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ABSTRACT

Background Cerebral malaria has a mortality rate
of 10 to 30 percent despite treatment with parenteral
quinine, a situation that may worsen with the spread
of quinine resistance. Artemether is a new antima-
larial agent that clears parasites from the circulation
more rapidly than quinine, but its effect on mortality
is unclear.

Methods We conducted a randomized, unblind-
ed comparison of intramuscular artemether and
intramuscular quinine in 576 Gambian children
with cerebral malaria. The primary end points of
the study were mortality and residual neurologic
sequelae.

Results Fifty-nine of the 288 children treated with
artemether died in the hospital (20.5 percent), as
compared with 62 of the 288 treated with quinine
(21.5 percent). Among the 418 children analyzed at
approximately five months for neurologic disease,
residual neurologic sequelae were detected in 7 of
209 survivors treated with artemether (3.3 percent)
and 11 of 209 survivors treated with quinine (5.3 per-
cent, P=0.5). After adjustment for potential con-
founders, the odds ratio for death was 0.84 (95 per-
cent confidence interval, 0.53 to 1.32) in the
artemether group, and for residual neurologic se-
quelae, 0.51 (95 percent confidence interval, 0.17 to
1.47). There were fewer local reactions at the injec-
tion site with artemether than with quinine (0.7 per-
cent vs. 5.9 percent, P=0.001).

Conclusions Artemether is as effective as quinine
in the treatment of cerebral malaria in children.

(N Engl J Med 1996;335:69-75.)
©1996, Massachusetts Medical Society.

BOUT half a million African children die

each year as a result of cerebral malaria.

The recommended therapy is parenteral

quinine, but the case fatality rate is 10 to
30 percent despite treatment.!-2 Quinine has several
other limitations. Because of its potential toxicity it
is ideally administered by carefully controlled intra-
venous infusion — a procedure that is often imprac-
tical in rural health clinics, especially in young chil-
dren. Under these circumstances, the World Health
Organization recommends administration by the
intramuscular route,? which is equally effective in
terms of parasite clearance but tends to produce ir-
ritation and, infrequently, abscess formation at the
site of injection.# Of increasing concern is the de-
clining efficacy of quinine in parts of Southeast
Asia s a trend that could prove disastrous if it spreads
to Africa, where most deaths from malaria occur.
Thus, there is an urgent need to identify new forms
of therapy for severe malaria that are economical and
practical alternatives to quinine and, ideally, improve
the clinical outcome of cerebral malaria.

Among potential alternatives to quinine, the arte-
misinin (qinghaosu) derivatives have attracted spe-
cial interest because of the rapidity with which they
reduce Plasmodinm falciparum parasitemia. Arte-
mether, the methyl ether of dihydroartemisinin (the
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active metabolite of artemisinin), is formulated as an
intramuscular injection that has been shown in sev-
eral clinical studies to clear parasites more quickly
than quinine.® In addition, a study in Malawi report-
ed that children with cerebral malaria recovered more
quickly from coma when treated with artemether
than when treated with quinine.” These and other
promising findings have led to the widespread, but
so far unproved, belief that artemether may reduce
the rate of death from cerebral malaria. Thus, we
compared the ability of artemether and quinine to
prevent death or neurologic sequelae in children
with cerebral malaria.

METHODS
Study Population

The study was conducted in the Gambia, West Africa, between
1992 and 1994. Recruitment began at the Royal Victoria Hospi-
tal in Banjul, which is the chief referral hospital for the western
part of the country. In 1993, the study was extended to include
Sibanor Health Centre, a mission hospital 90 km from Banjul that
serves as a primary and secondary health care facility for a mainly
rural population. Unconscious children one to nine years of age
who were brought to Royal Victoria Hospital or Sibanor Health
Centre were cligible for the study if they had a Blantyre coma
score of 2 or less,8 asexual forms of P. fulciparum were identified
on a thick blood film, and a parent or guardian gave informed
consent. To confine recruitment to patients with true cerebral
malaria, patients with diseases other than malaria at the time of
admission were excluded, as were those who recovered conscious-
ness immediately after the correction of hypoglycemia or within
one hour if they were convulsing on admission. Those treated
with quinine before admission were also excluded; no child had
previously received artemether.

