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cysteine and cystine it is not possible to differentiate further
the marked reduction in combined total cysteine and cystine in
most of these patients. Methionine, the other sulphur-contain-
ing amino-acid, also tends to be reduced. None of the patients
showed any abnormal amino-acid pattern in the urine.

Discussion
The finding of low concentrations of sulphur-containing

amino-acids in the plasma of patients with the ataxic neuro-
pathy suggests either a poor intake of sulphur-containing
proteins or a conditioned deficiency resulting from excessive
cyanide detoxication. Both factors probably operate. It may
be significant that it is the low-income groups in whom the
disease predominates. Such economically and nutritionally
deprived groups cannot afford an adequate protein intake,
subsisting predominantly on cassava. In this connexion it is
interesting to recall Moore's (1933b) interesting observation on
the distribution of the disease among schoolchildren in a board-
ing house, where the girls, who were unable to find supplements
to a predominantly cassava diet, suffered from retrobulbar
neuritis, while the boys, who had more freedom to go about
fishing, did not. Nevertheless, the normal concentration of
essential amino-acids such as leucine, isoleucine, threonine, and
phenylalanine in some of the patients when methionine and
cystine are either low in concentration or absent suggests that
the intake of first-class protein is not invariably inadequate,
and supports the possibility of a conditioned deficiency of
sulphur-containing amino-acids in some patients. It is note-
worthy that plasma alanine concentration is also low in six of
the patients, and this may be related to its utilization for
cysteine synthesis: alanine-=='cysteine.

Other changes in plasma amino levels are similar to those in
kwashiorkor, where protein intake is deficient and the essential
amino-acids are reduced more than the non-essential amino-
acids (Edozien et al., 1960). There are, however, significant
differences. In the ataxic neuropathy, as in the majority of
healthy individuals, tyrosine is present in greater amounts than
phenylalanine, whereas in kwashiorkor the tyrosine/phenyl-
alanine ratio is reversed. In the nutritional ataxic neuropathy
alanine is more abundant than glycine, but in kwashiorkor

patients the position is reversed (Edozien and Obasi, 1965).
Further speculation on the relation to kwashiorkor is not justi-
fied at present, but it is reasonable to suggest that cyanide
detoxication will be less efficient where concentrations of the
sulphur-containing substrates are reduced whatever the mechan-
ism of the reduction.
There is need to extend investigations (1) to people who are

free from the disease but whose diet consists mainly of cassava
derivatives, and (2) to patients with the ataxic neuropathy after
being kept on cassava-free and protein-rich diet.
These preliminary findings are encouraging enough to justify

a therapeutic trial in schoolchildren having the ingravescent
form of the disease and in patients with the fully developed
syndrome. The aim will be to try the effects of casein,
hydroxocobalamin, yeast, and possibly intravenous sulphur-
containing amino-acids in the prophylaxis and treatment of
nutritional retrobulbar neuritis and ataxic neuropathy as incon-
clusively instigated by Clark (1935).
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Study of Fatal Cases of Friedreich's Ataxia

RICHARD L. HEWER,* M.B., M.R.C.P.

Brit. med. :., 1968, 3, 649-652

S ummary: A study of 82 fatal cases of Friedreich's
ataxia showed that over half the patients died of heart

failure while nearly three-quarters had evidence of cardiac
dysfunction during life. A high incidence of diabetes
mellitus (23%) was another finding, and four patients
developed diabetic ketosis terminally.

Introduction
Though no effective treatment is available for Friedreich's
ataxia, it is nevertheless important to be able to give patients
and their relatives some information regarding the likely life
expectancy and the factors which influence this. Bell (1939)
reviewed 72 recessive cases taken from the literature and found
that the mean age of death was 26.46 years. She reviewed

100 cases of hereditary ataxia, also taken from the literature, in
which the cause of death was stated. Pneumonia and phthisis
were given as the cause of death in 59 of the 100 cases. So far
no individual study of a large number of fatal cases of
Friedreich's ataxia has ever been published.

