction of
drugs with genes was also studied using networks. For
example, hydroxychloroquine is used to treat rheu-
matoid arthritis and this method showed other
benefits of this drug, such as preventing coronary
artery disease (CAD).35 In PAH also, there were some
predicted interactions between existing drugs and
genes that have been linked with disease, although
this requires further validation to determine whether
repurposing these drugs for PAH would be practical
and to determine the subsets of patients who would be
expected to benefit from these therapies.

In summary, future research requires AI, which can
be helpful but needs accuracy and reproducibility.
Systems pharmacology for drug repurposing has excel-
lent potential for new therapeutics in different condi-
tions; however, not without challenges such as patent
considerations, regulatory issues, and organizational
hurdles.
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Initial treatment strategies: Debate on the
role of upfront triple combination therapy:
Dr. Harrison Farber and Dr. R. James
White; moderated by Dr. Hillary DuBrock

The role of dual versus triple combination therapy in
PAH was discussed in a debate format by Dr. Farber and
Dr. White. The CON side took the role of arguing against
upfront triple combination therapy due to a lack of
randomized clinical trials (RCTs) demonstrating the
clinical benefits of this strategy. Data supporting the
clinical benefits of upfront triple combination therapy
has thus far come from observation trials without
randomization or matched control groups limiting the
ability to determine the true benefit of upfront triple
therapy compared to dual combination therapy.15,36–38

Further, the TRITON study did not demonstrate a
significant benefit with selexipag when used in combina-
tion with oral combination therapy in newly diagnosed
PAH.3 Further, combination oral therapy with an ERA
and PDE‐5 inhibitor has been sufficient to generate
significant hemodynamic and functional improvements
in the AMBITION trial.25

The PRO side argued that early use of parenteral
prostacyclin therapy in some intermediate‐ and most
high‐risk patients could improve outcomes of interest
with tolerable side effect profiles. There was agreement
that initial triple therapy is not necessary for all PAH
patients and would lead to unnecessary costs and side
effects if not appropriately targeted. He emphasized that
RV function is modifiable by therapies to lower PVR and
that posttreatment changes in RV function have been
shown to be an important marker of outcomes in
PAH.39–41 He emphasized that, although data from trials
mentioned by the CON side are not randomized, the
improvements in hemodynamics and echocardiographic
parameters seen with upfront triple therapy compare
favorably to historical controls and expected outcomes
for patients with high‐risk PAH.36,38 He also emphasized
that early data from parenteral prostacyclin showed that
dramatic reductions in PVR are possible with these
therapies,42,43 and that while many patients do have a
response to upfront dual, oral combination therapy,
recent observational data demonstrated that many
patients are unable to reach treatment targets on oral
therapy alone.44 Taken together, the PRO argument
suggests that early assessment of patient response to dual
therapies is necessary and that escalation to triple
therapy with parenteral prostacyclin should be consid-
ered for patients who have not improved or reached
treatment goals per risk stratification.

The discussion also emphasized the benefits of a
balanced approach to therapies that emphasized

additional treatment strategies such as diuretics, supple-
mental oxygen as needed, physical therapy, nutritional
counseling and support, and management of medication‐
related side effects, as well as the incorporation of patient
preferences and quality of life.

PH THROUGHOUT THE
LIFECYCLE, ADOLESCENT ISSUES
IN PH: PANEL DISCUSSION

Dr. Jessica Badlam, Erin Ely, BSN, RN,
CPN, Alvin Rocha, MSN, RN, CPN, and
Dr. Nidhy Varghese

There is little guidance for the successful transition of
young adults with pulmonary hypertension (PH) to adult
centers leaving the patient, caregivers, and teams
unprepared and at risk for negative outcomes. This
panel suggested that the discussion of transition should
start at 12–13 years, including parents as well as the
child. Challenges that require vigilance and attention
include watching for early developmental milestones,
changing liquid medications to pills, learning indepen-
dent pump management, and addressing school
challenges.

Specific examples of transition preparation were
discussed: including suggestions to focus on helping
patients ages 12–14 years understand their history and
medications, and working with patients ages 14–16 years
to be able to discuss their disease in more detail at every
visit with teaching prompts. For teenagers 16–18 years,
the panel suggested shifting focus to exploring the future
including college or adult plans and starting to role‐play
adult center visits regarding repeating their health
history and medications. The 18th birthday brings upon
changes in legality and presumed adult responsibility as
patients rely less on the parents and it may be hard for
parents to transition away from calls and appointment
scheduling. From 18 to 21 years, considerations include
setting up visits for transition with the adult team and
ideally combined meetings to ease patients and parents
through the transition to adult medicine. Communica-
tion between the pediatric and adult teams is beneficial;
remembering that pediatric centers are less common
than adult centers and there may not be close relation-
ships with adult centers near the patients' homes.

Empowering young patients to take control of their
own care is important in this process. Change can be
hard, especially as these patients are familiar with the
long‐term, consistent care at pediatric centers. This
transition to adulthood has practical and legal implica-
tions that cannot be ignored. Insurance and pharmacy
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changes cause added vulnerabilities, and financial
counselors and social workers are important to include
in the transition stages.

Education on the importance of medications is
critical during transition stages, as changes in the living
environment, such as leaving their childhood home, may
challenge adherence. Suggestions included creating
support systems and utilizing peer relationships such as
networking locally and within the Pulmonary Hyper-
tension Association. Transition at the time of high school
graduation is often not ideal as there are already many
changes in a child's life. Access to counseling is
important, and adult centers should encourage being
proactive in maintaining mental health.

