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ORIGINAL

Trial of dexamethasone treatment
for severe bacterial meningitis in adults

Abstract Objective: To evaluate
the clinical benefit of early adjunc-
tive dexamethasone therapy for se-
vere bacterial meningitis in adults.
Design: Multicenter, double-blind,
randomized trial initiated in emer-
gency or intensive care units in
France and Switzerland. Within 3 h
after initiation of an aminopenicillin
therapy, patients received dexam-
ethasone (10 mg q.i.d.) or placebo
for 3 days. The primary end-point
was the rate of patients cured with-
out any neurologic sequelae on day
30.

Results: Sixty patients were en-
rolled, predominantly with a severe
form since 85 % required ICU stay
and 43 % mechanical ventilation.
Streptococcus pneumoniae account-
ed for 31 cases and Neisseria menin-
gitidis for 18 cases. The study had to
be stopped prematurely because of a
new national recommendation of
experts to use third generation
cephalosporin and vancomycin as a
result of the increasing rate of peni-
cillin-resistant S. pneumoniae in
France. After the third sequential

analysis by the triangular statistical
test, the difference of rate of cured
patients without any neurologic se-
quelae was not statistically signifi-
cant (p = 0.0711) between the dex-
amethasone group (74.2%; n = 31)
and the placebo group (51.7 %;

n =29). Furthermore, the former
group was younger and less sick at
inclusion.

Conclusion: Bacterial meningitis is
still a severe disease in adults, since
the overall observed rate of death or
severe neurologic sequelae was
26.7 % . The reported data are in-
conclusive regarding a systematic
use of dexamethasone as an adjunc-
tive therapy for bacterial meningitis
in adults. Moreover this treatment
impairs antibiotic penetration into
the cerebrospinal fluid (CSF) that
can lead to therapeutic failure, par-
ticularly in areas with high or in-
creasing rates of penicillin-resistant
S. pneumoniae.
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Introduction

Despite antibiotic therapy and intensive care, bacterial
meningitis continues to be associated with unacceptably
high morbidity and mortality. Neurologic and audiolog-
ic sequelae has been reported in up to 38 % of children
with bacterial meningitis, mostly due to Hemophilus in-
fluenzae [1]. Neurologic sequelae are also frequent in

adults, observed in 17% of cases after pneumoccocal
meningitis and 6 % after Neisseria meningitidis meningi-
tis and associated with mortality rates of 19 % and 3 %,
respectively [2], with no significant reduction during
the last decades. After reaching the subarachnoid space,
bacteria or their components initiate an inflammatory
process, of which the main recognized mechanisms are
neutrophil and macrophage activation, and local pro-
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duction of cytokines, platelet activating factor and toxic
oxygen derivatives. Cerebral edema results from cyto-
toxicity, vasodilatation and increased blood brain barri-
er permeability and is responsible for neuronal cell dys-
function and destruction [3-5]. In animal models, corti-
costeroids significantly reduce the level of the inflam-
matory mediators and many of the pathophysiologic
consequences of bacterial meningitis [6].

Since 1988, six well designed randomized clinical tri-
als addressing the potential benefit of the adjunctive
role of dexamethasone (Dxm) therapy in bacterial men-
ingitis have been published [1, 7-11]. All but one in-
volved children with H. influenzae as a predominant
pathogen. Although these trials were not free of any
bias, four of them demonstrated a significant reduction
of hearing loss and neurologic sequelae [1, 7, 8, 10].
Moreover, in one study including 147 patients over
13 years old, Dxm was associated with an striking reduc-
tion in mortality in the subgroup of patients with pneu-
mococcal meningitis [8]. However, the results of these
trials must be used cautiously for the therapy of bacteri-
al meningitis of adults, in whom the most commonly re-
sponsible organisms are Streptococcus pneumoniae and
N. meningitidis.

