
Article abstract-We studied a patient with somatic growth failure with easy fatigability, myopathy with mitochondrial 
abnormality, increased lactate and pyruvate in blood and CSF, mental retardation, seizure, myoclonus, deafness, cerebellar 
ataxia, and blindness with macular degeneration and optic atrophy. Pathologic findings included multiple brain infarctions 
and massive calcification in the basal ganglia. Biochemical studies of isolated mitochondria revealed decreased oxygen 
consumption in skeletal muscle, diaphragm, and brain, suggesting an abnormality in the respiratory chain. 
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There have been several reports of patients with 
lactic acidemia and abnormal mitochondria. They 
can be classified into two groups, ie, one with mainly 
weakness and wasting of skeletal muscle without 
brain lesions, and another group with encepha- 
lomyopathy. Shapira e t  all used the term 
“mitochondrial encephalomyopathy” to encompass 
the following: Kearns-Sayre syndrome, tri- 
chopoliodystrophy (Menkes’ kinky hair syndrome), 
subacute necrotizing encephalomyelopathy (Leigh’s 
syndrome), Alper’s disease and other progressive 
poliodystrophies, Canavan’s disease (van Bogaert- 
Bertrand type spongy degeneration of white matter), 
the cerebrohepatorenal syndrome of Zellweger, and 
myoclonus epilepsy syndrome with “ragged red 
fibers”. 

Case report. This boy had a normal birth and develop- 
ment, but he was always thin and short, and had chronic 
intermittent vomiting with acetonuria after age five. He 
attended elementary school without problems. At age 10, 
he had limb weakness and seemed to fatigue easily after 
exercise. Intellectual performance gradually deteriorated. 
A t  age 13, he had generalized convulsive seizures that were 
intractable. There were exacerbations of unsteady gait and 
myoclonic seizures. His hearing gradually diminished, and 
he had intermittent tinnitus. He was the second of two 
children. There was no known consanguinity, and no other 
members of his family or close relatives had similar symp- 
toms. 

On general physical examination at  age 14, he was 
asthenic, 19.5 kg in weight, and 134 cm in height. He had a 
high palate. A systolic ejection murmur was audible at  the 
apex. There was no cardiomegaly. The liver and spleen 
were not enlarged. His I& was 88, but comprehension 
seemed good. Except for slightly nasal speech, there were 
no cranial nerve abnormalities. There was diffuse wasting 
and weakness of all limb muscles. He could rise from a 
squatting position only with assistance. 

Sternocleidomastoid and periorbital muscles were also 
weak and wasted. Reflexes were generally decreased. Sen- 
sation was normal. The heel cords were tight. He had 
unsteadiness of gait due to truncal ataxia. Bilateral hori- 
zontal nystagmus was noted. Visual acuity was almost 
normal, ocular movement was full, and funduscopic find- 
ings were unremarkable. 

Routine hematologic studies, urinalysis, serum pro- 
teins, urea nitrogen, uric acid, serum creatine and 
creatinine, serum electrolytes including Ca and P, serum 
cholesterol and lipids, fasting blood sugar, arterial blood 
pH, and serologic reactions were all normal or negative. 
Liver, renal, thyroid, and parathyroid function tests were 
normal. Serum enzymes were likewise normal except LDH, 
which was 562 units (normal, 50 to 400), and CK 55 units 
(normal, less than 35). Electrocardiograph showed occa- 
sional monofocal ventricular premature contractions. 
However, there was no abnormal finding by phonocar- 
diography and echocardiography. Roentgenograms of the 
chest, skull, vertebrae, and long bones showed normal con- 
figurations. Respiratory function tests indicated poor res- 
piratory reserve suspected to be due to weakness of the 
intercostal muscles. Bilateral moderate hearing loss of the 
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sensorineural type was detected by audiogram. CSF exam- 
ination disclosed normal pressure, protein, sugar, and cell 
content. An electroencephalogram showed diffuse slow 
background activity with paroxysmal spike and wave com- 
plexes, as well as focal slow waves mainly over the right 
posterior area. CT demonstrated diffuse cerebral atrophic 
changes with secondary ventricular dilatation, and 
enlargement of ambient and supracerebellar cisterns and 
cerebellar valleculae, suggesting atrophy of the brainstem 
and cerebellum, especially the vermis. In addition, sym- 
metrical high density areas, suspected to be calcifications, 
were present bilaterally in the caudate nucleus, globus pal- 
lidus, and dentate with no enhancement. EMG was consis- 
tent with myopathy with low voltage and short-duration 
potentials. Motor nerve conduction velocities were normal. 
Chromosomal analysis demonstrated a normal male 
karyotype. Quantitative measurement of amino acids 
(including alanine) in serum, urine, and CSF was normal, 
and urinary organic acids, analyzed by gas-liquid chro- 
matography and gas chromatographic mass spectrometry, 
were normal. Lysosomal glycosidase activities in leuko- 
cytes, including P-N-acetyl-hexosaminidase A and B, 0- 
galactosidase, 0-glucuronidase, a-glucosidase, a-man- 
nosidase, and arylsulfatase A were all normal. 

