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Dexamethasone and bacterial meningitis in
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Abstract
The objective ofthis study was to assess, in
a developing country setting, the effect of
dexamethasone therapy on bacterial men-
ingitis outcomes. A prospective double
blind placebo controlled trial was con-
ducted in 89 children aged from 2 months
to 12 years suffering from bacterial men-
ingitis. Neurological, developmental, and
hearing assessments were conducted at
one, four, and 12 months after discharge.
Forty eight patients received dexametha-
sone and 41 placebo. Initial antimicrobial
drugs used were ampicillin and chloram-
phenicol. For all patients at the time of
admission the mean duration of illness
was 5.7 days; 47% had had seizures and
56% had impaired consciousness. Seven-
teen of 89 (19%) patients died. The
mortality for the dexamethasone group
was 25% as compared with 12% in the
group receiving placebo. Presentation to
the hospital after four days of symptoms
and with impaired conscious state were
independent predictors of death. Of the
dexamethasone group survivors, 26.5%
had neurological sequelae and 42.3% had
hearing impairment, whereas in the pla-
cebo group it was 24% and 30% respec-
tively. Altered state ofconsciousness was a
predictor of neurological sequelae. The
presence of neurological sequelae and
high cerebrospinal fluid protein inde-
pendently predicted hearing loss. No ben-
eficial effect of dexamethasone was
observed on morbidity or mortality ofthis
group of patients with bacterial meningi-
tis. Dexamethasone is therefore not useful
in developing countries as adjunctive
treatment in patients seriously ill with
bacterial meningitis, who present late for
treatment and have been partially treated.
(Arch Dis Child 1996;75:482-488)
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Bacterial meningitis is an important cause of
morbidity and mortality world wide.1`5 Despite
availability of rapid accurate diagnostic tech-
niques, improved antimicrobial treatment, and
supportive care, 14-31% of children with bac-
terial meningitis develop neurological
sequelae.' 6-9 Haemophilus influenzae b vaccine
is now routinely administered to children
under the age of 2 years to prevent invasive dis-
ease, including meningitis. Since the cost of

routine immunisation in developing countries
is unfortunately likely to be prohibitive, the
search for alternative strategies to prevent the
neurological sequelae caused by bacterial
meningitis remains a priority.

Since steroids may reduce central nervous
system inflammation, the safety and efficacy of
dexamethasone in the prevention of central
nervous system abnormalities after bacterial
meningitis have been intensively
investigated.""'6 Fewer neurological sequelae
occurred in children who were treated with
dexamethasone in addition to standard antimi-
crobial therapy (mostly cefuroxime, cefo-
taxime, and ceftriaxone), but differences were
not statistically significant in two of the six
clinical trials." '5 These encouraging results
may not be applicable to developing countries
for two reasons. First, neurological sequelae
following bacterial meningitis are more com-
mon in developing countries because of delays
between symptom onset and presentation for
appropriate medical care.2 17 18 The risk/benefit
ratio associated with steroids may be different
with late presentation. Second, standard anti-
microbial treatment for meningitis in develop-
ing countries is likely to continue to be
chloramphenicol and ampicillin, because most
pathogens causing meningitis remain sensitive
to these antibiotics. Therefore we conducted a
double blind randomised clinical trial to deter-
mine whether addition of dexamethasone to
ampicillin and chloramphenicol reduced
neurological sequelae secondary to bacterial
meningitis in children of a developing country
like Pakistan.

Patients and methods
PATIENTS
Consecutive children aged 2 months to 12
years presenting with bacterial meningitis to
the Children's Hospital, Pakistan Institute of
Medical Sciences from April 1990 to March
1992 were eligible for enrolment in the study.
Children with underlying renal disease, hepatic
disease, or prior central nervous system
diseases (seizure disorders, hydrocephalus, his-
tory of meningitis or hearing loss, developmen-
tal delay or mental retardation, and acute head
trauma) were excluded from the study. The
study protocol was reviewed and approved by
the committee on medical ethics at the
Children's Hospital. A written consent form
was obtained from parents of the child before
enrolment in the study. A complete history and
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physical examination was carried out, which
included neurological and otoscopic examin-
ation.

