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Dr. Sonja Bartolome serves as the Director of the Pulmonary Vascular Disease Program at UT
Southwestern in Dallas, TX. She completed her medical training at the University of Kansas, where she
later joined the faculty with a focus on the management of patients with pulmonary arterial
hypertension. In 2010, she transitioned to UT Southwestern, where she is now a Professor in the
Division of Pulmonary and Critical Care Medicine. Dr. Bartolome's clinical expertise is dedicated to the
treatment of patients with pulmonary vascular disease. She has served as a principal investigator in
numerous clinical trials and has contributed extensively to the field through textbook chapters, scientific
publications, and international lectures.
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/ ‘ Thursday, March 20, 2025 11:00 am -11:45 am



MARC SIMON, MD
UCSF

ECHOCARDIOGRAPHY AND RIGHT HEART
CATHETERIZATION FOR THE PULMONOLOGIST

Thursday, March 20, 2025 11:45 am - 12:10 pm

Dr. Marc Simon is a Professor of Medicine, Director of Pulmonary Vascular Disease and the UCSF
Pulmonary Hypertension Center of Comprehensive Care, and Program Director of the UCSF Advanced
Heart Failure & Transplant Cardiology Fellowship. Dr. Simon has a Bachelor’s of Science in
Engineering from the University of Pennsylvania, MD from the University of Maryland, and a MS in
Bioengineering from the University of Pittsburgh. He trained in Internal Medicine at the University of
Colorado, then in cardiology as well as advanced heart failure and cardiac transplant at the University
of Pittsburgh. He was a faculty member at the University of Pittsburgh for 14 years prior to moving to
UCSF in 2021. Dr. Simon’s research has focused on several central themes: 1) translational studies of
the right ventricular (RV) adaptation and eventual failure in pulmonary hypertension (PH); 2) extension
of studies of the RV to heart failure, cardiomyopathies, and mechanical support; 3) early phase clinical
trial design and execution in pulmonary hypertension and heart failure (bench to bedside; first in
disease trials). Dr. Simon has received research support from NIH, NSF, AHA, and several local
foundations. He has mentored over 40 trainees at all levels of training. Dr. Simon is a guest editor and
former senior associate editor for the Journal of the American Heart Association. He is on the editorial
board and has been a guest editor of Advances in Pulmonary Hypertension. Dr. Simon has been an ad
hoc member of multiple grant review panels for the NIH and American Heart Association. He currently
serves as the chair of the Pulmonary Vascular Disease Interdisciplinary Network of the International
Society of Heart & Lung Transplantation.

View a list of Dr. Simon’s publications here:
http://www.ncbi.nlm.nih.qov/sites/myncbi/marc.simon.1/bibliography/41155514/public/?sort=dat
e&direction=ascending



http://www.ncbi.nlm.nih.gov/sites/myncbi/marc.simon.1/bibliography/41155514/public/?sort=date&direction=ascending
http://www.ncbi.nlm.nih.gov/sites/myncbi/marc.simon.1/bibliography/41155514/public/?sort=date&direction=ascending

Karim El-Kersh, MD
University of Arizona

UNDERSTANDING PAH-SPECIFIC THERAPY AND THE
TREATMENT ALGORITHM IN GROUP 1 PAH

Thursday, March 20, 2025 12:10 pm - 12:35 pm

Dr. El-Kersh is a Professor of Medicine in the Division of Pulmonary, Critical Care, and Sleep Medicine
at the University of Arizona College of Medicine- Phoenix where he serves as the Pulmonary Section
Head and the Director of the Pulmonary Hypertension Program at Banner University Medical Center
and Banner lung Institute. Also, Dr. EI-Kersh is the Program Director of the Sleep Medicine Fellowship
at the University of Arizona College of Medicine, Phoenix. Previously, he served as a faculty member in
the University of Louisville, and in the University of Nebraska Medical Center where he helped lead the
pulmonary hypertension programs in these academic centers. Dr. El-Kersh’s pulmonary hypertension
research interest includes risk stratification, healthcare utilization, palliative care and social
determinants of health in PH.



JEFFREY S. SAGER, MD

usc

DEBATE: THE HEMODYNAMIC DEFINITION OF PAH
SHOULD BE 2 WOOD UNITS

Thursday, March 20, 2025 12:35 pm - 12:50 pm

Dr. Jeffrey S. Sager is a nationally recognized expert in the management and treatment of
pulmonary hypertension and advanced lung disease. He received his medical degree from the
University of the Witwatersrand in Johannesburg, South Africa. He completed his medical
internship, residency, and chief residency at Albert Einstein Medical Center. He then pursued a
fellowship in Pulmonary and Critical Care Medicine at the University of Pennsylvania, where he
was awarded the Will Rogers Institute Research Fellowship for excellence in research.
Additionally, he earned a master’s degree in clinical Epidemiology and Biostatistics from the
University of Pennsylvania.

Dr. Sager remained at the University of Pennsylvania Medical Center as Associate Medical
Director of the Lung Transplantation Program before relocating to the West Coast. He now
lives and practices in Santa Barbara, CA, where he runs the local Pulmonary Hypertension
Clinic.

He has received numerous accolades, including the American College of Chest Physicians
Young Leadership Award. Dr. Sager has contributed to several landmark clinical trials in
pulmonary hypertension and has authored multiple publications in the field.



RICHARD CHANNICK, MD
David Geffen School of Medicine at UCLA

DEBATE: THE HEMODYNAMIC DEFINITION OF PAH
SHOULD BE 3 WOOD UNITS

Thursday, March 20, 2025 12:50 pm - 1:05 pm

Richard Channick, MD, is Professor of Medicine and Saul Brandman
Endowed Chair in Pulmonary Arterial Hypertension at David Geffen School of Medicine at UCLA. He
serves as Co-Director of the Pulmonary Vascular Disease Program and Director of the Acute and Chronic
Thromboembolic Disease at UCLA Medical Center. Dr. Channick received his medical degree from
Temple University Medical School, where he was elected to the Alpha Omega Alpha Medical Honor
Society. He did his residency and was Chief Resident at the University of Massachusetts Medical Center.
He did a pulmonary and critical care fellowship at the University of California, San Diego Medical Center.
Dr. Channick was at UCSD for 20 years helping build the pulmonary vascular program there. From 2009-
2018 he was at Massachusetts General Hospital, Harvard Medical School where he built a large
Pulmonary Vascular Program. He has been at UCLA since September 2018, directing the UCLA Acute
and Chronic Thromboembolic Disease Program. Dr. Channick has published over 200 original articles,
chapters and reviews focused on all aspects of pulmonary hypertension and pulmonary embolism. He
has served on many national and international leadership committees including the American Thoracic
Society Pulmonary Circulation Program Committee and the American College of Chest Physicians
Pulmonary Vascular Disease Network steering committee, past Chair of the Pulmonary Hypertension
Association (PHA) Scientific Leadership Committee and co-founder and past President of the Pulmonary
Embolism Response Team (PERT) Consortium. Dr. Channick has served on the steering committees for
numerous pivotal clinical trials in pulmonary vascular disease and lectures nationally and internationally.



ASSOCIATED PULMONARY HYPERTENSION

POOJA PRASAD, MD

UCSF

NOVEL DEVELOPMENTS IN GROUP 2 PH
Thursday, March 20, 2025 2:15 pm - 2:40 pm

Dr. Pooja Prasad is a pulmonary hypertension, advanced heart failure and
transplant cardiologist. She earned her medical degree from the University of
Rochester School of Medicine. She completed a residency in internal medicine
at the University of California, Davis, followed by a fellowship in cardiology at Oregon Health and
Science University and a fellowship in advanced heart failure and transplant cardiology at UCSF. Dr.
Prasad serves as an Assistant Clinical Professor at UCSF.

NAMITA SOOD, MD

UC DAVIS

NOVEL DEVELOPMENTS IN GROUP 3 PH
Thursday, March 20, 2025 2:40 pm - 3:05 pm

Dr. Sood is the Director of Advanced Dung disease at University of
California- Davis. After completing her fellowship in Pulmonary and critical
care medicine from university of North Carolina in 1999; she has focused on pulmonary vascular
disease including pulmonary hypertension, pulmonary embolism, lung disease related to
rheumatological disease and sickle cell anemia. She has participated in multicenter trials for
development of therapies for PH. She has participated in the development of guidelines for the
treatment of Pulmonary hypertension, venothromboembolic disease and pulmonary hypertension in
sickle cell anemia.




JENNY YANG, MD

UCsD
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NOVEL DEVELOPMENTS IN GROUP 4 PH

Thursday, March 20, 2025 3:05 pm - 3:30 pm
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Jenny Yang, MD is a board-certified pulmonologist and critical care physician, who specializes in
pulmonary vascular disease. Her clinical and research interests are in pulmonary vascular medicine,
including pulmonary arterial hypertension and chronic thromboembolic pulmonary hypertension. She
has developed a special focus in balloon pulmonary angioplasty for chronic thromboembolic pulmonary
disease. She also cares for critically ill patients in the intensive care unit. Dr. Yang completed her
fellowship and residency at UC San Diego School of Medicine, where she also served as chief fellow.
She earned her medical degree at Jefferson Medical College of Thomas Jefferson University.

Dr. Yang is board certified in internal medicine, pulmonary disease and critical care.



CARE DELIVERY FOR UNIQUE POPULATIONS
WITH PULMONARY HYPERTENSION

YURI MATUSOV, MD
CEDARS SINAI MEDICAL CENTER

ICU MANAGEMENT OF PATIENTS WITH PAH

WS Thursday, March 20, 2025 4:20 pm - 4:45 pm

oy

Yuri Matusov, MD, FACP, is an assistant professor of medicine at Cedars-Sinai Medical Center. He
completed residency in internal medicine at Santa Barbara Cottage Hospital and fellowship in
pulmonary and critical care medicine at Cedars-Sinai, where he served as chief fellow. Dr. Matusov is
co-director of the Cedars-Sinai Pulmonary Hypertension Program and chairs the PCCM fellowship

research committee. He is actively involved in research and education in pulmonary vascular disease,
ARDS, and shock resuscitation.



NICHOLAS KOLAITIS, MD,MAS

UCSF

ECMO AND LUNG TRANSPLANTATION FOR PAH
Thursday, March 20, 2025 4:45 pm - 5:10 pm
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Dr. Nicholas Andreas Kolaitis is a specialist in pulmonary and critical care medicine, with a focus on
lung transplantation and pulmonary hypertension.

Dr. Kolaitis earned his medical degree at the University of California, San Diego School of Medicine. He
completed a residency in internal medicine at UCLA Health, followed by fellowships in lung
transplantation and pulmonary and critical care medicine at UCSF. His research focuses on ways to
improve quality of life for patients with advanced lung disease. He holds a master’s degree in clinical
research from UCSF. He is currently serving as the vice chair of the Pulmonary Hypertension
Association Registry, and as an editorial board member for the CHEST Journal and the Journal of
Heart and Lung Transplantation Open.

Kolaitis is also a member of the executive board of the California Thoracic Society and as one of
two representatives to the American Thoracic Society Council of Chapter Representatives. He is
involved in health policy reform, currently serving as the vice chair for the American Thoracic
Society Health Policy Committee and as a member of the International Society for Heart and

Lung Transplantation Advocacy Committee. He also serves as a member of the Pulmonary
Vascular Research Institute Lung Transplantation Task Force, the International Society for Heart
and Lung Transplantation Standards and Guidelines Committee, and the Pulmonary

Hypertension Association Patient and Caregiver Education Committee.

Kolaitis’ clinical work has been recognized with various awards, including the Jeffrey Golden
Outstanding Clinical Fellow Award, the Michael Stulbarg Outstanding Teaching Award, and the
California Thoracic Society Outstanding Clinician Award.



RACHEL HOPPER, MD

STANFORD

UNDERSTANDING PEDIATRIC PH

Thursday, March 20, 2025 5:10 pm - 5:35 pm

Dr. Rachel Hopper earned her medical degree from the
University of Michigan Medical school then completed residency
in Pediatrics at Boston Children’s Hospital and fellowship in
Pediatric Cardiology at Stanford with additional fellowship training in pulmonary hypertension. She is
currently a Clinical Professor of Pediatrics in the division of Pediatric Cardiology and serves as
Associate Director of the Pediatric Pulmonary Vascular Disease Program at Stanford. She is also an
active member of the Pulmonary Hypertension Association and the Pediatric PH Network (PPHNet).

DAFNE MORETTA, MD
LOMA LINDA

UNDERSTANDING DISPARITIES IN PULMONARY
VASCULAR DISEASE

Thursday, March 20, 2025 5:35 pm - 6:00 pm

| Dr. Dafne Moretta earned her medical degree and completed her

! pulmonary and critical care training at Loma Linda University. She
currently serves as the Medical Director of the Pulmonary Hypertension Center at Loma Linda, where
she leads efforts to provide comprehensive care for patients with pulmonary vascular disease. In
addition to her clinical work, Dr. Moretta is deeply involved in medical education, serving in various
leadership roles and championing transformative care for her patients.




Interpreting the 2024 World
Symposium on Pulmonary
Hypertension from the US
Perspective

Sonja Bartolome, MD, MBA
Director, Pulmonary Vascular Disease Program
Professor of Medicine, Pulmonary and Critical Care

University of Texas Southwestern
Dallas, TX
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Disclosures

| have the following relationships with ACCME defined ineligible companies:
Consultant: Merck, United Therapeutics, Gossamer Bio, Janssen
Research: United Therapeutics

| WILL NOT discuss off-label use and/or investigational use of any drugs or
devices.
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A Historical Perspective

WHO Committees and World Symposia on Pulmona ry Hypertension
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Geneva Evian Dana Point
. .
» .
: PRIMAR Y .
PULMONARY -

PPnsipdremmr HYPERTENSION

B WD
CHRONIC DR FULVINALE el i e

Bt o w et (e

Venice

Barcelona

FIGURE 1 Historical perspective of the World Health Organization (WHO) Committees and World Symposia on
Pulmonary Hypertension (1960-2024).
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Perspective

Value of PROMs in

200

pulmonary hypertension#

Improve patient management and
satisfaction with care

10

and carer

Assist disease self-management e
PROMs in

routine
clinical care

Contribute to the patient feeling cared for o

Identify problems that the patient might o
overlook if they are unaware of their relevance

Measure the impact of treatment and side-effects e e Estimate prognosis

o Include PROMs in clinical trials

e Choice of PROMs led by patients

PROMs in o
i 3 Communicate PROM perspectives
mt.e r_vent“_)nal to patients after trial completion
clinical trials

o Provide PROM perspectives at
regulatory hearings

e Use of PROMSs after clinical adoption of the
intervention

o Improve healthcare provider's communication with patient
e Facilitate shared decision-making about patient's
needs, priorities and treatment goals

9 Tailor individualised PH treatment,
and holistic supportive and rehabilitative care

G Provide standardised serial monitoring of health status

v
o Quality indicators linked to guidelines

Registry to record quality indicator
data

PROMs as

quality
indicators

e Serial monitoring of PH outcomes
in cohorts

0 Comparison of outcomes between
PH centres

e Improve outcomes relevant to patients

7" World Symposium on Pulmonary Hypertension — Patient

Patient Reported Qutcome
Measures (PROM:s)

« CAMPHOR - symptoms, activity, HRQoL
*EmPHasis-10 - HRQOL

*Living with PAH — Physical, emoftional

*PAH- SYMPACT -- Cardiopulmonary symptoms
Cardiovascular symptoms Physical impacts
Cognitive/ emotional impacts

*PAHSIS — Symptoms

*EQ-SD - Mobility, Self-care, Pain,
Anxiety/depression, Activity

*SF-36 -- Physical functioning, Physical limitations,
Pain, General health, Energy/vitality, Social
functioning, Emotional limitations, Mental health
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mPAP > 20 mmHg

mPAP > 20 mmHg
PAWP < 15 mmHg

, PVR > 2 WU
Hemodynamic
= ISP mPAP > 20 mmHg
Definition of PAWP > 15 mmHg
Pulmonary A
Hypertension
PVR > 2 WU

mPAP/CO slope > 3 mmHg/L/min
between rest and exercise




Mild Pulmonary
Hypertension and
Mortality

A mPAP 219 mm Hg Plus c mPAP 219 mm Hg Plus
Mild PH confers increased mortality in many 5. MPAP=19mmHg _ PAWP<ISmmHg _ PAWP>15mmHg
well-phenotyped causes of PH (scleroderma,
sickle cell, LHD) 4-
N=>40,000 VA patients many with prevalent %:3'
LHD i

RN |
PVR >2.1 captured ~ 55% more af risk . / | /
patients than a PVR of 3.0 T~ /\ —
HR mortality 1.47 °© 1 3 3 4 5 60 1 2 3 4 5 6 0 1 2 3 4 5 &

PVR (WU) PVR (WU) PVR (WU)

HR heart failure hospitalization 1.17 Mortality HR —— Kernel Density Estimate

Results validated in a study at Vanderbilt
University in a sex-matched cohort

No data for freatment affecting this risk
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. "The association between pulmonary vascular
atiel ion:

nts with pulmonary hypertension: A ’ ‘
espir Med 2020;8:873-884.




