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Artemisinin derivatives versus quinine for cerebral malaria in
African children: a systematic review

Hmwe Hmwe Kyu? & Eduardo Fernandez®

Objective To summarize the existing evidence on the efficacy of artemether and arteether, two artemisinin derivatives, versus quinine
for treating cerebral malaria in children.

Methods We searched the Cochrane Central Register of Controlled Trials, MEDLINE, EMBASE and the http://clinicaltrials.gov web
site. We also checked the reference lists of existing systematic reviews and of all trials identified by the above methods. We searched
exclusively for randomized controlled trials (RCTs) comparing artemether/arteether with quinine for treating cerebral malaria in children.
Two independent reviewers assessed study eligibility and trial quality and extracted the data.

Findings Nine RCTs were included in the analysis, and all were from Africa. Five had adequate allocation concealment. Seven trials
compared artemether with quinine (1220 children), and two compared arteether with quinine (194 children). No statistically significant
difference was found between artemisinin derivatives and quinine in preventing mortality (relative risk, RR: 0.91; 95% confidence
interval, Cl: 0.73—1.14; /2. 0%). The quality of the evidence, as assessed by the Grade evidence profile, was moderate. The only

serious adverse event was seen in a patient in the quinine group who developed fatal black water fever.
Conclusion Artemisinin derivatives are not inferior to quinine in preventing death in children with cerebral malaria.

Une traduction en francais de ce résumé figure a la fin de l'article. Al final del articulo se facilita una traduccion al espariol.

Introduction

Malaria causes more than one million deaths worldwide each
year, and over 90% of them occur in Africa.'! Plasmodium
Jalciparum causes the most serious form of the disease.? Cere-
bral malaria, which is the most life-threatening complication
of P falciparum malaria, is characterised by unrousable coma
not attributable to any other cause.? Even with correct treat-
ment, the lethality rate among children with cerebral malaria
approaches 20%.°

The recommended treatment for cerebral malaria is
quinine by slow intravenous infusion.? However, quinine has
several drawbacks, including a short half-life, painful local
reactions after intramuscular and intravenous administration®
and neurotoxicity.>® Permanent blindness with standard doses
of quinine has been well documented.® Furthermore, decreas-
ing sensitivity to quinine has been reported in south-eastern
Asia and the Amazon region,” as well as in parts of Africa.®

Artemisinin derivatives, a relatively new group of antima-
larials that produce a very rapid therapeutic response and are
effective against multidrugresistant P falciparum, have been
used increasingly over the past decade.” Although resistance
to artimisinin derivatives has been reported along the Thai—
Cambodian border," it has not been detected anywhere else.’
The neurotoxic effects of artemisinin derivatives have been
observed in pre-clinical animal studies at doses about 10
times higher than those used for human treatment,'! but no
such toxic effects have been reported in humans.?

One Cochrane systematic review has compared arteether
with quinine for the treatment of children with cerebral
malaria, and another meta-analysis has compared artemether
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with quinine in adults and children with severe P falciparum
malaria. In the first study, no statistically significant differ-
ence was found in the number of deaths or other outcomes,
such as coma recovery time, parasite clearance time and fever
clearance time."> However, in the second study the combined
adverse outcome of either death or neurological sequelae was
significantly less common in the artemether group.'?

After the meta-analysis mentioned above, new clinical
trials in which artemether has been compared with quinine
for the treatment of cerebral malaria in children have been
carried out. Although P. falciparum malaria is linked to high
mortality in children and cerebral malaria is its most life
threatening complication, very few systematic reviews on
the treatment of children with cerebral malaria have been
performed. Previous systematic reviews have compared either
artemether or arteether with quinine, yet it makes sense to
summarize their efficacy in a single review because both drugs
are oil soluble artemisinin derivatives. If these drugs are as
efficacious as quinine in preventing death in children, they
are preferable to quinine for the following reasons: (i) their
side-effects are fewer and (ii) the Thai-Cambodian border is
the only place where resistance to them has been reported,
whereas resistance to quinine has been observed in several
parts of the world.

The objective of this review is to summarize the existing
evidence surrounding the efficacy of artemisinin derivatives
(artemether and arteether) versus quinine for the treatment
of cerebral malaria in children. It will address the follow-
ing question. “How eflicacious are artemisinin derivatives
compared with quinine for the treatment of cerebral malaria
in children?”
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Methods
Search strategy

We searched the following databases ex-
clusively for randomized controlled trials
(RCTs): Cochrane Central Register of
Controlled Trials (The Cochrane Library
Issue 1, 2008); MEDLINE (1966 to
May 2008) and EMBASE (1980 to May
2008). We used the following search
terms: malaria, quinine, quinimax, cin-
chona alkaloids, artemisinin, artemether,
artemotil, arteether, and artecef. We also
searched the http://clinicaltrials.gov web
site for completed and ongoing trials.
We contacted individual researchers
working in the field and attempted to
identify all relevant trials regardless of
language or publication status (pub-
lished or unpublished). We checked
the reference lists of existing systematic
reviews and of all trials identified by the
above methods.

Inclusion criteria

We searched exclusively for RCTs that
compared artemether or arteether (any
route of administration) with quinine
(any route of administration) for the
treatment of children < 15 years of age
with cerebral malaria.

Outcome measures

The primary outcome measure was
mortality at hospital. Secondary out-
come measures were the time elapsed
before recovery from coma, fever clear-
ance time, parasite clearance time, neu-
rological sequelae and adverse events.

Study selection

After screening the abstracts of all trials
identified by the search strategy, the au-
thors obtained full papers of potentially
relevant trials and independently used
an eligibility form to apply the inclu-
sion criteria to the papers. Disagree-
ments were resolved through discussion
and consensus.

Assessment of methodological
quality

The authors independently assessed
the methodological quality of selected
trials according to the Cochrane Infec-
tious Diseases Group guidelines. The
following aspects of study design were
assessed: (i) generation of the allocation
sequence, (ii) allocation concealment,
(iii) blinding (participant/provider/

outcome assessor), and (iv) inclusion of
all randomized patients in the analysis.
The generation of the allocation se-
quence and concealment were classified
as follows: “adequate”, if the method
used for treatment allocation was men-
tioned and the allocation sequences
were unpredictable (e.g. computer-gen-
erated random numbers, table of ran-
dom numbers); “unclear”, if the trial
was randomized but no method was
described; inadequate, if sequences were
predictable (e.g alternative allocation).”
Allocation concealment was classified as
“adequate” if participants and the inves-
tigators who recruited them could not
anticipate the assignment (e.g. central
randomization; sequentially-numbered,
opaque, sealed envelopes); unclear, if
the method used was not mentioned;
“inadequate”, if participants and those
enrolling them in the study could pre-
dict the next assignment (e.g. an open
allocation schedule, unsealed or non-
opaque envelopes).” Inclusion of all
randomized participants in the analysis
was categorized as “adequate” (if = 90%),
“inadequate” (if < 90%) or “unclear” (if
the number of children randomized or
analysed was not described). Disagree-
ments were resolved by consensus.

