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76 years old women
-chronic hypertension
-Type 2 Diabetes Mellitus
-BMI = 34 kg/m?

Acute pulmonary edema

Echo

-preservedLVEF = 75%
-LV_concentric remodelindgRWT=0.48)
-enlarged LA

9KSQ NYGA2T H~A
-Peak TRV= 3.5 m/s

NT-proBNP= 1300pg/mL (SR)
-
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Many patients are at an ndnearl yo

Dyspnea / exercise Intolerance

- % : Comorbidities

Arterial Hypotension - 5-10% Arterial Hypertension - 60-80%
Often a barrier to initiating HF therapies Associated with increased mortality

Elderly (>65 years) - 60-70%
More likely to be white, women;
higher comorbidity burden

Ejection fraction >65% - 8-10%
Consider secondary HFpEF, including
amyloidosis and HOCM

Coronary Artery Disease - 40-70%
More severe hemodynamic impairment; worse prognosis

Ejection fraction 50 to 55% - 10-20%
Cl istics and resp to
may be similar to HFrEF

Female Sex - 40-50%

COPD - 15-20% Worse symptoms and quality of life; lower mortality

Safety of long-acting beta-agonists and
muscarinic agonists not well-established

Chronotropic Incompetence - 30-50%
Cachexia - 15-20% Associated with lesser exercise tolerance
Associated with a poor prognosis; increased risk

of adverse drug effects and drug interactions

Patients with
HFpEF

Obesity - 30-40%
Atrial Fibrillation - 15-30% Worse symptoms, quality of life & prognosis

Associated with increased HF hospitalization

Iron Deficiency - 20-50%

Pulmonary Hypertension - 20-30% Worse qualty.of ite S prognosis

Worse symptoms and increased mortality
Sleep Apnoea - 20-50%
Effect on progression and prognosis of HFpEF not well-established
High Heart Rate (>80 bpm) - 20-30%
Associated with increased CV risk Type 2 Diabetes - 20-40%

Worse quality of life & prognosis

Functional Tricuspid Regurgitation- 20-40% Chronic Kidne 3
” ? . y Disease - 20-40%
Associated with increased mortality A ssdialod ih Mors culeamss

Atrial FMR - 20-40%
Associated with increased mortality

- —
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Finerenoneand Heart Failure Outcomes in Chronic Kidney Disease and Diabet:

N
o

A n=13026 patients A ]
HR: 0.78 (95% CI: 0.66-0.92)
A T2D and CKD P =0.003

A Under ACE or ARB (99.8%)

.
(&)}
1

NE 2F | ¢ Fys
0]

Cumulative Incidence (%)
o o

0 = T T T T T T T T
0 6 12 18 24 30 36 42 48

Time to First Event (Months)
Number of Patients at Risk

Finerenone 6,519 6,431 6,313 6,168 5450 4,379 3,203 2,299 1,143
Placebo 6,507 6,394 6,246 6,103 5,379 4,342 3,138 2271 1,144

Time tofirst Hospitalization for HF

“ : @ FORUM EUROPEEN CCEUR, EXERCICE & PREVENTION Filippatos G, et al. J Am Coll Cardiol HF. 2022,10(1):860-870. ||



EmpagliflozinCardiovasculadutcomesand Mortality in Type 2 Diabetes

n=7020 patients
T2D at high CV risk
Hi story
CAD a75%

of HF

Primary composite outcome:
-death from CV causes,
-myocardial infarction,
-stroke

%

A Primary Outcome

B Death from Cardiovascular Causes

20 91 Placebo
—_ — 84
g Placebo g .
F 154 £
& Hazard ratio, 0.86 (95.02% Cl, 0.74-0.99) _ @ 6 Hazard ratio, 0.62 (95% Cl, 0.49-0.77) Empagliflozin
= 10 P=0.04 for superiority Empagliflozin < 54 P<0.001
S 104 =
é @ ; “I
b g 3
5 51 VR
14
0 1 1 T 1 1 T 1 1 0- T T T T T 1 T 1
0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48
Month Month
No. at Risk No. at Risk
Empagliflozin 4687 4580 4455 4328 3851 2821 2359 1534 370 Empagliflozin 4687 4651 4608 4556 4128 3079 2617 1722 414
Placebo 2333 2256 2194 2112 1875 1380 116l 741 166 Placebo 2333 2303 2280 2243 2012 1503 1281 825 177
C Death from Any Cause D Hospitalization for Heart Failure
157 79 Placebo
Placebo
3 €
- =
g 10 g 5
& Hazard ratio, 0.68 (95% Cl, 0.57-0.82) @ Hazard ratio, 0.65 (95% CI, 0.50-0.85)
= P<0.001 Empagliflozin £ 41 P=0002 Empagliflozin
Z E
A 5 -
t €
2 37 £ 2
o I
o o
14
c- 1 1 T 1 1 T 1 1 C T T T T T 1 T 1
0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48
Month Month
No. at Risk No. at Risk
Empagliflozin 4687 4651 4608 4556 4128 3079 2617 1722 414 Empagliflozin 4687 4614 4523 4427 3988 2950 2487 1634 395
Placebo 2333 2303 2280 2243 2012 1503 1281 825 177 Placebo 2333 2271 2226 2173 1932 1424 1202 775 168
(ne‘) : T




