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Clinical Case:
27 y/o Woman with Chest Pain

She reports that one day prior to presentation she developed
sharp, substernal chest pain during a walk with her son. This
resolved after resting. Pain was 8 out of 10 without radiation
and she had never experienced this previously. Chest pain was
associated with shortness of breath and palpitations. She went
to the clinic the following day and was referred to the hospital
for complete evaluation.

Troponin was elevated at 0.16 and she was admitted to the
hospital.

Clinical Case (cont.)

» Past Medical History: * Meds:
— Raynaud’s syndrome — None
— Migraine HA

« Family History:
— Father: DM, HTN
— Mother: healthy
— Brother: DM

— Anemia
— Gestational DM type 2
Past Surgical History:
— C-section last year - Social History:
— Appy 7 years ago — Lives with husband
Allergies: and 3 children
— PCN: facial swelling — Works in daycare
— Never smoker Aya.
— Denies EtOH or illicits *‘

Physical Exam

Temp 97.7/36.5 BP 103/77 HR 107 RR 20 SpO2 100% RA
Gen: NAD, alert and cooperative

HEENT: EOMI, PERRL, moist oral mucosa

Neck: no appreciable JVD, no LAD

Heart: $1/S2 normal, no murmurs

Lung: CTA b/l, no wheeze or focal adventitious sounds

Abd: soft, NT, DF, +BS

Ext: no LE edema, 2+ distal pulses

Skin: no rashes

Neuro: AOx3, sensation and strength intact grossly

ECG: Sinus tachycardia, nonspecific T wave inversion in infralateral leads
Plan: Admit to hospital, trend troponin, CT PE protocol, Echocardiogram

What is Pulmonary Hypertension!

Diagnosed by RHC with mPAP > 25mmHg
Normal mPAP < 20mmHg at rest

Borderline (21-24) prognostic significance in lung disease
and CTD23

* PVR >3 WU (PVR = APressure/CO)
— Normal PVR in some secondary PH

» PAH defined with PAWP <15mmHg
— Normal < 12 mmHg

“Hoeper et al. J Am Coll Cardiol. 2013; 62: D42-50.
Kovacs et al. Eur Res J. 2009;34:888-94.
Kovacs et al. Am J Respir Crit Care Med. 2009;180:881-6.
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6" World Symposium on PH: Modified Classification of PH

1. Pulmenary arterial hypertension

1.1 Idiopathic PAH
1.2 Heritable PAH
1.3 Drug- and toxin-induced PAH
1.4 PAH Associated with
1.4.1 Connective tissue disease
1.4.2 HIV infection
1.4.3 Portal hypertension
1.4.4 Congenital heart diseases
1.4.5 Schistosomiasis
1.5 PAH long-term responders to calcium channel
blocker therapy
1.6 PAH with overt features of venous/capillaries
(PVODIPCH) involvement
1.7 Persistent PH of the newborn syndrome
2. PH due to LHD
2.1 PH due to heart failure with preserved LVEF
2.2 PH due to heart failure with reduced LVEF
2.3 Valvular disease
2.4 Congenital/acquired cardiovascular conditions
leading to post-capillary PH

3. PH due to lung diseases and/or hypoxia
3.1 Obstructive lung disease
3.2 Restrictive lung disease
3.3 Other pulmonary diseases with mixed restrictive
and obstructive pattern
3.4 Hypoxia without lung disease
3.5 Developmental lung diseases

4. PH due to pulmonary artery obstructions
4.1 Chronic thromboembolic PH
4.2 Developmental lung diseases

5. PH with unclear multifactorial mechanisms
5.1 Hematological disorders
5.2 Systemic disorders and metabolic
5.3 Others
5.4 Complex congenital heart disease

6" WSPH Consensus documents: Hemodynamic definition and clinical classification of PH. 2018 %

