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Objective: This review examines the best available evidence on the aetiology of childhood acute non-
traumatic coma in resource-poor countries (RPCs), discusses the challenges associated with manage-
ment, and explores strategies to address them.
Methods: Publications in English and French which reported on studies on the aetiology of childhood non-
traumatic coma in RPCs are reviewed. Primarily, the MEDLINE database was searched using the keywords
coma, unconsciousness, causality, aetiology, child, malaria cerebral, meningitis, encephalitis, Africa, Asia,
and developing countries.
Results: 14 records were identified for inclusion in the review. Cerebral malaria (CM) was the commonest
cause of childhood coma in most of the studies conducted in Africa. Acute bacterial meningitis (ABM)
was the second most common known cause of coma in seven of the African studies. Of the studies
in Asia, encephalitides were the commonest cause of coma in two studies in India, and ABM was the
commonest cause of coma in Pakistan. Streptococcus pneumoniae was the most commonly isolated
organism in ABM. Japanese encephalitis, dengue fever and enteroviruses were the viral agents most
commonly isolated.
Conclusion: Accurate diagnosis of the aetiology of childhood coma in RPCs is complicated by overlap in
clinical presentation, limited diagnostic resources, disease endemicity and co-morbidity. For improved
outcomes, studies are needed to further elucidate the aetiology of childhood coma in RPCs, explore simple
and practical diagnostic tools, and investigate the most appropriate specific and supportive interventions
to manage and prevent infectious encephalopathies.
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Introduction
Acute non-traumatic coma is a common presentation

of childhood illness in resource-poor settings.1–4 In

sub-Saharan Africa and Asia, this is mostly attri-

buted to central nervous system infections, cerebral

malaria (CM), acute bacterial meningitis (ABM) and

viral encephalitides.1,2,4 Other causes include meta-

bolic disorders and poisoning. Notwithstanding the

diverse geographical contexts, these diseases have

consistently been associated with poor clinical out-

comes, high case fatalities, and significant occurrence

of persistent neurological and cognitive sequelae in

survivors.1,3,5,6 The latter type of outcome is subtle

and poorly described but has significant deleterious

effects on a child’s social and educational functioning

and long-term achievements.6 Thus, the negative

impact of these encephalopathies on child survival

in resource-poor countries (RPCs) is far greater than

is apparent from health facilities’ statistics.

There is considerable mis-diagnosis in childhood

coma in RPCs, partly because of similarity in clinical

presentation of the various causes of coma, limited

diagnostic resources, and, in malaria-endemic areas,

a high prevalence of asymptomatic parasitaemia.7,8

The consequence of mis-diagnoses is sub-optimal

treatment of life-threatening clinical scenarios, mis-

attribution of disease burden, mis-prioritization of
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public health strategies, and inability to accurately

determine the effectiveness and harmfulness of inter-

ventions under investigation.

In this review of childhood acute coma in RPCs,

we sought to examine the best available evidence on

the aetiology of childhood acute non-traumatic coma

in RPCs, discuss the challenges associated with

management, and suggest possible strategies to sur-

mount these challenges.

Review Method
Search strategy
Randomized controlled trials, quasi-randomized clin-

ical trials, non-randomized controlled trials, case

control studies, cohort studies and observational

studies were reviewed. Specifically, publications in

English and French which reported on studies of

children with acute non-traumatic coma in RPCs and

on the aetiology of illness were sought. Studies that

specifically examined ABM and encephalitides and

provided information on coma status and the species

of organisms involved were also considered. The 2011

World Bank classification of economic categorization

of different countries of the world was used to iden-

tify RPCs from Africa and Asia, selecting countries

that were classified as ‘low-income’ and ‘lower

middle-income countries’.7 The MEDLINE database

was primarily searched. The Cochrane and Joanna

Briggs Institute libraries were also searched. The

search for grey literature and unpublished literature

included Proquest Dissertation Abstracts Interna-

tional, WHO’s Global Health Library, Theses

Canada Portal, and the Australasian Digital Theses

Program. Initial keywords used were coma, uncon-

sciousness, causality, aetiology or etiology, child,

malaria cerebral, meningitis, encephalitis, Africa,

Asia, and developing countries. An initial search was

undertaken in the various databases using these

keywords and appropriate papers identified by exam-

ining the titles and abstracts. Full texts of papers

considered to be relevant to the review were retrieved.