Data extraction

Before data extraction, we pilot tested
a data abstraction form and modified
it. We then independently used the
form to extract the following infor-
mation: ethical approval, participants
(informed consent, mean/median
age, sex, diagnostic criteria, baseline
coma score, duration of coma, parasite
counts), methods (randomization,
allocation concealment, blinding,
inclusion of all randomized patients
in the analysis or not, how drop-outs
were dealt with), intervention (type,
frequency and duration of treatment,
dose and route of administration,
duration of follow-up), outcome and
potential conflict of interest. For each
outcome, we extracted the number of
children randomized and the number
analysed in each treatment group. For
binary outcomes, we recorded the
number of children having the event
and the number assessed in each treat-
ment group. For continuous outcomes,
we extracted means and standard de-
viations or medians and interquartile
ranges for each treatment group, as
well as the numbers assessed in each
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group. Disagreements between review-
ers were resolved by discussion.

Measuring inter-rater agreement
We used Cohen’s (unweighted) kappa

coeflicient (k) for measuring agreement
between reviewers. The K for abstract
screening was 0.78, for full text eligibil-
ity, 0.82; for allocation concealment,
0.90; for blinding of outcome assessor,
0.87; and for inclusion of all random-
ized patients in the analysis, 0.73.

Data analysis

We analysed the data with Review
Manager 4.2 (RevMan 4.2, The Co-
chrane Collaboration, Oxford, United
Kingdom) using relative risk (RR) for
dichotomous data, weighted mean dif-
ference for continuous data and 95%
confidence intervals (CIs).

We performed an analysis ac-
cording to the values reported by the
original authors, followed by an inten-
tion to treat analysis. If the outcomes
of excluded children were given in the
original article, we used this informa-
tion in our intention to treat analysis.
If the outcomes were not given, we
assumed that all missing subjects on
artemether/arteether treatment were
dead and that all those on quinine
treatment were alive. This extreme case
analysis was performed to avoid fa-
vouring the intervention drugs if they
were not as efficacious as quinine for
cerebral malaria. We used fixed effects
modelling in all analyses because most
of the studies included few participants
and the pooled result for the primary
outcome showed little heterogeneity
(7% = 0%).

We constructed a funnel plot to
look for evidence of publication bias.
The funnel plot is asymmetric, but
asymmetry can be a chance finding
when fewer than 10 studies are in-
cluded in the scatter plot.'®

To test the robustness of the find-
ings, we performed two sensitivity
analyses. They were limited to studies
with adequate allocation concealment
and studies in which the route of ad-
ministration in the treatment group was
intramuscular.

We looked for statistical hetero-
geneity by inspecting forest plots for
overlapping ClIs and by using the /2
statistic (/2 > 50% = substantial het-
erogeneity).'” The potential sources
of heterogeneity for the primary
outcome measure were prespecified in
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the protocol. They included different
diagnostic criteria, different outcome
measurement criteria, type of allocation
concealment, level of blinding, severity
of disease, drug sensitivity or resistance
patterns based on country of origin, use
of additional antimalarials and route of
treatment administration.

Description of studies

We identified 176 studies through our
literature search. Abstract screening
yielded 19 articles that potentially met
our inclusion criteria, and 10 of them
were excluded during the full article re-
view (Fig. 1). This resulted in only nine
articles being included in this study.
The 7 artemether trials and the
2 arteether trials that met our inclusion
criteria comprised a total of 1220 and
194 children, respectively. All studies
were conducted in Africa (Cameroon,
the Gambia, Kenya, Malawi, Nigeria,
the Sudan, Uganda and Zambia). The
characteristics of the participants, the
diagnostic criteria for cerebral malaria
and the interventions conducted in
each study are described in Table 1.

Outcome measures

In all 9 trials, death was reported as
a primary outcome. The definitions of
secondary outcomes applied in the stud-
ies varied, as shown below.

Coma recovery time:

From the initiation of treatment, the
time it took for the child to regain
consciousness (4 artemether studies) or
to achieve a Blantyre Coma Score of 5
(1 artemether and 2 arteether studies).
No definition was given in the remain-
ing studies. The coma recovery time
was reported as means and standard
deviations in 6 trials and as medians and
interquartile ranges in 3 trials.

Fever clearance time:

From the initiation of treatment, the
time taken for the body temperature
to drop to < 37.5 °C and remain there
for at least 48 hours (1 artemether
study); to drop to = 37.5 °C and remain
there for at least 24 hours (1 arteether
and 2 artemether studies); to drop to
< 37.5 °C and remain there for at least
72 hours (1 artemether study) and to
drop to <38 °C and remain there for
at least 24 hours (1 artemether study).
Of these 6 studies, one specified the
body temperature as being axillary
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Fig. 1. Identification of studies included in systematic review of RCTs comparing
artemisinin derivatives with quinine for treating cerebral malaria in African

children < 15 years of age

176 citations
originally identified
in literature search

157 excluded on the basis
of title and abstract

19 potentially
relevant articles

10 excluded:

4 not all participants presented with cerebral malaria

2 not randomized controlled trials

1 artemether-mefloquine combination versus quinine compare
1 interim results from included study

1 duplicate publication of data from included study

1 preliminary study with drop out rate > 50% in final report

9 included

RCT, randomized controlled trial.

and another as rectal or axillary, but
the rest gave no indication. The fever
clearance time was reported as means
and standard deviations in 6 trials and
as medians and interquartile ranges in
3 trials.

Parasite clearance time:

From the initiation of treatment,
the time it took to obtain two con-
secutive negative thick blood smear re-
sults (2 artemether studies); to obtain
the first negative blood smear result
(1 artemether study); to obtain the
first negative blood smear result with
no positive smears in the following 24
hours (1 arteether study); and to ob-
tain the first of two consecutive nega-
tive thick smear results without sub-
sequent positive smears until day 7
(1 artemether study). No definition
was given in 3 studies. The parasite
clearance time was reported as means
and standard deviations in 5 trials and
as medians and interquartile ranges in
3 trials. In the remaining study, the
outcome was parasite clearance on day
7 (dichotomous end point, i.e. whether
2 consecutive thick blood films done
with a 12-hour interval between them
were negative or not).

Neurological sequelae were as-
sessed on recovery (2 artemether trials)
and at the time of discharge (1 arteether
and 4 artemether trials). This outcome
was not assessed in 2 trials and was
reported it in various ways in the re-
maining studies (e.g. motor weakness,
loss of neurological milestones, deaf-

ness, blindness, hallucinations, hemi-
paresis, hypertonia, mental retardation,
monoparesis, quadraparesis and speech
impairment).

