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Dexamethasone therapy
for bacterial meningitis:
Better never than late?

SUSAN M KING MD CM, BARBARA LAW MD, JOANNE M LANGLEY MD, HELEN HEURTER RN, DIANE BREMNER MA,

ELAINE E WANG MD CM, RONALD GOLD MD

SM KinG, B Law, JM LanGLEY, H HEURTER, D BREMNER, EE WanG, R GoLp. Dexamethasone therapy for
bacterial meningitis: Better never than late? Can J Infect Dis 1994;5(5):210-215. A multicentre
randomized controlled trial was conducted in children with bacterial meningitis using dexamethasone or
placebo for four days within 24 h of starting antibiotics. Primary outcomes were hearing loss and
neurological abnormalities at 12 months after meningitis. The dexamethasone (n=50) and placebo (n=51)
groups were similar in age, severity of illness and etiological agent. Hearing loss occurred in 10% and 11%
of the dexamethasone and placebo groups and neurological deficits occurred in 20% and 18% of patients,
respectively. Duodenal perforation occurred in one dexamethasone-treated child. In conclusion, there was
no significant benefit in those receiving dexamethasone. The lack of benefit may have been due to the delay
in administration of dexamethasone (median delay of 11 h after antibiotics). Therefore, if dexamethasone
is used for meningitis it should be given immediately with the antibiotic.
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Traitement par dexaméthasone dans la méningite bactérienne : mieux vaut jamais
que tard

RESUME : Un essai controlé, randomisé, multicentrique a été effectué auprés d'enfants atteints de
meéningite bactérienne et traités a I'aide de dexaméthasone ou de placebo durant quatre jours dans les
24 heures de I'amorce de l'antibiothérapie. Les principaux signes ont été la perte d’audition et certaines
anomalies neurologiques douze mois apres la méningite. Les groupes sous dexaméthasone (n=50) et placebo
(n=51) étaient d'un age similaire, présentaient une maladie d'une gravité équivalente due au méme agent
étiologique. Une perte d'audition est a été enregistrée chez 10 et 11 % des sujets du groupe dexaméthasone
et placebo et les déficits neurologiques sont survenus chez 20 et 18 % des patients respectivement. Une
perforation duodénale est survenue chez un enfant traité par dexaméthasone. Nous en avons conclu qu'il
n'y a pas d'avantages significatifs a tirer de 'administration de dexaméthasone. L'absence d'effets favorables
peut avoir été attribuable au retard d’administration de la dexaméthasone (retard moyen de 11 heures
apres les antibiotiques). Par conséquent, si la dexaméthasone est utilisée dans la méningite, elle devrait
étre administrée immeédiatement avec I'antibiotique.

BACTERLAL MENINGITIS REMAINS A RELATIVELY COMMON
and serious disease (1,2). In Canada and the United
States, the incidence is about three cases per 100,000 per
year with a case fatality rate of 5 to 25% depending on
etiology and age. Although the prognosis following bac-
terial meningitis improved dramatically after the intro-

duction of antibiotics, there has been no major decline
in the morbidity and mortality in three decades (3). Still,
despite bacteriological cure there may be significant mor-
bidity. The incidence of long term sequelae in children
who survive bacterial meningitis is 25 to 50%. and hear-
ing loss alone occurs in 10% (range 5 to 30%) (4-6).
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Studies on the pathophysiology of bacterial meningi-
tis have shown that the bacteria in the cerebrospinal
fluid induce an inflammatory response in the sub-
arachnoid space, and this inflammatory process con-
tributes substantially to the adverse outcome of
meningitis (7-12). Corticosteroids were the first anti-
inflammatory agents to be studied, first in animal mod-
els and then in clinical trials as adjunctive therapy for
meningitis. In the animal models corticosteroids did
decrease the markers of inflammatory response in the
cerebrospinal fluid (13-15). In children dexamethasone
appears to reduce the sequelae of meningitis (16-19). In
animal models, the effect is diminished if dexametha-
sone is given after antibiotics (20-22). Since many chil-
dren receive a dose of antibiotic before the diagnosis of
meningitis is confirmed or before they are transferred
to a pediatric hospital, it is important to evaluate the
efficacy of dexamethasone if given after the initial dose
of antibiotic. The use of dexamethasone in children with
meningitis has been associated with gastrointestinal
hemorrhage and, therefore, both the benefits and risks
must be taken into consideration when using dexametha-
sone as adjunctive therapy for meningitis (23,24).

