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Clinical Challenges in
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AUN.AlgNY 1RUNRAZUS55H, MD, MS, FCCP

Ipulmonary Vascular Disease, Division of Pulmonary and Critical Care, Dept. of Medicine,
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Hemodynamic Definitions of
Pulmonary Hypertension

Mean PAP
> 20 mmHg

| Definition
'Definition Mean PAP | of PAH and PAWP
L of PH > 20 mmHg | other pre- <15 mmHg
capillary PH
PVR > 2

Wood units

Humbert M, et al. 2022 ESC/ERS Guidelines for Diagnosis and Treatment for Pulmonary Hypertension.
European Heart Journal 2022; 00: 1-114 [DOI: 10.1093/eurheartj/ehac237]

1. Pulmonary arterial hypertension

1.1 Idiopathic
1.1.1 Non-responders at vasoreactivity testing
1.1.2 Acute responders at vasoreactivity testing

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 (PVOD/PCH)
involvement

1.6 Persistent PH of the newborn

2. PH due to LHD

2.1 Heart failure:
2.1.1 with preserved ejection fraction
2.1.2 with reduced or mildly reduced ejection

fraction

2.2 Valvular heart disease

2.3 Congenital/acquired cardiovascular conditions
leading to post-capillary PH

3. PH due to lung diseases and/or hypoxia
3.1 Obstructive lung disease or emphysema
3.2 Restrictive lung disease
3.3 Lung disease with mixed restrictive/obstructive pattern
3.4 Hypoventilation syndromes
3.5 Hypoxia without lung disease (e.g. high altitude)
3.6 Developmental lung disorders

4. CTEPH and PA obstruction

5.1 Haematological disorders

5.2 Systemic disorders

5.3 Metabolic disorders

5.4 Chronic renal failure with or without haemodialysis
5.5 Pulmonary tumour thrombotic microangiopathy
5.6 Fibrosing mediastinitis

Humbert M, et al. 2022 ESC/ERS Guidelines for Diagnosis and Treatment for Pulmonary Hypertension.
European Heart Journal 2022; 00: 1-114 [DOI: 10.1093/eurheartj/ehac237]

5. PH with unclear multifactorial mechanisms

Suggested new classification of PH
(7 WSPH 2024)

Group 3: PH associated with lung diseases and/or hypoxia
3.1 COPD and/or emphysema
3.2 Interstitial lung disease
3.3 Combined pulmonary fibrosis and emphysema
3.4 Other parenchymal lung diseases”
3.5 Nonparenchymal restrictive diseases:
15.1 hypoventilation syndromes
3.5.2 pneumonectomy
3.6 Hypoxia without lung disease (e.g. high altitude)
3.7 Developmental lung diseases.
Group 4: PH associated with pulmonary artery obstructions
4.1 Chronic thromboembolic PH
4.2 Other pulmonary artery obstructions*

T2 Feria
1.3 Associated with drugs and toxins”
14 Associated with

141 connective tissue disease

142 HIV infection

143 portal hypertension

144 congenital heart disease

145 schistosomiasis
1.5 PAH with features of venous/capillary (PYOD/PCH) involvement
16 Persistent PH of the newbom

Group 2: PH asseciated with left heart disease
2.1 Heart falure
L1.1 with preserved ejection fraction
212 with reduced or mily reduced ejection fraction
213 cardiomyopathies with specific aetiologies®
2.2 Vahvular heart disease:
22.1 aontic valve disease
222 mitral valve dsease

Group 5: PH with uncear andior malttactonal mechansms.

i cell Nt i arc neur

223 mived valwlar disease
2.3 Congenital/acquired cardiovascular conditions leading to post-capillary PH

Chin KM, Gaine SP, Gerges C, et al. Treatment algorithm for pulmonary arterial hypertension. Eur
Respir J 2024; in press: 2401325 [DOL:10.1183/13993003.01325-2024].

Hemodynamic Definitions of
Pulmonary Hypertension

Definition Haemodynamic characteristics
PH mPAP >20 mmHg
mPAP >20 mmHg
Pre-capillary PH PAWP <15 mmHg
PVR >2 WU
mPAP >20 mmHg
Isolated post-capillary PH PAWP >15 mmHg
PVR <2 WU
. mPAP >20 mmHg
Corr.wbmed post- and pre- PAWP >15 mmHg
capillary PH
PVR >2 WU
Exercise PH mPAP/CO slope between rest and exercise >3 mmHg/L/min

Humbert M, et al. 2022 ESC/ERS Guidelines for Diagnosis and Treatment for Pulmonary Hypertension.
European Heart Journal 2022; 00: 1-114 [DOI: i

Define Lesio

Post-Capillary PH

(PCWP>15 mmHg; PVR nl)

PAH
Respiratory
Diseases
PA obstruction

\

Atrial Myxoma
Cor Triatriatum

MV Disease

PV Systemic HTN
compression 1
PVOD

AoV Disease

Pre-capillary Myocardial Disease
PH Dilated CMP-ischemic/non-isch.
Hypertrophic CMP
Restrictive/infiltrative CMP
Obesity and others

(PCWP<15 mmHg
PVR >3 Wu)




02/04/69

Additional echocardiographic signs

Echocardiographic probability of pulmonary hypertension . .
Sl @ VAL suggestive of pulmonary hypertension

Peak tricuspid regurgitation velocity (m/s)

T A: The ventricles B: Pulmonary C: Inferior vena
¢ + ¥ artery cava and RA
[
RV/LV basal diameter/ RVOT AT IVC diameter
] | |
Pre of other echo PH signs* (sce Table 10) area ratio =1.0 <105 ms and/or =21 mm with
- mid-systolic decreased inspiratory

I— ¥ F - Y’-"’N" notching collapse (=-50% with
? a sniff or <20% with

quiet inspiration)

Flattening of the Early diastolic RA area (end-systole)
interventricular pulmonary =18 cm?
Risk factors or associated conditions for PAH or CTEPH
L septum (LVEI =1.1 in regurgitation
l_ = = e systole and/or diastole velocity =2.2 m/s
Q Q TAPSE/sPAP ratio PA diameter AR
Altsrnative diagnosis Echo folowup Rmrmwl <0.55 mm/mmHg diameter
(Class lla) (Class Ila) (Class ) ) PA diameter
=25 mm
Humbert M, et al. 2022 ESC/ERS Guidelines for Diagnosis and Treatment for Pulmonary Hypertension. Humbert M, et al. 2022 ESC/ERS Guidelines for Diagnosis and Treatment for Pulmonary Nypenensmn
EWonean Heart 10u021 2022: 001114100110 i EW0nea Heart 10unal 2022 00 11141001 10
Transthoracic Echocardiographic Parameters in Assessment of PH 2022 ESC/ERS Guidelines on PH Diagnosis of PH
* Echocardiography with more detail Right heart imaging for all pt with suspected PH Symptoms, signs, history suggestive of PH

Echocardiography compatible with PH?