A secondary search was conducted by examining the

reference lists of all identified reports and articles for

additional studies. Studies that focussed on children in

the neonatal age group or gave diverse age groups but

did not provide details specific to the age group

beyond the neonatal age were excluded.

Assessment and data collection
Two reviewers assessed the publications identified for

methodological validity prior to inclusion in the review

using standardized critical appraisal instruments from

the Joanna Briggs Institute Meta-Analysis of Statistics

Assessment and Review Instrument (JBI-MAStARI).8

Any disagreement between the reviewers was resolv-

ed through discussion and, if no consensus was

achieved, a third reviewer was involved. Data from

the papers included in the review were entered into an

MsAccess2007TM-based database. Data on popula-

tions, study period, setting, diagnostic methods, profile

of aetiological agents, and information on clinical

outcomes, if any was provided, were extracted.

Data synthesis
The data from the studies identified were not pool-

ed because they were heterogeneous, with diverse

study methods and inconsistent diagnostic schemes.

In some studies, proportions were re-calculated to

determine the prevalence of various diseases and

causative organisms. The findings are presented in

narrative form and summarised in tables and graphs.

Aetiology
In reviewing the aetiology of childhood acute coma in

RPCs, the search in MEDLINE using the search

phrase ‘(coma OR unconsciousness) AND (Africa OR

Asia) AND (‘1963/01/01’[PDat]: ‘2013/03/31’[PDat])

AND Humans [Mesh] AND (infant[MeSH] OR

child[MeSH] OR adolescent[MeSH])’ revealed 915

records (Fig. 1). Seventy-three abstracts were reviewed

and 14 records identified for inclusion in the review:

nine from Africa, four from Asia, and one from Papua

New Guinea (PNG). All publications identified

focussed on coma in general, apart from one which

was on coma in viral encephalitides.9 One study on

childhood ABM that included data on coma was

excluded because data on coma in relation to aetiology

had been requested from the authors but had not been

provided by the time the report was written.10 All

studies that satisfied the entry criteria were included,

notwithstanding the various shortcomings in metho-

dological quality (Table 1).11

Cerebral malaria was the commonest cause of

childhood coma in all but two of the studies

conducted in Africa – one in Nigeria and another in

Egypt, both of which were based in tertiary health

facilities (Fig. 2).3,12 In the Nigerian study, ABM was

the commonest cause of coma.12 In Egypt, CM was

rare and metabolic conditions were the commonest

cause of coma, perhaps attributable to the tertiary

nature of the health facility in which the study was

undertaken, the availability of diagnostic schemes to

facilitate diagnosis, and socio-cultural practices such

as consanguineous marriage.3

ABM was the second most common known cause

of coma in seven of the African studies, all of which

had CM as the commonest cause of coma. Three

studies in Africa reported on encephalitides but none

of them indicated use of any specific viral diagnostic

methods or provided a profile of organisms isolated.

Of the three studies of coma in Asia, encephalitides

were the commonest cause of coma in two studies in

India, and ABM was the commonest cause of coma

in Pakistan (Fig. 2).4,13,14 Viral diagnostic studies
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were not indicated as having been done in any of

these studies and the profile of organisms for

encephalitides was not provided. In Pakistan and in

one of the studies in India, CM was the second most

common cause of coma.4,13 In PNG, the commonest

cause of coma was ABM, followed by CM.1 Viral

studies were undertaken, although not consistently,

and flaviviruses, Japanese encephalitis (n52, 33%)

and dengue fever (n52, 33%) were the viral agents

most commonly isolated.1 In another study in Asia

which focussed primarily on viral encephalitides,

Japanese encephalitis (n550, 63%), enteroviruses

(n518, 23%) and dengue fever (n59, 11%) were the

most commonly isolated viral agents in children with

confirmed viral aetiology.9

Only five studies provided a profile of bacterial

organisms isolated, including one that focussed only

on coma in association with ABM: three from Kenya,

one from Pakistan and another from Papua New

Guinea.1,13,15–17 The commonest organism isolated in

all these studies was Streptococcus pneumoniae

(Fig. 3). Haemophilus influenzae was the second most

common isolate in two studies based in PNG and

Kenya which were also the only studies in which it

Figure 1 Flow of information through the systematic review
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was identified as a cause of ABM.1,15 A second study

at the same site in Kenya conducted at a later period

did not identify H. influenzae as a cause of ABM.16

Notably, universal H. influenzae B vaccination had

been introduced in the set-up by then.18

The findings presented here need to be consider-

ed with the following considerations in mind.

