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Dexamethasone treatment for bacterial
meningitis in children and adults
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Four hundred twenty-nine patients with bac-
terial meningitis were assigned on a nonselec-
tive alternating basis into one of two therapeutic
regimens. Patients in Group I received dexa-
methasone in addition to standard antibacterial
chemotherapy of ampicillin and chlorampheni-
col whereas those in Group II received antibac-
terial chemotherapy alone. Dexamethasone was
given intramuscularly (8 mg to children younger
than 12 years and 12 mg to adults every 12
hours for 3 days). Both treatment groups were
comparable with regard to age, sex, duration of
symptoms and state of consciousness at the time
of hospitalization.

A significant reduction in the case fatality
rate (P < 0.01) was observed in patients with
pneumococcal meningitis receiving dexametha-
sone; only 7 of 52 patients died compared with
22 of 54 patients not receiving dexamethasone.
A reduction in the overall neurologic sequelae
(hearing impairment and paresis) was observed
in patients receiving dexamethasone. This re-
duction was significant only in patients with
Streptococcus pneumoniae meningitis; none of
the 45 surviving patients receiving steroids had
hearing loss whereas 4 of 32 patients not receiv-
ing dexamethasone had severe hearing loss (P
< 0.05). No significant difference was observed
between the two groups with regard to time for
patients to become afebrile or to regain con-
sciousness or in the mean admission and 24- to
36-hour cerebrospinal fluid leukocyte count,
glucose or protein content.

INTRODUCTION

Despite the introduction of newer and more potent
antibacterial agents, the mortality from bacterial men-
ingitis is still high and age-dependent, ranging from 5
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to 10% for Neisseria meningitidis and 5 to 30% for
Haemophilus influenzae and Streptococcus pneumo-
niae." 2 Permanent neurologic sequelae occur in 10 to
20% of survivors.>* Several factors are involved in the
pathophysiologic mechanisms by which destruction
and dysfunction of the brain cells occur as a result of
the inflammatory process.® Bacteria gain access into
the cerebrospinal fluid (CSF) where logarithmic mul-
tiplication and bacterial destruction occurs. The cell
wall components stimulate the production of cyto-
kines such as interleukin 1 and cachectin (tumor
necrosis factor) in the central nervous system.®” Both
these factors increase the disruption and dysfunction
of the blood-brain barrier composed of cerebral capil-
lary endothelial cells,” increasing passage of serum
proteins and migration of polymorphonuclear leuko-
cytes from the blood into the CSF.® Adhesiveness of
the circulating neutrophils to the capillary endothe-
lium wall is increased, probably mediated by chemo-
tactic factors.® The increase in breakdown of bacterial
cell walls and release of endotoxin and other active
components causes thrombosis and vasculitis of the
blood vessels leading to areas of necrosis in the brain
tissue. This increases cytotoxic and vasogenic brain
edema and obstruction of the CSF pathways, leading
to intracranial hypertension.® 1°

Dexamethasone therapy in experimental animals
reduces significantly the production of interleukin 1
and tumor necrosis factor activity, neutrophil adhe-
siveness, CSF lactate concentrations and prostaglan-
din E; concentrations which appear to play a role in
disruption and dysfunction of the blood-brain barrier
and in promoting meningeal inflammation. Dexa-
methasone therapy in this model reduces inflamma-
tion in CSF and reduces brain edema and intracranial
pressure.” 10-13

Results of clinical studies to evaluate the efficacy of
corticosteroids in meningitis have been inconclusive
and controversial."**® Only recently has dexametha-
sone been shown to be of benefit in infants and
children with bacterial meningitis.}™°

The aim of this study was to evaluate the use of
dexamethasone administered in conjunction with an-
tibacterial chemotherapy in the treatment of menin-
gitis in children and adults. The study was started in
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1983 in Cairo, Egypt, at the joint Abbassia Fever
Hospital/Naval Medical Research Unit No. 3
(NAMRU-3) meningitis ward. This hospital is a re-
ferral center for all febrile patients from the greater
Cairo area (population 10 million).