Methodological quality of included
studies

Table 2 presents the methodological
quality of included studies. Of the
7 artemether studies, 5 had adequately
generated the allocation sequence and
4 had adequately concealed treatment
allocation. In all 7 trials investigators
were aware of the treatment alloca-
tion. Participants were blinded to it in
only 1 trial, microscopists in 2 trials
and those who assessed the neurologi-
cal sequelae in 1 trial. Both arteether
studies had adequately generated the
allocation sequence and 1 study had ad-
equately concealed it. Investigators and
participants were aware of treatment
allocation in both arteether studies.
Microscopists were blinded in 1 study.

Results
Death

In seven comparisons of artemether
with quinine, no significant differ-
ence in the risk of death was detected.
Furthermore, the pooled meta-analysis
did not show a statistically significant
difference between artemether and
quinine (RR: 0.95; 95% CI: 0.74-1.20;
n = 1220) (Fig. 2). In the sensitivity
analyses, when we omitted studies with
unclear allocation concealment, the RR
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Table 1. Studies included in systematic review of RCTs comparing artemisinin derivatives with quinine for treating cerebral malaria
in African children < 15 years of age

Study Participants Intervention

(country)

Aceng, 2005 103 children (aged 6 months to 5 years) with cerebral  Artemether: for children < 8.9 kg, 40 mg R immediately, then 40
(Uganda)'® malaria: seizures and unarousable coma lasting > 30  mg daily; for 9—18.9 kg, 80 mg R immediately, then 40 mg daily; for

Olumese, 1999
(Nigeria)™®

Murphy, 1996
(Kenya)®

Ojuawo, 1998
(Nigeria)®"

Van Hensbroek,
1996

minutes after seizures, P, falciparum in blood film and
no other cause of coma

103 children (aged 11 months — 5 years) with
cerebral malaria (WHO criteria)

200 children aged < 12 years with cerebral malaria:
unrousable coma (Blantyre score < 2), P, falciparum
parasitaemia with fever

37 children aged 2—6 years with cerebral malaria:
unrousable coma, P, falciparum in blood film and no
other cause of coma

576 children aged 1-9 years with cerebral malaria:
Blantyre score < 2 and asexual P, falciparum

(Gambia)? parasitaemia

Taylor, 1998 183 children admitted to paediatric ward with cerebral

(Malawi)? malaria: unrousable coma (Blantyre score < 2) and
asexual P, falciparum parasitaemia.

Satti, 2002 77 children aged 3 months to 15 years with cerebral

(Sudan)?* malaria (WHO criteria)

Thuma 2000 95 children aged 0-10 years with cerebral malaria:

(Zambia)*® asexual P, falciparum parasitaemia, Blantyre coma
score < 2 and no other cause for coma

Moyou-Somo 106 children aged 0—10 years with cerebral malaria:

2001 asexual P, falciparum parasitaemia; Blantyre coma

(Cameroon) score < 2, and no other cause of coma

19-27.9 kg, 120 mg R immediately, then 80 mg daily, all for 7 days.
Quinine: 20 mg/kg IV, then 10 mg/kg IV every 8 h until conscious, then
10 mg/kg O every 8 h for 7 days.

Artemether: 3.2mg/kg IM on day 1, then 1.6mg/kg IM daily for next

4 days.

Quinine: 20 mg/kg IV, then 10 mg/kg IV every 8 h until conscious, then
0 to complete 21 doses.

Artemether: 3.2 mg/kg IM loading dose, then 1.6 mg/kg IM daily for

4 days.

Quinine: 20 mg/kg IV, then 10 mg/kg IV every 8 h for at least 3 doses,
then O when able to drink.

Artemether: 3.2 mg/kg IM, then 1.6 mg/kg IM every 12 h for 3 days.
Quinine: 10 mg/kg IV over 2 h, then every 8 h until conscious, then

O every 8 htoday 7.

Artemether: 3.2 mg/kg IM on day 1, then 1.6 mg/kg IM daily for 4 days.
Quinine: 20 mg/kg IM, then 10 mg/kg IM every 12 h for 5 days, then O
when able to swallow.

Artemether: 3.2 mg/kg IM, then 1.6 mg/kg IM daily.

Quinine: 20 mg/kg IV, then 10 mg/kg IV every 8 h, then 10 mg/kg

0 every 8 h when able to drink.

Artemether: 1.6 mg/kg IM, repeated after 12 h and then daily for

4 days.

Quinine: 10 mg/kg IV every 8 h, then 10 mg/kg O 3 times daily for

7 days.

Artemether: 3.2 mg/kg IM loading dose, then 1.6 mg/kg IM daily for
next 4 days.

Quinine for 7 days: 20 mg/kg IV loading dose, then 10 mg/kg IV every
8 h, followed by O 10 mg/kg every 8 h.

Arteether: 3.2 mg/kg IM the first day, then 1.6 mg/kg IM the next

4 days.

Quinine for 7 days: 20 mg/kg IV loading dose, then 10 mg/kg IV every
8 h, followed by 10 mg/kg O every 8 h.

IM, intramuscularly; IV, intravenously; O, orally; P, falciparum, Plasmodium falciparum; R, rectally; RCT, randomized controlled trial.

increased slightly, from 0.95 to 0.98
(95% CI: 0.75-1.27). We got a similar
result (RR: 0.98; 95% CI: 0.76-1.25)
when we only included studies in which
intramuscular artemether was used.

In the two comparisons of ar-
teether versus quinine, the pooled
meta-analysis showed no significant dif-
ference between the two treatments in
terms of the risk of death from cerebral
malaria (RR: 0.75; 95% CI: 0.43—1.30;
n =194) (Fig. 2).

Pooled analysis of the results of all
artemether and arteether comparisons
with quinine indicated no significant
difference between the results obtained
in the two treatment groups, with little
heterogeneity between studies (RR:
0.91; 95% CI: 0.73-1.14; I*: 0%)

(Fig. 2). A sensitivity analysis done by
limiting the meta-analysis to studies
with adequate allocation concealment
(RR: 0.98; 95% CI: 0.77-1.26) and
studies using intramuscular artemether
or arteether (RR: 0.94; 95% CI: 0.75—
1.17) showed that the overall estimated
RR is fairly stable irrespective of the
study quality and route of administra-
tion of the intervention drugs.

