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Penicillin- and Cephalosporin-Resistant Pneumococcal
Meningitis: Treatment in the Real World and in Guidelines
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ABSTRACT To report on the therapy used for penicillin- and cephalosporin-resistant
pneumococcal meningitis, we conducted an observational cohort study of patients admit-
ted to our hospital with pneumococcal meningitis between 1977 and 2018. According to
the European Committee on Antimicrobial Susceptibility Testing (EUCAST) recommenda-
tions, we defined pneumococci as susceptible and resistant to penicillin with MIC values
of #0.06 mg/L and . 0.06 mg/L, respectively; the corresponding values for cefotaxime
(CTX) were #0.5 mg/L and .0.5 mg/L. We treated 363 episodes of pneumococcal men-
ingitis during the study period. Of these, 24 had no viable strain, leaving 339 episodes
with a known MIC for inclusion. Penicillin-susceptible strains accounted for 246 episodes
(73%), penicillin-resistant strains for 93 (27%), CTX susceptible for 58, and CTX resistant
for 35. Nine patients failed or relapsed and 69 died (20%), of whom 22% were among
susceptible cases and 17% were among resistant cases. During the dexamethasone pe-
riod, mortality was equal (12%) in both susceptible and resistant cases. High-dose CTX
(300 mg/Kg/day) helped to treat failed or relapsed cases and protected against failure
when used as empirical therapy (P = 0.02), even in CTX-resistant cases. High-dose CTX is
a good empirical therapy option for pneumococcal meningitis in the presence of a high
prevalence of penicillin and cephalosporin resistance, effectively treating pneumococcal
strains with MICs up to 2 mg/L for either penicillin or CTX.

KEYWORDS antibiotic resistance, cefotaxime, ceftriaxone, bacterial meningitis

S treptococcus pneumoniae remains one of the most feared causes of bacterial menin-
gitis, historically showing the highest morbidity and mortality among community-

acquired cases and still presenting as the most frequent cause in Europe (1, 2). Treating
bacterial meningitis has become even more difficult since penicillin-resistant strains
arose as causes of meningitis in the late 1970s (3, 4), with many case reports or case se-
ries in the 1980s and 1990s reporting treatment failures. Crucially, these strains were also
resistant to antibiotics such as cotrimoxazole, tetracycline, and chloramphenicol (5–9)
and may be fully susceptible, intermediate, or resistant to third-generation cephalospo-
rins and other beta-lactams (8). The numbers differed by country and geography, and
although the causes are not clear-cut, the overuse of beta-lactam antibiotics and the
spread of efficient strains have been widely invoked as major contributors (10–16).

Penicillin-resistant pneumococci represent a major threat in terms of both antimi-
crobial resistance and global public health (17, 18). In Spain, the number of resistant
cases had grown to almost40% of pneumococcal meningitis cases by 1997 (11), with
similar growth seen in many other countries (10, 13–15). After confirming penicillin
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failure (5), we have several therapeutic options based on research, recommendations,
and clinical assumptions (19–25). Failure has also been reported with standard menin-
geal doses of third-generation cephalosporins (9, 21). However, clinical trials are diffi-
cult to perform due to the low number of cases and dramatic disease course of pneu-
mococcal meningitis, resulting in limited evidence-based knowledge about how to
treat penicillin- and cephalosporin-resistant disease. Animal models have shed some
light (26–34), with guidelines for bacterial meningitis often relying on results from
these studies or expert opinion (35, 36). Current European guidelines recommend
standard meningeal doses of a third-generation cephalosporin to treat cephalosporin-
resistant strains.

Given our near 40-year experience treating penicillin-resistant pneumococcal men-
ingitis, we sought to report on the outcomes of therapy for penicillin- and/or cephalo-
sporin-resistant pneumococcal meningitis in a real-world setting.

RESULTS
Clinical and laboratory characteristics. Between 1977 and 2018, we attended 363

episodes of pneumococcal meningitis, of which 24 were diagnosed by means without
viable strain (pneumococcal antigen, Gram stain, or the strain was not available for
MIC determination), leaving 339 episodes with known susceptibility data. Among these
episodes, 246 (73%) were due to susceptible strains and 93 (27%) were due to resistant
strains. Data on vaccination status prior to the episode are available from 2004 to
2018, corresponding to 128 episodes. Forty-one (32%) had a pneumococcal vaccine
previous to the meningitis episode, and it was the pneumococcal polysaccharide vac-
cine (Pneumovax 23) in all cases.

Fig. 1 and 2 summarizes the evolution over time. Tables 1 to 3 summarize the de-
mographic characteristics, infection source, clinical and laboratory data, therapy and
evolution, and comparison of penicillin-susceptible and penicillin-resistant cases. The
groups had no major differences. However, cases due to resistant strains were associ-
ated with higher prehospital antibiotic use and lower cerebrospinal fluid (CSF) culture
positivity, were more common in cases with solid or hematological neoplasm or with
immunodeficiency, and were less often associated with posttherapy seizures and the
need for antiseizure therapy. Clinical characteristics were similar on admission, with
9.8% presenting with shock, 34% having a Glasgow coma scale score#8, and 13% pre-
senting with seizures before therapy. Patients with cefotaxime (CTX)-resistant strains
had fewer seizures after therapy despite groups receiving antiseizure prophylaxis in
the same proportions. Blood cultures were positive in 79% of episodes, again without
differences between groups.

Since 1987, 220 cases (65%) received corticosteroids and 54% received antiseizure pro-
phylaxis. Sequelae developed in 21% of cases, with hearing loss the most frequent.
Overall, 69/339 patients (20%) died, with neurological causes being more frequent than
systemic. Resistance to penicillin or a third-generation cephalosporin was unrelated to
mortality (P values of 0.344 and 0.742, respectively). Strains with a penicillin MIC . 1 mg/L
or resistance to a third-generation cephalosporin were associated with therapeutic failure
(P values of 0.001 and 0.009, respectively).

Microbiological characteristics. The penicillin MICs were 0.03 mg/L for 173 strains,
0.06 mg/L for 73 strains, 0.12 mg/L for 12 strains, 0.25 mg/L for 12 strains, 0.5 mg/L for
17 strains, 1 mg/L for 13 strains, 2 mg/L for 29 strains, and 4 mg/L for 10 strains. In total,
35 strains were resistant to a third-generation cephalosporin (MICs of 1 mg/L for 29 strains
and 2 mg/L for six strains), but none were both resistant to a third-generation cephalospo-
rin and susceptible to penicillin.

The capsular type could be determined in 241 cases. Nevertheless, for some isolates
collected before 1990, only serogroup data were available. Overall, serotype 3 was
most frequent with 25 isolates, followed by serotype 8 (n = 16), 9V (n = 14), 19A
(n = 11), 10A (n = 9), 23F (n = 9), 14, 18C, and 24F and 6B (n = 8, each). Among penicillin
resistant strains (MIC . 0.06 mg/L) serotypes 9V (n = 14), 14, 19A, 23F,and 6B (n = 7,
each) were the most frequent. Furthermore, these five serotypes were also associated
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with cefotaxime resistance (MIC . 0.5 mg/L) serotypes 9V (n = 7), 14 (n = 5), 19A
(n = 5), 23F (n = 4),0 and 6B (n = 4). Including oldest strains of serogroups 19, 23, and 9,
these five serotypes accounted for 67% and 100% of penicillin- and cefotaxime-resist-
ant strains. Molecular typing (either PFGE or MLST) could be determined for 175 strains,
the most frequent clonal complexes (CC) were: CC156 (n = 20, serotypes 9V, 14, 11A),
ST97 (n = 9, serotype 10A), CC81 (n = 8, serotypes 23F and 19A), CC260 (serotype 3,
n = 8), and CC180 (serotype 3, n = 7). All strains belonging to CC156 and CCT81 were
resistant to penicillin. Mortality was present among patients with strains belonging to
at least 18 serogroups. The most frequent among patients who died was serotype 8
with seven patients followed by serotypes 12, 14, and 19A with three each.

Therapy outcomes. Table 2 shows the role of different antibiotics as initial or final
therapy in penicillin and/or cephalosporin-resistant pneumococcal meningitis. Beta-lac-
tams were used as empirical therapy alone in 75% of episodes and as final therapy in 82%.

Since introducing dexamethasone (1987 to 2018), we used the following therapeu-
tic regimens as empirical therapy in 220 episodes: penicillin (n = 3), third-generation
cephalosporin (n = 163; of these, 135 with high-dose CTX and 28 with meningeal doses
of ceftriaxone (CRO) to a 4 g maximum dose), vancomycin (n = 12), a third-generation
cephalosporin plus vancomycin (n = 12), vancomycin plus rifampin (n = 10), CRO plus
ampicillin (n = 14), and the rest with other antibiotics. Among the cases treated during
the dexamethasone period, 200 patients (90%) received beta-lactam monotherapy as
their final treatment: 36 received high-dose CTX and the rest received meningeal doses
of CRO (usually 4 g). Another eight patients received vancomycin and another nine

FIG 1 Evolution of penicillin and cefotaxime resistance and total number of episodes of S. pneumoniae meningitis.
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received vancomycin plus rifampin as part of different studies (19), while three received
vancomycin plus CRO.

Table 3 shows the evolution of the different episodes by penicillin and cephalosporin
susceptibility. Global mortality was similar between penicillin-susceptible (53/246; 22%)
and penicillin-resistant (16/93; 17%) cases and between cephalosporin-susceptible (9/58;
16%) and cephalosporin-resistant (7/35; 20%) cases. Among the cephalosporin-resistant
cases, mortality was 24% (7/29) in cases with an MIC of 1 mg/L (six received high-dose
CTX and one received CRO). Six cases with an MIC of 2 mg/L survived after receiving
high-dose CTX (n = 4), high-dose CTX plus vancomycin (n = 1), or vancomycin plus rifam-
picin (n = 1). Concerning early mortality, penicillin-resistant cases (7/93; 8%) tended to
have lower mortality than penicillin-susceptible cases (36/246; 15%) (P = 0.081), includ-
ing mortality due to early sepsis (1 [,1%] versus 9 [4%] cases, respectively).

Overall mortality was also lower in the dexamethasone period (27/220; 12%), and we
found no differences among penicillin-susceptible (18/147; 12%), penicillin-resistant
cephalosporin-susceptible (4/42; 10%), and cephalosporin-resistant (5/31, 16%) cases. No
major differences in mortality existed among the different empirical therapy groups.

Therapeutic failures and case analysis. Among the nine therapeutic failures (2.6%),
four had penicillin-susceptible disease (4/246; 2%), two relapsed after penicillin therapy
due to unresolved otic pathology (cases 1 and 2; Table 4), and two received vancomycin
(cases 5 and 6; Table 4). In the penicillin-resistant cephalosporin-susceptible group, one
patient (1/58 2.2%) with a penicillin MIC of 4 mg/L experienced penicillin treatment fail-
ure (case 3, Table 4). In the cephalosporin-resistant group, four cases failed (4/35, 14%
P = 0.001): two receiving vancomycin (alone or with rifampicin) with low vancomycin lev-
els (cases 4 and 9) and two receiving CRO with MICs of 1 and 2 mg/L. Ultimately, all four
cases had good outcomes with high doses of CTX.

