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HCM  in THE YOUNGHCM  in THE YOUNG



Hypertrophic 
Cardiomyopathy

Prevalence:
Author n Method %
Savage 1983 3000 M mode 0.3
Hada 1987 12841 ECG 0.17
Codd 1989 3250 Echo/angio 0.02
Maron 1994 714 2D 0.5
Maron 1995 4111 2D 0.2



Elliott P et al. Eur Heart J 2008;29:270-276



ESC Working Group on Myocardial Pericardial Diseases (EHJ 2008)

Elliott P et al. Eur Heart J 2008;29:270-276



Myocardial Substrate 
for Sudden Death in HCM

Maron BJ, JAMA 2002



Klues HG, MaronBJ et al.
Circulation 1992;85:1651
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Survival with HCM in an Unselected Cohort
of Adults (Diagnosis > age 20)
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HCM

U.S. National
Health Statistics

n=234
Avg. follow-up=8.1 years
HCM mortality rate=1.2%/yr
p=0.22



Mutations and Prognosis in HCM
Gene Prognosis 

Good Intermediary Poor 

BMHC Gly256Glu Arg249Gln Arg403Gln
Leu908Val Glu930Lys Arg719Trp
Val606Met Val606Met Arg453Cys
Phe513Cys Arg723Gly
Asn232Ser

Cardiac troponin T
Ser179Phe Phe110Ile Arg92Gln

Arg92Trp
Ile79Asn
Glu160
Ser179Pheq 
(homozygous)

MYBP-C All unless listed SASint20

-Tropomyosin      Asp175Asn Val95Ala

MLC Insufficient data Roberts R, Sigwart U. Circulation 2001;104:21113



HCM Troponin I Mutation: 
Morphologic Heterogeneity 
HCM Troponin I Mutation: 
Morphologic Heterogeneity 

UCLH, Heart Hospital, London, UK

Asymmetrical Septal 
Hypertrophy (ASH)

Restrictive 
Cardiomyopathy

Apical Hypertrophy

Courtesy of Dr James Moon



Consensus Document:

Family Screening for 
HCM Dg

Prevention of Sudden 
Death



Family Screening and 
HCM Follow-up

Screening (ECG, ECHO)*:
• In > 12 years old first degree relatives

• NO HCM:     Screening / 5years

HCM F-up (+ Holter, EXT)*:
• Evaluation of risk for SD once / 1-1.5 years



Comparison of Survival in the HDBB 
and All Other Groups (Conventional Rx)

HDBB 
(N=26)

Other  
(N=40)

Ostman-Smith I et al. JACC 1999;34:1813-22



Conclusion:

High-dose BB is protective in childhood HCM 
and reduces 5-10-fold mortality

Ostman-Smith I et al. JACC 1999;34:1813-22



Administration of massive dosses of 
Propranolol is not generally accepted 
practice.

Even moderate doses of beta-blockers may 
affect growth in young children or impair 
school performance, or trigger depression in 
children and adolescents, and should be 
closely monitored in such patients.

ACC/ESC Expert Consensus on HCM, 2003



Prevention 
of 

Sudden Death



Youth
Genotype
Family History
NYHA III/IV
Exercise capacity 
Syncope
Severe LVH
Large gradient
Diastolic dysfunction
Abn Exercise BP
Ischaemia
Atrial fibrillation
Non-sustained VT
Inducible VT/VF
Fractionation

Family History 
Syncope
Exercise BP
NSVT
LVH
Malignant mutation

Risk Factors in HCM



Maron BJ ,Cecchi F et al. 

NEJM 348 (4): 295, 2003



Sudden Death and Risk Markers

Risk factors

> 3  ( 5%)

2  (20%)

1  (25%)

0  (50%)

Sudden death/year

6%   (4 - 16)

3%   (0.7 - 5.5)

1.2%   (0.2 - 2.2)

0.8%   (0.2 - 1.5)

Cox Model - 368 patients. Elliott PM et al JACC 2000;36:2212-8



Highest

Intermediate

Lowest

ICD

Strongest Risk Factors:
Cardiac arrest/sustained VT
Familial SD
Unexplained syncope
NSVT

3.0 cm)>Massive LVH (
Abnormal blood press. on EX.
Malignant genotype

30mmHg(>Resting gradient ?