The pooled RRs from the inten-
tion to treat analysis showed no sig-
nificant difference between the results
obtained with artemether and quinine
(RR: 1.07; 95% CI: 0.85-1.35) and
overall artemether and arteether com-
parisons with quinine (RR: 1.00; 95%
CI: 0.81-1.24), and thus enhancing
the robustness of the findings.
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Time to coma recovery, fever
clearance and parasite clearance

The pooled result from 4 trials showed
a significantly shorter coma recovery
time in the artemether group than
in the quinine group (Fig. 3) but no
significant difference in fever clearance
time (Fig. 4). The pooled results from
3 trials showed no significant differ-
ence between the artemether and qui-
nine groups in parasite clearance time
(Fig. 5, available at: http://www.who.
int/bulletin/volumes/87/12/08-060327/
en/index.html). The remaining 3 arte-
mether studies, which reported all
outcomes in medians and interquartile
ranges, showed that parasite clearance
time was significantly shorter in the
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Table 2. Methodological quality assessment for studies included in systematic review of RCTs comparing artemisinin derivatives
with quinine for treating cerebral malaria in African children < 15 years of age

Trial Randomization Concealment Blinding Inclusion of
randomized patients
Aceng 2005'8* A A Participants and microscopists A
Murphy 19962%¢ A A None C
Ojuawo 19982"# B B None B
Olumese 19990# A B None A
Taylor 19982¢ A A None A
Van Hensbroek 19962%° A A Microscopists and assessor of A
neurological sequelae
Satti 200224 B B None B
Moyou-Somo 200126 A B None A
Thuma 20002 A A Microscopists A

A, adequate; B, unclear; C, inadequate; RCT, randomized controlled trial.

@ Artemether versus quinine.
b Arteether versus quinine.

artemether group than in the quinine
group (P < 0.001) (Table 3). No sig-
nificant difference in coma recovery
time, fever clearance time or parasite
clearance time was noted between the
arteether and quinine groups (Fig. 3,
Fig. 4 and Fig. 5).

Neurological sequelae

Neurological sequelae at recovery or
discharge were pooled together as “neu-

rological sequelae at recovery” using the
number of cerebral malaria survivors as
the denominator. There was no evidence
of a difference in the risk of neurological
sequelae between artemether and quinine
based on 6 studies (RR: 0.92; 95% CI:
0.72-1.17; I%: 0%); arteether and quinine
based on 1 study (RR: 1.08; 95% CI:
0.60-1.96), and overall comparisons of
artemether and arteether with quinine

(RR: 0.94; 95% CI: 0.75-1.17; I*: 0%)

(Fig. 6, available at: http://www.who.int/
bulletin/volumes/87/12/08-060327/en/
index.html).

Adverse effects

Different adverse effects were reported
across studies. Among the serious ones
were fatal black water fever?® (0/51
arteether versus 1/51 quinine; RR:
0.33; 95% CI: 0.01-8.00) and persis-
tent hypoglycemia'® (0/51 artemether

Fig. 2. Forest plot of results of RCTs comparing artemisinin derivatives with quinine for treating cerebral malaria in African children

= 15 years of age: mortality

Review: Cerebral malaria in children
Comparison: 01 Artemisinin derivatives versus Quinine
Outcome: 01 Mortality
Study Artemisinin drugs Quinine RR (fixed) Weight RR (fixed)
or sub-category n/N n/N 95% CI % 95% ClI
01 Artemether
Aceng 6/51 10/52 ¢ 7.34 0.61 [0.24, 1.56]
Murphy 18/89 8/71 ——I—} 6.60 1.79 [0.83, 3.89]
Olumese 11/54 14/49 4 10.88 0.71 [0.36, 1.42]
Onjuawo 1/18 2/19 < ) 1.44 0.53 [0.05, 5.33]
Taylor 10/83 12/81 4 9.00 0.81 [0.37, 1.78]
Van Hensbroek 59/288 62/288 —.-'— 45.95 0.95 [0.69, 1.31]
Satti 3/38 2/39 ¢ » 1.46 1.54 [0.27, 8.71]
Subtotal (95% Cl) 621 599 ‘ 82.67 0.95 [0.74, 1.20]
Total events: 108 (Artemisinin drugs), 110 (Quinine)
Test for heterogeneity: Chi? = 4.82, df =6 (P = 0.57), I? = 0%
Test for overall effect: Z = 0.46 (P = 0.65)
02 Arte-ether
Moyou 8/51 14/51 7 10.37 0.57 [0.26, 1.24]
Thuma 10/48 9/44 ¢ »  6.96 1.02 [0.46, 2.27]
Subtotal (95% Cl) 99 95 e — 17.33 0.75 [0.43, 1.30]
Total events: 18 (Artemisinin drugs), 23 (Quinine)
Test for heterogeneity: Chi? = 1.03, df = 1 (P = 0.31), > =2.8%
Test for overall effect: Z=1.02 (P = 0.31)
Total (95% Cl) 720 94 —l— 100.00 0.91 [0.73, 1.14]
Total events: 126 (Artemisinin drugs), 133 (Quinine)
Test for heterogeneity: Chi? = 6.32, df =8 (P = 0.61), I = 0%
Test for overall effect: Z=0.82 (P = 0.41)

0.5 0.7 1 15 2

RCT, randomized controlled trial; RR, relative risk.

Favours treatment

Image produced using Review Manager 4.2 (RevMan 4.2, The Cochrane Collaboration, Oxford, United Kingdom).
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Fig. 3. Forest plot of results of RCTs comparing artemisinin derivatives with quinine for treating cerebral malaria in African children

= 15 years of age: coma recovery time

Review: Cerebral malaria in children
Comparison 01 Artemisinin derivatives versus Quinine
Outcome: 02 Coma recovery time
Study Artemisinin drugs Quinine WMD (fixed) Weight WMD (fixed)
or sub-category N Mean (SD) N Mean (SD) 95% Cl % 95% CI
01 Artemether
Aceng 45 30.10(24.10) 42 22.70(18.50) ——s—) 11.51 7.40 [-1.59, 16.39]
Olumese 43 35.10(27.10) 35 42.40(31.60) ¢ 5.32 -7.30 [-20.54, 5.94]
Onjuawo 17 12.50(5.80) 17 17.40(7.20) —— 48.21 -4.90 [-9.29, -0.51]
Satti 35 21.00(11.00) 37 26.00(15.00) — 25.42 -5.00 [-11.05, 1.05]
Subtotal (95% Cl) 140 131 ] 90.45 -3.50 [-6.71, -0.29]
Test for heterogeneity: Chi? = 6.58, df = 3 (P = 0.09), I> = 54.4%
Test for overall effect: Z = 2.14 (P = 0.03)
02 Arte-ether
Moyou 43 34.80(18.80) 37 30.30(28.90) > 7.87 4.50 [-6.38, 15.38]
Thuma 38 61.00(57.60) 35 44.00(44.90) > 1.67 17.00 [-6.59, 40.59]
Subtotal (95% Cl) 8 72 ————mmE 6.69 [-3.19, 16.57]
Test for heterogeneity: Chi* = 0.89, df =1 (P = 0.35), I = 0%
Test for overall effect: Z = 1.33 (P = 0.18)
Total (95% Cl) 221 203 —a 100.00 -2.53 [-5.58, 0.52]
Test for heterogeneity: Chi? = 11.18, df = 5 (P = 0.05), I = 55.3%
Test for overall effect: Z = 1.63 (P = 0.10)
-10 -5 0 5 10

