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Guidelines methodology

Four questions that were considered highly
important were formulated in the PICO format,
and assessed with full systematic reviews and
application of the Grading of
Recommendations, Assessment,
Development, and Evaluations (GRADE)
approach and the Evidence to Decision (EtD)
framework

Eight questions that were considered of key

importance (key narrative questions) were
assessed with systematic literature searches
and application of the EtD framework.

The remaining topics of interest were
assessed using the process commonly
followed in ESC Guidelines.

Foreground (PICO) Questions
Population/Problem/Patient. What is
the problem to be addressed? ...

* Intervention. What is the relevant
treatment or exposure? ...

« Comparison. What is the alternative to
the intervention? (A different
intervention? ...

* Outcome. What are the relevant
effects? ...

Humbert M. et al. European Heart Journal, 2022;43:3618-3731



GRADE strength and quality of evidence

Recommendatio
n strength

Strong
recommendation
for

Conditional
recommendation
for

Conditional
recommendation
against

Strong
recommendation
against

No
recommendation

Rationale

The panel is certain that the desirable outweigh
the undesirable effects

The panel is less confident that the desirable
outweigh the undesirable effects

The panel is less confident that the undesirable
outweigh the desirable effects

The panel is certain that the undesirable
outweigh the desirable effects

The confidence in the results might be very low
to make a recommendation, or the trade-offs
between desirable and undesirable effects are
finely balanced, or no data are available.

Humbert M. et al. European Heart Journal, 2022;43:3618-3731

Quality

High

Moderate

Low

Very low

Definition

We are very confident that the true effect
lies close to that of the estimate of the
effect

We are moderately confident in the effect
estimate: the true effect is likely to be close
to the estimate of the effect, but there is a
possibility that it is substantially different

Our confidence in the effect estimate is
limited: the true effect may be substantially
different from the estimate of the effect

We have very little confidence in the effect
estimate: the true effect is likely to be
substantially different from the estimate of
effect




Classification of PH

GROUP 1 Pulmonary arterial hypertension (PAH)

GROUP 2 PH associated with left heart disease

GROUP 3 PH associated with lung diseases and/or hypoxia
GROUP 4 PH associated with pulmonary artery obstructions
GROUP 5 PH with unclear and/or multifactorial mechanisms

CLINICAL CLASSIFICATION )3

PH associated with PH associated with il aslsjtlz:::;c‘.e;d it
left heart disease lung disease P ol
artery obstructions

[ PH with unclear
and/or multifactorial
mechanisms

Pulmonary arterial
hypertension (PAH)

.«;-,:::_,_ ¢ gl{ AN
* |diopathic/heritable e |pcPH * Non-severe PH e CTEPH ¢ Haematological
* Associated e CpcPH * Severe PH e Other pulmonary disorders
conditions obstructions e Systemic disorders

Humbert M. et al. European Heart Journal, 2022;43:3618-3731



GROUP 2 PH associated with left heart disease

e 2.1 Heart failure:

« 2.1.1 with preserved ejection fraction

« 2.1.2 with reduced or mildly reduced
ejection fraction

o 2.2 Valvular heart disease

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

Humbert M. et al. European Heart Journal, 2022;43:3618-3731
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Progression from IpcPH to CpcPH

Extracellular
Matrix

Capillaries
Arterioles P Veins

Ipc-PH

Alveolar-Capillary Stress Failure

Na'/Glucose
Co-transport

Cpc-PH

Capillary Remodeling

Capillaries

Arteriol Vein:
v.mﬁ,.,?,ffm Endothelial cell breaks, impaired permeability, protein loss wall 'ﬁncl?emng
Endothelial Dysfunction

Thickening of
Extracellular Matrix

Capillaries Pulmonary Vein
Endothelial cell breaks, impaired permeability, protein loss Arterialization

Arterioles
Muscularization

Guazzi et al. JACC 2017;69:1718-1734 Media Fyperaophy of SMC



Haemodynamic definitions of PH

Definition Haemodynamic characteristics
PH mPAP >20 mmHg
Pre-capillary PH MmPAP >20 mmHg
PAWP <15 mmHg
PVR >2 WU
lpcPH MmPAP >20 mmHg
PAWP >15 mmHg
PVR =2 WU
CpcPH mPAP >20 mmHg
PAWP >15 mmHg
PVR >2 WU
Exercise PH MPAP/CO slope between rest and exercise
>3 mmHg/L/min

Humbert M. et al. European Heart Journal, 2022;43:3618-3731



Why keeping PAWP at 15 mmHg

Best threshold for PAWP discriminating pre- and post-capillary PH is
contradictory.

