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A few comments from
those who attended
the previous
symposium...

“The meeting was
fantastic...the
presentations were
ﬁrst rate.”
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Research Institute

Welcome to our
3rd Annual Drug
Discovery & Development
Symposium for Pulmonary
Hypertension

“This was the ﬁnest
scientiﬁc meeting on
pulmonary
hypertension I have
ever attended.”

“The discussions
were very
provocative...perhaps
the best part of the
meeting.”

“What a great
symposium...
please let me know
when next year’s
meeting is.”

“I will be attending this
meeting every year...
...people involved in
developing therapies for
pulmonary hypertension
or right ventricular failure
should not miss this.”

The Drug Discovery and Development for Pulmonary
Hypertension Symposium is held annually each summer to
bring leading scientists in the ﬁelds of pulmonary vascular
disease, right heart failure and clinical trial designs together
with the pharmaceutical industry and regulatory authorities
to help identify the most promising treatments for future
development. For each meeting we assemble a faculty with
exceptional achievements and expertise, and choose topics
in areas that will inﬂuence the development of therapies
immediately. Each topic will be critically reviewed by an
expert panel, and open dialogue will allow your voice to be
heard.
This symposium serves as a unique forum for stakeholders
interested in treatment of pulmonary vascular diseases
for the sharing of cutting-edge science with the input
of international thought leaders. For researchers involved
in the treatment of pulmonary hypertension, this meeting
should stimulate new ideas and approaches.
For the pharmaceutical and biotechnology industries that
have an interest in pulmonary vascular diseases, right heart
failure or orphan diseases, it is a meeting that should not be
missed.

The pathway to breakthrough therapies...
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Stuart Rich
Dr. Stuart Rich is a cardiologist
and Director of Northwestern
Medicine’s Pulmonary Vascular
Disease Programme at the Bluhm
Cardiovascular Institute and a
Professor of Medicine,
Northwestern University Feinberg
School of Medicine.
He is one of the world’s most recognised experts on
pulmonary vascular diseases. For more than three
decades he has dedicated his research and clinical efforts
to ﬁnding better solutions for pulmonary hypertension.
Dr. Rich completed his residency training in medicine at
Washington University in St. Louis, and fellowship in
cardiology at the University of Chicago. His career began
at the University of Illinois where he was principal
investigator for the National Institutes of Health (NIH)
Registry on Primary Pulmonary Hypertension, the ﬁrst of
its kind, and has been the leader of the largest clinical
center in the U.S. for evaluating and treating patients with
pulmonary hypertension since 1980. Dr. Rich has
conducted cutting-edge research on the molecular
mechanisms, epidemiology, clinical presentation, natural
history and treatments of the disease and been at the
forefront of the development of virtually every new
treatment for pulmonary hypertension, as well as the use
of therapeutic procedures and devices. His pioneering
research has led to a greater understanding of all types of
pulmonary hypertension.
He has published hundreds of clinical articles and book
chapters on pulmonary hypertension and is co-founder of
the Pulmonary Vascular Research Institute, a global health
professional organisation committed to bringing advances
in treating pulmonary vascular diseases to the developing
world. In 2014 he received the Heart for Hope Legacy
Award from the Pulmonary Hypertension Association and
in 2015 received the Lifetime Achievement Award from
the Pulmonary Vascular Research Institute.
Dr. Rich’s clinical interests include: pulmonary
hypertension, pulmonary vascular disease, pulmonary
thromboembolism, adult congenital heart disease, right
heart failure and complex and rare forms of heart
diseases.

John Newman
Dr. Newman,
together with
Dr. James Loyd, is
co-founder of the
Pulmonary
Circulation Center at
Vanderbilt Pulmonary
Circulation Center.
They have conducted a continuous Clinical
Research Center programme of
phenotyping and genotyping patients with
pulmonary hypertension for more than
30 years.
Dr. Newman authored the New England
Journal of Medicine paper, reporting the
novel insights in BMPR2 and clinical
presentation from the largest known family
with heritable PH. He mentors and assists
in the development of multiple fellows and
faculty in studies of pulmonary
hypertension, leading Vanderbilt to a large
comprehensive pulmonary hypertension
programme spanning clinics, clinical trials
and genomics and signaling studies. He is
funded by NIH, together with Co-I Dr. Anna
Hemnes, for studies in the metabolic
syndrome through the NIH PO1 and the
NIH PVDOMICS network.
Dr. Newman, together with John Phillips, is
also Co-PI of the new Undiagnosed Disease
Network at Vanderbilt, a multicenter
programme to diagnose ultra-rare diseases.
He is President of the CMREF, a non-proﬁt
fund that conceived and supports the
Pulmonary Hypertension Breakthrough
Initiative (PHBI), which is a consortium that
harvests PH lungs during transplantation
and coordinates scientiﬁc studies on the
tissues, DNA, cells and ﬂuids from these
lungs. Recently, Dr. Newman and Dr. Rizwan
Hamid found the variant in HIF2a that
causes Brisket disease in cattle, a form of
high altitude pulmonary hypertension.

Serpil C Erzurum
Dr Erzurum received
her B.S. and M.D.
through the 6-year
program of
Northeastern Ohio
Universities Medical
College. Following
internship and residency
at Baylor College of Medicine
at Houston, Texas, she completed her
Pulmonary and Critical Care fellowship
at University of Colorado/National Jewish
Center in Denver Colorado.
She continued postdoctoral research
training as a Senior Staff Fellow in the
Pulmonary Branch at the NHLBI. After an
Assistant Professorship at University of
Pittsburgh, she was recruited to the
Cleveland Clinic.
Throughout her career, her research has
focused on airway and lung vascular
diseases, in particular deﬁning arginine/nitric
oxide and metabolic mechanisms underlying
pulmonary hypertension.
She is a Professor of Medicine and Staff
Physician in the Cleveland Clinic Respiratory
Institute, and Chair of the Department of
Pathobiology in the Lerner Research
Institute at Cleveland Clinic.
Dr Erzurum is a member of the Advisory
Council to the NHLBI, Chair of the American
Board of Internal Medicine Pulmonary
Disease Subspecialty Board, and Councilor
of the Association of American Physicians.
Her research is funded by the National
Institutes of Health.