Many children in RPCs die before accessing health

facilities.19,20 The burden of aggressive and rapidly

progressing disease conditions such as ABM, meta-

bolic disease and poisoning may not be accurately

reflected by the profile of encephalopathic disease in

those who are able to access health facilities. Thus,

the sample population for these hospital-based studies

in RPCs may be biased.

Diagnostic resources are limited in RPCs and this

is reflected in the studies that were reviewed in which

diagnostic schemes were neither comprehensive nor

consistent. Most notably, there were almost no

metabolic investigations for inborn errors of meta-

bolism, and viral studies were undertaken in only two

studies, both in Asia.1,9 The importance of viral

studies is underscored in a study in Kilifi, Kenya in

which 9% of children with a diagnosis of CM were

found to have evidence of herpes simplex infection in

their cerebro-spinal fluid (CSF) samples.21 In Malawi,

Figure 3 Profile of species aetiology of acute bacterial

meningitis associated with impaired consciousness

Figure 2 Profile of the aetiology of childhood coma

T
a

b
le

1
A

s
s

e
s

s
m

e
n

t
o

f
m

e
th

o
d

o
lo

g
ic

a
l

q
u

a
li
ty

fo
r

th
e

s
e

le
c

te
d

d
e

s
c

ri
p

ti
v

e
s

tu
d

ie
s

A
s
s
e
s
s
m

e
n

t
c
ri

te
ri

o
n

A
h

m
e
d

2
0
1
1

1
3

A
k
p

e
d

e
1
9
9
6

6
3

A
n

g
a

2
0
1
0

1
B

a
n

s
a
l

2
0
0
5

1
4

B
e
rk

le
y

1
9
9
9

1
5

B
o

n
d

i
1
9
9
1

6
4

C
h

a
tu

rv
e
d

i
2
0
0
1

4
F

o
u

a
d

2
0
1
1

3
G

w
e
r

2
0
1
2

1
6

Ib
e
k
w

e
2
0
1
1

2
J
it

ta
1
9
8
4

1
7

L
e

2
0
1
0

9
O

g
u

n
m

e
k
a
n

1
9
8
3

1
2

T
a
y
lo

r
2
0
0
4

2
6

1
W

a
s

th
e

s
tu

d
y

b
a
s
e
d

o
n

a
ra

n
d

o
m

o
r

p
s
e
u
d

o
-r

a
n
d

o
m

s
a
m

p
le

?
Y

Y
Y

Y
Y

U
Y

U
Y

U
Y

Y
Y

U
2

W
e
re

c
ri
te

ri
a

fo
r

in
c
lu

s
io

n
in

th
e

s
a
m

p
le

c
le

a
rl
y

d
e
fi
n
e
d

?
Y

Y
Y

Y
Y

Y
U

Y
Y

Y
Y

U
N

Y
3

W
e
re

c
o
n
fo

u
n
d

in
g

fa
c
to

rs
id

e
n
ti
fi
e
d

a
n
d

s
tr

a
te

g
ie

s
to

d
e
a
l
w

it
h

th
e
m

s
ta

te
d

?
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
U

U
N

4
W

e
re

o
u
tc

o
m

e
s

a
s
s
e
s
s
e
d

u
s
in

g
o
b

je
c
ti
v
e

c
ri
te

ri
a
?

Y
Y

Y
Y

Y
U

Y
Y

Y
Y

Y
Y

U
Y

5
If

c
o
m

p
a
ri
s
o
n
s

a
re

b
e
in

g
m

a
d

e
,

w
e
re

th
e
re

s
u
ff

ic
ie

n
t

d
e
s
c
ri
p

ti
o
n
s

o
f

th
e

g
ro

u
p

s
?

N
/A

N
/A

N
/A

N
/A

Y
N

/A
U

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N

6
W

a
s

fo
llo

w
-u

p
c
a
rr

ie
d

o
u
t

o
v
e
r

a
s
u
ff

ic
ie

n
t

ti
m

e
p

e
ri
o
d

?
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
7

W
e
re

th
e

o
u
tc

o
m

e
s

o
f

th
e

p
e
o
p

le
w

h
o

w
it
h
d

re
w

d
e
s
c
ri
b

e
d

a
n
d

in
c
lu

d
e
d

in
th

e
a
n
a
ly

s
is

?
N

Y
N

U
N

/A
N

/A
U

Y
N

/A
N

/A
U

N
N

/A
N

8
W

e
re

o
u
tc

o
m

e
s

m
e
a
s
u
re

d
in

a
re

lia
b

le
w

a
y
?

