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Definition & Classification

- Group | PH

.+ Group Il PH: Left heart disease

- Group lll PH

- Group IV PH

. Group V PH



- Group | PH: PAH - idiopathic, genetic, drugs, CTD, HIV

. Group Il PH: lung disease and hypoxia (COPD, ILD, OSA)

- Group IV PH: CTEPH

. Group V PH: hematologic (SCA), sarcoidosis, metabolic



Definition & Classification

.+ Group Il PH: Left heart disease

Heart failure with reduced EF (HFrEF)
Heart failure with preserved EF (HFpEF)
Valvular heart disease

Congenital heart disease



Epidemiology

Stud Definitions/Selection Overall Prevalence _ocnope of P
() ® Criteria Used of PH Ipc-PH Cpc-PH Impact on Outcomes
Catheter based studies
Ghio et al.’ Sl mPAP increases of 5 mm Hg had an
n = 379) L e - adjusted HR of 1.1 for overall survival,
1iPc-PH vs Cpe-PH: not analyzed
EF: =40%
- 43% 57% i i i
Miller et al. mPAP =25 mm Hg 7% (TPG: (TPG: Fauems u_m:h Cpc-PH had a 2-fold increase
(n = 463) PAWP =15 mm Hg 9mmHEg 17 mm Hg in mortahty.
iPc-PH vs Cpc-PH: PVR =3 WU
EF: <45%
Gerges et al g mPAP =25 mm Hg Cpc-PH patients had decreased survival
n = 836) ; PAWP =15 mm Hg 69% 84% 16% versus iPc-PH (median survival
iPc-PH vs Cpe-PH: DPG =7 mm 72 mo vs 110 mo)
Hg
Benza et al2! EF: <40% FEIﬁE!'lIE 1|.l.=11:l'1 PH had lagher HF
fn = 412) mPAP >25 mm Hg 63% - hospitalization rates vs non PH (0.77/year
iPc-PH vs Cpe-PH: not analyzed vs 0.37/year)”

Echocardiography based studies
Miller et al. ™ EF =40%

fn = 1541) PASP 45 mm Hg B } SR
ﬁtﬂﬁlﬂlﬂﬂﬁﬂﬂlﬂ Qualitative LVSD RVSP=45 mm Hg: 48% Every 5 mm Hg increase in EVSP is
(n = 1613) PH not defmed RVSP>52 mm Hg 24% assoqaated with a 6% increase in mortality
PASP »45 mm Hg was associated with a 2.6
Shalaby et al*  Mean EF 2
el e 35% PASP >45 mm Hg - fold risk of death or transplant and a 6 fold
(n = 270) No predefined criteria for PH i i .
increase in HF -admissions
Damy et al. " EF <45% 299 - REVTG >35 mm Hg was associated with a 2
(n = 270) EVTG >35 mm Hg fold increase in mortality ©.

