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על מה נשוחח היום

HCM–הקדמה קצרה •

סיפור של מטופל•

HCMלב של ספורטאי לעומת •

HCM-ואקו בפיזיקלית.ב•

HCM-גנטיקה ב•

HCM-הטיפול ב•

AICD-ריבוד סיכונים ל•



סליידיםעל שיתוף (בוסטון)מרון' ולדרמונקיאר' תודות לדר•



...מר שמשון



38בן •

אצל בבדיקה שגרתית" חדשה"הופנה למרפאתך עקב אוושה סיסטולית •
רופא המשפחה



Background 

• In 1958, Teare described 
“asymmetrical hypertrophy 
of the heart in young 
adults”

• Described a 14 year old boy 
who had a “black out” 
while biking

• 5 months later he 
collapsed while being 
chased in school and was 
dead on arrival in hospital

Teare D. Br Heart J 1958; 20: 1-8



Historical Perspective 

• HCM was initially described by Teare in 1958 
• Found massive hypertrophy of ventricular septum in small cohort 

of young patients who died suddenly 

• Braunwald was the first to diagnose HCM clinically in 
the 1960s   

• Many names for the disease 
• Idiopathic hypertrophic subaortic stenosis (IHSS)

• Muscle subaortic stenosis 

• Hypertrophic obstructive cardiomyopathy (HOCM)





Definition

• The diagnosis of HCM is based upon

• Unexplained LV hypertrophy associated with non-dilated ventricular 
chambers in the absence of another cardiac or systemic disease that itself 
would be capable of producing the magnitude of hypertrophy

2011 ACCF/AHA Guideline on HCM



• The diagnosis of HCM is based on the presence of unexplained LV 
hypertrophy, defined as a maximum end-diastolic wall thickness ≥15 
mm, in any myocardial segment on echocardiography, CMR, or CT 
imaging

• HCM may also be considered in individuals with a lesser degree of LV 
hypertrophy (wall thickness ≥13 mm) in the context of a family history 
of definite HCM or a positive genetic test



• Hypertrophic cardiomyopathy is the most prevalent, heritable 
cardiovascular disease (1/500) and the most common cause of 
sudden cardiac death in young athletes



Histopathology of Hypertrophic Cardiomyopathy:
Hypertrophy, Fiber Disarray, Fibrosis



Phenotypic Variability of Hypertrophy: MRI



Principal causes of cardiac hypertrophy

• Hypertension

• Aortic valvular stenosis

• Athlete’s heart (physiologic)

• Idiopathic/genetic

• Infiltrative

• Metabolic



סיבות להיפרטרופיה

פיזולוגייםמצבים  עליה בתנגודת  HCM

אינפילטרטיביות

מחלות מטבוליות

תסמונות

מיטוכונדריאליות

מחלות אגירה



Hypertrophic Cardiomyopathy (HCM)



HCM

Gross morphology

Massive myocardial hypertrophy, 

usually without dilation

Asymmetric septal hypertrophy 

disproportionate thickening of the 

ventricular septum as compared 

with the free wall of the left 

ventricle (ratio greater than 1.3) 



HCM-Histology

- Extensive myocyte hypertrophy to a degree 
unusual in other conditions (transverse myocyte 
diameters frequently >40 μm (normal, 15 μm))

- Myofiber disarray - haphazard disarray of bundles 
of myocytes, individual myocytes, and contractile 
elements in sarcomeres within cells

Interstitial and replacement fibrosis





HCM

A. The septal muscle bulges into the left ventricular outflow tract, and the left atrium is 
enlarged. The anterior mitral leaflet has been moved away from the septum to reveal a fibrous 
endocardial plaque (arrow).

B.  Histology demonstrating disarray, extreme hypertrophy, and branching of myocytes as well as 
the characteristic interstitial fibrosis 



HCM



Hypertrophic CMP-Histology

HCM Histopathology:
Myofiber Dysarray

and Fibrosis
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:מבצע פעילות גופנית ענפה•

תריאטלוןבמירוצימשתתף מספר שנים 



HCM- Patient Presentation
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:מבצע פעילות גופנית ענפה•

תריאטלוןבמירוצימשתתף מספר שנים 

...מבקש אישור למרתון לונדון-















N Engl J Med. 1991 Jan 31;324(5):295-301.
The upper limit of physiologic cardiac hypertrophy in highly trained elite athletes.
Pelliccia A1, Maron BJ, Spataro A, Proschan MA, Spirito P.