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

9
W

a
s

a
p

p
ro

p
ri
a
te

s
ta

ti
s
ti
c
a
l
a
n
a
ly

s
is

u
s
e
d

?
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
U

Y
1
0

O
v
e
ra

ll
a
p

p
ra

is
a
l:

Y
/N

?
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y

Y
,

y
e
s
;

N
,

n
o
;

N
/A

,
n
o
t

a
p

p
lic

a
b

le
;

U
,

u
n
c
le

a
r

Gwer et al. Childhood coma in resource-poor countries

132 Paediatrics and International Child Health 2013 VOL. 33 NO. 3

http://maney-prod.literatumonline.com/action/showImage?doi=10.1179/2046905513Y.0000000068&iName=master.img-001.jpg&w=227&h=158
http://maney-prod.literatumonline.com/action/showImage?doi=10.1179/2046905513Y.0000000068&iName=master.img-002.jpg&w=227&h=158


12% of the fatal encephalopathic cases which were

originally attributed to CM were found on autopsy to

be caused by rabies.22 Seven of the studies reviewed

indicated diagnoses of encephalitis on the basis of

clinical presentation, CSF biochemistry and cell count

(Table 1). In our own study in Kilifi, Kenya, we

demonstrated an apparent decrease in the absolute

and relative numbers of comatose children with

malaria parasitaemia over a period of documented

decline in malaria transmission, in the context of an

accompanying increase in the number of children with

coma of unknown cause.16 We speculated that this

increasing number of unknown encephalopathies

represented other causes of coma previously masked

by malaria parasitaemia. Considering that these

children were previously well and of normal growth

and development, an un-investigated infectious aetiol-

ogy was more likely. These studies suggest a significant

burden of viral diseases in coma causation. Beyond

viral investigations, diagnosis of other disease condi-

tions is similarly challenging. Even under optimal

conditions and practices, body fluid cultures for

bacteria, although highly specific, are minimally sensi-

tive.23 Further, organism yield can be altered by partial

antibiotic treatment, low-density bacteraemia, low

volume cultures, and other technical factors.23 In a

series of children with clinically-defined sepsis, only 26%

of 815 had proven bacteraemia but there was no

difference in mortality between culture-positive and

culture-negative children.24 Among Gambian children

with lobar pneumonia or empyema, blood culture alone

yielded a bacterial pathogen in 18% of the cases, while

the addition of percutaneous lung aspiration or pleural

aspiration increased the yield to 52%.25

In Malawi, 23% of children with an initial

diagnosis of CM were found at autopsy to have died

of other causes, including pneumonia, meningitis,

Reye’s syndrome, ruptured arterio-venous malforma-

tion, hepatic necrosis, severe anaemia and other

causes.26 Thus, in the absence of consistent systematic

diagnostic schemes to investigate for metabolic

conditions, viral and bacterial infections, and other

causes, our findings may be subject to detection bias

and might not reflect the actual burden of the various

diseases in the causation of coma.