Due to the relapses in these cases, we use high-dose CTX (300 mg/Kg/d) routinely as
both empirical therapy and for highly resistant cases. No patients treated with high
doses of CTX failed or relapsed and its use appeared to protect against treatment failure
(P = 0.02). Vancomycin alone as initial therapy was statistically significantly related to
treatment failure (P = 0.002). Among patients in the dexamethasone era, six out of 220
(2.7%) experienced therapeutic failure, with a higher frequency among cephalosporin-

FIG 2 Number of meningitis episodes caused by PCV7 serotypes, additional PCV13 serotypes, additional PPSV23 serotypes, and nonvaccine types (other).
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TABLE 1 Clinical and laboratory characteristics and outcomes of patients with meningitis due to penicillin-susceptible and -resistant
S. pneumoniae

Susceptibleb Resistantc P valuea Total
Characteristics N = 246 (73%) N = 93 (27%) N = 339
Age median (IQR) 58 (42 68) 56 (40 66) 58 (42 67)
Gender (female) 104 (43%) 47 (51%) 0.184 151 (45%)
Hospital acquired 11 (4%) 8 (9%) 0.138 19 (6%)
Recurrent episode 31 (13%) 13 (14%) 0.710 44 (13%)
Any underlying disease 99 (40%) 40 (43%) 0.624 139 (41%)
Solid or hematologic neoplasm 10 (4%) 9 (10%) 0.044 19 (6%)
Immunodeficiency 1 (0.4%) 4 (4%) 0.021 5 (1.5%)
Previous antibiotic 49 (20%) 31 (33%) 0.010 80 (24%)

Source of infection
Unknown 41 (17%) 14 (15%) 0.719 55 (16%)
Pericranial fistula 73 (30%) 30 (32%) 0.644 103 (30%)
Sinusitis 8 (3%) 5 (5%) 0.103 13 (4%)
Otitis 96 (39%) 32 (34%) 0.446 128 (38%)
Pneumonia 24 (10%) 8 (9%) 0.746 32 (9%)
Endocarditis 2 (1%) 2 (2%) 0.308 4 (1%)
Other 2 (1%) 2 (2%) 0.308 4 (1%)

Other clinical characteristics
Fever 209 (87%) 81 (88%) 0.814 290 (87%)
Shock 24 (10%) 9 (10%) 0.988 33 (10%)
Headache 168 (72%) 66 (74%) 0.632 234 (72%)
Nuchal stiffness 209 (85) 77 (84% 0.530 286 (85%)
Nausea/vomiting 135 (63%) 53 (64%) 0.939 188 (64%)
Coma admission (Glasgow# 8) 88 (36%) 25 (27%) 0.130 113 (34%)
Cranial nerve palsy 25 (10%) 6 (6%) 31 (9%)
Hemiparesis 40 (16.5%) 9 (9.8%) 0.123 49 (14.6%)

Seizures 75 (30.7%) 23 (25.3%) 0.328 98 (29.3%)
Before therapy 30 (12%) 15 15 (17%) 0.340 45 45 (13%)
Seizures after therapy 44 (18.4%) 8 (8.8%) 0.031 52 (15.8%)

Laboratory test
CSF cloudy/purulent 205 (88%) 39 (91%) 284 (89%)
Median CSF WBC (IQR) 2435 (504 5798) 2168 (509 6900) 2400 (530 5800)
CSF hypoglycorrhachia 189 (83%) 82 (91%) 0.076 271 (86%)
CSF proteinorrhachia.5 g 86 (39%) 39 (44%) 0.452 125 (41%)
Positive CSF Gram’s stain 187 (82%) 73 (81%) 0.837 260 (82%)
Positive CSF culture 216 (92%) 73 (81%) 0.008 289 (89%)
Positive blood culture 177 (79%) 66 (79%) 0.918 243 (79%)
Thrombocytopenia 23 (10%) 5 (6%) 0.208 28 (9%)

CT scan on admission 149 (61%) 61 (66%) 210 (62%)
Abnormal CT scan on admission 66 (44%) 26 (43%) 92 (44%)

Median total hospital days (IQR) 17 (11 25) 18 (12 29) 17 (11 26)
Relapse or failure 4 (1.6%) 5 (6.6%) 0.041 9 (2.6%)

Sequelae 46 (24%) 11 (14%) 0.231 57 (21%)
Epilepsy 5 (3%) 2 (3%) 7 (3%)
Cranial nerve palsy 7 (4%) 3 (4%) 10 (4%)
Hearing impairment 13 (7%) 1 (1%) 0.082 14 (5%)
Hemiparesis 3 (2%) 2 (3%) 5 (2%)
Hydrocephalus shunt 4 (2%) 0 4 (1%)
Combination/other 14 (7%) 3 (4%) 13 (5%)

Total mortality 53 (22%) 16 (17%) 0.344 69 (20%)
aP, 0.05 was considered significant.
bSusceptible MIC$0.06 mg/L, range,0.03 to 0.06 mg/L.
cResistant MIC.0.06 mg/L, range 0.12 to 4 mg/L.
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TABLE 2 Therapy for S. pneumoniaemeningitis both susceptible and resistant to penicillin

Initial antibiotic therapy Susceptibled N = 246 Resistante N = 93 P valuec Total N = 339
Penicillin 79 7 86
Ampicillin 2 2 4

Total penicillins 81 9 90
Failure or relapse 2 1 3
Cured 52 5a 55
Dead 27 3 30

Cefotaxime/HDCTX 105/99 50/47 155/146
Failure or relapse 0 0 0
Cured 89/86 41/39 130/125
Dead 16/13 9/8 25/21

Ceftriaxone 26 9 35
Failure or relapse 0 2b 2
Cured 22 5 27
Dead 4 2 6

Total 3rdG cephalosporins 132 59 191
Ceftriaxone1 ampicillin 12 2 14
Total beta-lactams 225 (91%) 70 (75%) 0.00 295 (87%)
Chloramphenicol 1 1 2

Vancomycin 7 8 15
Failure or relapse 3 1b 4
Cured 3 7 10
Dead 1 0 1

Vancomycin1 rifampicin 5 5 10
Failure or relapse 0 1b 1
Cured 4 4 8
Dead 1 0 1

CRO/CTX1 vancomycin 5 7 12
Failure or relapse 0 0 0
Cured 5 7 12
Dead 0 0 0

Other 4 2 6

Final antibiotic therapy
Penicillin 86 3 89
Ampicillin 3 2 5
Total penicillins 89 5 94
Cefotaxime 18 39 57
Ceftriaxone 130 32 162
Total 3rdG cephalosporins 148 71 219
Total Beta-lactams 238 (97%) 76 (82%) 0.00 313 (92%)
Chloramphenicol 0 2 2
Vancomycin 4 8 12
Vancomycin1 rifampicin 5 4 9
CRO/CTX1 vancomycin 0 3 3
Median antibiotic days (IQR) 10 (10 14) 10 (10 14) 10 (10 14)

Other therapies
Dexamethasone6mannitol 147 (125) (60%) 74 (50) (80%) 0.00 221 (175) (65%)
Antiseizures therapy 73 (30.8%) 18 (20%) 0.051 91 (27.9 %)
Antiseizures prophylaxis 118 (49.2%) 59 (66.3%) 0.006 177 (53.8%)
Mechanical ventilation 84 (35.3%) 30 (33.7%) NS 114 (34.8%)

aThree increasing doses of penicillin and two switching to third-generation (3rdG) cephalosporin when MIC was known.
bAll cured switching to high dose of cefotaxime (300 mg/Kg/d).
cP, 0.05 was considered significant.
dSusceptible MIC$ 0.06mg/L, range,0.03 to 0.06 mg/L.
eResistant MIC.0.06 mg/L, range 0.12 to 4 mg/L.
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resistant cases (4/31; 15%) (P = 0.005). In fact, cephalosporin resistance was significantly
associated with therapeutic failure (P = 0.002).

Analysis of sequelae. The number of sequelae varied between groups, occurring in 46
of 193 (24%) survivors with susceptible strains and six of 28 (22.2%) survivors with CTX resist-
ance, and both being higher than the five of 49 (11%) with penicillin-resistant strains suscep-
tible to CTX. The numbers were similar in the dexamethasone period, with 28 of 129 (22%)
susceptible cases, six of 26 (24%) cephalosporin-resistant cases, and three of 38 (8%) penicil-
lin-resistant but cephalosporin-susceptible cases experiencing sequelae (P = 0.04). Hearing
loss was 13/246 (5%) in susceptible cases and 1/93 (2.2%) in resistant cases (P = 0.082).
Globally, we observed a pattern of less mortality, less early mortality, fewer sequelae, and
less hearing loss among patients with penicillin-resistant CTX-susceptible strains.

DISCUSSION

This study included a large series of patients with beta-lactam-resistant pneumo-
coccal meningitis and covered the evolution of resistance and therapy in a real-world
setting over 3 decades. This revealed that patients with penicillin resistance and sus-
ceptibility are similar except for the former having more comorbidities and/or contact
with the health system. However, patients with strains resistant to penicillin but sus-
ceptible to cephalosporins seemed to have better outcomes, with a clear tendency to
have less mortality, less early mortality, and fewer sequelae, including hearing loss.

Our experience also revealed that penicillin and ampicillin should be avoided due
to the high prevalence of therapeutic failure from the beginning of the resistance era
(5). In addition, vancomycin monotherapy appeared unsafe and produced multiple
therapeutic failures, usually due to erratic CSF vancomycin levels (19). Using dexameth-
asone may contribute to erratic CSF levels (27, 28, 37), but given that this treatment is
mandatory in pneumococcal meningitis, vancomycin monotherapy should be avoided.
An alternative is to use vancomycin plus rifampin, which has superior efficacy to vanco-
mycin monotherapy despite concomitant dexamethasone use. Only one therapeutic
failure occurred due to low serum vancomycin levels when using this approach, but
this was readily cured with high doses of CTX. The short experience with the other
nine patients, all cured without major problems, may suggest that vancomycin plus
rifampin might be a good alternative in cases with true allergy or toxicity associated
with beta-lactam use. Experience in an animal model corroborates our experience (28).

Standard meningeal doses of CRO (50 mg/Kg/d) or CTX (200 mg/Kg/d) were useful for
treating pneumococcal meningitis due to penicillin-resistant strains fully susceptible to
third-generation cephalosporins (MIC # 0.5 mg/L); however, our experience revealed that
they could fail in cases with higher MICs. This experience prompted us to use high-dose
CTX (300 mg/Kg/d) as empirical therapy in all cases until the MIC was known and to main-
tain this therapy in cases due to strains with MICs of 1 or 2 mg/L. Our experience with this
practice has been very good, with no cases of therapeutic failure when used for empirical
therapy and evidence that it was a good final therapy option. Consistent with this, doses
of 300 mg/Kg/d are recommended in French guidelines (38) for empirical therapy. The
equivalent dose of CRO (100 mg/Kg/d) has not been used by us because the manufacturer
advised against using doses exceeding 4g/24 h, which makes the 100 mg/Kg/d option
available only to people weighing #40kg. Recent experience in France, where high doses
of CRO are recommended for empirical therapy (39), has revealed excellent evolution and

TABLE 5 Recommendations for definitive therapy by the MIC of cefotaxime

Cefotaxime
MIC Therapya

,1 mg/L Ceftriaxone 100 mg/Kg with 4 g as maximum dose
1 to 2 mg/L Cefotaxime 300 mg/Kg/d in 4 divided doses
.2 mg/L Cefotaxime 300 mg/Kg/d in 4 divided doses1 vancomycin 30 mg/Kg/12 h
Allergy Vancomycin 30 mg/Kg/12 h1 rifampicin15 mg/Kg/24 h 900 mg/24 h maximum dose
aAlways check serum vancomycin levels when using vancomycin. Avoid penicillin, ampicillin, and vancomycin as
monotherapy.
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a very low number of adverse events. The high doses of CTX we use have also proven to
be safe with the concomitant use of dexamethasone, and in cases resistant to CTX/CRO,
without adding vancomycin. Current European guidelines (36) recommend standard me-
ningeal doses in cases with MICs ,2mg/L to third-generation cephalosporins, which may
be not enough according to our experience, and also recommend adding vancomycin in
cases with an MIC of 2 mg/L, which may not be necessary.