High/intermediate Low risk

Q\%

v 2
Crtarees e e Consider most common causes of PH (i.e, ———

armnt et T v left heart disease, lung disease) y

v

Consider other causes
or recheck
V/Q scintigraphy
v Yes Unmatched perfusion defects?
No
Diagnosis of heart disease or lung  IAG

disease confirmed? U iy 2D

|
No

v
Refer to PH expert centre

CTEPH likely PAH likely
Specific diagnostic tests
Frost A, et al. Eur Respir J 2019; 53: 1801904

_J Humbert M, et al. 2022 ESC/ERS Guidelines for Diagnosis and Treatment for Pulmonary Hypertension.
@ ESC D ERS European Heart Journal 2022; 00: 1-114 [DOI: 10.1093/eurheartj/ehac237)
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parasternal shor —
s other views (e.g subcastal view)

45 y/o female with

Right Heart Catheterization chronic progressive dyspnea

@Esc

q . - - o A
:{eesct?:;mendatlons for right heart catheterization and vasoreactivity @ ERS ° Hﬂ'&ﬁlﬁiy\‘lvlﬂﬁlﬂ’lﬁg 45 ;'il

Recommendations Class Level [ a 1 =&
Right heart catheterization (RHC) ® N’]Tﬁ\‘l‘w IUIAAALYDINITLR DD US1ININY 6
[RHC is recommended to confirm the di of PH (especially PAH or CTEPH),

wannanalseng1uIa FCII-IV

and to support treatment decisions

In patients with suspected or known PH, it is recommended to perform RHC in
experienced centres

It is recommended that RHC comprises a ¢
is performed following standardized protocols

lete set of h d and

* ilsziGanatin Systemic sclerosis, HT, DVT

* GUUW3I 10 packs-year BEAFUNIEINY

onscns
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s 45 y/o female with :
//‘;i A chronic H d Increased or
- progressive dyspnea decreased flow?

Prominent central PA

BT 36.7, HR 110 /min, RR 28/min, BP 120/65

mmHg, O2 saturation 87% on room air

Enlarged rt descending PA

¢ Auscultation revealed a grade lll systolic murmur

along LLPSB with an accentuated P2
® Dry crackles were noted at both lower lung fields

¢ Mild liver enlargement and mild pitting edema 8 A
Reticulation both

noted lower lung zones

14 15

Reticulation with  L: lymphatic
low lung volume  I: Infection

Enlarged rt descending PA

F: Fibrosis
E: edema
) RV Enlargeeﬁ-. _ A: ASbQStOSiS' Aspiration
‘\‘ ‘ P: Pulmonary fibrosis
Peripheral hypovascularity | | C: Collagen vascular disease,
cop
RA Enlargement 1 PH signs plus: Peripheral oligemia
‘ Increased flow: ASD, VSD, PDA
- :
21

Less traction bronchiectasis,
more GGO

More traction bronchiectasis,
less GGO

Estimated RAP = 15 mmHg

22 24
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' Investigation to confirm diagnosis

* Echocardiogram:
— LA and LV are normal, LAVI 22, e/e’ 16, LVEF 58%

— RA and RV are markedly dilated (RV 4.5cm at mid
part, RA 24.2 cm2, L=55 mm)

— Severely impaired RV systolic function (TAPSE =1.0 cm,
lateral TDI = 7 cm/sec)

— Normal MV with mild MR
— TRV 5.1 m/s, est. RAP 15 mmHg, RVSP 119
—ASD 1.8 cm

AO

@ }%g/' ;
gy 5108 D 55 M 74 ~
! 3 2 PW

72 A

o~ i A19
| : vy 18

Desc. AO Ml 16
e

C0=34
Qp:Qs=1
PVR=17

No vasodilator
response

25 26
TABLE 9.1. Dalection of left-to-right shunf by oximelry
Approximate
Criteria for significant step-up gim‘mal 0;‘; ca uses Of Oxygen Ste p U p
, require
Mean of Mean of Highest Highest for detection
distal proximal value in value in (assuming
chamber = chamber distal - proximal  SBFI = 3U/ Possible causes of
Level of shunt samples samples chamber  chamber min/M?) step-up S
* Step up at * Step up at * Step up at
O%sat [ Oxvol% O:%sat  Oxvol% p p p p p p
Al =7 | =213 =11 220 1519 Awalsepw delect atrial level ventricle great vessel
(SVC/IVC to RA) partial anomalous
pulmonary venous — ASD level level
d‘ramage-: rupmlefl
s o WA salva; — PAPVC — VSD — Patent Ductus
coronary fistula to — VSD with TR — RSOV =>RV Arteriosus
Ventricular 25 1.0 =10 217 1.3-15 VSD; PDA with PR; — RSOV => RA — AP Window
(RA 1o RV) primum ASD; — Low ASD
coronary fistula to _ . —
RV — LV=>RAshunt — Cor AV Fistula Outlet VSD
Great Vessel =5 =10 3. 21.0 =13 PDA,; aorta-pulmonic . _
(RV to PA) window, aberrant — Cor AV Fistula =>RA — Coronary
coronary artes — . ol
ogn =>RA — PDA with PR origin from PA
ANY LEVEL 27 =13 28 215 215 Al the above
(SVC to PA) — AVSD
Abbreviations: SVC and IVC, superior and inferior vena cavae; RA, right atrium; RV, right ventricle; PA, pulmo-
nary artery; VSD, ventricular septal defect; TR, tricuspid regurgitation; PDA, patent ductus arteriosus; PR, pulmonic
regurgitation: ASD. atrial septal delect. SBF|. systemic blood flow index: G /Q.. pulmonary to systemic flow ratio.
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Real-Life Situations

* Elevated PAWP (16 mmHg) m

* Drug?? — :
g — Group 1: DPAH |

ASD (ASD, step up 02) Group 1: ASD |

Chronic left leg DVT
] |

* Systemic sclerosis
Group 1: SSc |

?? Group 5: miscellaneous

Real-Life Situations

* Elevated PAWP (16 mmHg) m

T

NSIP | Group 3: NSIP |

Drug?? :| Group 1: DPAH |

ASD (ASD, step up 02) Group L: ASD |

Chronic left leg DVT
roniciert leg Ql' Group 4: CTEPH |

Systemic sclerosis
Group 1: SSc |

?? Group 5: miscellaneous '_L__

29

30
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=
?/@ﬁ% Errors in Sampling

* Obtaining samples in different physiologic

::" states (arrhythmias, acidosis,
3' 18 hypoventilation)
%‘mfﬁ: s :,% * Partial wedging of catheter (PA)
; —Overwedge (low 02 saturation)
:C:lgkgsl‘:l * Non representative sampling (PVs)

No vasodilator
response

32

oy _ Py
7/& The reverse Bernheim effect ?fﬁ“ Ipc-PH, Cpc-PH, TPG, DPG

Haemodynamic characteristics

P MPAP =20 mmHg
Pre-capillary PH MPAP >20 mmHg
PAWP <15 mmHg
PVR >2 WU
Isolated post-capillary PH (ipcPH) MPAP >20 mmHg
PAWP =15 mmHg
PVR <2 WU
Combined post- and pre-capillary PH (€pcPH) MPAP =20 mmHg
PAWP =15 mmHg
>2 WU
Exercise PH MPAP/CO slope >3 mmHg/L/min

between rest and exercise

[ vascular

MPAP: mean pulmonary arterial pressure; PAWP: arterial wedge PVR:
resistance; WU: Wood Units; CO: cardiac output.

— =mPAP-PAWP = CO x PVR

=
PR AP
Ee Eﬁ%géﬁiiigiéﬁi DRADPARPAWE

-

Chin KM, Gaine SP, Gerges C, et al.

