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CASE REPORT

Respiratory insufficiency in a Chinese
adult with mitochondrial myopathy
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Mitochondrial myopathy isan important but uncommon cause of respiratory
insufficiency in adults. Wereport thefirst case of respiratory insufficiency
associated with adult-onset mitochondrial myopathy seen in a Chinese adult
in Hong Kong. The patient presented with peripheral oedema and shortness
of breath over 2to 3 days. Therewas a history of gradual progressivelimb
weakness over approximately 2 years, hypertrophic cardiomyopathy,
intermittent diarrhoea, and weight loss. The diagnosis was made by skeletal
muscle biopsy and molecular study, which revealed the A3243G point
mutation.
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Introduction

Mitochondrial disorders arerare, heterogeneous, and predominantly neurological
in manifestation. Classical syndromes include Kearns-Sayre syndrome, mito-
chondrial encephalomyopathy with lactic acidosis and stroke-like episodes
(MELAS), myoclonic epilepsy with ragged red fibres (MERRF), chronic progres-
sive external ophthalmoplegia (PEO), Leber hereditary optic neuropathy, and
neurogeni c weakness ataxia with retinitis pigmentosa. Mitochondrial myopathy
isaform of metabolic myopathy. A Medline search identified five non-English
articles and five English articles reporting the association of mitochondrial
myopathy and respiratory insufficiency in adults.*® We report the first case of
such an association in a Chinese adult in Hong Kong.

Casereport

A 32-year-old man presented with bilateral ankle oedema and severe shortness
of breath of afew days' duration. There were no other chest symptoms. The
patient reported theinsidious onset of generalised and progressive limb weakness
associated with deterioration in exercise tolerance over approximately 2 years.
Other history of noteincluded review by a private cardiologist 1 year previously
for an abnormal electrocardiogram (ECG); echocardiography also revealed
abnormalities. The patient had had intermittent diarrhoea for approximately
6 months. No abnormalities had been detected on colonoscopy examination. He
had afamily history of neuromuscular disease. Of histhree siblings (one brother
and two sisters), one of his elder sisters had ocular myasthenia gravis associated
with thymic hyperplasia. The patient’s father had thyrotoxicosis. The patient did
not smoke or drink alcohol. Drug history was unremarkable. He was employed
as an airport technician.

On presentation, the patient was noted to be thin with bilateral ankle oedema.
Examination of the respiratory and cardiovascular systems was normal, apart
from evident tachypnoea and tachycardia. Abdominal examination was
unremarkable. Examination of the neurological system showed mild wasting of

HKMJVol 8No 2 April 2002 137



Chang et d

the shoulder girdle muscles and ‘winging’ of the scapulae.
The sternomastoid muscles were weakened. Limb power
was grade four, both proximally and distally. The remainder
of the neurologica examination, which included assessment
of gait, tendon reflexes, plantar responses, examination of
the cranial nerves, cerebellar function, and fundoscopy,
showed no significant abnormalities.

Chest radiography showed no significant findings.
Arterial blood gas analysis was consistent with type 11
respiratory failure. The patient had a mild macrocytic
anaemia. Creatine kinase, lactate dehydrogenase, and levels
of the cardiac isoenzyme of creatine kinase were all
increased approximately two-fold. Alanine transferase and
alkaline phosphatase levels were mildly elevated. Renal
biochemistry and blood glucose were normal.

Electrocardiography showed sinus tachycardia, right
axis deviation, tall P wavesin lead 11, right bundle branch
block, and deep S wavesin leadsV3 and V4. Serid ECG
showed no evidence of acute myocardial infarction.
Echocardiography showed concentric left ventricular and
apical hypertrophy, but no evidence of pulmonary
hypertension.

The patient’s ECG and echocardiography recorded
1 year previously were located for comparison. The earlier
ECG also showed sinus tachycardia, right axis deviation,
right bundle branch block, tall Pwavesin lead |1, deep S
wavesinV3and V4, aswell as‘high take-off’ ST segment
elevationin leadsV2 to V5, and left ventricular hypertrophy
on voltage criteria. The earlier echocardiogram showed right
ventricular wall thickening, marked thickening of the left
ventricular wall and papillary muscles with the exception
of the inferior portion of the interventricular septum,
normal left ventricular systolic and diastolic function, normal
valves, mild tricuspid regurgitation, and the absence of
outflow tract obstruction.