The purpose of this study was to determine the effect
of dexamethasone, in addition to standard antibiotic
therapy, on the outcome of bacterial meningitis in
infants and children when dexamethasone was given
within 24 h of the first dose of antibiotic.

PATIENTS AND METHODS

Patients: Infants and children one month to 18 years of
age who were admitted to the Hospital for Sick Children
in Toronto, Ontario, the Izaak Walton Killam Hospital in
Halifax, Nova Scotia and the Health Sciences Centre in
Winnipeg, Manitoba with the diagnosis of suspected bac-
terial meningitis were eligible for enrolment in the
study. The study protocol was approved by each insti-
tution’s research ethics review committee and informed
consent obtained from the parents or guardians of each
patient before enrolment. Children were excluded from
the study for any of the following: a history of antecedent
hearing or neurological disorder; a previous episode of
meningitis; congenital or acquired immunodeficiency
syndromes; the presence of a ventricular shunt: or
current use of steroids or a contraindication to the use
of steroids, such as peptic ulcer disease. Patients were
also excluded if they had received the first dose of
intravenous antibiotic 24 h or more previously.

The diagnosis of suspected meningitis was made on
clinical grounds by the admitting pediatrician. Patients
were eligible if, as well as the clinical diagnosis, the cell
count in the cerebrospinal fluid (csr) was more than
1000x10° white blood cells/L or between 100 and
1000x10° white blood cells/L with neutropenia or sep-
sis. Patients were also eligible if they were assumed to
have bacterial meningitis but were too unstable for a
lumbar puncture. In all cases the lumbar puncture was
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performed when stability was attained. Confirmed
cases of bacterial meningitis had more than 1000x10°
white blood cells/L in the csrF and at least one of the
following: bacteria seen on Gram stain, recovery of
bacteria or the presence of bacterial antigens. Patients
were evaluable if the etiological agent was Haemophilus
influenzae type b, Neisseria meningitidis, Streptococcus
pneumoniae or group B streptococcus. In addition,
cases were considered confirmed if there was csF pleo-
cytosis (greater than 1000x10° white blood cells/L) and
one of the bacteria listed above was recovered from
blood. Probable cases of bacterial meningitis were those
cases to whom antibiotics were given before csr was
obtained and those in whom no bacteria were identified
but the csr had greater than 1000x10° white blood
cells/L, of which more than 50% were polymorpho-
nuclear cells.

Treatment: Patients were treated with empirical intra-
venous antibiotics in accordance with the guidelines of
each institution. During the first two months of the
study cefuroxime was used for empirical therapy and
was received by six subjects. For the remainder of the
study period ceftriaxone was used for empirical therapy
except in infants under three months of age, for whom
ampicillin and cefotaxime were used. The standard
duration of antimicrobial therapy for an uncomplicated
case at the participating institutions is seven to 10 days
for H influenzae, five to seven days for N meningitidis,
seven to 14 days for S pneumoniae and 14 to 21 days
for group B streptococcus.

Patients were randomized to receive either dexa-
methasone or an equal volume of placebo (normal sa-
line) in a double-blind manner for four days. The
randomization was stratified by centre and by age greater
or less than five years. Dexamethasone sodium phos-
phate 0.6 mg/kg/day was given intravenously every 6 h.

Additional supportive care was administered accord-
ing to standard clinical practice at each institution.
Evaluation of therapy: At enrolment, patients were
assessed and scored by a pediatric study nurse or
investigator according to the pediatric Glasgow coma
scale and the Herson-Todd meningitis severity score
(25-27). Neurological status and temperature were
monitored daily throughout hospitalization. Persistent
fever (temperature over 38.5°C orally) was defined as
daily fever for more than five consecutive days. Secon-
dary fever was defined as a recurrence of fever after at
least 24 h without fever. In addition, complete blood
count, serum electrolytes, blood glucose and stool for
occult blood were monitored daily for the first four
hospital days.