Although the upper limit of normal PAWP is considered to be 12 mmHg,
previous ESC/ERS Guidelines suggest a higher threshold for the invasive
diagnosis of heart failure (HF) with preserved ejection fraction (HFpEF)
(PAWP 215 mmHg).

Almost all studies of PAH have used the PAWP <15 mmHg threshold.

Therefore, it is recommended keeping PAWP 15 mmHg as the
threshold for pre-capillary PH, while acknowledging that any PAWP
threshold is arbitrary and that the patient phenotype, risk factors, and
echocardiographic findings, including left atrial (LA) volume, need to be
considered when distinguishing pre- from post-capillary PH.

Humbert M. et al. European Heart Journal, 2022;43:3618-3731



Normal range of pulmonary pressures -
metaanalysis

Data on 1,187 individuals from 47 studies in 13 countries were

included
TT TUOUTWANANI A

P,, mmHg 14.0£3.3
Systolic P,, mmHg 20.814 .4
Diastolic P,, mmHg 8.813.0
P,., mmHg 8.0+2.9
Heart rate min™ 76114

Cardiac output L-min™1 7.312.3
Cardiac index L-min~'-m™2 4.1+1.3
PVR dyn-s-cm™ 74£30

Kovacs G, Berghold A, Scheidl S, Olschewski H. Pulmonary arterial pressure during rest and exercise in
healthy subjects: a systematic review. Eur Respir J. 2009;34(4):888-894. doi:10.1183/09031936.00145608



Why DPG is no longer used?

2015 2022
Definition Haemodynamic characteristics

PH PAPm 225 mmHg PH mPAP >20 mmHg
Pre-capillary PH PAPm >25 mmHg piescanlnyi MEAE=20 IkIE
PAWP <15 mmHg PAWP <15 mmHg
PVR >2 WU
IpcPH mPAP >20 mmHg
Post-capillary PH PAPm >25 mmHg PAWP >15 mmHg
PAWP >15 mmHg PVR <2 WU
kolated lary PH DPG <7 mmHe and). CpcPH mPAP >20 mmHg
solated post-capillary <7 mmHg and/or
(Ipc-PH) PVR <3 WU PAWP >15 mmfig
PVR >2 WU
Combined post-capillary and pre-capillary PH DPG =7 mmHg and/or Exercise PH mPAP/CO slope between rest and exercise
(Cpe-PH) | PVR >3 WU >3 mmHg/L/min

Galié et al. EHJ 2015 Humbert et al. EHJ 2022



Survival in HF-pEF patients accroding to DPG
(< 7 mmHg vs. 2 7 mmHg)
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Why DPG is no longer used?

Risk of death in patients with higher DPG Risk of death in the subgroup with higher PVR and DPG

| Post-Capillary PH, DPG > 7mmH 1.0 4 —— Post-Capillary PH, PVR 2 3WU and DPG =2 7mmHg
1.0 oS mn’e AN Post-Capillary PH, PVR > 3WU and DPG < 7TmmHg
""" Post-Capillary PH, DPG < 7mmHg b —. NoPH
- No PH AN

Survival
Survival

0.2 T T T !
0.2 T T T 1 0 1000 2000 3000 4000
0 1000 2000 3000 4000 Time (Days)
Time (Days) Number at risk
Number at risk Low DPG 125 46 23 10 0
Low DPG 407 189 109 43 16 High DPG 54 30 18 4 0
High DPG 62 34 21 5 0

Tampakakis E et al. J Am Coll Cardiol HF. 2015 Jan, 3 (1) 9-16



When to refer patients with LHD to PH center

B mPAP 219 mmHg + PAWP =15 mmHg C mPAP =19 mmHg + PAWP >15 mmHg

Patients at risk for PH based on
mean pulmonary artery
pressure (MPAP) 219 mmHg
(N=32,725 of 40,082 [81.6%]).

The all-cause mortality hazard
for PVR was increased at ~2.2
WU compared to PVR=1.0 WU.

Hazard ratio mortality

0 1 2 3 4 5 6 0 1 2 3 4 5 6

PVR (WU) PVR (WU)

Based on available data, a PVR >5 WU may indicate a severe pre-capillary component,
the presence of which may prompt physicians to refer patients to PH centres for
specialized care.