Outcomes in Patients with “*mild PH"

Survival in patients referred 3 (@
for right heart cath in the UK N

2009-2017, strafified by mPAP < 21

mPAP 21-24 mPAP > 24
All RHC between 2009-2017 Sample stratified by PVR and diagnosis

All RHC between 20092017

1 N=968 N=689 N=1272
hemodynamics
#
Majority of patients with e e B
Survival probabilities Survival probabilities
MPAP 21-24 and PVR 2-3 had
. 7 Py L ~ ::;2 le\_’vsu3wu Independent of R ,_ T m— ::2: ;12—12:1;:53
U nderlyl ng heOrT Or |U ng 0.75 2 T, ==-PVR > 3WU 0.75 - o B «===mPAP > 24mmHg
disease (68% and 79%, B g ) S
0 0.25 - ' ‘ 0.25 -
respectively) »<omor o<omor
0.00 0.00 -
0 25 5 75 10 125 0 25 5 75 10 125
Mor_I_O |i_|_y iS increosed in 1 mild Survival time in years Survival time in years

PH"

Karia N, Howard L, Johnson M, Kiely DG, Lordan J, McCabe C, Pepke-Zaba J, Ong R, Preiss M, Knight D, Muthurangu V, Coghlan JG. Predictors of
outcomes in mild pulmonary hypertension according to 2022 ESC/ERS Guidelines: the EVIDENCE-PAH UK study. Eur Heart J. 2023 Nov 21;44(44):4678-4691.



Mild PH and
Classification

o Mild PH confers increased
mortality in referred patients
but often occurs in the
setting of underlying heart
and lung disease

o RHC must be inferpreted in @
clinical context to avoid
misclassification

o Avoid RHC amidst an acute
condition

o Comprehensive, deliberate
evaluation remains important

‘._--_'F-.r.

-
| Perica rdlal effusion ""-".F



A % B 100% -
Exercise Pulmonary ? . e L

% g
: :
Hypertension £ L o
5 z
o 20% - o 20% 4
N i = 0% T T T T T | 0% T T T T . |
mPAP/CO slope > 3mmHg/L/min is P R T =Y B B E T L
defined as abnormal Years Years
N at risk N at risk
. . . ] MNormal PAP/CO 418 279 196 108 MNormal PAP/CO 418 279 194 108
In p(]hen’rs with chronic dyspneo, exercise High PAP/CO 296 169 96 63  HighPAP/CO 296 167 95 63
PH is associated with worse event-free
survival in patients with dyspnea o T
£ 80% A
This finding holds despite comorbidities § 60%;
e . 2 o
This definition allows future study of this Qi
. <
population 0% .
0 1 2 3 4 5 6
No proven therapeutic options Natrisk -
Normal PAP/CO 418 397 308 209
High PAP/CO 296 268 190 127
—— Mormal PAP/CO Slope —— High PAP/CO Slope
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Clinical Classification of Pulmonary Hypertension

1. Pulmonary arterial hypertension (PAH)

3. PH associated with lung diseases and/or hypoxia

1.1 Idiopathic

1.1.1 Long-term responders to calciumchannel blockers
1.2 Heritable
1.3 Associated with drugs and toxins @
1.4 Associated with:

1.4.1 Connective tissue disease

1.4.2 HIV infection

1.4.3 Portal hypertension

1.4.4 Congenital heart disease

1.4.5 Schistosomiasis
1.5 PAH with features of venous/capillary (PVYOD/PCH) involvement
1.6 Persistent PH of the newborn

3.1 Chronic obstructive pulmonary disease and/or emphysema
3.2 Interstitial lung disease
3.3 Combined pulmonary fibrosis and emphysema
3.4 Other parenchymal lung diseases®
3.5 Non-parenchymal restrictive diseases
3.5.1 Hypoventilation syndromes
3.5.2 Pneumonectomy
3.5.3 Musculoskeletal disorders
3.6 Hypoxia withoutlung disease (e.g. high altitude)
3.7 Developmental parenchymal disorders

4. PH associated with pulmonary artery obstructions

2. PH associated with left heart disease

2.1 Heart failure:

2.1.1 with preserved ejection fraction

2.1.2 with reduced or mildly reduced ejection fraction

2.1.3 with specific cardiomyopathies (hypertrophic and amyloid)
2.2 Valvular heart disease

2.2.1 aortic valve disease

2.2.2 mitral valve disease

2.2.3 mixed valvular disease
2.3 Congenital/acquired cardiovascular conditions leading to post-
capillary PH

4.1 Chronic thrombo-embolic PH
4.2 Other pulmonary artery obstructions ¢

5. PH with unclear and/or multifactorial mechanisms

5.1 Haematologicaldisorders ¢

5.2 Systemic disorders: sarcoidosis, pulmonary Langerhans’s cell
histiocytosis, and neurofibromatosis type 1

5.3 Metabolic disorders ©

5.4 Chronic renal failure with or without haemodialysis

5.5 Pulmonary tumour thrombotic microangiopathy

5.6 Fibrosing mediastinitis

5.7 Complex congenital heart diseases

AN
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Long-term Responders to Calcium Channel Blockers

Long-term Responders Added Acute vasoresponder removed
o Separate pathophysiology and o A positive response is observed in up
Prognosis to 12% of iPAH or DT-PAH, and 5% of
- This does require long-term follow-up Heritable
> Emphasizes the importance of initial ~ ° This group was ’rhg only one defined
vasoreactivity testing not by pafthophysiology but by an

initial therapeutic strategy

o This group includes both those who
will be long-term responders and
those who will progress similarly to
PAH



Diagnosis of st o s s i st
Pulmonary

Medical history (risk conditions), Symptoms (WHO-FC), Signs of PH

Arterial 1

° Step 2:
Simple non-invasive tools (CXR, ECG, basic laboratory testing
y p e r e I I S I O I I including BNP/NT-proBNP, O, sat)

Echocardiography
(TRV, 2D, and doppler indices of PH3, left heart assessment)
+
. . Airway & Lung assessment Fast track
Diagnosis and (ABG, PFT, DLCO, Imaging (preferably chest CT), PG/ONO) referral for

Simplified Diagnostic e l patints with
. condition (mostly ¥ e hlg.l'-l
Al g O rl -I- h m heart or lung Step 4: ;J‘;:ll;:l;lllzgnc;fr

disease) V/Q Scan

Step 3:

high urgency
________________ +

Referral of Detailed laboratory testing

Vasoreactivity palotowith | L +

suspected PH-ILD Additional testing

o . or severe PH a
.I.es.l.l n g In | PAH ) B (6MWT, = CPET, + cardiac MRI)

other chronic

DPAH, and HPAH

severe cpc-PH to L4
PH center PH center

Emphasize Fast
» with vasoreactivity testing/ <

TrO C k R efe rro | fo r exercise testing/fluid loading

(as needed)

Hig h_RiSk POTienTS comprehensi\&fle PH work-up




Echocardiographic Measurements

The ventricles

Pulmonary artery

Inferior vena cava and right atrium

RV/LV basal diameter / area ratio > 1.0
Flattening of interventricular septum (LVEI > 1.1 in
systole and/or diastole)

TAPSE / sPAP ratio < 0.55 mm/mmHg

RVOT AT < 105 ms and/or mid-systolic notching
Early diastolic pulmonary regurgitation velocity >

2.2 m/s
PA diameter > AR diameter; PA diameter > 25 mm

IVC diameter > 21 mm with decreased inspiratory
collapse
RA area (end-systole) > 18 cm?



Echocardiographic Measurements by Standard View

Parasternal
Long Axis

Parasternal
Short Axis
(at level of

valves)

Parasternal
Short Axis

(at mid-ventricle)

Enlarged RA, RVOT, and PA

D-Shaped LV; Decreased LV
eccentricity index (LVEl, D2/D1) »1;
Pericardial effusion

acceleration time <105 ms
with mid-systolic notch

Increased peak diastolic
pulmonic regurgitant velocity
=2.2mfs

Enlarged PA »25 mm

4-Chamber View

-

.- p RA &._-
ioted - | . _ y; ™ Giostole IF 5
Dilated RV with basal RV/LV ratio Pericardial effusion Reduced RV fractional area change (FAC) in systole versus

> 1.0; Enlarged right atrial area )
{RAE) >18cm? (end-systole) diastole [(RVEDa-RVESa)/RVEDV] <35%

4-Chamber View
(Doppler and M-
Mode)
) € i ) Decreased tricuspid annular Decreased systolic excursion
tricuspid regurgitant velocity plane excursion (TAPSE) velocity (5') of tricuspid valve
>2.8 mys by Doppler lus <9.5 i
: <1.8¢m by M-mode annulus <8.5 cm/s by tissue

Doppler imaging

Distended IVC >2.1 cm with
diminished inspiratory
collapsibility (<50% with a sniff
or <20% with quiet inspiration)



12
Isolated pre-capillary PH likel «

.....

PAWP (mmHg)

18
Post-capillary PH likely presen

\_Y_)

Zone of Uncertainty
Ancillary data* particularly important

s e A Fagric g P

ul

Bl L WS T

e

Right Heart
Catheterization

Measurements are
end-expiratory without . : Vasoreactivity testing
breath-hold or Direct flek>10> in IPAH, DPAH, and
averaged over 3-4 HPAH
respiratory cycles

Normal or moderately DEIElE
increased mPAP and eExercise PH defined by the
PCWP 13-15 may mPAP/CO s}ope >3
X Ho/L
benefit from mmHg/L/min



I

BMP/TGF-p family

ACVRL1 (ALK1)*

BMPR2 (BMPR2)
ENG (endoglin)*
GDF2 (BMP9)
SMAD9 (SMADS8)

CAV1 (caveolin-1)

ATP13A3 (ATPase 13A3)

—

KCNK3 (TASK1)
ABCC8 (MRP8)

eno-occlusive disease/pulmonary

Transcription
factor

KOOXAXKXO

EIF2AK4 (GCN2)t
SOX17 (SOX17)*
TBX4 (TBX4)*

7™ World Symposium on Pulmonary Hypertension — Genetics and Precision Genomics

-

KDR (VEGFR2)
TET2 (TET2)
GGCX (GGCX)
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7" World Symposium on Pulmonary Hypertension — Genetics and
Precision Genomics

Prevalence of Genetic Predisposition in PH Population
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The path of genetic counseling and ftesting

Genetic counseling path for PAH patients

and their relatives’ 2022 ESC/ERS Guideline recommendations for genetic

counseling and testing?

. g})o IPAH, FPAH, PVOD, CHD-APAH
Patient O Anorexigen-induced PAH « Patients with IPAH/FPAH/PVOD/PCH/anorexigen-induced
v PAH should be informed about the possibility of a genetic
Genetic é condition that may increase the risk of PAH in family
couniellmg members
v v » Genetic counseling prior to genetic testing can address
Pathogenic No pathogenic questions related to penetrance, reproduction,
Patient/ variant § variant psychosocial impact and at-risk family members
family Genetic testing* . .
members « Genetic counseling should be performed for
I'_"IDIiI cfuiliﬁﬁig é J - symptomatic and asymptomatic family members
« Family members should be made aware of early signs and
No pathogenic | Pathogenic Q. Asymptomatic symptoms, to ensure that a timely and appropriate
variant variant O carriers diagnosis is made
é | Regular « Prompt counseling for women with PAH who consider
Genetic festing* follow-up pregnancy or who become pregnant, to facilitate genetic
) o counseling and shared decision-making, and to provide
O osé oﬁ?) @ psychological support

Symptoms Clinical CPET TTE
exam

California
Thoracic Society

ATS Chapter Serving California and Arizona
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7" World Symposium on Pulmonary Hypertension —Risk Stratification
and Treatment Goals

PVR

Haemodynamics ™~ - ~ — — — - = e mMPAP
(unlikely of added value at . - - -
follow-up in low-risk patients e e o

according to e =l

ESC/ERS 4 strata model)

RAP

Cl
svi

Disease progression

Improvement Worsening

Validated risk scores that include:

California
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7™ World Symposium on Pulmonary Hypertension —Risk Stratification and Treatment Goals

Imaging as an adjuvant tool

Echocardiography )
(according to centre in follow-u @)
expertise, cMRI can be
considered instead of ~ +RV dimension t RV dimension
echocardiography)
$ RV FAC
+ RVFWS
$ TAPSE f
+TR

......