Reassure



- Classical concepts of pediatric HCM

- Population based studies

- Attempt of risk stratification

- ICD in pediatric pts 

- Genetics in pediatric pts



HYPERTROPHIC 
CARDIOMYOPATHY

HCM presents at all ages in childhood
 Fetus

 Newborn/Infancy

 Childhood

Clinical presentation varies depending 
on age of onset:  Newborn/Infant
 Tachypnea

 Dyspnea with feeds

 Diaphoresis



HYPERTROPHIC 
CARDIOMYOPATHY

Clinical presentation varies 
depending on age of onset: Child
 Syncope
 Sudden death
 Heart failure

Sudden death rare in infants, 
uncommon in childhood
Sudden death risk increased in 
adolescents vs. adults



POPULATION BASED STUDIES



Population Based Studies 

• Australia (National Australian Childhood 
Cardiomyopathy study- NACC)
– 10 year period 314 new cases were identified.
– Ann incidence 1.24: 100.000 children <10 ys

• DCM 58.6 %
• HCM 25.5 % (80 cases)
• Restrictive 2.5 %
• Left ventricular non compaction 9.2 %

Naguent AW et al. N Engl J Med. 2003;348:1639-46 



NAGUENT AW, Circulation 2005;112:1332-38

Presentation

- No sudden death

- CHF in only   7%

- FH of HCM 15%

- Murmur       52%



Naguent AW, Circulation 2005;112:1332-39

Freedom from TX or Death:  
- 5y: 83%; - 10y:76%; 



HCM
• NACC registry* in 10 years, 314 new cases of 

cardiomyopathy, 80 cases of HCM (25.5%).

• PCMR (1994-2010): 855 patients with HCM <18 y
– 74  (9%)      Inborn errors of metabolism
– 77  (9%)      Malformation syndromes
– 64  (7.5 %)  Neuromuscular disorders
– 634 (74%)   Idiopathic HCM

Naguent AW et al. N Engl J Med. 2003;348:1639-46; Naguent AW, Circulation 2005;112:1332-39;
Colan SD et al. Circulation 2007;115:773-781;

*NACC excluded:
neuromuscular disorders                                         
inborn errors of metabolism with multiorgan involvement



Etiology N Median Age at 
Diagnosis, yrs

# 
Deaths

Inborn Errors of Metabolism 74 0.4 36

Pompe disease 25 0.3 17

Cori disease 3 3.5 0

Glycogen storage disease type IX 1 0.2 1

Glycogen storage disease with normal acid maltase 2 1.1 0

Hurler syndrome 4 6.6 2

Hunter syndrome 2 7.2 0

Morquio syndrome 1 11.2 0

Leigh disease 3 2.2 1

Complex I deficiency 3 0.2 3

Combined respiratory chain deficiencies 2 0.7 1

MELAS syndrome 6 11.1 1

Barth syndrome 2 0.4 1

Sengers syndrome 1 0.5 1

Oxidative phosphorylation disorder, other or not otherwise specified 6 0.7 4

Primary or systemic carnitine deficiency 1 0.0 (1 day) 0

Carnitine palmitoyl transferase  type II deficiency 2 2.4 1

Very long chain acyl-CoA dehydrogenase deficiency 3 0.3 1

Long chain acyl-CoA dehydrogenase deficiency 3 0.3 1

Long chain 3-hydroxyacyl-CoA dehydrogenase deficiency 2 0.6 0

Multiple acyl-COA dehydrogenase deficiency 1 0.0 (7 days) 1

Malonic acidemia 1 4.4 0

Colan SD et al. Circulation 2007;115:773-781

Appendix, on line



Etiology N Median Age at 
Diagnosis, yrs

# 
Deaths

Malformation Syndromes 77 0.4 15

Noonan syndrome 60 0.5 13

LEOPARD syndrome 1 0.0 (11 days) 0

Beckwith-Wiedemann syndrome 3 0.2 0

Rubinstein-Taybi syndrome 1 8.7 0

Total lipodystrophy, insulin resistance, leprechaunism 1 17.7 0

Costello syndrome 4 0.2 1

Macrosomia, postnatal growth and mental retardation, Costello-like 
features

1 1.1 0

Mental retardation, unusual facies, arthritis, deafness 1 0.0 (1 day) 0

Leber congenital amaurosis 1 1.3 0

Chromosome defect, other or not otherwise specified 4 0.2 1

Neuromuscular Disorders 64 10.1 2

Myotonic dystrophy 4 1.1 0

Muscular dystrophy, not otherwise specified 1 8.7 0

Minicore (multicore) myopathy 1 16.1 0

Congenital myopathy, not otherwise specified 2 0.8 1

Friedreich ataxia 56 10.3 1

Familial Isolated CM 115 8.8 2

Familial hypertrophic CM defect in cardiac myosin beta heavy chain 
(linkage to chromosome 14)