Based on our experience, we have proposed some updates to treatment recom-
mendations, as shown in Table 5. Using high-dose CTX, and possibly CRO given the ex-
perience in both this study and in French settings, and especially if confirmed by wider
experience, might require considering S. pneumoniae with MICs of 1 and 2 mg/L to
CTX/CRO as “susceptible at increased doses” rather than “resistant.” Vancomycin plus a
third-generation cephalosporin might be another good option for empirical and defini-
tive therapy, consistent with recommendations in several guidelines (36). We use
vancomycin with a third-generation cephalosporin (high-dose CTX) because standard
meningeal doses of third-generations cephalosporin represent a more dangerous
option in this context. Using high-dose CTX then makes concomitant vancomycin
unnecessary, at least up to an MIC of 2 mg/L for CTX. In cases with higher MICs, it
would be safe to add the second antibiotic later. Despite these informative results, our
study is limited by the cohort design and a long study period that has seen many im-
portant changes in medical practice; however, this is also a major strength of the study,
showing how penicillin and cephalosporin resistance can be handled effectively.

In conclusion, high-dose CTX (300 mg/Kg/d) is a good empirical therapy option for
pneumococcal meningitis in settings with high levels of penicillin and cephalosporin
resistance. It is also a good option for treating cases where the MIC is#2mg/L for peni-
cillin or CTX/CRO. Care should be taken to avoid penicillin, ampicillin, or vancomycin
monotherapy.

MATERIALS ANDMETHODS
This is an observational cohort study of patients admitted with pneumococcal meningitis to a large

university hospital in Barcelona between 1977 and 2018, where all cases of bacterial meningitis have
been routinely recorded using a 120-variable protocol. Our hospital admitted patients as young as
7 years old between 1977 and 1994, but since then, it has only admitted patients aged $14 years. For
analysis, we included all episodes of meningitis due to S. pneumoniae, defined as follows: (i) clinical find-
ings of meningitis with S. pneumoniae isolated in the blood or CSF; (ii) in the absence of positive cul-
tures, detecting Gram-positive diplococci in the CSF Gram stain; or (iii) the detection of pneumococcal
antigen in the CSF or PCR determination in the CSF.

Meningitis was diagnosed by inflammatory parameters in the CSF, as the presence of at least 5 white
blood cells (WBC)/mm3 or positive CSF culture. Pneumococcal isolates were identified and serotyped at
the Spanish Pneumococcal Reference Laboratory. Antibiotic susceptibility was determined systemati-
cally. MICs for penicillin, CTX, and other antibiotics were determined by microdilution, using commercial
panels from the Sensititre system (TREK Diagnostic Systems Ltd.) according to the European Committee
on Antimicrobial Susceptibility Testing (EUCAST) recommendations and criteria (40). We therefore con-
sidered S. pneumoniae strains penicillin-susceptible with MICs #0.06 mg/L, penicillin-resistant with
MICs.0.06 mg/L, CTX-susceptible with MICs#0.5 mg/L, and CTX-resistant with MICs.0.5 mg/L.

Since 1987, all patients with either suspected pneumococcal meningitis or a CSF pressure $30cmH2O
received dexamethasone (4 mg every 6 h for 48 h, started before or with the first antibiotic dose) and seiz-
ures prophylaxis with phenytoin.

Patients admitted between March 1988 and January 1989 have been included in a clinical trial of intra-
venous (IV) vancomycin (19), while patients admitted between March 1993 and March 1996 were included
in a trial of vancomycin plus rifampin versus high-dose CTX. Otherwise, empirical and final therapy con-
sisted of beta-lactams in all remaining periods: IV penicillin (150 to 180 mg/Kg/day), high-dose IV penicillin
(300 mg/Kg/day), or a third-generation cephalosporin, which usually involved 4 g CRO or a standard me-
ningeal dose (200 mg/Kg/day) or a high dose of CTX (300 mg/Kg/day). Between 1977 and 1986, patients
received 14 days of therapy, but between 1987 and 2018, they received 10 days of therapy.

All patients were evaluated daily and underwent complete hematological and biochemical tests. All
patients surviving pneumococcal meningitis were monitored as outpatients and followed to resolution
of all symptoms or consideration of sequelae 3 months after the initial infection. Neurological sequelae
included epilepsy, hearing loss, cranial nerve palsy, hydrocephalus needing a shunt, and/or hemiparesis.

Mortality during hospitalization was recorded and the mechanism of death was classified as early
sepsis or neurological (first 48 h), late neurological, or not neurological. Therapeutic failure was consid-
ered if the illness recurred, which we defined as a rise in fever and meningeal signs and symptoms after
a clear initial improvement or after symptom resolution and therapy completion.
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Statistical analysis. Continuous variables are expressed as means 6 standard deviations or as me-
dian with interquartile ranges (Q1 to Q3). For descriptive analysis, categorical data were compared using
the chi-square test or Fisher exact test, and continuous data with the t test or Mann–Whitney U test.

Ethics. The Ethics Committee of our center approved this study (EOM016/21) and waived the neces-
sity of informed consent due to the observational nature of the study with the guarantee of anonymous
data collection.
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ABSTRACT 
Objectives: This study details the accumulated experience of more than 31 years using a low-dose systematic dexa-
methasone protocol with mannitol and antiseizure prophylaxis for the treatment of suspected pneumococcal meningitis.
Methods: Data have been prospectively collected for the period1977–2018. From 1987, patients with suspected 
pneumococcal meningitis received 12 mg dexamethasone followed by 4 mg/6 h for 48 h, started before or with the first 
antibiotic dose. They also received (1) a single intravenous dose of 0.5–1 g/Kg mannitol, and (2) antiseizure prophylaxis 
with phenytoin.
Results: In total, 363 episodes of pneumococcal meningitis were recorded. Of these, 242 were treated with the dexa-
methasone protocol after 1987 and 121 were treated without the protocol. Overall mortality was 11.6% (28/242) among 
patients treated with dexamethasone and 35% (43/121) among those treated without dexamethasone (p¼ 0.000). Early 
mortality was significantly lower at 5.8% (14/242) with dexamethasone and 24% (29/121) without dexamethasone 
(p¼ 0.000). Finally, neurological mortality was significantly lower at 7.4% (18/242) with dexamethasone and 23% (28/ 
121) without dexamethasone (p¼ 0.000).
Conclusions: A low dose of dexamethasone along with a single dose of mannitol and antiseizures prophylaxis might be 
useful for reducing both overall and early mortality in pneumococcal meningitis in adult patients.
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Introduction

Pneumococcal meningitis is the most common cause of 
bacterial meningitis among adults in Europe and is traditio-
nallyassociated with higher morbidity and mortality [1,2]. 
In-hospital mortality in the 1980s was around 30% in most 
hospitalsand it was frequently observed that patients deter-
iorated after starting antibiotic therapy [3,4]. Sometimes 
patients needed intubation due to reduced consciousness, 
and starting corticosteroid therapy was of no benefit at 
this point. This led tocontroversy around the utility of dexa-
methasone in the setting of pneumococcal meningitis 
[5–7]. However, several studies in animal modelsreported 
an inflammatory cascade that started with antibiotic treat-
ment, usually beta lactam antibiotics. They demonstrated 
that a lytic mechanism exposed parts of the cell wall, trig-
gered the inflammatory response, and multiplied its dele-
terious effects [8,9]. The idea of preventingthese effectswith 
prophylactic dexamethasone began to gain traction.

In late eighties, clinical deterioration and high mortality 
after starting antibiotic therapy for pneumococcal meningi-
tis led our hospital to introduce a dexamethasone proto-
col, starting with a loading dose of 12 mg (either before or 
with the antibiotic), followed by 4 mg doses every 6 h for 
48 h. The protocol includeda single dose of mannitol and 
seizure prophylaxis with phenytoin [10,11] since acute 
symptomatic seizures may occur shortly after an insult to 
the brain because infection cause inflammatory responses 
increasing neuronal excitability that could lead to seizures.

After its implementation in 1987, mortality dropped 
from 35% to 12% and the protocol became standard 
care. In 2002, a Dutch randomised clinical trial confirmed 
the utility of dexamethasone in a similar protocol (10 mg 
every 6 h for 4 days), achieving a drop in mortality to 
12% [12]. The use of dexamethasone for bacterial men-
ingitis has since been implemented worldwide, with its 
place in the armamentarium for pneumococcal meningi-
tis firmly established. Nevertheless, because we achieved 
a similar drop in mortality, we decided to continue with 
the lower 4 mg dose every 6 hoursfor just 2 days.

This study detailsour accumulated experience for over 
31 years with theroutine use of low-dose dexametha-
sone, mannitol, and antiseizure prophylaxis for pneumo-
coccal meningitis.

Material and methods

Study design and participants

We conducted an observational cohort study of patients 
admitted with pneumococcal meningitis to a large 

university hospital in south metropolitan Barcelona 
between 1977 and 2018. Since 1977 all cases of bacterial 
meningitis have been routinely recorded using a 120- 
variable protocol. The hospital admitted patients as 
young as 7 years old between 1977 and 1994, but since 
then, has only admitted patients aged �14 years.

Treatment protocol

Diagnosis of meningitis
For analysis, we included all episodes of meningitis due 
to S. pneumoniae, defined as follows: (1) clinical findings 
of meningitis, with S. pneumoniae isolated in the blood 
or cerebrospinal fluid (CSF); (2) in the absence of posi-
tive cultures, detecting gram-positive diplococci in the 
CSF Gram stain; or (3) pneumococcal detection in CSF 
by antigen (Binax) or PCR.

Meningitis was diagnosed by inflammatory parameters 
in the CSF, as the presence of at least 5 white blood cells 
(WBC)/mm3 or positive CSF culture. Pneumococcal isolates 
were identified by standard procedureand serotyped at 
the Spanish Pneumococcal Reference Laboratory. Antibiotic 
susceptibility was determined systematically. Minimum 
inhibitory concentrations (MIC) for penicillin, cefotaxime/ 
ceftriaxone, and other antibiotics were determined by 
microdilution, using commercial panels from the Sensititre 
system (TREK Diagnostic Systems Ltd), according to the 
European Committee on Antimicrobial Susceptibility Test-
ing (EUCAST) criteria [13]. We considered S. pneumoniae 
strains penicillin-susceptible for MICs �0.06 mg/L, penicil-
lin-resistant for MICs > 0.06 mg/L, cefotaxime-susceptible 
for MICs �0.5 mg/L, and cefotaxime-resistant for MICs 
>0.5 mg/L.

Management of meningitis
From 1987, all patients with either suspected pneumococ-
cal meningitis or a CSF pressure �30 cmH2O received 
dexamethasone as follows: a first dose of 12 mg followed 
by 4 mg every 6 h for 48 h, started before or with the first 
antibiotic dose. Patients also received a single 0.5–1 g/Kg 
intravenous (IV) dose of mannitol over 10 min and anti- 
seizure prophylaxis with phenytoin at an initial dose of 
18 mg/Kg/day, followed for the duration of antibiotic ther-
apy by 2 mg/Kg every 8 hoursafter the first 24 h. Patients 
with renal or heart failure did not receive mannitol, and 
patients with electrocardiographic abnormalities did not 
receive phenytoin.

Patients admitted between March 1988 and January 
1989 were included in a trial of IV vancomycin [14], and 
patients admitted between March 1993 and March 1996 
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were included in a trial of vancomycin plus rifampin versus 
high-dose cefotaxime. Otherwise, patients received beta- 
lactams: IV penicillin (250–300,000 U/Kg/day), high-dose IV 
penicillin (500,000 U/Kg/day), or a third-generation cephalo-
sporin, which usually involved4 g of ceftriaxone or a stand-
ard meningeal dose (200 mg/kg/day) or a high dose of 
300 mg/Kg/day of cefotaxime [11]. Between 1977 and 
1986, patients received 14 days of antibiotic therapy, but 
between 1987 and 2018, they received 10 days of therapy.