WHO Functional Classification

Class Descrip Example
e In.'nnatlor? (.)f WXl il @iy CRYGER The patient with no symptoms of PAH with
I physical activity does not cause dyspnea, chest N N -
M " exercise, regular daily activity, or at rest
pain, fatigue or other
Slight limitations of physical activity; ordinary Th? _p_ahenl ey BREigily '”?‘"e" by r.|ormal
. - N activities such as housecleaning, walking, or
n physical activity produces dyspnea, fatigue, chest Co -
A —— i climbing stairs; but generally, not enough to
[P yneope; ymep! avoid activities
Marked limitation of physical activity, less than The patient is generally substantially limited
m ordinary physical activity produces dyspnea, fatigue, | by normal activities and may need to take
chest pain, or near syncope; no symptoms at rest frequent breaks or avoid certain activities
lsJnmab:zr:]ZP:ﬁ;)r;ne:naynZTgflf:il ?ngvgs‘g::\hzﬂesr The patient is severely limited with normal
v ymp > yEp gue p * | activity and most often has symptoms while

symptoms are increased by almost any physical
activity

atrest.

McLaughlin WV, et al. Circulation. 2009;119; 2250-2204.
McGoon M, et al. CHEST. 2004; 126:145-34S.

*

Updated Hemodynamic Definitions of
Pulmonary Hypertension

Hemodynamic Characteristics Clinical Classification

Pre-capillary PH ‘PAP 225 mm He,
PCWP < 15 mm Hg

DPG <7 mmHg andlor PVR £3 | PVR<3 WU
wu

MPAP > 20 3 T PAH

PCWP < 15 mm He 3. PH due to lung
PVR23 WU disease and/or
hypoxemia
4.CTEPH

5. PH with unclear o
‘multifactorial
mechanisms

‘multifactorial
‘mechanisms

Combined post- and pre- | mPAP = 25 mm He. mPAP>20 mmHe. 2. PH owing to LHD
capillary PH (CpsPH) PCWP > 15 mm Hg PCWP > 15 mm Hg 5. PH with unclear or
DPG 2 7 mmHg and/or PVR >3 | PVR23 WU ‘mulifactorial
wu ‘mechanisms
CTEPHE: chronic PH. DPG: "LHD: left heart discase; PAP: mean pulmonary artery

pressure; PCWP: pulmonary capillary wedge pressure; PH: pulmonary hypertension; PAH: pulmonary arterial hypertension; WU:

‘wood units

6" WSPH Consensus documents:

2018

Burden of PAH

Pulmonary arterial hypertension (PAH) is a serious and rapidly progressive
cardiopulmonary disease
Difficult to diagnose, symptoms are often non-specific

Sustained PAH leads to right heart failure, the leading cause of death in this
population

Associated with 1-year mortality of 10-15%
Rare disease, affects 15 to 26 people per million
More common in women

True burden may be underestimated:
— Under-diagnosis

— Misdiagnosis

Benza RL, ot al. Chest. 2012;142(2):448-456.

Thenappan T, ot al. E¢
Peacock AJ, et al. Eur Respir J. 20

30(6):1103-1110.

Humbort M, ot al. Am J Respir Crit Caro Med. 2006;73:1023-30.
Badesch DB, ot al. Chest. 20107137:376.87.
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Clinical Suspicion of PH

. ! Clinical Suspicion of Pulmonary Hypertension
Evaluation
Non-invasive assessment NS | Evaluate for other
consistent with PH causes and/or recheck
| ves Symptoms Signs
Diagnostic testing for common causes of PH
ECG, Chest rad h, PFT, Ech di hy,
HROT Poytomogtaiy. via seon ——

JVD
! —

WHO Group 24 Y | Treat underlying cause with close

PH Confirmed follow-up for progression Chest pain Parasternal lift
I \ Loud P2
Right Heart Catheterizati a4 S3and S4
ight Heart Catheterization
and Vasodilator Testing Dyspnea TR murmur
{ |
~N
l i Hepatomegaly
mPAP>25mmHg _N° ' Evaluate for other i
PAWP <15mmHg ~”  causes and/or recheck Weakness Peripheral