NORMAL BERNHEIM EFFECT REVERSE-BERNHEIM Treatment algorithmfor
B i
LVEDP > RVEDP RVEDP > LVEDP 2401325 100:

34 35

Pulmonary Hypertension Associated with Left Heart Disease
@ESC

Recommendations for PH associated with left heart disease @ ERS
:u"::;::gnn @ ESC Recommendations Class Level
YP @ ERS In patients with LHD, optimizing treatment of the underlying condition is
associated with left recommended before considering assessment of suspected PH
heart disease RHC is recommended for suspected PH in patients with LHD, if it aids
(group 2) P e P management decisions
m RHC is recommended in patients with severe tricuspid regurgitation with or

without LHD prior to surgical or interventional valve repair

For patients with LHD and suspected PH with features of a severe pre-capillary
component and/or markers of RV dysfunction, referral to a PH centre for a
complete diagnostic work-up is r ded

rscrens

e

orscass

P
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@esc

Recommendations for PH associated with left heart disease @ ERS

Class Level

In patients with LHD and CpcPH with a severe pre-capillary component (e.g. PVR c

>5 WU), an i approach to isr

'When patients with PH and multiple risk factors for LHD, who have a normal
PAWP at rest but an abnormal response to exercise or 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 1] C

uncover post-capillary PH I
L [TAT

Drugs approved for PAH are not recommended in PH-LHD

oesciens

5 073 18R
W escardio.ong/guldefines Furopeon Heartkoummol; AV = 80 LK YsunhasTyahac 1) 368 P

Characteristic features of PH associated with
LV diastolic dysfunction

Factors favouring diagnosis of LV diastolic dysfunction in the presence of

PH as assessed by Doppler echocardiography

1. Clinical features

Age > 65 years

Elevated systolic BP
Elevated pulse pressure
Obesity, metabolic syndrome
Hypertension

Coronary artery disease
Diabetes mellitus

Atrial fibrillation

2. Echocardiography
H_LA enlargement
oncentric rem ing of the LV (relative wall thickness

> 0.45)

LV hypertrophy

Presence of echocardiographic indicators of elevated LV
filing pressure

3. Interim evaluation (after echocardiography)
Symptomatic response to diuretics

Exaggerated increase in systolic BP with exercise
Re-evaluation of chest radiograph consistent with HF

BP: blood pressure; HF: heart failure;
LA: left atrium; LV: left ventricle/ventricular
Adapted from Galié N, et al. Eur Heart J 2009; 30:2493-537.
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ESC guideline 2015. EHJ 2015

Diastolic dysfunction is associated with
increased PH prevalence

» Left-sided heart failure is known to cause PH
* Up to 44% of all HF patients have preserved EF (HFpEF)
* PHis common (83%) in HFpEF

* PH can be severe in patients presenting with HFpEF
+ Suggests that pulmonary vasculopathy may be a contributing factor

But remember:
* PAWP may be normal in HFpEF

* When in doubt do a LVEDP and fluid challenge or
excercise RHC

HF: heart failure; HFpEF: heart failure with preserved ejection fraction;
LVEDP: left ventricular end diastolic pressure; PAWP: pulmonary artery wedge pressure

Lam CS, et al. JAm Coll Cardiol 2009; 53: 1119-126.

Trials of PAH-specific therapies in
heart failure have been largely disappointing

Drug Study i i rimary
Author, year  acronym endpoint

1:1 randomisation S al

Results

Epoprostenol FIRST Early termination (trend to

Califf, 1996 Seyj event-driven increased survival in treated
can dose 4 ng/kg/mi group)

Bosentan REACH-1 Early termination (drug-

Packer, 2005 induced fluid retention in the
treated group)

Bosentan ENABLE No effect

Kalra, 2002 Severe HF, hospital stays

Darusentan HEAT Increased CO

Lischer, 2002 No change in PAWP

Darusentan EARTH 5:1 randomisation No effect

Anand, 2004

6 month duration
doses of 10, 25, 50, events
100, 300 mg

MR+ clinical

CO: cardiac output; HF: heart failure; LV: left ventricular;
MRI: magnetic resonance imaging; NYHA: New York Heart Association; PAWP: pulmonary artery wedge pressure

Vachiéry JL, et al. J Am Coll Cardiol 2013; 62:D100-8.
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Real-Life Situations

« Elevated PAWP (16 mmHg) —_ GrouR2 LD |

* Drug?? = .
g = Group 1: DPAH |

* ASD (ASD, step up 02) Group L: ASD |

* Chronic left leg DVT ﬁ Group 4: CTEPH
u 5
* Systemic sclerosis

Group 1: SSc |

?? Group 5: miscellaneous E

"

Z AN

Investigation to confirm diagnosis

* Pulmonary Function Test
—FVC 2.56 L (65.7% of predicted value)
—FEV1 2.16 L (64.4% of predicted value)
—FEV1/FVCratio 84%

—Residual volume 1.73 L (71.3% of predicted
value)

—Carbonmonoxide diffusion capacity (DLCO)
31.0% of predicted value

42

43
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PH-ILD as a Spectrum of Disease

ILD primary determinant of outcomes PH primary determinant of outcomes

Decreasing:

-FVC% »

-Dico% Pt

-6MWD 'nnof\

””9’5& o
ay '%Ce Increasing:

-mPAP,
-PVR
Decreasing:
RV function

Vascular ablation & vasculopathy

Time

King CS, et al. Curr Opin Pulm Med 2019, 25:459-467

7;% Group 3 Pulmonary Hypertension

coPD

Remodelling of airways. lung parenchyma. and vessels
Fibrosis

Emphysema
- - 3
- = =
L

»

Vascular pruning

i :‘“L‘g::

Remodelling of airways and parenchyma

ing of pulmonary vessels

=xi Severe PH

Ne PH Neon-severe PH (PVR >5WU)
Prevalence ~70% ~20% ~5-10%
Mostly ventilatory
exercise limication

Hypoxaemia at rese and/or during exercise

@ESC @ ERS —
2022 ESC/ERS Guidelines for the diagnosis and treatment of PH. European Heart Journal (2022) 00, 1-114
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PH in chronic lung disease:
Differential diagnosis between groups 1 and 3

Criteria favouring group 1 (PAH) Parameter Criteria favouring group 3

(PH due to lung disease)

Ventilatory ~Moderate to very severe impairment:
function « FEV1 <B0% predicted (COPD)
« FVE < 70% predicted (IPF)

Normal or mildly impairment:
« FEV1 > 60% predicted (COPD)
* FVC > 70% predicted (IPF)

Absence of or only modest airway or High- Characteristic airway and/or parenchymal
parenchymal abnormalities resolution CT abnormalities
scan

Features of exhausted circulatory reserve: Features of exhausted ventilator reserve:
+ Preserved breathing reserve +(Reduced breathing reserve
+ Reduced oxygen pulse o Maorrral oxygen pulse
+ Low CO/VO, slope

+ Mixed venous oxygen saturation at lower

| Mixed venous oxygen saturation above

limit lovser limit
+ No change or decrease in PaCO, during \Increase in PaC0, during exercise
exercise

Seeger W, et al. J Am Coll Cardiol 2013; 62:D109-16.
ESC guideline 2015. EHJ 2015
Nathan SD , et al. Eur Respir J 2019; 53: 1801914

pulmonary fibro:
in arterial blood;

The clinical course of PH in mild to moderate
IPF: information from the Artemis-IPF study

* The Artemis-IPF study “

aimed to study the effects =
of ambrisentan in IPF 21
« Stratification was made by T.l =

25 30 35 40 45 S0 55 40 &5 70 75
mean of RHC:

Subjects

Baseline mean PAP mmHg

Al subjects Group 3" PH subjects

Ambrisentan Placebo Ambrisentan Placebo
n n n n
Change in mean PAP mmHg -1.1599 73 0.44585 44 -5.3+4.27 12 -1.12939 7
Change in cardiac output L-min~" 0.56+1.45 72 -0.38+1.30 43 0.03+1.38 12 0.4420.9 7
Change in PVR mmHg-L™"-min =0.41£1.19 72 0.1420.79 43 -0.70:1.31 12 -051:156 7

RHC at week 48 follow up for all groups

Raghu G, et al. Eur Respir J 2015 (epub)
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Management of PH in chronic lung disease setting

mPAP < 25 mPAP 2 35 mmHg at rest

mmHg at rest

mPAP 2 25
mmHg and < 35
mmHg at rest

Underlying lung

disease

tlassmcaton uncertain:
discrimination between PAH (group 1)
with ¢concom itant lung disease or PH
caused by lung disease (group 3)

PH classification
uncertain

COPD with FEV1260% No PH
of predicted

[PF th FVCZ 70% of ]
No PAH
predicted J °

No data currently

support Referto a centre with expertise in
T —— recommended treatment with both PH and chronic lung disease
modest airway or PAH-approved
parenchymal abnormalities drugs
COPD with FEV1<60% No PH PH-COPD, PH- Severe PH-COPD, severe PH-IPF,
of predicted IPF, PH-CPFE severe PH-CPFE
IPF with FVC <70% of  No PAH No data currently Refer to a centre with expertise in
predicted treatment support both PH and chronic lung disease for

with dividualised patient care of
PAH-approved poor prognosis; RCTs required
drugs

Combined pulmonary fibrosis
and emphysema on CT

Seeger W, et al. J Am Coll Cardiol 2013; 62:D109-16.
ESC guideline 2015. EHJ 2015
Nathan SD , et al. Eur Respir J 2019; 53: 1801914

Ak
74 ILD and Pulmonary Hypertension

| Suspect | —s{ Clinical, functional or imaging results suggestive of concomitant PH¥ |
[__Support | —{ Echacardicgram? |
E2
[[_Confirm ] —{ Right heart catheterisation* |
Group 1 versus group 3 PH
Limited CLD Severe CLD
Obstructive LD: FEV1 »60% Physiological severity
Restrictive LD: FVC >70%
Minimal severity
CT changes

Treatment algorithm for PAH

Refer to expert PH and LD centre§ ]
I

L2 -
[Mild-to-mederate PH | [ Severe PH ]

Registries and RCTs required
Consider exercise training

[ No PAH therapy | [ individualised care |

Eur Respir J 2019; 53: 1801914 [https://doi.org/10.1183/13993003.01914-2018).
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Treatment of PH in Lung diseases

Recommendations Class®  Level”
1f PH is suspected in patients with lung discase. It is recommended that echocardiography” be performed and the results interpreted in i =
conjunction with ABG, PFTs including DLCO, and CT imaging

I patients with lung disease and suspected PH, it is recommended to optimize treatment of the underlying lung disease and, where 5 =
indicated, hypoxaermia, sleep-disordered breathing, and/or alveolar hypoventdation

I patiants with lung ditease and suspected severe PH, or where there is uncertainty regarding the treatment of PH, referrsl to 3 PH o =

In patients with kg disease and severs PH, an indradualized approach to treatment i recommended - <

Tt 15 recommended to refer Siipible patknts with lung diease and PH for LTx evaluation - =

TR Patierts with g Grease and SUspectad PP, RIIC B recommended f The results are expected 10 35 mansgement decimn 5 =
e wreproRil Ty 64 Con el I paents Wi PH asscoRted wh D7 -

The use of ambrisentan &5 not recommended in patients with PH assocated with IPF

The use of riociguat is not in patients with PH [

The use of PAH medication s ot recommended in patients with ing disease and non-severe PH-

GRADE

Recommaendations Qualiey of Serangeh of Class®  Lavel®
svidence

PDESIs may be consdered in patients with severe PH assockted with ILD Vary low Canditional

Gindividusl decision-making in PH contres)

The use of POE wth LD P ot Vary low Tondtional -_'

2022 ESC/ERS Guidelines for the diagnosis and treatment of PH. European Heart Journal (2022) 00, 1-114

Real-Life Situations

* Elevated PAWP (16 mmHg) -

* NSIP
* Drug?? :l Group 1: DPAH |

ASD (ASD, step up 02)

Chronic left Ieg DVT ‘
Systemic sclerosis

50
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Updated Drug and Toxin-induced PAH
(7t WSPH 2024)

Detnte

Posctle association 1)Mitomycin-C+3
O Alkylating agents

Definite association

Aliylating agents.

Bt Q Cause PVOD
% (Case series and epidemiological data)
Dexferfluraming . )
enfuramine Cooa 2) Carfilzomib*
ethomphetamioes Diaoride -
Direcacting il ageots again: Dgatts C s koo 1 Proteasome inhibitors
Toxic rapeseed ol Indigo naturalis (Chinese herb. Ging-Dai
Interferon-a and § D Cause PAH
Leflunomide (Analysis of a national PH registry - VigiBase / Meta-analysis)
Aryptoph:
s i) Possible ‘
» 1)Bevacizaumab
Solvents (i thylene)” )
ey 2) Bortezomib

3) Indigo naturalis (gingadai) = Indirubin

" PAH with features of venous (pulmonary veno-ocdusive diseaselicapillary (puimonary capilary
Focrangiomatosis) inhvement

4.Grynblat 3, KnouriC, Hiavaty A, et al. Characterist

Eur RespirJ 2024; 63: 2302158,

Real-Life Situations

Elevated PAWP (16 mmHg) -

ASD (ASD, step up 02) ﬁ Group 1: ASD
Chronic left leg DVT

Systemic sclerosis

I

52
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6th World Symposium & 2015 ESC Guideline on PH
Updated clinical classification of PAH-CHD

Clinical classification of PAH-CHD

[SELL T CHT LTS LILINE PVRi > 6-8 WUm2, resting O2sat <90%; PASP:SBP >0.75, PAWP < 15; PVR:SVR > 0.5:1
Includes large intra- and extra-cardiac defects which begin as systemic-to-pulmonary shunts and
progress with time to severe elevation of PVR and reversal (pulmonary-to-systemic) or bidirectional
shunting; cyanosis, secondary erythrocytosis and multiple organ involvement are usually present

Left-to-right shunts QP:QS > 1.5:1, PVR < 2.3-4.6, PVRI <6-8, positive vasoreactivity test
« |Correctable®
+ Noncorrectable ASD>2 cm, VSD>1 cm, any size PDA

Includes‘ PVR is mildly to moderately increased; systemic-to-pulmonary
shunting is still prevalent, whereas cyanosis is not a feature

PAH with coincidental CHD

Marked elevation in PVR in the presence owhich themselves do not account
for development of elevated PVR,; clinical picture very similar to IPAH. Defect closure is contra-
indicated

Post-operative PAH

CHD is repaired but PAH either persists immediately after surgery or recurs/develops months or
years after surgery in the absence of significant post-operative haemodynamic lesions. The clinical
phenotype is often aggressive

*Correctable with surgery or intravascular non-surgical procedure
CHD: congenital heart disease; IPAH: idiopathic PAH;

Simonneau G, et al. Eur Respir J 2019; 53: 1801913

PVR: iulmcnai vascular resistance
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ESC guideline 2015 EHJ 2015

Treatment of PAH-CHD

-w = =
+

Correctable >1.5:1 <50% <1/3
- >1.5:1 < 50% <1/3
i Net L to R > 50% >1/3
Non-correctable + Net Rto L >2/3 >2/3