Lactate andpyruuate. Lactate and pyruvate levels were 
high in venous blood, CSF, and urine. In the venous blood 
that was obtained during resting basal state, lactate was 
38.9 mg% (normal controls, n = 29; 9.43 f 2.75), pyruvate 
was 0.97 mg% (normal controls, n = 29; 0.46 k 0.21), and 
lactate/pyruvate ratio was 40.1. In the CSF, lactate was 
42.9 mg% (normal controls, n = 57; 11.1 f 2.4), pyruvate 
was 1.41 mg% (normal controls, n = 26; 0.56 f 0.19), and 
lactate/pyruvate ratio was 30.4. In the urine obtained in 
the early morning, lactate level was 152.4 pg/mg of 
creatinine (normal, 20 to 80), and pyruvate level was 137 
pg/mgof creatinine (normal, 20 to 100). Venous lactate and 
pyruvate levels showed normal response after ischemic 
exercise, as did venous lactate, pyruvate, glucose, and free 
fatty acid levels after an oral 50g-glucose-tolerance test. 
Activities of 11 glycolytic enzymes and metabolites, 
glucose-6-phosphate dehydrogenase, and 6-phosphogluco- 
nate dehydrogenase activities in the pentose phosphate 
pathway were normal in erythrocytes. ATP, ADP, AMP, 
and NAD contents in erythrocytes were also normal. Blood 
thiamine level, transketolase activity, and thiamine 
pyrophosphate effect in erythrocytes also showed normal 
values. 

Treatment and clinical course. Daily intravenous injec- 
tion of 300 mg of thiamine tetrahydrofurfuryl disulfate 
(TTFD) for 7 days did not affect venous lactate and pyru- 
vate. After daily oral administration of 1,500 mg of TTFD 
and 180 mg of lipoic acid, the level of venous pyruvate 
became normal (0.78 mg%, after 7 days; 0.49 mg%, after 14 
days), but lactate did not change. Clinical symptoms did 
not improve. 

The patient was treated with vitamins and anticonvul- 
sants. He failed to gain weight, and the clinical manifesta- 
tions fluctuated with exacerbations after febrile illness and 
remissions. He was often readmitted to the hospital. He 
lost weight and became totally deaf. He had visual difficulty 
that could not be corrected with glasses; at age 17 there was 
bilateral macular degeneration and slight optic atrophy. 
The macular lesion was a well demarcated white-yellow 
circular spot resembling an egg yolk, and definitely dif- 
ferent from a cherry red spot. At age 18, after a common 
cold, he died. 

Figure 1. (A) Abnormal mitochondria with 
paracrystalline inclusion. Note the abnormal dense 
bodies and increased glycogen granules in mitochondria 
(original magnification X 40,000). (B) Longitudinal view 
of paracrystalline inclusion in the pool of mitochondria 
of the subsarcolemmal area (original magnification X 
64,000). (C) Accumulated glycogen in subsarcolemmal 
space. Note the increased lipid droplets in the adjacent 
fiber (original magnification X 17,000). 