Lastly, contraceptive management was addressed, as
these discussions and therapies start in pediatric
programs. It is common to use pediatric gynecologic
expertise with pubertal changes and important for the
PH pediatrician to have these difficult conversations at
vulnerable ages, as discussions about reproductive health
will continue throughout the lifespan. A variety of oral,
implanted, and injected menstrual suppression and
regulation methods are utilized in the pediatric setting
including intrauterine devices (IUDs). If appropriate,
consider combining IUD insertion with an anesthesia
event, like cardiac catheterization, if possible. These
sensitive conversations with young girls and their parents
can be particularly challenging, using terminology
including “REMS mandates” and “decreasing blood loss”
can be techniques to overcome these barriers.

The panel concluded with a request for communica-
tion between adult and pediatric colleagues and welcome
opportunities to partner in successful pediatric‐to‐adult
patient transitions.

TELEMEDICINE TOOLS: WHAT
ARE THEY AND HOW TO BEST
UTILIZE THEM FOR PAH
PATIENTS

Dr. Lana Melendres‐Groves

Telehealth is an umbrella term for the use of electronic
information and telecommunication technologies to
support and promote long‐distance clinical care. Tele-
health includes telemedicine, the use of smart devices,
remote monitoring, medication reminders, video confer-
encing, AI, and so on.45

Before COVID‐19 pandemic, telemedicine was
already experiencing a significant trend upward,
although this did not compare to the massive increase
in telemedicine uptake seen during the pandemic in

2020. In February 2020 to April 2020 primary care
telemedicine visits moved from <1% to nearly 43%, and
now between 60% and 90% of physicians are using
telemedicine services to some extent. The ACCP PVD
Network steering committee found that 93% of patient
care was affected and telemedicine use increased from
15% prepandemic to 84% during the early pandemic.46

The benefits of telemedicine include increased
frequency of monitoring, decreased emergency room
visits, reduced hospitalizations, decreased financial
costs related to travel, and insight into patients' living
environments and surroundings.47 Limitations include
clinician scarcity, legal complexity, and licensure
challenges beyond state lines. Limited physical exam
abilities may also decrease a sense of patient connec-
tion. Lastly, there remains a disparity in health care
and access to technologies in already vulnerable
populations.48,49

In summary, telemedicine offers the ability for
widespread delivery of high‐quality care including
increased access to comprehensive and regional care
centers. However, as a community we need better
metrics to assess the impact of telehealth on patient
care, systems to aid in providing seamless virtual care to
all demographics including the most vulnerable, and
technological solutions to create equity as telemedicine
changes the face of patient care.

DEBATE: POTTS SHUNTS VERSUS
LUNG TRANSPLANT

Dr. Erika Berman Rosenzweig, Dr. R.
Mark Grady, and Dr. Ernestina Melicoff
Portillo

This session was presented with four cases and expert
discussion with audience participation. Although lung
transplantation has been accepted as one of the only end‐
stage interventions for PH, reverse Potts shunt has gained
recognition as another intervention. A classic Potts shunt
was described as a left‐to‐right shunt connecting the left
pulmonary artery (PA) to the descending aorta and is
typically used for cyanotic infants. In 2004, the reverse
Potts shunt showed success shunting from the pulmo-
nary artery to descending aorta to treat severe suprasys-
temic right heart pressures. This causes differential
cyanosis providing nearly fully saturated blood to the
upper body and coronary arteries with lower saturation
in the lower extremities where it is generally well
tolerated. The discussion primarily referenced Dr.
Grady's finding published in the Journal of the American
College of Cardiology in 2021.50
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Case 1 described a function Class II child with a
BMPR2 mutation and RV dysfunction who had been
medically optimized on triple combination therapy
including parenteral prostacyclin. A consideration of
reverse Potts shunt is made but would require measure-
ment of exertional PA pressures to ensure suprasystemic
pressure and that the child would benefit from a valve
shunt. The placement could have the potential to reduce
the burden of therapy in this active child as 2/3rd of
children followed with reverse Potts shunt were able to
come off pump therapy.50 However, the panel would
recommend a meeting with the transplant surgery team
in case of decompensation. It is possible that a shunt
could be considered as a bridge to transplant, but these
evaluations should occur simultaneously, especially with
current lung allocation challenges in the United States.

Case 2 described a 14‐year‐old with idiopathic PAH
requiring epinephrine and vasopressin in the intensive
care unit presenting recurrent near syncope. The first goal
is to evaluate for medication optimization and other acute
and treatable diseases. This child was quite ill and concern
exists that if the RV is too burnt out it may not generate
suprasystemic pressures but could consider septostomy as
mortality may be worse with a shunt. Conversation noted
that patients on extracorporeal membrane oxygenation
(ECMO) with a bridge to Potts shunt for heart failure did
poorly and cited one out of 11 patients on ECMO with
Potts shunt left the hospital alive.50 This case stresses the
importance of multidisciplinary team planning.

Case 3 described an 18‐year‐old with DLCO of 48%
and worsening hypoxemia with suprasystemic RV
pressures. It was concluded that evidence supported
chronic hypoxic lung disease and would not be an
appropriate candidate for reverse Potts shunt and more
favorable for a lung transplant. Discussion included
added risk of complicated transplant with prior thoracot-
omy, thus the use of shunts as a bridge to transplant
should be carefully considered.

Case 4 described a 43‐year‐old with scleroderma on
inhaled treprostinil with suprasystemic PA pressures on
the last heart catheterization. Medical optimization is the
first priority and Potts shunt could be considered if the
patient is not a lung transplant candidate, although data
are primarily in children. The discussion also addressed
the outcomes of lung transplant for ages 15–23 are worse
than other groups, and with considerations, it is
promising that reverse Potts shunt could be considered
for bridging as 5‐year survival was 68% after surviving the
initial procedure.50 The answers are not straightforward.
Talking with a transplant team early is helpful, especially
with planning for atrial septostomy or reverse Potts
shunt, which has the promise of becoming a more
common viable end‐stage therapeutic option.