+ TAPSE/sPAP

 TAPSE/sPAP +RAarea

+ IVC diameter

+ IVC diameter

In grey: risk determinants with a less well-defined role as treatment goals
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Thoracic Society

ATS Chapter Serving California and Arizona

AN




c) Holistic approach to assess impact of therapies

Control CTEPH patient 1
. Pre-PTE Post-PTE
7™ World Symposium on 4
Pulmonary Hypertension — Stress P
emerging Imaging Modalities :
2 3
a) Aid decision-making in all forms of PH %ﬂ
Rest 1
RV MBF =0.33 AV MBF = 1.10 RV MBF = 0.86 0
MPR 2.92 1.25 2.40
mPAP 69 39

Assessment of RV and pulmonary perfusion in CTEPH with MRI

18FLT PET in PAH patients reports on disease activity d} Disease burden in CTEPH to guide treatment

b) Assess impact of pharmacological interventions

Before After

. N
0 5 10 140 0 5 10 140

i f 129¥e MRS oscillation imaging monitorin
Cross-sectional area (mm2)  Cross-sectional area (mm?2) EINg E

response to PEA surgery in CTEPH
Quantitative CT of small, intermediate and large vessels
before and after PEA in CTEPH

Conventional CT PE with near-total CT angiography with spectral imaging
occlusion of RPA reveals multiple PE-type defects

California
Thoracic Society

ATS Chapter Serving California and Arizona

Bogaard HJ, Elbaz MSM, et al. Emerging ’ \
imaging techniques for the pulmonary ’ \

ur Respir J 202




Summary

*The definition of PH has been changed based on research, but the treatments
are still proven on the previous definition

*The classification scheme of PH has been refined to reflect the patient groups we
encounter

*Exercise-induced PH has been added to aid in further research, but no
treatment has been proven

Genetic phenotyping is increasingly important and being studied with treatment
modalities

*The diagnostic algorithm has been simplified, but expanded ftesting can be
done based on initial workup

Al and new imaging techniques may be helpful

Risk Stratification is important to drive both initial treatment and response
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Echocardiography and right heart
catheterization for the pulmonologist

Marc A. Simon, MD, MS

Professor of Medicine
Director of Pulmonary Vascular Disecase and the UCSF Pulmonary
Hypertension Comprehensive Care Center (PHCCC)

UCSF Advanced Heart Failure & Cardiac Transplant Fellowship
Director
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Outline/Educational Objectives

1. To review key echocardiography features related to
pulmonary hypertension.

2. To review hemodynamics obtained via right heart
catheterization, pitfalls, and when to consider exercise
testing.




Echocardiography

Basic Objectives

1. Estimate PA pressure
2. Assess Right- vs Left-sided Structures
3. Screen for Congenital Heart Disease




Epidemiology of PH by Echo (PASP >40 mm Hg)

Single echo lab / Australian community of
165,450

Etiology of PH noted on echocardiogram
Unknown,

PAH, 2.7% 15.4%
CTEPH, 2.0%\\ <’
Lung disease,
Sleep-related >

hypoventilation,
9.3%

Left heart
Misc., 2.7% disease, 67.9%

Strange G et al. Heart. 2012;98:1805-1811. N=936 of 10,314 patients with echo PASP >40 mm Hg. UCgg



FEcho Screening — 2022 European Guidelines

A: The ventricles B: Pulmonary artery C: Inferior vena cava and RA

RV/LV basal diameter/arearatio RVOT AT (PAAT) <105 ms IVC diameter >21 mm with
>1.0 and/or mid-systolic notching decreased inspiratory collapse
(<50% with a sniff or <20% with

quiet inspiration)

Flattening of the interventricular  Early diastolic pulmonary RA area (end-systole) >18 cm?

septum (LVEI >1.1 in systole regurgitation velocity >2.2 m/s
and/or diastole)

TAPSE/sPAP ratio PA diameter >AR diameter
<0.55 mm/mmHg PA diameter >25 mm

Signs from at least two categories (A/B/C) must be present
to alter the level of echocardiographic probability of PH.

Eur Heart J, 2022; 43(38):3618-3731, https://doi.org/10.1093/eurheartj/ehac237 LJ%F



https://doi.org/10.1093/eurheartj/ehac237

Structural Echocardiographic Fmdmgs in
Patients With PAH

* RV enlargement —
* RAenlargement —

 Septal flattening \
 Pericardial effusion \

McLaughlin VV et al. J Am Coll Cardiol. 2009;53:1573-1619.



Echocardiography to Assess PA Pressure

= TR Jet

= PA acceleration time (PAAT)
- Midsystolic Notching

2.21
10g10RVSP = —0.004 (PAAT) + 2.1
2.0
1.8
log1o(EPSPAP)
1.64
1.44
1.2 T T T v
0 50 100 150 200

PAAT (ms)

Yared et al. J Am Soc Echo 2011 U%F




Echocardiography to Assess PA Pressure

= TR Jet

= PA acceleration time (PAAT)
- Midsystolic Notching

Log10 est
EPSPAP PASP-

log1oRVSP = -0.004 (PAAT) + 2.1
> 1004 . | 910 ( )
79
1.8 634 Tl
50 §, .
16 40+ z‘L&L*
— 32 .,
14 251 Coprad
- 20
12 16 .
0 50 100 150 200

PAAT (ms)

Yared et al. J Am Soc Echo 2011



i AR dcEE o dinkol,

RV Outflow Notchmg

04/29/2010 11:42:26 AM
Freg. 1.5 MHz/3.1 MHz
FP=: 22.9/458

021972010 01:00:33 Pr
Freg.: 1.5 MHz/3.1 hHz
FPS: 256511

Arkles... Forfia. Am J Respir Crit Care Med 2011;183(2):268-76.
Optowsky... Forfia. Circ Cardiovasc Imaging 2012;5(6):765-75.



PAAT:

Is this TR jet good enough to estimate PASP?

o 01/22/2016 01:26:21 PM KA Cardiacd




PAAT: Esttimate PASP

log10(EPSPAP) = 0.004(PAAT) + 2.1

01/22/2016 01:17:03 PM KA Cardiac4

D: 9.3mm (Cdlibrated

. " A
mm (Calibrated) " I -




PAAT: Esttimate PASP

log10(EPSPAP) = 0.004(PAAT) + 2.1
PAAT of 100 ms = Estimated PASP of 50 mmHg
TR Jet underestimated - minimal TR = poor est

7]
22/2

rdiac4




PAH cnly

RV Function: TAPSE.

Tricuspid annular plane systolic

* |[n the four chamber view a straight line
(M mode) is drawn through the lateral
tricuspid valve annulus (arrow 1).

=The level of excursion of the TV plane
during systole (TAPSE) corresponds with
RV EF (arrow 2) (6 mm ~ 20%; 10 mm ~
30%; 15 mm ~ 40%; 20 mm ~ 50%).

= Also associated with poor outcomes at
cutoffs of 1.6 — 2.0.

Percent mortality

Bleeker, et al. Heart 2006;92;19-26. Forfia, et al. ADJRCCM 2006;174(9):1034-41.



o o
RV FllﬂCtlQﬂ;Bsy S tl' a‘aln 2005/07}15-11:45:28 SL
Pk 44 0 et 44 0
Frame = 10 # -
f—44_ﬂ
2007/0815-1 z.:u:]:ua L}__ ‘ sL %

RE] \ i
o)

600 800

LN LT A —/ Ny
Normal PH, RV Failure

Reali M, Rajagopalan N, Lopez-Candales A, Cordero KE, Suffoletto M, Shroff SG, Pinsky MR, Gorcsan Il J, Mathier MA, Simon MA. Regional Right
Ventricular Myocardial Strain by Echocardiographic Speckle Tracking Distinguishes Clinical and Hemodynamic RV Dysfunction in Pulmonary Hypertension. l&F

Journal of Cardiac Failure 14(6, Suppl): S17, 2008.



RV Function: S’ and RV Strain

~ «—11.2 cm/s

«— 8.7cmls

Strain

Rajagopalan N, Simon MA, Mathier MA, Lopez-Candales A,. Identifying right ventricular dysfunction with tissue Doppler imaging in pulmonary hypertension. U%F
International Journal of Cardiology 128 (2008) 359-363.



VEST Echo Screening Tool

Distinguish PAH from PH-LHD

Echocardiographic parameter

Mitral E:e’, lateral <102

Qualitative left atrial size normal or mildly enlarged
Systolic interventricular septal flattening

Yes
+1

+1

Vaidya... Forfia. Pulm Circ 2020;10(3):2045894020950225.



Distinguish PAH from PH-LHD

(a)

VEST Echo Screening Tool

Estimated PASP (b) Virtual Echocardiography Screening Tool
| . 0- R
1.0+ J 1.0 e
0.75- l_f,-rd_r‘ 0.75- 71
= P £ /
£0.50- '_r— £ 0.50- /
HP c 3
Original Cohort 3 P 5 /
0.25- IJ 025- |
| 7 ’_;" II|I|
B " ! o
o0} ,.'l | _ Auc:os6 ) | | AUC:0.81
0.0 0.25 0.50 0.75 1.0 0.0 0.25 0.50 0.75 1.0
1-Specificity 1-Specificity
(c) il Estimated PASP (d) 4 Virtual Echocardiography Screening Tool
_ ) 0.75- ] 0.75-
Validation Cohort > ] 2
2 ; Z
£ 0.50- f 20,50
5 - ]
» ol o 0 f
0.254 | 0.259 |
) !
sl AUC:0.61 gl AUC:0.94
T T T T T T T T T T
0.0 0.25 0.50 0.75 1.0 0.0 0.25 0.50 0.75 1.0
1-Specificity 1-Specificity

Vaidya... Forfia. Pulm Circ 2020;10(3):2045894020950225.



Right Heart Catheterization

Access

Pulmonary catheter

= Brachial vein
= |nternal Jugular vein
= Femoral vein

Catheter

Right ~/ /7
atrium

Other

b . .
\\g insertion
i sites
Right
ventricle

Adapted from MedEdge




Right Heart Catheterization

Common Pitfalls & Sources of Error

Issue Impact Solution

Improper zeroing P consistently > < than expected Level transducer at mid thorax

Overdamping False | Sys P & 1 Dias P Flush catheter

Catheter whip False | Sys P & 1 Dias P Ignore artifact

Under-wedged PCWP False T PCWP/similar to PAP PCWP sat or use LVEDDP

Overwedged PCWP False T PCWP/dampened Less balloon or use LVEDP

Significant respiratory Large changes in intrathoracic P Consider avg (esp COPD) &

variation (obesity, lung dz) end-expiratory

MR: tall v-waves on PCWP False T PCWP Use a-wave or mean

Inaccurate CO Thermodil: TR, temps, vol Thermodil: use avg of 3-5
Fick: indirect inaccurate Use Thermodilution

Adapted from : Rajagopalan et al. JACC: Heart Fail 2024;12(7):1114-1156. SI



Vasoreactivity testing

Definitions of acute and long-term responses

Definition

Reduction of mPAP =210 mm Hg to reach absolute

1vitya
Acute_ uIm_ona vasoreactivi _ value of mMPAP <40 mm Hg
for patients with IPAH, HPAH or drug-induced PAH Increased or unchanged cardiac output

NYHAFC I orll
Long-term response to CCB With sustained hemodynamic improvement after at
least one year on CCBs only

I Adenosine i.v. is no longer recommended due to freauent side effects |
Compound Route Half-life Dosage Duration

Nitric oxide inh 15-30s 10-20 p.p.m. 5-10 min®

lloprost inh 30 min 5-10 ugb 10-15 min©

. . . . d
CCB: calcium channel blockers; FC: functional class Epoprostenol iV 3 min 2-12 ng/kg/min 10 min
* Inhaled nitric oxide (10-20 ppm) is recommended for pertorming vasoreactivity testing

Simonneau G, Eur Respir J 2018 Eur Heart J, 2022; 43(38):3618-3731, https://doi.org/10.1093/eurheartj/ehac237



https://doi.org/10.1093/eurheartj/ehac237

Rule out Occult Group 2 PH... HFpEF !!

Clinical Variable |Values Points
H Heavy Body mass index > 30 kg/m? 2
4 Hypertensive 2 or more antihypertensive medicines 1
F Al Fibrillation Paroxysmal or Persistent 3
Pul Doppler Echocardiographic estimated
P L Pulmonary Artery Systolic Pressure > 35 1
Hypertension mmHg
E Elder Age > 60 years 1
F Filling Pressure Doppler Echocardiographic Ele’ > 9 1
Sum
H,FPEF score (0-9)
High
Total Points R 2 3 4 s 6 7 8 9

Probability of HFpEF | 0 o3 04 05 08 07 08 09 095

Borlaug et al. Circulation 2018

“Approximately one-third of patients
with HFpEF have normal pulmonary
capillary wedge pressure (PCWP) at
rest, with elevations in filling pressures
exclusively during exercise.’

Rajagopalan et al. JACC:HF 2024;12(7):1141-1156.

100+
3 PAH 100« - i

"
€ 80+ @8 PH-HFpEF 0 @ PH-HFpEF
o t 80+
"g =
e_ 604 S 604
o s
S 404 T 404
[ [
) o
& 20+ o 201

0 0

Two or more features of

HTN Obesity DM metabolic syndrome

Robbins et al. CHEST 2009;136:31-36.

UCsF
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Rule out Occult Group 2 PH... HFp

Patient With Unexplained

Exertional Dyspnea
and No Clear Alternative Cause

v 7

H>FPEF Score HFA-PEFF Score
L. . A Major Criteria Minor Criteria

Definition Eoints) (Domaiy (2 Points Max Per Category) (1 Point Max Per Category)
Heavy BMI >30 kg/m?2 2 Functional + Average E/e’ ratio 215 « Average E/e' ratio 9-14

= g . Eeltﬁalle ,<71 (C)m/S/ « Global longitudinal strain <16%
H ; or more « Lateral e’ <10 cm/s

Ypertension antihypertensive « Tricuspid regurgitation velocity >2.8 m/s
; medicihes Morphological - Left atrial volume index >34 mL/m? + Left atrial volume index 29-34 mL/m? .
A_tn?l . Any history 3 « Left ventricular mass index >149/122 g/m2 * Left ventricular mass index >115/95 g/m
Fibrillation (men/women) and relative wall (men/women)
Pulmonary Pulmonary artery 1 thickness >0.42 « Relative w_all thlckness‘>0.42
Hypertension systolic pressure « Left ventricular wall thickness 212 mm
>35 mm Hg (echo) Biomarker NTproBNP >220 pg/mL NTproBNP 125-220 pg/mL

Elder >60 years 1 (sinus) BNP >80 pg/mL BNP 35-80 pg/mL
Filling E/e’ ratio >9 1 Biomarker NTproBNP >660 pg/mL NTproBNP 365-660 pg/mL
pressures (echo) fial:rrilﬁgtion) BNP >240 pg/mL BNP 105-240 pg/mL

Low probability score
Unlikely HFpEF

(H,FPEF 0-1 or HFA-PEFF 0-1)

Intermediate probability score
(H,FPEF 2-5 or HFA-PEFF 2-4)
Further evaluation needed

Hemodynamic
Stress Test

High probability score
Likely HFpEF

(H,FPEF 6-9 or HFA-PEFF 5-6)

Borlaug BA, Sharma K, Shah SJ, Ho JE. Heart Failure With Preserved Ejection Fraction: JACC Scientific Statement. JACC 2023;81:1810-

1834. doi: 10.1016/j.jacc.2023.01.049



Rule out Occult Group 2 PH: Provocative Testing
:

Intermediate

RV abnormality

No RV abnormality limaginig, ECE]

Consider RHC
in selected cases#

Management of
LHD

RHC recommended

b) ‘ RHC at expert centresf ‘

v

| PAWP 15 mmHg

PAWP 13-15 mmHg

h 4 v
| Low probability | Intermediate or ’ Low probability | Intermediate or
high probability high probability

v v v v

PH-HFpEF x - PH-HFpEF
not excluded BB kely confirmed

Pre-capillary PH

1) Consider provocative testing Consider LVEDP
2) Consider other cardiac testing* validation*

Inampudi C, Silverman D, Simon MA, Leary PJ, Sharma K, Houston BA, Vachiery J, Haddad F, Tedford RJ. Pulmonary Hypertension in the Context of Heart Failure w
with Preserved Ejection Fraction. CHEST. 2021 Aug 11;S0012-3692(21)03666-7. DOI:https://doi.org/10.1016/j.chest.2021.08.039.




