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      Mitochondrial Cardiomyopathy                     

     N.     de     Jonge      and     J.    H    .     Kirkels   

    Abstract  

  The mitochondrial diseases are a heterogeneous group of rare disorders which can affect 
virtually all organ systems, like the heart, the brain and the skeletal muscles. Most of the 
mitochondrial diseases are caused by mutations in the nuclear DNA, but approximately 
15% are caused by mutations in the mitochondrial DNA, making genetic counseling diffi -
cult. The combination of cardiomyopathy, deafness, diabetes, encephalopathy and myopa-
thy suggests mitochondrial disease. 

 Cardiomyopathy, however,  may be the fi rst and only symptom. MELAS syndrome with 
hypertrophic cardiomyopathy and Kearns-Sayre syndrome with progressive conduction 
disorders are two examples of mitochondrial disease.   

      Introduction  

 Mitochondria are the major sites of energy production in the 
cell as they harbor the process of oxidative phosphorylation 
(OXPHOS). The OXPHOS system consists of fi ve enzyme 
complexes, of which complexes I–IV give rise to the mito-
chondrial respiratory chain, located at the inner mitochon-
drial membrane. Energy produced by this respiratory chain 
drives the production of adenosine-tri-phosphate (ATP) from 
adenosine-di-phosphate (ADP) by complex V. 

 As the heart is an energy-dependent tissue, mitochondria 
constitute 20–40 % of the cellular volume of cardiomyocytes 
(Fig.  9.1 ). The mitochondrial energy production is under the 
genetic control of both nuclear (99 %) and mitochondrial 
genes (mtDNA) (1 %) [ 1 ]. Mutations within these genes may 
cause defects in oxidative phosphorylation and have severe 
consequences for those organs that are heavily dependent on 
energy production like the heart, the brain, and skeletal mus-
cle. Because myopathy is often one of the main presenting 
symptoms, patients with mitochondrial diseases tend to be 

seen primarily by neurologists and pediatricians. However, 
the importance of mitochondrial disease in cardiology is 
being more and more recognized, as cardiomyopathy may be 
the fi rst and only manifestation of mitochondrial disease.

   Mitochondrial DNA (mtDNA) is a circular double- 
stranded genome of 16.5 kilobases, encoding 13 polypep-
tides of the respiratory chain subunits, 28 ribosomal RNAs, 
and 22 transfer RNAs (tRNAs). All these mitochondrial gene 

        N.   de   Jonge      (*) •    J.  H  .   Kirkels    
  Department of cardiology ,  University Medical Centre , 
  Utrecht ,  The Netherlands   
 e-mail: n.dejonge@umcutrecht.nl  

 9

  Fig. 9.1    A cardiomyocyte demonstrating the high numbers of mito-
chondria in between the contractile fi laments       
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products are involved in mitochondrial energy production, 
but as stated before, many other components of the respira-
tory chain and regulatory mitochondrial proteins are coded 
by nuclear genes. Mitochondrial diseases may thus be caused 
by mutations in mtDNA, but most are caused, however, by 
mutations in nuclear DNA. 

 Therefore, different modes of inheritance may be observed 
in mitochondrial disease, as mtDNA is exclusively mater-
nally inherited, while nuclear DNA follows Mendelian 
inheritance. The maternal inheritance of mtDNA is due to 
the fact that the mammalian egg contains about 100,000 
mitochondria and mtDNA, whereas the sperm contains only 
in the order of 100 mtDNA [ 2 ]. 

 Mammalian mtDNA has a very high mutation rate in 
comparison to nuclear DNA. Each cell contains hundreds to 
thousands of mitochondria and each mitochondrion contains 
many copies of mtDNA. Mutations in mtDNA therefore 
result in  heteroplasmy : the presence of two or more different 
genomes (with and without a mutation) in one cell, the 
 proportion of which may change over time as the mitochon-
dria multiply and are randomly distributed over daughter 
cells during cell division. Due to this process, the proportion 
of mutant mtDNA varies considerably between organ sys-
tems and even within a specifi c tissue, resulting in different 
phenotypes and marked variability in severity and symptom 
patterns. The heart, central nervous system (CNS), and the 
skeletal muscles are particularly vulnerable to defects in 
energy metabolism, and therefore are often involved in 
 mitochondrial disease. 