PATIENTS AND METHODS

This was an open prospective study. Patients of all
ages and both sexes who presented with signs and
symptoms of acute bacterial meningitis were assigned
according to a predesigned randomization chart on a
nonselective alternating basis into one of two thera-

peutic regimens. One received dexamethasone and .

ampicillin and chloramphenicol and the other received
ampicillin and chloramphenicol only. This antibiotic
regimen is the routine therapy recommended by the
Ministry of Health for treating children and adults
with meningitis. The trial was approved by the Egyp-
tian Ministry of Health and the NAMRU-3 Commit-
tee for the Protection of Human Subjects. Informed
consent was obtained from the patient’s parents or
guardians before enrollment into the study.

A diagnostic lumbar puncture was performed upon
admission and the CSF was examined for total and
differential leukocyte count, glucose and protein con-
centrations and bacteriologically by Gram-stained
smear and culture. Blood was drawn for complete
blood count, culture, glucose, blood urea nitrogen,
alanine aminotransferase, aspartate aminotransferase
and creatinine concentrations. Repeat CSF and blood
examination were carried out after 24 to 36 hours and
again 7 days after initiation of therapy.

Ampicillin (160 mg/kg/day in four divided doses)
and chloramphenicol (100 mg/kg/day in four divided
doses) were administered intramuscularly to children
and adults. Patients in Group I received dexametha-
sone which was administered concomitantly with the
first dose of antibiotic (8 mg to children younger than
12 years and 12 mg to adults every 12 hours for 3
days). Antibacterial chemotherapy was stopped in
both groups after 8 days, except in 10 patients in
Group I and 15 in Group II who were still febrile or in
whom the CSF examination was still abnormal. In
these patients therapy was extended for 2 to 3 days.

Patients were examined ophthalmologically includ-
ing fundus examination and neurologically twice
weekly during their hospitalization, then once
monthly during the follow-up period of 6 months.
Estimation of hearing was performed once patients
were alert enough and then monthly for 6 months.
The definition of hearing loss followed the 1965 Amer-
ican Society of Audiology guidelines. Hearing loss was
graded as mild if the loss was from 15 to 80 dB,
moderate from 80 to 110 dB and severe if greater than
110 dB. An audiometer (Beltone®) was used to evalu-
ate adults and larger children. For smaller children
who could not be measured by this instrument, hearing

was tested by whispered voice, conversational voice
and drum rattles with a pressure sound level meter
(SPL) placed near the ear to determine the decibels
of SPL (A scale) presented. If the whispered voice was
not heard hearing loss was considered to be more than
40 dB SPL (mild). If the conversational voice was not
heard hearing loss was more then 80 dB SPL (mod-
erate), and if drum rattles were not heard hearing loss
was more than 110 dB SPL (severe). Ophthalmologic
and ear, nose and throat examinations were performed
by the ophthalmology and ear, nose and throat serv-
ices.

Statistical evaluation was carried out using a test
for two proportions from independent groups. Fisher’s
exact test was used to assess differences in proportions
and the Student’s ¢ test was used for numerical vari-
ables.

RESULTS

Of the 470 patients enrolled into the study according
to the protocol, only 429 from whom organisms were
isolated from the CSF or were present on Gram-
stained smear of the CSF were included in the final
analysis (Table 1). The remaining 41 patients were
excluded because the CSF and blood cultures were
sterile and no organism could be seen on Gram-stained
films of the CSF; 15 received steroids and 1 died; 26
did not receive steroids and 1 died. These patients
gave histories of having received high doses of appro-
priate antibiotics before hospitalization, whereas pa-
tients in whom organisms were seen or cultured usu-
ally reported having taken one or two doses of inade-
quate antibiotics. The most frequently used antibiotics
before hospitalization were ampicillin, tetracycline or
trimethoprim/sulfamethoxazole. Of the 429 patients
included in the final analysis, there were 278 males
and 151 females, ranging in age from 3 months to 60
years (mean, 12.5 years). Two hundred ten patients
received antibiotics plus dexamethasone (Group I) and
219 received antibiotics alone (Group II). Patients in
both groups were comparable in age, sex, duration of
symptoms before hospitalization and state of con-
sciousness at the time of hospitalization (1% alert,
35% drowsy and 64% comatose) (Table 2). One
hundred thirty-three patients in Group I and 140 in
Group II were comatose. The delay between the onset
of symptoms and admission (Table 2) contributed to
the morbidity at admission. One hundred seventy-
eight patients in Group I and 192 in Group II received
inadequate treatment for 3 to 5 days before admission
to the hospital.