2018 AHA/ACC Guideline. Circulation 2019
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Treatment of PAH-CHD

Recommendation Table 18 — Recommendations for
shunt closure in patients with pulmonary-systemic
flow ratio ~1.5:1 based on calculated pulmonary vas-
cular resistance

Recommendations Class® Level®
In patients with an ASD, VSD, or PDA and a PVR 1 c
<3 WU, shunt closure is recommended

In patients with an ASD, VSD, or PDA and a PVR a c

of 3-5 WU, shunt closure should be considered
In patients with an ASD and a PVR =5 WU that

declines to <5 WU with PAH treatment, shunt b c
closure may be considered

In patients witha VSD or PDA and a PVR =5WU,

shunt closure may be considered after careful b c

2022 ESC/ERS Guideline. European Heart Journal (2022) 00, 1-114

evaluation in specialized centres
In patients with an ASD and a PVR =5 WU
despite PAH treatment, shunt closure is not

recommended

Treatment of PAH-CHD

7)
g

In patients with PAH after corrected adult CHD,

Recommendations Class®  Level®
initial oral combination therapy with drugs
Risk assessment approved for PAH should be considered for
Risk assessment is recommended for patients f c patients at low and intermediate risk, while initial lla (=
with persistent PAH after defect closure ap iv/se. prosta
Risk assessment should be considered in patients | c analogues should be considered for patients at
with Eisenmenger syndrome igh risk
Treatment In patients with adult CHD, including Eisenmenger
Bosentan is recommended in symptomatic syndrome, sequential combination therapy should |\ c
patients with Eisenmenger syndrome to improve 1 B be considered if patients do not meet treatment
goals
ger syndrome, the use of In the absence of significant haemoptysis, oral

E e =0 a = anticoagulant treatment may be considered in ™ c

b . patients with Eisenmenger syndrome with
arterial oxygen saturation and reduces symptoms
Supplemental iron treatment should be CLREE R ST
considered in patients with iron deficiency 5 < LIRS, SN2 S O - c
In patients with aduit CHD, including Eisenmenger preg ey [ERotrecompsnct:]
syndrome, other ERAS, PDESis, at. " c In patients with Eisenmenger syndrome, routine
prostacyclin analogues, and prostacyclin receptor phiebotomy to lower elevated haematocrit is not c
agonists shouid be considered recommended

2022 ESC/ERS Guideline. European Heart Journal (2022) 00, 1-114
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Real-Life Situations

+ Elevated PAWP (16 mmHg) — SToUp2:LHD |
* NsIP -

| Group 3: NSIP |

* Drug?? Group 1: DPAH |

* ASD (ASD, step up 02) Group 1: ASD |

* Chronic left leg DVT § |
* Systemic sclerosis

60
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Real-Life Situations

- Elevated PAWP (16 mmHg) —_ 510U 2 LHD
- NSIP -

Group 3: NSIP

* Drug?? — ;
g —] Group 1: DPAH

* ASD (ASD, step up 02) Group 1: ASD

* Chronic left leg DVT ﬁ eSS
roup 4:
* Systemic sclerosis

Group 1: SSc |

?? Group 5: miscellaneous '_L__

Potential Causes of PH in SSc (CTD)

Pulmonary Arterial Hypertension (PAH)

Pulmonary Interstitial
Veno-Occlusive Lung Disease
Disorder (ILD)
(PVOD)

Myocardial
Involvement

CTEPH
Others
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Diffuse >> limited

Anti topoisomerase Ab
Very abnormal lung
architecture

Mild to moderate
elevation of mPAP

Limited >> Diffuse

Anti centromere Ab
Minimal abnormal lung
architecture

Severe elevation of mPAP
(mostly > 40 mmHg)

Risk Factors for Developing SSc-PAH

‘ S\,
N

Limited scleroderma

* Long standing of Raynaud phenomenon
Low DLCO

FVC %predicted / DLCO %predicted > 1.6
* Anti-centromere

U3-RNP antibody

64 65
Final Diagnosis Survival from time of diagnostic RHC
. Dispropor’Fiongte pulmgnary _ S REVEAL study
hypertension in SSc with NSIP, likely 1=
. . 804 R, SOIoTEETERII
due to pulmonary arterial hypertension o M T e
—SSc-PAH E 60:
* NSIP E 400 —|pAH (n=1201) T e
® {1 -~ APAH-CHD (n=251; *P=0.017) 7 -
. SSC 204 - APAH-CTD (n=742; *P<0.001)
] ——— APAH-PoPH (n=157; *P<0.001)
o HT | ==-—"APAH-DT (n=123; *P=0.27)
0 1 2 3 4 5 5 7
N History Of DVT i Time From Diagnosis (years)
Benza RL, et al. Chest 2012;142(2):448-56.
69 70

RV adaptation in IPAH versus PAH-CHD

Compared with IPAH, Eisenmenger’s syndrome patients have
higher Cl and lower mRAP (despite having a higher mPAP)’

/ Elevated mPAP
PR

RV inability to adapt = Worse prognosis

PAH-CHD
RV adaptation = Better prognosis

Compensation?:
« Increased RV wall thickness
« Mild RV dilation

Decompensation?:
« RV dilation
« RV failure

CHD: congenital heart disease; Cl: cardiac index; IPAH: idiopathic PAH;
mPAP: mean pulmonary arterial pressure;
mRAP: mean right atrial pressure; RV: right ventricle/ventricular 1. Chin KM, et al. Coron Artery Dis 2005; 16:13-8.

2. Bristow MR, et al. Chest 1998; 114:5101-6.

Survival rates of clinical subgroups of PAH-CHD

Survival rates in a predominantly adult population (n = 192) over a 20-year period

1.0 7 -
[ A s
08 PAH-SP
< 06
2
2
3 04+ Es Log-rank _l_ PAH-CD
- = PAH-SP p <0.0001
029 — paH-sD
—— PAH-CD PAH-SD
0.0 T T T 1
0 5 10 15 20
Follow-up (years)

Patients at risk: ES 920 7 59 48
PAH-SP 48 22 18 " 10
PH-SD 10 4 4 2 0
PAH-CD 44 22 12 4 3

CD: cardiac defect correction; CHD: congenital heart disease;
ES: Eisenmenger syndrome; SD: small defects; SP: systemic-to-pulmonary shunts

Manes A, et al. Eur Heart J 2013; Epub ahead of print.
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Pathophysiology
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(D) RISK FACTORS AN

@ oisease
ASSOCIATED CONDITIONS Loss of Response to Short-Acting
Vasoouator Trial

Colagen Vascular Disease
Congental Heart Dissase

SUSCEPTIBILITY
Abnormal BMPR2 Gene
Other Genetic Factors.