The increasing prevalence of penicillin-resistant
strains of S. pneumoniae in many countries add more
complexity to the therapeutic problem. For the highly
resistant strains, normal or even high doses of penicillin
therapy do not achieve sufficient cerebrospinal fluid
concentrations to exceed the minimum bactericidal con-
centration of these strains. In this setting, an alternative
therapeutic approach has been proposed using broad-
spectrum cephalosporins and/or vancomycin [12]. Al-
though there has been concern that corticosteroids re-
duce the permeability of the blood-brain barrier and
thus the penetration of antibiotics, the phenomenon
was thought to have no clinical significance for suscepti-
ble strains of S. pneumoniae. However, Dxm has been
demonstrated significantly to reduce the penetration
and the rate of bactericidal activity of vancomycin in ex-
perimental meningitis induced by highly penicillin-resis-
tant strains of S. pneumoniae [13].

The objective of the study was to assess the clinical
benefit of an early Dxm adjunctive therapy in the man-
agement of severe bacterial meningitis in adults. Since
a French consensus conference recently stated that an
association of third generation cephalosporin and van-
comycin should be first considered for the treatment of
pneumococcal bacterial meningitis [14], the antibiotic
design of this study was no longer regarded as adequate
and the study had to be ended prematurely before defi-
nite conclusions could be reached.

Materials and methods
Patients selection

Eligible patients were adults 18-79 years of age, admitted to one of
the 21 participant emergency departments or intensive care units,
with clinical signs of presumed primary bacterial meningitis includ-
ing fever over 38°C, cloudy CSF or elevated white blood cell count
in CSF with more than 50% polymorphonuclear cells, and in
whom the first chosen empiric therapy was an aminopenicillin.
Those who had previously received more than one dose of paren-
teral betalactam antibiotic or any other adequate treatment for
more than 3 h, were excluded. Patients with septic shock, acute
post-surgical or post-traumatic meningitis, brain abcess, history of
hypersensitivity to betalactam antibiotics or to corticosteroids, or
organ transplantation were excluded. The protocol was approved
by the regional Ethical Committee and informed consent was ob-
tained from patients or close relatives.

Design of the study

This was a placebo-controlled, randomized and double-blind study
performed on two parallel groups which received either Dxm or a
placebo for 3 consecutive days. Each therapeutic unit of Dxm was
specially conditioned in a 10 mg/25 ml vial. The placebo was nor-
mal saline prepared in an identical manner. The patients received
one intravenous injection of a therapeutic unit every 6 h during
the first 3 days. The first dose was given within 3 h after the initia-
tion of antibiotic therapy. Randomization was stratified and equili-
brated by center. After the inclusion of a patient, the 3-day treat-
ment was delivered from the hospital pharmacy. The complete sim-
ilarity of the therapeutic units, placebo or Dxm, rendered the trial
blind for the patients, nurses, pharmacists and physicians. The
code was only broken by the methodologist at the end of the fol-
low-up period of successive groups of 20 patients.

The empiric initial antibiotherapy for all the patients was intra-
venous amoxicillin (150-300 mg/kg per day). Then, the dose was
adjusted by the physicians in charge of the patient, according to
the bacterium isolated and its resistance profile. The duration of
therapy was 10 days for N. meningitidis meningitis and 14 days for
S. pneumoniae.

Follow-up and evaluation

The primary outcome measure was the rate of patients cured with-
out any clinical neurologic sequelae 30 days after initiation of ther-
apy (day 30). For this purpose, patients were clinically evaluated
every day during the treatment; clinical examination, mental status
by Glasgow coma scale, severity of disease by the Simplified Acute
Physiologic Score (SAPS 1) [15], and Mini Mental Test were re-
corded on days 14 and 30. Each observation was reviewed by an ex-
pert committee which commented on the diagnosis and eventual
sequelae of the bacterial meningitis, being unaware of the thera-
peutic allocation. Mild sequelae were defined as sensory deficit (vi-
sual disturbances, hearing loss), mild ataxia or memory deficit, as-
sociated with headache or not, which did not require prolonged
hospitalization in an acute care facility. Severe sequelae were ob-
jective motor deficit and / or mental or consciousness changes
that still required hospitalization of the patients.
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Fig.1 Sequential analysis of 121
success rate by the triangular
test. See the Statistical Analysis 104

section in the text for explana-
tion

(20.64; 11.12)