Pathologic and histochemical studies. Muscle (Quad- 
riceps). Muscle fibers ranged from 15 to 60 pm in diameter, 
with a slight increase in the number of internal nuclei. 
Many fibers were degenerating, and some were regenerat- 
ing or necrotic. With the NADH dehydrogenase stain, 
areas of increased or decreased oxidative enzyme activity 
were observed in 20% of fibers, which represented “ragged 
red fiber” with the modified trichrome stain. With the 
myosin ATPase, the distribution of histochemical fiber 
types was preserved. Acid phosphatase activity was high in 
some fibers. The most prominent ultrastructural change 
was the  presence of abnormal accumulations of 
mitochondria in the sarcoplasm. Many abnormal 
mitochondria contained paracrystalline inclusions, and 
some contained homogenous dense bodies. There were 
abnormal accumulations of glycogen in the muscle fibers, 
especially in the subsarcolemmal spaces, intermyofibrillar 
spaces, and between the accumulated mitochondria. 
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Figure 2. Schematic distribution of brain infarctions. 
Solitary and continuous foci of infarctions are 
distributed in  both hemispheres, more diffusely in  the 
occipital lobes. The  lesions do not correspond to 
territories of main and focal vascular supply. 

Glycogen particles were also found in some mitochondria. 
Occasionally, lysosomes containing dense material were 
also observed. In addition, the number of lipid droplets was 
often increased (figure 1 A, B, and C). 

Autopsy  studies. The brain weighed 1,150 g and  
appeared atrophic, especially in the cerebellum and brain- 
stem. On coronal section, solitary and continuous foci of 
infarction were seen in the cerebral cortex (figures 2 and 3). 
The cortical lesions were seen in both hemispheres, more 
diffusely in the occipital lobes, regardless of vascular sup- 
ply. There were small cystic cavities in the right occipital 
cortex and dorsal surface of the cerebellar hemispheres. 
Subcortical white matter was often involved, but deep 
white matter and subcortical nuclei appeared normal. The 
spinal cord was well preserved. Histochemically, the cere- 
bral lesions stained poorly, with dilated perivascular and 
pericellular spaces. Severe atrophy of nerve cells, vesicular 
enlargement of astrocytic nuclei, slight increase of capil- 
lary endothelial cells, and poor staining of myelin sheaths 
were seen in these foci and also in surrounding areas to a 

lesser degree. Destruction products and astrocytic pro- 
liferation were not observed in fresh lesions. Together with 
the fresh lesions, old but more circumscribed foci with 
neuronal loss, astrocytic proliferation, and capillary over- 
growth were also observed. Older lesions with small cavity 
formations were seen in the occipital and cerebellar cor- 
tices. Massive calcifications were seen in the caudate, pal- 
lidum, internal capsule, lateral thalamic nuclei, and 
dentate nucleus. Fine and coarse mineral granules were 
deposited in and around the capillary and arterial walls or 
scattered diffusely, though nerve and glial cells were not 
affected. In the subthalamic nucleus, substantia nigra, and 
red nucleus, fine mineral deposits were also seen; other- 
wise, they were unremarkable. Occasional nerve cells in the 
pontine nucleus, dorsal nuclei in the medulla, and reticular 
nuclei showed central chromatolysis and swelling of peri- 
karya. Slight loss of nerve cells and glial proliferation were 
seen in the olivary nucleus. No significant change was seen 
in the spinal cord, peripheral nerves, and retina, though a 
slight decrease of nerve fibers and gliosis were observed in 
the optic tracts. Electronmicroscopic observation of the 
acoustic nerve did not disclose any abnormality. 

Postmortem biochemical studies. Human tissues, heart 
(left ventricular muscle), kidney (renal cortex), liver, skele- 
tal muscle (right biceps muscle), diaphragm, cerebral cor- 
tex, and cerebellar cortex, were obtained a t  autopsy within 
90 minutes of death, frozen immediately on dry ice, and 
stored a t  - 80 "C until use. The enzymes of pyruvate 
metabolism were assayed a s  follows: a-keto acid 
dehydrogenase complex and component enzymes: pyru- 
vate carboxylase;' phosphoenolpyruvate carboxykinase; 
and lactate dehydrogenase.5 A piece of each tissue was also 
kept on ice for 12 hours after death. Mitochondria1 frac- 
tions of tissues, except brain, were prepared by the modi- 
fied method of Hogeboom et al.fi Brain mitochondrial frac- 
tions were prepared by the method of Stahl et al.7 Oxygen 
consumption was measured polarographically a t  30 "C 
with Clark type oxygen electrode: and protein was deter- 
mined by a biuret m e t h ~ d . ~  About 10% tissue homogenate 
was prepared with 0.02 M potassium phosphate buffer (pH 
7.4) by an automatic operation of Polytron Type PT-10 a t  
16,000 rpm, for 30 seconds under cooling. Whole homoge- 
nate was immediately subjected to pyruvate carboxylase 
assay, and the rest of homogenate was subjected to one 
freezing-thawing cycle for solubilization of the other 
enzymes associated with pyruvate metabolism. 