Invasive exercise hemodynamics: Gold standard

N=55 patients with dyspnea
-TTE: normal (LVEF >50%)

A - -
-BNP level: normal NER PRI
40 *t
-RHC: normal PCWP at rest _ p<0.0001
T 30- .
: o
>> 32 (58%) abnormal exercise PCWP | & 2. :
O 25mmHg 3
B 10+
1 t
0

1] 1 1] I L]
Baseline FeetUp 1 min Peak 1 min
Exercise Exercise Recovery

Borlauget al, CircHeartFail 2010
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Abnormal exercise PCWP: linked to prognosis

100 =
90 _ \\\_\K -
HR 2.37
C11.09-517
s 80 p=0.029
5 |
2 HR 4.75
3 C11.90-11.84
2 p<0.001
g 70 —— PCWPs 12/ PCWLs< 255
Q
® —— PCWPs< 12/ PCWL> 255 HR 3.14
z C11.22-8.01
& 60 PCWP> 12/ PCWLs 25.5 p_=C,) 018
—— PCWP> 12/ PCWL> 255
50 =
e I T T T T T T T
0 2 4 6 8 10 12 14 16
Time (years)

Early stage HFpEPAWPX 2 mmHg(rest) andx@25 mmHg(exercisg

-could be unmasked at low exercise level
-is associated with mortality

C 1

Dorfset al, EuropearHeartJournal 2014



Early stage HFPEF: resting echo and BNP not enough

A HT >95%

Control subjects HFpEF with HFpEF with
without HFpEF NT-proBNP <125 ng/L NT-proBNP 2125 ng/. B NERNACELEE:

(n=161) (n=157) GEPLSF oA /' 5 F o E:

J

J

NT-proBNP (ng/L) 73 (3@;144) 65 (3%109) 790 (35@1506)

B
© 1.0 £ LVMi T LAV
S 3 - 5 ;
T_U : p=0.008 p=0.007 E 100 p<0.0011 © p<0.001
= g 160 " X
5 - 0.8 2 2 80
o % £ 120 ]
c E = 5 60
— — <]
S § 067 L
= 8 Log-rank p<0.0001 g S 20
-k, 40 . 7}
5 :: ﬂ L 4 ] 3 Conllollsublﬁcls HFPE:‘ with HFpE‘F with - Control subjects HFpEF with HFpEF with
E [ without HFpEF NT-proBNP <125 ng/L.  NT-proBNP 2125 ng/L without HFpEF NT-proBNP <125 ng/L  NT-proBNP 2125 ngiL.
) g = Control subjects without HFpEF
n Ww - .
5 0.2 ——  HFPEF with NT-proBNP <125 ng/L G B E/eQ
Q wee  HFpEF with NT-proBNP 2125 ng/L _ 0157 = . SOT —e
= 0 - p<0.001 - p<0.001 p<0.001 p<0.001
< 0.0 T T T T T T 1 £ o L % g 404
20.10 e —- - i
0 12 24 36 48 60 72 84 P = = = < 201
b [
Follow-up Time (Months) 2> T 20-
No. at risk % 0.05 - ——— = & 3
= = o 8
- - = 104 .
94 ™ 57 47 8 i
= 107 T4 as 34 0.00 T T 0 T T T
Control subjects HFpEF with HFpEF with Control subjects HFpEF with HFpEF with
— 1 1 n Eg M without HFpEF NT-proBNP <125 ng/L.  NT-proBNP 2125 ng/lL. without HFpEF NT-proBNP <125 ng/L.  NT-proBNP 2125 ngiL.

JCEUR, EXERCICE & PREVENTION
EN CTEUR, Verbruggeet al, EHJ 2022



Table 4. Classification of HF by LVEF

Type of HF According to
LVEF Criteria

HFEF (HF with reduced EF) | LVEF <40%

HFimpEF (HF with improved | Previous LVEF £40% and a follow-up
EF) measurement of LVEF >4006

HFmrEF (HF with mildly re- | LVEF 41%-49%

duced EF) Evidence of spontaneous or provokable

increased LV filling pressures (eg, elevated
natriuretic peptide, noninvasive and invasive
hemodynamic measurement)

HFpEF (HF with preserved LVEF =50%
EF)

Evidence of spontaneous or provokable
increased LV filling pressures (eg, elevated

natriuretic peptide, noninvasive and invasive
hemodynamic measurement

I N
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Multimodality imaging in patients with heart
failure and preserved ejection fraction: an
expert consensus document of the European
Association of Cardiovascular Imaging

Table 4 Diastolic stress test: Indications and criteria for response

Diastolic stress test

Do not need the diastolic stress test:

® Preserved ¢ at rest: mitral annulus septal e’ >7 cm/s and lateral ¢’ >10 cm/s. Unlikely to develop elevated LV filling pressures with exercise.

® Elevated LV filling pressure at rest, by echocardiography.

Candidates for the test:

® Grade 1 LV diastolic dysfunction with normal LV filling pressure at rest and signs of delayed myocardial relaxation.

Diastolic stress test is positive when all of the following three conditions are met:

® Average E/e’ > 14 or septal E/e’ ratio >15 with exercise.
® Peak TR velocity >2.8 m/s with exercise.

® Septal ' < 7 cm/s or if only lateral velocity is acquired, lateral e’ < 10 em/s at baseline.