Introducing our Chairpersons...
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Day 1 // Session 1
Monday 11th July
07:30 - 08:15
Registration

08:15 - 08:30
Introductory Remarks

Drugs for New Targets in Pulmonary
Hypertension Entering Clinical
Trials

Moderator: John Newman
Expert Panel: Mark Gladwin, Kurt Stenmark
08:30 - 09:30
Bardoxolone Methyl for PAH
(ClinicalTrials.gov Identiﬁer:NCT02036970)
Ron Oudiz
09:30 - 10:30
Rituximab for Scleroderma APAH
(ClinicalTrials.gov Identiﬁer: NCT01086540)
Mark Nicolls
10:30 - 11:30
Anastrozole for PAH
(ClinicalTrials.gov Identiﬁer: NCT01545336)
Steven Kawut
11:30 - 12:30
ASK-1 inhibitor for PAH
(ClinicalTrials.gov Identiﬁer: NCT02234141)
Andrew Peacock
12:30 - 13:30
Lunch
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Bardoxolone Methyl for PAH

Rituximab for Scleroderma APAH

(ClinicalTrials.gov Identiﬁer:NCT02036970)
Ron Oudiz

(ClinicalTrials.gov Identiﬁer: NCT01086540)
Mark Nicolls

Abstract
Triterpenoids have been used for medicinal purposes in many
Asian countries because of their anti-inﬂammatory, antioxidant,
antiproliferative, anticancer, and anticarcinogenic properties.
Bardoxolone methyl, the C-28 methyl ester of 2-cyano-3,12dioxoolean-1,9-dien-28-oic acid (CDDO) known as CDDO-Me or
RTA 402, is one of the derivatives of synthetic triterpenoids.
CDDO-Me has been used for the treatment of chronic kidney
disease, cancer (including leukemia and solid tumors), and other
diseases. CDDO-Me contains α,β-unsaturated carbonyl groups on
rings A and C that can generate reversible adducts with the thiol
groups of Cys residues in target proteins such as Keap1 and I B
kinase. At low nanomolar concentrations, CDDO-Me protects the
cells against oxidative stress via inhibition of reactive oxygen
species generation, while CDDO-Me at low micromolar
concentrations induces apoptosis by increasing reactive oxygen
species and decreasinging intracellular glutathione levels. Through
Keap1/Nrf2 and nuclear factor-κB pathways, this agent can
modulate the activities of a number of important proteins that
regulate inﬂammation, redox balance, cell proliferation and
programmed cell death. In a Phase I trial in cancer patients,
CDDO-Me was found to have a slow and saturable oral
absorption, a relatively long terminal phase half-life (39 hours at
900 mg/day), nonlinearity (dose-dependent) at high doses (600–
1,300 mg/day), and high interpatient variability. As a
multifunctional agent, CDDO- Me has improved the renal function
in patients with chronic kidney disease associated with type 2
diabetes. CDDO-Me has shown a promising anticancer effect in a
Phase I trial. This agent is generally well tolerated, but it may
increase adverse cardiovascular events. Presently, it is being
further tested for the treatment of patients with chronic kidney
disease, cancer, and pulmonary arterial hypertension.
Pulmonary arterial hypertension is a life-threatening disease
involving endothelial dysfunction, vasoconstriction in small
pulmonary arteries, aberrant proliferation of certain vascular cells,
and dysregulated inﬂammatory signaling leading to vascular
remodeling, pulmonary ﬁbrosis, and right ventricular hypertrophy.
Preclinical data have demonstrated that CDDO-Me could
modulate the endothelin (ET) pathway and reduce vascular
inﬂammation. Chin et al found CDDO-Me administration was
associated with decreases in ET-1 secretion and ET receptors type
A (ETA) receptor expression. Furthermore, the ET pathway has
been identiﬁed as a target of NF- κB, with ETA expression
decreased in renal artery organ cultures treated with direct NFκB inhibitors. Thus, the inhibitory effects of CDDO-Me on the
NF-κB pathway may contribute to the reduced activity of ET
pathway. In addition, CDDO-Me and related compounds have
highly potent antioxidant, anti-inﬂammatory properties, as well
as antiproliferative and antiﬁbrotic effects. On the basis of these
data, CDDO-Me is currently being studied in patients with
pulmonary arterial hypertension in a Phase I trial.

This presentation will summarize our current experience
conducting ASC01, a NIH (DAIT/NIAID)-funded trial which is
entitled “A Randomized, Double-blind, Placebo-Controlled, Phase
II Multicenter Trial of a Monoclonal Antibody to CD20 (Rituximab)
for the Treatment of Systemic Sclerosis-Associated Pulmonary
Arterial Hypertension (SSc-PAH)”. This is the ﬁrst national trial of
immunotherapy for PAH and one of only two PAH trials to be fullyfunded by the NIH.
Systemic sclerosis (SSc) is a systemic connective tissue disease
characterized by ﬁbrosis and atrophy of the skin, joints and
tendons, skeletal muscles, and internal organs (e.g., lungs, heart,
gastrointestinal tract, and kidney) as well as by immunological
disturbances. SSc is a rare disease which is diagnosed in
approximately 67 male patients and 265 female patients per
100,000 people each year in the United States. Internationally, SSc
is estimated to occur in 20 people per million annually but is
relatively rare in Japan and China. Overall, a substantial female
predominance exists, with a female-to-male ratio of 3-6:1.
Of the numerous manifestations that affect multiple organ
systems, pulmonary involvement produces some of the most
common and serious complications of the disease. The major
pulmonary manifestations of SSc are interstitial lung disease and
SSc-PAH. A conservative estimate of PAH prevalence of 10%
among patients with SSc in the United States would indicate a
prevalence of 24 individuals per million, which may actually be
higher than the number of patients affected by idiopathic PAH.
Further, patients with SSc-PAH tend to have a worse prognosis
compared to all other forms of PAH.
SSc-PAH assumes three basic forms: 1) severe SSc-PAH
accompanying limited cutaneous SSc, 2) SSc-PAH accompanying
(secondary to) interstitial lung disease, and 3) a more indolent form
of SSc-PAH which reﬂects vascular pathology of SSc. Although
there appear to be different subtypes of SSc-PAH, it is not known
if and how the pathogenesis differs with each form. In all patients
with SSc, SSc-PAH signiﬁcantly worsens survival and is the leading
cause of mortality in these patients. Treatment for this disease is
currently limited to the same vasodilator therapy employed in all
forms of PAH. A Reveal Registry analysis revealed a three-year
survival rate in the previously diagnosed and newly diagnosed SScAPAH group as 61% and 51%, respectively, compared with 81%
and 76%, respectively, in the non-SSc-CTD-APAH group. In short,
SSc-PAH is a life-threatening illness for which there is currently
no cure.
Lungs from patients with SSc-PAH exhibit a characteristic vascular
pathology, the plexiform lesion, which is structurally similar to
plexiform lesions found in other PAH conditions such as idiopathic
PAH and HIV-associated PAH. In SSc-PAH, both plexiform and
concentric obliterative lesions stain positively for factor VIIIrelated antigen consistent with abnormal endothelial cell
proliferation. Macrophages, T and B cells are noted clustering in
and around the vascular lesions. Interestingly, the primary
proliferative abnormalities within the pulmonary arterial walls are
similar to those found in SSc digital arteries. Both digital and
pulmonary arteries have medial and adventitial ﬁbrosis that lead
to structural luminal narrowing.