PHA/PVRI JOINT SESSION: THE
GLOBAL BURDEN OF PH: BEYOND
GROUP 1

A global perspective on PH, Dr. Werner
Seeger

The GoDeep project was founded in 2018 under the
umbrella of the Pulmonary Vascular Research Institute
(PVRI) by three founding members, Imperial College
London (UK), Johns Hopkins Hospital (USA), and
Justus‐Liebig University Gieẞen (Germany), to compile
data on patients with PH worldwide as a central meta‐
registry.51 Data from local PH registries is processed via
an automated process that results in parameter transla-
tion and harmonization, data deidentification, and
encrypted transfer of deidentified data to the GoDeep
meta‐registry.

Currently, 350 phenotypic parameters (divided into
priority categories: mandatory, essential, recommended,
and extended) are collected as part of the meta‐registry.
There are currently 14 centers in Europe, North America,
and South America participating in GoDeep with another
14 centers in ongoing negotiations. This has resulted in
the enrollment of 14,000 subjects with PH and 1735
comparators and over 1.9 million data points.

Initial data have demonstrated that American subjects
enrolled tend to be younger and to have a higher
proportion of PAH compared to European enrollees.
Subjects enrolled in the meta‐registry have been followed
for an average of about 3 years, but there is a subset of
subjects who have been followed for more than 10 or 20
years, which may allow for inquiry into predictors of
longevity in PH.

Use and access rules allow for permanent access to
basic and detailed data for GoDeep consortium members,
while academic‐based PVRI members can access basic
data after requesting authorization. For PVRI members,
access to detailed data requires application and payment
of an access fee. Industry and external academic
organizations are required to complete an application
process and pay an access fee for any level of data access.
Data use agreements allow for the export of analysis
results to nonconsortium members, but not the sharing
of raw data.

Moving forward, the GoDeep meta‐registry aims to
expand to allow global participation from all tiers of
centers and clinical practice settings by setting the
threshold for participation at an appropriate level to
balance maintaining data quality with maximizing
participation. In particular, the registry is interested in
expanding to African and Asian centers to better be able
to capture the worldwide spectrum of PH phenotypes. In
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this aim, GoDeep will support the creation of new center‐
based registries by providing state‐of‐the‐art REDCap PH
registry templates and onsite hosting without licensing
fees. The registry also aims to dynamically determine
which data should be prospectively collected over time
and to be able to adjust as there are changes in the types
of data available (such as increasing use of cardiac MRI
or ‐omic techniques). For example, there is currently
ongoing discussion of possibly including pseudonymized
data for a subset of patients to allow incorporation with
blood and genetic data collected as part of PAH ICON.

Ultimately, the GoDeep meta‐registry aims to help
PH investigators answer important epidemiological
questions about the various groups and subgroups of
PH by compiling high‐quality data from centers around
the world with the goal of offering insights that improve
PH‐care worldwide.

Group III PH with ILD: Diagnosis and
management, Dr. Namita Sood

PH is a common complication of interstitial lung disease
(ILD) with prevalence rates varying by types and severity
of ILD, with the highest frequencies seen for patients
with end‐stage idiopathic pulmonary fibrosis (IPF),
combined pulmonary fibrosis and emphysema (CPFE),
and sarcoidosis.

PH, even to mild degrees, has been shown to be a
significant risk factor for mortality in patients with ILD.52

Degree of restriction does not seem to predict the
development of PH, as mean PA pressures do not
correlate with forced vital capacity measurements,53,54

and the ARTEMIS‐IPF trial demonstrated that a rela-
tively high proportion of patients with even early IPF can
have PH.55

PH is often a complex process in patients with ILD as
development can be related to vasculopathy from
cytokine and immune dysregulation, acute and/or
chronic pulmonary emboli, or parenchymal destruction
leading to hypoxic vasoconstriction, decreased vascular
compliance, and obliteration of the vascular bed, often
with contribution from comorbidities such as obstructive
sleep apnea (OSA), CAD, and left ventricular (LV)
diastolic dysfunction, which are all common in this
patient population.

This complexity impacts treatment strategies, as
nonselective pulmonary vasodilator therapies can lead
to worsening ventilation–perfusion (V/Q) mismatch and
worsening hypoxemia.56 This concern has led to exclu-
sion of patients with ILD from most clinical trials of
PAH‐specific medications. Of the trials that have been
completed with systemic pulmonary vasodilators in ILD

patients, none have shown significant clinical benefit,57

and several have been stopped early due to evidence
of harm.

Inhaled treprostinil therapy was recently tested in
subjects with PH related to ILD in the INCREASE trial.58

This trial was conducted in a mixed population of ILD
patients with moderate PH at baseline, with the majority
having IPF, CTD‐ILD, chronic HP, or CPFE. Treatment
with inhaled treprostinil resulted in an increase of
6MWD by about 30m compared to controls and a
significant decrease in NT‐proBNP over a 16‐week
period. Subgroup analyses indicated that the greatest
benefit was seen in subjects with PVR > 4WU and those
able to tolerate a higher number of breaths (≥12). The
results of this trial led to the Federal Drug Administra-
tion (FDA) approval of inhaled treprostinil for PH related
to ILD in 2021.

Given the complexity of care, a multidisciplinary
team comprised of physicians with expertise in ILD, PH,
rheumatology, radiology, and pathology, as well as
nurses, respiratory therapists, and pharmacists with
expertise in working with these conditions is beneficial
in caring for these patients. Management of these
patients should center around addressing the underlying
lung disease and treating reversible causes if possible,
optimizing comorbidities such as OSA and diastolic heart
failure, and preventing hypoxemia with supplemental
oxygen as necessary. PH should be suspected when there
is worsening dyspnea out of proportion to PFTs,
increasing oxygen requirements, rapid desaturation with
mild activity, significant reductions in DLCO, reductions
of functional capacity as evidenced by a low 6WMD, or
clinical evidence of RV failure on exam. While an
echocardiogram often serves as the initial screening test
for PH, estimates of RVSP do not always correlate with
mPAP on right heart catheterization and can lead to but
under‐ and overestimations of PH.59 Other proposed
screening tools for PH in this population include PA size
on chest CT, measurements of DLCO on PFTs, or BNP/
NT‐proBNP but each of these is limited in their
diagnostic accuracy or needs further validation. Overall,
there is a high likelihood of PH if TR jet velocity on TTE
is >3.4 m/s, NT‐proBNP is elevated, and/or DLCO< 42%,
although a right heart catheterization (RHC) is necessary
to confirm a diagnosis of PH. Given the high risk of
mortality in patients with ILD‐related PH, referral for
transplant evaluation should be considered in patients at
the time of PH diagnosis.