Outcomes

All patients were evaluated daily and underwent compre-
hensive hematological and biochemical testing. An electro-
encephalogram was also performed, regardless of the 
presence or absence of seizures. Clinical outcomes were 
assessed at the time of hospital discharge using the Glas-
gow Outcome Score (GOS): 1¼ death, 2¼persistent vege-
tative state, 3¼ severe disability, 4¼moderate disability, 
and 5¼good recovery. A GOS of 5 was considered a good 
clinical outcome and a GOS of 1–4 was considered an 
unfavourable outcome.All patients surviving pneumococcal 
meningitis were monitored as outpatients and followed to 
resolution of all symptoms or consideration of sequalae 
3 months after the initial infection. Relevant neurological 
sequalae included epilepsy, hearing loss, cranial nerve palsy, 
hydrocephalus needing a shunt, and hemiparesis.

Mortality during hospitalisation was recorded and the 
mechanism of death was classified as early sepsis or 
neurological (first 48 h), late neurological, or not neuro-
logical. Therapeutic failure was considered if the illness 
recurred, which we defined as increased fever and men-
ingeal signs and symptoms after a clear initial improve-
ment or symptom resolution and therapy completion.

Statistical analysis

Continuous variables are expressed as means and stand-
ard deviations or as median and interquartile ranges 
(Q1–Q3). For descriptive analysis, categorical data are 
compared using the chi-square test or Fisher exact test. 
Continuous data are assessed with the t-test or Mann– 
Whitney U test. Logistic regression was performed to 
assess factors associated with mortality and good clinical 
outcomes.

Ethics

The Ethics Committee of our centre approved this study 
(EOM016/21) and waived the necessity of informed 

consent due to the observational nature of the study 
with the guarantee of anonymous data collection.

Results

Descriptive statistics

In total, 363 episodes of pneumococcal meningitis were 
recorded at our hospital between 1977 and 2018. Of 
these, 106 were reported from 1977 to 1986, before the 
routine use of dexamethasone, and 257were reported-
from1987 to 2018, when the triple therapy was in use. 
However, dexamethasone was only used in 242 patients 
(94%) anda single dose of mannitol was given to 173 
patients (71%). Another 33 patients presented seizures 
before hospital arrival and needed seizure treatment 
rather than prophylaxis; thus, 209 were eligible for 
prophylaxis, which was administered in 184 (88%) and 
dismissed in 25 (12%).

The study comprised 121 patients (mostly before 
1987) who did not receive dexamethasone per protocol, 
and 242 who did. Among the 121 who did not receive 
dexamethasone per protocol 55 (45%) received it as 
standard practice if clinical deterioration occurred(18 
and 37 with and without mannitol, respectively).

Among the 242 patients receiving dexamethasone 
per protocol, the exact time of dexamethasone adminis-
tration was recorded in the last 10 years for 69 patients: 
19 patients received it before the antibiotic and 33 
received it with the antibiotic, meaning that 52 patients 
(75%) received dexamethasone at the correct time. 
Another 17 patients received dexamethasone 29 min to 
19 h later (7 patients within 1 hour, 6 patients between 1 
and 4 h, and 2 patients between 4 and 6 h, and 2 
patients after 6 h). Overall, dexamethasone was adminis-
tered late, but within 4 hoursafter the antibiotic, in 76% 
of these patients.

Clinical and laboratory parameters in patients with 

and without dexamethasone

Table 1 shows the clinical and laboratory characteristics 
of patients with and withoutdexamethasone given per 
protocol. There were no differences in length of disease 
on arrival atthe emergency room for early arrival (<12 h 
of disease onset), but late arrival was 14% in thegroup 
without the protocol and 7% in the group with the 
protocol (p¼ 0.031). In general, both groups were similar 
on admission: the protocol group were significantly 
older (p¼ 0.034) and had more cancer (p¼ 0.074), while 
the group without the protocol had significantly more 
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shock (p¼ 0.017) and coma (p¼ 0.024) on admission. No 
differences were apparent in the presence of seizures or 
focal deficits before therapy. Other differences inclu-
dedthe dexamethasone group showing more penicillin 
and cefotaxime resistance, fewer positive CSF cultures, 

and more diagnosis using antigen detection or PCR. 
Serotypes and multilocus sequence typing of the strains 
in this cohort have been published elsewhere [11].

Final antibiotic therapy in the dexamethasone protocol 
group included penicillin(8 patients), a third-generation 

Table 1. Clinical and laboratory characteristics of episodes of meningitis due to strains of S. pneumoniae according 
to dexamethasone use.

No dexamethasone Dexamethasone P value Total
N¼ 121 (33 %) N¼ 242 (67 %) N ¼ 363

Age Median (IQR) 51(35 65) 59 (45 69) 0.034 58 (4267)
Mean 49 ± 20 57 ± 17 0.000 55 ± 18
Gender (Female) 53 (44 %) 110 (46 %) 0.765 163 (45 %)
Hospital -acquired 9 (7 %) 9 (4 %) 18 (5 %)
Recurrent episode 12 (10 %) 33 (14 %) 45 (13 %)
Any underlying disease 41 (39 %) 101 (42 %) 0.597 148 (41%)
Solid or haematologic neoplasm 3 (3%) 17 (7 %) 0.074 20 (6%)
Diabetes 25 (21 %) 47 (19 %) 0.780 72 (20 %)
Hepatopathy 4 (3 %) 13 (5%) 0.380 17 (5%)
alcoholism 15 (12 %) 28 (12 %) 0.829 43 (12 %)
Immunodeficiency 0 (0 %) 5 (1 %) 0.130 5 (1.4 %)
Splenectomy 7 (6 %) 8 (3%) 0.263 15 (4%)
Myeloma 1 (1%) 7 (3%) 0.192 8 (2%)
Previous antibiotic 34 (28 %) 63 (26 %) 0.658 97 (27 %)
Source of infection
Unknown 25 (21 %) 33 (14 %) 58 (16 %)
Pericranial fistula 37 (31 %) 68 (28%) 105 (29 %)
Sinusitis 1 (1 %) 13(5%) 14 (4%)
Otitis 41 (34 %) 105 (43 %) 146 (40 %)
Pneumonia 17(24%) 15 (6%) 32 (9 %)
Endocarditis 0 (0 %) 4 (2 %) 4 (1 %)
Other 0 (0 %) 4(2%) 4 (1 %)
Other clinical characteristics
Fever 104 (90 %) 203 (85 %) 0.131 307 (87 %)
shock 18 (15 %) 17(7 %) 0.017 35 (10 %)
Headache 78 (68 %) 172 (74 %) 0.293 250 (72 %)
Nuchal stiffness 100 (88) 202 (86% 0.718 302 (87 %)
Nausea/vomiting 64 (65 %) 136 (62 %) 0.629 200 (63 %)
Coma admission (Glasgow � 8) 58 (48 %) 60(25 %) 0.000 118(32 %)
Arreactive coma 7 (6 %) 7 (3 %) 0.161 14 (4%)
Altered mental status 113 (96 %) 214 (88 %) 0.024 327 (91 %)
Cranial nerve palsy 12 (10 %) 20 (8 %) 0.600 32 (9%)
Hemiparesis 27 (23 %) 25 (10 %) 0.001 52 (15 %)
Seizures 40 (34 %) 59 (25%) 0.064 99 (28 %)
Before therapy 14 (12 %) 33 (14 %) 0.340 57 (13 %)
Seizures after therapy 26 (22 %) 26(11 %) 0.005 42 (15 %)
Laboratory test
CSF cloudy/purulent 98 (88 %) 206 (89 %) 304 (89 %)
Median CSF WBC (IQR) 1800(4004788) 2633(587 6030) 0.045 2400(530 5800)
Mean 4694 5260 0.574 5084
CSF hypoglycorrhachia 85 (81 %) 205 (87 %) 0.158 290 (85 %)
CSF proteinorrhachia > 5 g 86 (39%) 39 (44%) 0.452 125 (41%)
Positive CSF Gram’s stain 88 (79 %) 181 (77%) 269 (78 %)
Positive CSF culture 110 (94 %) 181 (78%) 0.000 291 (83 %)
Positive Blood culture 73 (69 %) 172 (78 %) 0.093 245 (75 %)
Thrombocytopenia 10 (11 %) 19 (8 %) 0.464 29 (9 %)
Penicillin resistance 19 (16 %) 74 (34 %) 0.001 93 (27 %)
Cefotaxime resistance 4 (5 %) 29 (14 %) 0.036 33 (12%)
CT scan on admission 41(34 %) 189 (78 %) 230 (63 %)
Abnormal CT scan on admission 20 (17 %) 80 (33 %) 100(27 %)

Brain edoema 2(2%) 8(3%) 10(3%)
Cerebritis/abscess 1 (2%) 3 (1%) 4 (1%)
Hydrocephaly 2 (2%) 7 (3%) 9(2%)
Infarct 2(2 %) 0 (0%) 2(1 %)

Haemorrhage 1 (1 %) 3 (1 %) 4 (1 %)
Old findings 12(10%) 57 (24%) 69 (19%)

Antibiotic therapy
Penicillin 87 (72 %) 8 (3%) 95 (26%)
CTX/CRO 28 (23 %) 212 (88 %) 240 (66%)
Vancomycincontainingregimens 4 (3 %) 22 (9 %) 26 (7%)
Chloramfenicol 2 (2 %) 0 1 (0.5%)

CTX/CRO: cefotaxime/ceftriaxone.
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cephalosporin (212 patients; standard meningeal dose in 
168 and high dose in 44 patients), and vancomycin- 
containing regimens (22 patients; alone, with rifampin, or 
with a third-generation cephalosporin).

Outcome of patients with and without dexamethasone

Table 2 shows the outcomes for patients treated with or 
without dexamethasone. There were statistically significant 
differences favouring the dexamethasone protocol group, 
which showed a shorter time to lower the fever and 
improve consciousness, a lower presence of in-hospital 
hemiparesis after starting antibiotic therapy, and fewer 
patients with seizures after therapy (11% vs 22%; 
p< 0.005). By contrast, impaired liver functionwas signifi-
cantly more common in the dexamethasone group. The 
presence of global sequelae approachedsignificance favour-
ing the dexamethasone group (29% vs 19%; p¼ 0.076).

Mortality
Overall mortality in the dexamethasoneper protocol 
group was 11.6% (28/242) compared with 35.5% (43/ 
121) in the other group (p¼ 0.000), with significant dif-
ference also apparent in early mortality (5.8% [14/242] 
vs 24% [29/121]; p ¼ 0.000) and neurological mortality 

(7.4% [18/242] vs 23.1% [28/121]; p¼ 0.0000) (Figures 1
and 2). Among the 15 patients treated in the period 
with the dexamethasone protocol (after 1986), but in 
whom it was not implemented, mortality was compar-
able to that in the group that did not receive the dexa-
methasone protocol (33%; 5 patients) despite the global 
improvements in other therapies over time.

The evolution of mortality related to the different 
serotype groups is shown in Supplementary material 
(Table S5). The changes in mortality are present in all 
the serotype groups.

Univariate analysis of the 363 patients with pneumo-
coccal meningitis indicated that mortality was related to 
age, diabetes mellitus, underlying disease, late or very 
late consultation, shock, GCS < 8 on admission, seizures 
at any time, positive blood cultures, positive CSF cul-
tures, thrombocytopenia, respiratory, heart, or renal fail-
ure; gastrointestinal complications; andthe presence of 
disseminated intravascular coagulation. Dexamethasone 
and use of antiseizures prophylaxis were protective in 
the univariate analysis.