IRREVERSIBLE DISEASE

NORMAL REVERSIBLE DISEASE

D

Pulmpnary hypertension

Pressure overload

RV hypertrophy
Dec. wall stress

Inc. wall stress
Pre&afterload mismatch

Dilated RV- Intact pericardium
T RAP

v

T Intrapericardial pressure (IPP)

J LV transmural filling pressure
LVEDP-IPP
Compensatory phase

+
Normal CO, RAP Shift of IV septum toward LV

JLV preload and

Ry iEilue Decompensatory phase . o
.FI(’://Rischemia ¥ co, TRAP'T‘P:WP W LV distensibility

Hypoxia, Acidosis

Arrhythmias L, Systemic Cardiac Output

ecrease LV compliance
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RV anatomy: Normal versus PAH

Normal PAH
1 Coronary perfusion pressure + T O,demand = | Supply/Demand
AKX A

\

\\\ T Thickness

| N

S&S None SOB, Fatigue  SOB, edema  RVF, syncope,
death
FC | 1l 1] v
co

Hemodynamic

v trends
Rv < 120mmHg ‘—TT Prv ™ v
1 4 4
| 4 ! :
; / V4 Pathologic
! Pa / appearance
‘Iv II 'I
20 mmHg 4 ¥
T RV distension & | LV filling = | Cardiac output
LV: left RV: right
Chin KM, et al. Coron Artery Dis 2005; 16:13-8. Minai OA, et al. Cleveland Clincal ) Med 2007;74:737-47
75 76

2

Therapies are available to target three key
pathological pathways in PAH

1

Endothelin pathway Nitric oxide pathway Prostacyclin pathway
PPro-endothelin-1 L-arginine Arachidonic acid
| 1@ |

ET-1 no — S PoI,
ano-probterotion)

& proiferation)
\em rmw

&ee

Bosentan

(Vascdiation & antr-protéeration)
ET, receptor/
1P receptor

1 camr

Epoprostenc

uanosine triphospt
B Stape e hanoat . oo Cretaion 2014 1359198208

2

Therapeutic developments in rebalancing
BMPR-II/ActRIl in PAH

Understanding the role of BMPR-II/ActRIIA signaling Rebalancing BMPR-II/ACtRII in PAH!
has paved the way for novel therapeutic approaches?

Sotatercept is a novel, first-in-class fusion protein that|
acts by rebalancing signaling between pro- and anti-

thereby i 9 the
characteristic vascular remodeling seen in PAH!

In preclinical studies, sotatercept treatment improved
hemodynamics, RV hypertrophy, RV function and
arteriolar remodeling?

--- Gremlin-1 and noggin | «----- -

Sotatercept is under current investigation in clinical I
trials®

B 1. Adaplos
from Humbert N, ot l N Engi J Med 2021; 384:1204-15; 2 Guigrabort . and umbert M, Eur Respi J 2021, 57.2002341; 3 Yurg LM, ot al, Si TranelMiod 2020; 12:00325660.
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e
Z/4 Overexpression of PDGF/PDGFR has been . .
p Long-term outcomes are improved in the
implicated in the development of PAH d
modern treatment era
100 90.5+2.2
745+25
T 80
[berrant PoGF signaing occurs in par | POGF/PDGER sionaling I|PA — 64.5£2.5
x 58.9+2.7
= 60 68.2
Increased expression of PDGFs and PDGFR has t_u
been observed in patients with PAHZ. — .2 """"""""
g w0
PDGF/PDGFR overexpression drives pulmonary I Grb2 —.m—-nmﬁ 3
vascular remodeling, leading to further upregulation l % French Registry! X 32.0
LI ad A 207 —8— REVEAL u:wei;h' NIH cohort 2
Potential for reverse remodeling therapy by @&. Vuck —=— Predicted surviv: NIH equation 2
inhibiting PDGFR in PAH patients? " oo Y T T T I I I |
pum 0 1 2 3 4 5 6 7
Time from diagnosis (years)
No.atrisk: 279 377 390 388 328 240 153 88
S Om 1 Parte P ot s Rk O o M 3000 3. oo . st . ot R o 3013 75080 e Sange & Eur s 1. Humbert M, et al. Eur Respir J 2010; 36:549-555.
2. Benza RL, et al. Chest 2012;142(2):448-56.
79 81
Initial Use of Ambrisentan plus Tadalafil Mean PAP reached during
in Pulmonary Arterial Hypertension acute vasodilator testing
A Combination Th . Pooled Monotherapy
ombindton '1::'“ ° Long-term CCB Long-term CCB
g S B EnmhinaﬁnnTlT;p,ﬂAmlriumn Monotherapy 90 - responders failure
] ‘ombination therapy —
‘" H s B 0
- ‘ombination therapy .
X [ % I
£ Pooled monotherap 1
3 . ! o £ 60
2 S mhﬂsn};n monatherapy ~— 50
£ 3p] Hazardratio, 050 95% €1, 035-072) g ¥ a4
3 P01 § < 1 cesese
3 & g9 Hazrdato, 048 B55%.CL031-07) & 5
7771771 H [ T
0% 4 M % 10 4 18 12 g 20 |
Weeks U 40 5B WRNK 10 33 / 38 long-term CCB responders had a mPAP < 40 mmHg with
No. at Risk Weeks normal or elevated CO during acute testing
Combinationtherapy 253 229 13 145 106 71 3% 4 No.at Risk
Pooled monotherapy 247 209 155 18 77 4 5§ Combinationthepy 253 229 136 145 106 71 36 4 Baseline Acute Baseline Acute
Anbrisentan 14 8 % ¥ B M3 testing testing
monatherapy
Galie N, et al. N Engl J Med 2015;373:834-44. 0. Sitbon et al. Circulation 2005
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Acute Responders: By diagnosis

Idiopathic PAH “~ 6.8% long term

13.5% d
Anorexigens-PAH - IS
11.8%
CTD-PAH <1% long term
10-1% .~ responders
PVOD / PCH <& 4
12.2%
HIV-PAH ——
1.6%
Po-PH o
1.3%

0 5 10 15 20 25 (%)

Familial PAH and CHD-PAH: 0 % 0. Sitbon et al. Circulation 2005

7th World Symposium on PH

Risks Stratification

o At diagnosis:

Do toe it of prognosis {estimated Low ri ntermecdite risk Migh
Yeyear mor abty) %) (-2 -y

Intermediate risk
2paints

10-14

‘pmptoms and cinaal v Overallrisk = F d 15-249:  intermediate risk
e
v
(159 m) T
Pk 0, 115 mimitig
Vsen Parameters
Bomrkers BNPor NT.groP! P50t ;.
T o 010t o Lowrisk: 5

Edoardogrety

© Intermediate risk: 3
o High risk: 2

Hamodramia Overall risk = 1.7
5% 1)+ (3 x2)+(2x3)/10

Chin KM, Gaine SP, Gerges C, et al. Treatment algorithm for pulmonary arterial hypertension. Eur Respir J 2024; in

press: 2401325 [DOI:10.1183/13993003.01325-2024].
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7th World Symposium on PH

Risks Stratification

P At follow-up:

Determinants of prognosis  Low risk High risk
Points assigned T 2 3

WHO-FC [ et - "

SMWD. m [ =40 320-440 v 165-319

e = o e

NT-proBNP.* ngiL 300649 £50-1100

Intermediate-low Parameters
risk risk.
2 points 3

1.0-149=
sum of the points = {1 5-249= Intermediate-low risk

© Low risk: 2
o Intermediate-low risk: 1

Overall risk = s
nofpameters | 25-3.45-
- Overall risk = 1.3

[@x1)+(1x2)3

Chin KM, Gaine SP, Gerges C, et al. Treatment algorithm for pulmonary arterial hypertension. Eur Respir J 2024; in
press: 2401325 [DOI:10.1183/13993003.01325-2024].
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6th World Symposium and 2022 ESC Guideline on PH
Evidence-based treatment algorithm
Initial therapy with PAH approved drugs

Troatmant of patients with VHG-PAH or PAH-CTO

Diagnosis confirmed at PH contre, vasoreactivicy testing negative

(Ciass )