It is now clear that the heart is often affected in Friedreich's
ataxia. Approximately 90% of patients show an abnormal
electrocardiogram (Thorin, 1964). Some patients with
Friedreich's ataxia are known to have died with terminal heart
failure (Boyer, Chisholm, and McKusick, 1962; Ivemark and
Thoren, 1964).

Several reports have been made of diabetes mellitus compli-
cating Friedreich's ataxia. Two recent studies give an
incidence varying between 18% (Thoren, 1962) and 8% (Hewer
and Robinson, 1968).
The present study was undertaken in order to try to ascertain

how long patients with Friedreich's ataxia live and what factors
* Senior Registrar, Department of Neurology, the Radcliffe Infirmary,
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650 14 SeDtember 1968 Friedreich's Ataxia-Hewer

contribute to their death. An attempt was made to evaluate,
particularly, the importance of the cardiomyopathy and of
diabetes mellitus in relation to the terminal illness.

Material

The material for this study was obtained from two principal
sources:

(1) Registrar General.-The Registrar General made available to
me copies of all death certificates on which the diagnosis of
Friedreich's ataxia appeared. Approximately 140 certificates were

supplied-all relating to patients dying between 1955 and 1966
inclusive. When a copy of the death certificate had been received
the doctor who had signed the certificate was contacted and was

asked for further information. A medical record card and all
hospital notes and x-ray films were obtained. In relevant cases

consultants, social workers, and local welfare organizations were
also able to give information. In this way it was often possible
to build up an excellent account of the patient's condition and
circumstances in the months and years previous to death. In a

few cases it was impossible to obtain much information. In others
the diagnosis of Friedreich's ataxia was clearly incorrect. Eventually
it was possible to accept 66 of the Registrar General's cases as
having definite Friedreich's ataxia.

(2) Ownz Series.-During the past seven years I have been engaged
on a detailed study of various aspects of hereditary ataxias and
have personally seen about 140 cases of Friedreich's ataxia. Sixteen
of these patients died.
Thus 82 fatal cases of Friedreich's ataxia were available for

study. The material comprised 44 males and 38 females. All
cases had been diagnosed, in life, as suffering from Friedreich's
ataxia. All fulfilled rigid neurological criteria: (1) onset of
ataxia in childhood,'adolescence, or early adult life; (2) pro-
gression of ataxia without obvious remission ; (3) objective
evidence of ataxia of all four limbs; (4) extensor plantar
responses ; and (5) vibratory and postural loss in the legs.
Practically all cases had absent tendon reflexes and many also
had a scoliosis and pes cavus. Twenty-nine had at least one

affected sibling. In one further case the father, several aunts,
and two siblings were affected. In another case cousins and
a paternal uncle were affected.

Results
Age at Death
The mean age at death was 36.6 years (range 5 to 71 years).

The commonest age of death was 30 years (seven patients).
Nine patients (11%) died aged 20 or less ; 31 (38%) were 30
or less and five were 60 or more at the time of death (Table I).

TABLE I.-Age at Death in 10-year Periods

Age in 10-year No Known Cardiac
Periods Symptoms

L

Heart Failure or
Definite Cardiac
Symptoms before

Death

TABLE II.-Relation of Survival Tinle to Age at Onset of Leg Ataxia
in 71 Fatal Cases in whom Age of Onset was Known

Years after No. of Patients Alive
Onset of
Leg Ataxis Onset at 1-10 Years Onset at 11-20 Years

0 39 (100%10) 32 (100%,)
10 32 (82Vo) 31 (97%°)
20 22 (560,1) 22 (690%)
30 7 (18 %,O) 15 (47%')
40 1 (3%0) 5 (15 ')

Cause of Death

Forty-six patients (56010) died with heart failure. This figure
includes two who were certified as dying with " myocarditis,"
no other cardiac details being known. The causes of death in
the remaining 36 cases are given in Table III.

TABLE III.-Analysis of 36 Cases who did Not Die a Primarily Cardiac
Death

Pneumonia
Cerebrovascular accidents.