Figure 1. Distribution of Maximal Left-Ventricular-Wall Thicknesses in the 947 
Elite Athletes.
Shaded bars indicate wall thicknesses within the normal range, and solid bars 
those within a range compatible with the diagnosis of hypertrophic 
cardiomyopathy (≥13 mm).

https://www.ncbi.nlm.nih.gov/pubmed/1824720
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pelliccia%20A%5bAuthor%5d&cauthor=true&cauthor_uid=1824720
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maron%20BJ%5bAuthor%5d&cauthor=true&cauthor_uid=1824720
https://www.ncbi.nlm.nih.gov/pubmed/?term=Spataro%20A%5bAuthor%5d&cauthor=true&cauthor_uid=1824720
https://www.ncbi.nlm.nih.gov/pubmed/?term=Proschan%20MA%5bAuthor%5d&cauthor=true&cauthor_uid=1824720
https://www.ncbi.nlm.nih.gov/pubmed/?term=Spirito%20P%5bAuthor%5d&cauthor=true&cauthor_uid=1824720








Also- CMR-LGE..
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תריאטלוןבמירוצימשתתף מספר שנים 

...מבקש אישור למרתון לונדון-





Physical Examination 

• Heart Sounds

• S1 usually normal

• S2 usually split but in severe stenosis –
paradoxically split

• S3 indicate heart failure

• S4 usually present due to hypertrophy 

• Murmur

• Medium-pitch crescendo-decrescendo 
systolic murmur along LLSB and apex 
and radiates to suprasternal notch

• Dynamic maneuvers 

• Murmur intensity 
increases with… 
decreased preload …

• Murmur intensity 
decreases 
with…increased 
preload…



Physical Examination 

• Heart Sounds
• S1 usually normal

• S2 usually split but in severe stenosis – paradoxically split

• S3 indicate heart failure

• S4 usually present due to hypertrophy

• Murmur
• Medium-pitch crescendo-decrescendo systolic murmur along LLSB 

and apex and radiates to suprasternal notch

• Dynamic maneuvers 

• Murmur intensity increases with decreased preload 
(i.e. Valsalva, standing, nitrates, diuretics)

• Murmur intensity decreases with increased preload 
(i.e. squatting, hand grip) 
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ולסלבהמתגברת לאחר 2/6ס"א, קול רביעי-בדיקה פיזיקלית-

.ולאחר עמידה

...אקו-







Patterns











הערכה אקוקרדיוגרפית בחולים עם  

קרדיומיופתיה היפרטרופית



מדידות  

• שונים ולתאר העובי והמיקוםבסמגנטיםלמדוד עובי מקסימלי 



מדידות

לתאר את המיקום וההיקף  של  

ההיפרטרופיה  

עם מעורבות קדמית  ספטלית: כגון)

(אפיקליתעם מעורבות ספטלית, וצדדית



מיטרליהערכת מסתם 

SAM:

10%> הספטוםאם משך המגע עם -קל 
מהסיסטולה

מהסיסטולה30%< אם -קשה

מיקום  , ארוכותקורדות, לעתים עלה קדמי ארוך
פפילרישונה של שריר 

MR משני לSAM  יש  אחרתאחורי אקצנטרייהיה
לתאר פתולוגיה אחרת או נוספת/ לחשוד 



חסימה דינאמית באפיק מוצא



חסימה דינאמית באפיק מוצא



?





































איך נבצע 
הערכה של  

-בהגראדיאנט
?LVOT

























Patterns of Left Ventricular Diastolic Filling as Shown by Standard 

Doppler Echocardiography



http://www.google.co.il/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjd9buqk4zaAhVH1RQKHRYGAbkQjRx6BAgAEAU&url=http://www.artnews.com/2015/05/21/buyer-of-the-179-4-million-picasso-revealed/&psig=AOvVaw0JM4hbrinzUlbnGKn8J8Uw&ust=1522227324521890






HCM is an autosomal dominant inherited disease 
caused by mutations in the sarcomere proteins 



Genetic Basis of HCM 

• Autosomal dominant 
inheritance pattern 

• >>1000 mutations in 13 cardiac 
sarcomere & myofilament  
(myosin heavy chain, actin, 
tropomyosin, and titin) related 
genes identified

• Genetic basis of ventricular 
hypertrophy does not directly 
correlate with prognostic risk 
stratification

Alcalai et al.  J Cardiovasc Electrophysiol  2008;19:104-110.





Genetics of HCM

Alcalai et al.  J Cardiovasc Electrophysiol 2008;19:105.





Selected factors contributing to 
expression of cardiac phenotype in 

HCM are shown

The causal mutation imparts the main 
effect and several others, such as other 
pathogenic genetic variants (modifiers), 
genomics (such as non-coding RNAs), 
proteomics (such as post-translational 

modifications), and environmental
factors (such as isometric exercises) 

contributing to expression of the 
phenotype.



A truncated pedigree depicting 
dizygotic twins with HCM 
caused by the p.Ser48Pro 

mutation in the MYOZ2 gene

Despite sharing the same 
causal mutation, one expresses 

mild and the other severe 
cardiac hypertrophy, as 

reflected in the 
electrocardiograms (B) and 

echocardiographic images (C).



Role of Genetic Testing

•Identify at-risk family members

•Establish the diagnosis ?

•Risk stratification ?

•Risk of sudden death ??

