
Hypertrophic Cardiomyopathy 

Prof. Ralph Knöll 
Lecture 3  
25.10.11 

 
 



Heartfailure 1 
Systolic 
Heartfailure: 
• Symptoms and signs of 

of heart failue 
• EF<50% 
• Diminished contractility 

(dp/dt) 

Diastolic 
Heartfailure: 
• (Diagnosis only 

possible via analysis of 
myocardial function 
possible, such as 
echocardiography / 
angiography): 
Symptoms and signs of 
of heart failue 

• EF>50% 
• Abnormal diastolic 

function: ventricular 
relaxation dinimished, 
increased ventricular 
stiffness 

Relatively new 
concept! 

Does isolated diastolic 
heart failure really 
exist? 



Systolic and Diastolic Heart Failure  

Ejectionfraction (EF) = SV/EDV or EDV-ESV/EDV 
Here: EF = 140 – 56 / 140 = 84 / 140 = 0,6 or 60% 

56 140 56 140 140 84 

(SV = Stroke Volume, EDV = enddiastolic Volume, ESV = endsystolic Volume) 



Heartfailure 2 

• Acute: all of a 
sudden, immediate 
heart failure (i. e. 
Myocardial Infarction 
or rupture during 
accident) 

  

• Chronic: e. i. for a 
long time present (i. 
e. weeks, months, 
years - 
cardiomyopathy, 
slowly progredient 
heart valve disease) 



Heartfailure 3 
• Right heart failure: the 

right ventricle is 
primarily affected, blood 
pools back into the 
abdomen, liver and 
legs. Peripheral edema 
formed - typically 
around the ankles and 
in the lower legs or 
arms (i. e. Infarction of 
the right ventricle, 
tricuspidal valve failure 
pulmonal hypertonus) 

• Left heart failure: the 
left ventricle is primarily 
affected, blood pools 
back into the lungs 
(lung-edema) low blood 
pressure (Infarction of 
the left ventricle, Mitral-
valve failure, Aortic 
stenosis, arterial 
hypertension.  

Global-heart failure: both ventricles are affected 



Heartfailure 4 
• Backward failure:  
 of the left ventricle 

causes congestion of 
the pulmonary 
vasculature, and so the 
symptoms are 
predominantly 
respiratory in nature. 
Backward failure can be 
subdivided into failure 
of the left atrium, the left 
ventricle or both within 
the left circuit.  
 

• Forwardfailure: 
 of the left ventricle 

causes  
 symptoms of poor 

systemic circulation 
such as dizziness, 
confusion and cool 
extremities at rest. 

 
 



(Maron et al., Circulation 2006) 

http://circ.ahajournals.org/content/vol113/issue14/images/large/15FF1.jpeg�


Hypertrophic Cardiomyopathy (HCM) 

• Definition: HCM is characterized 
morphologically and defined by a 
hypertrophied, nondilated LV in the 
absence of another systemic or 
cardiac disease that is capable of 
producing the magnitude of wall 
thickening evident (Maron et al., 
Circulation 2006). 
 
 



Hypertrophic Cardiomyopathy (HCM) 

• So what are the “....in the absence of 
another systemic or cardiac disease 
that is capable of producing the 
magnitude of wall thickening 
evident?” 
 • Hypertension 
 

• Valve diseases (aortic constriction) 
 



Hypertrophic Cardiomyopathy (HCM) 



Hypertrophic Cardiomyopathy (HCM) 

• 2 types:  Hypertrophic obstructive cardiomyopathy 
  (HOCM) 25% of all cases    

Hypertrophic non-obstructive cardiomyopathy 
 (HNCM) 75% of all cases 
 

• Pathology: Hypertrophied septum 
                  in relation to wall thickness, relatively small 
  ventricle 
                  Heart weight > 500 g 
 

• Histology: myocardial dysarray (characteristic, but not 
  specific)  
 
 



Hypertrophic Cardiomyopathy (HCM) 

• HCM is a clinically heterogeneous but 
relatively common autosomal dominant 
genetic heart disease (1:500 of the 
general population for the disease 
phenotype recognized by 
echocardiography) that probably is the 
most frequently occurring cardiomyopathy.  



Hypertrophic Cardiomyopathy (HCM) 

• Data from the United States indicate that 
HCM is the most common cause of 
sudden cardiac death in the young 
(including trained athletes) and is an 
important substrate for heart failure 
disability at any age. 

• Variable penetrance 
• Age dependent penetrance 



Asymmetric septal hypertrophy 

Presenter
Presentation Notes
Asymmetric septal hypertrophy. Longitudinal section of the heart of a 31-year-old woman with subaortic obstructive HCM who died suddenly while on propranolol therapy. Hemodynamic investigation confirmed subaortic obstruction as well as mitral regurgitation. The regurgitation was partially due to an abnormal mitral valve (insertion of an anomalous papillary muscle (arrow) onto the ventricular surface of the anterior mitral leaflet). Note the asymmetric hypertrophy with a grossly thickened ventricular septum. A narrowed outflow tract between the upper septum and the anterior mitral leaflet, which is very thickened and fibrosed from repeated contact with the septum, can also be seen. There was microscopic evidence of extensive myocardial fiber disarray involving the septum and free wall of the left ventricle. (From Wigle et al. [51]; courtesy of L. Horlick.)