Subarachnoid haemorrhage
Cerebral haemorrhage . r.. ..Cerebral thrombosis (1 possibly with a cerebral

embolus)
Cerebral embolus (atrial fibrillation and old

subacute bacterial endocarditis)

Miscellaneous
Diabetic ketosis
Suicide.
Cancer.
Ulcerative colitis
Hiatus hernia with vomiting and possible

terminal left ventricular failure
Status epilepticus
Pressure sores and urinary incontinence

9
6

1
2

2

i
1

2

Cause of death unknown
No information.5
Gradual deterioration
Sudden collapse (cause unknown) .. 1

Coma (cause unknown) and atrial fibrillation 1
Terminal atrial fibrillation (no other data

available).1
Persistent vomiting. 3

In one case vomiting was associated with atrial fibrillation and a virus infection.
In one case there was 11 days' preterminal vomiting (cause unknown) with

terminal pneumonia.
In one case there was terminal vomiting and thirst (2 years' atrial fibrillation).

Fourteen patients (17%) who did not die a primarily cardiac
death nevertheless showed evidence of cardiac dysfunction
either before death or at the time of death, the cardiac
abnormality being a contributory cause. Thus 60 patients out
of the total of 82 (73%) either died with heart failure or showed
clinical evidence of cardiac dysfunction. An analysis of the
younger patients shows a particularly high incidence of cardiac
decompensation (Table I). Thirty-one patients died aged 30
or less. Twenty-two (71 %) died with heart failure and 27
(87%) had clinical evidence of cardiac dysfunction before death.
Four patients developed diabetic ketosis and/or coma imme-

diately before death. Three of these also developed terminal
heart failure. In a further five cases diabetes was probably
a contributory cause of death.

Total

0-10 3 3 (4%)
11-20 1 5 6 (7%)
21-30 3 19 22 (27%)
31-40 5 17 22 (27%)
41-50 6 10 16 (20%)
51-60 3 5 8 (10%)
61-70 3 1 4 (5%)
71+ 1 1 (1%)

Total .. 22(27%) 60(730) 82

In 73 patients in whom the age at onset of ataxia was known
the mean duration of disease was 23.9 years (range 1 to 48
years). Thirty-nine patients developed ataxia at the age of
1-10 years inclusive (Table II)-the mean duration of the
disease in this group being 20.7 years, range 1 to 41 years.
Thirty-two patients developed ataxia aged 11-20 years
inclusive; the mean duration of disease was 29.4 years (range
8 to 48 years).

The Heart
Heart Failure

Further assessment of the 44 patients who developed heart
failure shows that 11 of these (25%) developed heart failure
six months or more before death (mean 2.2 years, range
8 months to 4 years). In some patients the heart failure
was successfully treated and they remained free of heart failure
for several months or even years.
Example.-A child complained of exertional chest pain at the

age of 5 years. At the age of 6 he had an episode of supraventricular
tachycardia with severe chest pain and heart failure. This cleared,
and he remained free of cardiac symptoms until three days before
death, at the age of 10, when he again developed heart failure-
apparently precipitated by a virus infection.
The other 33 patients (75%) developed heart failure only

during the last six months of life.

BRITISH
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In most patients the heart failure was of the biventricular
type, with evidence of lung congestion as well as peripheral
fluid retention, raised jugular venous pressure, and liver
enlargement. However, in one personally observed case there
was no evidence of "backward" failure. Over a period of
a few days the pulse volume gradually fell and the patient
developed extreme fatigue. Breathlessness was never promi-
nent. There was an intermittent triple rhythm.

In four cases terminal heart failure was apparently precipi-
tated by a non-specific virus infection. In one further case
heart failure followed an episode of pneumonia. In three cases
heart failure was associated with diabetic ketosis (see below).

Atrial fibrillation occurred in 26 of the patients who had
heart failure. In 19 the atrial fibrillation occurred only during
the last six months of life and the event usually coincided with
the onset of overt heart failure. Three patients with terminal
heart failure developed a supraventricular tachycardia.