VTE is also more frequent in patients with IPF and
may contribute to concurrent CTEPH. Traditional V/Q
scan does not perform well in this population due to
parenchymal abnormalities, but a small study showed
single‐photon emission computed tomography (CT)/V/
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Q was highly sensitive and specific compared to
CT pulmonary angiography.60

Future work should focus on better phenotyping and
characterizing patients to identify which patients are most
likely to benefit from treatment, potentially through the use
of biomarkers and proteomic and genomic data. Exploring
common pathways between the pathogenesis of parenchy-
mal and vascular remodeling may also allow for novel drug
targets that target both processes. Further work is also
needed to define and standardize acceptable clinical and
research outcomes of interest in this population from
potential options including risk stratification tools, quality of
life measures, functional assessments, or imaging changes.

In summary, PH related to ILD remains a complex
condition requiring multidisciplinary care. While the
results of inhaled treprostinil in ILD‐related PH are
promising, further work is needed to define patients most
likely to respond to treatment and to identify novel
treatment targets to change the course of disease in this
highly morbid condition.

THE NEW NORMAL: IMPACT OF
THE NEW HEMODYNAMIC
CRITERIA ON DIAGNOSIS AND
TREATMENT OF PULMONARY
HYPERTENSION, DR. STEVEN
MATHAI

The diagnostic criteria for PH were changed at the Sixth
World Symposium on Pulmonary Hypertension in 2018
to a mean pulmonary artery pressure (mPAP)
>20mmHg.61 PH is further divided into precapillary,
postcapillary, and combined pre‐ and postcapillary PH
based on the PVR above or below 3WU and pulmonary
artery wedge pressure (PAWP) above or below 15mmHg.

This change was made in part due to evidence
demonstrating that mild elevations in mPAP of
20–25mmHg are associated with an increased risk of
mortality.62–64 In scleroderma, a mildly elevated mPAP
(21–24mmHg) is also associated with a significantly
increased risk of progression to PAH compared to those
patients with normal mPAP ≤ 20mmHg.65

There is limited data available at this time on how the
new definition of PH has impacted the prevalence of PH in
various etiologies worldwide. In a study of a scleroderma
population, the new definition resulted in the
reclassification of 7 out of 268 patients to a diagnosis of
PH (1 PAH, 3 with Group 3 PH, 3 postcapillary PH). Of
note, 76 of the 268 patients had elevations of mPAP> 20
mmHg but did not meet the criteria for any category of PH
due to PVR< 3WU and PAWP< 15mmHg.66 It remains
unclear what to do with these “unclassifiable” patients. TR

jet velocity > 2.7m/s appears to be the best echocardio-
graphic threshold for the new PH definition with a
sensitivity of 80% and specificity of 66%.67 In addition, a
TR jet velocity > 2.7m/s is more likely to be associated
with PH if RA or RV enlargement is also present.

Different algorithms and strategies have been devel-
oped to detect early PH in at‐risk cohorts. For example,
the DETECT algorithm was developed in patients with
scleroderma with at least 3 years of non‐Raynaud's
symptoms and DLCO< 60% predicted to identify clinical
characteristics that should prompt referral for echo-
cardiography, and then echo characteristics that should
prompt referral for RHC.68 This protocol has a 96%
sensitivity for identifying patients with PH and seemed to
detect patients with earlier stage disease based on
functional class. When the algorithm is extended to all
patients with scleroderma >3 years duration regardless of
DLCO value, the sensitivity is maintained, although the
specificity is decreased to 29%.69

There are currently limited data or guidelines on
appropriate treatment strategies for patients who fall in this
new category of PH. The EDITA study70 demonstrates no
difference in mPAP after randomization to 5–10mg/day of
ambrisentan or placebo in patients with scleroderma and
mPAP 21–24mmHg or exercise mPAP> 30mmHg. How-
ever, prior data have shown that treatment with combina-
tion therapy with ambrisentan and tadalafil can improve
PVR and RVEF over 36 weeks in subjects with relatively
mild systemic sclerosis‐pulmonary arterial hypertension
based on PVR<4.5WU.71 The SEPVADIS study is
currently ongoing to study the effects of sildenafil on
6MWD, RV function, and quality of life over a 1‐year period
in a population of patients with scleroderma and early PVD.

In summary, changes to the hemodynamic defini-
tions of PH were made in response to emerging data on
the risks associated with mPAP > 20mmHg. The new
definition seems to have small effects on disease
prevalence but will significantly impact screening and
early detection algorithms. Despite changes to the
hemodynamic definitions, optimal management strate-
gies for patients who fulfill the new hemodynamic
criteria for PH are not clear, and there are no approved
medications for these patients. Further work is necessary
to address this important knowledge gap.

