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Ruolo della CMR nella HCM: olire la
quantificazione del LGE

Giancarlo Todiere, MD PhD
& Fa‘_’o"ﬁa"‘:szt'é’ﬂﬁ FTGM Pisa

rrrrrrr




Nessun conflitto di interesse






Miglioramento delle tecniche di Imaging

CMR

Maron BJ JACC 2016



Acute infarction Scar

Normal myocardium

Intact cell membrane Ruptured cell membrane  Collagen matrix

Disarray, fibrosi, malattia piccoli vasi



Definizione ipertrofia e valutazione morfologia
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CENTRAL ILLUSTRATION: Using New Indexed Apical Wall Thickness
Thresholds Improves the Diagnostic Accuracy of ApHCM >5.6 mm/mZ

Improved Diagnostic Criteria for ApHCM

The Problem: ApHCM may present with typical  Qur Approach: Results: Using indexed upper limit normal
features but <15 mm hypertrophy—"relative" Definemaxwall  apical wall thickness improves diagnostic
ApHCM thickness in health  accuracy in ApHCM
1 . for each segment
\ —here the apex Accuracy testing
— v 49,861 104 patients with ApHCM
UK Biobank subjects
L i Jﬂ Apical cavity systolic g ¢ 72 overt ApHCM 32 relative ApHCM
i~ Mjn A obliteration (215 mm) (<15 mm but other
R et 4112 features)
st e =y Features of healthy subjects
Characteristic (i el Indexed Thresholds Improves Diagnostic

+/- apical
aneurysm

ECG Cardiomyopathy Accuracy vs Current 215 mm Criteria

Wall thickness
measured using

validated machine 222

learning algorithm
(indexed to BSA)

For detection
of relative
ApHCM:
781%

Loss of apical  Reduced apical
tapering angle

sensitivity
94.7%
specificity

In Health, Wall Thickness Naturally Tapers
Apically

Current Proposed

m 15-mm apical Criteria: 215  Criteria:
hypertrophy is far more mmWall  Indexed
hypertrophy than 15 mm S 1 X6 o9 Thickness  Threshold
basal hypertrophy Maximum wall thickness/BSA Wall Thickness
m/m?

Segmental ULN (95% C1)

Hughes RK, et al. J Am Coll Cardiol Img. 2024;17(5):501-512.

Ipertrofia relativa apicale
APICE/BASE >1

/LGE/ aneurismi apicali/ dilatazione atrio sn/
obliterazione sistolica apice

Flett AS, IJC 2015



Follow-up: HCM apicali

BASELINE

Filomena D, Bogaert J. et al. EHJ Cardiovascular Imaging 2023






Ipercontrattilita & dispendio energetico

Circulation. 2021 November 23; 144(21): 1714-1731. doi:10.1161/CIRCULATIONAHA 121 .053575.

Altered Cardiac Energetics and Mitochondrial Dysfunction in
Hypertrophic Cardiomyopathy
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Cardiac MRI (al massimo potenzialita)

Diagnosi eziologica???




Cardiomyopathy ( Finding ) ( Cardiac CMR examples | Specific diseases to be considered
phenotype

Posterolateral LGE and concentric LVH
Low native T

Anderson—Fabry disease

Diffuse subendocardial LGE,

high native T1 Amyloidosis

Patchy mid-wall in hypertrophied areas S\ & - \ Sarcomeric HCM

ESC guidelines 2023



| CASO
Ipertrofia concentrica

LGE setto-apice circa 11% (6 SD metodo)

T1 apice pseudonormale 990 ms



T1 nativo

Low T1 ( ) High T1

Fabry Disease Iron overload Fatty metaplasia
) ty i Normal Myocarditis

Da mutazione VUS MYBPC3
Mutazione

¢.548-3 553 del per GLA
(splice junction loss)
Malattia di FABRY

2 figli di cui una portatrice della stessa mutazione

i i)



Women (or men-some mutatlons)

-

HIGH T1 LOW T1, LGE +ve,
LVH -ve

NORMAL T1, LOWT1,
LVH -ve LVH -ve

NORMALIZING T1,
EXTENSIVE LGE

Low T1, LGE +ve,
LVH +ve (Men >> Women)

Nordin S JACC Cardiovasc Imaging 2019



Il CASO
Ipertrofia parete laterale Sequenze T1W e T2W

Adolescenti
Intramurale
setto

Rischio
elevato
Sudden Death

Fibroma



Sospetto
Takotsubo

lll CASO
Ipertrofia apicale Sequenze T2W



Volumi, massa, ECV

Assessing Myocardial
Extracellular Volume

by T1 Mapping to
Distinguish Hypertrophic
Cardiomyopathy From
Athlete’s Heart

Normal values (Philips 3T): Native T1 1190+/-50ms; ECV 24-29%

Cuore d’Atleta

NativeT1: 1188
ECV:19%

| NativeT1: 1266

ECV:31%

Extracellular Volume (%)