6 9.2 0

Familial hypertrophic CM linkage to chromosome 7q3 with Wolff-
Parkinson-White syndrome

2 2.0 1

Familial hypertrophic CM (autosomal dominant inheritance), other or not 
otherwise specified

89 8.7 1

X-linked isolated cardiomyopathy, not otherwise specified 1 14.2 0



HCM Survival

• PCMR identify two main factors
– Age of presentation (<1 or >1 year of age)
– Cause of HCM

• IEM
• NMD
• MFS
• IHCM

Colan SD et al. Circulation 2007;115:773-781



Colan SD et al. Circulation 2007;115:773-781

The Pediatric CM Registry (PCMR) 1990 -2006



HCM Survival by Cause

Colan SD et al. Circulation 2007;115:773-781



IEM MFS

NMD IHCM

Colan SD et al. Circulation 2007;115:773-781



Colan SD et al. Circulation 2007;115:773-781



Oestman-Smith I et al. Eur HJ 2008;29:1160-1167

- Cohort study from 6 regional centers of paediatric cardiology

- Population based statistics of mortality

- N=150; male 60%, Familial 40%; 

- Mortality: 59 death, 39 of them sudden arrhythmic, with 31 <19 years 

- Annual Sudden Death Rate:

- Between 9-14 years  7.2%

- After age    16 years 1.7%, p=0.025, OR 3.75 (95% CI 1.18-11.91)

- Peaks earlier in girls than in boys 



Ostman-Smith I et al. EHJ 2008



Ostman-Smith I et al. EHJ 2008

In families with HCM children should be screened at an early age
(and not =/>12years)



ICD IN PEDIATRIC PTS



Berul CI, JACC 2008;51:1685-91

ICD IN 443 PEDIATRIC AND CONGENITAL 
HEART DISEASE PTS 

ELECTRICAL 31%

CHD 46%
CM 23%



Berul CI, JACC 2008;51:1685-91

(45%) (30%) (25%)



Berul CI, JACC 2008;51:1685-91



Berul CI, JACC 2008;51:1685-91

CONCLUSIONS

- Complications: acute in 13%; chronic in 26%

- Significant proportion of inappropriate 
shocks

-Lead failure was the major cause of      
inappropriate shocks

- Significance of psychological impact



ICD in 22 CHILDREN with HCM

Kaski JP, Heart 2007;93:372-374

Follow up 1.7 years (1-2.3) 



ICD in 22 CHILDREN with HCM

APPROPRIATE SHOCKS
- 4 pts (3SP, 1PP)
- No: 15 (11VF, 4VT)
- Median time: 3.3mo’s
- Annual discharge:                  

 13%(70%SP, 4%PP)
 5 ys shock free survival       

SP 40%; PP 93%

INAPPROPRIATE SHOCKS
- 4pts (2SP, SPP)
- No: 7 (S.tach, SVT, lead frct)
- Median time: 1.2 years
- Other complications:

 1- Hematoma
 1- Anxiety/depression
 1- BE



GENETICS



- 84 children <15 (7+/- 6) years old, 63 boys(75%)   
with idiopathic HCM

- 8 sarcomeric genes (HCM), PRKAG2 and 
LAMP2 sequenced

- MUTATIONS in 25/51 (50%)  without FCM                
in 21/33 (64%)   with FCM

- Mutations in 75% in MYH7 and MYBPC3
- Sudden death, ICD implants and Tx > frequent 

among mutation positive and/or in those with 
positive family history

Shared Genetic Causes of Cardiac Hypertrophy in 
Children & Adults

Morita H et al. NEJM 2008;358:1899-1908



Morita H et al. NEJM 2008;358:1899-1908



Morita H et al. NEJM 2008;358:1899-1908

CONCLUSION:

-Genetic causes account for about  50% of presumed sporadic  
and 2/3 of familial cases of childhood onset HCM

- Childhood onset LVH should prompt genetic analyses and 
family evaluations for sarcomeric protein mutations  



Major message
- The prognosis of HCM seems to be better than previously presumed

- Particularly in those diagnosed or surviving beyond the age of 1year

- Screening in FHCM should be performed in asymptomatic children at 
least at 12 years, perhaps earlier

- ICD implantation related complications decrease with improved 
technologies and experience

- A significant proportion of pts have sarcomere protein defects 