Hearing was assessed at six weeks and one year after
discharge. Hearing tests were selected according to the
child’s ability to cooperate. Children under 24 to 30
months of age were tested by behaviour observational
audiometry or visual reinforced audiometry (28,29). If
clinically indicated, brainstem auditory evoked re-
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TABLE 1
Characteristics of the study patients on admission by
treatment group

TABLE 2
Laboratory characteristics of the study patients by treat-
ment group

Dexamethasone Placebo
- n=50 n=51
Median age in months 13 11
(range) (2-146) (1-1583)
Sex: number (%)
Male 25 (50) 20 (39)
Female 25 (80) 31 (61
Race: number (%)
Caucasian 40 (83) 38 (76)
Black 24 3 (6)
Other 6(13) 9 (18)
Median Herson-Todd 2 (0-4.5) 2 (0-6)
meningitis score (range)
Median Glasgow coma 12.5 (6-15) 13 (6-15)
score (range)
Number with seizures 8 (16) 11 (22)
before admission (%)
Number given oral anti- 14 (28) 14 (28)

biotics before admission (%)

sponses were performed. Hearing impairment was de-
fined as mild if the auditory threshold was 21 to 40 dB,
moderate if 41 to 70 dB, severe if 71 to 90 dB and
profound if greater than 90 dB. The diagnosis of sensori-
neural hearing loss was based on the results of at least
two hearing evaluations.

Complete physical and neurological examinations were
performed by a pediatric infectious disease specialist at
six weeks, six months and one year. Patients were as-
sessed by a pediatric neurologist and a clinical psycholo-
gist at six to 12 months after discharge. Children under
30 months of age were tested using the Bayley Scales of
Infant Development (Mental Development Index [MDi]
and Psychomotor Development Index [rDI]), two- to
four-year-olds using the Stanford-Binet and Wechsler
Preschool and Primary Scale of Intelligence, four- and
five-year-olds using the Wide Range Achievement Test
and children over six years old using the Wechsler
Intelligence Scale for Children (Third Edition).
Statistical analysis: Because the data were not always
distributed in a statistically normal fashion, differences
between the values for the two groups were tested for
significance with the Mann-Whitney U test. Differences
for frequencies were compared either by the X2 or
Fisher’'s exact test. P<0.05 was considered to be statis-
tically significant.

RESULTS
Study patients: Between March 1989 and June 1991,

118 patients were enrolled in the study, of whom 17
were excluded - nine from the dexamethasone group
and eight from the placebo group. The diagnoses of
excluded cases were aseptic meningitis (seven), entero-
viral meningitis (three), recurrent meningitis (one),
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Dexamethasone  Placebo
- ) n=50 ~ n=51
Number with bacteremia (%) 32 (65) 35 (70)
Etiological agent: number (%)
Haemophilus influenzae 29 (58) 28 (65)
type b
Streptococcus pneumoniae 7 (14) 6(12)
Neisseria meningitidis 7(14) 112N
Group B streptococci 12 0O
No isolate 6(12) 6(12)
Findings in cerebrospinal fluid at diagnosis*
Total white blood cells 307042510 295643221
(10°/L)
Protein (g/L 2.50+1.87 2.01+1.73
Glucose (mmol/L) 1.99+1.73 2.36+1.35
Positive Gram stain: 34 (71) 34 (67)
number (%)
Positive culture: number (%) 40 (80) 39 (77)

"Means are given + SD

pineal tumour (one) and other bacterial causes of men-
ingitis (five), including Escherichia coli (two), salmo-
nella (one), enterobacter (one) and H influenzae nontype
b (one). During the study period 12 eligible children were
inadvertently missed, nine parents refused consent and.
in two cases, the treating physicians refused because they
wanted to treat with dexamethasone. Of the remaining
101 patients, 50 were assigned to the dexamethasone
group and 51 to the placebo group.

Clinical and laboratory features: The two groups of
patients were similar in age, sex and race (Table 1). The
groups were also similar in the proportion who were
bacteremic and in the causative agent of meningitis.
with only 56% overall of the cases due to H influenzae
type b. Six patients in each group had no organism
isolated and were classified as probable cases of bacter-
ial meningitis. There were no statistically significant
differences between the groups in their clinical charac-
teristics or in their csr at enrolment (Table 2). In both
groups the median time from the first dose of intra-
venous antibiotic to administration of the study drug
was 11 h. Only eight patients in the dexamethasone
group and seven in the placebo group received the study
drug within 4 h of the first dose of antibiotic. Most
children received a third-generation cephalosporin as
empirical therapy — 92% in the dexamethasone group
and 88% in the placebo group. The antibiotic was
changed to a penicillin in 62 and 67% of the groups.
respectively, when the etiological agent was identified
as sensitive to penicillin or ampicillin.