Anti-endothelial cell antibodies are found in the circulation of SSc
patients and have been posited to play a role in the development
of vascular disease found in SSc, including PAH. Characterized by
diminished regulatory T cell activity and a history of viral infection,
these patients also exhibit a dysregulation of B cells. Of note is that
CD19 expression is increased by ≈20% on B cells in patients with
SSc, while other B cell markers CD20, CD22 and CD40 are
normally expressed.
Several different autoantibodies have been implicated in disease
pathogenesis. In summary, SSc is an autoimmune disorder that has
been associated with viral infection, endothelial damage,
diminished regulatory T cells, dysregulated B cells, abundant mast
cells, and serum autoantibodies; as such, it very much appears to
be an autoimmune disorder that may be responsive to B celldirected therapy.
Endothelial alterations may lead to a cascade of stimulatory
changes that involve many cells, including T cells, macrophages,
mast cells, and ﬁbroblasts. Once activated, these cells secrete a
variety of substances, including enzymes and their inhibitors and
cytokines and their soluble receptors. These substances lead to
changes in the extracellular matrix proteins, including ﬁbronectin;
proteoglycans; and collagen types I, III, V, and VII which results in
ﬁbroproliferative changes. Activation of the immune system
appears to be of paramount importance in the pathogenesis of SSc.
Antigen-activated T cells inﬁltrate the skin and produce the
proﬁbrotic cytokine IL-4. B cells may contribute to ﬁbrosis, as
deﬁciency of CD19, a B-cell transduction molecule, results in
decreased ﬁbrosis in animal models.
Very little is known about the pathogenesis of SSc-PAH, but it
appears to be a complex and multifactorial process. Unlike familial
PAH, SSc-PAH has not been found to be associated with a mutation
of bone morphogenetic protein receptor type 2 (BMPR2), a
member of the TGF-β superfamily of receptors. However, it has
been recognized that altered expression of TGF-β superfamily
receptors, interacting proteins, or downstream signaling molecules
occurs in SSc.
Defects in the balance of vasoconstrictors and vasodilators have
been another research focus in SSc-PAH with a notable elevation
of endothelin-1 (ET-1), a potent vasoconstrictor. In addition to
interest in TGF-β superfamily alterations and abnormal vascular
tone, there is signiﬁcant work focusing on dysregulated immunity
in the pathogenesis of SSc-PAH. As noted above, plexiform lesions
found in the arterial walls of SSc PAH patients include an
inﬂammatory inﬁltrate consisting of macrophages, T cells, B cells,
and mast cells.
This talk will brieﬂy highlight pre-clinical studies and clinical case
reports which provides additional rationale for targeting B cells
with rituximab in SSc-PAH.
For the study itself, sixty eligible adults between the ages of 18 and
75 who have been diagnosed with SSc-PAH within the past 5 years
and meet all entry criteria are currently being enrolled in this study.
Participants receive 2 infusions (1000 mg) of either rituximab or
placebo 14 days apart. At the time of this writing, 47/60 patients
have been enrolled. Currently, 18 U.S. centers are participating.
This study is comparing patients treated with rituximab to those
on placebo for change in six minute walk distance (6MWD). This
presentation will include our experience with using pulmonary
vascular resistance (PVR) as a primary outcome measure for this
patient group; we found that this traditional clinical trial endpoint
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may be confounded by existing background PAH- speciﬁc therapies
and subgroup-speciﬁc hemodynamics. The secondary objectives
of this study are to compare treatment groups for other measures
of clinical disease progression and to determine whether the
effects on clinical disease progression are paralleled by changes in
selected biomarkers. Additionally, the safety and tolerability of
rituximab for the treatment of SSc-PAH in patients receiving stable
background medical treatment with prostanoid, endothelin
receptor antagonist, PDE-5 inhibitor, and/or guanylate cyclase
stimulators therapy will be assessed.
Further studies are assessing the microvirome and microbiome of
SSc-PAH patients before and after rituximab as well investigating
B cell and Treg phenotypes in this at-risk cohort.

Anastrozole for PAH
Steven M. Kawut

Background: Female sex is the strongest risk factor for the
development of pulmonary arterial hypertension (PAH). The
aromatase inhibitor anastrozole blocks the conversion of
androgens to estrogen and has been shown to blunt the
development of pulmonary hypertension in animals, but its
efﬁcacy in treating patients with PAH is not known. We aimed to
determine the safety and efﬁcacy of anastrozole in PAH.
Methods: We performed a randomized, double-blind, placebocontrolled “proof-of-principle” clinical trial of anastrozole in
patients with PAH receiving background therapy at two centers. A
total of 18 patients with PAH were randomized to anastrozole 1
mg or matching placebo in a 2:1 ratio. The two co-primary
outcomes were change from baseline in 17 -estradiol level (E2)
and tricuspid annular plane systolic excursion (TAPSE) at three
months.
Results: Anastrozole signiﬁcantly reduced E2 levels compared to
placebo at 3 months (% change from baseline, -40% [IQR, -61 – 26%] vs -4% [IQR, -14 – 4%], p = 0.003), but there was no difference
in TAPSE or other right ventricular echocardiographic parameters.
Anastrozole signiﬁcantly increased the six-minute walk distance
(6MWD) (median change from baseline =
+26 m) compared to placebo (median change from baseline = -12
m) (median % change from baseline anastrozole 8% [IQR, 2 – 17]
vs placebo -2% [IQR, -7 – -9], p = 0.042). Anastrozole had no effect
on NT-proBNP or other circulating biomarkers, functional class, or
health-related quality of life. There was no difference in adverse
events or serious adverse events.
Conclusions: Anastrozole signiﬁcantly reduced E2 levels in patients
with PAH, but had no effect on TAPSE. Anastrozole was safe, welltolerated, and improved 6MWD in this small “proof-of- principle”
study. Larger and longer Phase II clinical trials of anastrozole may
be warranted in patients with PAH.
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ASK-1 inhibitor for PAH

(ClinicalTrials.gov Identiﬁer: NCT02234141)
Andrew Peacock

ASK1 promotes maladaptive remodeling in a rodent model of
pulmonary hypertension: John Liles, Grant Budas, Faquan Liang,
Dillon Phan, Sarah Fernandes, Jessie Jia, Jason Oliver, Lina Yao,
Liguo Chi, Arvinder Dhalla, Luiz Belardinelli.
Abstract
Background: Apoptosis Signal-regulating Kinase 1 (ASK1) is a
redox-sensitive kinase that stimulates inﬂammatory and ﬁbrotic
pathways via activation of p38 and c-Jun N-terminal kinase (JNK).
Patients with pulmonary hypertension (PH) have increased
oxidative stress and p38 activation, which are believed to drive
maladaptive remodeling of the right ventricle (RV) and the
pulmonary vasculature.
Aim: Evaluate efﬁcacy of a selective ASK1 inhibitor on RV and
pulmonary vascular remodeling in a model of PH.
Methods: Monocrotaline (MCT, 60 mg/kg) was injected in rats to
induce PH and 1 week later a small molecule inhibitor of ASK1 (GS444217) was administered orally to achieve EC or EC levels
(n=8-10). 1-4 weeks following MCT, ASK1 signaling (p-ASK1, p-p38
and p- JNK), gene expression (CTGF, TIMP-1, MCP-1), pulmonary
hemodynamics, RV hypertrophy (RVH) and function, and
pulmonary vascular endpoints (vessel wall thickness and
endothelium-dependent vasodilator response) were evaluated.
Results: p-ASK1 increased and correlated with progression of PH
and RVH. GS-444217 dose dependently reduced PH, RVH, and
maladaptive gene expression in the RV; and reduced plasma
biomarkers (BNP, TIMP-1). RV ejection fraction decreased in rats
with PH and was attenuated by 50% with GS-444217. GS-444217
also decreased vascular wall hypertrophy by 50%, and restored the
maximal relaxation to acetylcholine (46 vs. 24%) compared to PH.
Exposures >15-fold above EC had no effect on pulmonary or
systemic hemodynamics in normal animals.
Conlusion: An orally administered ASK1 inhibitor dosedependently reduced maladaptive remodeling of the RV and
pulmonary vasculature, with corresponding increases in RV
function and vasoreactivity.