The case fatality rate was significantly lowered in
patients receiving dexamethasone; 20 of 210 patients
treated with antibiotics and dexamethasone died com-
pared with 42 of 219 receiving antibiotics alone (P <
0.01). This reduction was significantly different for
patients with S. pneumoniae meningitis; 7 of 52
(13.5%) for Group I died compared with 22 of 54
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TABLE 1. Causative organism in 429 patients with
bacterial meningitis
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TABLE 3. Mortality and mental status of patients with

bacterial meningitis

Treatment
Group I° Group 1I°

Gram- Gram-

Total Culture stained Total Culture stained

smear smear

Neisseria 132 90 42 135 85 50
meningitidis

Streptococcus 52 42 10 54 46 8
pneumoniae

Haemophilus 26 20 6 30 2 8

influenzae 210 152 58 219 153 66

4 Treated with dexamethasone, ampicillin and chloramphenicol.
b Treated with ampicillin and chloramphenicol,

TABLE 2. Clinical presentation of patients with

meningitis®
Group I* Group II°
Sex
Male 143 135
Female 67 84
Age (years) (mean + SD) 13.85 + 8.58 12.92 + 8.75
Duration of symptoms
prior to admission
(days)
<2 32 (4)¢ 23 (4)
2-4 128 (8) 152 (24)
>4 50 (8) 44 (14)
State of consciousness on
hospitalization
Alert 3(0) 3(0)
Drowsy 74 (2) 76 (6)
Comatose 133 (18) 140 (36)

® There were no statistically significant differences between the two groups.
5 Treated with dexamethasone, ampicillin and chloramphenicol.

¢ Treated with ampicillin and chloramphenicol.

¢ Numbers in parentheses, number of deaths.

(40.7%) for Group II (P < 0.002) (Table 3). The
permanent neurologic sequelae seen on discharge and
during the 6-month follow-up period were reduced in
patients treated with dexamethasone (Table 4), but
significant benefit occurred only in patients with S.
pneumoniae meningitis where none of the 45 surviving
patients in Group I developed hearing loss whereas 4
of 32 in Group II became deaf (P < 0.05) (Table 4).
Audiometric evaluations could not be done in children
younger than 4 years of age because responses could
not be determined. The mean time for patients to
become fully alert and afebrile was similar in both
groups: 5.60 + 2.80 days to become fully alert in Group
I compared with 5.25 = 2.35 days in Group II (P >
0.05) and 4.65 + 2.55 days to become afebrile in Group
I compared to 4.75 £ 2.45 days in Group II (P > 0.05).
There were no significant differences in the mean
admission and 24- to 36-hour CSF leukocyte count,
glucose or protein concentrations between the two
groups (Table 5).

DISCUSSION

The results of this study in children and adults are
in agreement with the recently published studies in
children where dexamethasone was useful in reducing
the neurologic sequelae (especially bilateral moderate

Duration of

Age (Years) Symptoms before

Organism Hospitalization (Days)

<6 6-12 13-25 >25 <2 2-4 >4
Neisseria meningitidis
Group I°

Total no. 21 62 31 18 26 86 20

No. comatose 16 25 15 10 7 47 12

No. drowsy 5 35 15 8 19 36 8

No. alert 0 2 1 0 0 3 0

No. deaths 2 1 1
Group II°

Total no. 23 53 39 20 16 109 10
No. comatose 17 35 20 15 8 70 9
No. drowsy 6 15 19 5 8 36 1
No. alert 0 3 0 0 0 3 0
No. deaths 3 1 2 4 1 8 1
Streptococcus pneumoniae
Group I
Total no. 18 15 4 15 5 32 15
No. comatose 15 14 2 10 2 26 13
No. drowsy 3 1 2 5 3 6 2
No. deaths 3 2 1 1 2 2 3
Group II
Total no. 22 12 8 12 7 34 13
No. comatose 16 11 3 7 3 24 10
No. drowsy 6 1 5 5 4 10 3
No. deaths 8 2 3 9 2 11 9
Haemophilus influenzae
Group I
Total no. 26 1 10 15
No. comatose 16 1 6 9
No. drowsy 10 0 4 6
No. deaths 7 0 3 4
Group II
Total no. 30 0 9 21
No. comatose 16 0 8 8
No. drowsy 14 0 1 13
No. deaths 10 0 5 5