Maron BA et al. Lancet Respir Med. 2020 Sep; 8(9): 873-884.



How many patients with LHD have PH

HF-rEF : 40-72%
HF-pEF: 36—83%

Out fo these, ~20-30% of patients are categorized as
having CpcPH.

Valvular heart disease

— Aortic stenosis 65%

— Severe mitral valve stenosis — all develop PH

— Severe mital valve regurgitation — large majority

Humbert M. et al. European Heart Journal, 2022;43:3618-3731



Phenotypic continuum

PAH /| CTEPH?
PH in lung disease? HF-rEF

Precapillary zgfrtﬁ?r?:clla?ry ? Postcapillary

Precapillary ?

RV phenotype LV phenotype
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Humbert M. et al. European Heart Journal, 2022

Dilated RV with basal RV/LY
ratio >1.0;
four-chamber view

Enlarged right ventricle;
parasternal long-axis view

e

RVOT AT <105 ms '\l '

notch’ Diastole Systole

RVOT acceleration time of
pulmonary ejection <05 ms
mid-systolic ‘notch’ indicative of
pre-capillary PH

o End-systolic

Reduced right ventricular
fractional area change (<35%);
four-chamber view

" Peak TRV

>2.8 mfs

Increased systolic peak tricuspid
regurgitation velocity (peak TRV);
measured with continuous

wave Doppler

Enlarged right atrial area
(>18 cm?);
four-chamber view

Flattened interventricular septum
(arrows) leading to ‘D-shaped’ LV;
decreased LV eccentricity index;
parasternal short-axis view

o

TAPSE
<18 mm

Decreased tricuspid annular
plane systolic excursion (TAPSE)
measured with M-Mode (<18 mm)

Estimated RAP

<2.l em >50%

>2.8 m/s

Estimation of systolic pulmonary
artery pressure (sPAP);

sPAP =TR pressure gradient +
estimated RAP

3(0-5)
>2.01cm >50% 8 (5-10)

';eakTRV >2.1 cm <50% 15 (10-20)

Distended inferior vena cava
with diminished inspiratory
collapsibility; subcostal view

™ )
A

§' <9.5 cm/s

Decreased peak systolic (S)
velocity of tricuspid annulus
(<9.5 ecm/s) measured with
tissue Doppler

Presence of pericardial effusion;
four-chamber view;

parasternal short-axis view;
other views (e.g. subcostal view)
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Humbert M. et al. European Heart Journal, 2022;43:3618-3731

PASP vs. TRV

« Considering the inaccuracies in estimating RAP and the
amplification of measurement errors by using derived variables, these
guidelines recommend using the peak TRV (and not the estimated
sPAP) as the key variable for assigning the echocardiographic
probability of PH.

- A peak TRV >2.8 m/s may suggest PH; however, the presence or
absence of PH cannot be reliably determined by TRV alone.

* Lowering the TRV threshold in view of the revised

haemodynamic definition of PH is not supported by available data



Prognostic stratification based on echo

Log-rank p < 0.001
TAPSE/PASP tertile

Determinants of prognosis Low risk Intermediaterisk  High risk 107 —low  — censored
—— Middle —— censored
(estimated l'year (<5°/0) (5-200/0) (>20°/0) B 0.8 —— High —+ censored
mortality) g 0.6 :
. 2 2 2 S o4y l
Echocardiography RA area <18 cm RA area 18-26 cm RA area >26 cm 5 !
AP >0.32  TAPSE/sPAP0.19-  TAPSE/sPAP <0.19 :
mm/mmHg 0.32 mm/mmHg mm/mmHg T EEE R EREL"
No pericardial Minimal pericardial Moderate or large Time (years)
eﬁUSion eﬁUSion pel’ica rdial Number at risk 1 year 3 years 5 years
effusion Middle tertle o o o
High tertile 85 66 50

Humbert M. et al. Eur Heart J. 2022;43:3618-3731
Tello K et al. Int J Cardiol. 2018 Sep 1;266:229-235.



