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Abstract 

Background Herein, we analyzed the efficacy of main antibiotic therapy regimens in the treatment of healthcare‑
associated meningitis (HCAM).

Materials/methods This retrospective cohort study was conducted in 18 tertiary‑care academic hospitals Turkey, 
India, Egypt and Romania. We extracted data and outcomes of all patients with post‑neurosurgical meningitis cases 
fulfilling the study inclusion criteria and treated with empirical therapy between December 2006‑September 2018.

Results Twenty patients in the cefepime + vancomycin‑(CV) group, 31 patients in the ceftazidime + vancomycin‑
(CFV) group, and 119 patients in the meropenem + vancomycin‑(MV) group met the inclusion criteria. The MV 
subgroup had a significantly higher mean Glasgow Coma Score, a higher rate of admission to the intensive care unit 
within the previous month, and a higher rate of antibiot herapy within the previous month before the meningitis 
episode (p < 0.05). Microbiological success on Day 3–5, end of treatment (EOT) clinical success (80% vs. 54.8%% vs 
57.9%), and overall success (EOT success followed by one‑month survival without relapse or reinfection 65% vs. 51.6% 
vs. 45.3%), EOT all cause mortality (ACM) and day 30 ACM (15% vs. 22.6% vs. 26%) did not differ significantly (p > 0.05) 
among the three cohorts. No regimen was effective against carbapenem‑resistant bacteria, and vancomycin resulted 
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in an EOT clinical success rate of 60.6% in the methicillin‑resistant staphylococci or ampicillin‑resistant enterococci 
subgroup (n = 34).

Conclusions Our study showed no significant difference in terms of clinical success and mortality among the three 
treatment options. All regimens were ineffective against carbapenem‑resistant bacteria. Vancomycin was unsuccess‑
ful in approximately 40% of cases involving methicillin‑resistant staphylococci or ampicillin‑resistant enterococci.

Keywords Healthcare‑associated meningitis, Empirical therapy, Multicenter study, Glycopeptides, Antibiotics

Introduction
Despite advances in medicine, neurosurgery, antimi-
crobial therapy, and critical care, meningitis, specifi-
cally nosocomial or healthcare-associated meningitis 
(HCAM), still poses a significant risk of mortality and 
morbidity [1–3]. Prompt and appropriate treatment is 
essential in managing HCAM, as inappropriate treatment 
may lead to undesirable outcomes. In contrast to commu-
nity-acquired meningitis (CAM), which is mainly caused 
by pneumococci and meningococci [4], healthcare-
associated meningitis (HCAM) is typically caused by 
Gram-negative bacilli, such as Pseudomonas aeruginosa, 
Acinetobacter spp., or Enterobacteriaceae, and Gram-
positive cocci, such as staphylococci or enterococci [1–
3, 5–9]. This difference also results in a discrepancy in 
empirical antibiotic therapy. While the third-generation 
cephalosporin ± ampicillin and vancomycin or rifampin 
is recommended for empirical CAM therapy, HCAM 
empirical treatment is recommended to be a combina-
tion of vancomycin with ceftazidime or cefepime or 
meropenem [1, 2, 5, 7]. However, to our knowledge, there 
are no published clinical data comparing these empirical 
treatment regimens in terms of efficacy in HCAM. In this 
multicenter multinational retrospective cohort study, our 
main objective was to compare the microbiological and 
clinical efficacy of the main empirical antibiotic regimens 
used for HCAM.

Methods
This study was conducted in 15 tertiary-care educational 
hospitals across nine cities in Turkey, including Izmir, 
Ankara, İstanbul, Adana, Denizli, Antalya, Diyarbakir, 
Trabzon, and Mersin, as well as three centers in India, 
Egypt, and Romania. We extracted data and outcomes 
from all adult patients (aged 18 or older) with post-
neurosurgical meningitis who met the inclusion criteria 
and were treated with one of the three empirical therapy 
options. The study period was between December 2006 
and September 2018. Demographic, clinical, and labora-
tory findings (white blood cells, CRP and other findings 
were on the day empirical antibiotic was started), pre-
disposing factors, as well as information on treatment 
response and outcomes were obtained retrospectively.

Inclusion criteria were as follows [9, 10]

a) Age ≥ 18–year-old
b) Presence of at least three of the following four clini-

cal/laboratory criteria as meningitis findings:

i) Cerebrospinal fluid (CSF) finding: ≥ 250 leuco-
cytes/mm3

ii) CSF culture positivity (in case of coagulase-nega-
tive staphylococci meningitis or culture negative 
meningitis ≥ 250/mm3 leucocytes was a neces-
sity)

iii) Body temperature > 38° C
iv) At least one of the following clinical findings:; 

disturbances in consciousness, neck stiffness, 
nausea or vomiting.

c) In case of a neurosurgical operation (except shunt 
operations) onset of the meningitis findings after at 
least 72 h of hospitalization and/or meningitis epi-
sode during the 30-day period after the neurosurgery 
and/or meningitis episode during the 90-day period 
after the shunt operations

Exclusion criteria were as follows

a) Age < 18-year-old
b) In case the patient had > 1 meningitis episodes, only 

the first episode was included in the study.
c) Meningitis episodes not fulfilling the above criteria.