Guha A, et al. Progress in Cardiovascular Disease 59 (2016) 3 -10



Epidemiology

" _ Phenotype of PH
Stud Definitions/Selection Owverall Prevalence P
() ® Criteria Used of PH Ipc-PH  Cpc-PH  Impact on Outcomes
Catheter based studies
EF: <3
Ghio et al.’ & mPAP increases of 5 mm Hg had an
(n = 379) mFPAF >20 mm Hg e - adjusted HR of 1.1 for overall survival
1iPc-PH vs Cpe-PH: not analyzed i i
EF: =40% 439 579,
Miller et al.*® mPAP =25 mm Hg Patients with Cpc-PH had a 2-fold increase
- 7% (TPG: (TPG: i i
(n = 463) PAWP =15 mm Hg 3 17 Ho 2 mortahty.
iPe-PH vs Cpe-PH: PVR =3 WU mmHg 17 mm Hy)
EF: <45%
e ot al® mPAP =25 mm Hg . Ll
erE= <Al pawp 215 mm g «« |Prevalence of PH in HFrEF
iPc-PH vs Cpe-PH: DPG =7 mm
p RHC: 62% - 77% (~70%)
Benza et al™ il .
mPAP >25 mm Hg 63% 0O 0O o) ar
eesd Echo: 29% - 35% (~30%
iPc-PH vs Cpe-PH: not analyzed . O O O
Echocardiography based studies
Miller et al.* EF =40% :
fn = 1541) PASP 45 mm Hg e } SR
Eﬁ.‘.‘I.I.T-q-ll'.'EI-"I.I.TE]l:iEtE]_ﬂ Qualitative LVSD RVSP=45 mm Hg: 48% | Every 5 mm Hg increase in EVSP is
(n = 1613) PH not defmed RVSP>52 mm Hg 24% assoqaated with a 6% increase in mortality
PASP »45 mm Hg was associated with a 2.6
Shalaby et al*  Mean EF 2
el e 35% PASP >45 mm Hg |- fold risk of death or transplant and a 6 fold
(n = 270) No predefined criteria for PH i i .
increase in HF -admissions
Damy et al. " EF <45% 299 - REVTG >35 mm Hg was associated with a 2
(n = 270) EVTG >35 mm Hg fold increase in mortality ©.

Guha A, et al. Progress in Cardiovascular Disease 59 (2016) 3 -10



Epidemiology

enotype of PH
Study Pt}
(n) ® Definitions/Selection Criteria Used Prevalence Iplc-P[-[ Cpc-PH Impact on OQutcomes
Catheter based studies
EF =50%
25
Eu_ni:s'; - PASP >25 mm Hg 52.5% - No outcomes studied

PAWP: 15 mm Hg

Cut-off for diastolic dysfunction not spedgified

Hurdman et al.™ Mo significant difference in outcome

i = 157) Eﬁﬁ:i mmt:t.l'lfl-lli g ) between PH-HFpEF vs PH-HFrEF
EF: =45% :
Cpc-PH patients had decreased
Gerges et al.” mPAP =25 mm Hg — .
0 =613 opbagiuspt S Prevalence of PH in HFpEF

sl T o RHC: 47% - 62% (~50%)
iPc-PH vs Cpe-PH: not analyzed EChO 51% ) 83% (~50%)

Echocardiography based studies
Lam et al® EF =50% 83% There was a 30% increase in mortality
(n = 203) PASP >35 mm Hg per 10 mm Hg of PASP.
PAWP: 11.96 + 0.59 * E/e’
Shah et al.* EF =45% 36% Higher PAP was predictive of HF
(n = 450) TR velocity: =2.9 m/s admission and cardiovascular death
ADHF
Vanhercke et al.™ Ape: =75 years 519 _ PH was an independent predictor of
n =192 EF =500 all-cause mortality.
PH: TR gradient >30 mm Hg

Guha A, et al. Progress in Cardiovascular Disease 59 (2016) 3 -10



Definition & Classification

- Normal mean PAP 14 + 3 mm Hg*

*Kovacs J, et al. Eur Respir J. 2009;34:888-894



Definition & Classification

- Normal mean PAP 14 + 3 mm Hg*

- Pulmonary hypertension: mean PAP 2 25 mmHg (Rest Sup RHC)

*Kovacs J, et al. Eur Respir J. 2009;34:888-894



- Normal mean PAP 14 + 3 mm Hg*

- Pulmonary hypertension: mean PAP 2 25 mmHg (Rest Sup RHC)

. PH & PAWP <15 mmHg ==p PAH

Normal PAWP 8 £+ 3 mm HQg”

*Kovacs J, et al. Eur Respir J. 2009;34:888-894



- Normal mean PAP 14 + 3 mm Hg*

- Pulmonary hypertension: mean PAP 2 25 mmHg (Rest Sup RHC)

. PH & PAWP <15 mmHg ==p PAH

- PH & PAWP > 15 mmHg ===p Group Il PH

Normal PAWP 8 £+ 3 mm HQg”