•Exclude HCM phenocopies

•Future genomic therapy



Genetics HCM

• 13 genes, > 900 mutations

• Commercially available chip: 
• sarcomere protein gene mutations

• storage diseases: Fabry, PRKAG2, Danon

• genotype-phenotype-correlation?

• Helpful with family screening



Hereditary Disease

• Autosomal dominant: Family history is key

• Sarcomere protein gene mutations: 40% of pts

Binder et al., Mayo Clin Proc. 2006;81(4):459-467

1 β-Myosin heavy chain

2 Myosin-binding protein-C

3 Myosin light chain 2 and 3

4 Troponin T

5 Troponin I

6 Tropomyosin

7 Actin





Does a Positive Genetic Test Mean Anything ?

• Olivotto et al. studied a large cohort of Italian patients 
with HCM and showed an increased risk of CV death, 
nonfatal stroke, or progression to NYHA III/IV in 
patients with POSITIVE myofilament gene mutation

• Gene positive patients also had higher rates of LV 
systolic dysfunction  (EF < 50%) and restrictive LV 





Gene Dosage

• Gene Dosage
• 3-5% of HCM probands have >1 sarcomere mutation

• Compound heterozygotes: two different mutations within a single HCM gene

• Double heterozygotes: mutations in 2 HCM genes

• Homozygotes: inheriting the same mutation from both parents

• They have more severe disease expression and increased incidence of SCD

• Many of the compound heterozygotes involve 1 mutation in MYBPC3

• Triple mutations are also associated with more severe disease, 14 fold risk of 
progression to end-stage HF



Identifying At-Risk Family Members

Detection Rate ~40%

Not all gene variants are associated with disease

Some families have multiple mutations –

possibly in genes not yet discovered

Little value in predicting sudden death



Genotype – Phenotype Heterogeneity

• Binder et al. examined 400 unrelated patients with HCM and observed correlations between LV morphology 
and the probability of a positive genetic test. 

• Septal contour was the strongest predictor of a positive HCM genetic test with odds ratio of 21

Binder et al. Mayo Clin Proc 2006; 81: 459



Predicting mutation carriers?

Overall 

(n=200)

Positive 

Results 

(n=79)

Negative 

Results 

(n=95)

Mean Age at 

Diagnosis*

35.5 y 35.5 y 49.5 y

Reported Hx

Hypertension**

40 (20%) 10 (12.7%) 30 (31.3%) 

Positive Family 

History*

99 (49.5%) 60 (75.9%) 39 (41.1%) 

*Significant difference; p<0.001**Significant difference; p<0.01



Another Use of Genetic Testing
• Cardiac hypertrophy is a final common pathway 

for a number of different disease

Protein Gene Chromomosome Disease

Adenosine
Monophosphate 
Protein Kinase

PRKAG2 7q Preexcitation and 
conduction 
disease

Lysosome 
associated 
membrane 
protein

LAMP2 Xq Cardiomyopathy, 
skeletal 
myopathy, 
preexcitation, 
high risk SCD

Alpha-
Galactosidase

GLA Xq Fabry Disease



Mimickers of HCM

LAMP mutation

Fabry disease

GLA mutation



Cost Effectiveness of Genetic Testing

• HCM follows autosomal dominant inheritance

• Penetrance is age-dependent

• All first degree relatives need serial clinical screening 

• Cost: $2214 / proband testing; $314 / relative

• Ingles et al. performed cost effectiveness ratio

• quality adjusted life years

• life years gained 

• Genetic testing results in the discharge of geno-negative patients from serial 
clinical f/u

Ingles et al. Heart 2012, 98: 625 



Cost Effectiveness of Genetic Testing

• The addition of genetic testing to the management of HCM families is 
cost-effective in comparison with the conventional approach of 
regular clinical screening. 

• This has important implications for the evaluation of families with 
HCM, and suggests that all should have access to specialised cardiac 
genetic clinics that can offer genetic testing

Ingles et al. Heart 2012, 98: 625 



Prediction Score? 





המלצות לגבי 
בדיקה גנטית  
?ומעקב ילדים







HCM vs DCM



?LVOT-מהו הסיכוי של המטופל להיות עם מפל לחצים ב•

?סימפטומים? האם יש לכך משמעות מבחינה פרוגנוסטית•



HCM is a Predominantly Obstructive Disease
(based on rest and exercise gradients)

Provokable Obstruction

(Exercise)

33%

Rest Obstruction

37%

Non-Obstructive

30%

70%

Maron MS et al Circulation 2007





Obstructive HCM

LVOTO  increased Relative Risk of

NYHA 3-4    4.4

HCM CV death 1.6-2.14

Maron et al NEJM2003;348: 295-303Autore et al JACC,2005;1076-80



NOT the Correct Term?...