 Phenotype–genotype correlation in mitochondrial disease 
is complex: patients with the same clinical syndrome do not 
always show the same mutation in the mtDNA and, 
 conversely, a single mutation can be associated with different 
clinical syndromes [ 3 ]. 

 Many mutations in mtDNA may lead to  cardiomyopa-
thy , mostly  hypertrophic , but  dilating cardiomyopathy  
and  left ventricular noncompaction  are also possible [ 4 ]. 
A list of known mutations reported in patients with car-
diomyopathy is reviewed elsewhere and some are shown 
in Table  9.1  [ 5 ].

   Besides mutations in the mtDNA, many mutations in 
nuclear genes encoding mitochondrial proteins may also 
cause cardiomyopathy. Some examples include mutations in 
the mitochondrial transport protein  frataxin  leading to 
 Friedreich’s ataxia , an autosomal recessive neurodegenera-
tive disorder characterized by progressive ataxia, dysarthria, 
and hypertrophic cardiomyopathy, and mutations in the gene 
encoding the protein  tafazzin , resulting in  Barth syndrome , an 
X-linked neonatal disorder characterized by dilating cardio-
myopathy, skeletal myopathy, cyclic neutropenia, and growth 
retardation. A comprehensive list of mitochondrial diseases 
associated with cardiomyopathy is reviewed elsewhere [ 1 ]. 

 The most frequently reported cardiac manifestations in 
mitochondrial disease are mentioned in the Table  9.2 .

   Many mitochondrial disorders become apparent in the fi rst 
years of life. The frequency of cardiomyopathy in mitochon-
drial disease has been reported to be from 17 % to 40 % and 
the incidence of mitochondrial cardiomyopathy in children 
and young adults is estimated to be at least 1/50,000 [ 4 ,  6 ]. 
Children with mitochondrial cardiomyopathy generally have 
an earlier onset, more severe morbidity, and increased mortal-
ity compared with children who have mitochondrial disorders 
without cardiac involvement [ 7 ]. One study showed that of the 
patients with cardiomyopathy 71 % died or underwent heart 

   Table 9.1    Specifi c mitochondrial DNA (mtDNA) point mutations in 
cardiac disease (Adapted from Marin-Garcia [ 5 ])   

 Gene  Site  Cardiac phenotype 

 tRNA mutations 

 Leu  3243 A- > G  DCM 

 Leu  3260 A- > G  Tachycardia, adult onset 

 Leu  3303 C- > T  Fatal infantile CM 

 Leu  3254 C- > G  HCM 

 Leu  12997 T- > C  DCM 

 Ile  4300 A- > G  HCM, adult onset 

 Ile  4317 A- > G  Fatal infantile CM 

 Ile  4320 C- > T  Fatal infantile CM 

 Ile  4269 A- > G  CF at 18 year, adult 
onset 

 Ile  4295 A- > G  HCM 

 Ile  4284 G- > A  CM 

 Lys  8363 G- > A  HCM 

 Lys  8334 A- > G  HCM 

 Lys  8269 A- > G  HCM 

 Lys  8348 A- > G  HCM 

 Gly  9997 T- > C  Ventricular arrhythmia, 
HCM 

 Cys  5814 A- > G  HCM 

 Ala  5587 T- > C  DCM 

 Arg  10415 T- > C  DCM 

 Arg  10424 T- > C  Fatal DCM 

 rRNA mutations 

 12s  1555 A- > G  CM 

 16s  3093 C- > G  CM 

 Gene  Site  Cardiac phenotype 

 Structural gene 
mutations 

 Cytb  14927 A- > G  HCM 

 Cytb  15236 A- > G  DCM 

 Cytb  15508 C- > G  DCM 

 Cytb  15509 A- > C  Fatal postpartum CM 

 Cytb  15498 G- > A  Histiocytoid CM 

 COI  6860 A- > C  DCM 

 COII  7923 A- > G  DCM 

 COIII  9216 A- > G  DCM 

 ND5  14069 C- > T  DCM 

 ATPase6  8993 T- > G  Leigh syndrome/HCM 

   DCM  dilated cardiomyopathy,  HCM  hypertrophic cardiomyopathy,  CF  
cardiac failure  
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transplantation, in contrast to 26 % in patients with mitochon-
drial disease without cardiomyopathy [ 6 ]. Risk factors for 
major adverse cardiac events in patients with mitochondrial 
disease were intraventricular conduction block left bundle 
branch block (LBBB), right bundle branch block (RBBB), left 
anterior fascicular block (LAFB), left posterior fascicular 
block (LPFB), diabetes, premature ventricular complexes 
(>15 PVC/Hr) and left ventricular hypertrophy [ 8 ]. 