Cefepime, ceftazidime, and meropenem were adminis-
tered at a dosage of 2 g every 8 h, while vancomycin was 
given at a dosage of 500 mg every 6 h.

Cerebrospinal fluid (CSF) samples were obtained via 
lumbar puncture, percutaneous aspiration of the shunt 
reservoir, or puncture of the extra ventricular drainage 
tubing. The samples were routinely centrifuged, and the 
pellet was Gram-stained. Identification and determina-
tion of antimicrobial susceptibility were performed using 
the VITEK 2 automated system (BioMerieux Inc, Mercy 
L’etoil, France) or conventional methods. Antibacterial 
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susceptibility tests were evaluated according to the Clini-
cal Laboratory Standards Institute (CLSI) criteria until 
2014 and the European Committee on Antimicrobial 
Susceptibility Testing (EUCAST) after 2015 [11, 12].

Clinical and microbiological success criteria were as follows
Day 3–5 clinical response
Defervescence of fever and improvement of other clinical 
signs on days 3–5.

Day 3–5 microbiological response
Negative CSF culture with a decrease in leukocyte count 
on days 3–5.

End of treatment (EOT) clinical success
Absence of any need for modification of empirical treat-
ment, along with concomitant clinical (i.e., deferves-
cence of fever and improvement of other clinical signs) 
and Tmicrobiological response at the end of the empiri-
cal therapy regimen. Discontinuation of one of the com-
bined antibiotics after receiving culture results was not 
considered a modification, but rather an indication of 
successful treatment.

All cause mortality (ACM)
This referred to death occurring during the meningitis 
episode, regardless of the cause.

Day 30 all cause mortality
ACM after 30-days after the start of the empirical menin-
gitis treatment.

Infection related mortality
Mortality due to documented or clinically diagnosed infec-
tion/meningitis according to the oonsulting physician.

Overall clinical success
This referred to survival at the EOT with clinical and 
microbiological success, and no relapse or recurrence 
during the 30-day follow-up period.

Statistical analysis
The aim of this study was to compare the clinical success, 
mortality, and overall clinical success rates for cohorts 
that received the three empirical regimens. We used 
SPSS version 25.0 (Chicago, IL, USA) for all analyses. We 
evaluated the difference between groups using the χ2 test 
and one-way ANOVA test, as indicated. The significance 
level was set at p < 0.05.

Results
A total of 170 postneurological meningitis cases were 
included in the study, with 20 patients in the cefepime + van-
comycin (CV) group, 31 in the ceftazidime + vancomycin 
(CFV) group, and 119 in the meropenem + vancomycin 
(MV) group. Of these patients, 28 (16.5%) had shunt infec-
tions, 20 (11.8%) were on lumbar drainage, and 36 (21.2%) 
were on external ventricular drainage at the time of diagno-
sis of nosocomial meningitis. Table 1 shows the underlying 
diseases, age, and other characteristics of the cases. There 
were no significant differences between the three therapy 
cohorts in terms of underlying diseases, shunt, lumbar or 
extraventricular drainage, treatment duration, gender, and 
age. However, admission to the intensive care unit (ICU) 

Table 1 General characteristics (gender, age), treatment duration, underlying diseases and previous intensive care unit admission and 
antibiotic therapy history of the three cohorts

Characteristic/underlying disease cefepime +  
vancomycin 
(Total = 20)
n/(%)

ceftazidime +  
vancomycin 
(Total = 31)
n/(%)

meropenem +  
vancomycin 
(Total = 119)
n/(%)

p Overall cohort 
(Total = 170)
n/(%)

Female 8 (40%) 15 (48.4%) 69 (58%) 0.255 92 (54.1%)

Male 12 (60%) 16 (51.6%) 50 (42%) 0.255 78 (45.9%)

Age 49,35 ± 15.63 44,16 ± 14.96 49,13 ± 15.69 0.773 48.2 ± 15.6

Treatment duration 16,7 ± 8.38 11.9 ± 6.40 16,3 ± 10.3 0.066 15.6 ± 9.6

Intracranial tumor 6 (30) 12 (38.7%) 46 (38.7%) 0.754 64 (37.6%)

Intracranial hemorrhage 3 (15%) 1 (3.2%) 20 (16.8%) 0.152 24 (14.1%)

Hydrocephalus 7 (35%) 7 (22.6%) 18 (15.1%) 0.091 32 (18.8%)