GROUP II PH: ARE WE MAKING
PROGRESS? DR. THENAPPAN
THENAPPAN

Based on the Sixth WSPH, Group 2 PH—or pulmonary
venous hypertension—is defined as mPAP > 20mmHg
with PAWP> 15mmHg, indicating elevated left‐sided
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filling pressures. Group 2 PH is the most common type of
PH, making up about 2/3rd of prevalent cases with
evidence of increasing incidence.72,73

Group 2 PH can result from elevations in LV filling
pressures due to LV systolic or diastolic dysfunction,
mitral valve disease, or left atrial dysfunction/stiffness,74

which can all contribute to elevations of PAWP.75 Cases
of Group 2 PH can be further phenotyped to isolated
postcapillary or combined pre‐ and postcapillary (Cpc‐
PH) based on whether the PVR is elevated to >3WU,
indicating the presence of concurrent vascular remodel-
ing. Diastolic pulmonary gradient (PA diastolic pressure
—PAWP) is also a surrogate for pulmonary vascular
remodeling and is elevated in Cpc‐PH.76

Patients with PH due to heart failure often undergo
global pulmonary vascular remodeling in arteries, veins,
and intermediate vessels that correlates with hemo-
dynamic measures.77 However, it is not well established
which patients will develop Cpc‐PH, but it is hypothe-
sized that a “second hit” such as genetic and environ-
mental risk factors or comorbidities such as OSA, lung
disease, and chronic kidney disease are necessary to drive
pulmonary vasoconstriction and remodeling.75 This
hypothesis is supported by the finding that Cpc‐PH
shares molecular and genetic similarities to PAH.78 Cpc‐
PH is also associated with RV/PA uncoupling, which is
associated with RV failure and the severity of
symptoms.79

This also results in abnormal exercise physiology in
Cpc‐PH with further elevations in PAWP and lower CO
compared to isolated pc‐PH.80 These hemodynamic
changes have prognostic implications, as PH‐LHD is
associated with increased mortality and heart failure
hospitalization.81

Given the prognostic and treatment implications of a
diagnosis of Group 2 PH, it is important to correctly
identify patients at risk due to specific left heart
phenotypes, to accurately determine the probability of
PH‐HFpEF noninvasively using clinical measures and
echocardiographic findings, and to confirm the diagnosis
hemodynamically through RHC with accurate measure-
ments of PAWP and use of provocative testing such as
exercise and/or fluid challenge when needed. An
increase of PVR to >3WU or PCWP/CO slope
>2mmHg/L on exercise testing or PCWP> 18mmHg
after 500ml saline bolus over 5–10min are suggestive of
PH related to heart failure with preserved ejection
fraction (HFpEF), although more work is needed to
validate and optimize these measures.

Unfortunately, current PAH‐specific therapies do not
work in Group 2 PH and are potentially harmful.82,83

There is emerging evidence that SGLT2 inhibitors, a
modulator of sodium‐glucose transporters in the kidneys

initially developed for the treatment of diabetes mellitus,
may be helpful in treating this condition as they have
been shown to improve cardiovascular outcomes in
HFpEF84 and to ameliorate PVD in preclinical HFpEF
models.85 Another potential promising treatment is
levosimendan, an ionodilator that functions as a Ca
sensitizer and KATP channel activator and is approved
for the treatment of HF with reduced EF (HFrEF) in
many other countries that have recently been shown to
reduce PCWP and increase exercise capacity with no
significant increases in adverse events in the HELP study,
a Phase II trial of patients with PH‐HFpEF.86

In conclusion, significant advances have been made
in the understanding of the epidemiology, pathobiology,
and, recently, the treatment of PH‐LHD, but several large
knowledge gaps still exist and further work is needed to
address these.

CTEPH: UPDATES ON DIAGNOSIS
AND MANAGEMENT, DR.
NICK KIM

CTEPH, or Group 4 PH, is a disease in which chronic
venous thromboembolism (VTE) obstructs pulmonary
blood flow resulting in elevated PA pressures. There
remain diagnostic challenges in identifying CTEPH and
key messages need to be tailored to target audiences. For
example, primary care providers should be aware that
CTEPH is in the differential for chronic dyspnea or
anticoagulation failure. Community cardiologists, pul-
monologists, and radiologists should be aware that CTPA
is not adequate to rule out CTEPH and that V/Q scan is
often required to make the diagnosis. Emergency
department physicians should be aware of the different
presentations of acute versus chronic PE and the
possibility of in situ clot formation in chronic disease.
For PH specialists, it is important to recognize the need
for referral to a CTEPH center capable of performing
pulmonary endarterectomy (PEA) when cases of CTEPH
are identified.

It is also important to remember that absence of
VTE history does not rule out CTEPH as up to 30% of
patients have no prior diagnosis of a pulmonary
embolism at the time of CTEPH diagnosis. CTEPH
diagnosis may be underdiagnosed as many patients
diagnosed with PAH have never undergone V/Q scan87

and V/Q scans have been shown to have improved
sensitivity compared to CTPA in diagnosing CTEPH.88 It
is also important to remember that not all pulmonary
artery clots are embolic. PAH patients can occasionally
develop in situ thrombosis in the pulmonary arteries,
possibly related to endothelial injury.
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Results of the V/Q scan need to be interpreted in the
context of underlying parenchymal abnormalities for
patients with underlying lung disease. Abnormalities on
V/Q are more likely to be CTEPH if they are basilar and
if the patient has a history of deep vein thrombosis.

The current diagnostic algorithm recommends using
echocardiography and V/Q scan as screening tools when
CTEPH is suspected, to confirm the diagnosis with RHC
and pulmonary angiography, and to utilize hemo-
dynamic and clinical factors, as well as comorbidities to
assess risk once CTEPH is diagnosed.89

CTEPH treatment can involve surgical treatment
with PEA, mechanical treatment with balloon pulmo-
nary angioplasty (BPA), or targeted medical therapy.
Many patients receive a combination of these therapies.90

Treatment decisions should be made in conjunction with
a multidisciplinary team with expertise in CTEPH
including surgeons, PH clinicians, BPA interventional-
ists, and radiologists.90