Study Design

Intramuscular artemether and intramuscular quinine were com-
pared in an open, randomized trial that was part of a larger trial
of cerebral-malaria intervention, in which a monoclonal antibody
against tumor necrosis factor (TNF) was also evaluated. A two-
by-two factorial design was used to allow artemether to be com-
pared with quinine while anti-TNF therapy was compared with
placebo in the same group of patients. The statistical principles
of factorial design are well established.%-10

The treatment code for each child was stored in a sealed enve-
lope that was opened after the admission procedure was complet-
ed and parental consent had been obtained. To ensure that disease
severity was well matched between the treatment groups, random-
ization was stratified according to the coma score at admission
(0, 1, or 2) and the study center and was balanced over time in
blocks of 10 for both antimalarial and anti-TNF therapy. The dif-
ferent dose schedules used for artemether and quinine meant that
the ward staff members were aware of the patients’ treatment as-
signments. However, the assessment of neurologic sequelae in sur-
vivors was carried out by a doctor who was unaware of the treat-
ment code. In addition to the randomization for artemether and
quinine, each child was also assigned to receive ecither anti-TNF
therapy (5 mg per kilogram of body weight) or placebo, given as
a double-blinded intravenous dose. The randomization procedure
ensured that anti-TNF therapy and placebo were evenly distribut-
ed between the quinine and artemether groups.

The primary end points of the study were death in the hospital
and residual neurologic sequelac that persisted when the child
was assessed during the dry season following the illness. The sec-
ondary end points were rates of clearance of parasites and fever,
length of time to recovery from coma, and neurologic sequelae
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at discharge and one month after admission. The sample size was
determined at the outset, to provide an 80 percent probability of
detecting a 33 percent reduction in mortality at the 5 percent
significance level. These estimates were based on our previous ex-
perience of a 25 to 30 percent mortality rate in this group of pa-
tients and on data from Southeast Asia suggesting that arte-
mether might reduce mortality by up to 50 percent.

Antimalarial-Treatment Schedules

Patients assigned to the artemether group received intramuscu-
lar injections of artemether (Paluther, Rhéne—Poulenc Rorer, Vit-
ry-sur-Seine, France) in the anterior thigh for four days, in an ini-
tial dose of 3.2 mg per kilogram, followed by daily doses of 1.6
mg per kilogram. Those assigned to the quinine group received
intramuscular injections of quinine dihydrochloride (Rotexmedi-
ca, Trittau, Germany) in the anterior thigh for five days, in an ini-
tial dose of 20 mg per kilogram, followed by a dose of 10 mg per
kilogram every 12 hours. Because of the irritant effect of intra-
muscular quinine, its concentration was diluted to 60 mg per mil-
liliter and the initial dose divided between thighs. Once a patient
was able to swallow, intramuscular injections were replaced by
oral quinine sulfate. With the above regimens, it was found in the
first year of the study that recrudescence of parasitemia was rel-
atively common in both treatment groups at one month of fol-
low-up. In the second and third years of the study, to reduce the
rate of recrudescence, pyrimethamine—sulfadoxine (Fansidar, Hoff-
mann-LaRoche, Reinach, Switzerland) was added to the antima-
larial treatment regimen in both groups, in a dose as close as pos-
sible to one of 1.25 mg of pyrimethamine per kilogram and 25
mg of sulfadoxine per kilogram orally. Pyrimethamine—sulfadox-
ine was given only after a child had fully regained consciousness
and after parasitemia and fever had cleared, to avoid affecting the
secondary end points of the study.