*Kovacs J, et al. Eur Respir J. 2009;34:888-894



Na* Channel

Na*/Glucose

Type | _ Co-transport

Alveolar Cell

Extracellular
Matrix

, Capillaries _
Arterioles Veins

Gauzzi M, et al. J Am Coll Cardiol 2017:69:1718-34



Pathobiology



Pathobiology

Increased lung capillary pressure

Alveolar edema
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Pathobiology

Increased lung capillary pressure

|

Alveolar edema

|

Impaired Na*® K" ATPase
Metalloproteinase activation
Reduced membrane tensile strength

|

Capillary Stress Failue

Chronic LAP elevation

|

Injury-inflammation

|

Reduced NO, prostacyclin PGl»

Excess endothelin-1, angiotensin |l,
TGF, caveolin proteins

|

Pulmonary vascular remodelling




Capillary Stress Failure

Na* Channel

Na*/Glucose
Co-transport
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Arterioles , Cgpillgries - , Veins
Vasoconstriction Endothelial cell breaks, impaired permeability, protein loss Wall Thickening
Endothelial Dysfunction

Gauzzi M, et al. J Am Coll Cardiol 2017:69:1718-34



Pulmonary Vascular Remodelling

Na* Channel

Na*/Glucose
_ Co-transport

Thickening of
Extracellular Matrix

-
-
-~ - - - - - — - 4 —

\

Increased Hydrostatic Pressure g @)

Arterioles Capillaries Pulmonary Vein

qucularizatiqn Endothelial cell breaks, impaired permeability, protein loss Arterialization
Intimal Hyperplasia

Medial Hypertrophy of SMC

Gauzzi M, et al. J Am Coll Cardiol 2017:69:1718-34



Pulmonary Vascular Remodelling

Na* Channel

Na*/Glucose
Co-transport

Thickening of
Extracellular Matrix

Arterioles Capillaries Pulmonary Vein
ML!SCUla"Zat'Qn Endothelial cell breaks, impaired permeability, protein loss Arterialization
Intimal Hyperplasia

Medial Hypertrophy of SMC

Low-impedence, high capacitance === high-impedence, low capacitance
Gauzzi M, et al. J Am Coll Cardiol 2017,;69:1718-34



. “Passive” PH

MmPAP 2 25 mmHg, PAWP > 15 mmHg
TPG (MPAP - PAWP) £ 12 mmHg
PVR (TPG / CO) < 3.0 W.U.



. “Passive” PH

MPAP 2 25 mmHg, PAWP > 15 mmHg
TPG (mMPAP - PAWP) £ 12 mmHg
PVR (TPG / CO) < 3.0 W.U.

. “Reactive”, “Out-of-proportion” PH

MPAP 2 25 mmHg, PAWP > 12 mmHg
TPG > 12 mmHg
PVR > 3.0 W.U.
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Vachiery J, et al. J Am Coll Cardiol 2013;62:D100-8
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MPAP > 25 mmHg, PAWP > 15 mmHg
TPG <12 mmHg, DPG 3 mmHg

Gerges C, et al. CHEST 2013; 143(3).758-766



MPAP > 25 mmH
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TPG <12 mml
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MPAP > 25 mml

g, PAW

P > 15 mmHQ

g, DPG 3 mmHg

P > 15 mmHg

TPG > 12 mmHg, DPG 5 mmHg

Gerges C, et al. CHEST 2013; 143(3).758-766



MPAP > 25 mmHg, PAW

T

MPAP > 25 mml

T

PG <12 mml

g, PAW

P > 15 mmHQ

g, DPG 3 mmHg

P > 15 mmHg

PG > 12 mmHg, DPG 5 mmHQg

MPAP > 25 mmHg, PAWP > 15 mmHg
TPG > 12 mmHg, DPG 13 mmH(g

Gerges C, et al. CHEST 2013; 143(3).758-766



MPAP > 25 mmHg, PAWP > 15 mmHg
TPG <12 mmHg, DPG 3 mmHg

MPAP > 25 mmHg, PAWP > 15 mmHg
TPG > 12 mmHg, DPG 5 mmHg

MmPAP > 25 mmHg, PAWP > 15 mmHg
TPG > 12 mmHg, DPG 13 mmHg

MPAP > 25 mmHg, PAWP <15 mmHg
TPG > 12 mmHg, DPG > 7 mmHg

Gerges C, et al. CHEST 2013; 143(3).758-766



Cumulative Survival
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. “Passive” PH

