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have been used in previous guidelines to estimate risk are shown in
Table 7 .

9.5.2 Models for estimating sudden cardiac death risk
Trials in other cardiovascular diseases have shown that implantation
of an ICD for primary and secondary prophylaxis can reduce mortal-
ity;382,383 however, the threshold of risk that justifies device implant-
ation is usually defined by the clinical characteristics of the
populations enrolled in such studies, rather than an a priori definition
of acceptable risk. This gives rise to a numberof inconsistencies as the
characteristics of trial populations vary. It is also likely that societal,
economic and cultural factors influence the recommendations
made by guideline committees.

There are no randomized trials or statistically validated prospective pre-
diction models that can be used to guide ICD implantation in patients with
HCM. Recommendations are instead based on observational, retrospective
cohort studies that have determined the relationship between clinical char-
acteristics and prognosis.

In the previous version of these Guidelines384 and a more recent
guideline from the American College of Cardiology Foundation/
American Heart Assocation,385 a small number of clinical character-
istics (NSVT, maximal LV wall thickness ≥30mm, family history of

SCD, unexplained syncope, and abnormal blood pressure response
to exercise) were used to estimate risk and to guide ICD therapy.
This approach has a number of limitations: specifically, it estimates
relative—and not absolute—risk; it does not account for the differ-
ent effect size of individual risk factors;386 and some risk factors
such as LV wall thickness are treated as binary variables when they
are associated with a continuous increase in risk.121 Consequently,
current risk algorithms discriminate modestly between high- and
low-risk patients.386

Other clinical features, such as myocardial fibrosis (determined by
contrast enhanced CMR), LV apical aneurysms and the inheritance of
multiple sarcomere protein gene mutations, have been suggested as
arbiters that can be used to guide ICD therapy in individuals who are
at an intermediate risk, but there are few data to support this ap-
proach.33,129 ,144

Recently, a multicentre, retrospective, longitudinal cohort study of
3675 patients—knownasHCM Risk-SCD—developed andvalidated
a new SCD risk prediction model.73 HCM Risk-SCD uses predictor
variables that have been associated with an increased risk of
sudden death in at least one published multivariable analysis (Web
Table 5 ).73 This excludes abnormal blood pressure response as a risk
marker. The model provides individualized 5-year risk estimates

Table 7 Major clinical features associated with an increased risk of sudden cardiac death in adults

Risk Factor Comment

Age • The effect of age on SCD has been examined in a number of studies73,82,99,208,244,372–374 and two have 
 s 73,99 
• Some risk factors appear to be more important in younger patients, most notably, NSVT,69 severe LVH375 and 
 unexplained syncope.99

Non-sustained ventricular tachycardia • N ≥3 consecutive ventricular beats at ≥120 BPM lasting <30 seconds) occurs in 20–30% of 
 patients during ambulatory ECG monitoring and is an independent predictor of SCD.69,73,83,246,248,374 
• T 69,376

Maximum left ventricular wall 
thickness

• The severity and extent of LVH measured by TTE are associated with the risk of SCD.69,120,121,373 

• Several studies have shown the greatest risk of SCD in patients with a maximum wall thickness of ≥30 mm but 
 there are few data in patients with extreme hypertrophy (≥35 mm).69,73,120,247,248,373,377,378

Family history of sudden cardiac death 
at a young age

• W 73,120,372,377

 o
 w

Syncope • Syncope is common in patients with HCM but is challenging to assess as it has multiple causes.379 
• Non-neurocardiogenic syncope for which there is no explanation after investigation is associated with increased 
 risk of SCD.73,83,99,244,246–248

• Episodes within 6 months of evaluation may be more predictive of SCD.99

Left atrial diameter • Two studies have reported a positive association between LA size and SCD.73,99 There are no data on the 
 association between SCD and LA area and volume. Measurement of LA size is also important in assessing the 
 risk of AF (see section 9.4).

obstruction
• A n 73,82,83,246,372,380 Several 
 unanswered questions remain, including the prognostic importance of provocable LVOTO and the impact of 
 treatment (medical or invasive) on SCD. 