Normal response to diastolic stress test if both of the following two conditions are met:

® Average or septal E/e’ < 10 with exercise.
® Peak TR velocity <2.8 m/s with exercise.

European Heart Journal - Cardiovascular Imaging (2022) 23, e34—e61
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Average Ele’' > 14 or septal E/e’ ratio >15 with exercise.
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European Heart JournaCardiovascular Imaging 2022



Variables All patients
(n = 60)
Demographics
Age (years) 63.5 [54.6-70.3] 35 F o—o Group 1
< a---0ad -
Male gender 46 (77) P g:_z::g i n =14 (23%)
Body mass index, kg/m’ 26.4 [23.9-28.5] NT-proBNP
Prior PCI 14 (23) 30F J EE— e 118 [106372]
Coronary stenosis >50 % 13 (22) "
Hypertension 38 (63) 25} g
Diabetes 16 (27) = n =34 (57%)
Smoking history 31 (52) = NT-proBNP
— 20 —  48[2797]
=
Zy\)‘ {g\} {Q)) e e e __l6 mmHg
- 15F
; n=12(20%)
10 NT-proBNP
34[18-87]
—
5 = A i
LVEDP LVEDP LVEDP
at rest at2s W at 50 W

Hammoudi et al, CliResCardiol2017



Sensitivity

S
o

80

(=)
o

20

E/e’ septal

E/e’ at S50 Watts: AUC = 0.72, p = 0.009

1 l 1 1 1 l ' 4 ' l ' L L l

40 60 80 100
100-Specificity

7
=
3.-,.
Wy
L
-
-
o
[E4]
E
-
[
]
LA 8]

o 1=0.34,p=0.008, n=59

15

LVEDP at 25 Watts

Hammoudi et al, CliResCardiol2017



AE/e' average vs APAWP

15
APAWP | ¢ i
= . . =0.77
e ki (mmHg)

@
G * W

10 5 0 5 10
AE/e' average (cm/s)

Santos et alCircHeartFail 2015
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12 studies

Sharifovet al. JAHA 2017
Hammoudiet al. 2017
Obokataet al. 2017

Chen et al 2019

Design

Population

Intervention

Temporalité

ETT/KT

Ele’

Mesure
PRVG

Coefficient de corrélation (r)
post intervention (Pl) ou

0 2

Commentaire

Intervention pour augmenter les pressions de remplissage VG

variation avant/aprés (A)

. Ele' > 15 prédit une Pcap 2
Talrela, 2007 | Prospective | (SPRSR 8O | 1 | CYOIONENS | Simuanée | Septal | Peap | NA 20mmHg
i-cou Se = B3%, Sp = 100%
Maeder, . 14 ICFEP et B Cyclo-ergométre . _ _
2010 Cas-témain contréles 22 semi-couché Simultanée Septal Pcap £=022(p =033} (Pl}
Choi, 2016 Prospective ICFEP 181 | Leverde jambe Simultanée Septal PTDVG NA + PTDVG, + Ele'....
Hammoudi, . FEVG = 50% + Cyclo-ergométre . Pecap 25W: r=0,34 (p=0,008) (PI}
2017 Prospective | o ronarographie | 0 | couché Conséeutive | Septal SOW: r = 0,34 (p = 0,01) (P1)
50 ICFEP + 24
Obokata, Prospective | dyspnée 74 | Cycloergometre | g0 ianse Moyen | Peap [|r=0,57 (p<0,0001) (PI)
2017 h : couché
inexpliguée
Septal Stress Ele' vs APcap :

. Cyeclo-ergométre . ! Septal : r=0,68 {p<0,001)

Chen, 2018 Prospective ICFEP 34 couché Simultanée ::Eér::{ Pcap Latéral : r = 0,55 {p = 0,001)
V! Moyen : r=0,62 (p < 0,001}
Intervention r dimi les p i de remplissage VG
d e
- . PTDVG & Pecap & Ele’ |atéral
Efstratiadis, Prospective ICFEP 10 | Nesiritide IV Consécutive Latéral PTDVG & MNA Pas de corrélation entre AE/e' et
2009 Peap
PTOVG

. Patients sans . . Septal, Septal :r= 0,61 (p =046) (P}
Chan, 2011 Prospective coranaropathle 16 | Dobutamine [V Simultanée latéral PTOVG Latéral : = 0,78 (p = 0,27) (PI)
Manouras,  Npepective | ANGOTSIBbIESUOU | 5p | \iociyeerine I | Simultane el | prove fr-o08 (NS} (&)
2013 peclive | dyspnée d'effort troglycen ifmu moyen =0

Septal AEfe' vs APcap

. Dyspnée Semi-couchée . ! Septal :r=007 (p=061)

Sanlos, 2015 §Prospective | jnexpliquee 18 | vers debouta Simutanée | latéral, -\ Poap ¥ atgral:r= 0,07 (o = 0,61)
V! Moyen :r=-0,04 (p =077}
Intervention pur aug ter et dimil les p i de remplissage VG
) Perfusion saline
Firstenberg, . . . I . Septal, Septal :r=0,14 (NS} (PI}
2000 Prospective Volontaires sains 7 [~} et |_ncI|na|son Simultanée latéral Pcap Latéral : = 0,17 (NS) (PI)
négative (.}
Perfusion saline . - Ele'..... ne donne pas une