Z=5.56+0.2694 V

Z=-5.56 +0.8082 V

Sample size calculation

Before the trial, the sample size was calculated according to the hy-
pothesis of a success rate with placebo of 70 % and a benefit to be
detected with Dxm set at 15%. The type I and II error rates were
chosen at the values of 0.05 and 0.10, respectively. With these con-
ditions, the required sample size using a single-stage design and a
one-sided test would have been 256. Anticipating that recruitment
would be difficult, and in order to stop the study as soon as suffi-
cient information had been collected, the study was planned with
the triangular test [16].

Statistical analysis
Sequential analysis

Briefly, the triangular test uses a sequential plan defined by two per-
pendicular axes (Fig. 1). The horizontal axis corresponds to the sta-
tistic V, which represents the quantity of information accumulated,
and the vertical axis to a second statistic Z, which represents the
benefit from the tested treatment. The two straight boundaries of
the test delineate a closed continuation region from the regions of
non-rejection of the inefficacy hypothesis (below the bottom line)
and of rejection of the inefficacy hypothesis (above the top line).
The boundaries need to be adjusted at each analysis, thus defining a
continuation region with a Christmas tree shape. At each analysis,
the two statistics, Vand Z, are calculated from all the data collected
since the beginning and define a point on the plan. As long as the
sample path, defined by consecutive points, stays within the bound-
aries, the study is continued. When the sample path crosses the
boundaries, the study is stopped: crossing the bottom boundary
causes the inefficacy hypothesis not to be rejected, while crossing
the top boundary causes it to be rejected. After evaluation of each
20 patients, the sequential analyses were performed on the main
end-point for efficacy with PESTstatistical software (version 3) [17].

Final analysis

A conventional statistical analysis was performed on secondary
end-points with the BMDP statistical software [18]. Student t-test
was used for the comparison of quantitative variables and Pearson
chi-sqare test or Fisher exact test for the comparison of qualitative
variables. Values are expressed either as the mean = SD or as fre-
quencies of observed values and corresponding percentages.

Results

Sixty-two adults were included in the trial. Two were ex-
cluded from analysis by the expert committee: one was
thought to have an acute viral meningitis and received
seven injections, the second was operated for a cerebral
anevrysm on day 7 and received 11 injections. Thirty-
one patients received dexamethasone and 29 received
placebo (Table 1). Although the mean age was higher
in the placebo group (5019 vs 40+ 19 years; p =
0.051), the mean previous health status was not different
as assessed by Knauss health status score and McCabe
score. The overall severity of disease during the first
day after admission, measured by SAPS I, was signifi-
cantly greater in the placebo group (14.3£5.7 vs
10.5 £ 6.4; p = 0.018). Most of the patients had to be ad-
mitted to an intensive care unit (25/29 and 26/31), re-
quiring endotracheal intubation in 15 cases in the place-
bo group and 11 cases in the Dxm group (p = 0.205).The
other nine patients (15%) were secondly transferred
from the emergency departments to medical wards. On
the day of enrollment, the Glasgow coma score was
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Table 1 Characteristics (per treatment group) of 60 adult patients
with bacterial meningitis

Table 2 Outcome per treatment group of 60 bacterial meningitis
in adults, 30 days after initiation of therapy

Placebo group Dxm group p Outcome Placebo group Dxm group
(n=29) (n=31) (n=29) (n=31)
Age (years) + SD 50+19 40 £ 19 0.051  Death < day 30 5 3
Males 17 (59) 17 (55) NS Severe neurologic sequelae 5 3
. Mild neurologic sequelae 4 2

Previous health status Cured without neurologic sequelae 15 (52) 23 (74)*
Good health (Knaus score) 24 (83) 27 (87) NS
McCabe score > 1 9 (31) 8 (26) NS *p=00711
Epilepsy 1(3) 3 (10) NS
Prior neurologic sequelae 0 2 (6) NS