New Targets for Pulmonary
Vascular Diseases Ready for Clinical
Trials
Moderator: Serpil Erzurum
Expert Panel: Jeffrey Feinstein, Erika Rosenzweig

13:30 - 14:30

Elamipretide for Right Heart Failure from PH

(Sponsor: Stealth BioTherapeutics Inc.)

Vallerie McLaughlin

14:30 - 15:30

Ataluren for Pulmonary Arterial Hypertension

(Sponsor: PTC Therapeutics)
Michaela Aldred

15:30 - 16:30

Pulmonary Artery Denervation for PH in Left Heart

Failure

(ClinicalTrials.gov identiﬁer: NCT02220335)

Shao-Liang Chen

16:30 - 17:30

Metformin for Reducing Oxidant Stress in PAH
(ClinicalTrials.gov Identiﬁer:NCT01884051)

Anna Hemnes

Elamipretide for Right Heart Failure
from PH
Vallerie McLaughlin

Chronic Therapy With Elamipretide (MTP-131), a Novel
Mitochondria-Targeting Peptide, Improves Left Ventricular and
Mitochondrial Function in Dogs With Advanced Heart Failure
Hani N. Sabbah, PhD; Ramesh C. Gupta, PhD; Smita Kohli, MD;
Mengjun Wang, MD; Souheila Hachem, BS; Kefei Zhang, MD
Background: Elamipretide (MTP-131), a novel mitochondriatargeting peptide, was shown to reduce infarct size in animals with
myocardial infarction and improve renal function in pigs with acute
and chronic kidney injury. This study examined the effects of
chronic therapy with elamipretide on left ventricular (LV) and
mitochondrial function in dogs with heart failure (HF).
Methods and Results: Fourteen dogs with microembolizationinduced HF were randomized to 3 months monotherapy with
subcutaneous injections of elamipretide (0.5 mg/kg once daily,
HF+ELA, n=7) or saline (control, HF-CON, n=7). LV ejection
fraction, plasma n-terminal pro- brain natriuretic peptide, tumor
necrosis factor-α, and C-reactive protein were measured before
(pretreatment) and 3 months after initiating therapy (posttreatment). Mitochondrial respiration, membrane potential (Δψm),
maximum rate of ATP synthesis, and ATP/ADP ratio were
measured in isolated LV cardiomyocytes obtained at posttreatment. In HF-CON dogs, ejection fraction decreased at
post-treatment compared with pretreatment (29±1% versus
31±2%), whereas in HF+ELA dogs, ejection fraction signiﬁcantly
increased at post treatment compared with pretreatment (36±2%
versus 30±2%; P<0.05). In HF-CON, n-terminal pro-brain
natriuretic peptide increased by 88±120 pg/mL during follow-up
but decreased signiﬁcantly by 774±85 pg/mL in HF+ELA dogs
(P<0.001). Treatment with elamipretide also normalized plasma
tumor necrosis factor-α and C-reactive protein and restored
mitochondrial state-3 respiration, Δψm, rate of ATP synthesis, and
ATP/ADP ratio (ATP/ADP: 0.38±0.04 HFCON versus 1.16±0.15
HF+ELA; P<0.001).
Conclusions: Long-term therapy with elamipretide improves LV
systolic function, normalizes plasma biomarkers, and reverses
mitochondrial abnormalities in LV myocardium of dogs with
advanced HF. The results support the development of elamipretide
for the treatment of HF. (Circ Heart Fail. 2016).

17:30 - 19:00

Cocktail Reception
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Tuesday 12th July
A Therapeutic Strategy for Heritable
Pulmonary Arterial Hypertension
Micheala A. Aldred

Genomic Medicine Institute, Cleveland Clinic, Cleveland OH, USA.
The heritable form of pulmonary arterial hypertension (PAH) is
caused by heterozygous mutations in one of several genes,
primarily the bone morphogenetic protein type-II receptor
(BMPR2), which accounts for about 80% of cases. BMPR2
mutations lead to dysregulated BMP signaling, and abnormal
processing of a subset of microRNAs. Our hypothesis is that
restoring normal BMP signaling in patients with these mutations
may prevent or reverse vascular changes in PAH. We are testing
this hypothesis using drugs that promote ribosomal read- through
of nonsense mutations to restore a full-length functional protein.
We have focused initially on ataluren, a novel small molecule that
is already in clinical trials for cystic ﬁbrosis and Duchenne muscular
dystrophy.
The ability of ataluren to restore functional BMP signaling was
analyzed in primary endothelial cells isolated from the blood or
explant lung tissues of PAH patients who carry nonsense
mutations. We have also engineered a novel dual-tag reporter
system to measure the efﬁciency of readthrough across a range of
different mutations.
Ataluren produced full-length protein in 7 of 8 mutant reporter
constructs, achieving up to 85% of the wildtype expression level.
Readthrough efﬁciency was highest for UGA stop codons. In
primary endothelial cells, ataluren restored BMP signaling and
corrected abnormal cell proliferation for 7 of 8 PAH mutations
tested. Our results suggest that nonsense readthrough is a
promising approach to correct BMP signaling and restore normal
endothelial cell function in patients with PAH caused by nonsense
mutations. The in vitro reporter system correlates well with the
results obtained in primary patient cells, and thus provides a rapid
screening system for other mutations where cells may not be
available. Our long-term goal is a personalized approach to BMPrelated vascular disorders based on individual mutation
characteristics. An important pre-requisite for achieving this will
be to establish large registries of patients who have undergone
mutation testing and can be recruited into appropriate clinical
trials based on their mutational status.