Favours treatment

RCT, randomized controlled trial; SD, standard deviation; WMD, weighted mean difference.
Image produced using Review Manager 4.2 (RevMan 4.2, The Cochrane Collaboration, Oxford, United Kingdom).

versus 1/52 quinine; RR: 0.34; 95%
CI: 0.01-8.15). The child with per-
sistent hypoglycemia had poor liver
function before starting treatment.'®
Other adverse events included injection
abscess requiring incision and drainage
(1/288 artemether versus 5/288 qui-
nine; 2 RR: 0.20; 95% CI: 0.02—-1.70);
QT prolongation on electrocardiogram
(20/82 artemether versus 5/80 qui-
nine;?® RR: 3.90; 95% CI: 1.54-9.89),
and urticarial rash/vomiting (2/333
artemether versus 4/330 quinine;'®*

RR:0.53;95% CI: 0.12-2.41). Thuma

et al. reported 82 adverse events in
36/48 arteether and 61 adverse events
in 34/44 quinine patients® (RR: 0.97;
95% CI: 0.77-1.22).

Discussion

This review showed no statistically sig-
nificant difference between artemisinin
derivatives and quinine in preventing
death in children with cerebral malaria.
Sensitivity analyses and intention to
treat analyses, separately for artemether
studies as well as for all artemether and

Favours control

arteether studies, were quite consistent
and confirmed the robustness of this
result. The evidence for the pooled RR
of death for children treated with arte-
misinin derivatives versus quinine was
of moderate quality, based on the Grade
evidence profile”’. When artemether
and arteether studies were assessed
separately, the quality of the evidence
for the pooled estimate of death was
rated as moderate in artemether stud-
ies (7 = 1220) and as low in arteether
studies (7 = 194) because the small
number of participants implies that

Fig. 4. Forest plot of results of RCTs comparing artemisinin derivatives with quinine for treating cerebral malaria in African children
< 15 years of age: fever clearance time

Review. Cerebral malaria in children
Comparison: 01 Artemisinin derivatives versus Quinine
Outcome: 03 Fever clearance time
Study Artemisinin drugs Quinine WMD (fixed) Weight WMD (fixed)
or sub-category N Mean (SD) N Mean (SD) 95% CI % 95% CI
01 Artemether
Aceng 45 33.20(21.90) 42 24.10(18.90) —_—=) 23.12 9.10 [0.52, 17.68]
Olumese 43 44.60(26.60) 35 51.30(25.60) — 12.59 -6.70 [-18.32, 4.92]
Onjuawo 17 34.70(12.70) 17 53.30(16.60) <+ 17.24 -18.60 [-28.54, -8.66]
Satti 35 31.00(13.00) 37 36.00(18.00) — 32.61 -5.00 [-12.22, 2.22]
Subtotal (95% Cl) 140 13 —— 85.56 -4.18 [-8.64, 0.28]
Test for heterogeneity: Chi? = 17.52, df = 3 (P = 0.0006), I> = 82.9%
Test for overall effect: Z = 1.84 (P = 0.07)
02 Arte-ether
Moyou 39 42.20(34.90) 36 45.00(26.70) ¢ » 8.68 -2.80 [-16.80, 11.20]
Thuma 36 50.00(48.60) 35 33.00(19.90) > 5.76 17.00 [-0.19, 34.19]
Subtotal (95% CI) 5 1 ————m .0 5.10 [-5.76, 15.95]
Test for heterogeneity: Chi? = 3.06, df = 1 (P = 0.08), 1> = 67.4%
Test for overall effect: Z = 0.92 (P = 0.36)
Total (95% CI) 215 20 ——— 100.00 -2.84 [-6.97, 1.28
Test for heterogeneity: Chi? = 22.99, df = 5 (P = 0.0003), 1> = 78.3%
Test for overall effect: Z = 1.35 (P = 0.18)
-10 -5 0 5 10

Favours treatment

RCT, randomized controlled trial; SD, standard deviation; WMD, weighted mean difference.
Image produced using Review Manager 4.2 (RevMan 4.2, The Cochrane Collaboration, Oxford, United Kingdom).
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Table 3. Time to recovery from coma, parasite clearance and fever clearance in studies included in systematic review of RCTs
comparing artemether with quinine for treating cerebral malaria in African children < 15 years of age

Outcome Trial Artemether Quinine P-value in original trials
Coma recovery time in hours, Taylor, 19982 18 (8-30) 20 (10-54) >0.05
median (IQR) n=73 n=:69
Murphy, 19962 12 (2.80-96) 13 (2.83-96) > 0.05
n="71 n=63
Van Hensbroek, 199622 26 (15-48) 20 (12-43) 0.05
n=223 n=221
Parasite clearance time in hours, Taylor, 19982 32 (25-36) 40 (32-48) < 0.001
median (IQR) n="73 n=:69
Murphy, 19962 39.5 (24-45) 48.0 (37-56) < 0.001
n="71 n=:063
Van Hensbroek, 199622 48 (36-60) 60 (48-72) < 0.001
n=229 n=226
Fever clearance time in hours, Taylor, 19982 31 (24-52) 45 (33-60) <0.05
median (IQR) n="73 n=:69
Murphy, 19962 32 (4-86) 32 (4-96) > 0.05
n="71 n=:063
Van Hensbroek, 199622 30 (16-48) 33 (12-60) 0.80
n=229 n=226

IQR, interquartile range; RCT, randomized controlled trial.

meta-analyses may have insufficient
power to detect significant differences
in the arteether group.

Meta-analysis of 4 artemether
studies that reported coma recovery
time in means and standard deviations
showed a shorter coma recovery time in
the artemether group (weighted mean
difference: —3.50; 95% CI: -6.71 to
-0.29) (Fig. 3). For the purposes of
sensitivity analysis, we estimated means
from medians?® and standard devia-
tions from interquartile ranges® for the
remaining 3 studies, which we then
incorporated into our meta-analysis.
When the results of the 7 artemether
studies were pooled together, the
weighted mean difference in coma
recovery time between the artemether
and quinine groups was no longer
significant (weighted mean difference:
-0.26; 95% CI: -2.70 to 2.18).