Fatigue edema
Lves
<« Mottled
Specific Diagnostic Testing extremities

Echocardiography for Screening Echocardiography Use in PH

Noninvasive technique to evaluate cardiac structure and function

TR jet velocity is most commonly used

. —Pry- Pra =4 (TR)?
Tricuspid PA systolic Additional

Echo diagnosis |  regurgitation pressure Variables Decreased PAAT or TAPSE also predictive of pulmonary
velocity artery pressures2-3

| unikety YR =Selmmtle lono « Can both under and overestimate
R e S3CImio e « Can be used prognostically and to monitor response to
29-3.4m/s 37-50 mmHg Yes or No therapy

Likely 23.4 m/s 250 mmHg Yes or No

MeLaughlin et al. J Am Coll Cardiol. 2009;53(17):1573-619.

Yock and Popp. Circulation. 1984; 70: 657-662.
“Yared et al. J Am Soc Echocardiogr. 2011; 24: 687-692.
5Ghio et al. Int J Cardiol. 2010; 140: 272-278.

Back to Clinical Case:

. . Echocardiograph
27 y/o Woman with Chest Pain graphy
Echocardiogram is performed and pulmonary consulted following results. é 60 .
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Fisher et al. Am J Respir Crit Care Med. 2009; 179(7):615-21.
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razier and Burke. Semin Ultrasound CT MR. 2012;33(6):535-51.

Chest Radiograph

Can suggest PH and help elucidate underlying cardiopulmonary diseases

CT Thorax

PA : Ao ratio>1

Wells et al. N Engl J Med. 2012; 367: 913-21.

Back to Clinical Case:
27 y/o Woman with Chest Pain

Cardiac MR

Frazier and Burke. Semin Ultrasound CT MR. 2012;33(6):535-51.

Cardiac MR

« Best use is for evaluating RV size and function i.e. RVEF?
« Ratio of RV:LV mass shown to predict PH?
« Elevated RV end-diastolic volume associated with mortality®

* Myocardial enhancement associated with fibrosis/scar —
may be related to RV dysfunction*

¥

. 2012 Jul:8(3):353-72.
002;20(6):1519-24.

2007;28(10):1250-7. ,&
\m J Roentgenol. 2007;188(2): 349-55.

V/Q Scan

Sensitivity better than CT for CTEPH!
—97.4% vs 51%

+ Can delineate proximal vs distal
disease

+ Several mismatched defects are
common

» Normal perfusion excludes operable
CTEPH

*Tunariu et al. J Nucl Med 2007; 48:680-4.
Auger ot 2l PUl Clrg, 2012: 2:155:62
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Right Heart Catheterization

Flow-directed
catheter

Pressure| Right atriu | Pulmonary artery |Pulmonary artery wedge (PAOP)

E =
mm Hg |
| | |

Right Heart Catheterization

Necessary to diagnosis of PAH

» Prognostic value

- RAP, CO, PVR

Important for therapeutic decisions
— Vasoreactivity testing

B T—— n B i /\L — * Important that data is accurate
| . .
= W H H \\/ v AP — Review tracings
Q P |
mmHg T T I ] ‘,% ”o‘
Back to Clinical Case: Clinical C
27 y/o Woman with Chest Pain inical Case (cont.)
Concern for pulmonary hypertension given elevated PASP and RV Work-up completed for PAH associated conditions:
dysfunction; referred for RHC. » No history/evidence of congenital heart disease
* HIV negative
RA: 10/8/7 (alv/end diastolic) « Liver function tests normal, RUQ U/S normal
RV: 60/0/13 (s/d/m) + No history using agents associated with drug/toxin associated
PA: 73/30/46 (s/d/m) PAH
PAWP: 9/7/7 (alv/end diastolic) + Anti-Scl70 and Anti-centromere antibody neg
Fick CO 2.69 Fick CI: 1.72 * ANA positive with 1:640 titer Diagnosed with mixed
AOsat: 96  Pa Sat: 48 - Anti-RNP and Anti-Ro positive connedtive fissue disease
PVR: 12 Woods units ;. hydroxychloroguine :;
k.
Avoid i Consider supervised
phy_sil:alexertion, ‘_| Advisel all |_’ rehabil_itation and .
birth control, PAH patients psychological and social
infection pr i support, oxygen therapy
I have diagnosed PAH, now what do I do?
Positive Negative
Trg(a:tB with hig_h-'dose Nolg;:sot:;r;ed ;r;\i:atf :herapyd\:::;hs
diltiazem, nifedipine) (Figure 31-6)
Sustained
Response
o management or lung transplantation o
E E

