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The Cardiomyopathy of Friedreich’s Ataxia
Morphological Observations in 3 Cases

SUMMARY: In the light of the recent
finding of deposits of calcium salts and iron
in myocardial cells in one case of
Friedreich’s ataxia, we have made a
detailed morphological study of 3 new
cases of this cardiomyopathy. Calcium
deposits were not found in the muscle
fibers but lipofuscin granules and deposits
of iron were observed in our 3 cases. In
addition to the usual findings of inter-

RESUME: Suite & I'identification récente
de sels de calcium et de fer dans les cellules
musculaires cardiaques d'un cas d’ataxie de
Friedreich, nous avons fait une étude
morphologique approfondie de 3 nouvelles
observations de cette cardiomyopathie.
Nous n’avons pas trouvé de deépéts de
calcium mais nous avons observé des
dépots de fer et des granules de lipofuscin
dans les fibres cardiaques de nos 3 cas.
En plus de la fibrose interstitielle, de
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stitial fibrosis, hypertrophy and degenera-
tion of myocardial fibers, foci of segmental
active muscle necrosis were constantly
present. There is a possibility that
Friedreich’s ataxia could be a neuro-
cardiac degenerative disease with a mem-
brane defect which could be related to
defective metabolism of vitamin E or other
micronutrients.

I'hypertrophie et la dégénérescence des
fibres myocardiaques observées habituelle-
ment dans cette cardiomyopathie, nous
avons retrouvé de facon constante des
foyers de nécrose musculaire segmentaire
active. Il est possible que [l'ataxie de
Friedreich soit une maladie dégeénérative
neuro-cardiaque associée a un défaut
membranaire qui pourrait étre lié a un
trouble métabolique de la vitamine E ou
autres micro-nutriments.
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The pathological changes in the
heart in Friedreich’s ataxia are well
known and have been recently re-
viewed by Sanchez et al. (1976). They
consist mainly of a cardiomegaly with
ventricular hypertrophy and are cha-
racterized histologically by myocar-
dial fibrosis, hypertrophy and dege-
neration of the cardiac muscle fibers.
Over the past 10 years, an increasing
number of the hypertrophic form of
cardiomyopathy has been detected
clinically in patients with Friedreich’s
ataxia and it has been suggested by
some authors (Smith et al., 1977) that
hypertrophic cardiomyopathy might
be specific to classical Friedreich’s
ataxia.

Myocardial alterations not pre-
viously described in the literature have
been reported, recently, in one case of
Friedreich’s ataxia. Sanchez et al.
(1976) found granular deposits of
calcium salts, and of iron in degenera-
ted cardiac muscle cells; they inter-
preted these findings as a probable
dystrophic metabolic change second-
ary to cellular degeneration and
fibrosis and being possibly related to
the disease process.

In an attempt to further define the
histophathological changes in the
heart in Friedreich’s ataxia, especially
in the light of the recent finding of
mineral deposits in myocardial cells,
post-mortem material was studied
from 3 patients with neuropatholo-
gically documented classical Fried-
reich’s ataxia.

PATIENTS AND METHODS

Anatomical data concerning the
cardiovascular system were obtained
from the necropsy protocol in case |
and 2. Paraffin blocks or/and forma-
lin fixed tissue from the hearts and all
other viscera were available in the 3
cases. Several sections of both ventri-
cles were available in case 1. Numerous
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heart samples were obtained in case 2
but their topographical site of origin
was unspecified. In case 3, the
complete intact but formalin fixed
heart was available and it was possible
to make a detailed gross observation
together with a representative sam-
pling of all major cardiac structures
including the coronary arteries, the
septum and the conduction system.