For studies that reported the re-
sults in means and standard deviations
for fever clearance time and parasite
clearance time, meta-analysis showed

902

no significant difference between the
artemether and quinine groups (Fig. 4,
Fig. 5). However, when the studies in
which means were estimated from me-
dians?® and standard deviations from
interquartile ranges® were included in
the analyses, both fever clearance time
(weighted mean difference: —5.83; 95%
CI: —8.84 to —2.82) and parasite clear-
ance time (weighted mean difference:
—-8.83;95% CI: -10.75 to —6.90) were
significantly shorter in the artemether
group than in the quinine group. These
inconsistencies may be attributable to
differences in quinine sensitivity pat-
terns in the study areas. Conversely, the
pooled RR for the secondary outcome,
neurological sequelae, revealed the
lack of a significant difference between
artemisinin derivatives and quinine,
with little heterogeneity among studies

(Fig. 6).

Conclusion

Despite the fact that methodological
limitations of the studies in this review

downgrade the quality of the evi-
dence, findings for death, the primary
outcome, were consistent across all
analyses. This suggests that artemisinin
derivatives are not inferior to quinine
in preventing death in children with
cerebral malaria. M
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Résumeé

Efficacité comparée de dérivés de I’artémisinine et de la quinine contre le paludisme cérébral chez les enfants

africains : revue systématique

Objectif Récapituler les éléments existants sur I'efficacité de
I'artéméther et de I'artééther, deux dérivés de I'artémisinine, par
rapport a celle de la quining, dans le traitement du paludisme
cérébral chez I'enfant.

Méthodes Nous avons effectué une recherche dans le Registre
central Cochrane des essais controlés et dans MEDLINE et
EMBASE, ainsi que sur le site Internet http://clinicaltrials.gov.
Nous avons aussi examing les listes de références des revues
systématiques existantes et de tous les essais identifiés par les
méthodes ci-dessus. Nous avons recherché exclusivement des
essais controlés randomisés (ECT) comparant I'artéméther ou
I'artééther a la quinine dans le traitement du paludisme cérébral
chez I'enfant. Deux examinateurs indépendants ont évalué
I'admissibilité des études et la qualité des essais, puis ont extrait
les données.

Résultats Neuf essais controlés randomisés, tous réalisés en
Afrique, ont été pris en compte dans I'analyse. Pour cing de ces
essais, I'affectations des traitements était correctement dissimulée.
Sept comparaient I'artéméther a la quinine (1220 enfants), tandis
que deux autres comparaient I'artééther a la quinine (194 enfants).
Aucune différence statistiquement significative n’a été relevée entre
les dérivés de I'artémisinine et la quinine dans la prévention de la
mortalité (risque relatif, RR : 0,91 ; intervalle de confiance a 95 %,
IC:0,73-1,14 ;12 0 %). D’aprés I'évaluation GRADE des profils de
données probantes, la qualité des éléments était moyenne. Le seul
effet indésirable grave, une fievre hilieuse hémoglobinurique fatale,
a été observé chez un patient appartenant au groupe sous quinine.
Conclusion Les dérivés de I'artémisinine ne sont pas inférieurs
a la quinine dans la prévention de la mortalité chez les enfants
atteints de paludisme cérébral.

Resumen

Revision sistematica de comparacion de los derivados de la artemisinina y la quinina como tratamientos de la

malaria cerebral en nifios africanos

Objetivo Obtener una sinopsis de los datos probatorios existentes
sobre la eficacia del artemetero y el arteéter, dos derivados de la
artemisinina, frente a la quinina como tratamiento de la malaria
cerebral en los nifios.

Métodos Realizamos blsquedas en el Registro Central Cochrane
de Ensayos Controlados y en MEDLINE, EMBASE y el sitio
web http://clinicaltrials.gov. Examinamos también las listas
de referencias de revisiones sistematicas ya existentes y de
todos los ensayos localizados segun se ha sefialado. Buscamos
exclusivamente los ensayos controlados aleatorizados (ECT) en
que se habian comparado el artemetero/arteéter y la quinina
como tratamientos de la malaria cerebral infantil. Dos revisores
independientes evaluaron la idoneidad para el estudio y la calidad
de los ensayos y extrajeron los datos.

Resultados Se analizaron en total nueve ECT, todos ellos

correspondientes a Africa. En cinco de los ensayos se habia ocultado
adecuadamente la asignacion del tratamiento. En siete se habian
comparado artemetero y la quinina (1220 nifios), y en los otros dos
el arteéter y la quinina (194 nifios). No se observo ninguna diferencia
estadisticamente significativa entre los derivados de la artemisinina
y la quinina en lo referente a la prevencion de la mortalidad (riesgo
relativo, RR: 0,91; intervalo de confianza del 95%: 0,73-1,14; 12
0%). La calidad de los datos probatorios, segun el perfil del grado
de evidencia, fue moderada. EI tnico evento adverso grave fue el
observado en un paciente tratado con quinina que desarrolld un
cuadro mortal de paludismo hemoglobinurico.

Conclusién Los derivados de la artemisinina no son inferiores a
la quinina como medio de prevencion de la mortalidad en los nifios
con malaria cerebral.

ke

Lo duzlye 1oudy SV JLLW delowd] LMl dodlme § sty onia saedy VI Olinde o d)lde

PNESPESINAEE] PSS JUILS E- SIS PR FUPST EARPERNY
L5V s clas] dyb S5 Lyloal Go et iy 81 e IS
1220 &) osls piaady ¥l o Blie Lylod g Ozl 4SS FERY
by Gk 194 &) Sy ¥l Gu Obyms Sl Luw (b
& osdly o saedy VI Olitie gu Glas] Jslie 93 Bl adaSy
1114 = 0.73 :9%95 48 dolds 0.91 i uud] slaisVl) 8l 3s3
do)d pudye el ows dy dhuwgie ddl 839> Sy (%0 &l
degame (o g § Sghadl Wud wog slo Sus gy Al
AL 59wl sl s dde Oyaby uSIL sl

B & oSl e Adled BT Cewd ey VI Olitie sl
At led! LML gulall JabYl o 814l

Bull World Health Organ 2009;87:896-904 | doi10.2471/BLT.08.060327

log iyl 5 piwesiyl Glos deles s 8y8sabl Olid) pasls 102,3)
SV dgledl LT dedlse § ouaSIL dylin (s jeadyYl Oldzdes (o
Jabyl

oleal) OS5 AaSh GShI ol @ Uiz Ostol] 62 2yl
(o¥ase) deall O il glosiul basd SO0V @Bse § calsdll OIS
15885 LS .heep://clinicaltrials.gov g3909 MEDLINE, EMASE
Baumkl ol gazs 8352shl dogibl Clazlell z2lbl ol
aolgadl O3 Blish) Gyl e | patis lisy Is,oly diludl & kb
Lelol) LM dodles & oSl (s ol pdeaiyl Gloo o el
83529 duhyill dodo eudty Mitus Olzzle pBy .JULYI
UL Lalsuls dy ol

903



Research
Cerebral malaria in African children

Hmwe Hmwe Kyu & Eduardo Fernandez

References

1.