Medical therapy can be utilized to lower PVR in
subjects with inoperable CTEPH or with persistent PH
following PEA. Multiple therapies have been tested in
the context of inoperable or persistent CTEPH, and these
trials are summarized in Table 1. The AIR study91 was
the first randomized controlled trial (RCT) of medical
therapy that allowed for the inclusion of inoperable
CTEPH in addition to other forms of PAH and suggested
that there may be some benefit to inhaled iloprost. The
BENEFiT trial92 demonstrated improvement in hemo-
dynamics with bosentan in inoperable CTEPH or
persistent/recurrent PH after PEA but no change in
6MWD at 16 weeks. This was followed by the CHEST‐1
study,93 which showed improvement in 6MWD and
hemodynamics with riociguat in inoperable and post‐
PEA CTEPH, resulting in the FDA approval of riociguat
for treatment of this condition. The Phase II trial MERIT‐
1 showed that combination therapy with macitentan may
add additional benefit to PDE‐5 inhibitor therapy.94 The
CTREPH trial95 also demonstrated significant improve-
ment in 6MWD with high‐dose subcutaneous treprostinil
in inoperable CTEPH. Selexipag has also been shown to
reduce PVR in patients with CTEPH in a small RCT,
leading to its approval for this condition in Japan96;
however, a larger study—the SELECT study
(NCT03689244) was stopped early due to futility so
utility in this condition is unclear.

Ongoing work is continuing to identify optimal
treatment strategies for patients with inoperable or persist-
ent CTEPH. The MACiTEPH trial (NCT04271475) is
ongoing to evaluate the benefit of higher dose macitentan
in inoperable or persistent CTEPH on 6MWD and time to
clinical worsening. The RACE study compared riociguat to
BPA in inoperable CTEPH and demonstrated decreased

complications for BPA for subjects who had been on prior
medical therapy and suggests that upfront medical therapy
may be beneficial in patients with inoperable disease.97 The
IMPACT‐CTEPH trial (NCT04780932) is also now under-
way to evaluate the effect of combination oral therapy with
macitentan and riociguat compared with riociguat mono-
therapy before BPA in patients with inoperable CTEPH.

In conclusion, CTEPH is important to diagnose
accurately given the potential for surgical and mechani-
cal treatments which can significantly impact patient
outcomes. Medical therapy has a role in the management
of inoperable or persistent CTEPH. While there is the
most conclusive data for riociguat in this population,
there is emerging evidence of the benefit of ERAs and
prostanoids in this condition. Further work is needed to
better define optimal treatment strategies for patients
with this condition.

MECHANICAL TREATMENT OF
CTEPH, DR. IRENE LANG

CTEPH can affect various levels of pulmonary circulation
from the main pulmonary arteries to more distal targets
such as subsegmental pulmonary arteries. Mechanical
treatments such as PEA and BPA are typically more
effective for the proximal disease. The current treatment
algorithm relies on pulmonary angiography to make an
accurate diagnosis and to clearly establish the pattern of
disease. Given the complexity of these cases, the multi-
disciplinary discussion is crucial to identify the optimal
treatment approach. It is also important to incorporate
patient‐specific factors into the discussion, as the
presence of certain risk factors can significantly affect
outcomes. PEA remains the treatment of choice when
feasible, and outcomes are excellent in appropriately
selected patients treated at expert CTEPH centers, while
BPA can be considered for patients with CTEPH with
more distal (i.e., lobar, segmental, and subsegmental)
disease. The optimal approach for patients with the
intermediate disease is less clear, prompting the GO‐
CTEPH trial (NCT05110066), an RCT of PEA versus BPA
in CTEPH patients eligible for both treatments.

BPA is often performed as a staged procedure with
incremental lesion dilation, as smaller balloon size
relative to vessel size helps to decrease the risk of
complications such as pulmonary or vascular injury.
Most patients require multiple sessions (sometimes up to
20) to receive complete treatment.

There have been significant improvements in BPA
outcomes since the first case series was published in
2001, demonstrating a 61% rate of pulmonary injury.98

Current complication rates for BPA at expert centers
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suggest a 2.5%–15% rate of pulmonary injury.99,100

Complication rates seem to be impacted by the types of
lesions present.101 Ring‐like stenoses and vascular webs
are best treated with BPA, while tortuous lesions are
thought to have high rates of complications and should
likely be avoided. There is also evidence that complica-
tions are more likely when treating patients with more
severe hemodynamic abnormalities, and the RACE trial
suggests that upfront medical therapy to improve
hemodynamics can decrease complication rates, as rates
of BPA‐related serious adverse events were lower in
patients pretreated with riociguat (14% vs. 42%) with a
similar reduction in PVR at 52 weeks between the two
groups.97 Provider experience matters in both BPA and
CTEPH, with data suggesting lower complication rates as
clinician experience increases.102

The benefits of BPA can often exceed that of medical
therapy with a reduction in PVR by about 40% and mPAP
by about 30%.100 Treatment response to BPA is correlated
with the number of lesions able to be treated. There is
also emerging evidence that BPA can be used to treat
residual, distal disease after PEA.103

In summary, CTEPH is caused by mechanical
obstructions of the pulmonary arteries and can often be
treated by mechanical means with either PEA or BPA
with excellent results. Decisions about the appropriate
treatment strategies are best made by multidisciplinary
discussions at expert clinical centers with expertise in
both treatments. While PEA remains the treatment of
choice for proximal disease in operative candidates, BPA
can demonstrate significant hemodynamic benefits in
patients with an intermediate or more distal disease with
a favorable complication rate when performed by expert
clinical centers. Further work is needed to optimize
patient selection and treatment approach, and an
international BPA registry has been developed to
prospectively collect data on BPA cases to aid in this
process.

BEYOND VASODILATORS ‐
NONMEDICAL INTERVENTIONS
FOR PH: ROLE OF EXERCISE,
ACTIVITY TRACKING, AND
REMOTE MONITORING IN PH
CARE, DR. MARY BETH BROWN

Training the RV and left ventricle (LV) is not the same.
Healthy rat models have shown greater metabolic
remodeling of the RV including the increased mitochon-
drial ability to produce ATP and the increased antiox-
idant capacity after 1 year of exercise training. Structural
remodeling of the RV was reversible and dose‐dependent

with the intensity of the exercise.104–106 More research is
available with animal models because exercise is difficult
to model in humans. Therefore, there is a lot we do not
know about exercise despite a Grade 1a recommendation
for exercise in PAH, and we need to know how to assess
and individually prescribe exercise.