The enzymes of pyruvate metabolism in heart, kidney, 
liver, skeletal muscle, diaphragm, cerebral cortex, and cere- 
bellar cortex were normal specimens collected a t  biopsy or 
autopsy. The oxygen consumption rates of skeletal muscle, 
diaphragm, and brain mitochondrial fractions were signifi- 
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Table. Oxygen consumption in mitochondrial fraction 
I 

Cardiac Skeletal Cerebral Cerebellar 
Patient muscle Kidney Liver muscle Diaphragm cortex cortex 

- QO, 398.7 612.6 415.6 23.7 35.8 10.8 36.5 
Relative ratio 1 .oo 1.54 1.04 0.06 0.09 0.03 0.09 

(other tissue 
Qo,/heart Qo,) 

Control 
Relative ratio* 1.00 2.18 1.08 0.30 0.74 

(other tissue 
1 QoJheart Qo,) 

1.37 - 0.59 

- Qo, is expressed as nmol/min/g wet weight tissue. 
*The  value was cited from Biochemists Handbook, (Long C, ed. London: E & FN Spon Ltd., 1961:795-810). 

The reaction mixture (3 ml) contained 0.15 M KCI, 0.005 M MgCII, 0.005 M potassium phosphate buffer (pH 7.4), 0.003 M sodium succinate, and 1.2 
to 13.8 mg of mitochondrial protein. Reaction was started by addition of the substrate. 

cantly less than heart, kidney, or liver (table). Oxidative 
phosphorylation of mitochondria could not be investi- 
gated. 

Discussion.This patient had growth failure, easy 
fatigability after exercise, and increased lactate and 
pyruvate in blood, CSF, and urine, and myopathy 
with abnormal mitochondria. In addition, he had 
mental retardation, generalized seizure, myoclonus, 
severe nerve deafness, cerebellar ataxia, blindness 
with macular degeneration and optic atrophy, and 
basal ganglia calcifications. Pathologically, wide- 
spread cortical infarcts did not correspond to the 
territories of the main blood vessels, and there was no 
evidence of thromboembolism. Nerve cells in the 
Sommer’s sector of the Ammon’s horn, striatum, 
tectal region of the brainstem, and Purkinje’s cells 
outside of ischemic foci were preserved. It seemed 
unlikely that the multiple infarctions were due to 
deficient oxygen supply or repetitive convulsions. 
Calcification of basal ganglia was also prominent, but 
parathyroid function was normal. In “idiopathic” 
cases, calcification is mainly in the globus pallidus,” 
but in our patient the massive calcifications were 
distributed not only in the globus pallidus but also in 
the caudate, internal capsule, lateral thalamic 
nucleus, and dentate nucleus. 

Similar cases have had no consistent symptoms, 
and suggest that they do not indicate a single dis- 
ease but that there are several different disorders 
which are strongly suggestive of a metabolic 
derangement. Eighteen reported cases have had 
evidence of mitochondrial encephalomyopathy 
associated with elevation of lactate or pyru- 
vate.12-22 Cerebral manifestations included mental 

clonus,13J5,20,21 ophthalmoplegia,16 retinal pigmenta- 
tion,14J6,22 blindness,14.15,18,20-22 hemiplegia suggested 
to be due to cerebral vascular a ~ c i d e n t , ~ ~ , ~ ~ . ’ ~  and 

r e t a r d a t i o n  ,15-17,19,20.22 s e i zu re s ,12.15,17-21 my 0 - 

basal ganglia c a l ~ i f i c a t i o n . ~ ~ J ~ - ~ ~  Diagnosis has some- 
times been based on the pathologic findings in the 
brain, sometimes on clinical manifestations, and 
sometimes on biochemical abnormality in muscle. 
The exact relationships among these disorders have 
not been established. 