Multivariate analysis confirmed that age, presence of 
shock, presence of a GCS < 8 on admission, and very 
late consultation (>4 days of disease) were related to 
mortality, whereas dexamethasone protocol use was 

Table 2. Outcome of episodes of meningitis due to strains of S. pneumoniae treated with or without dexamethasone.
No dexamethasone  

N ¼ 121 (33 %)
Dexamethasone 
N¼ 242 (67 %) P value

Total 
N¼ 363

Median Improvement in consciousness days (range) 2 (1 4) 2(1 3) 2 (1 3)
Mean 3.6 2.6 0.028 2.9
Median Fever bellow 38 � days (range) 2 (1 4) 1 (1 3) 2 (1 3)

3.6 2.5 0.034 2.8
Heart failure 8 (7 %) 11 (5 %) 0.298 19 (5 %)
Renal failure 12 (11 %) 23 (10 %) 0.690 35 (10 %)
Liver function impairment 8 (8 %) 37 (16 %) 0.037 45 (13 %)
Herpes 29 (28 %) 79 (39 %) 0.072 108 (35 %)
Catheter phlebitis 21 (19 %) 39 (17 %) 0.567 60 (18 %)
Gastrointestinal 11 (10 %) 12 (5 %) 0.080 23 (7%)
Hemiparesis after antibiotic therapy 15 (13 %) 10 (4 %) 0.003 25 (7 %)
Median total therapy days (IQR) 0.000 10 (10 14)
Median total hospital days (IQR) 18 (6 26) 16 (11 26) 17 (11 26)
Relapse or failure 3 (4 %) 6 (3%) 0.652 9 (3 %)
Sequelae 22 (29 %) 41 (19 %) 0.076 63 (22 %)
Epilepsy 2 (3%) 6 (3%) 8 (3%)
Cranial nerve palsy 4 (5%) 7 (3%) 11 (4%)
Hearing impairment 5 (7%) 9 (4%) 0.847 14 (5%)
Hemiparesis 2 (3%) 3 (1%) 5 (2%)
Hydrocephaly-shunt 2 (3%) 2 (1 %) 4 (1%)
Combination 3 (4%) 11 (5%) 14 (5%)
Median total control days (IQR) 120 (45 365) 90 (35 120)
Total mortality 43 (36 %) 28 (12 %) 0.000 71 (20 %)
Early neurological 21 (17%) 12 (5%) 33 (9%)
Late neurological 7 (6%) 6 (2.5%) 13 (4%)
Early sepsis 8 (7%) 2 (1%) 10 (3%)
Late non neurological 7 (6%) 8 (3%) 15 (4%)
Early mortality 29 (24 %) 14(6 %) 0.000 43 (12 %)
Neurological mortality 28 (23 %) 18 (7 %) 0.000 46 (13 %)
Intractable seizures 9(7 %) 4 (2%) 13 (4%)
Stroke 3 (2 %) 5 (2 %) 8 (2%)
Brain herniation/arreactive coma 20 (17%) 9 (4%) 29 (8%)
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protective (multivariate OR, 0.195; 95% confidence inter-
val, 0.102–0.373). Factors related to mortality differed 
between the two periods: before 1987, these were age, 
shock, Glasgow coma score (GCS) < 8 on admission, 
and seizures after therapy; from 1987 onward, these 
were age, shock, and underlying disease.

Sequelae
The percentage of patients with good clinical outcome 
(GOS ¼ 5) was statistically different between the two 
periods (Table 3). Better outcomes were seen after 1987 
with the introduction of the dexamethasone protocol, 
with the percentage with GOS 5 improving from 57% 
(68/121) to 79% (191/242) (p¼ 0.000). Using the dexa-
methasone protocol was an independent factor associ-
ated with good outcomes (multivariate OR, 2.679; 
95%confidence interval, 1.302–5.514). Considering the 
whole group (363 patients), antiseizure prophylaxis was 
statistically significantly associated with a good clinical 
evolution (p¼ 0.000) and fewer sequelae (p¼ 0.021).

Outcome of patients treated with the dexamethasone 

protocol

The roles of mannitol and antiseizure prophylaxis could 
have an important impact on outcomes in the group 
treated with the dexamethasone protocol.

Role of mannitol
Among patients receiving the dexamethasone protocol, 
173 (71%) simultaneously received a single dose of man-
nitol and 69 (28.5%) received dexamethasone alone. 
Mortality was 11% (19/173) among patients receiving 
dexamethasone plus mannitol and 13% (9/69) among 

patients receiving dexamethasone alone (no statistical 
significance). Good evolution (GOS ¼ 5) was observed in 
80% receiving both agents and in 78% receiving dexa-
methasone alone (Supplementary material Figure S1 and 
Table 4).

Role of antiseizure prophylaxis
Supplementary material Figure 2 shows the mortality 
distribution by antiseizure prophylaxis use in both 
groups. Among the 184 patients receiving antiseizure 
prophylaxis, 10% (19 patients) developed seizures; 
among the 25 patients who did not receive prophylaxis, 
28% (7 patients) developed seizures (p¼ 0.0011). 
Mortality was 11% (20/184) among patients receiving 
antiseizure prophylaxis: 26% (5/19) among those with 
seizuresand 9% (15/165) among those without seizures. 
Mortality was 20% (5/25) among patients without anti-
seizureprophylaxis: 28% (2/7) among those with seizures 
and 17% (3/18) among those without seizures. Overall 
mortality among patients with seizures after therapy 
was 27% (7/26), compared with 9.8% (18/183) 
(p¼ 0.0019).

The GOS was5 in 83% of patients without seizures 
and 50% of patients with seizures (p¼ 0.000) and anti-
seizure prophylaxis was also statistically significant 
(p¼ 0.047) with respect to good clinical outcome. 
Supplementary Figures 1 and 2 show the evolution with 
the different situations.

Discussion

This report describes 31 years’ experiencewith the routine 
use of dexamethasone, before or with antibiotic therapy, 
mannitol and antiseizures prophylaxisand confirms the 

Figure 1. Mortality in pneumococcal meningitis before and after the implementation of dexamethasone.
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utility of dexamethasone for reducing mortality and com-
plications. Ourdexamethasone dosing strategy (an initial 
higher dose of 12 mg followed by a lower dose of 4 mg/6 
hfor 2 days) resulted in comparable mortality to that 
reported in a clinical trial underpinning the usual 
accepted dose (10 mg every 6 h for 4 days) [12]. 
Therefore, our lower dose and shorter durationmay be 
sufficient for clinical efficacy in most cases. Aprospective 
randomised study in a paediatric population in Greece, 
comparing 2-day with 4-day dexamethasone therapy for 
childhood bacterial meningitis, also found similar clinical 
courses and outcomes when comparing the two regi-
mens [15]. An old metanalysis has also shownthe efficacy 
of 2 days compared with 4 days of treatment [16].

Dexamethasone has important benefits. As reported 
in the series by Buchholz et al. our data indicate that 
the neurological effects of dexamethasone are key [17]. 
Van de Beek et al. [18] have also reported thatdexame-
thasone use has systemic benefits when comparing 
cohorts before and after therapy. However, treatment is 
not without risk, and dose reduction may reduce the 
adverse effects associated with steroid therapy. For 
example, dexamethasone has been associated with delayed 

vasculopathy [19,20], and we experienced fewer cases of 
delayed thrombosis than was reported for patients using 
dexamethasone 10 mg per 6 h [21]. Experimental data 
have also suggestedthat dexamethasoneinduced an 
increase in apoptotic cell death in the hippocampal den-
tate gyrus of infant rats with pneumococcal meningitis 
and that this was associated with reduced learning cap-
acity [22]. A lower dexamethasone dosewith comparable 
efficacy should benefit from a more favourable side 
effect profile.

Our protocol also included the use of mannitol and 
antiseizure prophylaxis with phenytoin. According to our 
results, it is unlikely that a single dose of mannitol pro-
vides importantsurvival benefits over dexamethasone 
alone. By contrast, antiseizure prophylaxis with pheny-
toinmay resultin fewer seizures and reduced mortality, 
consistent with established associations. The window of 
opportunity for antiseizures prophylaxis is restricted to 
patients who do not present seizures before diagnosis. 
Other studies have shown an increased mortality rate in 
patients with bacterial meningitis of all aetiologies who 
develop seizures [23,24]. Acute seizures are a problem in 
other causes of acute brain injury such as subarachnoid 

Figure 2. Kaplan-Meier survival estimates of patients treated with or without the protocol.

Table 3. Glasgow Outcome scale of patients in the different 
groups.
GOS No dexamethasone Dexamethasone Total

1 43 (35.5 %) 28 (11.6 %) 71 (19.5 %)
2 0 1 (0.4 %) 1
3 4 (4 %) 10 (4 %) 14 (4 %)
4 4 (4 %) 12 (5 %) 16 (4 %)
5 68 (57 %) 191 (79 %) 259 (71%)

Table 4. Patients receiving the diferent therapy components.
Dexamethasone 242

With mannitol 173 (71 %)
Without mannitol 69 (29 %)

Dexamethasone 242
With phenytoin prophylaxis 184 (76 %)
Without phenytoin prophylaxis 25 (10 %)
With antiseizures therapy 33 (14 %)
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haemorrhage, traumatic brain injury or intracerebral 
haemorrhage and several attempts to prevent with anti-
seizures prophylaxis has been performed and there are 
recommendations regarding subaranchnoidal haemor-
rhage and severe traumatic brain injury [25,26]

The study design employed in this research precludes 
determination of whether this advantagereflects a bene-
ficial effect of dexamethasone or the antiseizure prophy-
laxis. Indeed, Koelman et al. [27] also reported fewer 
seizures in groups receiving dexamethasone without 
antiseizures prophylaxis. A more detailed study of the 
need forantiseizure prophylaxis isongoing.

Animal models [28–30] and clinical practice [14] sug-
gest that dexamethasone use is closely related to lower 
CSF antibiotic levels and these low levels might com-
promise antibiotic efficacy in some instances. The low 
dose of dexamethasone may also contribute cause less 
trouble with CSF antibiotic levels.

The long study period has been associated with 
numerous changes to clinical practice in emergency and 
critical care departments. Therefore, improvementsob-
served in this study could reflect general improvements 
over time. Although this is possible, we believe that the 
clear and impressive decrease in mortality was achieved 
with dexamethasone, mannitol and antiseizures prophy-
laxis (Figure 1). The 15 patients in which dexamethasone 
was not used had comparable mortality to that reported 
before 1987 despite benefitingfrom the generaladvances 
in medical care.

Also, the long study period has included the imple-
mentation of pneumococcal conjugate vaccine to the 
paediatric population with the subsequent replacement 
of serotypes. The change in mortality seems to be unre-
lated to the serotype changes.

Other studies have shown clear benefits of dexa-
methasone use at 10 mg/6 h, especially the Dutch 
[18,31–33] and Germanworks [17]. This paper of 
Buchholz et al. showed a very low mortality in patients 
with pneumococcal meningitis in the dexamethasone 
use era, however they also reported a worse GOS in 
survivors.In our experience, patients had a good evolu-
tion in terms of number of patients with GOS ¼5 but it 
is not clear if dose of dexamethasone has a role in this 
outcome.