“Congestive

Heart Failure”

HCM

CONVENTIONAL CHF:

Systolic and/or

Diastolic Dysfunction



Conventional CHF

(Non-HCM)
HCM

Vol. Overload Very Common Virtually Absent

Associated

Renovascular Dz. Common Virtually Absent

Hospitalization/

Diuresis Very Common (1M) Virtually Absent

Annual Mortality 10% 0.5%

Reversibility Uncommon Majority

Preserved EF 50% 95%

Maron MS et al. JACC in press
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Impact of LV Outflow Obstruction (≥30 mmHg) on 

Heart Failure Symptoms and Death



Functional

Disability
“Heart Failure”

LV Outflow Tract Obstruction

Impaired 

LV Filling

Reduced 

Cardiac Output/ 

Stroke Volume

Microvascular 

Ischemia

Pulmonary

Hypertension

High LV Systolic Pressures Mitral Regurgitation
LA Hypertension



Majority of HCM Patients with 

“Heart Failure” Symptoms (Class III-IV) 

Have LV Outflow Tract Obstruction

LV Outflow Tract

Obstruction

(90%)

Nonobstructive

NYHA II-IV

(10%)

Candidates for 

Reversibility of 

“Heart Failure”



Fundamental Principle

LV Outflow Tract Obstruction is 

the Determinant of Functional 

Disability in nearly all HCM and 

Represents a reversible Form of 

“Heart Failure”



Provoking Gradients in HCM for 

the Purpose of Management Decisions

• Post-PVC response

• Isoproterenol infusion

• Amyl nitrite inhalation

• Valsalva maneuver

• Dobutamine infusion

• Exercise Echocardiography
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Rest Exercise





Provocable (Exercise) Gradients 

and Symptoms
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Provokable 

gradient
(≥30 mmHg)

NYHA 

Class I/II
(n=220)

NYHA 

Class III/IV

(20%)

Provokable Gradients:

Rate of Heart Failure Progression

3%/year

6 ± 2 yr

Clinical Significance of Provokable Gradients in 

Asymptomatic or Mildly Asymptomatic HCM Patients

Beta-Blockers

(?)



Natural History of Patients with

Non-Obstructive HCM

Provokable Obstruction

(Exercise)

Rest ObstructionNon-Obstructive

30%



Nonobstructive (<30 mmHg) HCM

and Symptoms
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Transplant

What are the

Management

Implications?

NYHA

I/II

NYHA
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90%

10%



Non-

Obstructed

NYHA Class

I/II
(n=249)

NYHA 

Class III/IV

10%

6 ± 2 

yr. 

Clinical Significance of 

Nonobstructive HCM Patients

Heart 

Transplant

Unmet Therapeutic

Need

Nonobstructive HCM:

Rate of Heart Failure Progression

1.6%/year



Obstructive

at rest 

(37%)

Provocable 

Obstruction 

with exercise 

(33%)

Non-

obstructive

with exercise

(30%)

Non-

Obstructive

at rest

(63%)

7.4%/year to NYHA III/IV

NYHA 

III/IV
1.6%/year

Transplant

3.2%/year
Myectomy

(or alcohol

ablation)

NYHA 

III/IV

Exercise Echocardiography is a KEY Test in HCM
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Obstruction and 

Sudden Death



Nonobstructive

Obstructive

F
re

e
d

o
m

 f
ro

m
 S

u
d

d
e

n
 D

e
a

th
 (

%
)

Years from Gradient Measurement

Impact of Outflow Obstruction (> 30mmHg) on

Sudden Death Risk

Maron MS et al. NEJM, 2003

p<0.02

2 864 10

20

40

60

80

100

0

p<0.02



Obstruction is not a Feasible Primary Risk 

Factor for Sudden Death

• Gradients are dynamic and modifiable by  

treatment

• Substantial proportion of patients with either 

rest or provocable gradients (70%)

• Therefore, virtually all HCM patients would 

be considered for ICD



LV Outflow Tract Obstruction in HCM:

• Although controversial early on, has evolved to a highly 

prevalent (70%) and predominant disease feature

• Whether present at rest or exercise, responsible for 90% of

severe “heart failure”

• Permanently reversible with low risk myectomy (ASA) by, 

conveying long-term benefit in quality of life and survival...

Functional Disability not “Congestive Heart Failure”

• Majority of nonobstructive HCM have little to no symptoms;

transplant for small subgroup who develop advanced 

heart failure









Treatment?
NYHA CLASS II

• IVS- 22 mm; PW- 14 mm

• LVOT gradient-

• REST -60mmHg. 

• Post Valsalva -100 mmHg

• SAM with Mod+ MR



Treatment?

Meds? +/-

PPM?

Operation?





?איזה תרופה מהווה קו ראשון



?איזה חוסם ביטא תעדיף•

•CARVEDILOL

•BISOPROLOL

•PROPANOLOL

•LABETOLOL

?איזה חוסם סידן•











סימפטומטיעדייןחולה ....
NYHA CLASS III







 ?אלכוהול ?ניתוח
?קוצב





Clinical: NYHA functional classes III or IV, syncope or other symptoms that interfere 
with quality of life despite optimal medical therapy.