TAPSE/sPAP in Heart Failure

nN=293 HFrEF and HFpEF pts

254 | N * | 1.0 - > 0.64 mm/mm Hg
| | : T -
o Rl i R 0.50-0.64 mm/mm Hg
R B
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— 20 1 0.8 ‘-'E.. I 0
= i,
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W 151 NYHA class| £ =0 LI X
S 3 04-
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104 NYHA classlII =i
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NYHA classlV Low TAPSE
5 0.0 4 Log-rank: 78,881 p<0.0001
| ) ] | i ]
20 30 40 50 60 .00 10.00 20.00 30.00 40.00 50.00
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Guazzi et al. Am J Physiol Heart Circ Physiol305: H1373-H1381, 2013



Pulmonary arterial compliance and PVR - impact
on TAPSE/sPAP

8 =
Guazziet al. study Gerges et al. study Tellio et al. study
6 -
>0.56
O
PAC, 0.56-0.35 oAl
ml/mmHg 4 ] ®) A
TAPSE/PASP [] PH-HFrEF
0.31
O >0.35 () PH-HFpEF
2 ~0..... 022
| - e 0.19-0.32
_________________ I\ 77014 5019
] Y -_\ a
0 1] 1 1 1 T — 1
3 6 9 12 15 18
PVR, WU

Guazzi et al. International Journal of Cardiology 266 (2018) 242-244



SCORING SYSTEMS



Scoring systems for prediction of

pulmonary vascular disease
« n=152 echo and RHC within 1 hour

« precapillary hypertension (PCWP< 15 mmHg)

Pre-

Post-

Right > left heart Left > right heart

chambers; chambers;
RV forming heart LV forming heart
apex apex
LV EI 21.2

LV ElI<l1.2

Dilated and fixed

Normal and
IvC

collapsible IVC

E/e’ ratio <10 E/e’ ratio =10

D’Alto et al. J Am Soc Echocardiogr 2015;28:108-15



Scoring systems for prediction of pulmonary
vascular disease

right vs. left heart chamber dimensions (LA ” R oo

+ LV < RA + RV), 190

RV forming the heart apex o
LV eccentricity index (EI) (>1.2 or <1.2) Sensitivity: 775
pericardial effusion Z e e
systolic notch on RVOT flow '

I\VC diameter (<20 or >20 mm) and o

collapsibility (< 50% or >50%) "

E/e’” ratio (< 10 or >10)

moderate to severe mitral or aortic valve 0

disease. 0 20 40 60 80 100

100-Specificity

D Alto et al. J Am Soc Echocardiogr 2015;28:108-15



Feature

Age

Obesity, hypertension,
dyslipidaemia, glucose
intolerance/diabetes

Presence of known LHD

Previous cardiac
intervention

Atrial fibrillation
Structural LHD
ECG

Echocardiography

CPET

cMRI

Probability of PH due to LHD

PH-LHD unlikely Intermediate probability
<60 years 60-70 years

No factors 1-2 factors

No Yes

No No

No Paroxysmal

No No

Normal or signs of RV strain Mild LVH

No LA dilation No LA dilation

E/e' <13 Grade <2 mitral flow
High VE/VCO:2 slope Elevated VE/VCO:z2 slope
No EOV EQV

No left heart abnormalities

PH-LHD likely
>70 years
>2 factors

Yes
Yes

Permanent/persistent
Present
LBBB or LVH

LA dilation (LAVI >34 mL/m?)
LVH

Grade >2 mitral flow

Mildly elevated

VE/VCO:2 slope

EOV

LVH

LA dilation (strain or LA/RA

Humbert M. et al. European Bdqrt Journal, 2022;43:3618-3731



Who may benefit from RHC

PAH /| CTEPH?
PH in lung disease? HF-rEF
HF-pEF ?

PAH
CTEPH

L

Precapillar Postcapillary ? Postcapilla
P y Combined? piilary
Precapillary ?
Yes — to confirm the Yes — if in doubt - to Yes — if HTx is considered

diagnosis + lead the Rx confirm the diagnosis
Imaging: General University Hospital, Prague, CZ



Stress RHC - PAWP 2 25 mmHg

95 subjects with exercise-induced dyspnea,
PAPM < 25 mmHg and PAWP < 15 mmHg at rest, normal BNP
Exercise rise in PAWP > 25 mmHg = HF-pEF

40 - *t 50 50
<0.0001 s p<0.0001 oo
- P £ 40 + a0 £
o = n £
T 30+ E 3 30 E
£ *T o o
£ *t 8 20 20
— | S ® ¢
a 20 - 10{ © . 10 =
= —
o 0 T T T T 0
Q- 10- Rest Exercise  Rest Exercise
¥ t
0 1 I Ll 1 L]
Baseline FeetUp 1 min Peak 1 min
Exercise Exercise Recovery 807 80

