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eight subjects were calculated as the mean of differences±2-36xstandard
error.

Results

All subjects had normal fasting plasma glucose concentrations (table I).
Peak plasma glucose concentrations after the glucose solutions whether
supplemented or not with salt were higher than those after the macaroni
meals (p<005 in both cases). No significant effect on plasma glucose
responses was observed after adding salt to the two test meals (table I).
Similarly, no differences in the areas under the plasma glucose curves were
discernible (table II).

Discussion

In contrast with Thorburn et al,3 we found no significant
difference in glycaemic responses to test meals with and without
added salt. The median peak plasma glucose values were almost
identical for each test meal with and without the addition of salt.
Though there was a trend towards an increase in the glucose
absorption rate after the glucose solution with added salt, this did
not reach significance owing to the considerable variability in
glucose responses. On the other hand, the opposite trend was seen
after the macaroni meal, suggesting that adding salt to a carbohydrate
meal is unlikely to have a substantial influence on the glycaemic
response. As the rate of ingestion of the carbohydrate load was
standardised and no significant differences were found in the
glycaemic responses to salted and unsalted test meals at the various

TABLE i-Fasting and peak plasma glucose concentrations after test meals in the eight
subjects

Median (range) Median (range)
fasting plasma peak plasma p Value;

glucose glucose 95% confidence
(mmol/l) (mmol/l) interval

Glucose solution 4-6 (4 14-9) 7-8 (5-7-8 5)1 0-401 (NS) -0-53 to 1-03
Glucose solution with salt 4-6 (4-1-4-9) 7-6 (6-3-9 04)0

Macaroniwihsalt 46 (4549) 651 (456-7S0) 0-726 (NS); -0-84 to 0-69

TABLE II-Areas under plasma glucose curves before and after adding salt to the two
test meals

Median (range)
area under plasma glucose curve p Value; 95% confidence

(mmol min/1) interval

Glucose solution 57 8 (-63-00 to 220-50) 1 0484 (NS) -49 05 to 101 71
Glucose solution with salt 103-5 (-163-00 to 223-50)1 0

Macaroni t605 (-88 50 to 154 50) } 0-263 (NS); -69-46 to 25-46

time intervals we did not think it necessary to assess plasma insulin
concentrations.78 In these healthy volunteers no differences were
expected, as neither insulin sensitivity nor I8 cell function was
influenced during these acute carbohydrate loading experiments.
As expected, we confirmed the lower peak plasma glucose concen-
trations after the macaroni meal as compared with glucose.

This short term study does not support a beneficial effect of salt
restriction on glycaemic control in diabetes. Nevertheless, the
reported relation between insulin concentrations and blood pressure
warrants further study.
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Delayed cerebellar ataxia: a new complication of falciparum
malaria?

NIMAL SENANAYAKE

Abstract

Twelve cases of an unusual phenomenon of ataxia were investi-
gated in otherwise weli, conscious patients recovering from a
febrile attack of presumed falciparum malaria. The ataxia
occurred as the fever was subsiding, usualiy after an afebrile
period oftwo to four days. The delay between onset offever and
the ataxia was three to four weeks. Peripheral blood of all the
patients contained gametocytes of Plasmodium falciparum, and
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in some cases ring stages. The ataxia was most noticeable in the
legs and the clinical picture suggested selective impairment ofthe
cerebellar system. Signs ofimprovement appeared in a few weeks
but complete recovery took one to four months.
The most likely pathogenic mechanism of the ataxia in these

cases was an immune reaction triggered by the malaria parasite
and affecting the cerebellum or its connections, or both.

Introduction

Neurological manifestations of falciparum malaria range from
coma' to muscular paralysis.2 This paper draws attention to a unique
ataxic syndrome seen recently in Sri Lanka, which may prove to be a
new complication of the disease. The outstanding feature was
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selective impairment of the cerebellar system in otherwise well,
conscious patients. Patients were afebrile when the ataxia set in, but
their peripheral blood was positive for Plasmodium falciparum.
Twelve cases of this unusual phenomenon investigated at the
teaching hospital, Peradeniya, are reported here. The first two cases
presented in March 1984 and the others two years later. Only cases
with clear cut symptomatology seen up to the end of July 1986 are
included.

Case histories
The 12 patients (11 men) were aged 18-42 years (median 30) and came

from different parts of central, northern, and eastern Sri Lanka. Six were
permanent residents in known malarious areas and two were temporary
residents or regular visitors. The other four had contracted malaria during a
single visit to a malarious area. The residents and regular visitors had suffered
more than one attack of fever diagnosed as malaria, but the ataxia developed
only in relation to the last attack. Initial treatment for the fever had been
given at local hospitals and dispensaries. Cases in which thin blood films had
been examined before treatment had shown Pfalciparum. Drugs given were
chloroquine and primaquine in two cases, chloroquine in three, and
chloroquine or amodiaquine in five.
The ataxia developed as the fever subsided. The delay between onset of

fever and onset of the ataxia was 21-26 days. Many patients had an afebrile
period oftwo to four days before onset. In one patient (a permanent resident
in a malarious area) the afebrile period was two weeks. Unsteadiness on
walking was the first and most noticeable symptom in all cases. Other
symptoms were unsteadiness of hands (three cases), vertigo (three),
difficulty in talking (two), and headache (one). No patient had been
comatose. The disability was maximum on the second or third day, but in
some cases the symptoms progressed for up to two weeks. Three patients
were bedridden because of severe ataxia.
The patients were first seen by us three days to eight weeks (median two