In cases 1| and 3, fresh cardiac tissue
obtained approximately 2 hours after
death was processed for examination
by electron microscopy. Small frag-
ments of myocardium were fixed in S-
collidine-buffered 4% para-formalde-
hyde, pH 7.4 and post fixed in 2%
osmium tetroxide buffered to pH 7.4
with S-collidine. After dehydration the
tissues were embedded in epon resin.
Thin sections were examined in a
Philips 300 electron microscope after
staining with uranyl-acetate and lead
citrate.

All sections for light microscopic
examination were stained with hema-
toxylin-eosin. The following special
stains were utilized on cardiac tissue
and appropriate control material
whenever indicated: Masson’s tri-
chrome for collagen, Verhoeff's for
elastic, PAS with or without diastase,
Von Kossa for calcium, Sudan black
B, Ziehl-Neelsen for acid fast material
and Prussian blue for iron.

Unstained deparaffinized sections
from the myocardium were examined
under polarized and fluorescent light.

Samples from all viscera were also
stained for iron and calcium.

Case I: Clinical summaries (L.F.)
(A-58-77)

This patient was a 18-year-old white
Caucasian female with Friedreich’s
ataxia which first manifested at the age
of 2. Two siblings out of eight were
also afflicted. She had been confined
to a wheel-chair since the age of 10. At
age 6, the electrocardiogram (E.C.G.)
showed left ventricular hypertrophy
and cardiac catheterization was com-
patible with a non-obstructive hyper-
trophic cardiomyopathy. Both the
right and left ventricular end-diastolic
pressures were elevated at 16 and 22
mm/Hg respectively. During the fol-
lowing years, she complained of inter-
mittent palpitations which were never
documented by E.C.G. She did not
experience chest pains or shortness of
breath and she was not susceptible to
respiratory infections.

One month prior to death, the blood
pressure was 100/ 65, heart rate regular
80/minute, no jugular venous disten-
sion was noted. There was a marked
right dorsal scoliosis which was found
to be at 45° on X-Rays. On ausculta-
tion, the lungs were clear and the heart
sounds normal with no murmur or
gallop rhythm. Chest X-Ray showed
no evidence of cardiomegaly or
pulmonary hypertension. The E.C.G.
showed diffuse STT changes with
questionable right ventricular hyper-

trophy and right axis deviation. The
vectocardiogram however, was com-
patible with a type B right ventricular
hypertrophy pattern. The left ventri-
cular diastolic and systolic diameters
by M-mode echocardiography were
small, 30 and 20 respectively, but the
septal and free posterior wall thickness
were within normal limits at 10 mm.

Two days prior to death, she
developed nausea, vomiting of blood
streaked material and' progressively
prolonged apneic spells leading to her
demise. There was no clinical evidence
of congestive heart failure or tachy-
arhythmias.

Summary of pathological findings:

In the lungs, multiple peripheral
emboli and hemorrhagic infarcts were
observed. A superficially ulcerative
gastro-oesophagitis with a major
gastro-intestinal hemorrhage was
found. Chronic passive congestion of
the liver was noted.

Cardiovascular system:

The heart weighted 320 gm. The
thickness of the left ventricle was 1.2
cm and the right .4 cm. A slight
dilatation of the right cardiac cham-
bers was noted. There was slight
arteriosclerosis of the aorta. Only
samples of both ventricles were
available. In all sections, the micros-
copic examination showed interstitial
diffuse fibrosis, moderate in the left
ventricle and slight in the right
ventricular wall. There was also
marked hypertrophy of the muscular
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Figure 1 Case 1 — Hypertrophied myocardial fibers with large
bizarre hyperchromatic nuclei. Note the peripheral distribution
of the myofibrils and the granular appearance of the cytoplasm.
Lipofuscin granules are present mainly in the paranuclear area
of the nuclei. (PAS X 530)

Figure 2 Case I — Segment of a myocardial fiber showing early
necrosis associated with a few mononuclear cells. (PAS X 530)
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fibers with large pleomorphic hyper-
chromatic nuclei containing an occa-
sional eosinophilic nucleoliform inclu-
sion. In several fibers, the cytoplasm,
which frequently contained yellow-
brown pigment, was finely granular
and/or vacuolated, the longitudinal
myofibrils occupying a peripheral
location. (Figure 1) No disorientation
of myocardial fibers was observed. A
small number of chronic inflammatory
cells was present focally in the
interstitium. There were individual
and rare groups of muscle fibers
undergoing acute necrotic changes
with occasional polymorphonuclear
leucocytes and frequent mononuclear
cells. (Figure 2 and 3) Slight to
moderate focal intramural arteriolar
thicknening was also observed.

