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Cause of Death by Age Group

« 4893 patients with HCM, 3126 (63.9%) male,
e age at presentation was 49.2 (16.4) years
« LVOT gradient > 30 mmHg 1372/4238 (32.4)
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Prognostic implications of NT-proBNP in HCM

847 patients (53+15 years; 67% male) with HCM (28% with LVOTO=30 mmHg at rest) followed for 3.5 years

™ Reference Male
N Reference Female
B Male

B Female

1844 yrs 4554 yrs

/70474

A\ N
5564 yrs 6574 yrs
Age Group
Error Bars: 95% ClI

N
>=75 yrs

Freedom from death or transplantation

o NT-proBNP <44
LU W n
B L oY s LN g
- Mﬂm -
t;,‘ R 2 R A R O
0.9 i, M\\ NT-proBNP 45 - 134 pmoliL
0.8 .ﬁo-o0
-+
+
-
et @ S e by
0.7 NT-proBNP 2135 pmol/L
0.6
0.5+
T T T T
0 2 4 6
Years since NT-proBNP measurement

No. at risk

NT-proBNP <44 pmol/L 284 238 106 1"

NT-proBNP 45 - 134 pmol/L 281 229 96 16

NT-proBNP 2135 pmol/L 282 225 100 21

Coats C. et al. European Heart Journal (2013) 34, 2529-2537



Issues in HCM

LVOTO
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LVOT OBSTRUCTION



The issue of LVOTO
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Imaging: General University Hospital, Prague, Czech Republic




Exercise echocardiography
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Significance of LVOT gradient in HCM

320 consecutive HCM patients (age, 47+

measuring LVOT gradient at rest, with Valsalva maneuver, and with exercise echo
119 had rest gradients 250 mm Hg and were not exercised.

Maron MS, Circulation 2006;114:2232-9.
Maron MS, J Am Coll Cardiol 2016:67:13

Rowin, E.J. et al. I Am Coll Cardiol Img. 2017;10:1374-86.
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Is then septal reduction therapy a solution to
prevent severe heart failure?

1.0
« 1,337 consecutive HCM patients at Mayo _ e
clinic o 0.9 - Myectomy
 LVOTO 250 mm Hg at rest or with > ; Nonobstructive
provocative maneuvers 3 087
 NYHAII -1V =
 Age 45 +/- 20 years g 0.7 -
* Procedural risk <1% > Nonoperated
O 0.6 1 Obstructive
P<0.001
0.5 . . . . .
0 2 4 6 8 10
N at risk Years
Myectomy 289 249 179 108 66 39
Nonobstructive 820 587 490 355 244 201
Nonoperated ,,g 146 106 69 42 28

obstructive

Ommen et al. J Am Coll Cardiol 2005;46:470 — 6



QoL after septal myectomy

NYHAclass Before After
myectomy myectomy

I 0 91 (67)

1 62 (46) 41 (30)

HI/IV 74 (54) 4 (3)
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Desai MY et al. JAMA Netw Open. 2022 Apr; 5(4): e227293.
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European Experience — EORP registry

Finland

France 4.9%

6.5%
Great Britain
5.8%

Greece
3.3%

Spain
13.8%

~ Denmark
| 2.6%
Germany
4.6%

Italy
20.5%

) . 6.8%
Lithuania

3.7%
Netherlands
4.0%

Charron P et al. European Heart Journal, Volume 39, Issue 20, 21 May 2018, Pages 1784-1793,

1739 patients (59.1% males)
Mean age 55 years

« ICD implantation 19.9%

« Class NYHA Il or higher 77.3%
« Symptomatic 84.8%
« Exercise test 39.5%

« Betablockers 74.4%
Septal myectomy 4.9%
« Alcohol septal ablation 4.0%



GAPS IN CLINICAL CARE



Who are those ,,non-operated® ?

. Nonoperated :
All Patients Myectomy .. INonobstructive
Parameter (n = 1,337) (n = 289) Obstiuctlve (n = 820) ANOVA p Value
(n =228)
Age (yrs) 45.3+ 20 45.3 + 191 50.0 £ 22 44.0 £ 19 <0.001
Male gender 779 (58) 148 (51) 106 (46) 525 (64) <0.001
NYHA functional class (at entry)
Mean 1.83+0.9 2.89+0.71 1.74+0.8 1.49+0.6 <0.001
I 608 (45) 22 (1)t 98 (43) 488 (60) —
Il 380 (28) 11 (4t 95 (42) 274 (33) —
Il to 1V 348 (26) 256 (89)t 34 (15) 58 (7) —
LV outflow
gradient (at rest) 29.2 + 39 67.3+41 68.0 £ 31 5117 —
(mm HQ)
Severe MR 71 (5) 21 (7) 24 (8) 26 (3) <0.001

*Obstruction defined as peak instantaneous left ventricular (LV) outflow gradient 230 mm Hg under resting conditions.

Ommen et al. J Am Coll Cardiol 2005;46:470 — 6
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https://www.sciencedirect.com/science/article/pii/S0735109705010466

Who should be in charge of septal myectomy?