Rule out Occult Group 2 PH: Provocative Testing

100 -

mPAP (P, mmHg)

S (=2 o
o o o

N
o

Normal response to exercise:

* modest mean PA pressure (<3.0 mm Hg/L/min)
« modest [l PCWP (<25 mm Hg)

. PVR

O Normal (Reeves)
PCWP vs Cardiac Output
& Scleroderma BInPH (Kovacs,
AP/ACO =6.1, R*=0.92 ( ) Stratified by Referral Population
| ¢ Scleroderma NoPH (Kovacs) -
- w © Controls (mean slope = 1.19, n=33) _
® PAH (Janicki) ) HFPEF (mean slope =3.40, n=32)
o ° - :
=
- AP/ACO=3.0
AP/ACO=36,R™=0.99 _ » B 3
(sl
£
E
. a &
ApP/ACO =0.8, R*=0.99 %
o o
o
' L L 0 5 10 15 20
o 1 0 20 30 Cardiac Output (L/min)

Cardiac Output (CO, L/min)

Lewis et al. Circulation 2013;128(13) Eisman et al. Circ HF 2018


https://www.sciencedirect.com/topics/medicine-and-dentistry/lung-vascular-resistance

Rule out Occult Group 2 PH: Provocative Testing

Intermediate likelihood of HFpEF:
indication for right heart catheterisation

Y

Rest in supine position
PCWP

wesr = 13 mmHg

.'—I--

l PCWP, ... <15 mmHg

PCWP, , <11 mmHg ERRSIVE o T E LT PCWP,, =19 mmHg

Q= 1

l PCWP,  :11-18 mmHg

g D w20 Y Erercise PCWP s 2 25 MMHg |
v 4
Cont?:jla:ad;lg:::l\ifil:::::om Diagnosis HFpEF

van de Bovenkamp et al. Circ Heart Fail. 2022;15:€008935. l 'q



Rule out Occult Group 2 PH: Provocative Testing
TPG 3, CO 3.6,




Rule out Occult Group 2 PH: Provocative Testing




Summary:

Echocardiography and right heart catheterization for the pulmonologist

- Echo: right vs left-sided findings
- Don'’t forget about HFpEF! (LHD is #1 cause of PH — Group 2)

- RHC
Be wary of pitfalls when looking at a report (vs pressure tracings)
Normal PCWP may not excluded Group Il PH (HFpEF)

Pre-test probability of HFpEF is helpful to plan invasive testing
(H2FPEF score)

Even a leg raise can be helpful to identify occult HFpEF

Exercise testing can be very useful for those with intermediate pre-test
probability of HFpEF

UCsF



Understanding PAH-specific
therapy and the tfreatment
algorithm in Group 1 PAH

Karim El-Kersh, MD

Professor of Medicine, University of Arizona College
of Medicine, Phoenix

Director of Pulmonary Hypertension Program Banner
University Medical Center, and Banner University
Lung Institute, Phoenix
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Group 1 PAH

Group 1: PAH
Haemodynamic characteristics 11 Idiopathic
1.1.1 Long-term responders to calcium channel blockers
PH mPAP >20 mmHg . #
. 1.2 Heritable
Pre-capillary PH MPAP >20 mmHg
PAWP <15 mmHg 1.3 Associated with drugs and toxins”
PVR >2 WU : ol
Isolated post-capillary PH (ipcPH) MPAP >20 mmHg 14 Associated U?‘Ith.‘ ‘
PAWP >15 mmHg 1.4.1 connective tissue disease
| | PRI 1.4.2 HV infection
Combined post- and pre-capillary PH (cpcPH) mPAP >20 mmHg .
PAWP >15 mmHg 1.4.3 portal hypertension
| PRI 144 congenital heart disease
Exercise PH mPAP/CO slope >3 mmHg/L/min ‘ o
between rest and exercise 145 schistosomiasis

1.5 PAH with features of venous/capillary (PVOD/PCH) involvement
1.6 Persistent PH of the newborn

California
Thoracic Society

ATS Chapter Serving California and Arizona
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Drugs and toxins associated with PAH

Definite association Possible association
Aminorex Alkylating agents
Benfluorex Amphetamines
Carfilzomib Bevacizumab
Dasatinib Bortezomib
Dexfenfluramine Bosutinib
Fenfluramine Cocaine
Methamphetamines Diazoxide
Mitomycin C* Direct-acting antiviral agents against hepatitis C virus (sofosbuvir)

Toxic rapeseed oll Indigo naturalis (Chinese herb Qing-Dai)
Interferon-a. and -p
Leflunomide
L-tryptophan
Phenylpropanolamine
Ponatinib
Solvents (trichloroethylene)”

St John’s wort

California
Thoracic Society

ATS Chapter Serving California and Arizona
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(ERS) risk tools

ECS/ERS 3 risk-strata ESC/ERS risk calculation

Determinants of prognosis
(according to 1-year estimated
mortality)

Signs of right HF

Low risk Intermediate risk ngh r|s.|-< SPAHR/COMPERA 1.0
(<5%) (5-20%)

Parameters

Intermediate risk
s 2 points
ymptom

parameters -
| N
B -s10m

Absent

Syncope Occasional sum of the points = 1.5-2.49= Intermediate risk

n of parameters

Overall risk =

WHO-FC
6MWD
Exercise CPET
tests Peak Vo, Lmin~! 11-15 mLkg 1-min1
V'elVico, 36-44

1l
165-440 m

FPHR invasive

Low risk parameters

_= 4 low risk parameters
Echocardiography
RA area 18-26 cm?2
TAPSE/sPAP mHg1 0.19-0.32 mm-mmHg-1 <0.19
Imaging PE A Modg FPHR noninvasive
RVEF 37-54%
svi -m—2 26-40 mL-m—2 WHO-FC _= 3 low risk parameters
RVESVI m-2 42-54 mL-m—2 6MWD

- ) BNP = 50-800 ng-L-1
Sl N T-proBNP 300-1100 ng-L-1

BNP/NT-proBNP

Haemodynamics
Hg 8-14 mmHg
1-m—2 2.0-2.4 Lmin-1-m-2 <2. 0
-m2 31-38 mL-m—2 <3
60-65%

RHC

COMPERA 2.0

Parameters

ECS/ERS 4 risk-strata

Determi

prognasis Intermediate-low
WHO-FC risk
2 points
6MWD 320-440 m 165-319m
BNP 50-199ngL!  200-800 ngL-! 1.0-1.40- |G
NT—pI’DBNP 300-649 I'Ig‘L_l 650-1100 ng'l-_l sum of the pOiI'ItS = 1.5-2.49= |Intermediate-low risk
Overallrisk= ———
n of parameters 2.5-3.49=
=3.5=

A\ I|
' £ 4

European Society of Cardiology (ESC)/European Respiratory Society

California
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Registry to Evaluate Early and Long-Term Pulmonary Arterial
Hypertension Disease Management (REVEAL) risk tools

REVEAL 2.0

WHO group 1 subgroup Other Heritable PoPH

Male >60 years No Yes
All-cause hospitalisation No Yes REVEAL Lite 2
= _-----
eGFR <60 mL/min/1.73m:2 No Yes

eGFR <60 mL/min/1.73m2
or renal insufficiency

Systolic BP (mmHg) =110 <110 _
Systolic BP (mmHg) =110 <110

Heart rate (bpm) =95 =95 ;
Heart rate (bpm) =95 =95

o —
WHO-FC I 1] i v
6MWD (m) 2440 320-440 165-320 <165 -
6MWD (m) =440 320-440 165-320 <165

BNP (ng-L™1) <50 50-200  200-800 2800 P

or BNP (ng:L™) <50 50-200  200-800 >800
NT-proBNP (ng-L-) <300 300-1100 =1100 or

pro (ng NT—DFOBNP {ng-L‘l] <300 300-1100 =1100

or renal insufficiency

PE on echocardiogram No
Dy ¢ =40 % pred No
o0 - Overall risk= sum of the points +6= - 6-7= Intermediate risk

RAP >20 mmHg within
1year

Yes
Yes
Yes
PVR <5 WU Yes No
Overall risk= sum of the points +6 = 7-8= Intermediate risk

No

California
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REVEAL-ECHO

=i

8 8 §
)
|
|
|

|

Intermediate vs Low - HR, 1.487; 95% CI, 1.186-1.864, P = .0006

Estimated survival function o
(Kaplan-Meier), %
B
=1

Parameter Weighting of Each Parameter in the REVEAL-ECHO Score 20 High vs Low - HR, 2.850; 95% CI, 2.341-3.470; P < .0001
C-index: 0.623; 95% CI, 0.6027-0.6431
ﬂ T T T T T T
Group 1 (TD=1 HPAH=2 PoPH=3  Other=0 ’ T eceevaoness ”
No. at risk

=T - - S

RV chamber enlargement None=0  Mild=0  Moderate=1  Severe=2 680 571 468 387 328 282
— REVEAL-ECHO Risk Level = Low
REVEAL-ECHO Ft?slc Level = In_termsdiate

RV reduced systolic function None=0  Mild=0  Moderate=1  Severe=2 otk b o
TR severity Noneortrivial=0  Mild=0  Moderate=1  Severe=2
Pericardial effusion None=0  Mild=1  Moderate=2  Severe=3

40 4 e

REVEAL-ECHO score = sum of above

Lower ECHO Intermediate vs Low - HR, 1.432; 95% CI. 1.172-1.750; P = .0004
20 4 Higher ECHO Intermediate vs Low - HR, 2.350; 95% CI, 1.961-2.816; P < .0001
High vs Low - HR. 4.090: 95% CI. 3.218-5.198: P < .0001

C-index: 0.621: 95% CI. 0.6033-0.6392

o 12 24 36 48 60
since
No. at risk
— 738 686 630 571 499 441
— 674 610 547 491 415 356
812 6920 571 483 382 308
176 3 o 79 s2 as

— REVEAL-ECHO Risk Level = Low
—— REVEAL-ECHO Risk Level = Lower ECHO Intermediate
REVEAL-ECHO Risk Level = Higher ECHO Intermediate
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—— REVEAL Lite 2 Risk and REVEAL-ECHO Risk Level = Low

REVEAL-ECHO

TABLE 4 | Survival Probability Based on REVEAL Lite 2 and REVEAL-ECHO Risk Categories

—— REVEAL Lite 2 Risk and REVEAL-ECHO Risk Level = Iintermediate/Low . " "
—— REVEAL Lite 2 Risk and REVEAL-ECHO Risk Level = Intermediate/High Time Since RL: Low, RE: Low RL: Low, RE: Int RL: Low, RE: High RL: Int, RE: Low RL: Int, RE: Int RL: Int, RE: High
o0 —— REVEAL Lite 2 Risk and REVEAL-ECHO Risk Level = High Enrtilment, y (ﬂ o 355} (ﬂ i 230) (ﬂ A 1%) (n & 257) (I'I - 238) (ﬂ il 303)
] O o £ e 70 20
B e P 1 98.9(97.0-99.6) | 96.5(93.2-98.2) | 94.4 (90.1-96.8) | 95.3(91.8-97.3) | 95.8(92.3-97.7) | 90.3 (86.4-93.2)
E‘.—_‘ 80 (5% CF £5.5%, TE &%)
2. T 2 95.9(93.2-97.6) | 93.0(88.9-95.7) | 85.6(79.8-89.8) | 92.4(88.4-95.1) | 90.7(86.1-93.7) | 78.2(73.0-82.5)
5
w 60 1
2 é e 3 93.5(90.3-95.7) | 90.8 (86.2-93.9) | 82.2(76.0-87.0) | 88.1(83.4-91.6) | 85.4 (80.1-89.3) | 71.9 (66.4-76.6)
) 40 -
§ Intermediate/Low versus Low - HR (95% CI): 2.114 (1.627, 2.747); P-value: <.0001 q4 91.2 (87|6-93_8) 87.5 (82‘4-91.2) 76.4 (69‘6.81.91 79.8 (74.0'84.4] 79.6 (}'3.5.84.3] 65.0 [5912.70.2)
20 Intermediate/High versus Low - HR (95% CI): 3.551 (2.679, 4.708). P-value: <.0001 ,
P st P o i 5 [ 80.9(86.:927)) | 845 (78.9-88.7) [70.0 (62.7-76.2) )| 75.2(68.9-80.3) | 73.9(67.4-79.2) | 60.5 (54.4-66.0)
s B 24 % p %
Months since enroliment
Nim l;s;s 567 535 502 459 432
— 691 650 598 540 448 379
- e p e = e (a) Distribution of REVEAL-ECHO (b) Kaplan Meier REVEAL-ECHO
. 20 100 =
Cc éq' écg' ]+ .
—— . > 2 80
Cam{hcn‘:i: Rns: E;;e;gory REVEAL-ECHO Risk Category 5 154 E ]
ex: U,
Intermediate g' % 60 —
..E 10- S -
> T 40 - - S
E ;. E _ risk score=7
& I @ 20
0. l o

2 3 4 5 6 7 8 9 0 1 2 3 4 5
REVEAL ECHO score distribution Time(years)
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Treatment Algorithm

Initial risk assessmentb
1

Not high riske<

Combination ERA + PDE-5i
|

Combination i.v./s.c. PPA, ERA, PDE-5i

|
v
First follow-up risk reassessment at 3-4 months
And repeated frequentlyP
|

v
Intermediate-high riskf
Continue initial Add activin-signalling Add i.v./s.c. PPA or Addi.v./s.c. PPA
therapy inhibitor, oral or activin-signalling (1st choice if not on)
inhaled PPA inhibitor or activin-signalling
Can consider switch inhibitor
PDE-5i to sGCS ]

Persistent intermediate-high or high

Maximal Rx: 4-drugi.v./s.c. PPA, ERA, PDE-5i
or sGCS, activin-signalling inhibitor
Lung transplant evaluation

Hemodynamics, RV
imaging and other
measures should be
used to supplement
risk assessment

Initial triple therapy
with ani.v./s.c. PPA
may be considered
in non-high risk with

hemodynamics
and/or poor RV

severe

function

and no significant response on acute vasoreactivity)

Patients with confirmed group 1 PAH (phenotypically clear-cut, including mPAP 225 mmHg and PVR >3 WU
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PAH Therapies Pathways

Endothelin Nitric oxide Prostacyclin Activin/BMP
pathway pathway pathway pathway

Endothelial
cells

Activin

d

Endothelin-1

Y 4 |
<

PGI2

" / PPAs

s Activin signalling
inhibitors (scavenge)

NO

ET-A :
recepto

Smooth
muscle cells

Promotes vasodilation and has Rebalances pro-/antiproliferative
antiproliferative effects signalling
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Oral medications
PDE-5i

Guanylyl cyclase
stimulators

Endothelin-1
receptor antagonists

Prostacyclin receptor agonists
Prostanoids, p.o

Inhaled medications
Prostanoids, inhaled
Parenteral medications

Prostanoids, parenteral

Activin-signaling
inhibitor

Medications

Sildenafil
Tadalaofil

Riociguat

Ambrisentan
Bosentan
Macitentan

Selexipag
Treprostinil

lloprost, Treprostinil

Epoprostenol
(i.v.), Treprostinil
(i.v., s.c.)

Sotatercept (s.c.)

Common adverse reactions

Headache Flushing,
Dyspepsia, Epistaxis

Headache, Dyspepsia,
Dizziness, Hypotension

Peripheral oedema, Nasal
congestion, Anaemia

Prostanoid-type AEs

Cough, Prostanoid-type AEs

Prostanoid-type AE

Headache, Diarrhea,
Nosebleed, Bleeding events,
Telangiectasia

Other information

Rare loss of vision or hearing, Avoid with
nitrates, riociguat

Avoid in pregnancy#
, avoid with
nitrates, PDE-5i

Avoid in pregnhancy#

, monitor Hgb (all), LFTs

(monthly for bosentan, as clinically
indicated for others)

Sudden discontinuation can be life-
threatening

Avoid in pregnancy

; potential reduced fertility (animal
studies); monitor for thrombocytopenia
and increased Hgb for first five doses
and periodically

Ul C 9 dAY
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Parenteral Therapy Tips (Epoprostenol/ Treprostinil)

*A dedicated line for infusion (don't flush, or
withdraw blood)

Specialty pharmacy is available 24/7

Examine the catheter or SQ site.

oIf catheter is leaking or broken, switch to a
peripheral line.

Redness at the infusion site (especially if it is a new
site) is normal.

Line priming (Groshong catheter, PICC line, central
ine...) to avoid interruption of infusion (new line or
concentration change)

*Epoprostenol half-life is about 4 minutes & treprostinil
half-life is about 4 hours
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Parenteral Therapy Tips (Sotatercept)

*Subcutaneous injection once every 3 weeks according to pafient weight.

» The starting dose is 0.3 mg/kg.

*Obtain Hgb and platelet count prior to the first dose.