 As mentioned before, cardiac involvement in mitochondrial 
disease is usually part of multisystem manifestations of the dis-
orders in oxidative phosphorylation. It is important to realize, 
however, that seemingly isolated cardiac pathology may be the 
presenting symptom in mitochondrial disease. In one study this 
was the case in approximately 10% of patients [ 9 ]. Furthermore, 
a novel mutation in mtDNA ( m.8528 T > C ) was described in 
four young patients presenting with an isolated hypertrophic 
cardiomyopathy, further underlining OXPHOS defects as a 
potential cause of isolated cardiomyopathy [ 7 ]. 

 In this Chapter, two syndromes will be described in more 
detail: mitochondrial myopathy, encephalopathy, lactic aci-
dosis, and stroke-like episodes ( MELAS ) and  Kearns–Sayre 
syndrome .  

     MELAS Syndrome  

 This is a multisystem clinical syndrome manifested by mito-
chondrial myopathy,  encephalopathy ,  lactic acidosis , and 
 recurrent stroke-like episodes  [ 10 ]. The most commonly 
described gene mutation causing MELAS syndrome is a mito-
chondrial adenine-to-guanine transition at nucleotide pair 3243 
( m.3243A > G ) encoding the mitochondrial tRNA (Leu)  [ 11 ]. At 
least 29 other specifi c point mutations have been associated 
with the MELAS syndrome [ 12 ]. These mutations lead to 
impaired oxidative phosphorylation, resulting in the inability 
of the mitochondria to produce suffi cient ATP to meet the 
energy needs of the cell. This causes a shift to lactate produc-
tion, which can be systemically noticed as lactate acidosis. 

 Due to the variability in severity and symptoms and the 
problems confi rming the diagnosis, the incidence of MELAS 

syndrome is diffi cult to assess. It is estimated to be as com-
mon as neuromuscular diseases like Duchenne muscular 
dystrophy (frequency 18 per 100,000) [ 12 ]. 

 The clinical features of MELAS syndrome vary widely, 
but almost all patients are diagnosed with stroke-like epi-
sodes before 40 years of age, encephalopathy characterized 
by seizures, dementia, or both, and lactic acidosis. Although 
age at onset may be high in some patients, most patients, 
however, present with initial symptoms between 2 and 20 
years of age [ 10 ]. Other symptoms related to MELAS 
 syndrome are hearing loss, migraine headaches, peripheral 
 neuropathy, depression, learning disabilities, growth failure, 
diabetes mellitus, gastrointestinal symptoms, renal involve-
ment, and myopathy. 

 Cardiac involvement in MELAS syndrome is reported to 
be as high as 18–100 % [ 13 – 15 ]. The most common pathol-
ogy is  nonobstructive concentric hypertrophy , although dila-
tation is also reported and might be seen as progression of 
the initial hypertrophic cardiomyopathy. Left ventricular 
hypertrophy (LVH) appears to correlate positively with LV 
dilatation and negatively with systolic function [ 16 ]. In chil-
dren, cardiomyopathy may actually be the fi rst manifestation 
of MELAS syndrome. Wolff–Parkinson–White (WPW) syn-
drome has also been reported in MELAS syndrome in up to 
17 % of patients [ 13 ,  17 ]. 

 The clinical suspicion for mitochondrial disease is based 
on the combination of symptoms related to different organ 
systems. On the other hand, especially in young children, the 
presence of a cardiomyopathy may be the only manifestation 
of a mitochondrial disorder. 

 Laboratory examination will show lactic acidosis in 
almost all patients. Magnetic resonance imaging (MRI) of 
the brain in MELAS syndrome will typically show asym-
metric lesions of the occipital and parietal lobes, mimicking 
ischemia, although not restricted to one specifi c vascular 
region. 