Causal agents NS Table 3 Evolution of severity scores during therapy
S.pneumoniae 17.(59) 14 (45) Placebo group Dxm group p
N.meningitidis 7 (24) 11 (35) (n=29) (n=31)

Unknown 3 (10) 5(16)
Other 2(7) 1(3) Glasgow coma score on:

Heath status at J1 Day 1 11.2+34 122 +£2.4 NS
Glasgow coma scale 11.2+3.4 122+24 NS Day 2 11844 13237 NS
SAPS 1 143157 105+ 64 0018 Day 4 126 +3.4 13.9+2.8 NS

B I ’ Day 7 13.5+3.6 13.6 +3 NS
Day 14 14.0 £2.6 14+23 NS
SAPS on:
: ; Day 1 143 +5.7 105+ 6.4 0.018
grléiéjA in the placebo group and 12.2+2.4 in the Day 2 04167 57454 0.004
group. , Day 4 79+6 5+56 NS
Streptococcus pneumoniae accounted for 31 cases Day 7 6+ 6.8 48 + 62 NS
(52 %), N. meningitidis for 18 cases, Streptococcus bovis, Day 14 4.4+55 35+55 NS

H. influenzae, and Listeria monocytogenes for one case
each. Five of the 27 tested strains of S. pneumoniae
were of intermediate susceptibility to penicillin (0.1 pg/
ml < MIC < 1 ug/ml), two in the Dxm group and three
in the placebo group. The two patients in the placebo
group whose therapy was switched to cefotaxime and
to vancomycin plus rifampicin had severe neurologic se-
quelae. The patient in the treatment group whose thera-
py was switched to cefotaxime recovered, the other one
had a mild but demonstrated hearing loss on aminopen-
icillin therapy. The mean delay between the first menin-
geal symptom and lumbar puncture was similar in the
two groups (31 £29 vs 32 £ 19 h). The delay from lum-
bar puncture to the first injection of antibiotic was quite
high, but similar in the two groups (placebo: 78 + 80 min
vs Dxm: 66 + 74 min; p = 0.569). The first dose of Dxm
was injected 97 + 78 min after the initiation of antibiotic
therapy. All the patients, except two who died before,
completed the 3-day regimen of Dxm or placebo and re-
ceived a mean 11.7 =2 doses per patient.

Outcome

Thirty days after inclusion, the physical and neurologic
examination of survivors clearly distinguished six pa-
tients with mild neurologic sequelae from eight patients
with severe sequelae, among whom three died before
day 90 (Table 2). On day 30, 38 patients (63 %) were
cured without any neurologic sequelae. Figure 1 repre-
sents the triangular test and corresponding sample path.

After the third analysis, no conclusion was available.
Nevertheless, as stated above, the steering committee
decided to stop the trial. Median success rates were esti-
mated to be 52 % and 74 % for placebo and Dxm, respec-
tively (unbiased estimate taking into account the sequen-
tial nature of the analyses). This difference was not sig-
nificant (p = 0.0711). In the Dxm group, three patients
died before day 30, on day 23 (S. prneumoniae), day 20
(germ not identified) and day O (N. meningitidis); this
last patient died of shock not present at inclusion and re-
ceived only one dose of steroid. Among the three pati-
ents with severe sequelae, one ultimately died on day
50. In the placebo group, five patients died before day
30, respectively on days 1, 2, 5, 6, 12, all after S. pneumo-
niae bacterial meningitis. Two other patients with severe
sequelae died on days 39 and 43. There was no other
clear-cut or significant difference between the two
groups during the antibiotherapy period in the other clin-
ical data, neurologic, mental or severity scores (Table 3).