*Do not initiate treatment if platelet count is <50,000/mma3.

*Check Hgb and platelet count before each dose for the first 5 doses (or longer if values are unstable)
*Delay treatment for at least 3 weeks if any of the following occur:

1. Hgb increases >2.0 g/dL from the previous dose and is above ULN.

2. Hgb increases >4.0 g/dL from baseline.
3. Hgb increases >2.0 g/dL above ULN.

4. Platelet count decreases to <50,000/mm3

*Recheck Hgb and platelet count before reinitiating treatment.

«For treatment delays lasting >9 weeks, restart treatment at 0.3 mg/kg, and escalate to 0.7 mg/kg after
verifying acceptable Hgb and platelet count.
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PAHsubgrowps | Nofes

CTD-PAH Some limitation of risk assessment tools in CTD-PAH specifically SSc-PAH
Caution with initiation of medications that may increase bleeding risk, such as sotatercept, in
CTD patients who are predisposed to Gl bleeding due to vascular anomalies
Digital contractures and impaired manual dexterity may impact decisions about parenteral
therapies.
Other forms of PH such PH-ILD, CTEPH in SLE (antiphospholipid syndrome)

CHD-PAH with Shunt closure is contraindicated in Eisenmenger syndrome
unrepaired In ASD and a PVR >5 WU despite PAH treatment, shunt closure is not recommended

defects

Drug &toxin Partial or full reversal of PAH has been reported after discontinuation of some agents, including
PAH dasatinib and interferon
For stimulant-associated PAH spontaneous remission is not typical
Referral for substance use treatment

HIV Drug-drug interactions particularly with protease inhibitors and sildenafil/tadalafil.

PoPH Distinguish true POPH from other forms of PH that can occur in liver disease
PORTICO (12 weeks of macitentan 10 mg versus placebo resulted in 35% reduction in PVR with
macitentan)
Hemodynamic targets prior to Liver Tx listing by ILTS (mMPAP <35 mmHg and a PVR <5 WU, or a
MPAP 35-45 mmHg with a PVR <3 WU)

PVOD/PCH Life-threatening pulmonary edema may occur with PAH therapy
Lung Tx is the preferred definitive treatment for eligible patients

’ \ Thoracic Society
ATS Chapter Serving California and Arizona



Recommended Supportive Measures

Supervised exercise training

Psychological support

Immunisation against SARS-CoV-2, influenza, Streptococcus pneumoniae and consider vaccination against RSV
Diuretic treatment in patients with fluid retention

Continuous LTOT when arterial blood oxygen pressure is consistently <8 kPa (60 mmHg)

Correction of iron status in patients with iron-deficiency anaemia

Advise against pregnancy

Clear contraceptive advice

Pre-transplant counselling
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Patients with chronic pulmenary hypertension (n=129)
(B49% PAH, 18% CTEPH; 53.7+13.0 years, mPAP 56.5£14.7 mmHg,
CO 5.241.5 Umin, EMWD 4411119 metres)
Randomisation into training (n=68) and control group (n=61)

11 participating centres from 10

countries Control group

Control-group corrected
change: 34.1£8.3 meters
p<0.0001

f_lﬁ

- )
(=] o
o o

Change in 6-minute walking distance [meters]
f==]

-100

Control group ~ Training group
(n=58) (n=58)

Rehabilitation and Exercise

“Patients with PAH should be treated with the
best standard of pharmacological tfreatment
and be in a stable clinical condition before
embarking on a supervised rehabilitation

QoL Score change (SF-36)

30

programme.”

- Training group
p=0.004

o
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15- 0 Control :
¢ Training

Change in peak VO.,/kg [mL/min/kg]
{!"'l [ ] on E;
1 1 1 1
[-]

I
—
[ =]

1

Training vs.
Control
P<0.001

#3127
equals +24.3%

-02423
equals +0.9%,

.

| | ! !
5 10 15 2

Baseline peak VO,/kg [mL/min/kg]

Control

Training

Change in peak VO,/kg [mL/min/kg]

Exercise Training Effect on Peak O2 Consumption and
Hemodynamics in PAH and Inoperable CTEPH

Baseline characteristics

Training

Patients, n

Gender, male/fermale

Age (years)

Height (cm)

Weight (kg)

WWHO functional class, no. (28) baseline
1]
m

20/21

57 + 15
171 += 8
79 + 18

& (15%)
30 (75%)
4 (10%)

46
20/26
55 + 15
170 = 9
75 + 18

8 (18.2%)
36 (81.8%)
0 (0%)

Diagnosis
Pulmonary arterial hypertension
CTEPH

26 (63.4%)
15 (36.5%)

35 (76.1%)
11 (23.9%)

NT-proBMNP (pg/mL)
Baseline

Right heart catheterization

Mean pulmonary arterial pressure
(mmHg)

Pulmonary vascular resistance
(dyn < s /em®)

Central venous pressure (mmHg)

Pulmonary arterial oxygen
saturation (25)

Pulmonary arterial wedge pressure
(mmHg)

Cardiac index (L/min/m?>)

37.6 + 11.8

512 + 338

71+ 47
643 + 9.4

41.0 + 11.7

540 + 267

7.5 + 3.7
647 + 9.9

PAH-targeted medication
Endothelin receptor antagonists
Phosphodiesterase-5-inhibitors
Prostanoids inhaled
Prostanoids per os
Prostanoids intravenous
Calcium channel blockers
Imatinib
Soluble guanylate

cyclase-stimulator

29 (70.7%)
30 (73.2%)
& (14.6%)
O (0%%)

0 (02)

3 (7.3%)

1 (2.4%)

3 (7.3%)

33 (71.7%)
31 (67.4%)
3 (6.5%)

1 (2.2%)

0 (0%)

5 (10.9%)
0 (0%)

6 (13%)

Combination therapy
Monotherapy
Dual therapy
Triple therapy
Oxygen therapy, yes/no

14 (35%)
22 (55%)
4 (10%)
20/21

13 (33.3%)
20 (51.3%)
& (15.4%5)
17/25
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Exercise Training Effect on Peak O2 Consumption and
Hemodynamics in PAH and Inoperable CTEPH

>

Change of mean pulmonary arterial pressure B Change of pulmonary vascular resistance

_ absolute change (control-group corrected) absolute change (control-group corrected)
=2 original data —8 mmHg, P=0.007 80 - original data —174 dynes *s *cm™>, P<
£ < 30 multiple imputation -5 mmHg, P=0.002 o = 70 multiple imputation —106 dynes *s *cm™3, P=
© = 3 c
s a5 60
T T &»
S 8 20 E‘_ S 501
£ BE o
ag 107 2 & 301
§ .33. ?‘L §, 20
Eg 9 w8
-— = 0
o 2 U
@ @ —10; 2 3 —10
c o C o ]
Bl . L [N |
Control Training Control Training
n=28 n=31 n=28 n=30

C Change of cardiac output D Change of cardiac index
absolute change (control-group corrected) absolute change (control-group corrected)
original data +1.1 L/min, P<0.001 original data +0.5L/min/m?, p<0.001
- 4 multiple imputation +0.7 L/min, P=0.035 - 20{ multiple imputation +0.4L/min/m?, P=0.08
£ 5
32 S £ 10
£ 2 s 2
= o ﬁ o
s E 5§ °
c © o B
@ = o
2R § R _1o0-
5 5
o
- - —-20 v v
Control Training Control Training
n=82 n=31 n=26 n=30
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Patient-reported Ouicome Measures

PROM Diseases Domains Correlates Scale/  Questions Approximate  Time period Languages  Appor MCID
assessed assessed with scoring n completion assessed available  onlinetool  (points)
time (min)
CAMPHOR PAH Symptoms 6MWD, FC, Borg Yes/no and 65 10 Same day 23 No HRQoL 3
CTEPH Activity dyspnoeascore,  3-point Likert Symptoms 4
HRQoL clinical worsening Activities 3-4
EmPHasis-10  PAH HRQoL MWD, FC, BNP, 6-point 10 23 At time of 25 Yes 6-8
CTEPH PVR, REVEAL risk semantic assessment
: score, survival differential
[
Value ofR S LivingwithPH  PAH Physical 6MWD, FC 6-pointLikert 21 5-10 1week English only No Overall 7
pulmonary hypertension® Emotional Subsections 3
PAH-SYMPACT PAH Cardiopulmonary 6MWD, FC, S-pointLikert 23 5-7 24 hforsymptoms 22 for paper Yes Not available
B T e Improve healthcare provider's communication with patient CTEPH symptoms REVEAL 2.0risk SCore, 7 days for impads VEI’SiDI'I, (research
LT 20 (L o Cardiovascular D, survival 33for electronic ~ only)
e Facilitate shared decision-making about patient' symptoms version
Assist disease self-management (@) PROMSs in o n:;ldls, prii)r‘iaties a:sltsrl::t::nigi.:lsou o Phﬁ!: call)lm pacts
Contribute to the patient feeling cared for () routine © ::i;n: :?g:yid"alisequaweTE- - Cognitive/
clinical care s ionali
Identify problems that the patient might (1) (@) Provide standardised serial monitoring of health status Ly
overlook if they are unaware of their relevance’
Messre th mpactof restment and st D Esiite prognoss PAHSIS PAH Symptoms SF-36 scores 11-point Likert 17 <5 1month English only No Not available
v
(@) incude PROMs inclinial il @ quatyndatos nkad wgideines g gy Generic Mobility Notavailable  Visualanalogue 5 2-5 Same day 208 Yes  Notavailable
@) Choice of PROMs edby patiets (2} ::ﬂm'“ record qualityindicator Self-care for PAH
PROMs in Pain
i:ﬁri‘é:ﬁir?anl:l 1 3mmmmmm : hwum i Anxietyfqepression
o Provide PROM perspectives at o Comparison of outcomes between hctiaty
B Ficnes $F-36 ic Physicalfunctioni val  Variabl K ilabl
() Useof PROMsaferincl adotionaf e 0 imoroveoutcomes leant o patets - Generic P ysica |_Jn|_:t|o_n|ng 6MWD, FC, survival Variable 36 8-10 4weeks 193 Yes Not available
intervention Physmal limitations

Pain
General health
Energy/vitality
Social functioning
Emotional limitations
Mental health
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Social Determinants of Health

10-item SDoH screener # r .

ﬁ Are you worrked that in the next 2 months. you may not have a safe or stable I'n
place to live? (eviction, being kicked out, homelessness) L
k Arg you worried that the place you are living now Is making you sick? (has mold, '—|E
£ bugs/irodents, water leaks, not encugh heat) aee d
i the Last 12 months, did you worry that your food could run out before you got g "
‘ Ny 10 by more? o
' In the las1 3 months, has the electric. gas, oll or water company threatened to I b et et
shut off services 10 your home? Al B S
a in the last 3 months, has lack of transportation kept you from medical Mw 1 mw
appointments of getting your medications? A= —— -m:&uﬁ-ua::fh C
& in the last 3 months, did you have o skip buying medications or going 1o = || =l SDoH PH | ‘\m-ﬁm y
doCtors appointments 10 SaVe MoNeY? — ol | - P
1 — Practice Model | . ol
i’n‘ Do you need help getting child care or cade for an elderly of sick adulr? | i | s
) Do you need legal help? (child/family services, immigration, housing discrimination, '_I: B - g
- domestic issues, etc) il T
“ AT You. Bnding B 66 hand 10041 Slong With 3 partras, Spoute, of facly swesbers | o] e
that It s causing you stress? | L | e m ot
0 Does anyone in your life hurt you, threaten you, frighten you or make you '—ll— and IRCOMPOrate info patient's
feel unsafe? — plan of care
s = o , = Consider action at each visit
— with
Do you want help? _ILI - patients to additional
team members for education,
Phone Mumber: s newded
Best time fo Calk
IHepr:?dwedwim permission from Mnﬁteﬁamknlmw.Thlsurnningtonlif ader’r\-mo!ai.\em.mmem Content adapted from American A of Family Physicians. Social Determinants of Health — Guide 10 Social Needs Screening,
screening tool by Health Leads (https://healthleadsusa.org/} licensed under a Creative Commons Attribution- hecessed at hitps:/fwww aafp ong/dam/AsFR documents/patient_carefeveryone profecihops19-physician-guide-sdoh pdf [April 30,
Sharelike 4.0 International License (hitps:/fcreativecommons. org/flicenses/by-saf4.0f}and was adapted by 2022]

Maontefiore Health System’s Office of Commanity and Population Health,™
PH=Pulmaonary Hypertension; SDoH = Social Determinants of Health
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*Goals should be personalized, considering
subtype, severity, age, side effects, patient
preferences, and quality of life.

Exercise .
tolerance @

A
RV function
* A low mortality risk is a valid treatment and strain
goal, assessed with a multiparametric risk

tool. 'I

*However, achieving a low 1-year mortality
risk does not eliminate the risk of clinical
deterioration over the medium to long
term, especially if low-risk criteria for WHO-
FC, 6MWD, and BNP/NT-proBNP are not
met (using ESC/ERS 4 strata) or if a REVEAL
2.0 risk score <5/REVEAL Lite 2 risk score <4

is not reached.

Haemodynamics

Cardiac
catheter

Pulmonary >
artery

Treatment Goals

6MWD >440 m
WHO-FClorll

BNP <50 ng-L-1

NT-proBNP <300 ng-L-1

Need for research
prioritisation:

RA area <18 cm?
TR, none or trace
TAPSE/sPAP >0.32
mm-mmHg-1

RAP <8 mmHg
Cl1=2.5 L'min-1-m-2
SVI>37 mL:m-2
S‘m,2 >65%

PVR <5 WU

Need for research
prioritisation:

mPAP <30-35 mmHg
PAC 22.5 mL-mmHg1

Not disease-specific, potentially
affected by conditions other
than PAH

Not disease-specific, potentially
affected by conditions other
than PAH

Other imaging parameters from
echocardiography and MRI are
emerging

Uncertain added value in
low-risk patients according to
ESC/ERS 4 strata model

PVR <5 WU treatment goal may
not apply to patients with
congenital heart disease

With emerging therapies and
effective combination
treatment strategies,
comprehensive haemodynamic
assessment of treatment
response is expected to play a
prominent role in the
management of patients with
PAH

Goals may not be achievable in
patients with other conditions
limiting exercise capacity

Goals may not be achievablein
patients with interfering
conditions

TAPSE/sPAP threshold requires
further validation

Established prognostic value;
however, not necessarily
independent of noninvasive
parameters

The proposed thresholds may
be associated with long-term
survival; however, this is not
evidence-based and requires
further validation
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Palliative Care

Diagnosis Death

i. ILLNESS |. % 0= DEATH |3

Curative & Life
Prolonging Care

Prevention Closure

< > —™>
CURATIVE CARE 'HOSPICE CARE

Management
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Debate: The hemodynamic definition
of PAH should be 2 wood units

Jeffrey S Sager, MD

Adjunct Clinical Associate Professor of Medicine, USC
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OPENING ARGUMENT

Pulmonary arterial hypertension is a progressive disease with
significant morbidity and mortality.

Lowering the PVR diagnostic threshold from =3 WU to =2 WU
allows for earlier detection, earlier intervention, and potentially better
patient outcomes.

Emerging data suggest that even mild elevations in pulmonary
vascular resistance (PVR) are associated with worse prognosis and
that waiting for the traditional 3 WU cutoff may delay necessary
treatment.

Maron BA, et al. (2022). Eur Heart . 43(9):943-
955



Normal PA Early SSc-PAH Advanced SSc-PAH

EARLIER DETECTION=BETTER
OUTCOMES

Medial
Hypertrophy

Endothelial " y
apoptosis infiltrate minal Hypertrophy

PAH is a disease with a long preclinical
phase where vascular remodeling is
already occurring at PVR levels below 3
WU.