65 1

554

451

251

Gray zone
1215 mm

Athlote
R=-040
P=0.01
T T T T
15 20 25 30
Max Segment Thickness (mm)

JACC 2016



PROGNOSI/FOLLOW UP

Symptoms Incidental findings Family screening

+ Dyspnoea . .
+ Abnormal ECG + |I* degree relative

Oy o Chest pain o ‘
- Palpitation _,\A,,h « Murmur b b with CMP
4 3333 - Family history of

e FS Arvame sudden deach
|
Suspected cardiomyopathy Ventricular scar/fatty replacement

Ventricular morphology/function Ventricular scar/fatty replacement

- Hypercoply e e " o Non-ischaemic ventricular scar on

. Systolic/diastolic function ’ ::tr:::::::eo;hé::erium" w pathological examination

[ ' - Other tissue characterization
parameters on m

Solo LGE quantitativo???

ESC Guidelines 2023



T2 imaging: qualitativo

Life-threatening arrhythmic events
in patients with extensive LGE

OPEN G ACCESS Freely available online '@"PLOS'“E B (—
; — | T2 high signal

Abnormal T2-STIR Magnetic Resonance in Hypertrophic ' —
Cardiomyopathy: A Marker of Advanced Disease and  custun 3

. . ope R
Electrical Myocardial Instability
Giancarlo Todiere'*”, Lorena Pisciella®, Andrea Barison', Annamaria Del Franco’, Elisabetta Zachara®, _é ‘1
Paolo Piaggi®, Federica Re?, Alessandro Pingitore®, Michele Emdin’, Massimo Lombardi®, Giovanni ©
Donato Aquaro'® Case 3: :

' - - - - " Darster MR

Hen y et al Circ J 2018

T2w STIR
4 Percentage of LV volume filled with HighT2
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Indipendent variables Logistic regression Analysis £ %
§
NSVT No NSVT p value Coefficient 0dds Ratio 95%-CJ. p-value g
c 20
Arrhythmic Risk factors 06207 0.14203 0.001 §
LV mass index 131238 103239 0007 =,
HyT2 21(%) 105 <0.001 51 165 11-2455 «<0.001
Maximal Wall Thickness 2526 1926 <0001 012 1 10-13 <0001
Extent of LGE 1832119 68279 <0001

PlosONE 2014
Gommans DHF Heart 2016



T2 imaging: quantitativo
Incremental significance of myocardial oedema

for prognosis in hypertrophic cardiomyopathy

Zigian Xu'?, Jie Wangz, Wei Cheng', Ke Wan?, Weihao Li?, Lutong Pu?, Yuanwei Xu?,
Jiayu Sun', Yuchi Han ©® 4, and Yucheng Chen ® %*
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Il RM febbraio 2022

LGE (6SD) < 15%
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Acute clinical presentation of nonischemic cardiomyopathies:
early detection by cardiovascular magnetic resonance
Giancarlo Todiere®*, Andrea Barison®*, Anna Baritussio®, Alberto Cipriani®,
Andrea Igoren Guaricci®, Silvia Pica®f, Ciro Indolfi®, Gianluca Pontone’ and
Santo Dellegrottaglie?, on behalf of the Working Group on Cardiac Magnetic
Resonance of the ltalian Society of Cardiology
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J Cardiovasc Med 2022



Cardiac Imaging

Progression of Myocardial Fibrosis JACC 2012
Assessed With Cardiac Magnetic Resonance
in Hypertrophic Cardiomyopathy
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Serial Myocardial Fibrosis Assessments R
Predict Outcomes in Patients With L iy
Hypertrophic Cardiomyopathy
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LGE progressivo
(quantitativo ma valutato nel tempo)

105 pts

52 mesi di
follow-up

Hard Cardiac Events

LGE-rate <0.07 g/month

LGE-rate >0.07 g/month

Survival probability (%)

of Log Rank p<0.0001
[l L 1 L 1 L 1 L 1 L 1 L 1

0 1000 2000 3000 4000 5000 6000
Follow-up Time (days)

Numberatrisk
LGE-rate <0.0768 62 42 22 6 1 0

LGE-rate >0.07 37 22 16 7 2 0 0

Todiere G, Aquaro GD, American Journal of Cardiology 2023



LGE 23%
High GDS

LGE 4%
High GDS

LGE 16%
Low GDS

Circulation: Cardiovascular Imaging

ORIGINAL ARTICLE

Late Gadolinium Enhancement-Dispersion
Mapping
A New Magnetic Resonance Imaging Technique to Assess Prognosis in Patients

With Hypertrophic Cardiomyopathy and Low-Intermediate 5-Year Risk of
Sudden Death

Original LGE Quantitative LGE

Dispersion Mapping

Dispersion score 0

Dispersion score 2

Dispersion score 5

Dispersion score 8

Dispersion score 8

Patients with LGES16%

Dispersion score 8
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3 er
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20
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on . I ! I ] . !
[) 1000 2000 3000 4000 5000
Follow-up Time (days)
Number at risk:
GDS <086 112 8 47 19 4 ]
GDS>0.86 42 33 17 8 3 0

Eterogeneita Fibrosi

Aquaro GD et al. 2021



Non solo fibrosi...