References:
			
[51]. Wigle ED,  Sasson Z,  Henderson MA,  Hypertrophic cardiomyopathy. The importance of the site and the extent of hypertrophy: a review.  Prog Cardiovasc Dis 1985  28 1-85



Heartfailure 

                                                                                  

Seidman & Seidman, Cell, 2001 

HCM DCM Normal 

http://www.cell.com/content/article/image?uid=PIIS0092867401002422&imageid=GR1�
http://www.cell.com/content/article/image?uid=PIIS0092867401002422&imageid=GR1�


Heartfailure - Histology 

                                                                                  

Normal (no 
interstial fibrosis; 
elongated, 
symmetric  
cardiomyocytes) 

HCM  
(Blue: Interstial 
fibrosis 
red: disarray 
hypertrophied 
cardiomycytes) 

DCM (red: no  
disarray; 
hypertrophied, 
degenerating 
cardiomyocytes; pink: 
interstitial fibrosis) 

Mason Tricrome H&E H&E 

http://www.cell.com/content/article/image?uid=PIIS0092867401002422&imageid=GR2�
http://www.cell.com/content/article/image?uid=PIIS0092867401002422&imageid=GR2�


A, Gross heart specimen of a 13-year-old male athlete with disproportionate 
thickening of the interventricular septum (VS) compared with the left ventricular 
(LV) free wall. B, Histological specimen showing marked cellular disarray with 
hypertrophied cells arranged in a chaotic pattern.  

HCM – Morphology, Histology 



HCM - Histology 

C, Histological specimen showing several abnormal intramural coronary 
arteries, with markedly thickened walls and narrowed lumina. RV = right 
ventricle; hematoxylin and eosin stain in B and C;  
 



HCM causing mutations 



For many years it was unclear, whether cardiomyopathies 
do have a genetic cause or do have a genetic basis. 
However, 20 years ago, the first mutation in a patient / 
family affected by HCM was shown:  

 the R403Q β Myosin heavy chain mutation (MYH 7) 
 
A molecular basis for familial hypertrophic cardiomyopathy: An α/β 

cardiac myosin heavy chain hybrid gene  
Gary Tanigawaa, John A. Jarchob, Susan Kassa, Scott D. Solomonb, Hans-

Peter Vosbergc, J. G. Seidmana and Christine E. Seidmanb, a 
a Howard Hughes Medical Institute and Department of Genetics Harvard 

Medical School, Boston, Massachusetts 02115, USA 
b Cardiovascular Division Brigham and Women's Hospital, Boston, 

Massachusetts 02115, USA 
c Department of Cell Physiology Max-Planck Institute for Medical Research, 

Heidelberg, Federal Republic of Germany 
Received 20 July 1990.  
 

Hypertrophic Cardiomyopathy (HCM) 



• Mutations in the following genes have been found in 
HCM: 

1. Chr. 10, β Myosin heavy chain (MYH 7) 
2. Chr. 1, cardiac troponin T (TNNT2) 
3. Chr. 15, α-Tropomyosin (TMSA) 
4. Chr. 11, Myosin Binding protein C (MYBPC 3) 
5. Chr. 3, essential myosin light chain (MYL 3) 
6. Chr. 12, regulatory myosin light chain (MYL 2) 
7. Chr. 19, cardiac troponin I (TNNI 3) 
8. Actin 
9. Titin  
10. α Myosin heavy chain 

 

Hypertrophic Cardiomyopathy (HCM) 



Hypertrophic Cardiomyopathy (HCM) 



• Mutations in sarcomeric genes are a major 
cause of HCM.  

• Mutations in genes encoding force 
generating parts of the sarcomere are a 
major cause of HCM (i. e. Is HCM a 
disease of the „force generation“?) 

Hypertrophic Cardiomyopathy (HCM) 



• Mutations in genes encoding force generating 
parts of the sarcomere are a major cause of 
HCM (i. e. Is HCM a disease of the „force 
generation“?) 

• Indeed, some MYH7 chain mutations are 
associated with a decrease in power 
generation and it was initially thought that 
the observed hypertrophy might represent a 
„compensatory mechanism“ BUT: most of 
the HCM causing mutations are associated 
with increased power production.  

Hypertrophic Cardiomyopathy (HCM) 



• Watkins et al., proposed that the MYH7 
mutations leading to an amino acid 
change with charge alteration was 
associated with poor survival prognosis.  

• This fits for the Arg249Gly, Gly716Arg, 
and the Asp778Gly mutation.  

• But not for the Arg143Gln and 
Arg870Cys 

Hypertrophic Cardiomyopathy (HCM) 



Survival of HCM patients with 
different MYH7 mutations 

Kimura, J human Genetics 2010 



• As such, this hypothesis was changed so 
that amino acid changes associated with 
charge alteration in functionally important 
domains of myosin heavy chain (i. e. ATP 
binding domain, converter domain and 
myosin light chain interacting domain) are 
correlated with poor survival.  