. 11 ICFEF et 36 . T . Coeflicient de détermination | o

Bhella, 2011 JProspective contréles 47 L\g;;tli:zh{n?lmn Simultanée Moyen Pecap individuel R? varie de 0,00 2 0,94 ;sgr::;mn fiable des variations

R



EXxercise TRV ratio to track systolic PAP

150
:}':100
£
_gso
: 0+= = . ,
0 50 100 150
ExCMR, (mm Hg)
SD of Limits of
N Echo Cath Bias Bias Agreement r PValue
PASP at peak
Overall 65 40.4+15.6 42.3+19.0 19 16.3 -30.11t033.9 0.57 <0.001
A 22 48.8+19.6 46.9+23.5 -19 15.6 -32.31028.6 0.75 <0.001
B 28 38.2+12.0 41.2+15.6 3.0 15.1 —-26.7 10 32.6 0.42 0.03
C 15 32.1£8.5 37.5+17.0 5.4 19.3 -3251043.3 -0.05 0.87
CSlIFraAotS AY 2yte F o0

Claessen et al, JACC img 2044 Riel et aCircCrdiovasdmaging 2017; Amsallemet al, J AnSocEchocardiog?016;29:93102



Normalsubjects

N A0 A0 Ad0S0 eS80 Ase0T0 A0
0= (=0 =10 (=) @=1)  @=1)  (=10)

PASPat rest (mmHg)  27+4 2744 2913 2843 2644 1744 2846
PASPat first workload 3446 31+4 3345 3444 3146 3749 37145
step (mmHg)
Pt peakexercise 5149 4547 h1 46 h1 49 h3+4 h 417 47 >
(mmrg)
Increase in PASP 748 1148 4+]7 27+10 1945 1949 3048
(mmHg)

*No significant differences between strata except for PASP at peak exercise: P=0.01,

-peaksPARK  c 1YYl 3 06 0o @ p/¥yweag)50% >70yedts cn
- SPAP> 3.5m/s at 25 Watts: nobbservedin normal subjects

Mahjoubet al. EurJEchocardiographf2009 (Amiens)



Post-exercise LUS for HFpEF diagnosis: promising

Baseline / - A PostexerciseB-Lines
N

© FORUM EUROPEEN CCEUR, EXERCICE & PREVENTION



%

A C-index:
0.136 100
(0.073-0.199)
A C-index: P<0.0001
0.191
(0.094-0.288)
P=0.0001 30

C-index:
0.661
(0.558-0.764)

H2FPEF

H2FPEF +
BNP

Sensitivity

40

20

H2FPEF +
BNP +
peak B-line

@) FORUM EUROPEEN CCEUR, EXERCICE & PREVENTION

Peak B-lines =5

Maximal cycle ergometer test
(lung ultrasound beginners)

Sensitivity=33.3%
e o

Negative predictive value=59.1%
Positive predictive value=90.0%

Peak B-line C-index=0.713 (0.588-0.838)

20 40 60 80 100

1 - Specificity

CoiroS et al, ClifResCardiol2023
D B



Congestion pulmonaire induite a l'effort, n=1114, FEVG >50%

POST-
EFFORT

Variation
lignes B

ALignes B

Brupee=0 | | Brpee21
Boostet = Boostet = B,.,,,, Bpm,, < Brepos Brostet = Brepos -
n = 866 n=11 n=27 n=210 congEStlon
pulmonaire induite
@ ligne B ~oou = Bpyger - lignes Bpger
n = 866 n=38 n=210 b
a l'effort = 12%
78% 3% 19%
ALignes B < 2 ALignes B 2 2
n =983 n=131
ALignes B <2 AlLignesB22 3 (2-4)lignes B
18
16
@ 14
812
5,
o 8
£ 6
zZ,
2
. :
REPOS POST-EFFORT

— —

@ FORUM EUROPEEN CCEUR, EXERCICE & PREVENTIC Dr Camille Granger, Thése de médec_ile



Exercise echo to rule out ischemia

Exercise ECG 2919455

Diagnosis of CAD

Specifici

Exercise stress echocardiography® | 80-85 80-88
Exercise stress SPECT™** 73-92 63-87
Dobutamine stress echocardiography™ | 79-83 82-86
Dobutamine stress MR|>'% 79-88 81-91

Vasodilator stress echocardiography® | 72-79 92-95
Vasodilator stress SPECT™® 90-91 75-84
Vasodilator stress MR| . 10012 67-94 61-85
Coronary CTA=""-1% 95-99 64-83
Vasodilator stress PET" 108 81-97 74-9|

v

ESC guidelines, 201.