Exercise blood pressure response • Approximately one third of adult patients with HCM have an abnormal systolic blood pressure response to exercise 
 characterised by progressive hypotension or a failure to augment the systolic blood pressure that is caused by an 
 inappropriate drop in systemic vascular resistance and a low cardiac output reserve.241,381

• V 69,83,246,377; 
 f
 pressure by at least 20 mm Hg from rest to peak exercise or a fall of >20 mm Hg from peak pressure.237

• Abnormal exercise blood pressure response is associated with a higher risk of SCD in patients aged ≤40 years,237  
 but its pr
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The HCM Risk-SCD formula is as follows: ProbabilitySCD at 5 years 1⁄4 1 –
0.998exp(Prognostic index) where Prognostic index 1⁄4 [0.15939858 x maximal 
wall thickness (mm)] 2 [0.00294271 x maximal wall thickness2 (mm2)]+ 
[0.0259082 x left atrial diameter (mm)] + [0.00446131 x maximal 
(rest/Valsalva) left ventricular outflow tract gradient (mm Hg)] + [0.4583082 x 
family history SCD]+[0.82639195 x NSVT]+ [0.71650361 x unexplained
syncope] 2 [0.01799934 x age at clinical evaluation (years)]. 
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Chan and Maron et al, Circulation 2014

Relation between extent of late gadolinium enhancement (LGE) and sudden 
cardiac death (SCD) events in 1293 patients with hypertrophic cardiomyopathy. 



Gene Chromosomal
position

a
Protein HCM-

associated 
mutations

a

Location or function
b

ACTA1 1q42.13–q42.2 Actin, alpha 1 1 Sarcomere, skeletal muscle

ACTC1 15q11–q14 Actin, alpha, cardiac muscle 1 25 Sarcomere, cardiac muscle

ACTN2 1q42–q43 Actinin, alpha 2 5 Z-disk
ANKRD1 10q23.33 Ankyrin repeat domain 1 3 Z-disk and nucleus (transcription factor)

BRAF 7q34 v-Raf murine sarcoma viral oncogene homolog B1 1 Cytoplasmic serine/threonine kinase

COA5 2q11.2 Cytochrome c oxidase assembly factor 5 1 Mitochondrial

CALM3 19q13.2–q13.3 Calmodulin 3 (phosphorylase kinase, delta) 1 Calcium sensor and signal transducer

CALR3 19p13.11 Calreticulin 3 2 Endoplasmic reticulum chaperone

CASQ2 1p13.3–p11 Calsequestrin 2 1 Sarcoplasmic reticulum; calcium storage

CAV3 3p25 Caveolin 3 1 Plasma membrane
COX15 10q24 Cytochrome c oxidase assembly homolog 15 2 Mitochondrial respiratory chain

CSRP3 11p15.1 Cysteine and glycine-rich protein 3 15 Z-disk

DES 2q35 Desmin 1 Intermediate filament
FHL1 Xq26 Four and a half LIM domains 1 3 Biomechanical stress sensor

FHOD3 18q12 Formin homology 2 domain containing 3 1 Actin-organizing protein

FXN 9q13–q21.1 Frataxin 1 Mitochondrial iron transport and respiration

GLA Xq22 Galactosidase, alpha 765 Lysosome
JPH2 20q13.12 Junctophilin 2 6 Junctional membrane complexes; calcium signaling

KLF10 8q22.2 Kruppel-like factor 10 6 Transcriptional repressor; inhibits cell growth

http://www.ncbi.nlm.nih.gov.gate2.inist.fr/pmc/articles/PMC4199654/table/t1-tacg-7-195/
http://www.ncbi.nlm.nih.gov.gate2.inist.fr/pmc/articles/PMC4199654/table/t1-tacg-7-195/
http://www.ncbi.nlm.nih.gov.gate2.inist.fr/pmc/articles/PMC4199654/table/t1-tacg-7-195/


MAP2K1 15q22.1–q22.33 Mitogen-activated protein kinase kinase 1 1 MAP kinase kinase; signal transduction

MAP2K2 19p13.3 Mitogen-activated protein kinase kinase 2 1 MAP kinase kinase; signal transduction

MRPL3 3q21–q23 Mitochondrial ribosomal protein L3 1 Mitochondrial ribosomal protein

MTO1 6q13 Mitochondrial tRNA translation optimization 1 2 Mitochondrial tRNA modification

MYBPC3 11p11.2 Myosin binding protein C, cardiac 506 Sarcomere

MYH6 14q12 Alpha-myosin heavy chain 3 Sarcomere

MYH7 14q12 Beta-myosin heavy chain 491 Sarcomere

MYL2 12q23–q24.3 Ventricular myosin regulatory light chain 20 Sarcomere

MYL3 3p21.3–p21.2 Myosin light chain 3 16 Sarcomere
MYLK2 20q13.31 Myosin light chain kinase 2 2 Calcium/calmodulin-dependent kinase