The patient subsequently required mechanical ventilation
for respiratory failure. Ventilator use was discontinued
gradually over 4 daysand supported by non-invasive positive
pressure ventilation (N1PPV). After further stabilisation, the
patient could be supported by nocturnal NIPPV alone,
without supplemental oxygen. Electrocardiography showed
normalisation of the P wave, disappearance of the right
bundle branch block, similar SwavesinV3 and V4, and left
ventricular hypertrophy on voltage criteria. Arterial blood
gasanaysis showed compensated chronic typell respiratory
failure. Lung function tests indicated a restrictive lung
disorder, with marked reduction of the forced expiratory
volume in 1 second and forced vital capacity. Maximum
inspiratory pressure and maximum expiratory pressure were
both markedly reduced to approximately 20% of predicted
values.

Serial biochemical tests showed gradual normalisa-
tion of muscle enzymes over 3 weeks. Viral studies for
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myocarditis were normal. The patient’s anaemia gradually
improved as his diarrhoea subsided. Investigation with
regard to the macrocytic anaemia showed a normal
reticulocyte count, anormal but low level of vitamin B12, a
normal level of red cell folate, and normal thyroid function
tests. Iron stores were normal.

A neuromuscular cause for the respiratory failure was
considered. Edrophium (Tensilon) testing showed no
abnormality. Nerve conduction studies and needle electro-
myography (EMG) were normal. Assays for antinuclear
factor, rheumatoid factor, and anti-acetylcholine receptor
antibody were normal. Magnetic resonance imaging of
the brainstem and cervical spinal cord showed no sig-
nificant findings. In view of the family history of neuro-
muscular disease, abnormal levels of muscle enzymes, and
multisystem involvement, mitochondrial myopathy was
suspected.

Muscle biopsy of the deltoid was performed. Myopathic
changes were seen but there was no evidence of significant
inflammation. Staining for glycogen was unremarkable. The
Gomori trichrome stain revealed a few ragged red fibres
(Fig 1) and therewas an increasein oxidative enzyme activity
appearing as subsarcolemmal crescents. Ultrastructural
examination of the muscle fibres showed an increase in the
number of mitochondria, with prominent mitochondrial
abnormalities evident including circular and stack cristae
aswell as paracrystalline inclusions (Fig 2). Screening for
common point mutations by polymerase chain reaction
(PCR) showed an A3243G MELAS mutation in both the
muscle biopsy specimen and the peripheral blood specimen.

The patient was reviewed afew months later. Nocturnal
non-invasive ventilation was well tolerated. He had
gained weight and exercise tolerance had improved. Electro-
cardiography showed sinus rhythm, a heart rate of 90 to
100 beats per minute, right axis deviation, normal P waves,
right bundle branch block, and deep S wavesin leadsV3
and V4. Reassessment by needle EMG of different muscle
groups showed chronic myopathic changes.
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Fig 1. Histological examination of the muscle biopsy showing
ragged red fibres (Gomeri trichrome stain x200)



Fig 2. Electron microscopy of muscle fibre showing an increased
number of abnormal mitochondria (x13000)

Discussion

Mitochondria are double-membrane cytoplasmic organelles
devoted to energy production. Oxidative phosphorylation
takes place in the mitochondria and the process involves
respiratory chain complexes| toV. These complexes consist
of protein subunits, which are encoded by the nuclear
genome and the mitochondrial genome. Mitochondrial
disorders occur as aresult of one of the following defects:
mutations of the mitochondrial DNA (mtDNA), mutations
of nuclear DNA, or defects in the intercommunication
between nuclear DNA and mtDNA.¢

The hallmark of mitochondrial diseasesis their clinical
and genetic variability.” There are three main types of patho-
logical mtDNA mutations: deletion, duplication, and point
mutation. While mtDNA deletions are not transmitted,
the other two types of mtDNA defects are transmissible from
the mother to the offspring by maternal inheritance. The
diverseclinical variability of mitochondrial diseasesis partly
attributed to heteroplasmy, which refers to the presence of
a mixture of mutated and wild type molecules. The
proportion of pathogenic mutated mtDNA (mutation |oad)
at the cellular level determines the phenotypic expression,
which may also vary according to the different requirements
for oxidative phosphorylation by different organs, and
environmental factors.® When the mutation load exceeds a
critical threshold (typically 85%), the deleterious effects of
the mutation will be manifested clinically as a disease
syndrome. Thelevel of heteroplasmy or mutation load for a
certain pathogenic mtDNA mutation varies among different
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hosts as well as between the different tissues and organs of
the same host. The mutation load can also increase or
decrease with time.

In general, patients with mitochondrial disorders present
with one of three main clinical patterns. aclassical clinica
syndrome, a non-syndromal constellation of suggestive
clinical features, or unexplained symptoms and signs.” The
group of patients with unexplained symptoms and signs
often have non-neurological clinical manifestations and
multisystem involvement, which was a clue to the patient’s
diagnosisin this case.