ESTABLISHED IN 1812 APRIL 2, 2015 VOL. 372 NO. 14

Outcomes of Anatomical versus Functional Testing
for Coronary Artery Disease

100+
90 15+ - i i
Anatomical vs. functional testing
}‘;‘ Hazard ratio, 1.04 (95% Cl, 0.83-1.29)
. | P=0.75
80 124
< 114
< 704 10-]
S 9]
@ 60+ 23
= 7
2 g5od 6 Anatomical
E 5 testing =
‘U
= 40+ 4 _”I’y—.
< - ~
o 3] e =t Functional
30+ i_ _‘._,_,--j testing
_ 0‘r’l”‘#— | T T T T T |
20 0 6 12 18 24 30 36 42
104
O-I__l'---l._l-_ljl_l_l_l_l_ll-'_'.—'-._._'—._-.—r_'_'_-._-
B T T T T T T 1
0 6 12 18 24 30 36 42
Months since Randomization
No. at Risk
Anatomical testing 4996 4703 4362 3551 2652 1705 902 269

Functional testing 5007 4536 4115 3331 2388 1518 832 258



Patients with angina and/or dyspnoea and suspected (@ ESC

coronary artery disease European Scity
Diagnosticapproach (2)
Offer diagnostic testing

‘Coronary CTA'

Choice ofithe test based on clinical
likelihod®, patient characteristics
i:ference, availability, Testing for ischaemia
| as local expertise® (imaging testing preferred)

STEP 5

paiepuew 3unsa
snsoudelp oN

Very low Clinical likelihood of obstructive

A bl 'Ull‘i il ]
STEP 6  Choose appropriate therapy based on symptoms and event risk® g@M"w’w‘m’”ﬁﬁj
T n-n,',mnq!n.—-mxnn-unp'

¢ Ability to exercise, individual test-related risks, and likelihood of obtaining diagnostic test resuit. ® High clinical likelihood and symptoms inadequat

to medialtreatment, high event risk basad on clinical evaluation (such as ST-segment depression, combined with symptoms at a low workload or systoic o
dysfunction indicating CAD), or uncertain diagnosison non-invasive testing. * Functionalimaging for myocardial ischaemia if coronary CTA has shown CAD of 0
uncertain grade or is non-diagnostic. £ Consider also angina without obstructive disease inthe epicardial coronary arteries (see section 6 of full text). =

ESC Guidelines onthe diagnosisand management of chronic coronary syndromes 14

www.escardio.org/guidelines
(European Heart Journal 2019; 10.1093/eurheartj/ehz425)

PPy
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Vol. 328 No. 8 PHYSICAL FITNESS AS A PREDICTOR OF MORTALITY IN MEN — SANDVIK ET AL. 533

PHYSICAL FITNESS AS A PREDICTOR OF MORTALITY AMONG HEALTHY, MIDDLE-AGED
NORWEGIAN MEN

Leiv Sanpvik, M.Sc., Jan Erikssen, M.D., D.Sc., Erik THauLow, M.D., D.Sc., Gunnar Erikssen, M.D.,
Rempar Munpar, M.D., anp Kaare Ropanr, M.D., D.Sc.

— 101+ Quartile 1

& _

- ) Quartile 2
VFHAnn YSyea®nn | &2

= .
Followup of 16years g 8 Quartiie 3

S 4

© Quartile 4

E 21

3

&)

2 4 6 8 10

12 14 16
Years of Follow-up

Figure 1. Cumulative Age-Adjusted Mortality from Cardiovascular
Causes over 16 Years of Follow-up, According to Fitness
Quartile.

N Engl J Med 1993;328:533-7



Conclusion

The diagnosis of HFpEF remains challenging in non congestive patients
-BNP could miss the diagnosis

-Echocardiography (even multiparametric approach) could be inconclusive

Echo stresstestingf or 0 dshawdtbe interpreted with caution
-E/ e 0 a bad parameter

-TRV useful but feasible in only 30% of patients (low level > 3.5m/s?)
-post exercise B-lines: promising

Echo stress testing: very useful to rule out ischemia

Invasive exercise hemodynamics could be considered in some
symptomatic patients (those requiring coronary angiography ?)

\;ﬁ 1 &) FORUM EUROPEEN CCEUR, EXERCICE & PREVENTION
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Altered cardiac reserve is a determinant of exercise intolerance in
sickle cell anaemia patients

Nadjib Hammoudi' | Alexandre Ceccaldi' | Jean-Philippe Haymann® |
Paul Guedeney] | Fadila Nicolas-Jilwan® | Michel Zeitouni' | Gilles Montalescot' | r A ’ . ,
Francois Lionnet> | Richard Isnard' | Stéphane N. Hatem' I n te ret d e S etu d e S CO m b I n e e S

Intolérance a I'effort

<o I

Anémie ?

Atteinte cardiaque ?

Atteinte

|
~N

parenchymateuse R . s
pulmonaire ? ETT d’effort couplee a 'EFX
Déconditionnement ' Lésions micro vasculaires ? I V02 IC DAVO2
musculaire ? ieepsittc 22011, . . ) )
‘ Mesurée par Mesuré par Calculée selon Fick :
EFX ETT DAVO2 =V02/IC

o 17¢) , , [
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Résultat; Déterminants de la congestion pulmonaire

Analyse univariée

REPOJ

Total ALignesB <2 | ALignesBz2
n=1114 n=983 n=131 P
Données cliniques et
antécédents cardiovasculaires Total AlLignes B <2 | ALignes B2 2 P
| Age (ans, moyenne £ DS) 63 + 11 62 + 11 65 + 12 0,041 | n=1114 n =983 n =131