All children suspected of having meningitis
underwent the following diagnostic proce-
dures: a lumbar puncture; a set of blood
cultures; urine latex agglutination and culture;
a chest radiograph; serum electrolytes, serum
and urine osmolality, blood glucose; blood urea
nitrogen; serum creatinine; erythrocyte sedi-
mentation rate; complete peripheral blood
count; and a stool examination for occult blood
(side effect of dexamethasone) (Hematest tab-
lets). Cerebrospinal fluid (CSF) was evaluated
as follows: cell count with differential, protein,
glucose, Gram and Ziehl-Neelsen (acid fast)
stain of sediment centrifuged for five minutes
at 1500 rpm, latex agglutination to detect Hae-
mophilus influenzae type b, Streptococcus pneu-
moniae, Neisseria meningitidis serotypes A, B, C,
Y, Streptococcus agalactiae, and Escherichia coli k
using the Wellcogen bacterial antigen kit (1)
and routine culture.

DEFINITION OF BACTERIAL MENINGITIS
The preliminary diagnosis of bacterial menin-
gitis was based on any one of the following: (i)
presence of bacteria on CSF Gram stain; (ii) a
positive CSF latex agglutination test; or (iii) at
least two or three of the following CSF abnor-
malities: leucocytes >1000x106 cells/l, pre-
dominantly polymorphonuclear, protein >1
g/l, glucose <1.66 mmol/l, or <50% of serum
glucose. Isolation of an identified non-
mycobacterial pathogen obtained by either
culture of two or three drops of CSF sediment
on blood agar, chocolate agar, McConkey
plates and thioglycolate broth, or routine
culture media or by blood or CSF culture in
brain-heart infusion broth (Roche, Switzer-
land) provided bacteriological confirmation of
the diagnosis of meningitis. In vitro suscepti-
bilities of all isolates to ampicillin, chloram-
phenicol, and cefotaxime were tested using
Kirby-Bauer disk diffusion.
The diagnosis of bacterial meningitis in this

study excluded patients who had had an initial
diagnosis of bacterial meningitis but were diag-
nosed with tuberculous meningitis (based on
the following: absence of bacteria in routine
culture or detected by latex agglutination, a
positive Mantoux test, sedimentation rates
greater than 50 mm per hour, abnormalities on
chest radiographs consistent with tuberculosis,
and contact with a person with tuberculosis) or
aseptic meningitis (based on the following in
initial and subsequent CSF samples: absence
of bacteria in routine culture or detected by
latex agglutination, <100Ox106 cells/l (80% or
more lymphocytes), protein <1 g/l, glucose
>1.66 mmol/l, or >50% of serum glucose) or
had obvious viral infection, for example herpes,
mumps, measles, chickenpox, etc.

TREATMENT PROTOCOL

All children who fulfilled the above initial
criteria for bacterial meningitis were treated
with ampicillin (300 mg/kg per day in four
divided doses) and chloramphenicol (100
mg/kg per day in four divided doses).' Patients

were assigned to receive either intravenous
dexamethasone (0.6 mg/kg per day in four
divided doses)'" or an equal volume of placebo
(two thirds normal saline) using an uncon-
strained computer generated list of random
treatment assignments. The first dose of
dexamethasone or placebo was administered
10-15 minutes before administration of anti-
biotic and was continued for four days. The
identical appearing solutions of dexametha-
sone and placebo were prepared by the study
pharmacist to ensure that neither patient nor
investigator was aware of assignment to the
drug. The pharmacist in Japan kept the details
of the randomisation, and the code was broken
after completion of the study.