Fraidenburg, Desai, and Yuan. Goodman and Gilman's Pharm Therap. 13 Edition, 2017.
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Therapeutic Targets for PAH

Prostacyclin
Pathway

Endothelin

Pathway Nitric Oxide

Endothetacers PANWAY  goioineiar cos
Arachidonic acid  Prostaglandin

re-proendothelin  Proendothelin
{ . et
~——) L-arginine  L-citrulline
Endothelin-1 yeli
Nitric Oxido
Guanylate Cyclase
<o Vasodiation

Vasoconstriction an3
proffeation

PAH Approved Therapies

PDE-5 inhibitors

— Sildenafil, Tadalafil

Endothelin Receptor Antagonists

— Bosentan, Ambrisentan, Macitentan

Prostacyclin Analogs

— Epoprostenol, Treprostinil (oral, inhalation, subQ, IV)
— IP receptor agonist — Selexipag

Soluble Guanylate Cyclase Stimulator

— Riociguat

[Humbert M, et al. N Engl J Med. 6.

The Evolution of PAH Therapy

Our First Therapy - Epoprostenol

206 THE NEW ENGLAND JOURNAL OF MEDIGINE Feb. 1, 1996

A COMPARISON OF CONTINUOUS INTRAVENOUS EPOPROSTENOL (PROSTACYCLIN) WITH
CCONVENTIONAL THERAPY FOR PRIMARY PULMONARY HYPERTENSION

Rumi, Ml) WALKER A. LONG, M.D., Mic
D.

ROy J. Bakst, M.D., Liwi

ARM 1) "V M Jonsis, BA.,
JoRTING, M.S., Jastes W. Crow, Pii.D.,

for the Treprostinil Study Grouy

Mean change from baseline (meters)
n
8

10 = 1
+33110 1

° o ekdaR |

10 — —
<5.0 50t0<82 82t0<138 >13.8 (ng/kg/mir)
(n=45) (n=58) (n=49) (n=53)

FOR THE PRIMARY PULMONARY HYPERTENSION Smm Group*
1001
« FCIlI-IV ©
+ Mean PApressure ~60mmHg £ «
« PVR16 WU Zw
20| — Evoprosteito-an
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Weak
Sildenafil Tadalafil
Subcutaneous Treprostinil E D)gna £"] co mem
] O] —-— om
g = e o Em
Continuous Subcutaneous Infusion of Treprostinil, S e s ji
a Prostacyclin Analogue, in Patients with 3w i ,:l,
P 'y Arterial Hyper 3 H -
A Douhle-bllnd Randomized, Placebo-controlled Trial LS i ﬂ B Ll
GERALD SIMONNEAU, ROBYN J. BARST, NAZZARENO GALIE, ROBERT NAELE, STUART RICH, ROBERT C. BOURGE, : T T T H e
ARNE KEOGH, RONALD OUDIZ, ADAAN ROST, SHELVER . BLACKBUR, JANES W, CROW, and LEWS . RUBI, £ [
8 8

Ambrisentan

%] -+ tamganorsentan £ ”
£ | s momienin i,
£ | o o t
FRY - 207
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g0 — 3
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Wesko Weskt Weeks  vesk12 L

Galie Nt al. N Engl J Med. 2005 Nov 17.355(20)2148.57

Galie, N. ot al. Circulation. 2008 Jun 10;117(2: Med. 2013 Jul 25;369(4):330-
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Galie, N. et al. Circulation. 2005 4 Jun 9;119(22):2894-903.
Ghofrani, HA et al. N Engl J. -40.