Hemodynamic: LVOT gradient ≥50 mmHg (at rest or provoked) associated with septal 
hypertrophy and systolic anterior motion of the mitral valve.

Anatomic: Targeted anterior septal thickness sufficient to perform the procedure 
safely and effectively in the judgment of the individual operator.

Eligible patients for invasive therapy





















Barry J. Maron, and Rick A. Nishimura JCHF 2014;2:637-640

American College of Cardiology Foundation





Barry J. Maron, and Rick A. Nishimura JCHF 2014;2:637-640

American College of Cardiology Foundation





Sequential DDD-AV right ventricular pacing

• Hypotheses to explain the beneficial effects include: 

• 1) negative inotropic effect and reduced hypercontractility of the LV

• 2) asynchronous septal activation and delayed septal thickening

• 3) limitation of abnormal mitral valve motion

• 4) interactions with LV filling

• 5) ventricular remodelling







?



The Brockenbrough-Braunwald-
Morrow sign





Asymptomatic Patients

Management of  HCM



Asymptomatic Patients

For patients with HCM, it is recommended that comorbidities 
that may contribute to cardiovascular disease (e.g., 
hypertension ,diabetes, hyperlipidemia, obesity) be treated in 
compliance with relevant existing guidelines. 

Low-intensity aerobic exercise is reasonable as part of a 
healthy lifestyle for patients with HCM.

The usefulness of beta blockade and calcium channel blockers 
to alter clinical outcome is not well established for the 
management of asymptomatic patients with HCM with or 
without obstruction. 

I IIa IIb III

I IIa IIb III

I IIa IIb III



Asymptomatic Patients

Septal reduction therapy should not be performed 
for asymptomatic adult and pediatric patients with 
HCM with normal effort tolerance regardless of the 
severity of obstruction.

In patients with HCM with resting or provocable
outflow tract obstruction, regardless of symptom 
status, pure vasodilators and high-dose diuretics are 
potentially harmful.
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Symptomatic Patients

Management of  HCM



Treatment algorithm. 

Writing Committee Members et al. Circulation. 

2011;124:e783-e831

Copyright © American Heart Association, Inc. All rights reserved.



מר שמשון מועמד לניתוח כריתת  
-כיס מרה בהרדמה מלאה

?המלצות



Pharmacologic Management

Intravenous phenylephrine (or another pure vasoconstricting agent) is recommended 
for the treatment of acute hypotension in patients with obstructive HCM who do not 
respond to fluid administration. 
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Pharmacologic Management

The use of disopyramide alone without beta blockers or 
verapamil is potentially harmful in the treatment of symptoms 
(angina or dyspnea) in patients with HCM with AF because 
disopyramide may enhance atrioventricular conduction and 
increase the ventricular rate during episodes of AF.

Dopamine, dobutamine, norepinephrine, and other intravenous 
positive inotropic drugs are potentially harmful for the 
treatment of acute hypotension in patients with obstructive 
HCM.
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האם קיימים טיפולים חדשים 
-לטיפול ב
?HOCM



• Hypertrophic Cardiomyopathy= enhanced cardiac actin–myosin 
interactions =hypercontractility, diastolic abnormalities, and dynamic 
left ventricular outflow tract (LVOT) obstruction

• Mavacamten = a first-in-class, selective inhibitor of cardiac myosin 
ATPase that reduces actin–myosin cross-bridge formation reducing 
contractility and improving myocardial energetics

Background



• PIONEER-HCM study - phase 2, open-label mavacamten was well 
tolerated and significantly reduced post-exercise LVOT gradients in 
HOCM

• EXPLORER-HCM -to assess the efficacy and safety of mavacamten for 
targeted medical treatment of obstructive HCM

Background



• 68 clinical cardiovascular centers in 13 countries

• Once-daily orally administered mavacamten (starting dose 5 mg) or 
placebo for 30 weeks (end of treatment)

• Inclusion criteria:  age ≥18 years, with obstructive HCM, peak 
LVOT gradient at least 50 mmHg at rest, after Valsalva or exercise;      
LVEF at least 55%; NYHA class II–III

• Exclusion criteria: syncope or sustained ventricular tachyarrhythmia with 
exercise within 6 months before screening; QTc > 500 ms; PAF on 
screening ecg and persistent or permanent atrial fibrillation not on 
anticoagulation for 4 weeks or more

Methods



• Conclusion: mavacamten treatment improved functional capacity, 
LVOT gradient, symptoms, and key aspects of health status in 
patient with HOCM



Do I need 
Defibrillator?