All participants had a second lumbar punc-
ture approximately 48 hours after initiation of
therapy to determine whether CSF abnormali-
ties were improving or worsening and to
attempt continued isolation of bacteria. Pa-
tients who deteriorated clinically (defined as
deteriorating consciousness, no improvement
in meningeal irritation (Kernig and Brudinski
signs), worsening of presenting symptoms, per-
sistent vomiting or persistence of fever with a
temperature higher than 38.9'C) in the first
48-72 hours or whose 48 hour CSF formula
was unchanged were switched to intravenous
cefotaxime (200 mg/kg per day in four divided
doses).9 Antibiotic treatment, with or without
dexamethasone, was continued for a minimum
of 10 days. The treating physician made the
decision to stop treatment after 10 or more
days of antibiotics9 based on each patient's
clinical course. Supportive care in an intensive
care unit was provided as clinically indicated. A
lumbar puncture was performed before dis-
charge to ensure that the CSF was sterile.

EVALUATION OF TREATMENT: DEFINITIONS OF

OUTCOME MEASURES
Patients were examined clinically at least twice
daily during their hospital stay and examined
for long term sequelae one year after admis-
sion. The following outcome parameters were
evaluated: (i) response to treatment, (ii)
complications of treatment (untoward events
and mortality), (iii) neurological sequelae
(neurological, audiological, and developmental
assessments).

Response to treatment
Patients who responded to treatment fulfilled
all of the following criteria: improvements in
presenting signs and symptoms, particularly
improved level of consciousness and absence of
meningeal irritation, normalisation of CSF cell
count, glucose, protein, and sterility of CSF in
subsequent culture.

Complications of treatment
The presence of all untoward events, including
death, and their possible relation to administra-
tion of the study drugs was assessed daily.
These events included secondary fever (de-
fined as recurrence oftemperatures higher than
37.8°C after 24 hours or more and evidence of
gastrointestinal bleeding assessed by occult
blood testing at least three times per week).

483

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.75.6.482 on 1 D

ecem
ber 1996. D

ow
nloaded from

 

http://adc.bmj.com/


Qazi, Khan, Mughal, Ahmad, Joomro, Sakata, Kuriya, Matsuishi, Abbas, Yamashita

Neurological sequelae
State of consciousness was evaluated daily and
classified as alert, drowsy (defined as arousal by
mild external stimulation, lapsed into sleep-like
state when the stimulus was removed'9) or
comatose (defined as a state of altered
consciousness in which patient is unresponsive
to any environmental stimulus'9). Other
neurological sequelae such as subdural effu-
sion, dilated ventricles, cerebral infarction and
atrophy, and brain abscess were initially
detected by ultrasound in patients with an open
fontanelle, later confirmed by computed tom-
ography. In older children computed tomogra-
phy was used to confirm these complications.
Ventriculitis was confirmed by ventricular tap
and CSF examination. Inappropriate secretion
of antidiuretic hormone was diagnosed by
absence of volume depletion, decreased serum
osmolality and hyponatraemia, urine osmolal-
ity greater than appropriate for concomitant
serum osmolality and normal renal, adrenal,
and thyroid function.The presence of cranial
nerve palsies and optic atrophy was detected on
daily physical examination.

Children who survived to discharge had
audiological, neurological, and developmental
assessments at one, four, and 12 months.
Neurological assessment included evaluation
of developmental and motor functioning.
Hearing in infants and children less than 5
years of age was assessed by either auditory
brainstem responses (Medelac screener model
BS-1, Medelac Limited) or age appropriate
behavioural responses to sounds. Conventional
audiometry was used to assess hearing in chil-
dren more than 5 years of age. Hearing impair-
ment was defined as mild if the response was
absent at 30-49 dB, moderate when absent at
50-79 dB, and severe when absent at 80 dB or
more. For motor and developmental evalua-
tions, no local developmental norms were
available. So the Minnesota development
inventory scale was used for children less than
6 years of age,20 and for children more than 6
years of age a combination of developmental
methods was used.2'