The Dawn of Event-Driven Studies in PAH

i | - 742 subjects
» 1:1:1 placebo vs macitentan 3mg or 10mg
«FCl>>>>1v
* PVR~12WU
+ 64% on background therapy
* 61% PDE-5i, 5% oral or inh prostacyclin
+ Combined primary outcome
« Event related to PAH worsening

Macitentan and Morbidity and Mortality
in Pulmonary Arterial Hypertension

« Death
Macientan, ~ Macenian,
bo 3mg lomg  Mackentan 10mg
nd ot IO N2 (N2 v lceo
Hazwd Ratio
©75%CY) PVaue

amberof patets (percert)
Event related to PAH or death

N6WeH) 95080 T6(L4) 055032076 <0001
sy nEy e

V68 e 1666
6@y 104 104
o 109 o

Combination Therapy

Initial Use of Ambrisentan plus Tadalafil
in Pulmonary Arterial Hypertension
N. Gali¢, J.A. Barbera, A.E. Frost, H.-A. Ghofrani, M.M. Hoeper, V.V. McLaughlin,
AJ. Peacock, G. Simonneau, J.-L. Vachiery, E. Grinig, R.J. Oudiz,

A. Vonk-Noordegraaf, R.J. White, C. Blair, H. Gillies, K.L. Miller, J.H.N. Harris,
J. Langley, and LJ. Rubin, for the AMBITION Investigators

< All PAH except PoPH
« FC Il
* mPAP ~ 50 mmHg, PVR ~ 10 WU

AMBITION: Effect of Ambrisentan Plus Tadalafil Versus

Monotherapy on Clinical Worsening*

Additional Combination Therapy Evidence

100

Combination therapy
80

60

Pooled monotherapy

Participants with No Event (%)

40
20 Hazard ratio, 0.50 (95% ClI, 0.35-0.72)
P<0.001
0+ T T T T T T T 1

No. at risk: 0 24 48 72 9 120 144 168 192
Combination Weeks
therapy 253 229 186 145 106 gl 36 4
Pooled
monotherapy 247 209 155 108 77 49 25 5

PAH, disease i

ath, 9 long-term clinical response.
Galié N, et al. N Engl J Med. 2015;373:834-44.

SERAPHIN

« Event-driven phase 3 trial
evaluating long-term effects of
macitentan in patients on
“background therapy” compared to

GRIPHON

« 1156 patients randomized to
placebo (n=582) or selexipag
(n=574)
— 20% naive, 47% on ERA or PDE-5i;

placsgg PDE-5i 4% inhal 33% on ERA+PDE-5i

N grﬂ pu(;o|r21 51 and 5.4% inhaled or — 376 pts on dual combo tx had

_ 38% RR in morbidity and mortality treatme_nt effe::t con§|stent with overall
events population 37% RR in

— Background therapy + macitentan had
37% RR in risk of hospitalization (HR
0.63; 95% CL 0.41-0.96)

Coghlan JG, et al. Am J Cardiovasc Drugs. 2018;18(1):3747.
Jansa P, et al. Am J Cardiovasc Drugs. 2018;18(1):1-11.