Clinical Assessment and Management

On admission, the patient’s history and clinical findings were re-
corded on standardized forms. A venous blood sample was ob-
tained for preparation of a thick blood film, estimation of the
blood glucose level (with Haemoglucotest 1-44 R strips and a Re-
flolux S meter, Bochringer Mannheim, Livingston, United King-
dom), for the determination of packed-cell volume, and for blood
culture, hematologic analysis, and biochemical analysis. Hypogly-
cemia, defined as a blood glucose level below 40 mg per deciliter
(2.2 mmol per liter), was treated immediately with 1 ml of 50 per-
cent glucose per kilogram intravenously. Convulsions were treated
initially with diazepam (0.5 mg per kilogram rectally or 0.3 mg
per kilogram intravenously), followed if necessary by paraldehyde
(0.1 ml per kilogram). Children with repeated or refractory con-
vulsions received phenobarbital (15 mg per kilogram intramuscu-
larly). Lumbar puncture was performed, unless clinically contrain-
dicated, to rule out meningitis. Fluids (4 percent glucose in 0.18
percent saline solution) were given intravenously to comatose pa-
tients. The packed-cell volume was measured daily, and a blood
transfusion (15 ml per kilogram) was given if it fell below 15 per-
cent. Cases of secondary infection (primarily aspiration pneu-
monia) were treated with chloramphenicol. Vital signs (including
temperature, pulse, respiratory rate, and coma score) were record-
ed every 4 hours for the first 24 hours and then every 6 hours until
discharge. Blood glucose measurements were repeated after 4 and
12 hours and when clinically indicated. At the Royal Victoria Hos-
pital, blood films were examined every 12 hours and the number
of asexual parasites per 200 white cells (thick film) or 1000 red
cells (thin film) was counted in order to determine the level of par-
asitemia. Each blood film was examined by two independent ob-
servers who were unaware of the treatment code. Data on admis-
sion characteristics, primary end points of the study, and time to
recovery from coma were recorded at both study centers. Sequen-
tial observations on the clearance of parasites and resolution of fe-
ver were made only at Royal Victoria Hospital.

Each child underwent a physical examination with neurologic
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assessment at the time of discharge. A child was considered to
have neurologic sequelac if he or she had any of the following neu-
rologic abnormalities: paresis, ataxia, spasticity, floppiness, hearing
defects, visual-field defects, aphasia, behavioral abnormalities, or
developmental regression. All surviving children were asked to re-
turn one month after admission, for a further detailed neurologic
assessment by a clinical investigator. This included a questionnaire
on the child’ behavior and performance and a detailed examina-
tion. Those who had neurologic sequelae at one month were re-
viewed by the same clinical investigator during the following dry
season, approximately five months after admission. Those without
evident sequelae at one month were visited by a field worker, and
if there was any doubt about their health or performance, they
were referred to the clinical investigator for further evaluation.
Ninety-five percent of the survivors were reexamined one month
after admission, and 92 percent approximately five months after
admission. In both treatment groups a similar proportion of pa-
tients was lost to follow-up, most often because of emigration
from the Gambia or an incorrect address.

Statistical Analysis

The protocol specified two initial procedures to be completed
before a full analysis of the data was undertaken. First, because of
the factorial design, it was necessary to examine whether random-
ization to the group receiving anti-TNF therapy or placebo might
have affected any difference in results between artemether and
quinine. Second, we used a multiple logistic-regression model,
omitting treatment as a variable, to identify admission variables
that were related to clinical outcome and that were potential con-
founders. In the case of death, these were temperature, pulse rate,
the presence of hypoglycemia at admission, coma score, and study
center; in the case of neurologic sequelae, they were duration of
coma, coma score, and the presence of hypoglycemia at admis-
sion. In analyzing the effect of antimalarial treatment, and specif-
ically when determining odds ratios, we used a multiple logistic-
regression model to correct for these potential confounders, as
well as for any possible effect of anti-TNF therapy on the primary
outcome measures.