SAMPLE SIZE AND STATISTICAL ANALYSIS
The primary analysis compared the proportion
of children in the two study groups with abnor-
mal hearing (mild/moderate or severe hearing
deficits) one year after bacterial meningitis. We
sought to enrol 43 eligible patients per group to
detect a decrease in the proportion of children
with hearing loss from 30% in placebo treated
patients (local unpublished data) to 5% or less
in children (as shown by Lebel et al 1) receiving
intravenous dexamethasone (using a two sided
test, a=0.05 and 80% power).
The primary outcome (hearing loss) and

presence of neurological sequelae and death
(secondary outcomes) were defined before the
start of the study. Potential predictors of
outcomes included duration of illness before
admission (four or more days or less than four
days), altered consciousness on admission
(abnormal mental status or normal mental sta-
tus), initial CSF cell count (>1000x106 cells/l
or <1 000x1 o6 cells/l), initial CSF protein (>1

g/l or <1 g/l), initial CSF glucose (<1.66
mmol/l or >1.66 mmol/l), and response to
treatment at 48 hours (improved, requiring no
change in antibiotics, compared with not
improved, resulting in antibiotic change).
Analyses were preformed using SPSSPC for
Windows, version 6.1.1. Baseline characteris-
tics were compared using the x2 test, Fisher's
exact test, t test, and the Wilcoxon unpaired
test as appropriate. Non-normally distributed
variables such as CSF cell count, protein and
glucose, and peripheral white blood count were
transformed on a logarithmic scale before use
of the t test. Predictors of mortality were
estimated using the product limit method of
Kaplan and Meier, 22 and the two curves were
compared using the Mantel-Cox log rank
test." The Cox regression model was used for
multivariate comparisons. Predictors of
neurological sequelae and abnormal hearing
were estimated using stepwise logistic
regression.

Results
Between April 1990 and March 1992, 103
consecutive children with suspected bacterial
meningitis were enrolled in the study. Although
we intended to treat all these patients, it had
been decided before the study began that only
patients with bacterial meningitis would be
included in the analysis. Fourteen children
were excluded from analysis: two because their
parents/guardian refused to allow treatment,
eight who were subsequently diagnosed as hav-
ing tuberculous meningitis, and four with
aseptic meningitis that had been misclassified
as bacterial meningitis (two developed mumps,
one measles, and one chickenpox after admis-
sion). The characteristics of the remaining 89
patients are shown in table 1. The distributions
of characteristics were similar in the two
groups.

RESPONSE TO TREATMENT
Response to treatment was based on 89
children enrolled in the study, 48 receiving
dexamethasone and 41 receiving placebo.

Microbiological response
CSF samples from all patients who had had
bacterial pathogens identified were sterile after
48 hours of antibiotic treatment. For four of
the patients (two in each group) bacterial
pathogens resistant to both chloramphenicol
and ampicillin were identified. These four
patients had their antibiotics changed when
culture results became available (see below).
The effects of dexamethasone treatment on
CSF changes are shown in table 2. Only the
mean concentration of CSF glucose 48 hours
after initiation of treatment was different in the
two groups (lower in the placebo group,
p=0.01 5).

Clinical response
Overall, 36 of 48 (75%) children responded to
dexamethasone and antibiotics and 36 of 41
(88%) responded to placebo and antibiotics
(see table 3). Administration ofdexamethasone
was associated with more rapid resolution of
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Table 1 Characteristics of study participants; values are number (%) exceptfor mean age

Group receiving dexamethasone Group receivtng placebo
(n=48) (n=41)

Mean age (months) (SD) (range)
Sex
Boys
Girls

Duration of symptoms before
admission (days)
0-4
>4

Seizures before admission
Antibiotics before admission
State of consciousness on

admission
Alert
Drowsy
Comatose

Positive blood culture
CSF cultures and/or latex

agglutination
Haemophilus influenzae
Neisseria meningitides
Streptococcus pneumoniae
Others*
No organism isolated

37.8 (41.4) (2-144)

29 (60)
19 (40)