Sexe masculin, n (%) 811(73) 710 (72) 101 (77) 0,24 Echocardiographie au repos
IMC (kg/m?, moyenne + DS) 26+4 26+3 26+ 4 0,86 FEVG (%, moyenne £ DS) 61+6 61+6 62+5 0,26
Obésité (IMC >30kg/m?), n (%) 188 (17) 165 (17) 23 (18) 0,82 Masse VGi (g/m?, moyenne + DS) e Tr+21 79+22 0,34
Tabagisme actif, n (%) 173 (16) 154 (16) 19 (15) 0,66 VTDVGI (mL/m?, moyenne + DS) 69 + 18 69+ 18 T0+18 0,86
Diabéte, n (%) 292 (27) 263 (28) 29 (22) 0,21 ICd (L/min/m?, moyenne + DS) 29+08 29+08 28+08 0,53
Hypertension artérielle, n (%) 584 (54) 513 (56) 71 (55) 0,85 VOGi (mL/m®, médiane, IQR) 28410 26(21-33) | 28(23-35) | 0,033
Dyslipidémie, n (%) 648 (60) 573 (60) 75 (58) 0,55 OG dilatée (>34mLim?, n %) 231(21) 202 (21) 34 (26) 0,16
CPI, n (%) 624 (57) 555 (58) 69 (53) 0,31 OG dilatée (=40mL/m?, n %) 118 (11) a7 (10) 22 (17) 0,017
Antécédent de FA, n (%) 59 (5) 50 (5,3) 9 (6,9) 0,43 Ele'septar repos (médiane, IQR) 9B8(7.9-12) | 98(79-12) 10 (8,5 -12) 0,13
Traitements Ele'sen < 8, n (%) 283 (26) 258 (27) 25 (19) 0,072
IEC ou ARA 2, n (%) 622 (58) 651 (58) 71 (55) 0,47 I E/8'sena1 > 15, 1 (%) 102 (8) 82 (8,5) 20 (186) 0,01
Traitement bradycardisant, n (%) 638 (57) 557 (58) 79 (61) 0,55 VmaxIT (m/s, moyenne + DS) * 23+0.2 23102 23+03 0,61

Bétabloquants, n (%) 587 (54) 515 (54) 72 (56) 0,69 VmaxIT > 2.8mfs, n (%) * 10(2,8) 8(2,9) 1(2,2) 1

ICa bradycardisant, n (%) 61 (8) 54 (57) 7(5.4) 0,91 TAPSE (mm, moyenne + DS) 24+5 24+5 23+5 0,73
Diurétiques’, n (%) 182 (17) 164 (17) 18 (14) 0,33 * n= 359. "Diurétiques de 'anse etiou diurétigues thiazidigues.

(l oF
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Résultat; Déterminants de la congestion pulmonaire

Analyse univariée

Total AlLignesB<2 | AlignesBz2
n=1114 n =983 n=131 P
Données de I'épreuve d'effort
Epreuve maguillée, n (%) 461 (42) 400 (41) 61 (47) 0,23
Motif d'arrét
Fatigue, n (%) 921 (83) 812 (83) 109 (83) 1
Dyspnée, n (%) 168 (15) 147 (15) 21 (16) 0,87
Douleur thoracique, n (%) 2(0,2) 2(0,2) 0(0) 1
Autre, n (%) 18 (1,8) 17 (1,7) 1(0,8) 0,71
PA (mmHg, moyenne + DS)
PAS repos 145 + 20 144 £ 20 146 £ 19 0,29
PAD repos 86+ 13 86+13 87 +13 086
PAS au pic 210 + 29 210 + 29 213 + 27 ns
PAD au pic 98  2( \
FC maximale (bpm, moyenne + DS) 137 +2
%FMT (moyenne & DS) a7 £ 13 .
METS (moyenne + DS) 7T+1.8 IT au plC =23%
%METS: (moyenne + DS) 90 £ 21
Pic de Watts (moyenne £ DS) 130 £ 4 (n = 257)
BORG /10 (moyenne + DS) 6+2
FA pendant I'effort, n (%) 16 (1.4

-—

EFFOR]T

Total AlignesB<2 | AlLignesBz2
n=1114 n=1983 n=131 P
Données d'échographie a 20W
20W FEVG (%, moyenne + DS) 66 +6 BG+6 6616 0,54
20W ICd (L/min/m®, moyenne £ DS) 41+11 41+1,1 41+1,1 0,8
20W VTDVGI (L/min/m?, moyenne + T2+£17 72417 74 +18 0,24
DS)
20W E/fe'sepial (mediane, IQR) 898(79-12) 96(7,9-119)| 10,4 (8,4 —13,2) | <0,01
20W Efe'separ > 15, n (%) 120 (11) 95 (10) 25 (19) <0,01
20W VmaxIT (m/s, moyenne + DS)* 28+03 28+03 28+04 0,2
20W VmaxIT > 3.4m/s, n (%) * 11(3,3) 9(3,1) 2(4,3) 0,65
Données d’échographie au pic
Pic FEVG (%, moyenne + DS) T0+7 T0+7 7O+E 0,6
Pic 1Cd (L/min/m?, moyenne + DS) 68+19 6,8+2 68%2 0,98
Pic VTDVGi {mL/min/m?, moyenne 72+17 71417 T4 +19 0,21
+ DS)
Pic Efe’sepw (mediane, IQR) 97(7.8-12) 95(78-12) 10(8,5-13) |0,014
Pic Ele'sepa = 15, n (%) 124 (12) 104 (11) 20 (18) 0,12
Pic VmaxIT (m/s, moyenne + DS}’ 32+£04 3.2+04 3.4+03 <0,01
Pic VmaxIT > 3,4m/s, n (%) * 67 (26) 51 (24) 16 (39) 0,039
n=332. #n = 257.