Discrete data were analyzed by the chi-square test or Fisher’s
exact test, with stratified analysis by the Mantel-Haenszel test and
multivariate analysis by unconditional logistic regression. Contin-
uous secondary end points that were normally distributed were
analyzed by Student’s t-test, after the application of Bartlett’s test
for homogeneity of variance; those that were not normally dis-
tributed were analyzed by the Wilcoxon test. Survival was com-
pared with use of Kaplan—Meier plots and the log-rank test, with
multivariate analysis by Cox regression. Different multivariate mod-
els were compared with the likelihood-ratio test.

The study was approved by the Gambian Government—Medical
Research Council Laboratories Ethics Committee. The study was
monitored by the Tropical Disecase Research Program of the
World Health Organization, and the major outcome measures
were reviewed annually by an independent monitoring commit-
tee. A coded data base and detailed analytic plan were submitted
to the monitoring committee before the blinded randomization
codes were broken at the end of the study. The results presented
follow that analytic plan.

RESULTS
Clinical Features on Admission

A total of 576 children were randomly assigned to
receive artemether or quinine, 341 at Royal Victoria
Hospital and 235 at Sibanor Health Centre. Three
children who died after randomization but before
treatment could be given were excluded. The clinical
features on admission were similar in the two groups
(Table 1). Over half of the children had a history of
recent chloroquine treatment, and 39 percent had a

clinically notable plasma level of chloroquine (>100
ng per milliliter), but these features were unrelated to
outcome. On admission, 24 percent had hypoglyce-
mia and 8 percent had severe anemia (packed-cell vol-
ume <15 percent, or hemoglobin <5 g per deciliter).

Primary End Points
Mortality

Fifty-nine of the 288 children treated with arte-
mether died in the hospital (20.5 percent), as com-
pared with 62 of the 288 children treated with qui-
nine (21.5 percent, P=0.8) (Table 2). The adjusted
odds ratio for death among the children in the arte-
mether group was 0.84 (95 percent confidence in-
terval, 0.53 to 1.32). An intention-to-treat analysis,
which included the three children who died before
treatment was given, did not alter the odds ratio. As
shown in Figure 1, the length of time to death was
similar in the artemether group (median, 11 hours;
interquartile range, 5 to 25) and the quinine group
(median, 13 hours; interquartile range, 5 to 26;
P=0.8 by the log-rank test). One child in the qui-
nine group, who was well at the time of discharge,
died at home four days later.

Sequelae

Neurologic assessment was carried out during the
dry season in 418 of the 454 survivors (92 percent),

TABLE 1. BASE-LINE CHARACTERISTICS OF THE
PATIENTS ACCORDING TO TREATMENT ASSIGNMENT. *

ARTEMETHER ~ QUININE
CHARACTERISTIC (N=288) (N=288)
Female sex (%) 47.2 50.5
Age (mo) 48.0£21.6 46.0+21.4
Duration of coma (hr)
Median 6.0 6.0
Range 1-150 1-96
Prior chloroquine treatment (%) 55.8 59.3
Temperature (°C) 38.8+1.1 38.8x1.0
Pulse rate (per minute) 147+23.0 145%22.5
Respiration rate (per minute) 51*x15.1 50*13.5
Coma score (%)
222 20.5
1 31.6 31.9
2 46.2 47.6
Hypoglycemia (%)t 26.3 22.3
Degree of parasitemia (geometric 57,106 55,471
mean count/mm3)
Hemoglobin (g/dl) 8.1x2.6 84%25
Severe anemia (%)% 8.7 8.1

*Plus—minus values are means +=SD.

THypoglycemia was defined as a blood glucose level below
40 mg per deciliter (2.2 mmol per liter).

1Severe anemia was defined as a packed-cell volume below
15 percent or a hemoglobin concentration below 5 g per
deciliter.
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