Response to therapy - Long term sequelae: Ninety
three per cent of the children had one or more audiologi-
cal assessments (Table 3). Eighty-five per cent had a
second audiological assessment at one year after men-
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TABLE 3
Sequelae in study patients by treatment group

Dexamethasone  Placebo

Hearing impairment n=48 n=45
Mild loss (%) 3(6.3) 2(4.4)
Moderate-severe loss (%) 24.2) 3(6.7)
Any hearing loss (%) 5 (10.4) 51D

Neurological status n=46 n=44
Abnormal (%) 510.9 3(8.6)

Psychological status n=37 n=35
Abnormal/delay (%) 4(10.8) 3 (8.6)

Any sequelae (%) 10 (20) 9 (17.6)

TABLE 4
Outcome of meningitis by etiological agent
Any hearing Any deficit
Number loss (%) (%)

o D P b p D P

Haemophilus 29 28 11 14 22 29
influenzae

Streptococcus 7 6 29 17 43 17
pneumoniae

Neisseria 7 11 0 0 0] 0
meningitidlis

Group B 1 0 100 - 100 -
streptococcus

No isolate 6 6 0 0 0 0

All causes 50 51 10 11 20 18

D Dexamethasone; P Placebo

ingitis. All children with equivocal or abnormal initial
assessments had at least one further assessment. Five
children in each group had hearing loss with moderate
to severe losses in five cases — two in the dexamethasone
group and three in the placebo group. One child in each
group required a hearing aid.

There were no statistically significant differences
between the two groups in the incidence of one or more
types of neurological sequelae. The numbers of children
with any long term sequelae after meningitis were 10
(20%) and nine (17.6%) in the dexamethasone and
placebo groups, respectively (Table 3). There was a
single death during the study, in the placebo group on
day 2. Ninety per cent of the children had neurological
assessments at six to 12 months after meningitis. The
10 children not returning for neurological evaluation
were neurologically normal at the time of discharge
from hospital. Five children in the dexamethasone
group had persistent neurological abnormalities: mul-
tiple handicaps of hemiparesis, visual loss, seizures
and severe developmental delay (one); ataxia (one); mild
hypotonia (one); and speech delay (two). Three children
in the placebo group had persistent neurological abnor-
malities: multiple handicaps of hemiparesis, seizures
and severe developmental delay (one); gross motor de-
lay (one): and mild hypotonia (one). An additional five
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TABLE 5

Outcome of hearing loss after meningitis grouped by
age, empirical antibiotic and time to dexamethasone or
placebo

Number with any hearing loss

) Dexamethasone ~~ Placebo
Age (years)

<1 1/22 4/24

1-5 4/23 1/13

>5 0/5 0/9
Antibiotics

Cefuroxime 0/2 0/4

Ceftriaxone 4/36 5/33

Cefotaxime 0/10 0/7

Ampicillin 1/2 0/2
Time to dexamethasone or placebo (h)

<12 5/31 2/25

>12 0/19 3/21

children had neurological abnormalities at six weeks
after meningitis but were normal at 12 months after
meningitis. The abnormalities that resolved were mild
hemiparesis (two): sixth cranial nerve palsy (one):
ataxia (one); and developmental delay (one).

Seventy-two per cent of the children had psychomet-
ric assessments. In the dexamethasone group there
were four children with abnormalities: developmental
delay (one) and language delay (three). In the placebo
group there were three children with abnormalities:
developmental delay (one), gross motor delay (one) and
language delay (one).

The outcome of meningitis for each etiological agent

and for probable cases is shown in Table 4. Table 5
summarizes the hearing outcome by age group, antibi-
otic group and interval to the intervention. None of the
proportions were significantly different, although, given
the small numbers in each subgroup, there would be
limited power to detect even major differences in inci-
dence.
Course in hospital: As shown in Table 6, the median
number of days of fever was one day in the dexametha-
sone group and 1.5 days in the placebo group (P>0.05).
Fewer children in the dexamethasone group had pro-
longed primary fever - three (6%) compared with eight
(16%) in the placebo group (P<0.01). The incidence of
secondary fever was similar in both groups.

No significant differences were observed between the
groups in the incidence of electrolyte abnormalities,
hyperglycemia or hypertension. The percentage of chil-
dren whose stools were positive for occult blood were 29
and 23%, respectively. One child in the dexamethasone
group developed gastrointestinal bleeding with duode-
nal perforation on the second hospital day. This child
had no antecedent history, no family history and no
findings on physical examination that would have sug-
gested that she was at increased risk for gastrointes-
tinal bleeding. One child in the placebo group had
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TABLE 6
Clinical events in hospital in patients by treatment group

Dexamethasone Placebo

- - n=50 n=51
Number of deaths 0 1
Median hospital days (range) 8 (7-23) 8 (7-40)
Median days of fever per 1(0-10) 1.5 (0-24)
patient (range)
Median days of primary fever 1(0-10) 1(0-24)
per patient (range)
Number with primary fever 3 8"
(fever >5 days)
Number with secondary fever 4 3
Stool occult blood-positive (%) 29 23
Number with gastrointestinal I I
bleed

*P>0.01; "Perforation; *Disseminated intravascular coagulopathy

disseminated intravascular coagulopathy with bleeding
from many sites including the gastrointestinal tract.