IR, EXERCICE & PREVENTION. iy camille Granger, These de lr.r



Résultats Déterminants de la congestion pulmonairéAnalyses multivariées

Modele multivarié 1

.. . 3 A ~ Modele mulglvarlez
(NISx S @2f dz¥YS Retal f Qh DX f S K SQ

R A . - . ?\Idem1+Vmaxl'U1 257)
aurepos,a20u I dz LIAO RS f QST T2

~ > ~ - ~ -

+2fdz¥YS AYRSES RS|f QhoD dzY$S AYRSESYIRBLE Qhdx LIAC
OR =1,03 OR =1,03 OR=3,8
IC95: 1,01¢ 1,04; p= 0,003 IC95: 1¢ 1,06;p=0,04 IC95; 1,4¢ 10,1;p = 0,009

580 B . - EORL:



Qx

HFimpEF (HF with improved
EF)

HFmrEF (HF with mildly re-
duced EF)

HFrEF (HF with reduced EF)

Table 4. Classification of HF by LVEF

LVEF <40%

Previous LVEF £40% and a follow-up
measurement of LVEF >400%

LVEF 41%-49%

Evidence of spontaneous or provokable
increased LV filling pressures (eg, elevated
natriuretic peptide, noninvasive and invasive
hemodynamic measurement)

HFpEF (HF with preserved
EF)

LVEF =509%

Evidence of spontaneous or provokable
increased LV filling pressures (eg, elevated

natriuretic peptide, noninvasive and invasive
hemodynamic measurement

7
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Secondary MR

, 3698001350, 19530214




Secondary Mitral Regurgitation

iClosing Force

« LV contractility
« LA pressure
« }Annular contraction

tTethering Force
« LV dilation + dyskinesia
+» PM displacement/
d ony
« Annular dilation
(relative)

Etiology and Prevalence

* 11%-59% post myocardial infarction
* >50% in dilated cardiomyopathy

5‘? 17¢] . ;
A @ FORUM EUROPEEN C(EUR’ EXERCICE & PRE Deferm S. Atrial Functional Mitral Regurgitation, JACC, 2019



In patients with normal LV EF

1-Average Efe’ = 14
2-Septal e’ velocity < 7 cmis or
Lateral e’ velocity <10 cm/s

3. .
< 4-LA volume index :-34ml.me » |

0%
<30% positive
positive
Mormal Diastolic Indeterminate

function

@) FoRUMEUROPEEN CCEUR £ () Am Soc Echocardiogr 2016;29:277-314))

=50%
positive

Diastolic
Dysfunction




Estimation of left ventricular filling pressure

Mitral E/A >0.8 and <2
Mitral E/A <0.8 Y Mitral E/A >2
Apply these additional criteria

If E>50 cm/s, use - - m——————
TR velocity LA volume

the criteria s
in middle panel Ele 18 >2.8 m/s >34 ml/m?2
: ' = rl
w | % g’ O
2 or 3 criteria Onl\_/ 2 criteria 2 or 3 criteria
negative available and positive
1 positive and 1 negative
Yy \ 4 \ A
Normal Use LA reservoir strain to Elevated
>189 S 0 |
filling pressure 218% replace missing parameter <18% filling pressure

LA reservoir strain

o~

A 7 \

/ N—
7 NI

Caveat - Algorithm not to be applied in any of the following conditions:
No suspicion of heart disease; Atrial fibrillation; LBBB/CRT/RV pacing; HCM;
Severe MR/MS/MAC; MV prosthesis or repair; High output HF; LV assist device
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HFA-PEFF Score

Pretest assessment

Im

¢ Symptoms and/or signs of heart failure
e Comorbidities/risk factors
¢ Standard echocardiography

Echo and natriuretic peptide score

Functional

Septal e' <7 cm/s or
Lateral e' <10 cm/s or
Average E/e' 215 or
TR velocity >2.8 m/s

Average E/e' 9-14 or
GLS <16%

e Comprehensive echocardiography
* Natriuretic peptides

Functional testing in case of uncertainty

LAVI >34 ka/m2 or
LVMI 2149/122 g/m? (M/F) and
RWT >0.42

LAVI 29.34 or

LVMI >115/95 g/m? (M/F) or
RWT >0.42 or

LV wall thickness 212 mm

¢ Diastolic stress test (exercise echocardiography)
¢ Invasive hemodynamic measurements

Final etiology

Biomarker (Sinus rhythm)

NT-proBNP >220 pg/mL or
BNP >80 pg/mL

NT-proBNP 125-220 pg/mL or
BNP 35-80 pg/mL

r

¢ Special imaging (CMR, CT, PET, scintigraphy)
* Biopsies
* Genetic testing

“ TVNRIVIN LVINWI LIV VWLV LARNWWVIVE X N VRIVETVIY

\

Biomarker (Atrial Fibrillation)
NT-proBNP >660 pg/mL or
BNP >240 pg/mL

NT-proBNP 365-660 pg/mL or
BNP 105-240 pg/mL

~

N —

25 points: HFpEF
Major criteria (2 pts): bolded
Minor criteria (1 pt): non-bolded