MYO6 6q13 Myosin VI 1 Actin-based reverse-direction motor protein

MYOM1 18p11.31 Myomesin 1 1 Sarcomere
MYOZ2 4q26–q27 Myozenin 2 2 Z-disk
MYPN 10q21.3 Myopalladin 8 Z-disk
NDUFAF1 15q11.2–q21.3 NADH dehydrogenase (ubiquinone) complex I, 

assembly factor 1
2 Mitochondrial chaperone

NDUFV2 18p11.31–p11.2 NADH dehydrogenase (ubiquinone) flavoprotein 2 1 Mitochondrial respiratory chain

NEXN 1p31.1 Nexilin 2 Z-disk
OBSCN 1q42.13 Obscurin 1 Sarcomere
PDLIM3 4q35 PDZ and LIM domain 3 1 Z-disk
PRKAG2 7q36.1 5ʹ-AMP-activated protein kinase subunit gamma-2 7 Energy sensor protein kinase

PLN 6q22.1 Phospholamban 7 Sarcoplasmic reticulum; regulates Ca
2+

-ATPase



RAF1 3p25 v-Raf-1 murine leukemia viral oncogene homolog 1 1 Serine/threonine-protein kinase; signal transduction

SLC25A3 12q23 Solute carrier family 25, member 3 1 Phosphate carrier protein (cytosol to mitochondria)

SLC25A4 4q35 Solute carrier family 25, member 4 2 Adenine nucleotide translocator (cytosol/mitochondria)

SOS1 2p22–p21 Son of sevenless homolog 1 1 Guanine nucleotide exchange factor for RAS proteins; signal 
transduction

SRI 7q21.1 Sorcin 2 Calcium-binding; modulates excitation-contraction coupling

TCAP 17q12 Telethonin 7 Z-disk
TNNC1 3p21.3–p14.3 Troponin C 14 Sarcomere
TNNI3 19q13.4 Troponin I 70 Sarcomere
TNNT2 1q32 Troponin T 90 Sarcomere
TPM1 15q22.1 Alpha-tropomyosin 38 Sarcomere
TRIM63 1p34–p33 Tripartite motif-containing 63 3 Sarcomere; regulates protein degradation

TTN 2q31 Titin 6 Sarcomere
VCL 10q22.1–q23 Vinculin 1 Sarcomere



4.8 Drugs
Chronic use of some drugs, including anabolic steroids, tacrolimus
and hydroxychloroquine, can cause LVH although they rarely
result in a left ventricular wall thickness ≥1.5 cm.55–57

5. Diagnosis
The diagnosis of HCM rests on the detection of increased LV wall
thickness by any imaging modality, but the disease phenotype also
includes myocardial fibrosis, morphologic abnormalities of the
mitral valve apparatus, abnormal coronary microcirculatory function
and electrocardiographic abnormalities. Due to the diverse aetiology
of the disease, detection of increased LV wall thickness that is unex-
plained by loading conditions should prompt a systematic search for
its underlying cause. In many patients, this work-up should include
specialized laboratory testing and, in some circumstances, genetic
analysis (Figure 2 ).

5.1 Diagnostic criteria
5.1.1 Adults
In an adult, HCM is defined by a wall thickness ≥15 mm in one or more
LV myocardial segments—as measured by any imaging technique

(echocardiography, cardiac magnetic resonance imaging (CMR) or com-
puted tomography (CT))—that is not explained solely by loading conditions.

Genetic and non-genetic disorders can present with lesser
degrees of wall thickening (13–14 mm); in these cases, the diagnosis
of HCM requires evaluation of other features including family history,
non-cardiac symptoms and signs, electrocardiogram (ECG) abnor-
malities, laboratory tests and multi-modality cardiac imaging.

Common diagnostic challenges include the following:

† Presentation in the late phase of the disease with a dilated and/or
hypokinetic left ventricle and LV wall thinning (see section 8.2).

† Physiological hypertrophy caused by intense athletic training
(see section 12.1).

† Patients with co-existent pathologies (see section 12.2 on
hypertension and section 12.4 on diagnosis and management
of valve disease)

† Isolated basal septal hypertrophy in elderly people (see section
12.3).

5.1.2 Children
As in adults, the diagnosis of HCM requires an LV wall thickness more
than two standard deviations greater than the predicted mean
(z-score .2, where a z-score is defined as the number of standard
deviations from the population mean).58

The majority of cases in adolescents and adults are caused by mutations in sarcomere protein genes. AL = amyloid light chain; ATTR=amyloidosis, transthyretin type. 
CFC = cardiofaciocutaneous; FHL-1=Four and a half LIM domains protein 1; LEOPARD = lentigines, ECG abnormalities, ocular hypertelorism, pulmonary stenosis, abnormal genitalia, 
retardation of growth, and sensorineural deafness; MELAS = mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes; MERFF = myoclonic epilepsy with ragged red 

TPM1 = tropomyosin 1 alpha chain; TTR = transthyretin.  