[A] Septal Myectomy

35.0
X 300
12 065 (63%) had SM £
ﬁ 70 001 p<0.01
. S p<0.
There were 63 (3.7%) hospitals 2 200 p<0.01 —] =t
(averaging 2.2 SM cases/year) with 100% £ e
in-hospital mortality. g >’
f 10.0 p<0.01 p=0.11
¢ p=0.50
The median number of SM: 3 5o I I
i ilem Illl
0.0
* low- volume, 2.2 (IQR’ 1'6_4'0)’ Death Rej’g;:?:'ion Stroke Cardiac Arrest AKI PPM
. W Total 4.0 13.7 2.3 4.7 14.5 9.7
« medium-volume, 12.1 (IQR, 9.9-17.6) __ . - s e c s s
m Second 3.9 129 2.2 5.1 14.4 10.5
* high-volume 47.0 (IQR, 34.9-63.5) m Third 2.4 9.7 1.9 3.6 12.3 6.9

Altibi et al. J Am Heart Assoc. 2023 May 16; 12(10): e028693



MITRAL VALVE IN HYPERTROPHIC
CARDIOMYOPATHY



Mitral regurgitation in HCM

+ Imaging: General University Hospital, Prague, CZ



Need for MV surgery

First Author (Location) Year N MV Surgery (%) MV Repair (%) MV Replacement (%)
Mohr (Rochester, MN) 1989 115 5.2 0 5.2
WA Bufialm Ny TOME 1995 178 11.9 2.3 9.6
Schonbeck (Zurich, Switzerland) 1998 110 10.9 9.1 1.8
Kaple (Cleveland, OH) 2008 851 13.5 7.9 5.6
lacovoni (Bergamo, Italy) 2012 124 7.2 5.6 1.6
Balaram (New York, NY) 2012 132 76.0 65.0 11.0
Wang (Beijing, China) 2013 03 20.4 9.7 10.7
Desai (Cleveland, OH) 2015 990 24.2 20.4 3.8
Hong (Rochester, MN) 2016 1,993 8.8 6.7 2.1
Ralph-Edwards (Toronto, Canada) 2016 577 57 4.2 1.5

Teekakirikul and Wang JACC 2018



FIBROSIS



Replacement fibrosis in hypertrophic
cardiomyopathy

* Imaging: General University Hospital, Prague, CZ



End-stage HCM is associated with extensive
fibrosis and arteriolar dysplasia

27 myectomy specimens of obstructive HCM patients and 30 ES-HCM explanted hearts
Replacement fibrosis more frequent in end-stage hearts
Vasculopathy present in both subgroups SRS

Example of severe and extensive microvasculopathy topographically associated with
marked scar-like fibrosis in an end-stage HCM specimen.”

Foa et al. International Journal of Cardiology 291 (2019) 77-82



Replacement fibrosis and mitral regurgitation as
predictor of heart failure
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Age <60 years

Age 260 years Mild to Severe

Raphael et al. J Cardiovasc Magn Reson (2021) 23:26



CONSEQUENCES OR CONRIBUTORS?



Patients (N)

Pulmonary hypertension in HCM patients

162 consecutive patients with outflow tract gradients (median [interquartile range], 90 mm Hg [70-110
mm Hg]), 5911 years old, and 49% men, predominately New York Heart Association class Ill/IV status.

457 mPAP <25 mm Hg| mPAP225 mm Hg
y B B P Value
40 (n=80) (n=82)
35: Cardiopulmonary hemodynamics
- PASP, mm Hg 31 [28-34] 46 [41-56] <0.001
301 mPAP, mm Hg 20[18-22] 31[28-38] <0.001
257 Right atrial pressure, mm Hg 6 [3- 8] 9 [7-13] <0.001
201 TPG, mm Hg 8 [7-10] 13 [9-16] <0.001
15: TPG>12 mm Hg, n (%) 4 (5) 41 (50) <0.001
g PAWP, mm Hg 12 [10-14] 20 [16-24] <0.001
107 PAWP>15 mm Hg, n (%) 8 (10.0) 66 (80.5) <0.001
3’ PVR, WU 1.59 [1.23-2.13] | 2.45 [1.66-3.26] <0.001
0- Cl, L/min per m2 2.52[2.21-2.96] | 2.51 [2.16-2.85] 0.55
5 10 15 20 25 30 35 40 45 50 55 60 65 DPG >7 mm Hg, % 00) 12 (15) <0.001

mPAP (mmH
( 9 9 patients with hemodynamics of PAH

Covella et. Al Circulation: Heart Failure. 2017:10



Prognosis of patients with and without atrial fibrillation

« 1558 patients with HCM,

>

Proportion Surviving Free of Advanced
Heart Failure Symptoms
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« 304 (20%) had episodes of AF,
- 226 (74%) symptomatic paroxysmal