mPAP 2 25 mmHg, PAWP > 15 mmHg
TPG (MPAP - PAWP) £ 12 mmHg
PVR (TPG / CO) < 3.0 W.U. and/or

. “Reactive”, “Out-of-proportion” PH

MPAP 2 25 mmHg, PAWP > 12 mmHg
TPG > 12 mmHg
PVR > 3.0 W.U. and/or



. “Passive” PH

mPAP 2 25 mmHg, PAWP > 15 mmHg
TPG (MPAP - PAWP) £ 12 mmHg
PVR (TPG / CO) < 3.0 W.U. and/or

. “Reactive”, “Out-of-proportion” PH

MPAP 2 25 mmHg, PAWP > 12 mmHg
TPG > 12 mmHg
PVR > 3.0 W.U. and/or



Epidemiology

" _ Phenotype of PH
Study Definitions/Selection Owverall Frevalen::la P
() ® Criteria Used of PH Ipc-PH  Cpc-PH | Impact on Outcomes
Catheter based studies
EF: <3
Ghio et al.’ & mPAP increases of 5 mm Hg had an
(n = 379) L e - adjusted HR of 1.1 for overall survival
B iPc-PH vs Cpc-PH: not analyzed ] ' '
EF: =40%
- 43% 57% i i i
Miller et al. mPAP =25 mm Hg Patients with Cpc-PH had a 2-fold increase
7% (TPG: (TPG: i i
(n = 463) PAWP =15 mm Hg 3 17 Hal ™ mortahty.
iPe-PH vs Cpe-PH: PVR =3 WU mmHg 17 mm Hy)
EF: <45%
e ot al® mPAP =25 mm Hg Cpc-PH patients had decreased survival
EI_II_EE:E 6 - PAWP =15 mm Hg 69% 84% 16% versus iPc-PH (median survival
; iPc-PH vs Cpe-PH: DPG =7 mm 72 mo vs 110 mo)
Hg
Benza et al2! EF: <40% PEIilEl'ltE with PH had lugher HF

mPAP >25 mm Hg

(n = 417) iPc-PH vs Cpc-PH: not an ‘pC PH VS. CpC PH In HFFEF

Echocardiography based studies
ag . O o)

!;1111:&;::13}1- ;;“3‘;5 e R‘ \C 84 A) VS 1 6 /O

Sewakowski etal™ Qualitative LVSD

—— 1 o dufined Median survival: 110 mo VS. /2 MO f

Shalaby et al*  Mean EF 2
. o 2 . 35% PASP >45 mm l-l f-l:tld risk of death or transplant and a 6 fold
(n = 270) No predefined criteria for PH i i .
increase in HF -admissions
Damy et al. " EF <45% 299 - REVTG >35 mm Hg was associated with a 2
(n = 270) EVTG >35 mm Hg fold increase in mortality ©.

Guha A, et al. Progress in Cardiovascular Disease 59 (2016) 3 -10



Epidemiology

Phenotype of PH
Study
(n) ® Definitions/Selection Criteria Used Prevalefice Ipc-PH Cpc-PH| Impact on Qutcomes
Catheter based studies
EF =50%
25
Eu_ni:s'; - PASP >25 mm Hg 52.5% - No outcomes studied