 ECGs may demonstrate specifi c abnormalities suggestive 
of cardiomyopathy, like LVH, negative T-waves in the pre-
cordial leads, a left-oriented electrical axis, and prolonged 
QT c  [ 6 ]. Echocardiographic examination is mandatory in 
demonstrating cardiac involvement in mitochondrial disease. 
In addition to LVH, diastolic and systolic dysfunction may 
be present. 

 Muscular biopsy in most patients will show  ragged red 
fi bers : deposits of mitochondrial material beneath the sarco-
lemma, visualized by Gomori trichrome staining or succi-
nate dehydrogenase [ 12 ,  14 ]. 

 Ultrastructural analysis of the heart demonstrates abnor-
mal and markedly enlarged mitochondria. 

 Molecular diagnosis of mtDNA mutations is compli-
cated by the variability in heteroplasmy depending on the 
specifi c tissue sampled. A detectable mutation in muscle 
cells is not necessarily detectable in leucocytes, cells regu-
larly used for DNA analysis. Urine sediment cells and 

   Table 9.2    Cardiac manifestations of mitochondrial disease   

 Hypertrophic (nonobstructive) cardiomyopathy 

 Dilated cardiomyopathy 

 Left ventricular noncompaction 

 Left ventricular hypertrophy 

 WPW-syndrome 

 Long QT-syndrome 

 Ventricular tachycardia 

 Left anterior hemiblock 

 Right bundle branch block 

 Total AV block 

 Mitral valve prolapse 
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cheek mucosa appear to be a better alternative for DNA 
analysis [ 18 ]. 

 No specifi c treatment is available for mitochondrial car-
diomyopathies, although there are some suggestions that the 
use of l -arginine  and  coenzyme Q10  in addition to vitamin 
supplementation might be advantageous [ 12 ]. As in other 
cardiomyopathies, regular heart failure therapy is indicated, 
consisting of diuretics, angiotensin-converting enzyme 
(ACE) inhibitors, and β-blockers. In cases of refractory heart 
failure, despite optimal medical therapy, heart transplanta-
tion can be considered in selected patients [ 19 ]. This requires 
extensive evaluation of extracardiac involvement, especially 
with regard to potential contraindications such as recurrent 
strokes, dementia, and muscle wasting. 

 Furthermore, heart transplantation and other operations 
are generally accompanied by a signifi cantly increased peri-
operative risk, in particular due to stroke, coma, seizures, 
respiratory failure, and cardiac arrhythmias [ 20 ]. 
 Perioperative management  includes generous hydration, 
loading with intravenous glucose, and careful control of 
body temperature and pH. Ringer’s solution should be 
avoided because of the lactate load.  Anesthetic agents  in 
these patients may increase the susceptibility to reactive oxy-
gen species (ROS) and apoptosis, resulting in neurotoxicity. 
In general, an increased sensitivity to anesthetics is reported, 
requiring adjustment of dosing and careful management dur-
ing surgery, including optimal oxygenation [ 20 ]. 

 In summary, given the high incidence of cardiac involve-
ment, all patients with MELAS syndrome should undergo 
regular cardiac examination because of the therapeutic and 
prognostic consequences of cardiac involvement. On the 
other hand, patients with hypertrophic cardiomyopathy at a 
younger age should be considered having mitochondrial dis-
ease, especially when they also suffer from short stature, sei-
zures, hemiparesis, hemianopsia, or cortical blindness. 
MELAS syndrome is maternally inherited, but genotype–
phenotype correlation is complex, which hampers the role of 
genetic counseling in this syndrome.  

     Kearns–Sayre Syndrome (KSS)  

 Clinically, this mitochondrial disease is characterized by 
progressive  external ophthalmoplegia  resulting in ptosis, and 
 pigmentary retinopathy . Other manifestations of KSS are 
short stature, cerebellar signs, hearing loss, mental retarda-
tion, vestibular system dysfunction, delayed puberty, and 
high cerebrospinal fl uid protein content. Typical onset is 
before the age of 20. Progression of the disease can be 
accompanied by proximal myopathy [ 21 ]. 