Cardiac Arrhythmias

Cardiac arrhy-thmias were known to have occurred in 41 of
the 82 fatal cases (50%) Atrial fibrillation o&urred in 34
patients (42%). Sixteen (20%) had been known to have atrial
fibrillation for six months or more before death (mean 4.1 years,
range 8 months to 11 years). Some patients had paroxysmal
atrial fibrillation, with long periods of normal rhythm between
the episodes. Eighteen patients (23%) developed atrial fibril-
lation only during the six months before death and some had
it for only a few days.
Two patients had one episode each of paroxysmal atrial

tachycardia-nine years and four years respectively before
death. The first of these was subsequently free of cardiac
symptoms until shortly before death, when he developed atrial
fibrillation and died at the age of 46. The second patient was
6 years old when the dysrhythmia occurred; details are given
above.

Cardiac Pain and Myocardial Infarction

Ten patients (12%) had angina for at least one year before
death. One patient suffered from frequent attacks of palpita-
tions and crushing chest pain from the age of 10 until she died
at the age of 22. A further three patients had cardiac pain
terminally (not thought clinically to be due to myocardial
infarction). Two of these patients also had terminal heart
failure.
Two patients were thought clinically to have had a terminal

myocardial infarction. One, a child of 5, developed sudden
severe chest pain rapidly followed by heart failure. An electro-
cardiogram (E.C.G.) showed evidence of an acute posterior
myocardial infarction. However, at necropsy no evidence of
myocardial infarction was found. The other patient was a man
aged 36 who developed a classical myocardial infarction (con-
firmed by E.C.G.), rapidly followed by left ventricular failure.
Necropsy was not carried out.
Two other patients, one aged 40 and the other aged 65, had

clinically diagnosed myocardial infarctions some time before
death. In neither case was death thought to be directly asso-
ciated with the infarction.

Electrocardiogram

E.C.G.s were available of 12 of the 22 patients who did not
have any cardiac symptoms. Tracings from nine of these were
abnormal-all showing T-wave inversion in left ventricular
leads. The tracing from one patient was borderline (low-
voltage T waves in left ventricular leads). Two patients had
normal tracings. E.C.G.s were also available on the majority
of patients with clinical evidence of heart disease; a detailed
analysis of these will be published elsewhere.

BRms1I
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Diabetes

Nineteen patients (23%) had diabetes mellitus (Table IV).
In five diabetes was diagnosed during the last two weeks of
life and in one four months before death. In a further seven
patients diabetes was diagnosed within two years of death.
The longest interval between diagnosis of diabetes and death
was 19 years. In all patients the diagnosis of diabetes was
made many years after the onset of ataxia, and most patients
were severely disabled. Eight were aged 30 or less and five
more than 40 years old when the diagnosis was made.

TABLE IV.-Details of 19 Patients with Diabetes Mellitus

Age (Years)
Case S At Diabetes How Diabetes insulin Cause of
No. e Onset Mellitus At Presented Death

of Diagnosed Death
F.A.

1 M 8 18 23 I 40 units Heartfailure
I ~~~~~daily2 F 8 18 19 ? Yes Diabetic ketosis

(B.S.L. 650.
P.B. 10).
Ventricular
fibrillation

3 M 7 24 24 2 days' vomiting Yes Diabetic coma
(2 days followed by (B.S.L. 640.

before coma and death P.B. 6). Heartdeath) failure4 F Early 26 35 Glcosuria. Yes ?
chil B.S.L.d

!5 F 10 27 28 ? ? 4days'vomiting
and thirst
IB.S.L. 272.

6* F 12 29 29 Thirst. Fasting. Yes Heart failure.
(2 weeks B.S.L. 145 Uncontrolled
before diabetes
death)7* F 10 31 31 3 days' abdom. Yes Heart failure

(3days inalpain.before Glycosuria
death) ++ +. Fast-

ing. B.S.L. 202
8 M 5 30 30 2 days' polyuria, 0 Diabetic coma

drowsiness,
and coma.
Glycosuria
+ + +. No
B.S.L.