PAWP: 15 mm Hg

Cut-off for diastolic dysfunction not specified

Hurdman et al.™ Mo significant difference in outcome

- PASP =25 mm Hg 62% — ) ]
(n = 157) PAWP: 15 mm Hg between PH-HFpEF vs FH-HFrEF
EF: =45% i
. Cpc-PH patients had decreased
?[Trf?;;}t A :f:; iz nmlf_l ii 54% 77% 23% iuwi'n{al versus iPc-PH
iPc-PH vs Cpc-PH: DPG =7 mm Hg (median survival 54 mo vs 102 mo)
Benza et al 2! EF: =40% Patients with PH had higher HF
rf:: ; ' mPAP >25 mm Hg 47% - hospitalization rates vs non PH (0.77/
=116 iPc-PH vs Cpc-PH: not analyzed year vs 0.37/year, p < 0.01)1
Echocardiography based studies .
Lam et al® EF =50% rality
amet s w0 wme  IPCPH vs. CpcPH in HFpEF
PEH.FP:H-QE+D-5953E.-“ERHC. 770/ 230/
Shah et al EF 245% . o VS. 0
(n = 450) TR velocity: =2.9 m/s . . ] ath
ADHF Median survival: 102 mo. vs. 54 mo
Vanhercke et al.™ Ape: =75 years 1% s of
n = 192) EF =50% B all-cause mortality.

PH: TR gradient >30 mm Hg

Guha A, et al. Progress in Cardiovascular Disease 59 (2016) 3 -10



The RV In PH

Afterload sensitivity of the right ventricle
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RV-PA un-coupling

Faillure of RV contractility (intrinsic function) to counteract increase in PA
pressure (afterload)

RV-LV Septal Interaction

Diastolic interaction - ventricular competition for filling in a non-distensible pericardium
Systolic interaction - 20-40% of RV SP Is due to LV contraction, 4-10% of LVSP due to RV



RVH, RV enlargement, and RV Fallure:

Subendocardial iIschemia and increased wall stress



RVH, RV enlargement, and RV Fallure:

Subendocardial iIschemia and increased wall stress
LV underfilling
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RVH, RV enlargement, and RV Fallure:

Subendocardial iIschemia and increased wall stress
LV underfilling
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RVH, RV enlargement, and RV Fallure:

Subendocardial iIschemia and increased wall stress
LV underfilling

Functional TR

Thoracic duct compression

Renal congestion

Bowel edema

Ascites

Microbial translocation
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n=379 HFrEF pts B n=293 HFrEF and HFpEF pts

> 0.64 mm/mm Hg

Normal Ppa (<20 mm Hg)

0.50-0.64 mm/mm Hg

High Ppa (>20 mm Hag)
Normal RVEF

Survival

High sPAP < 0.36 mm/mm Hg

High Ppa (>20 mm Hg) Low TAPSE

Low RVEF (<.35)

Log-rank: 78.881 p<0.0001
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Ghio S, et al. J Am Coll Cardiol 2001;37:183-8



TAPSE <17 FAC < 35%




TR Vmax 2.64 m/s » :
TRmaxPG27.93mmHg ., -

. Doppler-echo: The non-invasive RHC

. . ol J T
PASP = (4V? peak jet velocity of TR) + RA pressure - .9
PADP (4v? of end diastolic PR velocity) + RA pressure N

Mean PAP = PADP + 1/3 pulse pressure

Mean PAP = (4V? early PR jet velocity) + RA pressure
Mean PAP = TVI of TR jet + RA pressure
Mean PAP = 0.61xPASP + 2 mmHg PR Yeom .08
Mean PAP = 79 — (0.45 x AT)

PCWP = 1.24 * (E/e") + 1.9




Therapeutic Strategies

- Lower LA pressure

Ensure sufficient diuretic dosing to achieve decongestion
Fluid and salt restriction

- Aerobic exercise training

. Treat co-morbidities



Nitric Oxide and cGMP Modulation

Study Intervention

Guazzi M, et al. Sildenafil 50 mg

0]
2011 (1) 44 tid > o0%
RELAX Trial Sildenafil 20 mg 5
2013 (2) 219 tid > 50%
Isosorbide
NEA TR 110  monotitrate upto > 50%
2015 (3)
120 mg
INDIE-HFpEF .
Borlaug B, et al. 105 inhaled sodium > 50%

nitrite

2018 (4)