Only seven of the included studies were conducted

after the year 2000. It is important to consider the

diverse periods of these studies. Public health inter-

ventions such as H. infleunzae vaccination and

malaria control strategies, changing socio-economic

circumstances and changes in weather patterns have

altered the burden of important aetiologies and

diseases over time.18,27 New diagnostic modalities

might improve detection of hitherto under-reported

disease conditions. Only one of the included studies

synthesised the changing profile of diagnosis over a

significant period of time.16 Other issues for con-

sideration include the fact that coma aetiology might

vary with seasons. For instance, a changing burden of

malaria disease during rainy and dry seasons has

been clearly demonstrated in some regions.28,29 Some

of the studies included in the review were under-

taken over short periods of time or captured small

samples and might have failed to describe such

seasonal variations in the burden of infectious

aetiology.3,17

The definition of coma varied in different circum-

stances. It is likely that tertiary facilities provided

patient profiles different from those in lower-level

health facilities. Other studies even included chronic

encephalopathies and febrile convulsions, conditions

which have different implications for practice and

clinical outcomes than do acute encephalopathies.2,13

These challenges in diagnosing and defining the

burden of various coma-causing diseases in RPCs are

further complicated by co-morbidity and disease ende-

micity. In malaria-endemic areas, as many as 80% of

children might be parasitaemic and asymptomatic.30

Thus, even where there is reliable and timely malaria

microscopy, encephalopathic illness in a parasitaemic

child might not always be caused by malaria. HIV

disease, malnutrition and diarrhoeal diseases causing

severe dehydration, endemic in many RPCs, may

themselves cause coma and predispose children to

other infectious diseases resulting in coma. The need to

investigate and treat other causes of coma such as

bacterial and opportunistic infections is greater in

HIV-infected children.23 Increased risk of infection

and an altered profile of the aetiology of meningitis

have been described in childhood HIV disease.31,32 A

number of studies have also reported altered risk of

childhood severe malaria with HIV co-infection.33,34

Recently, a review of clinical and laboratory data from

a cohort of children involved in a clinical trial of

artesunate and quinine indicated higher malaria

parasite burden, greater likelihood of deterioration

of coma status, a more severe clinical course, and

worse outcome of severe malaria disease with HIV co-

infection compared with non-infection.35 The effects

of anti-retroviral drugs on the course of severe

malaria, have not been well elucidated.23

The interaction between childhood malnutrition,

which is commonly under-diagnosed, and diseases

causing coma in children, is not well described either.36

Protein energy malnutrition is associated with im-

paired immunity and probably increased susceptibi-

lity to infectious encephalopathies.37 Indeed, a high

prevalence of bacteraemia, particularly gram-positive

isolates, and increased resistance to commonly used

antibiotics has been demonstrated in severely malnou-

rished Ethiopian children.38 Early studies suggested

a protective effect of malnutrition against cerebral

Gwer et al. Childhood coma in resource-poor countries
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malaria.39,40 However, no further studies have clarified

this relationship. Importantly, co-diagnosis of malnu-

trition in the context of encephalopathy requires

consideration of possible metabolic aetiology, careful

assessment of fluid homeostasis, and cautious fluid

resuscitation and enteric feeding.

Clearly, accurate diagnosis and consideration of

co-morbidities is an important first step in facilitating

appropriate clinical management of coma and

prioritizing public health interventions. Improving

diagnostic resources and human resource skills is part

of the solution, an intervention which is dependent on

socio-economic progress and governments’ goodwill

in the management of health systems. The explora-

tion of simple clinical techniques to improve diag-

nostic ascertainment might also be useful. Recently, a

number of studies in Malawi have indicated the value

of malaria retinopathy, determined by indirect

fundoscopy, in confirming diagnosis of CM.26,41

However, in Ghana, significant overlap in malaria

retinopathy between patients with CM and those with

non-CM malaria syndromes has been described.42 In

addition to the consideration that indirect fundo-

scopy is a procedure that requires skilled training and

experience lacking in most RPCs, the value of

malaria retinopathy findings in determining accurate

diagnosis of CM needs further clarification. The use

of clinical syndromes defined by the World Health

Organization’s Integrated Management of Childhood

Illness and Inpatient Guidelines has been shown to be

useful in predicting invasive bacterial infection and

increased risk of death.43 However, such practice is

likely to be subjective, dependent on clinical experi-

ence, and would still require sound laboratory

support for optimality. The common practice is that

of empirical use of antibiotics and anti-malarial drugs

until a diagnosis is confirmed or negated. Antiviral

drugs are rarely used in RPCs and, anyway, have not

been shown to be consistently effective beyond timely

use of acyclovir in herpes simplex and CMV

encephalitides. Maintained without proper guidelines

and information on local microbial sensitivities, such

practice may fuel antimicrobial resistance.

With such difficulties in accurate diagnosis and in

the background of limited skilled human resources

for health care, childhood coma presentation in

RPCs almost surely portends a fatal consequence or

lifelong disability for its sufferer.

Outcome and Risk Factors for Poor Outcome
This review did not systematically search for studies

on outcome and risk factors for poor outcome. Such

a task would ideally have entailed inclusion of studies

focussing on specific disease entities such as CM,

various specific viral encephalitides and specific men-

ingitides, disease conditions which may have unique

risk factors for poor outcome. Among the studies

identified for review, mortality ranged between 15%

and 58% (Table 2). Case fatality for the various

diseases varied in the different studies. Neurological

sequelae were reported in six studies and varied

between 31% and 67%. Follow-up assessments after

discharge were not consistently performed in these

studies and were mostly not necessary for the primary

objectives of the studies.