The median length of stay in hospital was eight days
for both groups (range seven to 40).

DISCUSSION

Early studies of the use of dexamethasone in chil-
dren with bacterial meningitis suggested lack of efficacy
(30,31) but animal studies confirmed its anti-inflam-
matory effect in meningitis (13-15,20-22). Before the
start of this study two trials conducted at the same centre
found a beneficial effect of dexamethasone on hearing loss
after meningitis (16). However, in those trials the rate of
hearing loss was high compared with previous studies
(32-34). Based on the animal studies dexamethasone
would more likely be expected to be beneficial if given
early and, preferably, before administration of antibi-
otic (20,21). However, antibiotics are frequently admin-
istered to children before the diagnosis of meningitis
has been made and, therefore, the clinician must de-
cide whether dexamethasone would be beneficial after
the administration of antibiotic. This study was con-
ducted to determine whether dexamethasone given
within 24 h of antibiotic administration would decrease
hearing loss and neurological sequelae after meningitis.
No benefit was observed in long term sequelae.

This study was stopped early on the recommenda-
tion of the steering committee because of a conflict
between research and clinical practice. As approved by
each of the participating centre’s institutional ethics
review board, children were enrolled after informed
consent was obtained. Since antibiotics were always
started as soon as meningitis was diagnosed, but the

study drug was given after specific consent for the

study was obtained, a time interval was necessary
between administration of antibiotic and study drug.
During the present study the results of another similar
randomized controlled trial of dexamethasone in men-
ingitis were published (19). Many clinicians were con-
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vinced that if steroids were to be given they should be
given early, which is the recommendation of the Ameri-
can Academy of Pediatrics (23). Therefore, continuation
of the present study would have meant delay in the
administration of steroids, which would have been in
conflict with the new standard clinical practice.

The role of dexamethasone in children with meningi-
tis remains controversial (23,24). In two subsequent
randomized controlled trials, one supported (18) and
the other refuted (19) the benefit of dexamethasone.
Two factors that may have contributed to the differ-
ences in results among studies are the timing of ad-
ministration of dexamethasone and varying etiological
bacterial agents over time. The present study differed
from others in that the antibiotic was changed from a
third-generation cephalosporin to penicillin or ampi-
cillin if a penicillin- or ampicillin-sensitive organism
was identified. This management difference is unlikely
to have had an impact on the effect of steroids, since
any effect of steroids would likely have occurred early,
before the change in antibiotic.

In this study the median time between antibiotic and
dexamethasone administration was 11 h, with only
eight of the 50 cases in the dexamethasone group
receiving dexamethasone within 4 h. In the four trials
reporting efficacy, dexamethasone was given immedi-
ately before antibiotics in two (17,18) but the interval
was not reported for the other trials (16). In the trial
reporting lack of benefit, dexamethasone was adminis-
tered within 4 h (19). When hearing was assessed
within 24 h of admission hearing loss was found fre-
quently to be an early event (19). This is consistent with
previous literature on hearing loss in meningitis
(35,36). In the eight-year period over which these trials
were conducted (1984 to 1992), the introduction of the
H influenzae type b (Hib) vaccine has resulted in a
decreased incidence of Hib disease (37). In early trials
the proportions of cases due to H influenzae were 77 to
78% (16) and in recent trials 56 to 58% (17-19). Currently
the proportion of cases due to H influenzae is even lower
and, therefore, generalizing the results of these studies
to current practice must be done with caution.

Given the potentially life-threatening adverse com-
plication of gastrointestinal bleeding in up to 2% of
dexamethasone recipients in these trials without any
observed evidence of benefit of therapy, there is no
basis for administering dexamethasone after intra-
venous antibiotics have been started. The power of this
study is limited and a larger randomized controlled trial
would be necessary to determine the relative efficacy of
dexamethasone before and after antibiotics. In the face
of a decreasing incidence of disease due to H influenzae
such a trial is probably not feasible. A meta-analysis of
the trials to date may be useful in evaluating the
relationship between the time of administration of dexa-
methasone and efficacy in reducing hearing loss and
neurological sequelae.
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