The optimal approach to exercise training in PH to
achieve benefit without the detriment of maladaptive RV
remodeling is unknown.107 Hitting an exercise benefit
threshold without being detrimental is important to
understand and then translate into exercise prescriptions.
For example, high‐intensity interval training (HIIT) for
rat models with mild PH reversed RV hypertrophy but
not with continuous training and it is unclear how this
translates to different disease severity and etiology.108

Interestingly, in a follow‐up study with a manuscript in
progress, in a rat model of severe PH, exercise training
improved resting cardiac dysfunction, but it did not
attenuate the maladaptive RV changes, and rats sub-
jected to HIIT accrued earlier and more deaths. Of note,
these animals were without the benefit of therapy but
support that more research at the cellular level is
necessary and raises the suspicion of RV–PA
uncoupling.109

RV–PA coupling is described as an incapacity of the
RV to recruit contractile function in the face of elevated
afterload. Research is needed because uncoupling may be
associated with adverse RV remodeling and poor
outcomes, and investigation of the effect of different
workloads, physical postures, and etiology may ulti-
mately lead to better exercise prescriptions.110 To
translate this data and use it more broadly, researchers
need easier surrogates for cardiac MRI and CPET such as
echo or lactate thresholds as done in elite athletes.

Lastly, exercise training needs to be more accessible
at home. Several papers have been published in regard to
inpatient rehab noting benefits but delivery and access
need to be optimized. Home‐based programs have
advantages and disadvantages but have the potential to
be just effective. In conclusion, exercise is beneficial in
PH but needs to be studied to maintain RV–PA coupling
during exercise and more research into remote monitor-
ing tools to help optimize safety and efficacy.

THE ROLE OF CANNABINOIDS
AND DIETARY SUPPLEMENTS IN
PH CARE, ALISSA MARGRAF,
PHARMD, BCACP

Dr. Margraf described the endocannabinoid system
(ECS), which is a natural cannabis‐like molecule pro-
duced by the body that is involved in physiological and
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cognitive processes including in the vascular system.
Plants have a similar plant‐derived cannabinoid, phyto-
cannabinoids, and mimic ECS in the body. CBD
(cannabidiol) and THC (delta‐9 tetrahydrocannabinol)
are two more well‐known of the greater than 60
phytocannabinoids and bind to cannabinoid receptors
throughout the body causing varied physiological effects.

In the United States, CBD was approved in 2018 as an
active ingredient in epidiolex, which was approved to
treat two rare pediatric epileptic syndromes. Aside from
this approved medication, there are many other theoreti-
cal uses. CBD has several therapeutic targets, animal
models have demonstrated protective effects on the
vascular endothelium, decrease in RVSP, and pulmonary
artery hypertrophy, as well as vasorelaxant effects on the
pulmonary arteries of deceased donors.111–113 CBD has
had promising results in animal models, but human
randomized trials are still needed.

Consumer awareness of CBD is high but knowledge
is poor. Most people use CBD to alleviate pain, improve
mood or sleep, or for wellness, but concerningly >10%
are using it to treat severe debilitating conditions,
possibly putting off more appropriate care.114 Around
2018 when epidiolex was approved by the FDA as a
medication. CBD could no longer be labeled as a dietary
supplement or added freely to food. However, the 2018
Farm Bill legalized hemp including its extracts and
cannabinoids. This removed it from the list of federally
controlled substances by the Drug Enforcement
Agency allowing primarily state regulation. Hemp is
considered any part of the cannabis plant with a THC
concentration of <0.3% dry weight with limited psy-
choactivity and has many industrial and nonmedic-
inal uses.

There is widespread marketing, selling, and use of
CBD. The FDA has warned several companies for
illegally marketing and selling CBD products for clinical
use and studies have also noted inaccuracies in content
labels. A study noted only 31% of products sampled were
within 10% of their labeled values and 18 out of 84
samples detected THC.115 Many of our patients continue
to use CBD and it may be prudent to give guidance to
ensure product quality and safety. It is advised to look for
third‐party testing with good manufacturing practices
including the source of CBD. Avoid products with health
claims or labeling that it is derived from “plant” as that is
illegal. It may also be advisable to consider monitoring
transaminases with CBD use. Remember natural does
not always mean safe or effective.

Lastly, there are many natural products in the market
that can be very appealing. Many of these products may
seem safer or have a cultural background. Some
examples include St. John's wort, which can have several

potentially serious cardiac drug interactions and is an
inducer of the cytochrome pathways, which could affect
the metabolism of many PAH medications, potentially
decreasing their efficacy. Ma Huong or ephedra can
cause vasoconstriction and increase blood pressure.
Garlic, Ginkgo biloba, ginseng, and turmeric increase
the risk of bleeding. Vitamin K may have untoward
effects on the efficacy of warfarin. Kava, echinacea, and
valerian root can cause liver damage.116 A variety of fresh
foods are a good source of vitamins and minerals and
preferable to dietary supplements. Pharmacists are
available to discuss supplements and potential medica-
tion interactions and are an integral piece of multi-
disciplinary care teams.

STATE ‐OF ‐THE ‐ART MECHANICAL
CIRCULATORY SUPPORT FOR PH,
DR. CHRISTIAN A. BERMUDEZ

PAH patients are among the most complicated patients
to manage with mechanical circulatory support (MCS).
Few options exist, and there is little time. It is well
understood that chronic pressure overload leads to
RV failure and mortality, and there is a relationship
between hypoxemia in RV dysfunction and maladaptive
response. The target to mechanically support patients
historically has been focused on LV. In the 2000s, more
innovation for RV support was in development and more
recently mechanical support has been considered as a
bridge to transplant.