F, 3
Patient without it
= — e
7 i i
-( (Table 16) )-
TS Figh
oa R S R TR
- il o o
=y ety ity
¥ i
S S N N
i -y
[ - raie )"
R
o TRiarmediatatowr o i
L e
Continue initial therapy Al PRA POES! o 2B e ber B S
—— = G5 o

@ ESC @ ERS -
2022 ESC/ERS Guideline. European Heart Journal (2022) 00, 1-114
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Potential Role for Initial Monotherapy

* IPAH, HPAH and DAH patient responders to acute vasoreactivity
tests and with FC I/1l and sustained haemodynamic improvement
after at least 1 year on CCBs only

* Long-term-treated historical PAH patients with monotherapy (>5—
10 years) stable with low-risk profile

* IPAH >75 years old with multiple risk factors for HFpEF

* PAH patients with suspicion or high probability of PVOD/PCH

e PAH-HIV infection or Portop-PH or uncorrected CHD, as they were
not included in RCTs of initial combination therapy

* PAH patients with very mild disease (e.g. WHO FC I, PVR 3—-4 WU,
mPAP <30 mmHg, normal RV at echocardiography)

* Combination therapy unavailable or contraindicated

7t World Symposium on PH 2024
Evidence-based treatment algorithm
Follow up therapy with PAH approved drugs

|

3
Initial risk assessment®

Combination ERA + PDE-Si Combination iv./s.c. PPA, ERA, PDE-5i
: = e

3
First follow-up risk reassessment at 3-4 months
And repeated frequently®

a. The treatment algorithm is intended fo
i 1PAH

including mPAP 225 mmHg and PVR >3 Wood Units
and no significant response on acute vasoreactivity
testing). See text for treatment in PAH with complex
phenotypes.

Risk assessment should be performed at baseline,
within 3-4 months and periodically thereafter, and
using FC, 6MWD and natriuretic peptides as a part of
a validated risk calculator. Haemodynamics, RV

i doth

3

F3

supplement risk assessment.
Addiv.fs.c.PPA | | c. Initial triple therapy with an iv./s.c. PPAis
ts and

Continue initial | | Add activin-signalling || Addiiv./s.c. PPAor

therapy inhibitor, oral or ignalting | [¢ ) high-risk pat
inhaled PPA inhibitor lor activin-signalli dered i B
Can consider switch . inhibitor haemodynamics and/or poor RV function.
PDE-S5it0 5GCS d. Most low-risk it ol

initial therapy.

Persistent intermediate-high or high . Clinical trials with oral and inhaled treprostinil
: 4-drug iv./s.c. PPA, ERA, PDE-Si included only patients on monatherapy, while
i ing i studies of selexi included patients
L luatic i Py
f uld

high-risk patients at diagnosis, and for
intermediate-high and high-risk patients at first or
subsequent follow-up.

Chin KM, Gaine SP, Gerges C, et al. Treatment algorithm for pulmonary arterial hypertension. Eur Respir J 2024; in
press: 2401325 [DOI:10.1183/13993003.01325-2024].
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Heart Rate Recovery Predicts Clinical
Worsening in Patients with PAH?

* 75 patients

* HRR 1 defined as the difference in HR at the end of 6MW
and at 1 minute after completion
— HRR<16 more likely to show clinical worsening
— Report HRR<16 and mPAP as the best predictors via multivariate
analysis
— Compared with 6MWD, HRR1 < 16 a better predictor of CW and
TCW

— The addition of HRR1 to 6 MWD increases the capacity of 6MWD

to predict clinical worsening and TCW in patients with PAH
Minai OA et al. AJRCCM 2012;185:400

N

i\\ Atrial septostomy as a bridge to transplant

» Creation of inter-atrial right-to-left shunt can:
— Decompress right heart chambers
— Increase left ventricle pre-load
— Increase cardiac output

» A pre-procedural risk assessment reduces mortality

« Atrial septostomy should be avoided in end-stage
patients with:
— Baseline mean right atrial pressure > 20 mmHg
— O, saturation at rest of < 85% on room air

Galié N, et al. JAm Coll Cardiol 2013; 62:D60-72.
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Survival rates for lung transplant recipients
have improved significantly

100

Al pairwise comparisons were significant at p < 0.001

80

60

Survival (%)

40

— 1988-1995 (n = 5953; number at risk = 518)
201 — 1996-2003 (n = 12654; number at risk = 169)
— 2004-6/2011 (n = 21256; number at risk = 924)

001 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Years

ISHLT registry data showing adult lung transplant recipients Kaplan-Meier survival
by era (transplants January 1988-June 2011)

ISHLT: International Society for Heart and Lung Transplantation

Yusen RD, et al. J Heart Lung Transplant 2013; 32: 965-78.

Hypoxic pulmonary vasoconstriction

Biood flow (% control)
&

Improve V/Q matching
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Hypoxic pulmonary vasoconstriction
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New insights into CTEPH management

Background
Pathophysiology

« CTEPH is a rare complication of acute PE"!

— Characterized by fibrothrombotic obstructions
of large pulmonary arteries, combined with
small vessel arteriopathy,?l <> redistribution
of blood flow and high intravascular pressures
lead to remodeling and hypertension(®!
« Potentially fatal; poor prognosis if untreated!®!
— Survival rates at 5 years: 30% for patients with
mPAP > 40 mmHg; 10% for patients w/mPAP > 50 mmHg!¢!
—~ mPAP > 30 mmHg may be associated with poor prognosis!®l

* Management of CTEPH has advanced in recent years

a. Delcroix M, et al. Circulation. 2016;133:859-871; b. Hoeper MM. Eur Respir Rev. 2015,24:272-282;

c. Riedel M, et al. Chest. 1982;81:151-158; d. Lewczuk J, et al. Chest. 2001;119:818-823.
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CTEPH Is Not Just a Clot Problem

Blood Right heart
(thrombasis) function

Residual PH

CTEPH Small vessel Asiopstty

Pathophysiology disease

Venous/
capillary
disease

Chronic

Inflammation CEarnerion

Infection
+ Individual patients are likely to display > 1 of these disease manifestations
+ Patients may benefit from a combination of treatment strategies (eg, use of medical

therapy before or after surgery)

Kim NH. Cardiol Clin. 2016;34:435-441

Piazza G, et al. N Engl J Med 2011;364:351-60.
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74  Findings of pre-existing CTEPH

Direct vascular signs

Eccentric wall-adherent filling defect(s), which may cakify; different from the central filling defects within a distended lumen, which are the hallmark of acuts
PE

Abrupt tapering and truncation

Complete occlusion and pouch defects

Intimal irregularity

Linear intraluminal filling defects (intravascular webs and bands)

Stenosis and post-stenotic dilatation

Vascular tortuosity

Indirect vascular signs

Significant RV hypertrophy, RA dilatation

Pericardial effusion

Dilatation of pulmonary artery (>29 mm in men and >27 mm in women) and/or calcifications of pulmonary artery
Systemic collateral arterial supply (bronchial arterial collaterals towards pulmonary post-obstructive vessels)
Parenchymal changes

Mosaic attenuation of the lung parenchyma resulting in geographical variation in perfusion

CT Angiog

raphy

Auger WR, et al. Pulmo Cir 2012;2:155-62
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CT Angiography

Auger WR, et al. Pulmo Cir 2012;2:155-62

Chronic thrombo-
embolic pulmonary
hypertension (group 5)

Overlap in treatments
Multi-modality approach

www.escardio.org/guidelines

@ESC
® ERS

oescss

2022 ESC/ERS Guideline. European Heart Journal (2022) 00, 1-114
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Chronic Thromboembolic Pulmonary Hypertension