Studies show that patients with PVR
between 2-3 WU already have
subclinical disease, and early treatment
could slow progression.

Bahi, WM et al Int. J. Mol. Sci. 2024, 25(9), 4728



PROGNOSTIC EVIDENCE SUPPORTS A LOWER THRESHOLD

A mPAP =19 mmHg B mPAP =19 mm Hg plus PAWP <15 mm Hg mPAP 219 mm Hg plus PAWP >15 mm Hg
Data from a large retrospective study in VA "] el deniyestimat

patients demonstrate that patients with PVR
2-3 WU have worse survival than those with

normal PVR (<2 WU).

Maron, Bradley et al, Circulation.
2016,133:1240-1248



—— PVR <2-2 Wood units
—— PVR 222 Wood units

LOWER PVR AND SURVIVAL

Survival probability (%)

p<0-0001

Even mild elevations in PVR correlate with

Number at risk
(number censored)

PVR<2-2 Wood units 413 (0) 384(0) 266 (91) 126 (224) 98 (245) 56 (281) (326 0(335)
. . . PVR >2-2 Wood units 734 (0) 652 (0) 467 (87) 251(248) 190 (283) 108 (344) 25 8 (435)
increased mortality, RV dysfunction, and .

100

symptom burden, reinforcing the need for

earlier intervention.

Survival probability (%)

6 8 10 12

Years since index right heart catheterisation

Number at risk

o o (number censored)
Maron, Bradley et al, Circulation. PVR<2:2Wood units 581 (0) 534(0)  370(111)  180(272)  145(293) 85(345)  33(394) 4(421)
PVR >2-2 Wood units 674 466 175 (333) 106 (387, 9 (476

2016,133:1240-1248




THE RELATIONSHIP BETWEEN PVR AND ALL-CAUSE MORTALITY

A national cohort of patients referred for AP
- . 19.24 mmHg MAdjusted B _
RHC showed significant and continuous 6| 23% of¢Cohort_)MortaIity of 22% | e esiinsle

'

ummlll
1o mmkg i
(95% CI 1003 -1 393)LLLI‘LW

increase in mortality beginning at mPAP of

Classic
Threshold

w

20 mm Hg.

New
Thresholt.:_l__ p
s e 3IWU
1WU_ _2_WU

N

Among patients with elevated mPAP, a PVR

Mortality Hazard Ratio

o
=
©
14
T
.
©
N
T
I
>
=
©
b
1 5
o]
=

—

of >2.0 WU was associated with a

significant and continuous increase in
mPAP (mmHg)

mortality

Maron, Bradley J Am Heart Assoc.
2023'12:e029024



RV DYSFUNCTION BEGINS EARLY

- Right ventricular (RV) function is

a critical determinant of PAH AR 8 Apicl ¥ G rven
Hypertrophy ., et = ncoupling
outcomes.
. Studies using MRI and o
echocardiography have shown g m;m;@ e g =X
early RV changes at PVR levels : ww ! - o e
between 2-3 WU, suggesting that _ X

the disease process is already

Progressive Increase in Right Veniricular Afterload and Pulmonary Vascular Resistance

underway before reaching the
traditional 3 WU threshold.

Mukherjee, M et al
J Am Soc Echocardiogr 202538:147-86



RV DYSFUNCTION BEGINS EARLY
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SURVIVAL BY PUR AT PEAK EXERCISE

* Anincreased TPG and a lower CO at
peak exercise were independently
associated with a poor prognosis

«  PVR (TPG/CO) at peak exercise has
prognostic relevance

« Evidence that treating exercise PH
can make a difference, albeit such
reports a small and case series.

& 8
Time after RHC [years)

132 89
114 84

} 5 115 82

Kovacs, Gabor et al. Eur Respir J2024; 64: 2400698 25 53

Saggar R, et al Arthritis Rheum. 2012 Dec;64(12):4072-7 adjusted for age, sex, haemoglobin, resting mean pulmonary arterial pressure, resting
. PVR and resting diastolic systemic blood pressure.



ALIGNING WITH A MODERN UNDERSTANDING OF
PULMONARY VASCULAR DISEASE

« The 2022 ESC/ERS guidelines e | |3
already lowered the mPAP AW - ‘
--

definition from >25 mmHg to >20 PVR
mmHg, recognizing that pulmonary [jeeses
hypertension starts earlier than
previously thought.

> 25 mmHg > 25 mmHg

PVR is a continuous variable, and
there is no physiologic "cliff" at 3
WU—patients deteriorate gradually,
and intervention should reflect that.

<15 mmHg <15 mmHg < <15 mmHg

>3 wue >3 wue 2 >2 WU

mPAP/CO slope

= T 3 mmHg/L/min®

David Montani J. Cardiovasc. Dev. Dis. 2024




CONCLUSION

The traditional >3 WU threshold PVR 1s arbitrary and outdated.

A lower PVR threshold of >2 WU aligns with modern
pathophysiology, allows for earlier diagnosis, and may improve
patient outcomes by enabling earlier treatment strategies.

Given the accumulating evidence, the medical community should
embrace this change to optimize care for PAH patients.
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REBUTTAL




? CONCERN: OVERDIAGNOSIS AND OVERTREATMENT

/ * Not all patients with PVR 2-3 WU will require immediate treatment but
identifying them allows for closer monitoring and potential early

intervention before irreversible damage occurs.




/ LACK OF TRIAL DATA ON TREATMENT IN PVR 2-3 WU RANGE

/ . The same was once true for treating systemic hypertension at lower
thresholds, yet guidelines evolved as evidence accumulated.

The current definition excludes a high-risk population from potential
research trials that could prove benefit.




CONCERN: INCREASED HEALTHCARE BURDEN

Catching PAH early reduces
hospitalizations and advanced
therapy needs later, which may be
cost-saving in the long run.
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—— Combination therapy with AMB+TAD
--- Monotherapy with AMB or TAD

12 15 18 21 24 27 30 33 36
Time, mo

Burger, C et al. ClinicoEconomics and
Outcomes Research 2017.9



CONCERN ABOUT CAPTURING PH GROUP Il AND 11
PATIENTS WITH A LOWER PVR THRESHOLD

Hemodynamic exclusions

Patients with COPD/ILD often have elevated mPAP but do not show significant
isolated PVR elevation.

Their PH is more driven by increased pulmonary pressures due to hypoxic
vasoconstriction, hyperinflation, or left heart disease rather than intrinsic pulmonary

vascular remodeling.

In contrast, PAH is a disease of progressive vascular obstruction, which remains
distinct from PH caused by lung pathology



CONCERN ABOUT CAPTURING PH GROUP Il AND 11
PATIENTS WITH A LOWER PVR THRESHOLD

Most patients with COPD/ILD have normal or near-normal PVR in early disease.

When PVR rises above 2 WU in ILD/COPD, it often correlates with severe, end-stage
lung disease.

If anything, this underscores the need for better risk stratification in PH rather than
dismissing early vascular disease outright.

The greater harm is in missing early PAH, as delaying diagnosis leads to worse
survival and treatment response.



CONCERN ABOUT CAPTURING PH GROUP Il AND 11
PATIENTS WITH A LOWER PVR THRESHOLD

The Current 3 WU Threshold Is Arbitrary—PAH Doesn’t Suddenly Begin at 3 WU
There is no biological justification for setting the threshold at 3 WU instead of 2 WU.

Multiple studies show that PVR is a continuous variable, and even at 2-3 WU, there
are early signs of vascular remodeling and worse outcomes.

Lowering the Threshold Encourages Better Diagnostic Pathways, Not Over-Treatment

Redefining PAH to PVR >2 WU does not mean blindly treating all patients who meet
the new cutoff



CONCERN ABOUT CAPTURING PH GROUP Il AND 11
PATIENTS WITH A LOWER PVR THRESHOLD

It means identifying at-risk patients earlier and refining diagnostic approaches, such

as.

Vasoreactivity testing, exercise hemodynamics, and multimodal imaging to
differentiate PAH from PH due to lung disease.

Stratified monitoring—not every patient with PVR 2-3 WU will need
immediate treatment, but they may need closer follow-up.
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** There once was a doc named Channick,
+* Whose views on PH were archaic.
¢ He clungto his three,

** But soon he'll agree—

s Two’s better (and far less dramatic)!




THANK YOU

Jeffrey S Sager, MD









PVR Cutoff Should Have Remained at 3
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Fundamentals: Let’s Keep this Simple

PVR = mean PAP- PCWP
Cardiac Output

Mean PAP = PVR x CO + PCWP

 Different components can lead to PH
=High PVR (loss of cross-sectional area of
vasculature, precapillary PAH)
=High flow (hyperdynamic states)
» High Wedge (post capillary PH)




Why is Higher PVR Worse?

« Elevated PVR results in restricted blood flow through the pulmonary
arterial circulation which causes increased workload of the right
ventricle and ultimately right heart failure.

« In other words, high PVR can Kkill

BUT

How high??




Who Actually Determines Hemodynamic Definitions?

EUROPEAN RESPIRATORY JOURNAL
ERS OFFICIAL DOCUMENTS

M. HUMBERT ET AL.

° G u |d e I | nes CO mm |ttees 2022 ESC/ERS Guidelines for the diagnosis and treatment of

pulmonary hypertension

Developed by the task force for the d is and tr of p y hypertension of the European

Society of Cardiology (ESC) and the European Respiratory Soclety (ERS)

b CO n S e n S u S CO n fe re n Ce S Endorsed by the International Society for Heart and Lung Transplantation (ISHLT) and the European

Reference Network on rare respiratory diseases (ERN-LUNG)

Marc Humbert'?, Gabor Kovacs™", Marius M. Hoeper™®, Roberto Badagliacca™®, Rolf M.F. Berger®,
Margarita Brida'®", Jorn Carlsen’®’3, Andrew J.S. Coats***%, Pilar Escribano-Subias®®718,

Pisana Ferrari’>%°, Diogenes S. Ferreira’!, Hossein Ardeschir Ghofrani®>2*?* George Giannakoulas®®,
David G. Kiely”®*"*, Eckhard Mayer’’, Gergely Meszaros'*°, Blin Nagavci®', Karen M. Olsson™,
Joanna Pepke-Zaba™, Jennifer K. Quint®, Géran Radegran®**%, Gerald Simonneau®™*,
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Marion Delcroix""s. Stephan Rosenkranz*>* and the ESC/ERS Scientific Document Group




What Hemodynamic Definitions Are Not

Moses want-to-be

 y049Y04:
49 Wa“fa'

A
6

D, e
\. 3 (fq ﬂ

© Allstar/Ginetext/PARAMOUNT



Let’s Look At the Evolution of Hemodynamic Definitions




PVR Cutoff of 2 was considered and rejected in 2013
and 2018

“Although the upper level of normal PVR is approximately 2 WU, the PVR cutoff value for
PAH should be kept at 3 WU because patients with lower PVR levels are unlikely to have PAH
(this is consistent with setting the cutoff for PAPmM at 25 mm Hg, despite the upper limit of
normal being 20 mm Hg)” Hoeper 2013



e 22298608 Saggar editorial to Kovacs article

e 21885394 Kovacs PVR with exercise 2012



Then This Paper

Published in final edited form as:
Lancet Respir Med. 2020 September ; 8(9): 873-884. doi:10.1016/52213-2600(20)30317-9.

The Association Between Pulmonary Vascular Resistance and
Clinical Outcomes in Patients with Pulmonary Hypertension: A
Retrospective Cohort Study

Bradley A. Maron, M.D.".2"# Evan L. Brittain, M.D.3"", Edward Hess, M.S.4, Stephen W.
Waldo, M.D.#, Anna E. Barén, Ph.D.° [Prof], Shi Huang, Ph.D.5, Ronald H. Goldstein, M.D."
[Prof], Tufik Assad, M.D.3, Bradley M. Wertheim, M.D.2, George A. Alba, M.D.’, Jane A.
Leopold, M.D.2, Horst Olschewski, M.D.8 [Prof], Nazzareno Galie, M.D.? [Prof.], Gerald
Simonneau, M.D.0 [Prof], Gabor Kovacs, M.D.8, Ryan J. Tedford, M.D."7, Marc Humbert,
M.D."? [Prof], Gaurav Choudhary, M.D."?



Inflection Point in Mortality at PVR 2.2 when PCW < 16

A mPAP =19 mmHg B mPAP =19 mmHg + PAWP =15 mmHg C  mPAP =19 mmHg + PAWP =15 mmHg
Z -
g
[=]
E ™~ =
&
I
a 1 2 3 4 5 B o 1 2 3 & 5 B o 1 2 3 4 5 B
PVR (W) PVR (WLU) PVR (WU)

Figure 1. The adjusted hazard ratio for all-cause mortality stratified by pulmonary vascular
resistance (PVR) in patients with elevated pulmonary artery pressure.
From the primary cohort, the hazard ratio (95% confidence interval) for all-cause mortality

1s plotted for PVR 1-6 WU relative to a reference value of 1.0 WU in patients with mean

pulmonary artery pressure =19 mmHg (A). This population was then restricted to PAWP <15
mmHg (B) and. alternatively, to PAWP =15 mmHg (C). WU, Wood umt. The grey line inset
15 the kernel density estimate, representing the relative density of patients across PVR levels.



Maron

“There are several implications of our findings to clinical medicine. First,
clarifying the lower limit of PVR that is prognostic when including patients
with mildly elevated mPAP favors detection of early PH. We show here that
using a PVR threshold of 23.0 WU in patients with mPAP ~20-25 mmHg
excludes a sizeable group of vulnerable patients with elevated mPAP.
Although such an approach may offer higher diagnostic specificity, this
also seems to emphasize detection of severe (late) PH”

11



Maron et al.

* "These data do not provide information on temporal trends in
cardiopulmonary hemodynamics; therefore, patients in this study cannot
be regarded as an early PH subgroup”

12



Maron paper: Is this the typical PAH patient??

Patient demographic, clinical, and hemodynamic characteristics for the primary cohort.

Frimary Cohort (N=40,082)

66,5 [61.1-73.5]

AR TS (96.T)

29.6 [25.8-34.4]

Inpatient RHC 16,950 (42 3)
Race
White 31994 (79.8)
Black 7261 (18.1p
Other R2T (2.1)

Clinical Comorbidities

Systemic hypertension 35.429 (88.4)
Prior MI 11222 (28.0)

Congestive heart failure 23201 (579)

“Atrial arrythmia 11,335 (28.3) Almost a” males
Peripheral arterial discasce B.2014 (20.5)

Mabeies mellies 19104 (47.T) 0 - [l

S 42% inpatient rhc
Prior PCI B.095 (20.2)

Prior valvular discase 16739 (41.8) 880/ HTN

Prior stroke or TLA 3413(8.5) 0

Pulmonary embolizm 1490 (3.7) 0

Tobacco use 24,706 (61.6) 33.3 /0 COPD

COPDy 13348 (33.3)

Interstitial lung disease 252 (0.G) 1 30/ Slee a nea
Obstructive sleep apnea 5,303 (13.2) 0 p p

Portal hypertension 298 (0.7

Chronic kidney discase 12436 (31.00

Conmnect tissue disease 1303 (3.3)

Renal replacement therapy 1870 (4.7)

Cancer G TIL(16.T)

Paychiatric discase 1152 (2.9)

Cardiopulmonary hemodynamics

mPAP {mmHg) 27 [20-35]
FPASP (mmHg)y 40 [32-53]
PADP (mmHg) 18 [12-25]
PAWP (mmHg) 16 [11-23]
CO (Td). %% (M) 24567 (61.3)

CO (eFick). % (N} 34,773 (B6.R)




Kaplan-Meier Analysis

i
By, e <BWU
p=0.002
— . .
E 20U
; 1| Subjects al risk
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20 [=x] 20 10 1 E;E,U
B — Time [years)

Xanthouli P, et al. Ann Rheum Dis 2020;79:370-378.

doi:10.1136/annrheumdis-2019-216476

Among the patients in the group with mPAP 21-24 mm
Hg, 28 (9.85% of total cohort) had a PVR =2 WU with
no significant left heart or lung disease and would be
newly diagnosed as SSc-APAH using this PVR
threshold..