28
20
22
23

20
23
5
7

24

11
7
3
3

24

(58.3)

(41.7)
(46)
(48)

38.1 (43.3) (2-138)

25 (61)
16 (39)

24
17
20
16

(42)
(48)
(10)
(14)
(50)

(23)
(15)
(6)
(6)
(50)

19
16
6
7

16

9
1
3
3

25

(58.5)
(41.5)
(49)
(39)

(46)
(39)
(15)
(17)
(39)

(22)
(2)
(7)
(7)
(61)

* The following organisms were isolated from the CSF in the dexamethasone treated group: Sal-
mone1la spp (one), Pseudomonas aeruginosa (one), Streptococcus agalactiae (one). The following
organisms were isolated in the placebo treated group: Salmonella spp (one), Staphyylococcus aureus
(one), Kebsiella pneumoniae (one). Salmonella spp, Pseudomonas spp, and Klebsiella spp were resist-
ant to chloramphenicol and ampicillin.

Table 2 CSFformulas in pateints with bacterial meningitis; values are mean (SD)

Group receiving Group receiving
dexamethasone (n=48) placebo (n=41) p Value

Before treatment n=48 n=41
Leucocytes (x106 cells/I) 3434 (10059) 2847 (6613) NS
Glucose (mmol/l) 1.96 (1.69) 1.69 (1.15) NS
Protein (g/l) 2.21 (1.62) 1.86 (1.47) NS

After 48 hours of treatment n=42* n=37*
Leucocytes (x106 cells/1) 773 (1722) 1732 (5719) 0.07
Glucose (mmol/l) 3.45 (1.45) 2.68 (1.28) 0.015
Protein (g/l) 1.26 (1.21) 1.64 (1.44) NS

End of treatment n=36f n=36t
Leucocytes (x106 cells/1) 30 (34.1) 577 (3324) NS
Glucose (mmol/l) 2.75 (0.90) 2.79 (0.71) NS
Protein (g/l) 0.90 (1.10) 0.82 (1.11) NS

* For data not normally distributed, variable was log transformed and then tested.
t Other patients died.

fever (p=0.055), but no difference in mortality
or complications occurring at any time from
enrolment to discharge from the hospital was
observed. Nineteen patients required a change
of tteament because of one or more of the fol-
lowing: (i) they deteriorated clinically (defined
as deteriorating consciousness and no improve-
ment in meningeal irritation (Kernig and Bru-
dinski signs)); (ii) their presenting symptoms
worsened; (iii) persistent vomiting; (iv) persist-

ence of fever with temperatures higher than
38.8°C in the first 48-72 hours; (v) the 48 hour
CSF formula was unchanged.
Long term neurological, developmental, and

audiological sequelae are shown in table 4.
There were no differences between children
receiving dexamethasone and placebo. With
the use of stepwise multiple logistic regression,
independent predictors of hearing loss in-
cluded presence of neurological sequelae
(p=0.008, odds ratio 4.2, 95% confidence
interval (CI) 1.1 to 15.8) and initial CSF pro-
tein (p=0.085, odds ratio 2.7, 95% CI 0.8 to
8.7). The following were not confounders in
the force entry multivariate model: use of dex-
amethasone, response to therapy, initial CSF
glucose, initial CSF cell count, initial CSF pro-
tein, and duration of illness before presenta-
tion. No significant interactions were detected.
The predictor of neurological sequelae was
impaired consciousness at the time of admis-
sion (p=0.0002, odds ratio 9.5,95% CI 2.58 to
35.3).