In conclusion, a lower dexamethasonedose (a single 
12 mg dose followed by 4 mg/6 h for 2 days) along with 
a single dose of mannitol and antiseizures prophylaxis 
might be useful for reducing mortality in adult patients 
with pneumococcal meningitis. Further research is 
required to confirm these findings.
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Abstract
Objective: Our aim was to assess seizure development as a complication of 
pneumococcal meningitis and its possible prevention with antiseizure medica-
tion prophylaxis.
Methods: Antiseizure medication (ASM) prophylaxis has been practiced for a 
long time at our center. We assessed all cases of community-acquired pneumo-
coccal meningitis admitted from January 2010 to April 2021 recorded in our pro-
spective database and conducted further retrospective studies.
Results: Of the 86 cases recorded, 21 (24.4%) developed acute symptomatic sei-
zures, more than half of which (11/21; 52.4%) before admission. Seizure devel-
opment increased the need for orotracheal intubation and intensive care unit 
admission, while also lengthening hospital stays and suggesting more risk of 
death and disability at discharge [adjusted odds ratio (aOR), 3.13; 95% confidence 
interval (CI): 1–9.8]. Of the 74 patients eligible for ASM prophylaxis, 64 received 
it and 10 did not. ASM prophylaxis seemed effective in preventing seizure de-
velopment, as only six seizure events were recorded in 64 patients with ASM 
prophylaxis (9.4%) compared with four in the 10 patients without prophylaxis 
(40%). Its preventive capacity was especially notable when administered within 
4 h of admission. Differences in mortality did not reach statistical significance. 
Adverse effects were rare.
Significance: Seizure development is a common complication in pneumococcal 
meningitis and is associated with increased risks of Intensive Care Unit admis-
sion, orotracheal intubation, and longer hospital stays. ASM prophylaxis may be 
effective in blocking seizure development in patients with preventable seizures 
and may be associated with better prognosis. Further studies are now warranted.
Plain Language Summary: Infection of the meninges (the covering of the 
brain) due to the common bacteria S pneumoniae, used to be a fatal disease be-
fore the introduction of antibiotics and corticoids. Thanks to these drugs, more 
people survive this disease but, due to the frequent complications, they may have 
several sequelae. Seizures are a common complication. Our study suggests that 
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 1  |  INTRODUCTION

Streptococcus pneumoniae is the main cause of 
community- acquired bacterial meningitis in developed 
countries1 with an estimated annual incidence of around 
0.7/100000.2,3 Before 2002, 30% of patients with pneu-
mococcal bacterial meningitis died,4 while another 30% 
developed neurological sequelae.5 Adjunctive treatment 
with dexamethasone proved to be useful in reducing 
mortality and also certain morbidities.3,5–7 In the cur-
rent European guidelines,1 other adjunctive treatments 
such as osmotic therapies and antiseizure prophylaxis 
are not recommended due to the lack of scientific evi-
dence supporting their use.1,8

Seizure is a common complication in pneumococcal 
meningitis, affecting 26%–30% of cases.3,9 It remains a con-
cern for clinicians and may be associated with worse prog-
nosis. However, the evidence in the literature is conflicting.

Central nervous system (CNS) infections trigger in-
flammatory responses and increase neuronal excitability, 
which may lead to seizures.10 Seizure onset may occur 
shortly or even 7 days after a CNS infection if clinical 
meningeal signs or high levels of inflammation markers 
persist.11

Also, cortical lesions detected by neuroimaging have 
been associated with an increased risk of epilepsy,12,13 
such as intracranial complications of bacterial meningi-
tis, detected either at admission or later.5 Their relation-
ship with seizure development has not been completely 
clarified.

Other possible risk factors for seizure development in 
bacterial meningitis are a pneumococcal etiology, immu-
nocompromise, abnormal cranial imaging, high erythro-
cyte sedimentation rate, presence of certain cerebrospinal 
fluid (CSF) characteristics (leucocytes <1000/mL and CSF 
protein >3 g/L),14,15 and advanced age.16

Most seizures in bacterial meningitis are bilateral or 
focal- to- bilateral tonic–clonic17 and appear within 24 h of 
symptom onset.14,15,17 Zoons et  al.14 reported that 5% of 
patients with bacterial meningitis presented pre- hospital 
seizures, while 16% presented in- hospital seizures.

Phenytoin used to be the preferred antiseizure medica-
tion (ASM) for prophylaxis. It rapidly blocks Na + chan-
nels, can be administered intravenously, and does not 

decrease consciousness.18 It is now being replaced by 
newer and safer ASMs that have fewer cardiac adverse ef-
fects and do not require level monitoring.

To our knowledge, there have been no randomized 
controlled trials assessing ASM prophylaxis in acute bac-
terial meningitis other than our multicentric attempt in 
Spain in 2010 (https:// clini caltr ials. gov/ ct2/ show/ NCT01 
478035), which was interrupted due to a low recruitment 
rate.

The unpredictable seasonality and the low incidence 
of pneumococcal meningitis led us to perform the pres-
ent cohort study. Since 1987, our internal protocol has 
recommended a bundle of adjunctive treatment measures 
that include dexamethasone, prophylactic ASM, and in 
some circumstances mannitol (a detailed posology of the 
adjunctive treatment is shown in Figure  S1). Since the 
implementation of these measures, the overall mortality 
in our cohort has fallen drastically, as we have reported 
elsewhere.16,19

However, the relationship between adjunctive dexa-
methasone treatment and the reduction in seizures6 as 
well as the amelioration of life support measures has made 
it difficult to determine the impact of a single measure.

The aim of this study was to assess the impact of acute 
symptomatic seizures on the prognosis of pneumococcal 
bacterial meningitis and the effectiveness of ASM pro-
phylaxis in preventing them. We also wanted to identify 
possible risk factors for seizures that might guide the im-
plementation of the prophylactic treatment.

Present address
Ivan Pelegrín, Service of Infectious 
Diseases, Hospital del Mar, Barcelona, 
Spain

they might be prevented by using antiseizure drugs which may reduce both se-
verity and hospital stay.

K E Y W O R D S

meningitis, pneumococcal , prophylaxis, seizures

Key points

• Seizures are a common complication of pneu-
mococcal meningitis

• Seizure development entails longer admis-
sions and increases the need for mechanical 
ventilation

• Half of seizure episodes are potentially prevent-
able, with onset after admission and diagnosis

• Prophylaxis seems effective in preventing sei-
zure d eve lop men t 
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2 |  METHODS

2.1 | Design, setting and period

We performed a retrospective cohort study at a single 
center, a 700- bed teaching hospital, and tertiary reference 
hospital for neurocritical diseases. The study period was 
from January 2010 to April 2021.

2.2 | Inclusion criteria

We included all patients admitted to our center for 
community- acquired pneumococcal meningitis. The pa-
tients who developed meningitis during admission for 
other conditions were excluded.

2.3 | Development

Epidemiological, clinical, and microbiological informa-
tion on the cases was recorded prospectively in our rou-
tine meningitis database. Clinical outcome was assessed at 
discharge and at a 3- month follow- up, using the Glasgow 
Outcome Scale (GOS).20 We performed an expanded ret-
rospective review of the medication administration record 
and electronic clinical history in search of detailed infor-
mation on seizure semiology and ASM treatment details 
such as loading dose, administration time, plasma ASM 
levels, and adverse effects. In addition, a neurologist re-
vised all the EEGs and neuroimaging tests performed dur-
ing admission.

EEG studies were performed in all patients at the bed-
side using 32- channel Deltamed, 64- channel XLTEK, or 
32- channel Neuronic devices. The EEG findings were 
described according to the glossary of the International 
Federation of Clinical Neurophysiology and the American 
Clinical Neurophysiology Society's Standardized Critical 
Care EEG Terminology.21,22

This study followed the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) report-
ing guideline.

2.4 | Definitions

The diagnosis of pneumococcal bacterial meningitis was 
based on the clinical signs and symptoms of meningitis 
and a compatible lumbar puncture, as well as microbio-
logical confirmation obtained from CSF cultures, antigen 
or molecular tests, or S. pneumoniae isolated from blood 
cultures.

Seizures were defined using the definitions of the 2017 
International League Against Epilepsy.23 Only bilateral 
tonic–clonic seizures were considered as symptomatic; 
possible focal motor seizures were disregarded due to wit-
ness subjectivity. Electrographic seizures were also con-
sidered, including non- convulsive status epilepticus as 
defined by the Salzburg Consensus Criteria.24

Potentially preventable seizures (referred to as prevent-
able seizures throughout the manuscript) were defined as 
those with in- hospital onset after the diagnosis of menin-
gitis and potentially preventable with ASM prophylactic 
treatment. Patients already undergoing chronic treatment 
with ASM due to known epilepsy or who had developed 
seizures before diagnosis (e.g., at home or during transfer) 
were excluded.

2.5 | Statistical analysis

Data analysis was performed using Stata Statistical Software: 
Release 14 (StataCorp LP, College Station). Univariate and 
multivariate logistic regression analyses were conducted to 
determine the risk factors for seizures and estimate differ-
ences in mortality and sequelae at discharge and 90 days 
after discharge. In the adjusted analysis, covariables that 
reached statistical significance were included in addition to 
sex and age. The level of significance was fixed at an α of 
5%, using 95% confidence intervals for differences.

Furthermore, a univariate sub- analysis was carried 
out to compare ASM prophylaxis groups for the devel-
opment of acute symptomatic seizures, mortality, and 
sequelae.

2.6 | Ethics

The ethics committee of our center approved this study 
(EOM016/21) and waived the need for informed consent 
due to the observational nature of the study and the guar-
antee of anonymous data collection.

3 |  RESULTS

Eighty- six cases of community- acquired pneumococ-
cal meningitis were included in the analysis (Figure 1). 
Of the 21 (24.4%) who developed acute symptomatic 
seizures, half (11/21; 52.4%) did so before hospital 
admission.

Table  1 summarizes the main characteristics of the 
cohort and compares the groups according to seizure de-
velopment. Patients who developed seizures were slightly 
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4 |   GUILLEM et al.

older, had higher CSF protein contents, and had impaired 
renal function at admission. There were no differences in 
the neuroimaging results. No independent risk factors for 
seizure development were detected.

The need for ICU admission and orotracheal intuba-
tion was significantly higher in the patients who devel-
oped acute symptomatic seizures than in those who did 
not: 18/21 (85.7%) vs. 37/65 (56.9%) and 17/21 (81.0%) vs. 
26/63 (41.3%), respectively. Similarly, hospital stay was 
longer in the patients who developed seizures than in 
those who did not (27.5 (15.5–39.5) vs. 15 (10–23) days), as 
well as the time until consciousness improvement.

To assess the risk of death during admission if seizures 
developed, independent mortality risk factors were evalu-
ated (see Table S1). The only risk factor that remained sta-
tistically significant when included in the adjusted model 
was creatinine serum levels at admission [aOR, 1.03 (95% 
CI: 1.01–1.05) with each increasing μmol/L]. Thus, the risk 
of death during admission if seizures developed had an OR 
of 2.31 (95% CI: 0.63–8.65) and an aOR of 1.75 (95% CI: 0.29–
10.36), though without achieving statistical significance.

The same process was repeated to assess the risk of any 
disability at discharge (defined as a GOS score of 1–4) and 
on the 90th day after discharge. The independent risk fac-
tors identified are displayed in Table S2 , which shows that 
only mannitol adjunctive treatment remained significant 
in the adjusted analysis. The risk of death or disability at 
discharge (GOS 1–4) was clearly higher in the crude anal-
ysis (OR, 4.19; 95% CI: 1.50–11.65) and almost remained 
significant in the adjusted analysis (aOR, 3.13; 95% CI: 
1–9.8). Regarding the risk of death or disability on the 90th 
day after discharge, there was a trend although without 
statistical significance (OR was 3.18 (95% CI: 0.98–10.45) 
and aOR was 2.34 (95% CI: 0.64–8.63)).

Overall, 65 of the 86 patients (75.6%) received ASM pro-
phylaxis, while the remaining 21 (24.4%) did not. In the 
sub- analysis regarding ASM prophylaxis, only 74 patients 

with preventable seizures were selected; one patient who 
had been receiving chronic ASM treatment was excluded, 
as were 11 others who had suffered pre- hospital seizures. 
Thus, 64 of the 74 patients (86.5%) eligible for ASM prophy-
laxis received the prophylactic treatment and 10 (13.5%) 
did not (Figure 2). A comparison of the two groups (ASM 
prophylaxis vs. no ASM prophylaxis) showed no signifi-
cant differences (Table 2) except for seizure development, 
which occurred in six out of 64 patients with ASM prophy-
laxis (9.4%) and in four out of 10 without (40%). Mortality 
at discharge was 5/64 (7.8%) vs. 3/10 (30%), though the 
result did not reach statistical significance.