Diagnostic strategy in

[o L Tr e ——— @ESC
chromf: thrombo- w— st ey @ ERS
embolic pulmonary . : >
hypertension ; e

e st
)+ (CPET, stress achocaciograpiv)
Wt ar CTEPD
‘h-mu' contre.
Comprehemive work up® o
T 14 meCo i)
wben ST s eorcive IO e
’w-u—o-w:ilmdc'w
m—-;m;m-n ?
Cua ) ]
@esc@ers ®

W scarcio OrR/EUIBRING i norr s, 17— de: 0.1 RS ishac21 a0 Europea Redp

2022 ESC/ERS Guideline. European Heart Journal (2022) 00, 1-114

Chronic Thromboembolic Pulmonary Hypertension

Medical therapy (ReCo Table 24)
(Class 1)

! ‘
BRAY ;
? o (Class 1) o

J

Lang term follow-up
ata CTEPH/PH centre* -
(Class I)

@ESC @ ERS
2022 ESC/ERS Guideline. European Heart Journal (2022) 00, 1-114
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Factors that affect decisions about operability

* The location of the disease/clot

« The correlation between hemodynamic compromise and
the clot burden

» Disease concordant (CTPAand VQ scan)
» The surgical experience (center and individual surgeon)
» The patient’s condition and comorbidities

Favorable risk—benefit assessment for PEA

Characteristics Lower risk with predictable good long-term outcome Higher risk with less predictable long-term outcome
[not contraindications)

History History of DVI/PE No history of DVT/PE

Examination No signs of right heart failure Signs of right heart failure

Comorbidity None Significant concomitant lung or left heart disease

Functional limitation Functional class Il or lll Functional class IV

Imaging Clear disease concordant on all images Inconsistency on imaging modalities

Type of disease Bilateral lower lobe disease No disease appreciable in lower lobes

Haemedynamics PVR <1000 dyn-s-cm™>, in proportion to site and number  PVR >1200 dyn-s-cm™, out of proportion to site and number
of obstructions on imaging; higher PA pulse pressure of obstructions on imaging; higher PA diastolic pressure

Kim NH, et al. CTEPH. Eur Respir J 2019; 53: 1801915
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CTEPH registry:
Survival is significantly improved following PEA

1.00
93% o
Emm'-_—__()mrated n =404
0.80
88%
’ To% .
0.60 | 0% - Non-operated n = 275

0.40 - Operated Non-operated

p <0.0001 PVR(dsc-5) 728 (97 - 2880) 676 (165 - 2800)

0.20

Cumulative survival

0.00 - Patients at risk at the end of the time period:
404 382 374 366 361 355 336: 244 158 62 3 0
275 246 228 214 200: 188 164 120 58 20 2 0

0 6 12 18 24 30 36 42 48 54 60 66
Months from diagnosis

CTEPH: chronic pL y ion;
PEA: pt y ; PVR: pt y vascular resistance

Simonneau G, et al. Am J Respir Crit Care Med 2013; 187:A5365.

How do we treat inoperable CTEPH or
persistent PH after PEA

» Continues anticoagulants

« Ensure adequate oxygenation

« Ensure adequate diuresis

* Pulmonary rehabilitation

» Balloon pulmonary angioplasty?
» PAH-specific treatment ?
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Balloon Pulmonary Angioplasty (BPA)

 Alternative option for some patients when lesions are
too distal for PEA

* No longer considered experimental or desperation
modality

* Evolving fast: patient selection, vessel target,
imaging/guide

* High-risk procedure; reserved for experienced centers

Madani M, et al. Eur Respir Rev. 2017;26:170105.

Balloon Pulmonary Angioplasty (BPA)

+ Catheter-based alternative for patients deemed inoperable or unsuitable for PEA, and who have
recurrent PH after PEA

Distal segmental and subsegmental arteries
= High-risk procedure but less invasive than PEA
= No current guidance or standardization to determine eligibility for BPA
« Reserved for experienced centers
* Normally performed over multiple sessions

Potential complications: micro ruptures of the vessels that can lead to a pulmonary hemorrhage,
or sometimes major bleeding

Before BPA After BPA

Images courtesy of Ardeschir Ghofrani, MD.
Madani M, et al. Eur Respir Rev. 2017;26:170105.
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Summarizing PEA and BPA

= Can be used to remove * Catheter-based alternative for
thromboembolic lesions in expert patients deemed inoperable or

centersl®l unsuitable for PEA, and who have
—  Proximal main, (diameter of recurrent PH after PEA[®]
~3 cm), lobar, and distally — Distal segmental and

located midsegmental and subsegmental arteries!l
subsegmental branches!] High-risk procedure but less

Typically, treatment of choice for invasive than PEA"

patients with accessible lesions — Has been shown to improve

and who are suitable for surgeryl®! symptoms, function, and

10% to 50%* of patients are hemodynamics!?

inoperable with PEAL®] No current guidance or

Potentially curable!® or 35% of standardization to determine

patients may have persistent/ eligibility for BPAl2l

recurrent PHt after PEAI! * Reserved for experienced centers'®!

*May be an overestimation due to misdiagnosis of CTEPH. tHaving hemodynamic signs of PH.
a. Madani M, et al. Eur Respir Rev. 2017;26:170105; b. Delcroix M, et al. Circulation. 2016;1;133:859-871.

@ESC

Recommendations for CTEPH @ ERS

PICO 4: Should patients with CTEPH who are considered inoperable but
candidates for BPA receive medical therapy before interventional

therapy is initiated?
GRADE
Recommendations O'“.' Aoy Streng °f. Class Level
evidence recommendation
In patients with CTEPH who are candidates for
BPA, medical therapy should be considered prior ~ Very low Conditional la B
to the intervention
L J

mrisen
22 - g . 2072~ 80k WL Y ALY 272)
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CTEPH: The potential role of medical therapy

When is medical therapy for CTEPH
appropriate?

Patients with
predominantly distal
disease that is not
surgically accessible’

Patients with
persistent or residual
PH post-PEA'2

-~

Patients who are ‘high-risk’
due to extremely poor

haemodynamics prior to
EA'

PEA contraindicated due to
prognostically significant
comorbidity’

CTEPH: chronic pL
PEA: pulmonary endarterectomy 1. Hoeper MM, et al. J Am Coll Cardiol 2009; 54:585-96.

2. Kim NH, et al. J Am Coll Cardiol 2013; 62:092-9.

CHEST-1: Treatment of CTEPH with riociguat

« Phase Ill multicentre, double-blind, placebo-controlled study

* 261 patients with inoperable CTEPH or persistent/recurrent
PH after PEA

— Randomised to receive riociguat or placebo
+ Significantly improved 6MWD and PVR after 16 weeks
— 6MWD: 39 m A in riociguat group
6 m W in placebo group
— Mean PVR: 226 dyn-sec.cm W in riociguat group

23 dyn'seccm™ A\ in placebo group

BMWD: 6-minute walk distance; CTEPH: chronic
PEA: pi y : PVR: p

ic p Y
y vascular resistance

Ghofrani HA, et al. New Engl J Med 2013; 369:319-29.
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Chronic Thromboembolic Pulmonary Hypertension

Parting Thoughts...

* PHis a serious, complex, & underrecognized condition

* A comprehensive evaluation is needed to determine
what type of PH is present

* Current and emerging therapies can alleviate

symptoms and maybe starting to influence longer-
term outcomes

2022 ESC/ERS Guideline. European Heart Journal (2022) 00, 1-114
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Thank you for your attention
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