The yellow-brown granules were
autofluorescent, acid fast positive and
stained with the Sudan black. These
granules were also slightly PAS
positive in some areas. No calcium was
found, but dense intracytoplasmic
deposits of iron particles were detected
in a small number of cardiac fibers in
the paranuclear areas. Ultrastructural
studies showed several membrane
bound osmiophilic particles charac-
teristic of lipofuscin granules. (Figure
4) No calcium or iron was detected in
the parenchyma of the other viscera.

Case 2: (R.T.) (4-25-72)
This was a 22-year-old white Cau-
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casian male suffering from Fried-
reich’s ataxia and confined to a wheel
chair since the age of 12. Two sisters
and two brothers were also afflicted
with the same disease and the eldest
died at the age of 25. The patient was
intellectually alert and did not com-
plain of excessive shortness of breath
or palpitation. One year prior to death,
however, his heart rate was found to be
intermittently irregular but no medi-
cation was prescribed. Four days
before his last admission at another
hospital, he developed a febrile illness
with a fever varying between 101 to
102.5° F. and a non-productive cough.
Two days later, the cough and fever
persisted and he also developed nausea
and abundant vomiting with no
evidence of gastro-intestinal diathesis.
Physical examination on admission
two days later revealed a conscious but
disoriented tachypneic and pale pa-
tient. His heart rate was 150 to 180/
minute, irregular, his blood pressure
80 mm/Hg systolic. There was no
jugular venous distension. The tho-
racic cage was severely deformed by a
marked right dorsal scoliosis. Auscul-
tation or gallop sound was audible.
There was no peripheral edema.
Severe dysarthria, muscle weakness
and atrophy was evident. The chest X-
Ray revealed a marked roto-scoliosis
of the dorsal spine which rendered the
cardiac shadow difficult to evaluate.
There was no clear evidence of

parenchymal infiltrates or pulmonary
vascular congestion. The E.C.G. showed
atrial fibrillation with a rapid ventri-
cular rate of 230/minute with right
bundle branch block and right supe-
rior axis deviation. Intermittent left
bundle branch block or ventricular
tachycardia was also observed. He
died a few hours after admission in a
persistent state of shock and anuria.

Summary of autopsy findings:

Early bronchopneumonia in the
lower lobes was observed. Marked
chronic passive congestion with cen-
tral necrosis was noted in the liver.
Vacuolar changes consistent with
osmotic nephrosis were observed in
the tubules of both kidneys.

Cardiovascular system:

The heart weighted 425 gm. The
thickness of the left ventricle was 1.5
cm. and the right .4 cm. There was a
slight left ventricular hypertrophy. No
arteriosclerotic changes were observed
in the coronary arteries or the aorta.

A great number of paraffin blocks of
unspecified sites of origin were avail-
able. Histopathological findings in-
cluded a mild focal chronic inflamma-
tory infiltrate and interstitial fibrosis
which was generally slight but mode-
rate in few areas. Moderate hyper-
trophy of the myocardial fibers was
observed together with large pleomor-
phic and hyperchromatic nuclei con-

Figure 3 Case 1 — Segment of myocardial fiber showing a slightly
more advanced stage of necrosis. There is fragmentation of the
necrotic focus with a mononuclear inflammatory infiltrate.
Note also the bizarre hyperchromatic nuclei, the granular aspect
of the cytoplasm and the peripheral distribution of the
myofibrils. (Masson’s trichrome X 530)