Detailed characteristics of the ten cases who presented 
potentially preventable seizures are shown in Table  3. 
Figure 3 presents the time of acute seizure onset. Patients 
without seizures before hospital admission developed sei-
zures on (median) day 2 (IQR, 0–4). Seizures developed 
earlier in the patients who did not receive ASM prophy-
laxis than in those who did [0 days (IQR, 0–2.5) vs. 3 days 
(IQR, 1–4)], although the difference was not significant 
(p = 0.225).

The exact time of ASM treatment administration was 
available in 42/64 patients. The median time from hospital 
admission to emergency room until ASM administration 
was 6.1 h (IQR, 2.8–9.3); this period tended to be shorter 
in patients who did not develop seizures [5.9 h (IQR, 2.7–
9.2) vs. 7.3 h (IQR, 3.7–20.6), p = 0.622]. The 42 patients on 
ASM prophylaxis were categorized into two groups: those 
who received the prophylactic treatment within 4 h of ad-
mission and those who received it later (between the four 
and 24 h after admission). None of the 17 who received 
ASM prophylaxis within 4 h compared with three out of 
25 who received it later developed seizures, the difference 
reaching statistical significance (p = 0.018). The exact time 
of ASM administration in 3 patients in whom ASM pro-
phylaxis failed was unknown.

The median duration of prophylactic treatment in pa-
tients who did not develop seizures was 9 days (IQR, 6–10). 
Phenytoin was the most frequently administered ASM 
(49/64; 76.6%), followed by levetiracetam (8/64; 12.5%), val-
proate (5/64; 7.8%), and lacosamide (2/64; 3.1%). In almost 
75% of these patients, plasma drug levels were assessed so 
as to guide treatment. Adverse effects were rare, but five 
patients presented possible side effects, most of which 
were mild (rash, low platelet count, elevation of transami-
nases, or nystagmus) but required treatment to be stopped. 
Moreover, one patient developed possible valproate- 
induced hyperammonemic encephalopathy, which was 
reversed after treatment cessation. One of the patients on 
phenytoin treatment suffered a sudden cardiac arrest of un-
known cause.

EEG recordings were performed in 70/86 of patients 
(81.4%), that is, in all the patients who had seizures and 

F I G U R E  1  Case selection.
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   | 5GUILLEM et al.

T A B L E  1  Cohort main characteristics and comparison of the groups according to seizure development.

Total (N = 86)
Patients who developed 
seizures (n = 21)

Patients without 
seizures (n = 65) p

Patient characteristics
Man (n, %) 43/86 (50) 8/21 (38,1) 35/65 (53,9) 0.209
Age (median, IQR) 60 (50–69) 67 (58–78) 59 (49–67) 0.032
Known epilepsy (n, %) 1/86 1/21 0/65 0.244
Any comorbidity (n, %) 71/86 (81,6) 18/21 (85,7) 53/65 (81,5) 1

Clinical features on admission
Admission before 12 h of symptoms onset (n, %) 36/85 (42,4%) 12/21 (57,1%) 24/64 (37,5%) 0.133
Antibiotic therapy before meningitis diagnostic 
(n, %)

21/85 (24,7) 4/21 (19,1) 17/64 (26,6) 0.572

Level of consciousness (n,%) 0.086
Alert 9/86 (10,5) 0/21 (0) 9/65 (13,9)
Obnubilated 60/86 (69,8) 14/21 (66,7) 46/65 (70,8)
Pain reactive coma 14/86 (16,3) 6/21 (28,6) 8/65 (12,3)
No reactive coma 3/86 (3,5) 1/21 (4,8) 2/65 (3,1)
Fever at any moment (n, %) 68/85 (80) 15/20 (75) 53/65 (81,5) 0.533
Hypotension on admission (n, %) 14/86 (16,3) 2/21 (9,5) 12/65 (18,5) 0.502
Headache (n, %) 53/82 (64,6) 9/18 (50) 44/64 (68,8) 0.169
Nuchal stiffness (n, %) 52/80 (65) 11/20 (55) 41/60 (68,3) 0.279
Cranial pair palsy (n, %) 8/85 (9,4) 2/20 (10) 6/65 (9,2) 1
Hemiparesis on admission (n, %) 5/86 (5,8) 2/21 (9,5) 3/65 (4,6) 0.592

CSF analytics
CSF Leucocytes (median, IQR) 2500 (720–6900) 1500 (900–3000) 3010 (695–10 550) 0.126
% of CSF neutrophils (median, IQR) 93,5 (87–97) 93 (88–95) 94 (86–97) 0.670
CSF proteins (n, %) 0.023

<1 g/L 5/80 (6,3) 3/20 (15) 2/60 (3,3)
1–5 g/L 36/80 (45) 4/20 (20) 32/60 (53,3)
5–10 g/L 33/80 (41,3) 11/20 (55) 22/60 (36,7)
>10 g/L 6/80 (7,5) 2 (10) 4/60 (6,7)

Low CSF glucosea (n, %) 72/82 (87,8) 17/21 (80,1) 55/61 (90,2) 0.269
CSF positive gram stain (n, %) 59/81 (72,8) 15/21 (71,4) 44/60 (73,3) 0.866
CSF positive culture (n, %) 61/81 (75,3) 16/21 (76,2) 45/60 (75) 1

Blood tests
Creatinine on admission (μmol/L) (median, IQR) 76 (62–102) 89 (77–119) 72 (60–95) 0.025
Leukocytosis on admissionb (n, %) 74/86 (86,1) 18/21 (85,7) 56/65 (86,2) 1
Positive blood culture (n, %) 62/83 (74,7) 18/21 (85,7) 44/62 (71,0) 0.249
Hyponatremiac (n, %) 22/85 (25,9) 5/21 (23,8) 17/64 (26,6) 1

Radiolog findings
Abnormal imaged on admission (n, %) 22/84 (26,2) 6/21 (28,6) 16/63 (25,4) 0.774
Abnormal imaged control during admission (n, %) 29/41 (70,7) 11/13 (84,6) 18/28 (64,3) 0.276

Adjunctive treatment
Adjunctive dexamethasone (n, %) 83/84 (98,8) 19/20 (95) 64/64 (100) 0.238
Adjunctive mannitol (n, %) 48/83 (57,8) 10/20 (50) 38/63 (60,3) 0.416

Electroencephalogram (EEG) characteristics
EEG performed during admission (n, %) 70 (86) 21 (100) 49 (75,4) 0.009
EEG suggesting epileptic activitye (n, %) 12/70 (7,1) 7/21 (33,3) 5/49 (10,2) 0.034

(Continues)
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6 |   GUILLEM et al.

Total (N = 86)
Patients who developed 
seizures (n = 21)

Patients without 
seizures (n = 65) p

Clinical course and complications
Intensive Care Unit admission (n, %) 55/86 (64,0) 18/21 (85,7) 37/65 (56,9) 0.019
Orotracheal intubation (n, %) 43/84 (51,2) 17/21 (81,0) 26/63 (41,3) 0.002
Days until consciousness level amelioration 
(median, IQR)

2 (1–5) 5.5 (2–11) 1 (1–4) 0.007

Admission days (median, IQR) 16 (11–26) 27,5 (15,5- 39,5) 15 (10–23) 0.001
Clinical outcomes

Death during admission (n, %) 10/86 (11,6) 4/21 (19,1) 6/65 (9,2) 0.250
Glasgow Outcome Scalef on discharge (n, %) 0.031

1 10 (11,6) 4 (19,1) 6 (9,2)
2 0 0 0
3 9 (10,5) 4 (19,1) 5 (7,7)
4 16 (18,6) 6 (28,6) 10 (15,4)
5 51 (59,3) 7 (33,3) 44 (67,7)

Glasgow Outcome Scalef 90 days after discharge 
(N = 66) (n, %)

0.087

1 1 (1,5) 1/15 (6,7) 0
2 0 0 0
3 3: 3 (4,6) 1/15 (6,7) 2/51 (3,9)
4 4: 14 (21,2) 5/15 (33,3) 9/51 (17,7)
5 5: 48 (72,7) 8/15 (53,3) 40/51 (78,4)

aCSF glucose/Plasma glucose <0.4.
bLeucocyte blood count >10.000/mm3.
cPlasma sodium <135 mmol/L.
dAny abnormality except for non- cortical lesions.
eEEG with electrical discharges or focal activity; DIC, disseminated intravascular coagulation.
fGlasgow outcome scale: 1 Death, 2 Neurovegetative state (unresponsive and speechless), 3 Severe disability (dependent for daily support), 4 Moderate 
disability (independent in daily life), 5 Good recovery (resumption of normal life with minor neurological and psychological deficits).

Bold values are statistical significance p < 0.05

T A B L E  1  (Continued)

F I G U R E  2  Patient flow chart of seizures and ASM prophylactic treatment. ASM, Antiseizure drug.
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   | 7GUILLEM et al.

T A B L E  2  Main characteristics of the patients with potentially preventable seizures and comparing ASM prophylaxis use.

All patients with 
preventable seizures 
(N = 74)

ASMs 
prophylaxis 
(n = 64)

No ASMs 
prophylaxis 
(n = 10) p

Patient characteristics
Man (n, %) 38/74 (51,4) 35/64 (54,7) 3/10 (30) 0.185
Age (median, IQR) 59 (50–67) 58.5 (49–68) 65 (56–67) 0.315
Any comorbidity (n, %) 61/74 (82,4) 53/64 (82,8) 8/10 (80) 1

Clinical features on admission
Admission before 12 h of symptoms onset (n, %) 30/73 (41,1) 26/63 (41,3) 4 (40,0) 1
Antibiotic therapy before meningitis diagnostic (n, %) 17/73 (23,3) 16/63 (25,4) 1/10 (10) 0.435
Level of consciousness (n, %) 0.233
Alert 9/74 (12,2) 9/64 (14,1) 0/10 (0)

Obnubilated 51/74 (68,9) 41/64 (64,1) 10/10 (100)
Pain reactive coma 11/74 (14,9) 11/64 (17,2) 0 (0)
No reactive coma 3/74 (4,1) 3/64 (4,7) 0 (0)

Fever at any moment (n, %) 60/74 (81,1) 52/64 (82,8) 7/10 (70) 0.388
Hypotension on admission (n, %) 12/74 (16,2) 10/64 (15,6) 2/10 (20) 0.661
Headache (n, %) 47/71 (66,2) 42/61 (68,9) 5/10 (50) 0.289
Nuchal stiffness (n, %) 47/69 (68,1) 40/59 (67,8) 7/10 (70) 1
Cranial pair palsy (n, %) 7/74 (9,5) 5/64 (7,8) 2/10 (20) 0.238
Hemiparesis on admission (n, %) 3/74 (4,1) 2/64 (3,1) 1/10 (10) 0.357

CSF analytics
CSF Leucocytes (median, IQR) 2600 (720–6900) 2550 

(735–6510)
2600 
(720–12 000)

0.972

% of CSF neutrophils (median, IQR) 92,5 (86–96,5) 92,5 (86–95) 93 (68,5- 97,5) 0.968
CSF proteins (n, %)
<1 g/L 3/68 (4,4) 1/59 (1,7) 2/9 (22,2) 0.062
1–5 g/L 34/68 (50) 31/59 (52,5) 3/9 (33,3)
5–10 g/L 25/68 (36,8) 22/59 (37,3) 3/9 (33,3)
>10 g/L 6/68 (8,8) 5/59 (8,5) 1/9 (11,1)
Low CSF glucosea (n, %) 62/70 (88,6) 54/61 (88,5) 8/9 (88,9) 1
CSF positive gram stain (n, %) 52/69 (75,4) 44/60 (73,3) 8/9 (88,9) 0.435
CSF positive culture (n,%) 53/69 (76,8) 45/60 (75) 8/9 (88,9) 0.674