In patients with mPAP 21-24 mm Hg and PVR 22 WU,
21 out of 25 patients who received exercise RHC could
be defined as exercise PH with mPAP >30 mm Hg and
total pulmonary resistance >3 WU. No patient had a
PAWP >25 mm Hg. Among patients with mPAP =25 mm
Hg and PAWP <15 mm Hg (n=54), 33 had a PVR =3
WU, another 19 patients (6.7% of the total cohort) had
a PVR 22 WU and would be classified as SSc-APAH
with a lower PVR threshold.

14



The Difference in 6 MWD between the Groups is
Statistically Significant but Wide Intervals!

p=0.001 p=0.380
) |
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mPAR =20mmHg mPAP 21-24mmHg mPAP =25mmHg

PVR =2WL =AW <2WL =IWL O <3WL =W

resistance; WU, Wood Units.

Pulmonary arterial compliance [ml'mmHg)

100 00

51,00

5.

g i

PVA
Figure 2  Six-minute walking distance (6MWDY) and pulmonary arterial compliance (PAC) in different haemodynamic subgroups. Patients with mPAP
21-24 mm Hg and PVR =2 WU showed a significantly lower 6MWD than patients with mPAP =20 mm Hg (t-test p=0.001), but did not significantly
differ from patients with mPAP =25 mm Hg. Patients with mPAP 21-24 mm Hg and PVR =2 WU also showed a significantly lower PAC than patients
with mPAP =20 mm Hg (t-test p<0.0001), and a significantly higher PAC than patients with mPAP =25 mm Hg (t-test p<0.0001). The bracket ends

in the graph paint to the two groups that were compared by Student’s t-test. mPAF, mean pulmonary arterial pressure; PR, pulmonary vascular

p<0.0001 p<0.0001
| A

miPAP <20mmHy  mPAP 21-2dmmHg mPAP z25mmHg

=ZWU =W <EWLD =AW <3WLL =W
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Two Questions You Should Ask at This Point

« Do patients with PVR 2-3 with increased mortality actually die from PH?

« If not, then why are we changing the definition of a disease?

16



What Really is Normal?

Acta Medica Scandinavica. Vol. 176, fasc. 4, 1964

The Department of Clinical Physiology, Karolinska sjukhuset, and the Laboratory of
Clinical Physiology, Thoracic Clinics, Karolinska sjukhuset, Stockholm, Sweden

Circulation in Healthy Old Men,
Studied by Right Heart Catheterization at Rest and During
Exercise in Supine and Sitting Position
By

A. GraNATH, B. Jonsson and T. STRANDELL

17



ESC/ERS Felt These Data Should Lead to a Definition
Change

“According to the revised haemodynamic definition, PAH may be
diagnosed in patients with mPAP >20 mmHg and PVR >2 WU. Yet, the
efficacy of drugs approved for PAH has only been demonstrated in patients
with mPAP =25 mmHg and PVR greater than 3 No data are available for
the efficacy of drugs approved for PAH in patients whose mPAP is greater
or equal to 25 mmHg and whose PVR is greater than 3 WU. Hence, for
such patients, the efficacy of drugs approved for PAH has not been
established”

18



7t world symposium agrees

 All currently available drugs for the treatment of PAH, chronic
thromboembolic PH (CTEPH) or PH associated with lung diseases were
approved based on clinical trials using previous haemodynamic
definitions of PH and pre-capillary PH, characterised by mPAP >25
mmHg, PAWP <15 mmHg and PVR >3 WU. Therefore, these drugs
should be administered exclusively to patients meeting these definitions.
We are aware of the disparity between the current criteria for PH (and
pre-capillary PH) and for the indication for targeted therapy. Presently,
the treatment of patients with early PH, or mPAP 21-24 mmHg and PVR
2-3 WU, using PH drugs lacks justification due to the absence of
sufficient data from clinical trials.

19



7t WSPH

Definition of early PH
It has been previously shown that elevated mPAP and PVR values above the upper limits of normal are
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What Did Changing The PVR Cutoff Accomplish?

Predictors of outcomes in mild pulmonary
hypertension according to 2022 ESC/ERS
Guidelines: the EVIDENCE-PAH UK study

Nina Karia ® "%, Luke Howard ® 3, Martin Johnson @ 4, David G. Kiely ®°®,

James Lordan®, Colm McCabe © 78, Joanna Pepke-Zaba %, Rose Ong'?,
Michael Preiss'', Daniel Knight 12 Vivek Muthuranguz, and
). Gerry Coghlan 125

"Mational Pukmonary Hypertengion Service, Royal Fres Hospital Lendon MHS Foundation Trust, Pond Strest, Londen MW3 2006, LK Ynstitute of Cardivasoular Seience, Liniversity
Caollege London, Landon WCTE 68T, LIK; MNational Pulmanary Hypertension Service, Harmmersmith Hospital, Landon W12 0HS, LIK: *Seottish Pulmonary Vascular Unit, Golden |ubiles
Mational Hospital, Glsgow GE1 4D, UK: *Sheffield Pulmenary Vascular Diseass Unit, Royal Halarshire Hospital, Sheffield Teaching Hospitals NHS Foundation Trust, Sheffield 510 2JF,
LIE: nlP‘Jll'lr_'ﬂ:r:p Vaseular Unit, Freerman Hospital, Mewcastle upon Tyne MET TDM, LK "Mational Pu mianary Hypertendion Servies, Royal Brompton Hospital, Londen SW3 6MP, LIK;
Fplational Heart and Lung Institute. Imperial College. Londan SW3 6LY, UK *Pumonary Vascubs Dissase Unit, Royal Papworth Hospatal NHS Foundation Trust, Cambridge CB2 OAY, LK,
" actelion Pharmaceuticals Ltd, A Jardsen Pharmaceutical Company of Johnson and Jobnsan, Global Epidemialagy, Allschwil CH-4123, Switzertand; and T Actelion Pharmaceuticals Ltd,
Janssen Pharmaceutical Company of johnson & johnson, Global Medical Affairs, Allschwi CH-4123, Switzerfand
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Mild PH is, in fact, associated with higher mortality

Table & Adjusted mortality for confounders across mean pulmonary artery pressure groups

Adjusted for lung Adjusted for heart Adjusted for cTD* Adjusted for lung Adjusted for
disease® n = 2873 disease® n=12783 n= 12929 and heart disease® all comorbidities”

n=2736 1736
HR (95% Cl) P-value HR (95%CI) P-value HR(95%CI) P-value HR(95%CI) P-value HR (95%CI) P-value
mPAP - 130 (110-153) 00179 144 (122-170) 0000191 1.41 (1.20-1.66) 0000257 1.36 (114-1.61) 000442 137 (145-162) 000330
24 mmHg

mEAP 229 (199-263) <.000001 248 (215-286) <000001 258 (226-2.95) <000001 224 (194-260) 000001 2.30 (1.98-266) <.000001
225 mmHg

*Adjusted for age/oe:

PVR PVRSIWU  --- PVR=2s3IWU - - PVR=IWU
100
oS I
H
%
2
3
o 050
]
=
c =
5
. e e e e T T e o T
025 = .
p < 0.0001 s
000
: e 2 75 10 25
Survival Tirme in Years
Number at risk
1253 1133 970 573 230 28
135 627 475 238 86 6
941 643 420 195 69 T

Figure 2 Unadjusted effect of pulmonary vascular resistance on survival.



But, Effect on Mortality of PVR 2-3 Small at Best

Table 7 Adjusted mortality for confounders across pulmanary vascular resistance groups ‘

Adjusted for lung disease®  Adjusted for heart disease”  Adjusted for CTD" n=1929 Adjusted for lung and Adjusted for all
n=17} n=1783 heart disease” n=1734 comorbidities’ n= 1736

HR (95%Cl)  P-value HR (95% ClI) P-value HR (95% ClI) P-value HR(%5%Cl)  P-value  HR (95% Cl) P-value
PYR>1-<1WU 128 (110-148) 00008 144 (1M-144 00000144 1431241485 00000129 12B(1.10-149 00119 | 128 (1.10-149 D047
PYR =3WU 115 (189-245)  <000001  254(10-1%0y <0000 147 (L18-181) <0000 L1315 <0000 213(195-135) <000

“Achuted far age/sex
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What About the Scleroderma subgroup, in who we are
vigilant in screening for even mild PH?

Puigrenier et al. Respiratory Research (2022) 23:284

https://doiorg/10.1186/£12931-022-02205-4 RESpiratDW Resea rCh

RESEARCH Open Access

. . . ®
Mild pulmonary hemodynamic alterations
in patients with systemic sclerosis: relevance
of the new 2022 ESC/ERS definition
of pulmonary hypertension and impact
on mortality

Sébastien Puigrenier'**', Jonathan Giovannelli*', Nicolas Lamblin®%, Pascal De Groote®®, Marie Fertin®®,

Jean-Francois Bervar’, Antoine Lamer®, Jean-Louis Edmé®'?, Marie-Héléne Balquet'', Vincent Sobanski' %13,

David Launay'*'%'3, Eric Hachulla'*'>'3 and Sébastien Sanges'>1%1¥"



10 of 16 Patients Progressed (We already knew this)

Table 2 (cantinued)

2] Soressning Sira e gies Fallow-up
¥

DETELT algorithm ESC/ERS echocardiographic  ASIG algorithm  ESC/ERS risk Mumbeerof PH dirugs Duration of Oocurrence of mPAP > 25 mmHg Dath

proba bility of PH asfessment at baseling  fat baseling - during fallow -up iy) during fnlkow-up |delay from 1™ RHC—
{worsening ordeathat  dollow-up) maonths
1 year)

1 - - Highrisk =0 1 Wi
£ FAL e comimencled Loy Fositwe I e ate sy 0—0 rXj Ha Ma
3 — Imemrmedine Pasitse Hirgh risk a—0 ag — Wi
4 P e cormrmenclied Imennedise Positye Irermediaterisk 1—1 i4 Yes (1 1) Mo
-] FIC e cormrmencled Irmemnedige Pasigwe Intermecliaterisk 00 Eqi] e (2E)
& B e cormimeeniced Irermedi s e Posve Intermecliaterisk 0—2 4.9 e (24) (1]
7 RHC e oomimaenided Imemmedixe Fosve Highrisk o0 L3 e e Y5

— Interrnediate Pasitive High risk 0—1 1.8 Yes (15 Y5
] FHC recommaendesd Irtemmediate Pasite High risk -1 32 e {15) Mo
10 Imtemrnediate Pasitve L risk LB 4.3 e
n — Irterrnediae Fositwe Inmerrneciaterish 00—z a4 e (i Mo
12 — Loy Megatie Inermediaterisk a0 0 Ha Yers
13 — Irmernedife — Irermediaterisk 0—1 L4 e (500 L]
14 FIC e cormrmencled Irmemnedige Pasigwe Irermediaterisk ] 4.4 e (500 [e1]
15 High Intermeciaterisk 00 8 Wa L]
[} — Lty — Inermediaterisk 0—3 &0 e (6 4] (1]

GAMWEE G-rmin walling disance, ACA anB-cenwomere aiilod kes, AFA: an ti-f krillasin antilrodies, A50G: Ay stralian Scleroderma ntese st Group, ATA: anth-iopois omeras e aniboadies, BNP: bain navu e i pepide, CF candiac
Index, Ok @ediacouiput CTE chwonic thromio- emialism, dodiffuse autanesus, dieg diagnasis diame diameiers, DLOD: diffusing cagacity for casbon manaeide, 5 0ER% European Sockety of Candiobogy/Eurapean

et piratany Sochety, el exten sive, F- lermabe, FEFRPS: fira ecce ot dor AP symgtam, FEV: lorced enpise d voburme in 1 man, fuid dh:flud challenge, PUC: lomed vital capacity, VPG : hepatic venous presiune gadient, ILD:
interstitiallung disease, WC: inferior wena cava, KOO carbon monoode tansfer coeffice nt, Lickeft atium, b Bmited cutaneouws, lmclmited, LV lefit ventride, LVEF: left wen tiicular e jeciion fraction, VAP elevated beft
wernitricular filing pressune, b male, mPAP: mean pulmaon ary arterial pee ssuse, mASS modified Bodnan skin scane, B normal salue, B not avalsble; no spec positive antinucheas antibodies ssthout antbody spe afidty
bcden tified, WY HA: Mew Yodk Heart s ikon, PAAT: pulmona ry anery acoelestion time, PAWP: pulmon any arenial wed ge pressuse, perband.: pericandial PH: pulmeon any hyperiension, pred: predicied vabue, Pi= pathent,
PV pubmanary vena-ocdusive dises e, PYR pubmanany vasou e resiance, RA: fight atriurm, AR right stial peessuse, D sight s deviation, IHC: right hean cath etesization, IHF: cinical sgns of sght hean
sy, AP Maynsud phen osmenan, AV right ventriche 556 seiemic schanads, w0, venous $3urabon in apgen, TAPSE tricuspid &mnular plane syilals encurson, Lek telangiectatia, TLC: 13l king capacity, TRV: tricuspid
mquagitation welacity, wobwalume, Wik Wood units, y- yeam; yo:years olid

S nate, pathent §1 had trisougid vakwlar disesxse, making echograghic markens of PH unseiable
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Spline modelling relationship between PVR and Survival

Looks like even mild PVRs
infer worse survival

& r EXCEPT:
T/ For PVR 2-3, HR after
adjusting for age, sex SSc

; subtype, disease duration,
: ! . NYHA class and treatment

Pulmonary vascular resistance (Wood units) .
Flg. e and PVR values with adjusiments for age, gender, 55¢ subtype, presence of ILD, MYHA WaS -
func Ll he spline prediction
(walu 5% confidence interval
of the

0.49 (0.04-5.56)



3 yr Mortalitv was actuallv better for 2-3, 5 vear onIy a

little worse

Survival rate

I

o

3y surv = 82.5% [63.1-100]
Iy surv = 93 8% [B2.6-100]
3y surv = 55.8% [43.5-71.5]
3y surv = 56.5% [43.9-72.8)

.

Sy sury = 70.7% [47.2-100]
S-y surv = 65.7% [45.3-85.5]
S=y surv = 38.6% [26.6-55.9]
By sury = 27 4% [16.5-45.5]

100% -
80% —
B0% —
40%
200 — PVR = [0,2)
PVR = [2,3)
PVR = [3,6)
PVR = [6,20]
0% -
[ |
0 1

Mumber at risk:

12 10
18 18
50 40
46 az

Hg.5. S-year Kaplan-Maier survival curve by PVR groups

|
2 3
Follow-up (years)

9 8
18 15
iz 26
28 26

4 5
T L
14 a
20 3
13 0
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So if PVR Greater Than 2 is Bad, Why Not Change the
Definition?



Let’s Look to Systemic Hypertension

* Hypertension is a common risk factor for several life-threatening
cardiovascular and cerebrovascular diseases, including myocardial
infarction, cardiomyopathies, and cerebrovascular accidents

* Maintaining optimal blood pressure (BP) control is crucial in managing
other significant conditions, including diabetes. Consequently, determining
safe cut-off values has remained a primary goal for several organizations,
including the American Heart Association (AHA) and the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC).