weeks) after the onset of ataxia. Ataxia of gait shown by heel to toe walking
was a constant feature. Other findings were an abnormal heel-knee-shin test
in 10, dysdiadochokinesia in eight, abnormal finger-nose test showing
dysmetria and intention tremor in six, nystagmus in six, and dysarthria in
three. Asymmetry of the signs in the limbs was noted in five patients. The
nystagmus was horizontal, phasic, and bidirectional. Other systems were
normal except for a palpable spleen (1 cm) in one patient.
Investigation-The following studies and laboratory values showed

nothing abnormal: urine analysis, erythrocyte sedimentation rate, white cell
count, haemoglobin concentration, blood glucose concentration, blood
urea concentration, liver function, Wassermann reaction, Widal's test,
electrocardiography, electroencephalography, sensory (median and
ulnar) and motor (median and common peroneal) nerve conduction and
electromyography of limb muscles, and cerebrospinal fluid protein and
glucose concentrations, cell counts, and bacterial culture. Peripheral blood
films of all the patients contained gametocytes ofP falciparum, and in five
patients ring stages were seen.

Treatment-An extended course of oral chloroquine (600 mg initially and
300 mg daily for five days) and primaquine 60 mg was given with a view to
eradicating the parasitaemia. Blood films of four patients, however,
continued to show sexual and asexual forms of the parasite, suggesting
reinfection or recrudescence in two and chloroquine resistance in two.
All four were subsequently treated with Fansidar (pyrimethamine and
sulfadoxine). Three patients who were cleared of the parasitaemia but still
having severe ataxia were given prednisolone empirically (60 mg/day for
seven days and tailed off). One patient who had had severe ataxia for
eight weeks showed a definite improvement within two days of starting
prednisolone and was completely free of ataxia in 12 days. The other two
patients also showed noticeable improvement. Other forms of treatment
were prochlorperazine for vertigo and physiotherapy for patients with severe
ataxia.

Prognosis-In general, signs of improvement appeared a few weeks after
onset of the ataxia. Seven patients showed complete recovery in three to
16 weeks (median 10). The other patients were lost to follow up. Ofthe four
patients who had persistent parasitaemia, two had a relapse of fever; none of
them, however, had a relapse or an exacerbation of the ataxia.

Discussion

The neurological signs in these cases suggested bilateral impair-
ment of the cerebellum or its connections, or both. As this
stereotyped clinical picture developed after presumed falciparum
malaria and in association with a positive blood film it is reasonable
to assume that a causal relation existed between the malarial attack
and the ataxia. Theoretically, there are several possible pathogenic
mechanisms: (a) a drug effect-for example, direct toxicity or
idiosyncrasy or a toxic contaminant; (b) effect ofthe parasite itself-
for example, direct invasion, a toxic effect, or an immune reaction;
and (c) activation of a neurotropic virus.
A drug effect is unlikely because no common drug was given to all

12 patients. At least one patient was certain that he had not taken
any antimalarial drug during the previous three months; and, in any
case, antimalarials are not known to produce cerebellar ataxia. Ifwe
postulate ethnic and other host factors peculiar to Sri Lanka we
should expect this adverse effect to occur after treatment of vivax
malaria, which is much commoner than falciparum malaria
in the area. On the same grounds a toxic contaminant can be
discounted; the fact that several different brands of the same
drug had been used is a further argument against a contaminant.

Direct invasion by the organism might damage the cerebellar
system by causing vascular occlusion, haemorrhage, or inflam-
mation. The initial progression of symptoms was suggestive of an
inflammatory reaction rather than infarction or haemorrhage. The
discrepancy in the time sequence between the febrile episode and
the onset of ataxia makes direct invasion or an exotoxin unlikely.
The delay of 21-26 days between the onset of fever and the ataxia
suggests an immune mechanism. The selective effect on the
cerebellar system and the response to steroids in some patients also
favour this hypothesis.

Certain viruses such as rubella, rubeola, varicella, and mumps
may produce acute ataxia as a parainfectious or postinfectious
encephalomyelitis with an assumption ofinclusion of a perivascular
demyelinating process.34 The possibility of the malarial episode
in some way activating a dormant neurotropic virus which sub-
sequently produces the cerebellar damage cannot be excluded.
The epidemic of cases of ataxia may suggest a mutant strain of

falciparum. Though the patients came from different localities,
cross transmission among the localities was possible. Chloroquine
resistant strains were encountered in two cases but were not a
universal feature. As a host characteristic, a noteworthy feature was
the absence ofan enlarged spleen, even among patients permanently
resident in malarious areas. This may be an indication of poor
host resistance to invasion by the malarial organism. Work is in
progress, in collaboration with the departments of parasitology and
microbiology, with a view to identifying the parasite and host
characteristics of these cases and examining the role of immune
mechanisms in the causation of cerebellar damage.

I am grateful to Drs M de S Wijesundera and J S Edirisinghe, of the
department of parasitology, Dr J S M Peiris, of the department of
microbiology, and Professor S Dissanayake, of the department of bio-
chemistry, for their invaluable help in the investigation of these cases and
Professor B D Dharmasena for advice.
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