10.

11.

12.

13.

14.

15.

16.

904

Roll Back Malaria Partners set ambitious financial targets for 19

African countries fighting malaria. Geneva: World Health Organization;

2007. Available from: http://www.rollbackmalaria.org/amd2007/pr/
pr_rbmAMD2007-e.pdf. [accessed on 6 August 6 2008].

Management of severe malaria. 2nd ed. Geneva: World Health Organization;
2000.

Jaffar S, Van Hensbroek MB, Palmer A, Schneider G, Greenwood B. Predictors
of a fatal outcome following childhood cerebral malaria. Am J Trop Med Hyg
1997;57:20-4. PMID:9242312

Severe and complicated malaria. Trans R Soc Trop Med Hyg 1990;84 Suppl
2;1-65. doi:10.1016/0035-9203(90)90363-J

Looareesuwan S, Oosterhuis B, Schilizzi BM, Sollie FA, Wilairatana P,
Krudsood S, et al. Dose-finding and efficacy study for i.m. artemotil (beta-
arteether) and comparison with i.m. artemether in acute uncomplicated

P. falciparum malaria. Br J Clin Pharmacol 2002;53:492-500. doi:10.1046/
}.1365-2125.2002.01590.x PMID:11994055

WHO Informal consultation on clinical neurological investigations required
for patients treated with artemisinin compounds and derivatives: report of an
informal consultation convened by WHO. Geneva: World Health Organization;
1998 (TDR/TDF/99.1).

Malaria. National Malaria Control Programme Managers. Current malaria
situation and trends. Geneva: World Health Organization; 2007. Available from:
http://www.searo.who.int/en/Section10/Section21/Section342_1023.htm
[accessed on 6 August 2008].

Mutanda LN. Assessment of drug resistance to the malaria parasite

in residents of Kampala, Uganda. East Afr Med J 1999;76:421-4.
PMID:10520345

Facts on ACTs (artemisinin-based combination therapies). Geneva: World
Health Organization; 2006. Available from: http://www.rbm.who.int/cmc_
upload/0/000/015/364/RBMinfosheet_9.htm [accessed on 5 August 2008].
WHO. Resistance to artemisinin derivatives along the Thai-Cambodian
border. Wkly Epidemiol Rec 2007;82:360. PMID:17933087

Lugt CB. Dutch registration for artemotil injections. TDR News 2000;63.
Available from: http://www.who.int/tdr/publications/tdrnews/news63/
artemotil.htm [accessed on 20 July 2008].

Artemether-Quinine Meta-analysis Study Group. A meta-analysis using
individual patient data of trials comparing artemether with quinine in

the treatment of severe falciparum malaria. Trans R Soc Trop Med Hyg
2001;95:637-50. doi:10.1016/50035-9203(01)90104-X PMID:11816438
Afolabi BB, Okoromah CAN. Intramuscular arteether for treating severe
malaria. Cochrane Database Syst Rev 2004;18:CD004391.

Cochrane Infectious Diseases Group. Guide to preparing and using the
‘Methods of the review’. Liverpool, England: Cochrane; 2005. Available from:
http://www.liv.ac.uk/evidence/CIDG/methods-guide.htm [accessed on 21
March 2008].

Jini P, Altman DG, Egger M. Systematic reviews in health care: Assessing
the quality of controlled clinical trials. BMJ 2001;323:42-6. doi:10.1136/
bmj.323.7303.42 PMID:11440947

Daya S. Funnel plots and publication bias-work in progress? Evidence-based.
Obstet Gynecol 2006;8:71-2.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency

in meta-analysis. BMJ 2003;327:557-60. doi:10.1136/bmj}.327.7414.557
PMID:12958120

. Aceng JR, Byarugaba JS, Tumwine JK. Rectal artemether versus intravenous

quinine for the treatment of cerebral malaria in children in Uganda:
randomised clinical trial. BMJ 2005;330:334. doi:10.1136/bm|.330.7487.334
PMID:15705690

Olumese PE, Bjorkman A, Gbadegesin RA, Adeyemo AA, Walker 0.
Comparative efficacy of intramuscular artemether and intravenous quinine

in Nigerian children with cerebral malaria. Acta Trop 1999;73:231-6.
doi:10.1016/S0001-706X(99)00031-5 PMID:10546840

Murphy S, English M, Waruiru C, Mwangi I, Amukoye E, Crawley J, et al. An
open randomized trial of artemether versus quinine in the treatment of cerebral
malaria in African children. Trans R Soc Trop Med Hyg 1996;90:298-301.
doi:10.1016/50035-9203(96)90260-6 PMID:8758084

Ojuawo A, Adegboye AR, Oyewale O. Clinical response and parasite clearance
in childhood cerebral malaria: A comparison between intramuscular
artemether and intravenous quinine. East Afr Med J 1998;75:450-2.

Van Hensbroek MB, Onyiorah E, Jaffar S, Schneider G, Palmer A, Frenkel J,
et al. A trial of artemether or quinine in children with cerebral malaria.

N Engl J Med 1996;335:69-75. doi:10.1056/NEJM199607113350201
PMID:8649492

Taylor TE, Wills BA, Courval JM, Molyneux ME. Intramuscular artemether vs
intravenous quinine: an open, randomized trial in Malawian children with
cerebral malaria. Trop Med Int Health 1998;3:3-8. doi:10.1046/).1365-
3156.1998.00166.x PMID:9484961

Satti GM, Elhassan SH, lbrahim SA. The efficacy of artemether versus quinine
in the treatment of cerebral malaria. J Egypt Soc Parasitol 2002;32:611-23.
PMID:12214938

Thuma PE, Bhat GJ, Mabeza GF, Osborne C, Biemba G, Shakankale GM, et al.
A randomized controlled trial of artemotil (beta-arteether) in Zambian children
with cerebral malaria. Am J Trop Med Hyg 2000;62:524-9. PMID: 11220772
Moyou-Somo R, Tietche F, Ondoa M, Kouemeni LE, Ekoe T, Mbonda E, et al.
Clinical trial of beta-arteether versus quinine for the treatment of cerebral
malaria in children in Yaounde, Cameroon. Am J Trop Med Hyg 2001;
64:229-32. PMID:11463108

Schiinemann HJ, Jaeschke R, Cook DJ, Bria WF, EI-Solh AA, Emst A, et al.

An official ATS statement: grading the quality of evidence and strength of
recommendations in ATS guidelines and recommendations. Am J Respir

Crit Care Med 2006;174:605-14. doi:10.1164/rccm.200602-197ST
PMID:16931644

Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from the
median, range, and the size of a sample. BMC Med Res Methodol 2005;5:13.
doi:10.1186/1471-2288-5-13 PMID:15840177

Higgins JPT, Green S, editors. Cochrane Handbook for Systematic Reviews

of Interventions Version 5.0.1 [updated September 2008]. Section. 7.7.3.5
Medians and interquartile ranges. The Cochrane Collaboration, 2008.
Available at: www.cochranehandbook.org [accessed 14 March 2009].