= p<0.0001 i
I 60 60 T
* p<0.0001 for APCWP (vs NCD) E T E
T p<0.0001 vs base (within group) g 40 t m [40 g
o @
_ . T p<0.01 vs base (within group) =, & =
NCD= non-cardiac dyspnea < 2] o o 24

0 ¥ T T T 0

-- NCD -#- HFpEF Rest  Exercise Rest  Exercise

Borlaug BA et al. Circulation: Heart Failure. 2010;3:588-595



Volume challenge to diagnose HF-pEF

* (A) no pulmonary hypertension controls,

rapidly infused saline
7 ml/kg

Cut-off PCW > 18
mmHg

A

40

0h

(B) patients with precapillary pulmonary hypertension
(C) patients with post-capillary pulmonary hypertension

B 40.

PAWP (mmHg)

0 200 400 600 800
Volume Infused (ml)

PAWP (mmHg)

10

0Ob L :n I

0 200 400 600 800 0 200 400 600 800
Volume Infused (ml) Volume Infused (ml)

D Alto M et al. Chest. 2017 Jan;151(1):119-126.



TREATMENT



ENABLE: Death or hospitalization for heart failure

100 -

Bosentan = 312 events
Placebo = 321 events

~
6]
[

Logrank p-value: 0.8986

N
&)
|

% of patients (event-free)
(@)
o
1

Functional class IlIb to IV heart failure and EF<35% - placebo or bosentan
(target dose 125 mg twice daily) for a median of 1.5 years.

O | ] | ] | ] U U

0 26 52 78 104 1130 Weeks
Pts at risk 804 615 542 393 123 0
807 655 577 388 113 0

Packer M et al. J Am Coll Cardiol HF. 2017 May, 5 (5) 317-326



Patients (%)
8

N
o

SIOVAC - Sildenafil to improve PH in aortic
stenosis patients after replacement / repair

B Sildenafil JjPlacebo

Worsened Improved Unchanged
Composite Clinical Score

& Sildenafil
2 20+
o
Odds Ratio: 0.39 >
95% Cl:0.22 to 0. o
P<0.001 8 Placebo |'I
g 10- :
Q
.% Hazard Ratio= 2.0
s 95%Cl:1.0- 4.0
| || I 0+ Log-rank P= 0.044
Undetermined 6 é i 6
No. at Risk Months since randomization
Sildenafil 104 84 78 68
Dlarahn as an -5 ] 77

Bermejo J et al. Eur Heart J. 2018 Apr 14;39(15):1255-1264.



Recommendations for LHD PH

Recommendations Class® Level®
In patients with LHD, optimizing treatment of the underlying condition is recommended I A
before considering assessment of suspected PH

RHC is recommended for suspected PH in patients with LHD, if it aids management I C
decisions

RHC is recommended in patients with severe tricuspid regurgitation with or without LHD I C
prior to surgical or interventional valve repair

For patients with LHD and suspected PH with features of a severe pre-capillary component | C

and/or markers of RV dysfunction, referral to a PH centre for a complete diagnostic work-up
is recommended

In patients with LHD and CpcPH with a severe pre-capillary component (e.g. PVR >5 WU), | C
an individualized approach to treatment is recommended
When patients with PH and multiple risk factors for LHD, who have a normal PAWP at rest | C

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, lib C
additional testing with exercise or fluid challenge may be considered to uncover post-

capillary PH

Drugs approved for PAH are not recommended in PH-LHD Il A



GRADE recommendations - sildenafil

Recommendation

GRADE
Recommendations S\:Z:tr?czf rset::zrrllgr::le(r)\fdation Class® Level®
No recommendation can be given Low None — —
for or against the use of PDESis
In patients with HFpEF and
combined post- and pre-capillary
PH
The use of PDEDSis in patients Low Conditional 1l C

with HFpEF and isolated post-
capillary PH is not recommended



Conclusions

Left heart Disease is the most frequent cause of PH

Despite modification of definition PAWP of 15 mmHg stays
unchanged to define postcapillary PH

Definition of CpcPH is using PVR of >2 WU instead of DPG

Specific therapy of PH using drugs indicated in PAH is
recommended neither in IlpcPH nor in CpcPH

TAPSE/sPAP - stressed out as an important prognostic
measure (? thresholds, validation?)
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