Lamarche et al.
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Figure 4 Case 1 — Electron micrograph of lipofuscin granules
partially surrounded by a single or possibly adouble membrane
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Figure 5 Case 2 — Segmental necrosis with desintegration of the
myocardial fiber and mononuclear cell infiltrate. (Masson’s

trichrome X 530)

taining occasional nucleoliform eosi-
nophilic intranuclear inclusions. No
myocardial fiber disarray was noted.
There was muscular vacuolization, a
frequent peripheral myofibrillary dis-
tribution and a finely granular appear-
ance of the cytoplasm. Occasional
segmental necrosis of myocardial
muscle cell was noted. (Figure 35)
Thickening of the small intramural
coronary vessels was generally slight,
but in some areas, there was moderate
subintimal fibrosis. Von Kossa stain
for calcium was negative. The Prussian
blue stain for iron demonstrated dense
accumulations of positive particles in
the paranuclear zones of the fibers
(Figure 6) and occasionally within

-
g
P

392-NOVEMBER 1980

Figure 7 Case 3 — Heart showing the hypertrophy of the septum
(ruler) which measures 2 ¢m in thickness. The left ventricular
free wall, to the right side of the septum, is 1.4 cm thick.

macrophages near or inside necrotic
fibers. The number of myocardial
fibers with iron deposits was greater
than in case 1. Lipofuscin pigment was
also abundant in several fibers as seen
in the previous case.

No iron or calcium was identified in
the parenchyma of other viscera.

Case 3: (G.H.) (A-257-76)

This was a 28-year-old white Cauca-
sian male suffering from Friedreich’s
ataxia since the age of 5. He has been
confined to a wheel chair since age 13.
One year prior to his death, he
presented with intermittent atrial
fibrillation associated with dyspnea
and nausea. Physical examination at
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Figure 6 Case 2 — Dense deposits of iron particles visible in 2
distinct fibers. (Prussian blue X 84)

that time revealed an irregular heart
rate at 150/ minute, blood pressure 90
mg/ Hg systolic and no jugular venous
distension. There was a marked left
dorsal scoliotic deformation of the
thorax. The lungs were clear and no
heart murmurs or gallop rhythm were
audible. The E.C.G. showed atrial
fibrillation with a rapid ventricular
rate and diffuse ST-T changes. The
right and left ventricular diameters
were within normal limits (15 mm and
45/35 mm) by echocardiography
which also revealed a septal and
posterior wall of normal thickness (8
mm). Chest X-Ray showed an en-
larged cardiac silthouette, pulmonary
infiltrates and confirmed the scoliosis.
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Figure 8 Case 3 — Left ventricle showing marked interstitial
fibrosis and the hypertrophy of the myocardial fibers. (Masson’s
trichrome X 33)

Cardiac Pathology in Friedrich's Ataxia


https://doi.org/10.1017/S0317167100022927

LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES

Figure 9 Case 3 — Hypertrophied myocardial fibers with clearty
seen individual myofibrils: of variable diameters. Note the
vacuolar changes in several fibers. (Masson’s trichrome X 530)

Figure 10 Case 3 — Cross section of hypertrophied myocardial
fiber showing early necrosis. (Masson's trichrome X 530)

The right heart catheterization re-
vealed a moderately elevated right
end-diastolic pressure at 16 mm/Hg
and a slightly raised pulmonary
capillary wedge pressure at 18 mm/Hg.
A discrete 13 mm/Hg right intraven-
tricular systolic pressure gradient was
also documented. Subsequently, he
remained in atrial fibrillation and
terminally presented with respiratory
distress characterized by episodes of
apnea and respiratory pump failure
without evidence of significant conges-
tive heart failure. He also complained
of abdominal pains but there was no
clinical evidence of gastro-intestinal
bleeding.
Summary of autopsy findings:

A non-caseating granulomatous pro-

cess consistent with sarcoidosis was
observed in the lungs, spleen, paratra-
cheal and hilar lymph nodes, liver and
myocardium. Multiple foci of atelec-
tasis were observed in both lungs.
Erosive gastritis was also found.