Bull World Health Organ 2009;87:896-904 | doi:10.2471/BL7.08.060327


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9242312&dopt=Abstract
http://dx.doi.org/10.1016/0035-9203(90)90363-J
http://dx.doi.org/10.1046/j.1365-2125.2002.01590.x
http://dx.doi.org/10.1046/j.1365-2125.2002.01590.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11994055&dopt=Abstract
http://www.searo.who.int/en/Section10/Section21/Section342_1023.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10520345&dopt=Abstract
http://www.rbm.who.int/cmc_upload/0/000/015/364/RBMInfosheet_9.htm
http://www.rbm.who.int/cmc_upload/0/000/015/364/RBMInfosheet_9.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17933087&dopt=Abstract
http://www.who.int/tdr/publications/tdrnews/news63/artemotil.htm
http://www.who.int/tdr/publications/tdrnews/news63/artemotil.htm
http://dx.doi.org/10.1016/S0035-9203(01)90104-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11816438&dopt=Abstract
http://www.liv.ac.uk/evidence/CIDG/methods-guide.htm
http://dx.doi.org/10.1136/bmj.323.7303.42
http://dx.doi.org/10.1136/bmj.323.7303.42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11440947&dopt=Abstract
http://dx.doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12958120&dopt=Abstract
http://dx.doi.org/10.1136/bmj.330.7487.334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15705690&dopt=Abstract
http://dx.doi.org/10.1016/S0001-706X(99)00031-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10546840&dopt=Abstract
http://dx.doi.org/10.1016/S0035-9203(96)90260-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8758084&dopt=Abstract
http://dx.doi.org/10.1056/NEJM199607113350201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8649492&dopt=Abstract
http://dx.doi.org/10.1046/j.1365-3156.1998.00166.x
http://dx.doi.org/10.1046/j.1365-3156.1998.00166.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9484961&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12214938&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11220772&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11463108&dopt=Abstract
http://dx.doi.org/10.1164/rccm.200602-197ST
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16931644&dopt=Abstract
http://dx.doi.org/10.1186/1471-2288-5-13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15840177&dopt=Abstract
http://www.cochranehandbook.org

Research
Hmwe Hmwe Kyu & Eduardo Fernandez Cerebral malaria in African children

Fig. 5. Forest plot of results of RCTs comparing artemisinin derivatives with quinine for treating cerebral malaria in African children
= 15 years of age: parasite clearance time

Review: Cerebral malaria in children
Comparison 01 Artemisinin derivatives versus Quinine
Outcome: 04 Parasite clearance time
Study Artemisinin drugs Quinine WMD (fixed) Weight WMD (fixed)
or sub-category N Mean (SD) N Mean (SD) 95% Cl % 95% CI
01 Artemether
Aceng 45 54.20(33.60) 42 55.00(24.30) ¢ ) 12.98 -0.80 [-13.06, 11.46]
Olumese 43 44.50(26.60) 35 42.00(22.80) ) 16.23 2.50 [-8.47, 13.47]
Satti 35 36.00(18.00) 37 41.00(12.00) — 38.64 -5.00 [-12.11, 2.11]
Subtotal (95% CI) 123 114 e 67.85 -2.40 [-7.77, 2.96]
Test for heterogeneity: Chi? = 1.35, df = 2 (P = 0.51), I = 0%
Test for overall effect: Z = 0.88 (P = 0.38)
02 Arte-ether
Moyou 43 46.30(28.50) 37 40.70(18.90) ——s——) 17.80 5.60 [-4.87, 16.07]
Thuma 38 53.00(26.40) 34 57.00(24.10) ¢ 14.34 -4.00 [-15.67, 7.67]
Subtotal (95% Cl) 81 71 e ———— 32.15 1.32 [-6.48, 9.11]
Test for heterogeneity: Chi? = 1.44, df = 1 (P = 0.23), I = 30.6%
Test for overall effect: Z = 0.33 (P = 0.74)
Total (95% Cl) 204 185 ——— 100.00 -1.21 [-5.63, 3.21]
Test for heterogeneity: Chi? = 3.38, df = 4 (P = 0.50), I> = 0%
Test for overall effect: Z = 0.54 (P = 0.59)
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RCT, randomized controlled trial; SD, standard deviation; WMD, weighed mean difference.
Image produced using Review Manager 4.2 (RevMan 4.2, The Cochrane Collaboration, Oxford, United Kingdom).

Fig. 6. Forest plot of results of RCTs comparing artemisinin derivatives with quinine for treating cerebral malaria in African children
= 15 years of age: neurological sequelae

Review: Cerebral malaria in children
Comparison: 01 Artemisinin derivatives versus Quinine
Outcome: 05 Neurological sequelae
Study Artemisinin drugs Quinine RR (fixed) Weight RR (fixed)
or sub-category n/N n/N 95% CI % 95% ClI
01 Artemether
Murphy 26/71 25/63 22.91 0.92 [0.60, 1.42]
Olumese 5/43 7/35 —_— 6.67 0.58 [0.20, 1.67]
Onjuawo 2/17 2/17 1.73 1.00 [0.16, 6.30]
Taylor 14/73 8/69 _ 7.11 1.65 [0.74, 3.70]
Van Hensbroek 48/229 57/226 —= 49.61 0.83 [0.59, 1.16]
Satti 2/35 1/37 # 0.84 2.11 [0.20, 22.29]
Subtotal (95% CI) 468 447 0 88.87 0.92 [0.72, 1.17]
Total events: 97 (Artemisinin drugs), 100 (Quinine)
Test for heterogeneity: Chi? = 3.60, df =5 (P = 0.61), I = 0%
Test for overall effect: Z = 0.70 (P = 0.48)
02 Arte-ether
Thuma 15/37 12/32 — 11.13 1.08 [0.60, 1.96]
Subtotal (95% CI) 37 32 ‘ 1.13 .08 [0.60, 1.96]
Total events: 15 (Artemisinin drugs), 12 (Quinine)
Test for heterogeneity: not applicable
Test for overall effect: Z = 0.26 (P = 0.80)
Total (95% Cl) 505 479 <o 100.00 0.94 [0.75, 1.17)]
Total events: 112 (Artemisinin drugs), 112 (Quinine)
Test for heterogeneity: Chi? = 3.88, df = 6 (P = 0.69), 1= 0%
Test for overall effect: Z = 0.58 (P = 0.56)
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RCT, randomized controlled trial; RR, relative risk.
Image produced using Review Manager 4.2 (RevMan 4.2, The Cochrane Collaboration, Oxford, United Kingdom).
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