DIFFUSION TENSOR-CARDIAC MAGNETIC RESONANCE
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Diffusion Tensor Cardiac Magnetic Resonance maps 3D motion of water

Unrestricted
water motion

FA=0 .-

Anisotropy:
from Greek anisos "unequal” + tropos "turn” = “not the same in all directions"”

0 tional anisotropy (FA) 1
PR | (

LFA
disarray
expanded ECV
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Healthy




[ ]
s ({0 Strain
i LGE @
mass (g) 1.0 - 3.5 (p<0.001)
% of LV mass 0.5 — 1.6 (p<0.001)

§. LV strain 40 (35%) patients
1* CMR 2™ CMR
In patients with baseline LGE <15%
yearly absolute changes in
longitudinal (p=0.035),
s : radial long-axis (p=0.014) i k :
Longmudinal (x)  Radisishortaxie (%)  Carcumtorontial (%) and radial short-axis strain (p=0.006) Composite endpoint
- -} 15 = -13 (p<0,001) 27 - 25 (p=0.086) 17 - 16 (p+0.019)

Radiad long axis (%) are predictors of adverse CV events

. 23 - 21 (p=0.002) # SCD

Life-threatening VAs
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mednan aqg 51y.0 LGE 215%: 1 (0.9%) — 8 (7.0%) patients Radial short-axis i » Stroke
Mot s st st s :t':n'";;':‘::;'::w
’Id% HCM radial short-axis strain
i score and LGE extent i New-onset AFib
at baseline (p=0.011) i
e
|.\.- HF hospitalization
u % —l
3 < 35 B s
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Absolute & longeudinal strain Absolute A rackal long awss strain
Absolute changes in LV strain correlate
with increases in LGE mass

Int J Cardiovasc Imaging 2026



Disarray

Ischemia miocardica/
anomalie
energetiche

edema
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1 1 1 1
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0 12 24 36 43 60 72 84 96 108 120
Follow-Up, mo

— AHA ICD-COR Il & GLS >-9.23%
1P <0.001
AHA ICD-COR Il & GLS =-9.23% 1P=0354
AHA ICD-COR 1l & GLS >-9.23%

— AHAICD-COR W& GLS 5-9.23% - 00

. Direct Effect
(Hypertrophy/Fibrosis) Lol

Events
(SCD and Aborted SCD)

0 12 24 36 48 60 72 84 96 108120
Fi -Up, mo
— ESCICD-CORNI&GLS>-9.23% 1, o o
ESCICD-COR Il & GLS 5-9.23% 5 012
ESCICD-COR 1 & 6L5>-9.23% 15 - 0 001
— ESCICD-COR Il & GLS 5-9.23%

+ Maximum wall thickness and SCD events:
Proportion mediated by LV-GLS: 23.1%

Indirect Effect

LV-GLS
/ et \

+ LGE Extent and SCD Events:
Proportion mediated by LV-GLS: 17.5%

Xuan M et al. JACC Cardiovascular Imaging 2025



Baseline Mavacamten

Mid short-axis

4 chamber long-axis

Saberi S et al. Circulation 2021

MEMENTO! Long term study



Pre-mavacamten Post-mavacamten
Cine SAX Cine 4Ch Cine 3Ch Cine SAX Cine 4Ch Cine 3Ch

1-ECV

s

BSA-indexed LV mass, g/m2 113.6 71.5 -42.1
ECV fraction 0.30 0.33 0.03
BSA-indexed Cellular volume, mL/mz2 79.8 47.7 -32.0
BSA-indexed Matrix volume, mL/mz2 33.8 23.8 -10.0
LGE mass by 6SD, g 0.29 0.39 0.10

Tse JJ ESC 2025



4D Flow imaging

1980 2000

ECHO - RM - RM
ECHO

Rapporto | Funzione >

Tessuto/

Funzione < ECG
Tessuto
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TAKE HOME MESSAGES
RM solo LGE quantitativo???

RM é fondamentale nella diagnosi delle cardiomiopatie a
fenotipo ipertrofico (T1w-T2w)

Ruolo nella prognosi delle cardiomiopatie (T2w,
eterogeneita e progressione LGE)

Esame senza radiazioni ionizzanti, ripetibile nel tempo
ogni 3-5 anni, utile nel follow-up

Con I'avvento degli «inibitori della miosina» potenzialita

nella valutazione dell’efficacia delle terapie
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