Cardiovascular system:

There was minimal abdominal
aortic atherosclerosis with a slightly
hypoplastic aortic arch. The heart
weighted 440 gm. The thickness of the
left anterior ventricular free wall was
1.4 cm., the left posterior free wall; 1.3
cm., the right ventricle; .3 cm. and the
interventricular septum; 2 cm. (Figure
7) The diameter of the valves was:
pulmonary; 5.5 cm., tricuspid; 9.5 cm.,
aortic; 5.5 cm. and mitral; 9.0 cm. The
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ventricular septum was thicker than
the thickest portion of the left
ventricular free wall. There was also a
slight hypertrophy and dilatation of
the right ventricle. Examination of the
coronary arteries revealed slight to
moderate arteriosclerosis with luminal
narrowing varying from 25 to 40%.
The tissue sampling was extensive
and included the conduction system
and the large coronary arteries. In all
sections of the heart, the microscopic
examination revealed interstitial fi-
brosis generally moderate to marked.
(Figure 8). The fibrosis was minimal in
the auricular appendages and in the
conduction system. Qccasional non-
caseating granulomata were observed,
but they were scarse considering the
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Figure 11 Case 3 — Advanced stage of segmental necrosis with
almost total dissolution of the fiber and dense mononuclear
inflammation infiltrate. (PAS X 530)

Lamarche et al.
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Figure 12 Case 3 — Dense intracytoplasmic deposits of iron are
observed in several cardiac fibers. (Prussian blue X 212)
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extent of the sampling. In all sections,
there were muscle changes charac-
terized by hypertrophy, a granular or
vacuolated appearance of the cyto-
plasm and a peripheral distribution of
the myofibrils. (Figure 9) No muscle
fiber disarray was seen. Pleomorphic
and hyperchromatic nuclei containing
occasional nucleoliform eosinophilic
inclusion bodies were also observed.
Segmental necrosis of individual mus-
cle fibers with or without phagocy-
tosis was occasionally seen. (Figure 10
and 11) There was also a focal chronic
inflammatory infiltrate in the inter-
stitium. The intramural small coro-
nary vessels showed slight to moderate
focal thickening. The large coronary
vessels showed slight atheromatous
changes.

No calcium was found but predo-
minantly paranuclear intracytoplas-
mic iron was identified in several
cardiac fibers. (Figure 12) These iron
deposits were sightly more numerous
than in case 2 and were observed
mainly in the left ventricle, in the
septum and the right auricle. Iron-
laden macrophages were sometimes
identifed within necrotic myocardial
fibers. Paranuclear intracytoplasmic
lipofuscin pigment was also observed
in numerous cardiac fibres. (Figure 13)

DISCUSSION

The gross and histopathological
changes observed in these 3 cases are
generally in keeping with those re-
ported in the literature. In addition to
the fibrosis and the chronic inflamma-
tory infiltrate which were present in
varying proportions, there was also a
striking hypertrophy of the myocar-
dial fibers together with constant
peculiar cytoplasmic and nuclear
alterations previously well described in
1946 by Russell. The nuclet were
always large and irregular in shape
with an increased amount of chroma-
tin. These nuclear changes have been
observed in myocardial hypertrophy
(Bove, 1974), in obstructive and
idiopathic cardiomyophathies (Hegg-
tveit and Nadkarni, 1971) and presume-
dly reflect polyploidy (Sandritter and
Scomazzoni, 1964). Small intranuclear
eosinophilic bodies mimicking a nucle-
olus and probably representing an
invagination of the cytoplasm were
occasionally noted. We have not found
any explanations for this finding. The
cytoplasmic vacuolar and granular
alterations bear some resemblance to
those observed in human disorders of
skeletal muscle of various etiologies
(Adams et al.,” 1962). Vacuolar de-
generation of both striated muscles

X ¢

Figure 13 (Case 3) — Electron micrograph of lipofuscin particles surrounded by a single or
possibly a double membrane. Note the fingerprint pattern in one granule. (X 34884)
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and myocardial fibers has been ob-
served in a human neuromuscular
disorder of undetermined nature (Mo-
rales, 1974).