@ Treated with dexamethasone, ampicillin and chloramphenicol.
b Treated with ampicillin and chloramphenicol.

TABLE 4. Permanent sequelae in the 367 surviving
patients with bacterial meningitis

Group I* Group II®
No. No.
.N.O' with se- .N.O' with se-
living living
quelae quelae
Neisseria meningitidis 126 4 125 4¢
Streptococcus pneumoniae 45 0 32 4¢
Haemophilus influenzae 19 of 20 [
190 4 177 8

¢ Treated with dexamethasone, ampicillin and chloramphenicol.

b Treated with ampicillin and chloramphenicol.

¢ 1 hemiparesis, 1 unilateral severe hearing loss, 2 bilateral severe hearing loss.
42 hemiparesis, 1 unilateral severe hearing loss, 1 bilateral severe hearing loss.
¢ 4 bilateral severe hearing loss, P < 0.05.

f Hearing could not be properly evaluated because of age (see text).

TABLE 5. Cerebrospinal fluid findings on hospital
admission and after 24 to 36 hours of therapy

Dexamethasone and Antibiotics Only

CSF Fmdmg Antibiotics
Admission  24-36 hours  Admission  24-36 hours

Leukocytes 24 000 % 15 200° 3180 + 2800 20 500 =+ 17 300 4100 + 3200

(cells/mm?®)
Glucose (mg/ 12.5 £ 10.1 222+ 171 182143 353265
dl)
Protein (mg/ 310 £ 214 295 + 228 270 + 180 250 = 170
dl)

¢Mean = SD.
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or greater hearing loss) in patients with meningitis.*
We noted a significant decrease in the overall case
fatality rate in patients with pneumococcal meningitis
receiving dexamethasone (P < 0.002). This might be
a result of the fact that dexamethasone prevents the
severe pathologic lesions that occur with pneumococ-
cal meningitis and cause leptomeningeal vasculitis of
the venules, capillaries and arterioles with fibrin clot
occlusion of the vessels resulting in necrosis and
edema of brain tissue.?

Dexamethasone also significantly reduced the inci-
dence of hearing loss in patients with pneumococcal
meningitis but not in those with meningococcal men-
ingitis. This may be because the course of the disease
and the pathologic damage in patients with N. men-
ingitidis was less severe and the damage to the cochlear
and nerve endings occurred before hospitalization. We
previously reported that hearing loss was directly re-
lated to the duration of symptoms before initiation of
therapy?! and that the use of dexamethasone in pa-
tients with tuberculous meningitis reduced the ocular
complications but did not cure the irreversibly dam-
aged optic nerves.”? Lebel et al.'” found that dexa-
methasone reduced hearing loss in children with H.
influenzae meningitis. We were unable to evaluate
hearing loss in our children with H. influenzae because
they were too young for conventional audiometric
evaluation and we did not have brainstem-evoked
response audiometry available for use.

Lebel et al.'” *® found a significant reduction in the
CSF leukocytes and an increase in glucose content 24
hours after initiation of antibiotic and steroid therapy.
We did not detect these changes. This may be because
most of our patients were usually treated before
hospitalization? and because our follow-up examina-
tion was performed approximately 24 hours later than
that in the Dallas patients.

From our study and those recently published in
children'™*® it appears that dexamethasone treatment
improves outcome as demonstrated by reduced case-
fatality rates, particularly in pneumococcal meningi-
tis, and by reduced incidence of neurologic sequelae,
especially hearing loss. We believe dexamethasone
should be considered for treatment of patients with
bacterial meningitis.
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