2023 ACC ECDP on managemeitfefiERI



Functional Morphological Biomarker (SR) Biomarker (AF)

Major Criteria: 2 points > 5 points: HFpEF

Minor Criteria: 1 point 2-4 points: Diastolic Stress Test or Invasive Haemodynamic Measurements

@) FORUM EUROPEEN CCEUR, EXERCICE & PREVENTION



[ HFpEF ]

Controls HHD HFpEF overall
(n=50) (n=44) (n=219) LVEF 45-50%  LVEF 50-55% LVEF >55%

-10 7

-30

#

-35 * 1_
40 M | ongitudinal ™ Circumferential

\% &) FORUM EUROPEEN CCEUR, EXERCICE & PREVENTION J Am Col Cardiol 2014;53;42_55



LV and LA structural abnormalities

Many HFpEF patients have normal LV and LA morphology:
a 30 to 45% of cases

LVH & Concentric Remodeling Left Atrial Size
Moderate
. 7L\ Hypertroph or severc W
78 RN enlargement
7
222 29'/"‘2 A I % O Normal
T/ 77 34%
Normal O 46% W 549, 66% E""“ 7,
22/ 7 2 ’/>>,M
/7 >
7/ ey 7 ”&
Mild Z51% 77 7
B LV concentric enlargement 77777
remodeling %

T RWT

\ : h - @ FORUM EUROPEEN CCEUR, EXERDeGH alp@irgalation2011,amet al, Circulation 2007; Shah et .MIZ(



— Echocardiographic Parameters for Estimation of LV Filling Pressure

Tricuspid Regurgitation Velocity Mitral Annular Velocity
0

l

Left Atrial Reservoir Strain

Velocity

*Peak Tricuspid
Regurgitation Velocity
*E/e'

* Left Atrial Maximal
Volume Index

» Left Atrial
Reservoir Strain

A‘ o ) FORUM EUROPEEN CCEUR, EXERCICE & PREVENTHOpEan Heart JoumaCardiovascular Imaging “.




fLLN

>95 g/m” (Female), >115 gm” (Male) Although the presence of concentric LV remodelling or hypertrophy is

>0.42 supportive, the absence of LV hypertrophy does not exclude the diagno-
sis of HFpEF
>34 mUm” (SR) In the absence of AF or valve disease, LA enlargement reflects chronically

elevated LV filling pressure (in the presence of AF, the threshold is

>40 mLim?)

_for the presence of HFpEF by invasive
exercise testing, although reported accuracy has varied. A higher cut-off
Up to 20% of patients with invasively proven HFpEF have NPs below
diagnostic thresholds, particularly in the presence of obesity

>125 (SR) or
>365 (AF) pg/mL
>35 (R) or

>105 (AF) pgimL

>35 mmHg Sensitivity 54%, specificity 85% for the presence of HFpEF by invasive

>2.8m/s exercise testing™ "
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Etude randomisée : 900 patients

adressés pour coronarographie

Dans le groupe recherche
RQA&AOKSYAS
F-20 a 25% de coronarographies

Angiography SPECT CMRA ECHO
n=222 Ne224 Nu226 n=226
lInitial test rmivadl
r A 4 r
Angio 218 SPECT 220 CMR 201 Echo 218
Refused 3 Angio 3 Angio 21 Angio 6
Renal failure 1 Withdrew 1 SPECT 2 Withdrew 2
Withdrew 1
TOTAL 222 TOTAL 224 Died 1 TOTAL 226
TOTAL 226
‘Subsequent test
h r h r
SPECT 7 Angio 175 Angio 180 Angio 169
MRI 1 SPECT 1 MNo test 46 Mo test 57
Mo test 214 No test 48
TOTAL 222 TOTAL 224 TOTAL 226 TOTAL 226
Initial Patient
management
A A r A r
CABG 21 CABG 29 CABG 25 CABG 29
PCI55 PCI 39 PCI 52 PCl1 51
Medical 145 Medical 154 Medical 146 Medical 144
Died 1 Died 1 Died 2 Died 0
Withdrew O Withdrew 1 Withdrew 1 Withdrew 2
TOTAL 222 TOTAL 224 TOTAL 226 TOTAL 226
L 4 r h r
Available Available Available Available
outcomes outcomes outcomes outcomes
Survival Survival Survival Survival
status 222 status 224 status 226 status 226
{Died 5} (Died 5) (Died 12) (Died 7)
QoL only 193 QoL only 187 QoL only 208 QoL only 203
Costs 187 Costs 171 Costs 183 Costs 182

2 %‘? Final assessment at 2 years post treatment

X7/ FORUM EUROPEEN CCEUR, EXERCICE & PREVENTION

Thom H, West NEJ, Hughes V, et al. BMJ Open 2014;4:e003419.




Survival probability (Kaplan Meier)

1.0

0.8

0.6

0.4

0.2

0.0

survival time (years)

_‘m-ﬂ'h-ﬁ"”- e P TR T T T T S E
— Log-rank test for difference in survival p = 0.054
| == ancio
-- SPECT
MRI
- - ECHO
ANGIO| 221 218 217 181 122 19 1
Blspecr|221 220 219 176 114 17 2
3| uR |222 215 213 168 110 18 1
—{5| ecro |224 220 217 174 111 17 1
I I I I | I I
0 1 2 3 4 5 6 7
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