Indications for MCS in PH include cardiogenic shock
(CVP> 15mmHg, increased inotropic requirements,
decreased CI < 2.2), as well as progressive hypoxemia
even before RV failure, especially as a bridge to
transplant. MCS can also be considered as a bridge to
recovery for patients with right to left shunts, acute
pneumonia, ILD exacerbations, or other modifiable or
reversible conditions. Most Group 3 and Group 5 patients
typically bridge to transplant, but in some decompen-
sated Group 1 and Group 4 patients, MCS may be an
option for recovery particularly if they are medically
under‐treated, that is, need parenteral optimization or
may be a thromboendarterectomy candidate. Regardless,
the exit strategy from MCS needs to be clear from the
beginning.

Device selection for temporary support depends on
the presentation of the patient including the need for left,
right, or biventricular support, urgency, vasculature
accessibility for cannulation, flow needs, presence of
hypoxemia, and availability of a device. Options include
RV access device (RVAD), VA‐ECMO, and VV‐ECMO.
Unfortunately, interventional lung assist Novalung, as
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well as some other devices and technologies, are no
longer available.117

The most frequently used device in PH is VA‐ECMO
for shock or profound hypoxemia. However, it is
important to know that VA‐ECMO contributes to
retrograde flow, which can increase LVEDP and LVEDV
and lead to pulmonary congestion and hypoxemia in
patients with systolic or diastolic dysfunction.118 Consid-
eration for veno‐arterial‐venous hybrid VA ECMO may
be an option in this patient population.119 In the past 10
years, there has been a marked improvement in survival
in the use of VA‐ECMO in general.120 However, a much
higher risk of mortality remains in PAH patients,
survival time on VA‐ECMO is much shorter to about
10–14 days, although VV‐ECMO may offer up to months
as a bridge to transplant.121–123

Emerging as a viable option in PH, RVAD, or
OxyRVADs, which adds an oxygenator for hypoxic
patients, may improve survival citing successes along
with VV ECMO in patients with RV dysfunction and
COVID‐19 ARDS‐PH.124,125 RVADs have not decreased
RV size as much as hoped and there has been
persistent tricuspid regurgitation making management
tricky.126 However, some good outcomes have been
published for RVADs with various approaches as a
bridge to transplant, but considerable challenges,
including pump failure, cannula thrombosis, and
tricuspid injuries, decrease suitability as a long‐term
therapy.127,128 While there has been a loss of device
access, there may be feasible use of LVAD technologies
to successfully moderate lower flow long‐term to
pulmonary arteries.129 In conclusion, there is increas-
ing interest in MCS support with patients with PH, and
available devices currently offer a viable option as a
bridge to transplant or optimization of therapies with
recovery but long‐term support is far off and further
studies are needed.

PEARLS AND PITFALLS IN LUNG
TRANSPLANTATION FOR PH, DR.
DEBORAH JO LEVINE

PH encompasses a diverse group of conditions that lead
to elevated arterial and/or venous pulmonary pressures,
although these diseases act differently, each etiology is
considered separately. PH can be a leading indication for
transplant as in PAH, or it may be associated with other
conditions being considered for a transplant. The first
lung transplant for PAH was performed in 1983.130

Nationally there has been an exponential increase in
transplants, and as time has gone on with the progression
of newer drugs, PAH represents a smaller proportion of

all lung transplants at about 2% compared to 15% before
the mid‐1990s.131,132

PAH remains a progressive disease and some patients
will continue to require transplants despite therapy as
they risk deterioration on maximal therapies. Before
medication advancements, patients were introduced to
transplants early and unfortunately are now more often
referred to too late. The transplantation window is small
in PAH, and patients may be too sick by the time they get
to the transplant. Lung allocation score (LAS) is based on
waitlist urgency, posttransplant survival, and diagnostic
group. LAS does not accurately predict waitlist survival
in PAH as hemodynamic parameters are not highly
weighted but may qualify for some exception points. The
LAS will soon be changed to be a continuous distribu-
tion, and it is unclear how this will affect the PAH
population.

Ensuring that lung transplant is available to PAH
patients includes introducing the idea early after
diagnosis or with an escalation of therapy as these
patients are unpredictable. It is important to remember
that early referral does not mean premature transplanta-
tion. Dr. Levine recommends considering referral for
lung transplant routinely with each risk evaluation. The
ISHLT consensus suggested referral with increased risk
score despite appropriate therapy, significant RV dys-
function, need for parenteral therapy, recent hospitaliza-
tion for PAH, pulmonary veno‐occlusive disease and
pulmonary capillary hemangiomatosis, signs of heart
failure or secondary organ dysfunction, and life‐
threatening complications such as hemoptysis.133 In
terms of success and improvement in survival, over the
last several years mean survival among all‐comers
remains about the same.131 However, when split out by
disease state cystic fibrosis (CF) patients have the best
survival, but conditional survival in PAH patients
approaches that of CF, although PAH has higher
perioperative mortality.132 Earlier referral when patients
are less ill when transplanted may improve perioperative
and early postoperative complications.

In HFpEF and Group 2 PH there is a higher risk of
high‐grade primary graft dysfunction.134 Connective
tissue diseases such as scleroderma as well as sarcoidosis
can also have direct cardiac involvement and left‐sided
disease and these patients may be difficult to treat post‐
transplant as well. Group 3 PH patients have the worst
outcomes and patients with interstitial pneumonia and
ILDs do worse than those with COPD or CPFE.135

Patients with IPF and PH‐ILD are particularly difficult
and experience more progressive decline, referral timing
is crucial because they may rapidly deteriorate.135

Patients with PH‐ILD also are often older and present
with more comorbidities and should continue to be
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comanaged with all specialists involved. Lastly, it is
important to rule out CTEPH because endarterectomy is
preferable to lung transplant in those patients and PTE
may not disqualify them for transplant in the future.
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