Deaths
Since the mortality in our study was high, we
compared characteristics between survivors
and non-survivors in the groups (see table 5).
Six of the 12 deaths in the dexamethasone
group and three in the placebo group occurred
within 48 hours of arrival at the hospital (data
not shown). Figure 1 shows the Kaplan-Meier
estimates of the proportion of patients surviv-
ing to discharge in the two treatment groups (a
p=0.09, log rank statistic). In a Cox propor-
tional hazard model, only duration of illness
before presentation (> 4 days v 0-4 days,
p=0.0089, adjusted relative risk 4.13, 95% CI
1.34 to 12.73) and level of consciousness
(impaired consciousness v no impairment of
consciousness, p=0.027, adjusted relative risk
4.43,95% CI 0.99 to 19.85) were independent
predictors of mortality. The following were not
confounders in forced entry multivariate Cox
regression and were not included in the final
model: dexamethasone use, initial CSF glu-
cose, and initial CSF cell count. No significant
interactions were detected.

Discussion
Our study shows that adjunctive treatment
with dexamethasone was ineffective in reduc-

Table 3 Clinical course and outcome in patients with bacterial meningitis

Group receiving Group receiving
dexamethasone (n=48) placebo (n=41) Relative risk (CI)

No (%) with successful response 36 (75) 36 (88) 0.85 (0.7 to 1.04)
Mean (SD) days before resolution of fever 3.5 (2.7) 6.1 (8.1)
No (%) with change of antibiotic treatment 8 (17) 11 (27) 0.62 (0.28 to 1.40)
No (%) with complications 27 (57) 22 (54) 1.05 (0.72 to 1.53)

Secondary fever 20 (42) 14 (34) 1.22 (0.71 to 2.10)
Gastrointestinal bleeding 3 (6) 2 (5) 1.28 (0.22 to 7.30)
Subdural effusion 6 (13) 1 (2) 5.13 (0.64 to 40.84)
Dilated ventricles 6 (13) 1 (2) 5.13 (0.64 to 40.84)
Brain abscess 1 (2) 1 (2) 0.85 (0.06 to 13.23)
Optic atrophy 3 (6) 1 (2) 2.56 (0.28 to 23.70)
Cerebral atrophy 2 (4) - -
Sixthnervepalsy 2 (4) 1 (2) 1.71 (0.16to 18.17)
Cerebral infarction 2 (4)
Ventriculitis 1 (2) 1 (2) 0.85 (0.06 to 13.23)
SIADH 1 (2) 1 (2) 0.85 (0.06 to 13.23)

No (%) deaths 12 (25) 5 (12) 2.05 (0.79 to 5.33)

SIADH = syndrome of inappropriate antidiuretic hormone secretion.
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Table 4 Long term sequelae in patients with bacteri

Gro
dexi

Neurological and development sequelae (n at 12 34*
months)

No with sequelae 9
Mental retardation 3
Developmental and psychomotor delay 5
Motor abnormalitiest 4
Ataxia 2
Speech disorder 2
Epilepsy

Audiological sequelae (n at 1 month, n at 12 28,2
months)l
Mild/moderate at 1 month 11
Severe at 1 month 6
Mild/moderate at 12 months 10
Severe at 12 months 1

* 12 died during hospital stay, one died after discharge f
t Five died during hospital stay, one lost to follow up.
t In the dexamethasone treated group three children
developed paraparesis. In the placebo treated group ft
developed hemiparesis, one monoplegia and one general
¶ The number differs from the neurological assessment
lowed up in their villages when they did not come for foll
not be carried to the village.

Table S Characteristics of survivors and non-surviz

Group receiving dexameth,

Survivors Non-survi
(n=36) (n=12) t

Mean (SD) age (months) 38.1 (42.8) 36.6 (38.
No (%) at age (months):

2-6 9 (25) 4 (33)
7-12 11 (31) 2 (17)
> 12 16 (44) 6 (50)

Mean (SD) prior duration of 4.8 (4.9) 8.8 (6.1'
symptoms (days)

No (%) with symptoms
(days):
0-4 24 (67) 4 (33)
> 4 12 (33) 8 (66)

No (%) with impaired 18 (50) 10 (83)
consciousness

t Nine of 17 deaths occurred within 48 hours.