 Cardiac pathology consists of conduction defects caused 
by  infra-His block , resulting in  total AV-block ,  right bundle 
branch  block, or  left anterior hemiblock  [ 22 ,  23 ]. These con-
duction defects may be rapidly progressive and result in 

 acute cardiac death . Transition of a normal electrocardio-
gram into total AV-block has been reported within the course 
of 10 months [ 24 ]. Complete heart block may also be the 
presenting symptom of KSS in some patients [ 25 ]. It seems 
plausible that early pacemaker implantation improves sur-
vival, but criteria for prophylactic implantation have not 
been clearly defi ned. Third-degree and advanced second- 
degree AV block associated with neuromuscular disease like 
KSS, with or without symptoms constitute a class I indica-
tion for permanent pacemaker implantation [ 26 ]. Given the 
rapid progression to complete AV block, the presence of a 
fascicular block in KSS has been suggested to warrant pro-
phylactic implantation of a pacemaker [ 27 ]. In patients with 
a normal ECG, regular ECG follow-up, at least every year, is 
advisable. 

 Although conduction defects constitute the main cardiac 
problems in KSS, cardiomyopathy has been reported in a 
minority of cases [ 28 ]. The incidence of cardiomyopathy in 
KSS, may increase in the future due to the prolonged longev-
ity in patients treated by early pacemaker implantation [ 27 ]. 

 In contrast to the MELAS syndrome, which is caused by 
a point mutation in the mtDNA and is maternally inherited, 
genetic analysis in KSS typically shows a large  deletion of 
mtDNA  and most cases are sporadic [ 23 ,  29 ]. Early mortality 
in this syndrome is often related to sudden cardiac death due 
to AV-block, which may be prevented by timely pacemaker 
implantation.  

     Conclusion  

 The mitochondrial diseases are a heterogeneous group of 
disorders that can affect virtually all organ systems, not 
only in infancy, but also during the early-to-mid adult 
years. Most of the mitochondrial diseases are caused by 
mutations in the nuclear DNA, of which several have been 
identifi ed thus far. Approximately 15 % are caused by 
mutations in the mitochondrial DNA. Some examples are 
reviewed elsewhere and a list of genes is regularly updated 
at MitoMap (  www.mitomap.org/MITOMAP    ) [ 1 ]. 

 Mitochondrial diseases should be included in the dif-
ferential diagnosis whenever a patient presents with 
progressive multisystem involvement that does not 
clearly fi t with an established pattern of disease. The 
combination of cardiomyopathy, deafness, diabetes, 
together with encephalopathy and myopathy are highly 
susceptible of mitochondrial disease [ 21 ]. Diagnostic 
algorithms for mitochondrial disease have been recently 
suggested [ 1 ,  30 ]. 

 Cardiomyopathy may be the presenting and predomi-
nant clinical expression of MELAS syndrome and is one 
of the causes of death in this disease, underlining the 
importance of this condition to the cardiologist. The same 
holds for the progressive conduction disorders in Kearns–
Sayre syndrome, which may require pacemaker implanta-
tion to prevent sudden death. 

N. de Jonge and J.H. Kirkels

http://www.mitomap.org/MITOMAP


151

 Apart from these rather well-delineated disorders, 
many others exist and the phenotypes frequently overlap, 
complicating things even further. 

 Given these facts, genetic counseling in mitochondrial 
disease is diffi cult. There is only a very small chance that 
males with mtDNA mutations will transmit the disease. The 
risk in females is depending on the level of heteroplasmy, 
but it remains diffi cult to give advice in the clinical routine. 

 Diagnosis of mitochondrial diseases is notoriously dif-
fi cult and relies on a high level of suspicion, but is impor-
tant, given the potential management implications, not 
only with respect to cardiac disease, but also more in gen-
eral like decreased anesthetic requirement during surgical 
procedures.       
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 Take Home Message 

•     Mitochondrial diseases are rare and can be caused 
by mutations in nuclear DNA as well as mitochon-
drial DNA, making genetic counseling diffi cult.  

•   The combination of cardiomyopathy, deafness, dia-
betes, encephalopathy, and myopathy suggests 
mitochondrial disease.  

•   Cardiomyopathy may be the fi rst and only symptom.  
•   MELAS syndrome with hypertrophic cardiomyop-

athy and Kearns–Sayre syndrome with progressive 
conduction disorders are two examples of mito-
chondrial disease.    
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