The absence of demonstrable myopathic changesin the
initial assessment by needle EMG in this patient suggests
that mitochondrial myopathy cannot be excluded by a
single normal EMG assessment. Muscle biopsy is the
cornerstone of investigation of mitochondrial myopathy.
Although the presence of ragged red fibres—corresponding
to subsarcolemmal accumulations of mitochondria—is
the pathological hallmark of mitochondrial myopathy, it
is not a specific finding.® Similarly, the demonstration of
abnormal mitochondria with paracrystalline inclusions
on electron microscopy is also relatively non-specific.t®
Specific biochemical teststhat pinpoint mitochondrial dys-
function include the demonstration of cytochrome ¢ oxidase
deficient fibres, and evident deficiency on respiratory chain
complex assays. The pattern of abnormalities seen in these
biochemical tests guides additional analysis. A molecular
diagnosis of mitochondrial diseaseis straightforward when
screening for common point mutations by PCR is positive,
as seenin this case.

The A3243G point mutation accounts for approximately
80% of the MELAS cases.' It refers to an A-to-G mutation
at position 3243 of the tRNAec"UUR) gene, The genotype-
phenotype correlation of this mutation israther loose, and it
has been detected in patients with maternally inherited PEO,
isolated myopathy, cardiomyopathy, and gastrointestinal
dysmotility.*>*® This patient provides another example of
the loose genotype-phenotype correlation. While he does
not have MELAS syndrome, the clinical features of
myopathy, cardiomyopathy and gastrointestinal dysmotility,
which are all associated with A3243G point mutation, are
seen. The patient’s diarrhoeais likely to be a manifestation
of visceral myopathy or myenteric plexus neuropathy.

Patients with the A3243G MELAS mutation often
demonstrate alow mutation load in blood analysis,” although
this patient showed the contrary. The positive blood test in
this case supplemented the muscle biopsy findings. It has
been shown that the frequency of major neurological features
for patients with A3243G MELAS mutation is related to
the level of mutation load in the patient’s muscle but not to
that in blood.* Given the high level of mutation load in this
patient’s muscle, his prognosisis reasonably poor, but it is
noteworthy that the level of mutation load in muscle may
also decrease with time.”®
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In this case, there was no conclusive evidence of disease
in the patient’s mother and the patient’s three siblings.
Screening of the mother’s blood for A3243G point mutation
was negative. Thisis consistent with the observation that
thelevel of A3243G MELAS mutation load in the mother’s
blood is related to the frequency of affected offspring.

Nonetheless, one of this patient’s sisters had findings
suggestive of maternally inherited chronic PEO, which is
also associated with A3243G point mutation. This sibling
presented with ptosis and external ophthalmoplegia. The
tensilon test was positive but the assay for anti-acetylcholine
receptor antibody was normal. Screening for A3243G
MELAS point mutation in her blood was negative and she
refused muscle biopsy.

Cardiac involvement in mitochondrial diseases is
variable. It has been suggested that a deletion of mtDNA
may produce cardiac conduction disturbances, while
point mutation may cause left ventricular hypertrophy and
wall motion abnormalities.!” Kearns-Sayre syndrome results
from deletion of mtDNA and various cardiac conduction
disturbances,”*® such as prolonged intraventricular con-
duction time, bundle branch block, bifascicular block,
and complete atrioventricular block have been reported.
Myaoclonic epilepsy with ragged red fibres and MELAS
are both caused by point mutation. Reported cardiac
involvement in MERRF includes dilated cardiomyo-
pathy,*"1°and hypertrophic cardiomyopathy with diffuse
hypokinesia.'” Cardiac involvement in MELAS includes
hypertrophic cardiomyopathy,?°2! Wol ff-Parkinson-White
syndrome,? ischaemic heart disease,?? and left ventricular
hypertrophy."2:24 |_eft ventricular hypertrophy is a
characteristic clinical feature in MELAS, which may be
associated with dilation of the left ventricle and normal
wall motion or diffuse hypokinesia.'” The patient in this
case shares the A3243G point mutation of MELAS,
and demonstrated cardiac findings of hypertrophic cardio-
myopathy with normal ventricular size, normal wall motion,
absence of outflow tract obstruction, and variable occurrence
of right bundle branch block.

Conclusions

We report the first case in Hong Kong of an association
between adult-onset mitochondrial myopathy and respiratory
insufficiency. Although mitochondrial myopathy israre, it
should be considered in the context of respiratory failure
due to neuromuscular causes, especially when there is
multisystem involvement.

Acknowledgements

The authors would like to thank Dr PCK Li and Dr JHM
Chan of the Department of Medicine, Queen Elizabeth
Hospital, for providing their professional opinion and
substantiating the patient’s diagnosis through EMG
assessment of different muscles.