Adverse effects of therapy

Five adverse effects possibly related to the tested thera-
py were observed, two in the Dxm group (pain at injec-
tion, transient hyperglycemia requiring insulin therapy
over 3 days) and three in the placebo group (two gastric
ulcers with overt hemorrhage, 1 herpes zoster).
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Discussion

As confirmed by many reports, bacterial meningitis in
adults, as in children, still has a very poor prognosis,
since we found a 37 % rate of mortality or overall neuro-
logic sequelae and a 27 % rate of mortality or very se-
vere neurologic sequelae globally. The morbidity was
also elevated, 85 % of the patients had to be admitted
to intensive care units and 43 % had to be intubated.
This emphazises the actual need for trials to assess the
potential clinical benefit of anti-inflammatory adjunc-
tive therapy in this disease. The scarcity of such trials
may be explained by difficulties in the realization,
more than in the design, of the protocol. For ethical rea-
sons, the protocol was designed not to interfere with the
first antibiotic dose. It was accepted that the first injec-
tion of Dxm had to be given as long as 3 h after the initi-
ation of antibiotic therapy, since randomization and de-
livery of treatment might create some additional delay.
The mean observed delay was shorter, but longer than
the delay mentioned in some pediatric studies [1, 8, 10].
If the major effect of Dxm is to antagonize an increase
of cytokine CSF concentrations during the initial antibi-
otic therapy, as observed in pediatric patients with
Gram negative (H. influenzae) meningitis [19], this de-
lay may have resulted in a reduction in the corticoster-
oid efficacy.

Mortality and severe neurologic sequelae are more
common in adults and represent more easily measurable
end-points than hearing loss in children. However, the
lower incidence of the disease in adults necessitates a
multicenter study including the participation of the
emergency department medical staff, and a prolonged
period of inclusion. Over the study period, the protocol
must first assume the bacteriologic efficacy of the anti-
biotic regimen and a relative homogeneity of the treat-
ment. Empiric therapy by an aminopenicillin was an ad-
equate choice at the beginning of the trial, but no longer
acceptable by an expert consensus conference in 1996,
because of the increasing rate of penicillin-resistant S.
pneumoniae above 25% in French CSF isolates. Fur-
thermore, the recommended empiric therapeutic op-
tion, third generation cephalosporin plus continuous in-
fusion of vancomycin, is not compatible with Dxm ther-
apy, since steroids significantly reduce the penetration
of vancomycin into the CSF [13].

The premature end of the trial, and thus the low
number of patients included, did not allow definite con-
clusions to be reached, despite the encouraging results
of the sequential analysis. The triangular statistical test
is particularly well adapted to this type of trial, since
usually fewer patients than originally planned are re-
quired to reach statistical significance and the trial is
stopped as soon as a conclusion is reached. In this trial,
the observed non-significant reduction of mortality and
neurologic sequelae rates in the Dxm-treated patients

was limited by the observed differences between the
two groups. The Dxm group was significantly younger
and less sick than the placebo group of patients. Since
SAPS and Glasgow Coma Scale score were estimated
by using the worst values observed during the first 24 h
after admission and are not true pre-randomization
scores, a potential rapid effect of Dxm cannot be dis-
cussed. With these limits, the adverse effects of a short
3-day corticosteroid regimen were very low.

Before conclusive trials have been obtained, a 3-day
Dxm therapy may only be considered as an early rescue
therapy of severe bacterial meningitis in adults [20].
Since S. pneumoniae is the predominant pathogen in
these severe forms, it must also be reasonably assumed
that Dxm would significantly reduce the penetration of
antibiotics and could lead to therapeutic failure if the
minimum inhibitory concentration of the strain is abnor-
mally high. Decisions regarding the use of early Dxm
therapy in the treatment of bacterial meningitis in adults
needs careful consideration in areas with high inci-
dences of penicillin-resistant S. pneumoniae. The priori-
ty is still the complete adequacy of an early anti-infec-
tive therapy. As long as more fundamental research has
not provided antibiotics whose penetration into the
CSF are not impaired by corticosteroids, Dxm therapy
and trials will remain an unproved area.

The Adult Meningitis Steroid Group
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