Blood tests
Creatinine on admission (μmol/L) (median, IQR) 75 (62–100) 71 (59–97) 87 (75–134) 0.062
Leukocytosis on admissionb (n, %) 62/74 (83,8) 55/64 (85,9) 7/10 (70) 0.351
Positive blood culture (n, %) 52/71 (73,2) 42/61 (68,9) 10/10 (100) 0.053
Hyponatremiac (n, %) 20/73 (27,4) 18/64 (28,1) 2/9 (22,2) 1

Radiology findings
Abnormal imaged on admission (n, %) 17/72 (23,6) 13/62 (21,0) 4/10 (40,0) 0.232
Abnormal imaged control during admission (n, %) 22/34 (64,7) 18/29 (62,1) 4/5 (80) 0.635

Adjunctive treatment
Adjunctive dexamethasone (n, %) 73/73 (100) 63/63 (100) 10/10 (100)
Adjunctive mannitol (n, %) 43/72 (59,7) 38/63 (60,3) 5/9 (55,6) 1

Electroencephalogram (EEG) characteristics
EEG performed during admission (n, %) 58/74 (78,4) 51/64 (79,7) 7/10 (70,0) 0.443
EEG with epileptiform dischargese (n, %) 9/58 (15,5) 8/51 (15,7) 1/7 (14,3) 0.325

(Continues)
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8 |   GUILLEM et al.

in 49/65 (75.4%) of those who did not, on (median) day 
2 (IQR, 1–4). The EEG findings and their relationship 
with seizures are detailed in the corresponding tables 
above (Tables 1–3). It should be noted that 30% of the pa-
tients who developed seizures presented epileptiform dis-
charges, but also in 10% of those who did not.

Cranial CT scans were performed at admission in 
almost all patients (84/86; 98%) and were completely 
normal in 62/84 (74%). The most common abnormali-
ties were: a cerebral abscess or cerebritis (2), an infarct 
(4), hemorrhage (1), or other (15). Abnormal images 
at admission were present in the same proportion in 
patients who developed seizures (6/21, 29%) and pa-
tients who did not (16/63, 25%) (p = 0.774). Patients 
who developed seizures were more likely to present 
abnormal control images (11/13, 85%) vs. (18/28, 64%) 
(p = 0.246).

4 |  DISCUSSION

Our study is the first of its kind designed to evaluate the im-
pact of ASM prophylactic treatment on the outcome of adults 
with pneumococcal meningitis. As such, it offers a more 
complete detailed analysis of seizures than previous reports.

In our series, acute symptomatic seizures were still fre-
quent, affecting at least one in every four patients. Overall, 
these figures are similar to those reported in a recent na-
tional cohort study in the Netherlands3 but differ markedly 
with regard to the development of potentially preventable 
(in- hospital) seizures–9.4% in our study vs. 18% in the Dutch 
report–supporting the effectiveness of ASM prophylaxis. 
Other studies have reported increased mortality rates in pa-
tients with bacterial meningitis of all etiologies who develop 
seizures.14,15 Similar results were observed in a series of pneu-
mococcal meningitis25 and in elderly adults.16 However, other 

All patients with 
preventable seizures 
(N = 74)

ASMs 
prophylaxis 
(n = 64)

No ASMs 
prophylaxis 
(n = 10) p

Clinical course and complications
Intensive Care Unit admission (n, %) 45/74 (60,8) 37/64 (57,8) 8 (80) 0.298
Orothraqueal intubation (n, %) 33/72 (45,8) 28/63 (44,4) 5/9 (55,6) 0.723
Days until consciousness level amelioration (median, IQR) 2 (1–4,5) 2 (1–4) 4 (1–6) 0.386
Admission days (median, IQR) 74 (11–25) 15 (10,5–27) 16,5 (14–21) 0.775

Clinical outcomes
Acute clinical seizures (n, %) 10/74 (13,5) 6/64 (9,4) 4/10 (40) 0.025
Death during admission (n, %) 8/74 (10,8) 5/64 (7,8) 3/10 (30) 0.070
Glasgow Outcome Scalef on discharge (n, %) 0.183

1 8 (10,8) 5 (7,8) 3 (30)
2 0 0 0
3 6 (8,1) 6 (9,4) 1 (10)
4 15 (20,3) 14 (21,9) 1 (10)
5 45 (60,8) 39 (60,9) 6 (60)

Glasgow Outcome Scalef 90 days after discharge (N = 57) (n, %) 1
1 0 0 0
2 0 0 0
3 2 (3,5) 2 (3,9) 0 (0)
4 13 (22,8) 12 (23,5) 1 (16,7)
5 42 (73,7) 37 (72,6) 5 (83,3)

Abbreviation: ASM, Antiseizure medication.
aCSF glucose/Plasma glucose <0.4.
bLeucocyte blood count >10.000/mm3.
cPlasma sodium <135 mmol/L.
dAny abnormality except for non- cortical lesions.
eEEG with focal epileptiform discharges periodic or not or focal seizures; DIC, disseminated intravascular coagulation.
fGlasgow outcome scale: 1 Death, 2 Neurovegetative state (unresponsive and speechless), 3 Severe disability (dependent for daily support), 4 Moderate 
disability (independent in daily life), 5 Good recovery (resumption of normal life with minor neurological and psychological deficits).

Bold values are statistical significance p < 0.05

T A B L E  2  (Continued)

 24709239, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/epi4.13054 by L

luisa G
uillem

 - R
eadcube (L

abtiva Inc.) , W
iley O

nline L
ibrary on [01/10/2024]. S

ee the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



   | 9GUILLEM et al.

studies have failed to demonstrate statistically significant as-
sociation with worse outcome,5,9 albeit reporting that seizures 
were a prognostic factor for intracranial complications9 or 
attributed 5% of deaths to seizures.5 Our results showed that 
seizure development was clearly associated with a greater 
need for ICU admission and orotracheal intubation, as well as 
more days until improvements in consciousness, all of which 
are surrogate variables for morbidity and mortality. There was 
also an association between seizure development and poor 
prognosis, but this narrowly failed to achieve statistical sig-
nificance. The extensive use of dexamethasone, which itself 
reduces mortality,6 may have influenced these results.

Our study was not designed to identify the risk factors 
for seizures because many of the patients were receiving 

prophylactic treatment. However, in accordance with 
previous reports,14–16 older age and higher CSF protein 
contents were more frequent in the group that developed 
seizures. We did not observe an association between ab-
normal neuroimaging findings at admission and seizure 
development, an issue that remains controversial in the 
literature.14,17 In fact, ASM prophylaxis was the only in-
dependent factor associated with seizure development, a 
finding that reflects its potential for preventing seizures.

Regarding prophylactic ASM treatment, a balance is 
needed between the expected potential benefit and pos-
sible adverse effects. Other challenges, such as drug in-
teractions and pharmacokinetics, must be taken into 
consideration. Acute seizures are a concern in several 

T A B L E  3  Detailed characteristics of the 10 cases who presented potentially preventable seizures.

Age (sex) ASM
Neuroimaging at 
arrival 1st EEG

Control 
EEG

Control 
neuroimaging

Clinical outcome 
(GOS at discharge)

Patients with anti- seizure prophylaxis

70 (F) PHT Normal Symmetric generalized 
slowing

GPDs N/A 5

NCSE

71 (M) PHT Normal Electroclinical seizures N/A Acute stroke 
left- MCA

4

87 (F) PHT Ancient left frontal 
stroke

Right intermittent delta 
activity

Slowed Ancient left 
frontal stroke

4a

58 (F) PHT Normal Asymmetric left 
slowing

Slowed Acute frontal 
stroke Vasculitis

3

52 (F) PHT Normal Right hemisphere 
theta- delta activity

N/A Subdural 
empyema, frontal 
right cerebritis

4

78 (M) LEV Normal Occasional anterior ED Normal Normal 3

Patients without anti- seizure prophylaxis

16 (F) Normal Symmetric generalized 
slowing

Slowed Right subdural 
hemorrhage

2

67 (F) Calcified frontal 
meningioma

Symmetric generalized 
slowing

Bilateral 
spike- waves

N/A 2

78 (F) Tentorial left 
meningioma

Occasional central left 
ED

Tentorial left 
meningioma

5

66 (F) Normal Symmetric generalized 
slowing

Normal N/A 3

Abbreviations: ASM, anti- seizure medication; ED, epileptiform discharges; F, female; GPDs, generalized periodic discharges; LEV, levetiracetam; M, male; 
MCA, middle cerebral artery; N/A, not available; NCSE, non- convulsive status epilepticus; PHT, phenytoin.
aPatient dependent for daily support before meningitis episode.

F I G U R E  3  Timeline of acute clinical seizures onset during meningitis episode. n/N = 21/86; % cumulative absolute frequency per 
period.
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other causes of acute brain injury, and different strategies 
have been recommended26–30; the conclusions drawn from 
prophylactic treatments with different ASMs are inconsis-
tent,31 leading to the proposal of more developed and non- 
universal prophylactic strategies.32

The window of opportunity for ASM prophylaxis is re-
stricted to patients who do not present seizures before di-
agnosis. The treatment appears to be more effective when 
administered within 4 h of admission. When choosing an 
ASM for the prophylactic treatment, intravenous posology 
that allows rapid titration and low pharmaceutical inter-
actions are required. New ASMs such as levetiracetam and 
lacosamide are indicated for the treatment of focal onset 
seizures and have a good profile, presenting fewer cardiac 
adverse events and interactions than phenytoin.33,34

The duration of ASM prophylaxis has not been assessed. 
Since acute symptomatic seizures are the result of an active 
brain injury, we propose a 10- day period, as it is the same 
interval for which antibiotic is prescribed to heal infections.

EEG is currently highly recommended for diagnosing 
seizures or epileptiform discharges.29 Despite our extensive 
review of the EEG findings, the retrospective nature of the 
study and the number of patients included did not allow us 
to make clinical recommendations based on the neurophys-
iological findings. We agree that this procedure is useful in 
the cases of altered levels of consciousness or confusional 
states, which may be due to ongoing seizures.35

The development of late intracranial complications 
involving cortical lesions may have facilitated the devel-
opment of seizures and led to the failure of ASM prophy-
laxis, as they were present in 50% of the cases in which 
ASM prophylaxis had failed.

Our study had some limitations. First, it was an obser-
vational cohort study without treatment randomization. 
Furthermore, the limited sample size, especially in the 
arm of patients that did not receive prophylaxis, could 
have affected our results, particularly in terms of reaching 
statistical significance. Another limitation is the partially 
retrospective review of some of the data.

5 |  CONCLUSIONS

Seizure development is a frequent complication of pneu-
mococcal meningitis and is associated with an increased 
need for ICU admission and orotracheal intubation. It is 
also associated with longer hospital stays.

No independent risk factors were detected for seizure 
development, although patients with seizures were older 
and presented higher CSF protein contents. Neuroimaging 
at admission was not able to predict the risk of seizure 
development.

ASM prophylaxis seemed to be effective in preventing 
seizure development in patients with preventable seizures, 
especially when administered within 4 h of admission. 
ASM prophylaxis failure may be due to late intracranial 
complications.

Adjunctive treatment with ASM prophylaxis should be 
considered and assessed in further studies, in view of the 
low rate of adverse effects associated with the newer ASMs 
and the potential benefits of avoiding ICU admission and 
orotracheal intubation and reducing hospital stay.
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