Mode of Death Percent Mean age

Sudden Death 51% 45

(only 16% during

mod-severe exercise)

CHF 36% 56

CVA (91% hadAF) 13% 73

(64% had LVOTO)

Mortality in HCM

Maron et al Circ 2000

Studied 744 consecutive patients from Tuscany and Midwest

HCM related deaths in 86 (12%) over mean follow up of 8 years



• Sudden Death has been the most visible 
and feared consequence of HCM for 
both physicians and patients

• For 20 years there has been a way to 
actually prevent these deaths…ie., 
prophylactic ICD

• Now, the controversy that has emerged 
is the best way to identify patients who 
deserve ICD



Strategies for Identification of High-Risk 
HCM Patients

ACC/AHA 
Individual

Risk Factors

ESC 
Risk Score



Primary

Indications

For ICD

Major Risk

Factors

Minor Risk 
Factors

Likely Risk

Factors

Risk Factors for Sudden Death:  ICD Criteria



• Aborted sudden death

• Sustained VT

Primary

Indications

For ICD

• Septum 30mm or greater

• First degree family member SD

• Syncope (non hemodynamic)

Major Risk

Factors

• Abn BP response to exercise

• SD in non first degree relative?

• Non sustained VT on Holter

• Septum 25-29mm?

Minor Risk 
Factors

• Mod or > delayed enhancement

• LVOT obstruction?

• Abnormal LV ejection fraction

• Apical LV aneurysm

Likely Risk

Factors

Risk Factors for Sudden Death:  ICD Criteria



• 47 y old male with HOCM

• NYHA class II

• Treatment?

• AICD?



ECHO

• EF=65%

• IVS-33 mm; PW-15mm

• LVOT gradient: 

Rest- 48mmHg; 

Post valsalva- 80mmHg

LA- 47mm

• SAM with mod MR



IVS- 33 mm

Family history- yes

Syncope- 2 y ago

Holter- NSR 55-110/MIN; 1500 VPBS

; 5 COUPLETS; 2 NSVT- 4 beats

Stress test- 9 min; STT changes; 

CMR-LGE  



• IVS- 33 mm

• Family history- cousin with scd (age 45)

• Syncope- 2 y ago (m/p post micturation)

• Holter- NSR 55-110/MIN; 1500 VPBS

; 5 COUPLETS; 2 NSVT- 4 beats HR- 115

• Stress test- 9 min; STT changes;                     

BP- 110/70-→ 130/70

• CMR-LGE – 15% of myocard



IMPLANTABLE DEFIBRILLATOR INDICATED BY 
GUIDELINES?

Risk Factor Positive/Negative

Survived SCD, relevant VT -

Family history of premature SD +/-

Maximal wall thickness ≥ 30mm + (33)

Syncope + but no

Abnormal exercise BP response -

Non sustained VT + but no

LVOT obstruction +

LV systolic function < 45% -

Late gadolinium enhancement + but …

Apical aneurysm -



BENEFITS AND RISK OF ICD



BENEFITS AND RISK OF ICD

• Rate of appropriate shocks

• Primary prevention

• Secondary prevention

• Complications

• Inappropriate shocks

• Early (Infection, hematoma, lead dislocation, pneumothorax)

• Intermediate (Lead infection/endocarditis, lead changes, lead failure 



RATE OF APPROPRIATE SHOCKS

Maron et al JAMA 2007

Time to first appropriate discharge was up to 10 

years.

Shocks occurred 5-10yrs post implant in 16 pts

Shocks independent of # of risk factors

Primary4%/yr

Secondary 11%/yr



JAMA.  2007;298(4): 405-12. 

J Cardiovasc Electrophysiol 2008;19(10).   



Toronto 

General 

Hospital

Mayo Clinic Warsaw MCR 

2000

MCR 2007

Number of 

Patients

61 181 104 128 506

Length of 

Follow-up

40 ± 27 59 ± 42 54 ± 31 38 44 ± 34

Inappropriate 

shocks

20 (33%) 42 (23%) 35 (34%) 32 

(25%)

136 (27%)

Device 

complications

8 (13%) Overall (23%) 

Infection (5%)

Lead (13%)

Overall (17.3%)

Infection (4.8%)

Lead (12.5%)

18 

(14%)

Overall (12%)

Infection (3.8%)

Lead (6.7%)

ICD in HCM: Risks

Beadle et al. 2010, Expert Rev Cardiovasc Ther



ICD IN HCM: PREDICTORS OF 
INAPPROPRIATE SHOCKS

INAPPROPRIATE SHOCKS

• Age < 35yrs   

• Hx of Atrial Fibrillation

• B Blocker use and dual-chamber ICD had no impact

(Lin et al Heart 2009)

(Syska et al J Cardiovasc Elect 2010)



EUROPE

https://en.wikipedia.org/wiki/File:Europe_countries_map_en_2.png






USA

https://upload.wikimedia.org/wikipedia/en/a/a4/Flag_of_the_United_States.svg


















HCM Risk-SCD

• HCM Risk-SCD is a clinical risk prediction model 
that uses readily available clinical parameters to 
estimate the individualised probability of SCD at 5 
years.

• The model was developed and validated in 3675 
HCM patients and is an alternative approach to 
the 2011 ACCF/AHA and 2003 ACC/ESC guidelines 
on the management of patients with HCM.

• HCM Risk-SCD was peered reviewed and 
published in the European Heart Journal.