Depth of coma, observed in eight studies, was the

most frequently reported clinical factor associated

with poor outcome. Other factors associated with

poor outcome included hypotension, neurological

features of raised intracranial pressure or intracranial

herniation, each reported in three studies, and

aetiology associated with bacterial infection, young

age and breathing difficulties at presentation, each

demonstrated in two studies. Seizures, developing

after 48 hours of hospitalisation, were associated with

poor outcome in only one study.3 In another study,

seizures occurring within 24 hours before admission

or at presentation were actually associated with better

odds of survival.16 A number of studies have

indicated the association between multiple or pro-

longed seizures and poor outcome. However, simple

seizures are common in neurologically intact children

with fever and might reduce time to admission in

encephalopathy, with an apparently better outcome

in these children. It is also possible that the

association between seizures and adverse outcome

may be specific to disease or related to recurrence or

persistence.

Supportive Care and Management
Risk factors such as volume deficits or shock, multiple

seizures, raised intracranial pressure (ICP) and breath-

ing difficulties are associated with ischaemic neuronal

damage, partly owing to diminished cerebral blood

flow, altered cerebral auto-regulation, hypoxia and

intracranial herniation.44,45 They present ideal targets

for practical interventions to improve outcome. How-

ever, the clinical signs are often difficult to detect and

occur late in the illness. For example, papilloedema

is a late sign of raised ICP in children and is associat-

ed with significant inter-observer variation among

clinicians.46 Low blood pressure occurs late in shock

and is not a reliable indicator of childhood haemody-

namic deficit in severely ill children.47 Significant

occurrence of subtle and electrographic seizures has

been demonstrated in children with CM, ABM and

other encephalopathies.48,49

In better resourced settings, intensive, often inva-

sive, monitoring to detect raised ICP, seizures and

hypovolaemia, and facilities for mechanical ventila-

tion, allow for early recognition and better manage-

ment for improved outcome. In RPCs, the challenge
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is that of limited resources and expertise to facilitate

optimal management.

Part of the strategy to surmount these challenges is

to explore the use of simple tools for intensive care

monitoring. In a recent study in which we demon-

strated significant occurrence of electrographic sei-

zures in African children with coma, we observed that

93% of seizures on EEG could be detected by the

placement leads used for the two channel cerebral

function analyser monitor (CFAM).49 Devices with

1–4 EEG channels such as the CFAM are cheaper

than standard EEG machines, can easily be inter-

preted by less experienced clinicians and nurses, and

would be of greater use in RPCs. We have also been

interested in exploring techniques for non-invasive

monitoring of ICP. One of the candidate techniques

includes the tympanic membrane displacement ana-

lyser which might be useful in monitoring intracranial

dynamics in children with coma.50 Mechanical

ventilation would be appropriate for children in deep

coma, with repeated seizures and in those with

respiratory difficulties. However, options for mechan-

ical ventilation in infectious encephalopathies are not

widely available in RPCs and, even if made available,

the challenge would be that of identifying patients

who are most likely to benefit in the context of

overwhelming need.51

Another strategy would be that of empirical

supportive treatment. Thus, children in coma could

empirically receive prophylactic anticonvulsants for

prevention of seizures. Phenobarbital has previously

been investigated for such use and, although it was

associated with significant prevention of seizures, it

caused greater mortality from respiratory arrest than

the placebo.52 We are currently analysing results of a

placebo-controlled trial on the use of fosphenytoin to

prevent seizures in coma (ISRCTN11862726) (http://

www.controlled-trials.com/ISRCTN11862726) and be-

lieve that other newer and safer anticonvulsants such as

leviracetam should also be explored for this purpose.

Osmotic agents may be useful for preventing and

managing raised ICP. In our systematic review on the

efficacy and effectiveness of osmotic agents for treat-

ment ICP, we observed great potential for continuous

hypertonic saline infusions and oral glycerol.53 These

osmotic agents need to be explored further for wide-

spread empirical use to prevent raised ICP.