AF (average, 5t5; range, 1 to >20),

p=0.46

HCM with AF

HCM without AF

0.6

Heart Failure Symptoms

Proportion Surviving Free of Advanced

- 78 (26%) developed permanent AF

Rowin et al. Circulation. 2017;136:2420-2436
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Impact of atrial fibrillation ablation in
hypertrophic cardiomyopathy

555 HCM patients with AF were enrolled, 140 undergoing CA and 415 receiving medical
therapy. 1:1 propensity score matching led to the inclusion of 226 patients (113 medical group,

113 intervention group)

g 1.00 1
S HR: 0.97
§ 0751 95%Cl: 0.60 - 1.57 INTERVENTION GROUP
e P=0.900
[72]
g- 0.50 1
4 MEDICAL GROUP
& 0251
E
o
0001 _: ' ! ' '
0 50 100 150 200
MEDICAL GROUP Time Since Inclusion (Months)
At Risk 113 71 36 15 5
Events O 22 33 40 41
INTERVENTION GROUP
At Risk 113 i 18 3 0
Events O 15 22 28 29

C

w 087 .
5 LA INTERVENTION GROUP
§ 064 95% Cl: 0.61 - 2.04
§ P=0.718
(v}
s 041
(1
2 0o ﬁmm GROUP
20
2 -
0.0 '/F i ! ' :
0 50 100 150 200
MEDICAL GROUP Time Since Inclusion (Months)
At Risk 113 72 34 14 5
Events O 15 24 28 28
INTERVENTION GROUP
At Risk 113 49 18 3 0
Events O 13 18 23 23

Pierri et al. JACC Adv. 2024 May, 3 (5) 100899




END-STAGE HYPERTROPHIC
CARDIOMYOPATHY



Apical or midventricular obstruction
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Imaging: General University Hospital, Prague



,2Burnt-out” hypertrophic cardiomyopathy
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Imaging: General University Hospital, Prague



End-stage HCM with systolic dysfunction

2,447 patients in the HCM cohort,

118 (4.8%) were identified with ES-HCM, ng

End-Stage HCM with
Systolic Dysfunction

10-year survival free of
transplant: 54%
10-year survival (including
transplant): 85%

77 had ES at initial evaluation,

41 evolved into ES during follow-up

41* (67%)
Survived

20 (33%)
Deaths

®: = =
0 it

57t (100%)
Survived

Rowin, E.J. et al. J Am Coll Cardiol. 2020;75(24):3033-43.



Age at HCM
diagnosis, yrs
Ejection
fraction, %
LVOT gradient
at rest 230 mm
Hg

No. of CMR
studies

No. with LGE

% LGE (in
patients with
LGE)

No. LGE
215% of LV

End-stage HCM with systolic dysfunction

2,447 patients in the HCM cohort, 118 (4.8%) were identified with ES-HCM

S-HCM With
Systolic

Dysfunction
(n =118)

34 £18
39+9

2 (2)

21

20 (95)
17+ 11

11 (52)

HCM With
Preserved
Systolic
Function (n =
2,329)

47 + 18
64 +4

882 (38)

1,550

948 (61)
5+5

56 (4)

p Value

<0.001
<0.001

<0.001

0.001
<0.001

<0.001

40% - I—p<0.01—|
35%

359 - (5.0%/yr)

30% -

—P <0.01 =
20%
(2.4%/yr)

s 0.04
Ly
— p <0.01 = 17%
15% (2.2%/yr)
(1.9%/yr)

20% A

15% -

6%
(1.2%/yr)

10% -

4%
(0.5%/yr)

5% -

1%
(0.2%/yr)

1%
(0.2%/yr)

0% -

SD Events Transplant Listing HCM Death All-Cause mortality

m End-Stage with Reduced EF <50% (n = 118)
®m Non-End-Stage with Preserved EF 250% (n = 2,329)

Rowin et al. JAm Coll Cardiol. 2020 Jun, 75 (24) 3033-3043



WHAT DO WE KNOW?



Heart Failure in HCM - Clinical Spectrum

Systemic congestion
less pronounced

RV dysfunction rare

Renal function
Impairment rare
Reversibility with
LVOTO alleviation

Mimial or no effect of
HF EBM-based drugs

Provocable
(exercise)t

Hypertrophic Cardiomyopathy (HCM) Patients

Nonobstructive

No/mild [90%;
symptoms g

Systolic
ﬂ Dysfunction (JEF) Preserved EF

@

4 QOL

4 Survival

Heart
Transplant

1 QOL
4 QOL 4 Survival

HF Reversal

Maron BJ et al. J Am Coll Cardiol HF 2018:6:353—-63



Heart failure (HF) in hypertrophic
cardiomyopathy (HCM)

HF dominates the spectrum of complications
Patients with LVOT are more prone to develop HF

HF Is usually caused by elevated filling pressures

Septal reduction therapy can improve symptoms, but
proportion of patients without intervention remains high

End-stage HCM is often associated with extensive fibrosis
Mitral regurgitation may contribute to the severity of HF

Atrial fibrillation may be symptomatic but does not
contribute to HF development
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