Eur Heart J. 2014 Aug 7;35(30):2010-20

https://www.ncbi.nlm.nih.gov/pubmed/24126876


HCM Risk-SCD 

• The 2014 ESC Guidelines on the diagnosis and 
management of hypertrophic 
cardiomyopathy have recommended HCM 
Risk-SCD as the preferred method of 
estimating the risk of sudden death in patients 
aged ≥16 years without a history of 
resuscitated VT/VF or spontaneous sustained 
VT causing syncope or haemodynamic 
compromise



An international external validation study of the 
2014 ESC guideline on SCD prevention in HCM 

[EVIDENCE-HCM] 
Dr Costas O’Mahony

Consultant Cardiologist, St. Bartholomew’s Centre for Inherited Cardiovascular Disease & Honorary Senior Lecturer, University College London Centre for 
Heart Muscle Disease United Kingdom



Results

• Overall, the analysis showed that the tool 
could distinguish well between high- and low-
risk patients, with good agreement between 
what it predicted and their actual 5-year SCD 
rates.



• Specifically, patients classified as low risk (predicted to have a 
SCD incidence of <4% at 5 years) , had a 5-year SCD incidence 
of 1.4%, while those classified as high risk (predicted to have a 
SCD incidence ≥6% at 5 years) had an incidence of 8.9%



Conclusion

• “We calculated that for every 13 high-risk patients who receive 
an ICD as recommended by ESC guidelines, one patient could 
potentially be saved from SCD,”

• “The study also shows that the HCM Risk-SCD calculator can be 
used to avoid unnecessary ICD implants in low risk patients, 
supporting the 2014 ESC recommendation not to implant ICDs 
in these individuals.”





MISSING FROM ESC RISK MODEL:

• CMR - LGE 

• LV apical aneurysm 

• End stage HCM(EF <50%) 



QUESTIONABLE ADDITIONS TO ESC RISK MODEL:

• Left atrial size 

• LV outflow gradient 

• Remote syncope



Major Markers (< 60 yrs of age)

Family History HCM-sudden death
Unexplained syncope
Multiple-repetitive NSVT 
Massive LVH ≥ 30 mm

Enhanced:
LV apical aneurysm
Extensive LGE
End-stage (EF < 50%)

Increased Risk:
( ≥ 1 major marker)

ACC/AHA Individual Risk Markers

Reasonable to 

consider 

primary prevention 

ICD

Patients Wishes

Physician Judgment
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LGE is present in:

~60% 
of HCM Patients





245

Role of Cardiac MRI:Late Gadolinium 
Enhancement (LGE)

Kim et al Circulation. 1999;100:1992-2002.



CMR advantages in HCM 

• CMR is capable of identifying regions of LV hypertrophy not readily 
recognized by echocardiography

• Better for Apical CMP diagnosis -including apical infarct.

• Better for LV mass assessment.

• Delayed enhancement (=Fibrosis)  assessment.



Representative patterns of LGE in HCM

O’ Hanlon et al JACC Vol. 56, No. 11, 2010



Various phenotypes of HCM by MRI

Ventricular septum, sparing LV free wall Basal anterior free wall and anterior

septumMaron J. Cardiovas MR 2012, 14: 13



Various phenotypes of HCM by MRI

Maron J. Cardiovas MR 2012, 14: 13

Massive hypertrophy, 33mm

Basal posterior septum
Focal basal anterior septum



Various phenotypes of HCM by MRI

Maron J. Cardiovas MR 2012, 14: 13

Apical hypertrophy Noncontiguous hypertrophy of  basal 

Anterior septum and anterolateral wall



Various phenotypes of HCM by MRI

Maron et al. JACC 2009, 54: 220-8

RV hypertrophy Apical aneurysm with mid-ventricular

muscular apposition
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p=0.02

Relation Between Sudden Death and Extent of LGE

in 1293 HCM Patients

Chan R, Maron MS et al. Circulation 2014



Meta-analysis:

Extent of LGE in HCM:

Increased Risk of All-Cause Mortality  (HR1.3/10% LGE)

Increased Risk of Cardiovascular Mortality (HR 1.6/10%LGE)

Increased Risk of Heart Failure Death  (HR1.6/10% LGE)

Increased Risk of Sudden Death Events  (HR 1.6/10% LGE)

Extent of LGE is a strong prognostic marker in HCM

Weng et al., JACC: CV Imaging 2016
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ICD 
Primary 

Prevention of SD

Radiofrequency

VT Ablation

Recurrent 

Monomorphic VT

Anti-

coagulation

ECHO without

contrast CMR 

LV

LA

LV

RV

LV

LA

RV

A C D

Sudden Death

Events 
(4.7%/yr)

Thromboembolic

Events 
(1.1%/yr)

E

LV
RV

ECHO with

contrast

B

Rowin E et al JACC, 2017



“End-stage” Hypertrophic Cardiomyopathy

EF <50%



0%

5%

10%

15%

20%

25%

30%

35%

40%

SD events Transplant listing† HCM death All-Cause Mortality

End-stage with Reduced EF <50% (n=118)