0)

.- 0)

a) c

c 'a
' o

0

Children still
hospitalised

100

80

60

o

Dexamethasone 4

Controls

Day

4

Figure 1 Kaplan-A
probability of remaini
the hospital. (Kaplan
patients surviving to
(p=0. 09, log rank sta
model, only duration
v 0-4 days, p=0. 008<
1.34 to 12.73) andle
consciousness v no im
adjusted relative risk
independent predictor

ing mortality
neurological seqi
meningitis. The
power to detect a

audiological seqi

al meningitis; values are number (%) neurological sequelae, but it was not powerful
enough to detect a reduction in mortality

amethasone(n=48) placebo (n=41) between treatment groups. Mortality in the
placebo group was lower than in the dexam-

35t ethasone group, but the difference was not sta-
(27) 8 (23) tistically significant. Although an overall
(9) 2 (6) mortality of 19% is higher than reported in
(12) 8 (23) most US and European studies, mortality in
(6) 3 (9) studies from Pakistan range between 18 and
(6) 1 (3) 29%.'7 " In our study, factors relating to late

26 32,125(3) presentation-duration of illness more than
four days and impaired consciousness at

(39) 11 (34) admission-were the only significant predic-

(39) 4 (16) tors of mortality. Other investigators have
(4) 1 (4) reported increased mortality in patients with

delays in diagnosis and impaired consciousness
from other causes, one lost to follow up. * 13 17 18 24 25at presentation. 118225Predictors of audio-
developed craniial nerve palsies and one logical sequelae included presence of
our developed cranial nerve palsies, two neurological sequelae and high initial CSF
lised spasticity.
because some of these children were fol- protein, and the predictor of neurological
low up, and audiological equipment could sequelae was altered consciousness at the time

of admission. Each of these markers of poor
.ors ofbatrileioutcome after bacterial meningitis suggests

that late presentation is an important risk
asone Group receiving placebo factor and that steroid use appears to be

ineffective in reducing these poor outcomes.
(n=36) (n=s)t The use of adjunct steroids for the treatment

of bacterial meningitis remains controversial.
4) 39.6 (44.2) 27.2 (38.5) Two meta-analyses of placebo controlled trials

13 (36) - have even reached different conclusions. Ha-
6 (17) 4 (80) vens et al 26 showed that dexamethasone

17 (47) - reduced neither mortality nor neurological4.1(3.2) 16.6 (6.3)
abnormalities at hospital discharge or later,
whereas Geiman and Seattle 27 concluded that

24 (67) - dexamethasone did not reduce mortality but
12 (33) 5 (100) did reduce neurological sequelae up to six
19 (53) 5 (100) weeks after discharge and reduced bilateral

hearing loss. The difference in neurological
sequelae in the dexamethasone treated groups
was sustained six months after discharge.
Explanations for the inconsistent audiological

Controls results include: (i) different patient populations
(estimates of hearing loss caused by bacterial
meningitis range from 2.4% l to 39% in our
study); (ii) various antibiotic regimens (ceftri-

Dexamethasone axone versus cefuroxime 28 and ceftriaxone ver-
sus ampicillin and chloramphenicol 29); and

I I (iii) lack of standardisation of diagnostic tests

) 10 20 30 to assess hearing loss in young infants.30 Few
studies of bacterial meningitis have had suffi-

Days after admission cient power to detect a statistically significant
difference in mortality between patients treated

[8 42 36 13 8 5 3 with adjunct dexamethasone and those treated
1 40 35 15 8 4 3 with placebo. Dexamethasone inhibits cy-
0 5 10 15 20 25 30 tokines and inflammation in the CSF, 31 32 and,
Ieier product limit estimates of the if given 15-20 minutes before antimicrobial
ing alive by the time of dischargefrom drugs,12 should inhibit the inflammatory re-
:-Meier estimates of the proportion of sponse after bacterial lysis by these drugs. One
discharge in the two treatment groups
tistic). In a Cox proportional hazards reason for the minimal response in our patients
of illness before presentation (>4 days receiving dexamethsone could be the longer
9 adjusted relative risk 4.13, 95% CI duration of illness and partial antimicrobial
evel of consciousness (impaired
pairment of consciousness, p=O. 027, treatment before admisson.
4.43, 95% CI 0.99 to 19.85) were Our study has several limitations. First, we
s of mortality. did not enrol sufficient patients to evaluate the