In the absence of intensive monitoring, fluid

management in childhood coma in RPCs presents a

major challenge. In infectious encephalopathy, in

which the integrity of the blood/brain barrier might

be impaired, therapy aimed at correcting volume

deficits and improving tissue perfusion carries the risk

of cerebral oedema. Volume resuscitation with colloids

might be safer than crystalloid solutions, as the latter

freely equilibrate in the extracellular compartment and

thus have the potential risk of aggravating ICP. This

possibility was initially supported by a randomised

trial on children with severe malaria that demonstrated

that volume expansion with 4.5% human albumin

solution was associated with significantly lower mor-

tality (4%) than saline (18%) in children with acidosis,

especially amongst those admitted in coma (5% vs 46%,

respectively).54 Gelofusine, a modified gelatin and a

much cheaper colloid, showed no beneficial effect on

survival.55 A larger multicentre clinical trial on fluid

boluses in severely ill African children has since

demonstrated greater mortality with saline and albumin

bolus fluid administration than no fluid bolus admin-

istration.56 However, the criteria used for volume deficit

in this study is in contention and the implications of

these findings for practice are still under discussion and

may require other studies for clarification.57 Normal

saline remains the fluid of choice for resuscitation of

encephalopathic children.58 It may be that hypertonic

saline may be useful for volume resuscitation and

maintenance in childhood infectious encephalopathy

considering that it boosts volume load and is useful in

the prevention and treatment of raised ICP. Fluid

resuscitation in malnutrition, highly prevalent in RPC

children and often presenting as a co-morbidity in

infectious encephalopathy, may be complicated by con-

gestive cardiac failure and electrolyte derangement, and

presents a great management challenge with no clear

guidance to date.

Other considerations in supportive management in

childhood coma in RPCs include timing of enteral

feeding and micronutrient supplementation. A recent

clinical trial has indicated that early enteral feed-

ing in non-intubated children with CM may be

deleterious.59 Whilst the use of iron supplementation

in active bacterial or malaria infection is known to be

detrimental, the value of other micronutrient supple-

mentations such as zinc, magnesium and vitamin A is

not so well established. In developed countries, the

use of corticosteroids in childhood ABM has been

shown to improve outcome.60 However, in RPCs,

studies on the benefits of corticosteroids have been

equivocal, probably because of late presentation and

a high HIV infection prevalence.61,62 The clinical

implications of corticosteroid use in better resourced

settings within urban areas in RPCs and on other

infectious encephalopathies such as CM are not clear.

Research Priorities
There is significant paucity of knowledge on the

aetiology, pathophysiology, risk factors, outcomes

and appropriate interventions for childhood acute

coma in RPCs. Understanding the aetiology of

childhood acute non-traumatic coma is necessary in

order to direct research, prioritize public health

interventions and guide routine clinical management.
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Prospective observational studies in malaria and non-

malaria-endemic areas that incorporate viral, bacter-

ial and metabolic studies, imaging and detailed

clinical observations will be useful in elucidating the

aetiology and pathophysiology of disease. Clearly,

infectious encephalopathies have a significant effect on

child survival in RPCs. Universal vaccination and

malaria control strategies have been shown to sig-

nificantly alter the burden of disease. It seems obvious

that universal vaccine initiatives against malaria, S.

pneumoniae, Japanese encephalitis and dengue fever

will significantly alter the burden of disease causing

coma. If previously unappreciated infectious agents are

found to cause a significant proportion of childhood

encephalopathies, it makes sense to extend these

studies by investigating useful biomarkers to aid

development of simple techniques such as rapid

diagnostic kits and allow for widespread and accurate

diagnoses, even in RPCs. Rapid diagnostic kits for

malaria and HIV disease have already been shown to

improve diagnosis and management.

Developing simple tools for monitoring ICP,

seizures and shock would greatly aid supportive

management of coma and the investigation of other

appropriate supportive interventions. Such suppor-

tive interventions that are a priority for investigation

include prophylactic anticonvulsants, osmotic agents

for treatment of ICP, fluids for resuscitation and

supplementary micronutrients. As we strive to

determine the best-practice evidence for managing

coma in RPCs, it seems appropriate to use the

WHO’s definitions of clinical syndromes, to at least

attempt accurate laboratory diagnoses of malaria

parasitaemia and bacteraemia, and to provide

empirical antimicrobial treatment as guided by local

disease endemicity and microbial sensitivities.
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