(1) Guazzi M, et al. Circulation. 2011;124:164-174
(2) Redfield M, et al. JAMA. 2013;309(12):1268-1277

Crtieria End-points Results

FpEF emodyna | RA, mPAP
HTN MIC I PCWP
PASP>40 (55) O, 12 mos TAPSE
NYHA [I-1V No difference in
NT-ProBNP > 400 PEZKVXSZ VO2
or diastolic stress test Hypotension, RF
AF hosp < Tyr Daily Reduction in hrs
PCWP > 20 activit (0.3)/ da
>25 with exercise y | y
NYHA [I-IV, HF hosp No difference in
PCWP > 15 atrest  Peak VO?2 |

> 25 with exercise vO2

(3) Redfield M, et al. N Engl J Med 2015;373:2314-24.
(4) Borlaug, et al. Presented at ACC 2018



Nitric Oxide and cGMP Modulation

Study Intervention Crtieria End-points Results

. . . FpEF emodyna | RA, mPAP
GuazzOz; |1\/I&1e)t al. 44 S|Idenat1i‘g 50 mg > 50% JTN e | PCWP
o ALt 6, 12 moS TAPSE
PDES Inhibitor - |
. . . ‘ o difference in
Rgéﬁ\g( (Tzr)'a' 215 S"de”at‘icg 20M3 - ). 509%  NT-ProBNP > 400 szkvx(cs)z VO?2
or diastolic stress test Hypotension, RF
Isosorbide r . .
gg?‘gg; 110 monotitrate upto 506 Organlc nitrate a[c)tail\l/li}t/ Rec(jg %t)'O/n dla? rs
120 mg W exarcise y ' y
INDIE-HFpEF . e [01510 .
Borlaug B, et al. TREI 504 Inorganic nitrite est  peak vop O differencein
nitrite | VO?2
2018 (4) with exercise
(1) Guazzi M, et al. Circulation. 2011;124:164-174 (3) Redfield M, et al. N Engl J Med 2015;373:2314-24.

(2) Redfield M, et al. JAMA. 2013;309(12):1268-1277 (4) Borlaug, et al. Presented at ACC 2018




Nitric Oxide and cGMP Modulation

Study Intervention LVEF Crtieria End-points Results

. . . FpEF emodyna | RA, mPAP
GuazzOz; |1\/I&1e)t al. 44 S|Idenat1i‘g 50 mg > 50% JTN e | PCWP
PASP>40 (55) o, 12 moS TAPSE

. . . NYHA [I-IV No difference in
Rgéﬁ\g( (Tzr)'a' 215 S"de”at‘icg 20M3d . 50%  NT-ProBNP > 400 ngkvxgz VO?2

or diastolic stress test Hypotension, RF
Isosorbide HF hosp < 1yr . .

gg{gg)’: 110 monotitrate upto > 50% PCWP > 20 agﬁ‘% Re‘(jg‘g;o/” o rs

120 mg >25 with exercise y | y

INDIE-HFpEF Inhaled sodium NYRA IV, HF hosp No difference in

Borlaug B, et al. 105 Nitrite > 50% PCWP > 15atrest Peak VO2 VO
2018 (4) > 25 with exercise
(1) Guazzi M, et al. Circulation. 2011;124:164-174 (3) Redfield M, et al. N Engl J Med 2015;373:2314-24.