The clinical features in our patient were similar to 
those in the myoclonic epilepsy syndrome with rag- 
ged red fibers.13z20,21 In those cases, however, the car- 
dinal manifestations were myoclonic jerks and 
cerebellar ataxia resembling Ramsay-Hunt syn- 
drome. In one case,20 there were neuronal degenera- 
tion with marked gliosis, demyelination, and axonal 
degeneration in the cerebral cortex and some nuclei, 
and striking abnormalities of the Purkinje’s cells 
with formation of numerous axonal torpedoes and 
abnormal dendrites in the cerebellum. These find- 
ings differed from those  in  our  pa t ien t .  
Bogousslavsky et a123 described a 26-year-old man 
with clinical manifestations similar to those in our 
patient (short stature, bilateral deafness, ataxia, 
dementia, lactic acidosis, multiple cerebral infarcts, 
and calcification). They attributed the infarcts to an 
accompanying cardiopathy that might have caused 
ischemia or embolism. Multiple areas of infarction in 
our patient did not correspond to vascular territories, 
and this mechanism probably differed from the usual 
thrombotic or embolic process. Macular degenera- 
tion was another feature of our patient. This lesion 
was a well demarcated white-yellow circular spot 
that resembled an egg yolk, and differed from the 
cherry red spot of lipid storage disease. The macular 
finding was similar to that in Best’s or Stargardt’s 
macular dystrophy,24 which differed clinically from 
our patient. 

The abnormality of lactate and pyruvate sug- 
gested a biochemical disorder of mitochondrial 
metabolism. There was no evidence or clinical his- 
tory of hypoxia, ischemia poisoning with exogenous 
toxins, or intake of oral hypoglycemics, which might 
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impair pyruvate oxidation. Thiamine deficiency was 
also ruled out by blood thiamine level, transketolase 
activity, and thiamine pyrophosphate effect in 
 erythrocyte^.^^ High CSF lactate and pyruvate con- 
tents were noted. CSF lactate is independent of blood 
lactate, and is an indicator of brain metabolism.26 
The cerebral degeneration in this patient was proba- 
bly due to the primary brain pathology rather than 
the blood change. Since some genetic disorders of 
carbohydrate metabolism cause similar syndromes, 
we measured all enzyme activities and intermediate 
metabolites of the glycolytic pathway and the main 
enzymes of the pentose phosphate pathway in 
erythrocytes, but all enzyme activities and meta- 
bolites were normal. 

This  patient had somatic growth failure, 
fatigability, and exacerbation of neurologic symp- 
toms after exercise or infection, ie, after hyper- 
metabolism, as well as the increased levels of lactate 
and pyruvate. These manifestations suggest a disor- 
der of energy metabolism. In postmortem samples, 
oxygen consumption was decreased in skeletal mus- 
cle, diaphragm, and brain, implying a defect of 
mitochondrial respiration, although the primary site 
was not disclosed. 

Four mitochondrial respiration chain deficiencies 
have been reported to affect NADH oxidase, 
cytochrome b, cytochrome c oxidase (aa,), or 
cytochrome aa3 + b in combination. Patients with a 
defect of NADH oxidase show a variety of clinical 
features. Four a d ~ l t s ~ ~ - ~ g  had no cerebral signs or 
symptoms. The clinical features were confined to 
skeletal muscle, with weakness, wasting, and exercise 
intolerance. In one fatal case of Alper’s disease,30 
there was easy fatigability, ataxia, and myoclonus. In 
two cases of the cerebrohepatorenal syndrome of 
Zellweger,3l infants died before 7 weeks. One 46-year- 
old man had limb weakness, dementia, optic atrophy, 
impaired eye movement, and dystonia.22 

Cytochrome b deficiency has been found in four 
patients. One 46-year-old man had ataxia, dementia, 
and limb weakness. His 16-year-old son had the same 
symptoms, and impaired eye movement, ptosis, cata- 
racts, retinitis pigmentosa, myoclonus, and gener- 
alized seizures.32 One 38-year-old man had myopathy 
without cerebral ~ymptoms,3~ and one 48-year-old 
woman had limb weakness, ataxia, myoclonus, con- 
fusion, retinal pigmentary degeneration, and basal 
ganglia calcification.22 

Patients with cytochrome c oxidase (aa3) defi- 
ciency and combined cytochrome deficiency (aa, + 
b) showed a rapid progressive course14~34-38 involving 
skeletal muscle, brain, liver, and kidney. The rela- 
tionship between clinical and biochemical abnor- 
mality has not been established. Different biochemi- 
cal deficiencies may produce identical clinical phe- 
notypes, the same enzymatic deficiency may have 
different phenotypical expressions, or an additional 
unknown biochemical abnormality might cause the 
variety of clinical features. 
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