Hypertrophic Cardiomyopathy (HCM) 



• Mutations in genes causing an increase in 
calcium sensitivity  (i. e. is HCM a 
disease of the „calcium sensitivity“?) 

Hypertrophic Cardiomyopathy (HCM) 



• New hypothesis: an increase in 
misfolded proteins (i. e. particularly mutant 
myosin binding protein C proteins) which 
the ubiquitine proteasome complex is 
unable to degrade timely, causes 
hypertrophy of cardiomyocytes.  

 Moreover, other proteins, such as growth 
factors can‘t be degraded as well and may 
cause a further increase in hypertrophy.  

Hypertrophic Cardiomyopathy (HCM) 



HCM and progression to heart 
failure 



HCM - Prognosis 

Kaplan-Meier survival curve of 
225 community-based patients 
with hypertrophic 
cardiomyopathy (HC) and age-
matched control subjects. The 
numbers above the horizontal 
axis refer to the number of 
patients at each follow-up period. 
The annual total mortality rate of 
the patients with HC was 1.3 
percent.  



Hypertrophic Cardiomyopathy (HCM) 
Sarcomeric 
components 

Number of 
known 
mutations 

Mutation 
(Example) 

SCD Risik  
(sudden 
cardiac death) 

β MHC >50 Arg403Q 
Val606Met 

Minimal - high 
Minimal 

CardiacTroponin 
T 

11 Ile79Asn 
Arg92Gln 

High 
? 

Cardiac 
Troponin I 

6 Unknown 

α-Tropomyosin 4 Asp175Asn Minimal 

Myosin 
bindending 
Protein C 

11 Mutations in 
introns, 
Splice Sites 

Minimal 

Myosin light 
chain 

6 Unknown 



Hypertrophic Cardiomyopathy (HCM) 

• So why are some mutations associated 
with sudden cardiac death and others 
not? 

• Simple answer:  
 No one knows it exactly, but:  
1. About 5% of all HCM patients carry at 

least 2 different cardiomyopathy 
causing mutations (i. E. Homozyogous 
or compound heterozygous mutations) 



Hypertrophic Cardiomyopathy (HCM) 

2. Environmental effects (sports? 
Biomechanical stress?) 

3. Additional diseases (hypertonus? 
Valve diseases?) 

4. Age dependent penetrance  
5. Epigenetic effects (i. E. DNA 

methylation) 
 
 



Hypertrophic Cardiomyopathy (HCM) 

6. Imbalances within a single sarcomere 
due to the presence of 2 different 
sarcomeric proteins (i. E. 2 different 
βMHC with different kinetics and force 
generation may cause imbalances) 
 

 



Hypertrophic Cardiomyopathy (HCM) 

What causes the arrhythmias? 
Again, not really clear but:  
1. Ischemia is a major trigger for 

arrhythmias in any cardiac disease 
2. Mechano-electrical feedback might be 

affected  



HCM - Therapy 



Alcohol ablation 

Drawing 
demonstrating 
technique of 
ethanol infusion 
into a septal 
artery in 
hypertrophic 
cardiomyopathy. 
The insert shows 
a balloon 
occluding the 
septal artery and 
the alcohol-
induced septal 
infarction.  



HCM - Ischemia 



HCM - Prognosis 



Thank you very much  
for your attention 


	Hypertrophic Cardiomyopathy
	Heartfailure 1
	Systolic and Diastolic Heart Failure 
	Heartfailure 2
	Heartfailure 3
	Heartfailure 4
	Slide Number 7
	Hypertrophic Cardiomyopathy (HCM)
	Hypertrophic Cardiomyopathy (HCM)
	Hypertrophic Cardiomyopathy (HCM)
	Hypertrophic Cardiomyopathy (HCM)
	Hypertrophic Cardiomyopathy (HCM)
	Hypertrophic Cardiomyopathy (HCM)
	Slide Number 14
	Heartfailure
	Heartfailure - Histology
	Slide Number 17
	HCM - Histology
	HCM causing mutations
	Hypertrophic Cardiomyopathy (HCM)
	Hypertrophic Cardiomyopathy (HCM)
	Hypertrophic Cardiomyopathy (HCM)
	Hypertrophic Cardiomyopathy (HCM)
	Hypertrophic Cardiomyopathy (HCM)
	Hypertrophic Cardiomyopathy (HCM)
	Survival of HCM patients with different MYH7 mutations
	Hypertrophic Cardiomyopathy (HCM)
	Hypertrophic Cardiomyopathy (HCM)
	Hypertrophic Cardiomyopathy (HCM)
	HCM and progression to heart failure
	HCM - Prognosis
	Hypertrophic Cardiomyopathy (HCM)
	Hypertrophic Cardiomyopathy (HCM)
	Hypertrophic Cardiomyopathy (HCM)
	Hypertrophic Cardiomyopathy (HCM)
	Hypertrophic Cardiomyopathy (HCM)
	HCM - Therapy
	Alcohol ablation
	HCM - Ischemia
	HCM - Prognosis
	Thank you very much �for your attention