efficacy of dexamethasone for prevention of
and audiological and mortality caused by bacterial meningitis. In our

uelae in children with bacterial study, mortality was higher in children treated
study had sufficient statistical with dexamethasone, although the difference
a difference of 25% or more in in mortality between the groups did not
uelae and a 50% reduction in achieve statistical significance. Our overall
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results are similar to those obtained in a study
of children with bacterial meningitis from
Mozambique.'6 Although Ciana et al 16 ob-
served a reduction in early mortality from 22%
in children treated with ampicillin and chlo-
ramphenicol to 3% in children treated with
dexamethasone in combination with ampicillin
and chloramphenicol (p=0.03), overall
mortality was similar in the two groups (24% in
the dexamethasone treated group, 33% in the
antibiotics only group). Second, we did not
prospectively record the severity of the illness
in patients presenting with bacterial meningitis
(such as by using the Glasgow coma scale).
Thus we were not able to investigate the
relationship between severity of illness and
outcome. Third, no organism was isolated from
the CSF of more than 50% of our patients.
Many patients had received incomplete oral
courses of antibiotics before presentation at
our hospital. These partially treated patients
may have had undetected organisms resistant
to ampicillin and chloramphenicol. We were
not able to evaluate the impact of partial treat-
ment and undetected resistance on the out-
come. Fourth, although our hospital has a 10
bed intensive care unit with facilities for artifi-
cial ventilation, access is limited by bed
availability. We were not able to evaluate the
impact of bed availability in the intensive care
unit on the outcome because this information
was not recorded. Fifth, we were unable to
carry out pneumatic otoscopy or tympanogra-
phy and thus were unable to assess the middle
ear function at the time of admission. Sixth, the
possibility of the occasional misdiagnosis of
aseptic meningitis as bacterial meningitis
cannot be ruled out.
How then should children in developing

countries who present with bacterial meningi-
tis be treated? Perhaps the most important
conclusion of this study is that the emphasis
must remain on either prevention or early
diagnosis and referral, since factors associated
with delay predict increased mortality and
neurological and audiological sequelae. It is
possible that dexamethasone is beneficial in
selected patients who present early in the
course of the illness, but a recommendation to
administer adjunct dexamethasone for treat-
ment of bacterial meningitis in children in
developing countries appears to be premature
at this time. This study was conducted in the
referral and clinical situation that currently
exists in many poor countries. It accurately
represents the actual environment.
When resources are limited in both devel-

oped and developing countries, effective
strategies to prevent poor outcomes in children
with bacterial meningitis should probably
focus on the following: (i) immunisation
against bacteria causing meningitis (H influen-
zae) despite logistical challenges and costs
associated with vaccine administration; (ii)
rapid diagnosis and institution of antibiotic
treatment despite limited primary health care
facilities and laboratories8 28; (iii) continued
evaluation of appropriate antibiotic treatment
as resistance of common pathogens to ampicil-
lin and chloramphenicol becomes more wide-

spread. Currently, chloramphenicol is effective
against most strains of penicillin resistant S
pneumoniae and P-lactamase positive strains of
H influenzae,l although the clinical failure of
chloramphenicol for treatment of penicillin
resistant S pneumoniae strains has been
reported."3 In Pakistan, a third generation
cephalosporin costs approximately three times
as much as the ampicillin/chloramphenicol
combination. This difference prohibits use of
third generation cephalosporin as the drug of
choice for bacterial meningitis. The costs of
prevention and/or treatment of bacterial men-
ingitis in children remain substantial, but the
cost of adjunct dexamethasone in developing
countries such as Pakistan does not appear to
be justified at this time.
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