Hemodynamic, Functional, and Clinical
Responses to Pulmonary Artery
Denervation in Patients With
Pulmonary Arterial Hypertension of
Different Causes
Shao-Liang Chen

Background: The mechanisms underlying pulmonary arterial
hypertension (PAH) are multifactorial. The efﬁcacy of pulmonary
artery denervation (PADN) for idiopathic PAH treatment has been
evaluated. This study aimed to analyze the hemodynamic,
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functional, and clinical responses to PADN in patients with PAH of
different causes.
Methods and Results: Between April 2012 and April 2014, 66
consecutive patients with a resting mean pulmonary arterial
pressure ≥25 mm Hg treated with PADN were prospectively
followed up. Target drugs were discontinued after the PADN
procedure. Hemodynamic response and 6-minute walk distance
were repeatedly measured within the 1 year post PADN follow-up.
The clinical end point was the occurrence of PAH-related events
at the 1-year follow-up. There were no PADN related
complications. Hemodynamic success (deﬁned as the reduction in
mean pulmonary arterial pressure by a minimal 10% post PADN)
was achieved in 94% of all patients, with a mean absolute reduction
in systolic pulmonary arterial pressure and mean pulmonary
arterial pressure within 24 hours of −10 mm Hg and −7 mm Hg,
respectively. The average increment in 6-minute walk distance
after PADN was 94 m. Worse PAH-related events occurred in 10
patients (15%), mostly driven by the worsening of PAH (12%).
There were 8 (12%) all-cause deaths, with 6 (9%) PAH-related
deaths.
Conclusions: PADN was safe and feasible for the treatment of PAH.
The PADN procedure was associated with signiﬁcant
improvements in hemodynamic function, exercise capacity, and
cardiac function and with less frequent PAH-related events and
death at 1 year after PADN treatment. Further randomized studies
are required to conﬁrm the efﬁcacy of PADN for PAH.
Clinical Trial Registration—URL: http://www.chictr.trc.com.cn.
Unique identiﬁer: chiCTR-ONC- 12002085.

Metformin for Reducing Oxidant Stress
in PAH
Anna R. Hemnes

Oxidant stress and increased oxidant injury have long been
associated with pulmonary arterial hypertension (PAH) where they
are thought to mediate vascular injury and correlate with disease
severity as measured by invasive hemodynamics. Further
suggesting a causative role, urinary markers of oxidant stress fall
with successful PAH-directed therapy. Other diseases are
associated with increased oxidant stress and injury, in particular
diabetes mellitus. Recent work by many groups including ours has
shown that insulin resistance and frank diabetes are common in
PAH and not clearly correlated with BMI. Animal models have
suggested that insulin resistance may in fact promote pulmonary
hypertension and that lung reactive oxidant species levels are
higher in diabetic animal PAH models than in non-diabetic controls.
Moreover, insulin resistance and diabetes appears to impact
outcomes in PAH with diabetic patients having evidence of worse
right ventricular function and shorter survival. Thus, there is
mounting evidence that insulin resistance may play a role in
promotion of pulmonary vascular disease and that oxidant stress
may mediate this relationship. Whether treatment of insulin
resistance may improve pulmonary hypertension and oxidant
stress is presently unknown.

While there are several anti-diabetic drugs on the market, there
are few that are safe and well tolerated in patients who are not
frankly hyperglycemic, as is the case in many PAH patients, and are
not associated with heart failure. Metformin is a pleotropic drug
known to enhance fatty acid oxidation, sensitize to the effects of
insulin, reduce hepatic gluconeogenesis and reduce oxidant stress.
Animal models have suggested that metformin therapy may
improve pulmonary hypertension and may reduce right ventricular
lipotoxicity, recently associated with PAH and potentially a
consequence, at least in part, of insulin resistance. Meformin has
been shown to be safe in left heart failure and in insulin resistant
patients without hyperglycemia, e.g. polycystic ovarian syndrome.
Based on this safety proﬁle and preclinical suggestion of efﬁcacy,
we have undertaken a clinical trial of metformin in patients with
PAH.
The trial is an eight week dose-escalation study with primary
outcome metrics of safety and secondary metrics of urinary F2
isoprostane measurements. We are also measuring cardiac
magnetic resonance spectroscopy to evaluate potential effects on
right ventricular lipid deposition and cardiac C-11 acetate PET scan
to evaluate right ventricular oxidative metabolism and 18FDG PET
to measure lung glucose uptake. Other metrics include six minute
walk distance, echocardiography and biochemical markers of
insulin resistance (HOMA-IR). Enrollees are 18 or older and have
idiopathic or heritable PAH, free from other major comorbidities,
e.g. chronic liver or kidney disease.
Thus far, we have enrolled 12 patients. Mild diarrhea has been
common, but only one patient was unable to reach the target dose
of metformin (1g BID). Our goal is 27 patients within the next year.
In summary, oxidant stress and injury are common in PAH which is
also liked to insulin resistance, another disease associated with
oxidant stress. Given the safety of antidiabetic drugs such as
metformin even in patients with heart failure and a potential signal
of efﬁcacy in animal models, we have undertaken a clinical trial of
this drug to demonstrate 1) safety and 2) potential biochemical
evidence of reduced oxidant stress. We hope to complete the study
with the next 18- 24 months. If effective, we plan a larger, phase III
study. If our strongest signal is in right ventricular lipid deposition,
we may change future study designs to focus on right ventricular
function.

Controversial Issues in Clinical
Trials for Pulmonary Vascular
Diseases
Moderator: Stuart Rich
Expert Panel: Robert Frantz, Hunter Gillies,
Robert Temple

08:30 - 09:30
FDA Regulatory Approach To Orphan Diseases
Ellis F. Unger
09:30 - 10:30
Clinical Trials for Exercise Induced Pulmonary
Hypertension Are Warranted
Aaron Waxman
10:30 - 11:30
Treatment-Related Biomarkers in Pulmonary
Hypertension as Outcome Assessments
Tim McMahon
11:30 - 12:30
CardioMems Monitoring of PA Pressure as an
Endpoint in Clinical Trials.
(NHLBI VITA Project)
Raymond Benza
12:30
Lunch
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FDA Regulatory Approach to Orphan
Diseases
Ellis F. Unger

Orphan diseases are deﬁned as those affecting fewer than 200,000
U.S. patients. FDA has a particular interest in promoting the
development of drugs for orphan diseases – diseases such as
pulmonary hypertension.
Designation as an orphan disease provides certain ﬁnancial
incentives for drug manufacturers, including 7 years of marketing
exclusivity, waiver of the prescription drug user fee, and other tax
beneﬁts. It is important to note, however, that orphan disease
designation does not lower the standard for approval,
i.e., substantial evidence that the drug will have its intended effect.
Substantial evidence must be based on the results of adequate and
well-controlled investigations – studies that are designed and
conducted such that they are able to distinguish the effect of the
drug from other inﬂuences, such as spontaneous change in the
course of a disease, placebo effect, or biased observation.
FDA recently issued a draft guidance that discusses issues
common issues in drug development for rare diseases:
(http://www.fda.gov/downloads/Drugs/GuidanceCompliance
RegulatoryInformation/Guidances/UCM458485. pdf)
When patients are relatively scarce, as in pulmonary hypertension,
typical large clinical trials become less practical and/or very
difﬁcult. The challenge in working with relatively small patient
populations is to increase efﬁciency.
There are 4 fundamental approaches to enhance efﬁciency: 1) use
of enrichment approaches; 2) novel designs, including those that
assess patients more than once, cross-over designs, or "n of 1"
studies; 3) historically-controlled studies; and 4) baselinecontrolled studies.
Enrichment strategies and their applicability to the study of drugs
for pulmonary hypertension will be discussed in some detail. The
main types are practical, prognostic, and predictive enrichment.
We will also discuss some of the major characteristics of
historically-controlled studies, including baseline-controlled
studies.
We will also discuss randomized withdrawal studies and cross-over
trials.
Randomized withdrawal studies represent a form of empiric
enrichment, where patients are selected for study inclusion on the
basis of an apparent response to treatment. The basic schema is
shown here:

Patients who have shown they: 1) will comply
with study procedures; 2) tolerate the drug;
and 3) have a positive response

randomized withdrawal
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drug

placebo

The efﬁcacy endpoints, assessed post-randomization, could
measure symptom severity, change in a performance (e.g., 6minute walk distance), numbers of events (e.g., hospitalization;
clinical worsening), or time-to-event (i.e., time to treatment failure).
Potential advantages to this study design include:
1. Patients are identiﬁed a priori, e.g., from an open-label extension
of a trial or an access protocol
2. The study is empirically enriched with apparent responders;
should show a larger drug-placebo difference
3. Patients have already shown that they tolerate the drug (fewer
dropouts)
4. Patients have already shown that they will tolerate the demands
of study participation (fewer dropouts)
5. Useful when longer-term use of placebo is undesirable or
unethical
6. Can switch patients from placebo back to active drug as soon as
a failure criterion is met; very attractive in pediatrics
7. If initial part of study is long, can establish long-term
effectiveness of a drug with only brief use of placebo
8. Can obtain dose-response information with randomization to
various doses of the drug.
Disadvantages:
1. Difﬁcult to interpret if there is a rebound effect when stopping
drug (this is unusual)
2. Difﬁcult to interpret when drug effects are long-lasting and
persist after discontinuation
3. If collection of safety data is important, there is less opportunity
to compare drug to placebo with this design, i.e., none of the
patients are treatment-naïve at the time they are randomized
Cross-over studies are efﬁcient because they compare each
patient to themselves, reducing variability. Cross-over designs are
useful when the disease is persistent (e.g., pulmonary
hypertension) and the drug modiﬁes symptoms in a reversible way.
Potential advantages:
1. Highly efﬁcient from a statistical standpoint; a paired analysis
decreases variability and can decrease sample size by a factor of
two. Both treatment groups are the same.
2. Each subject is exposed to both treatments – suitable for safety
analyses.
Disadvantages:
1. There is less experience with this approach.
2. Drug effects have to be reasonably short-lived
3. Difﬁcult to interpret if there is a rebound effect when stopping
drug (this is unusual)

Clinical Trials for Exercise Induced
Pulmonary Hypertension Are
Warranted

and that abnormal central hemodynamics during exercise
substantively contribute to exertional symptoms and impairment.

Aaron Waxman

The exercise deﬁnition of pulmonary hypertension (PH) was
eliminated from the PH guidelines in part due to uncertainty of the
upper limits of normal (ULN) for exercise hemodynamics. We have
recently evaluated the pulmonary hemodynamic responses to
maximum upright incremental cycling exercise in consecutive
subjects who underwent an invasive cardiopulmonary exercise
testing for unexplained exertional intolerance, deemed normal
based on preserved exercise capacity and normal resting supine
hemodynamics (Olivera 2016). Subjects aged >50 were compared
to subjects ≤50 years old. ULN were calculated as mean+2SD. Peak
exercisemean pulmonary arterial pressure (mPAP) was not
different for subjects >50 and ≤50 years old (23±5 vs. 22±4 mmHg,
p=0.22), with ULN of 33 and 30mmHg respectively. Peak cardiac
output was lower in older subjects (12.1 [9.4-14.2] vs.16.2 [13.819.2] L/min, p<0.01). Peak pulmonary vascular resistance (PVR)
was higher in older subjects compared to younger subjects
(1.20±0.45 vs. 0.82±0.26 Wood units, p<0.001), with ULN of 2.10
and 1.34 Wood units respectively. We concluded that subjects >50
and ≤50 years old have different pulmonary vascular responses to
exercise. Older subjects have higher PVR at peak exercise,
resulting in different exercise hemodynamics ULN compared to the
younger population.
We evaluated a large cohort of patients who were referred with
unexplained exertional dyspnea who were found to have an
abnormal pulmonary vascular response to exercise (Tolle 2008).
We analyzed consecutive patients, with radial and pulmonary
arterial catheters, undergoing clinically indicated invasive CPET.
At maximum exercise, PAH was deﬁned as a mean PAP>30mmHg,
PCWP<20mmHg, PVR> 80 dynes.s.cm-5. Exercise induced PAH
(EiPAH) patients have signiﬁcantly lower exercise capacity, as
measured by VO2max, than normal/detrained patients, and the
mPAP doubled from higher resting value than normal patients
(18.0+2.5 at rest to 36.6+5.7 mm Hg at peak exercise). While there
was no change in RAP or PCWP, the PVR, which was higher at rest
compared to normal subjects, demonstrated a blunted fall (223+82
at rest compared to 161+60 dynes.s.cm-5) with exercise. These
patients all had normal mPAP and PVR at rest but develop an
exaggerated increase in pulmonary artery pressure and have an
abnormal decline in pulmonary vascular resistance without
evidence of diastolic dysfunction. The degree of severity of the
abnormal central hemodynamics, including a blunted fall in PVR is
signiﬁcantly reduced compared to patients with resting PAH.
There was no difference in ventilatory efﬁciency, as measured by
VE/VCO2 at the ventilatory threshold, between the normal and
exercise induced PAH groups, whereas the resting PAH group had
a signiﬁcantly higher value than both. Within the eiPAH group,
mPAP response to exercise followed one of two patterns. eiPAH
patients with “takeoff” physiology demonstrate signiﬁcantly higher
VO2max and Qtmax than “plateau” eiPAH. The “takeoff”
physiology seen in the exercise induced PAH patients resemble
normal/detrained “takeoff” physiology while the “plateau”
physiology resembles the physiology seen in those with resting
PAH. These data suggest that eiPAH is an intermediate exercise
phenotype between normal subjects and those with resting PAH