(2) Redfield M, et al. JAMA. 2013;309(12):1268-1277 (4) Borlaug, et al. Presented at ACC 2018



Nitric Oxide and cGMP Modulation

Study Intervention

Guazzi M, et al. 44 Sildenafil 50 mg

)
2011 (1) tid > o0%

RELAX Trial 015 Sildenafil 20 mg

0
2013 (2) tid > o0%

|Isosorbide
NEAT-FE 110  monotitrate upto > 50%
2015 (3)
120 mg
INDIE-HFpEF .
Borlaug B, et al. 105 inhaled sodium > 50%

2018 (4) nitrite

(1) Guazzi M, et al. Circulation. 2011;124:164-174
(2) Redfield M, et al. JAMA. 2013;309(12):1268-1277

or diastolic stress test

Crtieria End-points Results

FpEF emodyna | RA, mPAP
HTN mic | PCWP
PASP>40 (55) 6, 12 Mos TAPSE

NYHA [I-IV No difference In
NT-ProBNP > 400 " €ak Vo2 VO2

24 WKs Hypotension, RF

HF hosp < 1yr
PCWP > 20
>25 with exercise

NYHA lI-IV, HF hosp
PCWP > 15 at rest Peak VO2
> 25 with exercise

Daily Reduction in hrs
activity (0.3) / day

No difference in
VO?2

(3) Redfield M, et al. N Engl J Med 2015;373:2314-24.
(4) Borlaug, et al. Presented at ACC 2018



Nitric Oxide and cGMP Modulation

Study Intervention Crtieria End-points Results

. . . FpEF emodyna | RA, mPAP
GuazzOz; |1\/I&1e)t al. 44 S|Idenat1i‘g 50 mg > 50% JTN e | PCWP
PASP>40 (55) 0, 12 mos TAPSE
. . . NYHA [I-IV No difference in
RELAX Trial 015 Slldenaﬂl 20 mg > 50% NT-ProBNP > 400 Peak VOZ2 VO?
2013 (2) tid . . 24 wks .
or diastolic stress test Hypotension, RF

Isosorbide HF hosp < 1yr
110 monotitrate upto > 50% PCWP > 20
120 mg >25 with exercise

NEAT-HF
2015 (3)

Daily Reduction in hrs
activity (0.3) / day

INDIE-HFPEF Inhaled sodium NYRA IV, HF hosp No difference in
Borlaug B, et al. 105 Nitrite > 50% PCWP > 15atrest Peak VO2 VO
2018 (4) > 25 with exercise
(1) Guazzi M, et al. Circulation. 2011;124:164-174 (3) Redfield M, et al. N Engl J Med 2015;373:2314-24.

(2) Redfield M, et al. JAMA. 2013;309(12):1268-1277 (4) Borlaug, et al. Presented at ACC 2018



Nitric Oxide and cGMP Modulation

Study Intervention Crtieria End-points Results

. . . FpEF emodyna | RA, mPAP
GuazzOz; |1\/I&1e)t al. 44 S|Idenat1i‘g 50 mg > 50% JTN e | PCWP
PASP>40 (55) 0, 12 mos TAPSE
. . . NYHA [I-IV No difference in
Rgéﬁ\g( (Tzr)'a' 215 S"de”at‘icg 20M3d . 50%  NT-ProBNP > 400 szkvx(cs)z VO?2
or diastolic stress test Hypotension, RF
Isosorbide HF hosp < 1yr . .
gg{gg)’: 110 monotitrate upto > 50% PCWP > 20 agg‘\‘/’% Re‘(jg‘g;o/” o rs
120 mg >25 with exercise y | y
INDIE-HFpEF Inhaled sodium NYRA IV, HF hosp No difference in
Borlaug B, et al. 105 Nitrite > 50% PCWP > 15atrest Peak VO2 VO
2018 (4) > 25 with exercise
(1) Guazzi M, et al. Circulation. 2011;124:164-174 (3) Redfield M, et al. N Engl J Med 2015;373:2314-24.