morbidity/mortality events

Clinical Course of PAH

Pre-clinical

Symptomatic

Decompensated

NYHA 0 == | Il -l LI Y

/ 1 1 1

Cco L !
1
1 1
1 1 1
1 1 1
PAP 1 1 1
1 1 1
PVR i | ,
Time

e
Treatment Prostacyclin
Epoprostenol
Strate Troprostini 1V
2y Treprostni SC
At
et Combination Therapy’
Combination Therapy | Prostacyclin
It
Bosentan Treprostinil Inh
Anbrian -
POE.S inhbitor Boam
i il
g e [
inatic herapy
El Sildenafil
Riodiuat
Bosentan Tadalafil
il s GC Stimulator
tacitentan Selexipag s 2l ulator
PDE-5 Inhibitor Prostacyclin iociguat
Sildenafil loprost IPR Agonist
Preferred Agent Tadalafil _ ek
SGC Stimulator Treprostinil Inh Selexipag
Riociguat Treprostinil PO
Qe 1PR Agoniat Atornatives
Considor Rohals S Prostacyeiin
Prostacyclin Epoprostenol
Treprosinil PO Troprosin SC/ 1V
1 n m 1\

Fraidenburg, Desal, and Yuan. Goodman and
Gilman'’s Pharm Therap. 13 Edition, 2017.

WHO Functional Class
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Special Circumstances

Warfarin considered for IPAH/HPAP
— no clear data in other PAH

Digoxin rarely used

« ERA class are teratogens

« Do not use riociguat with PDE-5

IV/SC prostacyclin most potent therapy
— Goal is highest tolerable dose

Goals of Therapy

* Symptomatic improvements

Improved functional class

— FC I-ll better prognosis than IlI-IV

» Longer walk distance

— Prognostic cutoffs of 250, 332, and 380 m
Normalized RV function

— RAP < 8mmHg and C.1. > 2.5 mg/kg/min
Improving / normalized BNP

McLaughlin et al. JACC. 2013 Dec 24; 62: D73-81.

Goals of Therapy

Determinants of prognosis?
(estimated 1-year mortality)

Clinical signs of right heart failure
Progression of symptoms
Syncope

WHO functional class

Cardiopulmonary exercise testing

NT-proBNP plasma levels

Haemodynamics

Imaging lechocardiography, CMR imaging)

Low risk <5% Intermediate risk 5-10%

Absent
No Slow
No. Occasional syncopet
Ln
>440 m 165-440 m
[SARERAIH  Peak VO, 11-15 mUmin/kg

(>65% pred.) (35-65% pred.)
VENCO; slope <36 VENVCO, slope 36-44.9

IP <50 ng/I BNP 50-300 ng/L
DIETNGRGIRM  NT-proBNP 300-1400 ng/t

RA area 18-26 cm?

RA area <18 cm? N
o or m

No pericardial effusion

RAP <8 mmHg
C132.5 1/min/m?

10, >65%

Galie N. et al. Eur Heart J. 2016 Jan 1;37(1):67-119.

High risk >10%

Present
Rapid
Repeated syncopes
v
<165m

BNP >300 ngy
NT-proBNP >1400 ng/t

RA area >26 cm?
pericardial effusion

RAP >14 mmHg
cle2. m?

Impact of Medication Adherence

* Medication adherence is critical!
* Non-adherence can result in:
— Potential for rebound PAH or uncontrolled symptoms
— Hospitalizations
— Potential unnecessary escalation in therapy
— Increased oxygen use
— Worsening disease/progression
— Death

Back to Clinical Case:
27 y/o Woman with Chest Pain

as well as diuretics.
* Functional class improved from 3 -> 2
» Walk distance increased by 107 meters
RVSP 54 mmHg -> 33 mmHg
* RV dysfunction improved

» Patient started on combination PDE-5 inhibitor and ERA

Conclusions

The symptoms and signs of PH are often subtle, requiring

high level of suspicion for diagnosis

PAH diagnosis requires exclusion of associated

syndromes i.e. non-Group 1 classes

» Therapy choice depends on functional class and RV
function / dysfunction

» Goal of therapy is to improve symptoms, FC, walk

distance and RV function

— This ultimately slows PAH progression and improves morbidity
and mortality
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THANK YOU
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