Subsequent studies have provided further evidence of the
functional signiﬁcance of exercise- induced elevations in PAP in “atrisk populations” for PAH. Fowler, et al. (2011) described 17 eiPAH
patients with reduced VO2max (1.2 ± 0.4 vs 1.7 ± 0.5 L · min, P <
0.05), in turn related to decreased peak exercise cardiac output
(72% ± 19% predicted). She and her colleagues also demonstrated
elevated ventilatory equivalent for carbon dioxide (41.0 ± 7.3 vs
31.0 ± 2.9, P < 0.05) and reduced end-tidal carbon dioxide tension
(32.6 ± 3.6 vs 39.4 ± 2.7 mm Hg, P < 0.05) at the anaerobic
threshold. Kovacs, et al, (2009) showed that a higher exercise
mPAP and PVR in patients with “borderline” resting mPAP was
associated with reduced 6-minute walk distance and reduced peak
workload.
Whyte, et.al., (2012) examined the hemodynamic response to
exercise in “at risk” patients aged < 50 yrs with normal resting
mPAP. They showed that individuals who increased mPAP > 30
mmHg (24 out of 38) tended to have a higher resting mPAP and
PVR. In particular, more than 80% of patients with “borderline”
resting mPAP of 21–24 mmHg developed mPAP >30 mmHg on
mild-to-moderate exercise tended to have a lower 6-min walk test
compared to the remaining 14 patients.
Because these patients are symptomatic, we undertook a singlecenter, open-label 6-month study to evaluate the effects of the
ambrisentan on exercise capacity utilizing invasive
cardiopulmonary exercise testing (iCPET) in EiPAH. Patients were
recruited after a clinically indicated iCPET for evaluation of
unexplained exertional dyspnea demonstrated ﬁndings of EiPAH.
After 6-months of treatment patients underwent a repeat iCPET
and exercise capacity, symptoms and hemodynamics were
assessed. 22 patients (age 58.6±2.1 years) completed the 6- month
treatment phase and repeated iCPET.
All patients noted a subjective improvement at three months, that
continued past 6-months. There were signiﬁcant decreases in peak
mPAP and TPG, with signiﬁcant increases in peak CO and VO2. A
signiﬁcant decrease in PVR was accompanied by a signiﬁcant
increase in pulmonary vascular compliance. There was a signiﬁcant
increase in PCWP, yet still well within normal peak exercise limits.
6MWD improved signiﬁcantly by a mean of 34.8±15.6 meters (P =
0.04), and there was a signiﬁcant decrease in WHO Functional
Class, from 2±0.1 at baseline, to 1.5±0.1 at study end (P = 0.002).
Our ﬁndings suggest that treatment of EiPAH results in improved
cardiopulmonary hemodynamics and functional status. We have
found the response to ongoing treatment to be durable suggesting
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that treatment of EiPAH may prevent the progression of vascular
remodeling and development of established PAH. These ﬁndings
could suggest that intervention at an early phase of disease may
provide enhanced reverse remodeling and normalization of
hemodynamics.
We conclude eiPAH is a clinically relevant entity whose abnormal
central hemodynamics cause symptoms and substantively impair
exercise tolerance, and is responsive to treatment.
1. Oliveira RK, Waxman AB, Agarwal M, Badr Eslam R, Systrom
DM. Pulmonary hemodynamics during recovery from maximum
incremental cycling exercise. Eur Respir J. 2016 Apr 28. pii: ERJ00023-2016. doi: 10.1183/13993003.00023-2016. [Epub ahead
of print]
2. Tolle, J.J., et al., Exercise-induced pulmonary arterial
hypertension. Circulation, 2008. 118(21): p. 2183-9
3. Fowler, R.M., et al., Implications of exercise-induced pulmonary
arterial hypertension.
Med Sci Sports Exerc, 2011. 43(6): p. 983-9
4. McGoon, M., et al., Screening, Early Detection, and Diagnosis of
Pulmonary Arterial Hypertension: ACCP Evidence-Based Clinical
Practice Guidelines. Chest, 2004. 126(1_suppl): p. 14S-34
5. Fowler, R.M., K.R. Gain, and E. Gabbay, Exercise intolerance in
pulmonary arterial hypertension. Pulm Med, 2012. 2012: p.
359204.
6. Kovacs, G., et al., Borderline pulmonary arterial pressure is
associated with decreased exercise capacity in scleroderma.
American Journal of Respiratory & Critical Care Medicine, 2009.
180(9): p. 881-6.
7. Steen, V., et al., Exercise Induced Pulmonary Arterial
Hypertension in Patients with Systemic Sclerosis. Chest, 2008: p.
chest.07-2324
8. Whyte, K., et al., The association between resting and mild-tomoderate exercise pulmonary artery pressure. European
Respiratory Journal, 2012. 39(2): p. 313-8

Treatment-Related Biomarkers in
Pulmonary Hypertension as Outcome
Assessments
Tim McMahon

Abstract
Signiﬁcant advances in the treatment of pulmonary arterial
hypertension (PAH) over the last two decades have led to the
introduction of multiple classes of oral therapy, but the disease
remains devastating for many patients. Disease progression, in
spite of oral monotherapy, is a major problem, and alternative
therapy, such as infusion of prostacyclins, is cumbersome and
carries considerable potential morbidity. Use of combination oral
therapy, including drugs from both the endothelin receptor
antagonist and phosphodiesterase-5 inhibitor classes, has
increased, and there is some evidence to support this approach.
Given the multiple options now available in pulmonary
hypertension (PH) therapy, biomarkers to guide treatment
decisions could be helpful. Here, we review the evidence for and
against the clinical use of molecular biomarkers relevant to PH
14

pathogenesis, emphasizing assayable markers that may also inform
more rational selection of agents that inﬂuence pathways targeted
by treatment. We emphasize the interactive nature of changes in
mediators and messengers, such as endothelin-1, prostacyclin,
brain natriuretic peptide (which has demonstrated biomarker
utility), nitric oxide derivatives, and cyclic guanosine
monophosphate, which play important roles in processes central
to progression of PAH, such as vascular remodeling,
vasoconstriction, and maladaptive right ventricular changes, and
are relevant to its therapy. Accordingly, we propose that the
identiﬁcation and use of a molecular biomarker panel that assays
these molecules in parallel and serially might, if validated, better
inform unique patient phenotypes, prognosis, and the rational
selection and titration of combination oral and other therapy in
individual patients with PH/PAH.

CardioMems Monitoring of PA Pressure
as an Endpoint in Clinical Trials.

(NHLBI VITA Project)
Raymond Benza

LV eccentricity) and hemodynamics, including cardiac output by
echocardiography, may also prove to be useful parameters to
follow in PAH, but cannot be done remotely or continuously.
Continuous hemodynamic measurements reﬂect the total
hemodynamic burden of the disease over time, rather than a
snapshot of resting hemodynamic parameters at the time of an
isolated RHC, and as such represent a novel modality for
continuous assessment of therapeutic interventions in PAH. The
CardioMEMS™ HF System is indicated for wireless monitoring of
PA pressure in heart failure (HF) patients (pts). A PA sensor is
permanently implanted in the pulmonary artery during a RHC and
data is collected daily using an electronics system. We tested the
safety/feasibility of using this system for the ﬁrst time as a new
prognostic tool to evaluate pressure, resistance, and estimates of
right ventricular (RV) efﬁciency in pts with PAH and right sided HF
(RHF).
An analysis of subgroup of enrolled patients (11, Table 1) was
performed 1 and 6 months post sensor implant. There were no
peri- procedural complications, no changes in peripheral oxygen
saturations post implant and no device related serious or other
adverse safety events at 1 and 6 months for all implants. Initial
sensor calibration was excellent as noted in Figure 1.