9 F 9 30 30 Glycosuria + +.Yes Heart failure.
(3 days B.S.L. 450. Diabetic
before P.B. 13 ketosis

10 F 5 35 37 GlIcosura. 0 Pneumonia

G.T.T.
11 F 9 35 35 Glycosuria No Coma of uncer-

(4 months ++ +. tain cause
deaore Vomiting + +

12 F 13 37 45 Thirst. Pruritus. 32 units Heart failure
Glycosuria daily13 F 13 38 39 Glycosuria. Past- 48 units Heart failure

14 m~~~~~~ig B.S.L. 388 daily14 F 7 39 41 Thirst. Diabetic ? Sudden collapse
G.T.T. and coma

15 M 21 41 44 Thirst. Glyco- Yes Cerebral
sunsa. Fasting thrombosis
B.S.L. 333

16 M 19 48 67 Qlycosuria. Fast- 20 units ?
ing. B.S.L. 210 daily17 F 11 48 49 Polyuria. Thirst. Yes Pneumonia.

I ~~~~~~~~~B.S.L.192 Bed sores18 F 16 54 56 Pruritus. Thirst. Yes Cerebral
Fasting. B.S.L. thrombosis
359

19 F18 53 66 Glycosuria. I52 units Pneumonia
I I . t Fasting. ]daily

l l 0 3~~~~.S.L.0
* Siblings.
F.A.- Friedreich's ataxia. B.S.L. - Blood sugar level in mg./100 ml. P.B.

Plasma bicarbonate in mEq/l. G.T.T. - Glucose tolerance test.

Four patients had terminal diabetic ketosis and two became
comatose (one of these developed polyuria, drowsiness, and
deep coma associated with heavy glycosuria, but no blood sugar
estimations were made). Three of these patients developed
heart failure. In a further five diabetes was probably a direct
contributory cause of death.

Fourteen patients were receiving insulin. Ten who had
diabetes for one year or more before death were having regular
injections of insulin. Four patients with diabetes diagnosed
preterminally were also given insulin.
No patient was known to have neurological, retinal, or renal

complications of diabetes.
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Pathology

Necropsy details of 27 patients were available, a detailed
description of the findings being given elsewhere (Hewer, 1968).
Those dying of heart failure showed the usual changes, with
congestion of the lungs and abdominal organs with blood. The
mean cardiac weight (19 hearts) was 453 g. (range 255 to
750 g.). Marked thickening of the left ventricle was noted in
most hearts. Twelve contained ante-mortem thrombus. In
one further case there had been several recent infarcts in the
kidneys, but no thrombus was found. In four cases ante-
mortem thrombus was present in the heart and in a major
artery. The affected arteries included the left middle cerebral
(one case) and the superior mesenteric artery (one case) pro-
ducing gangrene of the gut. No heart showed any valvular
abnormality or septal defect.
Three complete hearts were available for study together with

portions of myocardium from a further 13. All these showed
extensive interstitial fibrosis with marked focal degeneration of
muscle fibres. One heart showed multiple foci of active muscle
necrosis. The main coronary arteries showed no gross disease.
Each of the three complete hearts showed areas in which
marked narrowing of small cardiac arteries had occurred. How-
ever, careful counting of arteries of different diameters indicated
that the vast majority of cardiac arteries were not obviously
narrowed.
The hearts of two patients who had not had any cardiac

symptoms were examined. Both showed extensive interstitial
fibrosis.

Sections of spinal cord from 17 patients showed degeneration
of the posterior columns and of the direct spino-cerebellar
tracts, and all except one showed degeneration in the crossed
corticospinal tracts.

Pancreas. -The pancreas from one patient showed a marked
diminution in the number of islets of Langerhans.

Discussion

Our finding that the mean age of death was 36.6 years differs
considerably from that of Bell (1939), who found that the mean
age at death in 72 recessive cases taken from the literature was
26.46 years. Our material contained only one case having an
affected parent. The mean duration of disease in our cases was
23.9 years, compared with 15.99 years in Bell's review.