• Inborn errors of metabolism
 Glycogen storage diseases:
  • Pompe
  • Danon
• AMP-Kinase (PRKAG2)
• Carnitine disorders
• Lysosomal storage diseases
  • Anderson-Fabry

• Neuromuscular diseases
  • Friedreich’s ataxia
  • FHL1

• Mitochondrial diseases
  • MELAS
  • MERFF

• Malformation Syndromes
  • Noonan
  • LEOPARD
  • Costello
  • CFC

• Amyloidosis
  • Familial ATTR
  • Wild type TTR (senile)
  • AL amyloidosis

• Newborn of diabetic mother

• Drug-induced
  • Tacrolimus
  • Hydroxychloroquine
  • Steroids

Unknown
~ 25–30%

Sarcomeric protein
gene mutation
40–60%

~ 5–10%

MYL3
TPM1
TNNI3

TNNT2

MYH7

MYBPC3

Other genetic and
non-genetic causes

fibres; MYL3 = myosin light chain 3; MYBPC3 = myosin-binding protein C, cardiac-type; MYH7 = myosin, heavy chain 7; TNNI3 = troponin I, cardiac; TNNT2 = troponin T, cardiac:

Figure 1 Diverse aetiology of hypertrophic cardiomyopathy.
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Distinct mutation cannot be the sole factor that dictates clinical
phenotype

• “malignant” MYH7-R403Q mutation: no SCD

• “benign” MYH7-V606M mutation: 50% of SCD

• “malignant” TNNT2-I79N mutation: no SCD

Watkins H. Hum Mol Genet. 1995
Menon S, Clin Genet. 2008 

Role of genomic other mutations, genetic 
modifier and epigenetic on disease expression 



Positive genetic test leads to a more severe prognosis

Thus, although mutation-specific risk stratification is not
possible, genetic test-based risk stratification seems clinically
informative. Still, the translation of this observation into a
clinically meaningful and “actionable” biomarker for the
patient with already clinically manifest HCM is unclear.
Knowing the difference in natural history and the increased
likelihood toward disease progression, should patients with a
positive genetic test be seen more frequently, intervened on
sooner, and if so, with what interventions? Perhaps, the
greatest contribution of the HCM genetic test for the pheno-
typically positive host will be for the clinician to “relax”

somewhat for the patient with a negative HCM genetic test
knowing that collectively, such HCM gene test negative-
individuals exhibit a milder disease phenotype and are far less
likely to progress. Perhaps HCM patients with a negative
HCM genetic test will ultimately require less frequent eval-
uations and cardiac tests.

Conclusion
It is clear that HCM is a truly complex disease that can present
at any age with variable hypertrophy and outflow tract obstruc-
tion, and it can progress in an innocuous fashion, or predispose

Figure 2. Drawing of the proteins that
comprise the cardiac myofilaments
include MYPBC3-encoded myosin bind-
ing protein C and MYH7 encoded
!-myosin heavy chain. Clinical charac-
teristics for patients hosting MYBPC3
and MYH7 mutations are given.58 Draw-
ing adapted from Spirito et al.37 Dx indi-
cates age at diagnosis in years; LVWT,
left ventricular wall thickness; FH, family
history; SCD, sudden cardiac death.

Figure 3. A) Top, table of the associations between clinical characteristics and a positive and negative HCM genetic test. Variance
measured as standard deviation. Dx indicates diagnosis; MLVWT, maximal left ventricular wall thickness; FH, family history; ICD,
implantable cardioverter-defibrillator. Bottom, table of the hazard ratio and 95% confidence interval of a positive HCM genetic test
compared with age, left ventricular outflow tract obstruction, and atrial fibrillation. Adapted from Van Driest et al.19 B) Kaplan-Meier
analysis of the probability of cardiovascular (CV) death, nonfatal ischemic stroke, or progression to heart failure with a negative and
positive HCM genetic test.

Landstrom and Ackerman HCM Mutations and Prognosis 2447
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Conclusion

• MRI and most specifically LGE seems to be helpful for the the arrhythmic 
risk classification of the patients

• HsTNT

• Genetic is not helpful most of the time with the exception of patients 
carriers of multiple mutations
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Evaluation of the arrhythmic risk 
remains a probabilistic evaluation!!!