IV treprostinil. Figure 3 also demonstrates the effects on other
relevant RV metrics that can be obtained and used clinically on an
ongoing basis including stroke volume and index; RV stroke work
and index; and RV cardiac power. These parameters may be used
alongside the traditional parameters to provide an ongoing
assessment of the RV as a means to identify early decompensation.

Figure 4 demonstrates a case of acute RV failure precipitated by
noncompliance with PH speciﬁc medications. This patient stopped
her tadalaﬁl and ambresentan at the ﬁrst blue arrow resulting in
an abrupt rise in PA pressure (upper panel). This was coupled by a
drop in CO (bottom right panel), rise in pulmonary resistance (TPR)
and cardiac work (RVCWI) and drop in compliance (bottom left
panel). This demonstrates a decoupling of the RV and PA and a
highly inefﬁcient energetic state for the right heart. Patient
required hospitalization for IV diuresis and reinstitution of meds
with an improvement in all parameters. We conclude that use of
an implantable hemodynamic monitor in a select group of PAH pts
with advanced symptoms appears safe and may help rapidly
optimize hemodynamics, RV function and clinical outcome.

Despite new therapeutic options, pulmonary arterial hypertension
(PAH) remains fatal requiring better markers for outcome
prediction and monitoring. It is possible that long-term outcome in
PAH will be best preserved by targeting hemodynamic
improvements to reduce risk of subsequent right ventricular
failure. Non-invasive assessments of cardiac morphology (RV size,

Device mPAP, sPAP, dPAP, HR, and CO (sensor pressure based
algorithm) were also collected on a daily basis. Estimates on right
ventricular stoke work and power were also collected and
averaged on weekly basis. As noted earlier, patient demographics
are displayed in Table 1. Device related information was used to
optimize PAH-speciﬁc therapy in all 11 pts. Figure 2-4 show how
the device can be used clinically to manage disease speciﬁc therapy
(ﬁgure 2,3), signals of decompensation related to issues of
compliance (ﬁgure 4). Note Figure 2, represents a patient on high
dose parenteral prostacyclin that was encountering issues with line
infections. Both the patient and the treating physician wished to
decrease her dependence on this medication, but not sacriﬁce
efﬁcacy. Utilizing the measurements form the sensor, we were able
to substantially wean her IV treprostinil by 16 ng/kg/min without
a consequent rise in resting PA pressure or change in CO or SV. As
to not compromise her SV or PA pressure during exercise, we had
the patient preform a series of home “6-minute walk tests”, which
showed small spikes in pressure with exercise. Thus, before further
weaning of treprostinil, we substituted her tadalaﬁl for riociguat
and will begin re-weaning her IV treprostinil. Figure 3
demonstrates the serial improvements in pressure with serial
titrations of IV treprostinil. Real time sensor information allowed
us to optimize hemodynamics/RV function with serial titration of

In the past year we have demonstrated the feasibility of conducting
exercise testing with the sensor. We moved to the capture of
hemodynamic information immediately post 6MWD, which
improved antenna-sensor sensitivity and the accuracy of readings
(Table 2). Although we are still evaluating the full implications of
these hemodynamic changes with regard to the operational
efﬁciency of the RV, several important potential treatment nuances
can be gleaned from these results. In treating some of these
patients, if we used only the resting parameters, we may have
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assumed that a patient is well compromised and may have selected
to just continue current therapy. However, when viewing their
exercise parameters, a different direction in treatment course
might be suggested. We noted an increase in mean PA pressure and
TPR with exercise, which is characteristic of persistent disease and
reﬂects the inability of the pulmonary vasculature to
accommodate for the increase in cardiac output due to the lack of
recruitable small resistance vessels. In addition, although the CO
does increase slightly, it’s clear that the majority of this increase
was related to the change in HR, as SV actually decreases or
remains ﬁxed with exercise. Interestingly, once again we noted
that RV cardiac work (RVCWI) had to substantially increase to
compensate for this demonstrating a highly inefﬁcient energy
state, which we predict is an early indicator of eventual RV failure.
We also noted a signiﬁcant positive correlation of 6MWD with
Mean Stroke Volume Index for the combined 1 and 4 months data
(Spearman’s rho = 0.71, p = .001, 95% CI for rho 0.363 to 0.884,
n=18).
Mean 6MWD for the combined 1 and 4 months data was 307.6
meters (range 146.4 – 439.2, n=18). Mean Stroke Volume Index for
the combined 1 and 4 months data was 44.2 mL/m2/beat (range
26 – 62.5, n=18). These combined ﬁndings suggest improvements
in resting large/moderate capacitance vessel tone, but persistent
loss of recruitable resistance vessels and ongoing stress induced
RV dysfunction. Our goals in year three are to continue to collect
exercise information in the previously described manner, as well as
to test and optimize a beta version of a wearable antenna. We
envision working on the later design with both engineers from both
St Jude.
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Table 2
We conclude that the use of an implantable hemodynamic monitor
in a select group of PAH patients with advanced symptoms appears
feasible, safe and may help rapidly optimize hemodynamics, RV
function and clinical outcome when integrated into daily clinical
practice. In addition, we have early indicators that this modality
may provide distinct advantages in guiding clinical decision making
above the commonly used tools.
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11th PVRI Annual World
Congress on PVD

Date // January 26 - 29th 2017

After the success of 2016,
we have an even more
exciting program for 2017.
Our Congress in 2017
includes a full 4-day
program including a Gala
Dinner which offers the
chance for young scientists
to network with leaders in
the ﬁeld.

The meeting features new named lectureships
honoring pioneers in the ﬁeld. It also offers new
formats for oral presentations and poster sessions,
including debates, a session on “What’s new/What’s
Hot?” and moderated poster sessions where each
presenter has the opportunity to present their work to
the group. Every poster presenter gets three minutes.
Experts present case management of complex pH
cases and scientists discuss stem cells, lung
development and regeneration, oxygen sensing and
inﬂammation. The latest advances in imaging and
therapy for pAH are reviewed.
All sessions allow for active delegate debate and
there will be an opportunity to take advantage of
organized sightseeing tours around Miami.

Event held at
Hyatt Regency Hotel, 400 South East Second
Avenue, Miami, Florida, 33131-2197, USA.
Hotel bookings
Once registered, each registree will receive
a private link with the opportunity to get
discounted room rates and additonal
gratuities.
To Register
This event is CURREnTly nOT yET OpEn
for registration, but if you would like more
information, please do not hesitate to
contact us at admin@pvri.info or go to
www.pvri.info

WE LOOK FORWARD TO SEEING YOU IN MIAMI