Mollaret (1929) surveyed the literature and found that most
previous writers considered that death was usually due to an
intercurrent illness. Mollaret agreed with this conclusion, but
noted that some patients die as a direct result of bulbar involve-
ment. Bell (1939) examined reports of 100 fatal cases of
hereditary ataxia taken from the literature. In most cases
death was apparently due to some infectious disease. Pneumonia
and phthisis apparently terminated the illness in 59 cases. Bell
noted the lack of superimposed chronic disease. She thought
it unlikely that serious complicated disease would have escaped
observation.

Since the publication of Bell's monograph a number of
papers have been published giving details of cardiac abnormality
in Friedreich's ataxia. Previous reports of heart failure have
usually been limited to a single case or to a few cases, and no
study involving a large number of fatal cases has so far been
published.
Of the present series 73% had cardiac symptoms before

death. E.C.G.s were available of 12 of the 22 patients who
did not have cardiac symptoms and only two of these were
normal. The view has been expressed elsewhere (Hewer, 1968)
that the heart is probably always abnormal in true Friedreich's
ataxia. This view is based on the finding that the E.C.G. is
abnormal in about 90% of cases and that so far there do not
appear to have been any published reports of normal cardiac
histology.

The fact that the heart is abnormal does not necessarily
mean that it will fail prematurely. Thus one patient in the
present series, aged 71 at death, died from pneumonia and
never had any cardiac symptoms or signs, though the E.C.G.
was abnormal. Histological examination of the heart showed
the typical changes found in Friedreich's ataxia.
What causes the heart to fail ? No single factor seems to

be responsible. Atrial fibrillation occurred in many cases and
was undoubtedly the factor immediately causing heart failure
in a considerable proportion of patients. Other factors include
diabetic ketosis (three cases) and a non-specific infection (four
cases).

In four cases there was occlusion of a major artery by
embolus. Eleven of the 12 patients who showed evidence of
antemortem intracardiac thrombosis had been known to have
atrial fibrillation. One boy, aged 16, with no previous cardio-
vascular symptoms died unexpectedly with a ruptured cerebral
aneurysm. Ante-mortem thrombus was found in the left
atrium. It is clear, therefore, that intracardiac thrombosis is
very common, especially in patients with atrial fibrillation. This
conclusion raises the question of possible prophylactic anti-
coagulant therapy.

Is there any evidence that marked exertion, such as swimming
or cycling, is contraindicated in Friedreich's ataxia ? The
question, clearly, is relevant only during the early phases of
the disease before the patient is severely disabled. Only one
patient in the present series died during exertion-a girl aged
16 who collapsed and died while cycling up a hill. The lungs
showed pulmonary oedema, and no macroscopical abnormality
was found in the heart. Microscopical examination of the
heart was not made. However, it is clear from serial E.C.G.
studies, to be published, that the heart is often affected during
the stage of mild aitaxia. Nevertheless, the very low incidence
of ill effects after exertion indicates that it would be wrong to
impose exercise restrictions on these patients.
The coexistence of diabetes mellitus with Friedreich's ataxia

has been reported many times. Thoren (1962) studied a group
of 48 cases of Friedreich's ataxia from Sweden and found nine
diabetics, giving an incidence of 18%. Hewer and Robinson
(1968) found seven diabetics among 112 consecutive patients.
A Clinistix and glucose tolerance survey revealed a further two
cases, giving an overall incidence of 8%. The relation between
the two diseases has been discussed elsewhere (Hewer and
Robinson, 1968). The present paper shows that nearly one-
quarter of the cases had diabetes at the time of death and four
developed terminal diabetic ketosis. In several further patients
diabetes probably contributed directly to death. From the
practical point of view, therefore, it is important to actively
exclude diabetes mellitus in patients with Friedreich's ataxia,
especially when they become unwell.

I wish to thank the many neurologists, physicians, pathologists,
and family doctors throughout the country for so generously
allowing me to study their material. I also acknowledge the help
given by the Registrar General, who supplied me with copies of
the death certificates.
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