* Over the past years, these organizations have focused on developing
guidelines to enable physicians and patients to maintain optimal BP
control.
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High blood pressure
redefined for first time in 14
2014 years: 130 is the new high

American Heart Association/American College of Cardiology
Highlights Cuidelines

* High blood pressure is now defined as readings of 130 mm Hg and higher for the
systolic blood pressure measurement, or readings of 80 and higher for the diastolic
measurement. That is a change from the old definition of 140/90 and higher,
reflecting complications that can occur at those lower numbers.

* |n the first update to comprehensive U.5. guidelines on blood pressure detection and
treatment since 2003, the category of prehypertension is eliminated.

* While about 14 percent more people will be diagnosed with high blood pressure and
counseled about lifestyle changes, there will only be a small increase in those who will
be prescribed medication.

* By lowering the definition of high blood pressure, the guidelines recommend earlier
intervention to prevent further increases in blood pressure and the complications of
hypertension.
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SYSTOLIC mm Hg

BLOOD PRESSURE CATEGORY

(upper number)

NORMAL LESS THAN 120

ELEVATED 120 - 129

HIGH BLOOD PRESSURE

(HYPERTENSION) STAGE 1 130- 139

HIGH BLOOD PRESSURE

(HYPERTENSION) STAGE 2 140 OR HIGHER

HYPERTENSIVE CRISIS
(consult your doctor immediately)

HIGHER THAN 180

and

and/or

DIASTOLIC mm Hg
(lower number)

LESS THAN 80

LESS THAN 80

80 - 89

90 OR HIGHER

HIGHER THAN 120
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HTN equals Treatment

( B9 thresholds and recommendations for treatment and follow-up ]

! !

Nomal P HevtedsP Sage  hpetension :
Waw B9 1212900 (10139509 :;’P‘:fdm‘m

mim Hg) mmHg) mm Hy)

il 500

Promote optimal orestimated 10-y (VD risk
sl i S8

Reassess in

ly
(sl

High normal BP
BP 130139 / 85-69

Grade 2 hypertension

BP 160-179 / 100-109

Grade 3 hypertension

BP 2 180/ 110

( Lifestyle advice

)

( Lifestyle advice ] { Lifestyle advice

) (

Lifestyle advice

)

iraend Immediate drug N[ )
Ry treatment in high or : :
treatment in very very high risk Immediate drug Immediate drug
high risk patients atients with CVD treatment in all treatment in all
with CVD, especially prenal Aaaih o d patients patients
CAD
”“iOD J \ 1 J \ 1 J
/ \ 4 \ [ 3\
Drug treatment in
low-moderate risk Aim for BP control Aim for BP control
patients without within 3 months within 3 months
CVD, renal disease
or HMOD — s\ %
after 3-6 months of
[ifestyle intervention

\ if BP not controlled /
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Mild HTN Treatment
improves CV mortality

Table 2. Ten-Year and Lifetime Risk of CVD, According to Antihypertensive Medication Taking

Total population

Journal of the American Heart Association

ORIGINALRESEARCH =

Stage 1 Hypertension and the 10-Year and
Lifetime Risk of Cardiovascular Disease:

A Prospective Real-World Study

Xinyi Peng ®, MD;* Cheng Jin ®, MD;" Qirui Song, MD; Shouling Wu @, MD, PhD; Jun Cai @, MD, PhD

BACKGROUND: The 10-year and lifetime cardiovascular disease risk in the population with stage 1 hypertension and the effects
of recovery from and progression of stage 1 hypertension remain undetermined.

METHODS AND RESULTS: This prospective cohort study included 98268 individuals with blood pressure measurements ob-
tained in 2006 and again in 2010. The 10-year cardiovascular disease risk was estimated using the multivariable Cax propar-
tional hazards model, and the lifetime risk was calculated using a modified survival analysis that accounted for the competing
risk of death. Stage 1 hypertension was detected in 30.83% of the cohort. The 10-year cardiovascular disease risk was 2.80%,
and the lifetime risk was 16.61%. Compared with the normal blood pressure group, the stage 1 hypertension group had a 35%
higher 10-year risk (hazard ratio [HR], 1.35 [95% Cl, 1.19-1.52]) and a 36% higher lifetime risk (HR, 1.36 [35% Cl, 1.25-1.49])
By 2010, 12.57% of the participants with stage 1 hypertension had progressed to stage 2, with a significant 156% increase in
10-year risk (HR, 2.56 [95% Cl, 2.11-3.11]) and an increased lifetime risk of 129% (HR, 2.29 [95% ClI, 1.89-2.77]). There was no
appreciable change in risk in those with stage 1 hypertension whose blood pressure returned to the normal-elevated range.

CONCLUSIONS: Stage 1 hypertension was associated with a significant increase in 10-year and lifetime cardiovascular disease
risk. Progression to stage 2 hypertension i with a mar i in lifetime risk. The current guidelines require
revision to promote early detection and appropriate management of blood pressure.

Without antihypertensive medications

<120/80mmHg 190/5753 217 [1LB7-2.51) 1 fref] 2033 (17.70-23.47) 1 {ref] 0.00
120-128/<E0 mm 108/ 2564 2,80 (2.37-3.5 134 {1061, 2505 [21.68-51.06 1,32 (1.05-1.67 176
130-139/80-89mmHg | 755/20468 316 (2LA7-5.48) 1.46 (1.25-1.71) 27.05 (24 52-20 85) 1.38 (1.18-1.62) w@so [ |
= T TABT oD Lo O e B e B P | - P 7 R W 2

With antihypertensive madications
<120/80 mmHg 33,980 £.54 B.04-12.07) 1 fref] 98.32 (28.52-51.48) 1 {ref] 0.00

12012880 mm
130-139/80-29mmHg

21,284
218301

G.14 (308048
6.64 §5.72-1.71)

078 (0.54-1.12)

3260 [22 46475
33.06 (26.72-38.08)

0.83 [0.57-1.21)

Too oo

R e [

B i

Cveastog R T

LR ESg 10230

Hazard ratio calculated by Cox proportional hazards regression analysis for 10~y and lifetime CVD risk after adjustments for age, sex, alcohaol consumption,
smoking. fasting serum glucose, total cholestero levels, high-density lipoprotein-cholesterol, high-sensitivity C-reactive protein, tamily history of CVD, and wric
acid levels. Antihypartensive medicaton taking was essessad during the 2010 survey. P for the interaction of antibypeartensive medications betwesn blood
prassure and CVD <0.001. GVD indicates cardiovascular disease; HR. hazard ratio; and PAR. population-attributabile risk.
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What are the implications of changing the PVR
threshold?

Defining a Disease that Requires Treatment? NO
Identifying patients who will progress and die of PH? NO

Creating confusion? YES



My Take Home Message (and Philosophy)

« Hemodynamics, like life, are a continuum, not a series of cutoffs (unless
you're in the NBA)

« In other words: 2.9 = 3.1

« Putting patients into buckets, like PVR less than 3 vs. greater than 3,
may be nice for research and statistics but not for sophisticated
caregivers.

R
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Novel Developments in Group 2
PH

Pooja Prasad, MD

Assistant Clinical Professor
UCSF

California

’ § Thoracic Society

ATS Chapter Serving California and Arizona
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Patient case

* 85 y.0. with permanent
atrial fibrillation with
shortness of breath and
new ascites requiring
paracentesis

Echo: RVSP of 49. reduced
RV function, moderate LVH

* RHC: elevated right and
left sided filling pressures
(PCWP: 22 mm HQg) with
elevated LVEDP (14); mPA
30, TPG of 8, consistent with
post-capillary disease .

«Started on tadalafil by his
local cardiologist, referred
to UCSF

J\
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W h q 'I' is Gro U p 2 P H ? Heart failure/cardiomyopathy Valvulr heart disease

Pulmonary Hypertension associated with
left heart disease

HFrEF HFmrEF HFpEF Aortic valve Mitral valve

MoOst common ) 65—80% Of PH EF <40%  EF41-49%  EF =50% Stenosis/Regurgitation

«Common in HFpEF, affecting at least 50%
of these patients

Variable degree of pulmonary congestion, vasoconstriction, vascular remodelling
/

1 pmsh,ﬁmﬁfessure t Congestion Remodelling Right heart strain
60-70% of patients with severe and :§|(>0 i I ‘

Sy m p 1- O m O -I- I C m I TrO | V O | V e d IS e O S e ;wd;f:n‘:it%;wm Vasoc;:)nstridfon Venous  Arteriolar RV dysfunction

*50% of those with symptomatic aortic
stenosis

Pulmonary vascular disease

No PH IpcPH CpcPH?

Left ventricular phenotype ==============p Right ventricular phenotype

@ESC @ ERS—

European Heart Journal (2022) 43, 3618-3731

AN
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Diagnosis of group 2 PH

*mPAP > 20 mmHg and a PAWP >15 mmHg.

o [solated post-capillary (lpcPH) if PVR <2 WU, combined post- and precapillary PH
(CpcPH) if PVR >2 WU.

*Challenges: high prevalence of cardiac disease, “mixed phenotype”

*Evaluate for other efiologies

Biomarkers (BNP/NT-pro BNP), echocardiography, RHC in selected patients
Specific echo features: LV hypertrophy, increased LA size, and reduced LA strain

*Multiple invasive assessments may be required, for example after optimization of
cardiac or renal disease

Be aware of the patient who has been diuresed aggressively prior to RHC

Cahforma
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FIGURE 7 Diagnostic Evaluation of HFpEF

Patient With Unexplained

andN

Exertional Dyspnea
o Clear Alternative Cause

|

H,FPEF Score

BMI >30 kg/m?2

Hypertension 2ormore 1
antihypertensive
medicines
Atrial :
Fibrillation Any history 3

Pulmonary artery 1

Pulmonary
Hypertension systolic pressure

>35 mm Hg (echo)
Elder >60 years 1
Filling E/e’ ratio >9 1
pressures (echo)

v

HFA-PEFF Score

+ Average E/e’ ratio 9-14
« Global longitudinal strain <16%

« Left atrial volume index 29-34 mL/m?

+ Left ventricular mass index >149/122 g/m? * Left ventricular mass index >115/95 g/m?

(men/women)
« Relative wall thickness >0.42
« Left ventricular wall thickness 212 mm

NTproBNP 125-220 pg/mL
BNP 35-80 pg/mL

NTproBNP 365-660 pg/mL
BNP 105-240 pg/mL

el * Average E/e’ ratio 215
« Septal e’ <7 cm/s
« Lateral e' <10 cm/s
« Tricuspid regurgitation velocity >2.8 m/s
Morphological -« Left atrial volume index >34 mL/m?
(men/women) and relative wall
thickness >0.42
Biomarker NTproBNP >220 pg/mL
(sinus) BNP >80 pg/mL
g:r’i‘:"‘er NTproBNP >660 pg/mL
fibrillation)  C" >240 pa/mL

:

Low probability score
Unlikely HFpEF

(H,FPEF 0-1 or HFA-PEFF 0-1)

Intermediate probability score
(H,FPEF 2-5 or HFA-PEFF 2-4)
Further evaluation needed

Hemodynamic
Stress Test

Bourlag et al. JACC 2023

High probability score
Likely HFpEF

(H,FPEF 6-9 or HFA-PEFF 5-6)

2]
o

HFpEF can be missed; scores can help

o
o

~50% EF > 50%

=000y ®--
-~ -
BRREEN
-
-
¥

0 0®©

P
o

p—
.__.-“'. —‘

19)

o)

D
00

~35% EF < 40%

n
(=]

Y
o

6-0-0-0--¢g-0

O O O O OO O O O O ~15%EF40-50%

PROPORTION OF HOSPITALIZED
HEART FAILURE PATIENTS (%)
@
=

o

Dunle

2005 2006 2007 2008 2009 2010

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

YEAR

y et al. Curr Heart Fail Rep 2013 (based on data

from Steinberg BA, et al. Circulation 2012)
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Group 1 PH with risk
factors for group 2 PH

Among 424 patients with
group 1 PH, 54% had
intermediate HFpeF
probability, 15% had high
HFpEF probability

*Will response to and safety
with Group 1 PH and risk

to those without?

of therapy differ in patients

factors for HFpEF compared

FIGURE 1 Differences in PCWP Reserve and Functional Status in Group 1 Pulmonary Hypertension Patients Stratified by HFpEF
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Fluid loading in cardiac
catheterization lab ]

« Perform when intermediate risk probability of Restin supine position PCWP,,, > 15 mmHg
HFpEF Py

PCWP_ . <15 mmHg

Intermediate likelihood of HFpEF:
indication for right heart catheterisation

* Diagnostic value of PCWP with PLR is comparable y
to the gold standard (exercise) in a single center PCWP,, <11 mmHg B R PCWP,,, = 19 mmHg

study of 109 patients. @' {

PCWP, .:11-18 mmHg

*PCWPpr 219 mmHg (24% of cases): specificity of v
100% for di(:lgnosing occult-H FpEF, irrespec’rive of PCWP,,,... < 25 mmHg Exercise PCWP,, .= 25 mmHg |
diuretic use. PCWP; s 211 mmHg had a 100% @ = '
sensitivity and negative predictive value for

diagnhosing occult-HFpEF \ v
IS ® e —

Figure 4. Implementation of passive leg raise test during right heart catheterization.
HFpEF indicates heart failure with preserved ejection fraction; PCWP, pulmonary capillary wedge pressure; and PLR, passive leg raise.
fluid challenge, are treated with PAH drugs, close monitoring is recommended

In patients with PH at RHC, a borderline PAWP (13-15 mmHg) and features of HFpEF, additional testing with exercise or fluid challenge

may be considered to uncover post-capillary PH'**'%?
— —~a e ~ e ARTA7RARR ARA 701 7064

van de Bovenkamp et al.

e — Circ Heart Fail
2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary . 2022 Apr;15(4):e008935.

hypertension
European Heart Journal (2022) 43, 3618-3731

0
ERS 2022
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*Risk of mortality
and
hospitalizations
increases with
progressive
elevation in
PVR>5

*RV dysfunction

Who should | be worried about?

10023 Individuals with a total of 19262
right heart catheterization visits

1601 With precapillary pulmonary
hypertension

3801 Without pulmonary
hypertension

4621 With pulmonary hypertension-left
heart disease

Among PH-HFpEF cohort

215 Excluded owing to no record
of an ejection fraction

Y

Y

Decreased

1819 With PH-HFrEF

2587 With PH-HFpEF

exercise
tolerance

« Vanderpool et al. JAMA Cardiol
2018

|£| Survival stratified by TPG of 12 mm Hg

100+ ~———— TPG £ 12 mm Hg
------ TPG > 12 mmHg
ES
é 75
E
2]
o
S 50+
a
= -
= S
> L
5 254
w
P<.001
0

Time, y
No. at risk
TPGs12mmHg 13161033 943 883 701 570 455 325 225 127 49
TPG>12mmHg 1261 936 792 699 525 408 285 198 131 73 30

Survival stratified by PVR of 3 WU

100+ \ PVR < 3 Wood units

------ PVR = 3 Wood units
75 \

S,
50 -

254 |

Survival Probability, %

Time, y

No. at risk
PVR <3 WU
PVRz3 WU

1695 13401218 1129 894 710 563 396 272 153 58
882 629 517 453 332 268 177 127 84 47 21
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3 clusters of patients

)

2)

3)

Younger patients with moderate
diastolic dysfunction, normal BNP

Obese, diabetic patients with high
prevalence of OSA, worst LV
relaxation

Older patients with CKD,
myocardial remodeling,
pulmonary hypertension & right
ventricular dysfunction.

1.00 -

Survival free of CV
hospitalization or death

o o

o S

0.00

Number at risk

HFpEF with PH is associated with worse prognosis

Log-rank P<0.0001

| I

Pheno-group #1
Pheno-group #2
e Pheno-group #3

0 10 20 30 40
Follow-up time