In all 3 cases, we found varying
amounts of intracytoplasmic yellow-
brown pigmented granules mainly in
the region of the nuclei. On the basis of
their autofluorescence, their ultra-
structural morphology (Malkoff and
Strehler, 1963) and their staining
characteristics (Nishioka et al., 1968}
these granular deposits are lipofuscin.
The presence of lipochrome pigments
in the myocardium of patients with
Friedreich’s ataxia has been occa-
sionally mentioned in a few observa-
tions (Russel, 1946). As no quantita-
tive studies were made, our finding
could merely represent normal accu-
mulation of lipochrome pigment for
the age. Strehler et al., (1959) have
shown that these pigments start to
accumulate in the human myocardium
around age 10 and their concentration
is age dependent increasing progres-
sively in a linear fashion at a rate of
approximately one-third of a percent
of heart volume/decade. Occasionally,
however, an increased accumulation
of cardiac lipofuscin has been reported
in relatively young persons especially
in conditions associated with inani-
tion and also in vitamin E deficient
animals (Koobs et al., 1978). It has
been suggested by Koobs et al. (1978)
that the transformation of mitochon-
dria into lipofuscin granules could
occur as the result of peroxidative
destruction of poly-unsaturated fats in
lipid membranes. Nuclear damage
produced by malonaldehyde, a by-
product of lipid peroxidation, could
reduce the capacity for protein syn-
thesis and thus limit mitochondrial
and contractile fibre replacement.

Our studies did not reveal any
myocardial calcium deposits in these 3
cases as was originally reported by
Sanchez et al., (1976) in one observa-
tion. Calcification of cardiac muscle
fibers has been observed in a great
variety of human and experimental
conditions (Gore and Arons 1949,
Reichenbach and Benditt, 1969) and
appears to be, in most instances, a non-
specific alteration related to myo-
cardial cell degeneration and necrosis.

We have, however, identified in all 3
cases deposits of iron in several well

Cardiac Pathology in Friedrich's Ataxia
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preserved myocardial fibers and in a
few macrophages within necrotic fi-
bers. This finding which was reported
for the first time by Sanchez et al,,
(1976) remains unexplained. The ab-
sence of iron in the parenchymal cells
of other viscera or in the reticulo-
endothelial system in our cases argue
against a generalized iron storage
disease. Buja and Roberts (1971) have
shown that, when iron deposits are
found in the myocardium in hemo-
chromatosis and hemosiderosis, they
are always present in other viscera
particularly in liver, spleen, pancreas
and lymph nodes. In their study, these
authors found cardiac hypertrophy
and dilatation, degeneration of muscle
fibers, dystrophic calcification and
myocardial fibrosis in association with
intracardiac iron deposits. The myo-
cardial alterations were localized in
areas of maximum iron deposition. In
our cases, there was no correlation
between the amount of iron deposits
and the degree of fibrosis and/or
necrosis although iron laden macro-
phages in areas of muscle necrosis were
occasionally observed. The consistent
association of iron with intact myo-
cardial fibers is against a dystrophic
type of metabolic change. There is a
possibility that the iron might be
present within some lipofuscin gra-
nules as previously reported by a
minority of observers (Porta and
Hartroft, 1969). In our control mate-
rial, we found lipofuscin granules
within myocardial fibers but no iron
was detected.