(2) Redfield M, et al. JAMA. 2013;309(12):1268-1277 (4) Borlaug, et al. Presented at ACC 2018



Prostacyclin Pathway

Study Intervention LVEF Crtieria End-points Results

FIRST Trial
Califf R, et al. 471
1997

"1 MPAP 38 mm H
Epoprostenolsgei < 959 NYHA [[IB/IV Mortality 'l | PCWP J
nfusion Cl<2.2, PCWP > 15 | mortality

Grossman et al. loprost S 509, NYHA HI/1V Hemodyna | mPAP 7 mm
2015 inhaled ° PASP > 50 mm Hg mic  HgsPVR 2 W.U

ClinicalTrials.gov
stxNCT03037580

Treprostinol > 45% Group Il PHby RHC A 6MWD Pending

310 oral HFPEF at 24 mos (2020)



Prostacyclin Pathway

Study Intervention Crtieria End-points Results

FIRST Trial -3 MPAP 38 mm Hg
Epoprostenclsei 559, NV TS/ Mortality | CI | PCWP

Califf R, et al. 471 .
1097 nfusion Cl<2.2 PCWP>15 | mortality

Grossman et al. loprost S 509, NYHA HI/1V Hemodyna | mPAP 7 mm
2015 inhaled ° PASP > 50 mm Hg mic  HgsPVR 2 W.U

ClinicalTrials.gov Treprostinol > 459 Group Il PHby RHC A 6MWD Pending
-NCT03037580 oral ° HFpEF at 24 mos (2020)



Prostacyclin Pathway

Study Intervention Crtieria End-points Results

FIRST Trial MPAP 38 mm Hg

Epoprostenolitei NYHA IIIB/IV

. 5 .
Califf R, et al. 471 i <25% .00 powps g Mortality | CI IPCwP
1997 | mortality
Grossman et al. q loprost S 509, NYHA HI/1V Hemodyna | mPAP 7 mm
2015 inhaled ° PASP > 50 mm Hg mic  HgsPVR 2 W.U

ClinicalTrials.gov Treprostinol > 459 Group Il PHby RHC A 6MWD Pending
-NCT03037580 oral ° HFpEF at 24 mos (2020)




Endothelin Pathway

Study Intervention LVEF Crtieria End-points Results

ENABLE Trials No difference

Packer M, et al. 1613 Bosentan < 35% NYHA [1IB/IV Mortality ;ﬂ mortality
HF hosp
2017 |
| periph edema

NYHA I/l
MELODY-" - ' Eg
P - 0 CpcPH by RHC cima | Edema

2018 DPG > 7 mm Hg)



Endothelin Pathway

Study Intervention Crtieria End-points Results

ENABLE Trials No difference

Packer M, et al. 1613 Bosentan < 35% NYHA [11B/IV Mortality ;” mortality
HF hosp
2017 !
| periph edema

NYHA I/l
MELODY-" - ' Eg
P - 0 CpcPH by RHC cima | Edema

2018 DPG > 7 mm Hg)




Management of PH Post Valve Intervention

- SIOVAC

N =200
MPAP > 30 mm Hg on RHC

Percutaneous valve replacement / repair < 1 yr

earlier

Rx: Sildenafil 40 mg tid vs placebo

Primary outcome: composite score of MACE, WHO,

PGA

Wosening score with sildenafil (doubled risk of

MACE)

Sremejo J, et al.

Sildenafl

P
i

Major Clinical Events (%)

10 Placebo y-l
- Hazard Ratio= 2.0
95% Cl: 1.0-4.0
0- Log-rank F= 0.044
0 2 £ B

No. at Risk Months since randomization

Sildenafil 101 B4 THE GE
Placebo a5 B B3 Tr

“ur Heart J (2018) 39, 1255-1264



- Advanced HF patients

GDMT

Sildenafil in select patients with RV dysfunction and Cpc-PH TPG > 20,
PCWP < 20, DPG > 10, PVR > 5

- LVAD

Effective unloading of the LV
PDES inhibitors post LVAD implantation with persistent PVR elevation®

“Tedford R, et al. Circ Heart Fail. 2008;1(4):213



. Group Il PH Is the leading cause of pulmonary hypertension,
mostly driven by HFrEF and HFpEF

- Introduction of multiple indices of pulmonary hemodynamics
allows better phenotyping of group Il PH

. Future trials will likely taget the subgroup of Cpc-PH, who

present with pulmonary vascular disaese, elevated PVR, and RV
dysfunction