Non-End-stage with Preserved EF ≥50% (n=2329)

20%
(2.4%/yr)

p<0.01

p<0.01
p<0.01

4%
(0.5%/yr)

p<0.01

35%
(5.0%/yr)

1%
(0.2%/yr)

15%
(1.9%/yr)

1%
(0.2%/yr)

17%
(2.2%/yr)

6%
(1.2%/yr)

Rate of Adverse Events in End-Stage (EF<50%) 
HCM Patients

Rowin et al JACC 2020



Major Markers (< 60 yrs of age)

Family History HCM-sudden death
Unexplained syncope
Multiple-repetitive NSVT 
Massive LVH ≥ 30 mm

Enhanced:
LV apical aneurysm
Extensive LGE
End-stage (EF < 50%)

Increased Risk:
( ≥ 1 major marker alone 

or with arbitrator)

ACC/AHA Individual Risk Markers

Reasonable to 

consider 

primary prevention 

ICD



Prevention of Sudden Death in HCM
With Prospective Decision-Making: Tufts HCM Center

• 17 years

• 2094 Consecutive HCM Patients

• 5 ± 3 year follow-up

• Primary Prevention: 527 ICDs

• Age: 51 ± 17 (Range: 12 to 70 years)

Maron et al JAMA Cardiology 2019
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Using enhanced risk markers, along with shared decision-
making and good clinical judgment, over a 17-year period 
we were able to identify nearly all at-risk HCM patients….

Sudden death prevention in HCM is a reality



How Does the ESC Risk Score 
Compare to ACC/AHA?...



Risk category

ACC/AHA 

Risk Factors

ESC 

Risk Score

Sensitivity 
(prevent SD)

95%
(Intention to treat)

34%

Maron et al JAMA Cardiology 2019

Low Predictive Value for ESC SCD Risk Score: Tufts Study



Study
Cohort 

Size
Sensitivity

O’Mahony, et al. 2014              2597                84                           41                               51%

Maron, et al. 2015                    1497                81                            65                              20% 

Zhu, et al 2017                            165                 5                               4                               20%

Leong, et al 2018                       260                  14                             7                               50%

Nakagawa, et al. 2018               335                 31                             21                             32%

O’Mahoney, et al. 2018            1850                44                             21                             52%

Desai et al. 2018                       1495                 171                           149                          13%

Choi et al 2019                           730                  16                             10                             38%

Freitas et al 2019                       493                  23                             18                             22%

Rowin et al 2019                        92                    16                             10                             37%

Maron et al 2019                       2019                 91                            60 34%

SCD 
events

SCD Events
(ESC score <6%)

Low Predictive Value for ESC SCD Risk Score: Global Experience

Avg. Sensitivity for ESC: 34%



Why is sensitivity of ESC score low?



MISSING FROM ESC RISK MODEL:

• CMR and LGE

• LV apical aneurysm

• End stage (EF <50%)

QUESTIONABLE ADDITIONS TO ESC RISK MODEL:

• LA size

• LV outflow gradient

• Remote syncope

Little

relation to SD risk

20% of 
Appropriate 
ICD Therapy

Restrictive for Decision-Making



Risk category

Enhanced

ACC/AHA 

Risk Factors

ESC 

Risk Score

Sensitivity 
(prevent SD)

95%
(Intention to treat)

34%

Specificity 
(detecting pts not at risk)

78% 92%

Number Needed

To Treat
6.6 7.2

Maron et al JAMA Cardiology 2019

Is There A “Cost” to Higher Sensitivity?



ACC/AHA Individual Risk Factor Strategy associated with 
higher sensitivity for predicting sudden death events in HCM Patients 
compared to ESC risk score…the opportunity to identify nearly all at risk 
HCM patients for sudden death prevention with ICD 

ACC/AHA risk factor strategy incorporates physician judgement and 
shared-decision making, along with flexibility to incorporate novel 
sudden death risk markers….
LV Apical Aneurysm, extensive LGE and systolic dysfunction

The “cost” of greater sensitivity is some degree of 
overtreatment (specificity) with ACC/AHA Strategy vs. ESC risks 
core…but NNT is equal.

CONCLUSIONS



Should Use Both Strategies
Together….

Can You Really Combine Them?



Weissler-Snir A et al. Eur Heart J. 2017



Weissler-Snir A et al. Eur Heart J. 2017



Do I need 
Defibrillator?



• IVS- 33 mm

• Family history- cousin with scd (age 45)

• Syncope- 2 y ago (m/p post micturation)

• Holter- NSR 55-110/MIN; 1500 VPBS

; 5 COUPLETS; 2 NSVT- 4 beats HR- 115

• Stress test- 9 min; STT changes;                     

BP- 110/70-→ 130/70

• CMR-LGE – 15% of myocard





What about sport?