140 HKMJVol 8 No 2 April 2002

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Yang CC, Hwang CC, Pang CY, Wei YH. Mitochondrial myopathy
with predominant respiratory dysfunction in a patient with A3243G
mutation in the mitochondrial tRNA (Leu (UUR)) gene. JFormos Med
Assoc 1998;97:715-9.

Kamakura K, Abe H, Tadano'Y, et a. Recurrent respiratory failurein
a patient with 3243 mutation in mitochondrial DNA. J Neurol 1995;
242:253-5.

Howard RS, Russell S, Losseff N, et al. Management of mitochondrial
disease on an intensive care unit. QIM 1995;88:197-207.

Cros D, Pdliyath S, DiMauro S, Ramirez C, ShamsniaM, Wizer B.
Respiratory failure revealing mitochondrial myopathy in adults. Chest
1992;101:824-8.

Kim GW, Kim SM, Sunwoo IN, Chi JG. Two cases of mitochondrial
myopathy with predominant respiratory dysfunction. Yonsei Med J
1991;32:184-9.

Zeviani M, Tiranti V, Piantadosi C. Mitochondrial disorders. Medicine
(Baltimore) 1998;77:59-72.

Chinnery PF, Howell N, Andrew RM, Turnbull DM. Clinical
mitochondrial genetics. JMed Genet 1999;36:425-36.

Shanske S, Moraes CT, LombesA, et a. Widespread tissue distribution
of mitochondrial DNA deletion in Kearns-Sayre syndrome. Neurology
1990;40:24-8.

Hirono M, Dimauro S. Clinical features of mitochondrial myopathies
and encephal opathies. In: Lane RJ, editor. Handbook of muscle disease.
New York: Marcel Dekker; 1996:479-504.

Morgan-Hughes JA. Mitochondrial disease. In: Engel AG, Franzini-
Armstrong C, editors. Myology. New York: McGraw-Hill; 1994:
1610-60.

Schoffner IM. Mitochondrial myopathy diagnosis. Neurol Clin 2000;
18:105-23.

Mariotti C, Savarese N, Suomalainen A, et al. Genotype to phenotype
correlationsin mitochondrial encephal omyopathies associated with the
A3243G mutation of mitochondrial DNA. JNeurol 1995;242:304-12.
Chinnery PF, Turnbull DM. Vomiting, anorexia, and mitochondrial
DNA disease. Lancet 1998;351:448.

Chinnery PF, Howell N, Lightowlers RN, Turnbull DM. Molecular
pathology of MELAS and MERRF. The relationship between mutation
load and clinical phenotypes. Brain 1997;120:1713-21.

Kawakami Y, Sakuta R, Hashimoto K, et al. Mitochondrial myopathy
with progressive decrease in mitochondrial tRNA (Leu)(UUR) mutant
genomes. Ann Neurol 1994;35:370-3.

Chinnery PF, Howell N, Lightowlers RN, Turnbull DM. MELAS and
MERREF. The relationship between maternal mutation load and the
frequency of clinically affected offspring. Brain 1998;121:1889-94.
Anan R, Nakagawa M, Miyata M, et al. Cardiac involvement in
mitochondrial diseases. A study on 17 patients with documented
mitochondrial DNA Defects. Circulation 1995;91:955-61.
Berenberg RA, Pellock JM, DiMauro S, et a. Lumping or splitting?
“Ophthalmoplegia-plus’ or Kearns-Sayre syndrome? Ann Neurol
1977;1:37-54.

Seibel P, Degoul F, Bonne G, et al. Genetic biochemical and
pathophysiological characterization of a familial mitochondrial
encepha omyopathy (MERRF). J Neurol Sci 1991;105:217-24.
Nishizawa M, Tanaka K, Shinozawa K, et a. A mitochondrial
encephalomyopathy with cardiomyopathy. A case revealing a defect
of complex | in the respiratory chain. J Neurol Sci 1987;78:189-201.
YonedaM, TanakaM, Nishikimi M, et d. Pleiotropic molecular defects
in energy-transducing complexesin mitochondria encephalomyopathy
(MELAS). JNeurol Sci 1989;92:143-58.

Nemoto T, Satoh W, Harada K, et a. Cardiac involvement in four
cases of MELAS (mitochondrial myopathy, encephal opathy, lactic
acidosis and stroke-like episodes) [in Japanese]. Jon J Pediatr 1989;
93:1416-21.

Kobayashi M, MorishitaH, SugiyamaN, et a. Two cases of NADH-
coenzyme Q reductase deficiency: relationship to MELAS syndrome.
J Pediatr 1987;110:223-7.

Ito T, Hattori K, Tanaka M, Sugiyama S, Ozawa T. Mitochondrial
cytopathy. Jpn Circ J 1990;54:1214-20.