Foci of myocardial necrosis have
been exceptionally observed in Fried-
reich’s ataxia. Russell (1946) reported
one observation out of 4 with necrosis
of muscle fibers and Hewer (1964)
described similar changes in one case
out of 16. In our 3 cases, the presence
of focal myocardial necrosis was a
remarkable finding. These necrotic
foci were usually segmental and
generally associated with an inflam-
matory reaction consisting predo-
minantly of mononuclear cells inclu-
ding some macrophages. Muscle fibers
at different stages of fragmentation
could be seen. These findings, which
indicate an actively progressing pro-
cess, bear some striking similarities to
the segmental necrosis observed in
primary diseases of skeletal muscle

Lamarche et al.
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especially in the dystrophies (Pearce
and Walton, 1962) and the inflamma-
tory myopathies (Walton and Hudg-
son, 1977). The vascular narrowing
observed in the main coronary arteries
and the intramural arterioles was
never marked and was out of propor-
tion to the extent of the fibrosis.
Furthermore, no relationship between
the vascular narrowing and the topo-
graphy of the necrotic foci could be
established.

In case 3, there was a grossly dispro-
portional hypertrophy of the ventri-
cular septum consistent with an
hypertrophic form of cardiomyopathy
(Roberts et al.,, 1974). However, the
characteristic histological pattern of
myocardial fiber disarray reported in
this form of cardiac disease was not
convincingly observed in our case.
Furthermore, hypertrophic cardio-
myopathy is not usually associated
with necrosis or with an inflammatory
infiltrate.

Regarding the granulomatous pro-
cess consistent with sarcoidosis found
at autopsy in case 3, to our knowledge,
this has not been reported before in
Friedreich’s ataxia and should be
considered at the present time as a
fortuitous finding. It is important to
point out that, when sarcoidosis
involves the myocardium, -cardiac
dysfunction not dissimilar to what is
observed in Friedreich’s ataxia can
occur (Nissen and Berte, 1964).

On the basis of our studies, the
sequence of morphological events in
Friedreich’s cardiomyopathy could be
the following: possible initial hyper-
trophy, degeneration of the cardiac
muscle cell, necrosis associated with a
non-specific inflammatory infiltrate
and replacement fibrosis.

The histopathological changes and
their sequence observed in the heart
have several features in common with
the primary degenerative diseases of
skeletal muscle, reinforcing the hypo-
thesis that Friedreich’s ataxia is a
genetically determined degerative pro-
cess simultaneously involving the
nervous system and the heart.

Because experimental vitamin-E de-
ficiency has been reported to produce
necrosis, fibrotic replacement and
pigment deposits in the posterior roots
and columns in the nervous system
(Malamud et al. 1949), the hypothesis
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of a metabolic defect related to this
vitamin or other oligoelements should
be entertained in Friedreich’s ataxia.
Although there is no evidence of a
vitamin-E deficiency in patients suf-
fering from Friedreich’s ataxia, the
decreased concentration of serum
lipoprotein found in some patients
(Davignon et al. 1979) could affect the
transport of this particular vitamin
(Horwitt et al. 1972, Kayden and
Bjornson, 1972) and possibly produce
a relative deficiency. This in turn,
could have some repercussions on the
biosynthesis of heme (Caasietal. 1972)
and could explain the increased free
erythrocyte protoporphyrin levels re-
cently detected in some patients with
Friedreich’s ataxia (Morgan et al.
1979).

The morphological studies of these 3
new cases do not support the views
that a calcium disturbance is primarily
related to Friedreich’s cardiomyopa-
thy and therefore, the Syrian hamster
may not be an appropriate experi-
mental model (Azari et al. 1979).

Further studies regarding the con-
tent of lipofuscin and trace metals
particularly iron in the heart muscle
are needed. An investigation is war-
ranted of the antioxydative mecha-
nisms which are vitamin-E-selenium
dependent and which are essential for
the metabolic and structural integrity
of the plasma membrane.
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