Shunt 5 (25%) 5 (16.1%) 18 (15.1%) 0.544 28 (16.5%)

Lumbar drainage 1 (5%) 6 (19.4%) 13 (10.9%%) 0.261 20 (11.8%)

External ventricular drainage 3 (15%) 6 (19.4%) 27 (22.7%) 0.711 36 (21.2%)

Admission in intensive care unit during the previous one month 4 (20%) 8 (25.8%) 72 (60.5%) 0.000053 84 (49.4%)

Any antibiotherapy during the previous one month 
before the meningitis episode

5 (25%) 15 (48.4%) 74 (62.2%) 0.005773 94 (55.3%)



Page 4 of 9Sipahi et al. BMC Infectious Diseases          (2023) 23:639 

and any antibiotic therapy during the one-month prior to 
the meningitis episode were significantly more common in 
the MV subgroup.

Clinical presentation and diagnosis
Out of the total of 170 cases, 113 cases (66.5%) presented 
with fever, 92 cases (54.1%) exhibited disturbances in 
consciousness, 61 (36%) had neck stiffness, and 39 cases 
(22.9%) had all three symptoms, known as the classical 
triad. Additionally, 20 (11.8%) cases had convulsions and 
55 (32.4%) had nausea and vomiting (Table 2).

The mean levels for white blood cells and CRP were 
15,089 ± 8106/mm3  and 15.20 ± 15.93 mg/dl, respec-
tively. Out of 170 patients, 128 (75%) had leukocytosis 
(> 10,000/mm3). Additionally, 32 cases did not have leu-
kocytosis but showed polymorphonuclear leukocyte pre-
dominance (> 64%) (Table 2).

The mean CSF leukocyte count was 1365 ± 2668/
mm3 (range 10–20350/mm3), while the mean CSF protein 
and the mean CSF glucose levels were 215.15 ± 195.26 
mg/dl (range 2–917 mg/dl) and 43.04 ± 30.21 mg/dl 
(range 0–144 mg/dl), respectively.

A total of 42 patients (24.7%) tested positive for Gram-
stain, while 107 cases (62.9%) tested positive for CSF 
culture. No bacteriological agent was found in 63 cases 
(37.1%). Of the 66 bacteria isolated in CSF culture posi-
tive cases, 61.7% were Gram-negative while 46.7% were 
Gram-positive. The most common etiologic agent was A. 
baumannii, followed by coagulase-negative staphylococci 
and S. aureus (Table 2). Nine cases (5.3%) were found to 
have mixed infections. Twenty-two (91.7%) of the A. bau-
mannii strains were resistant to carbapenem, and none 
were intermediately-resistant. Of all the Gram-negative 
bacteria, 9.2%, 64.6%, 52.3%, and 38.4% were ESBL pro-
ducers, resistant to ceftazidime, cefepime, and carbap-
enem, respectively.

Although the rate of methicillin resistance among CNS 
strain was 71.4%, it was 63.1.% among S. aureus strains. 
Fortunately, there were no cases of fungal meningitis. 
However, one (0.6%) of the causative agents was vanco-
mycin-resistant E. faecium.

Magnetic resonance imaging (MRI) was conducted on 
77% of the overall cohort (132 patients). Out of the 132 
patients, 10 cases (7.57%) showed normal MRI results. 
The most common MRI findings were postoperative 
changes (46.9%), hydrocephalus (28%), intracranial 
hemorrhage (9%), and abscess (6.1%). Besides, the MRI 
detected ventriculitis in two cases (1.5%).

According to Table  2, there was no significant differ-
ence among the three treatment groups in relation to 
symptoms, blood WBC, CRP, CSF bacterial etiology, CSF 
findings, MRI performed cases, cases with normal MRI 
and ventriculitis in MRI. However, the MV cohort had a 

significantly lower mean GCS score, and the CV cohort 
had a greater number of CSF culture-negative cases.

Clinical efficacy
The clinical response on day 3–5 ranged between 
45–54.8%. However, there was no significant difference 
between the three groups (p = 0.472, Table 3). A total of 
56 cases that had positive CSF culture (32.9%) did not 
have a repeated CSF culture on day 3–5 or died before 
that time point. Nonetheless, there was no significant dif-
ference in day 3–5 microbiological responses between 
the three groups (p = 0.736, Table 3).

The clinical success rate at the EOT was 80%, 54.8%, 
and 57.9% for the CV, CFV, and MV cohorts, respectively 
(p = 0.143, Table  3). There was no significant difference 
in EOT clinical success rates among the CSF culture-
negative subgroups. Overall, vancomycin demonstrated 
an EOT clinical success rate of 60.6% (20/34) in the sub-
group of methicillin-resistant staphylococci + ampicillin-
resistant enterococci. Treatment failure occurred in two 
patients with vancomycin MIC > 1mg/l, but EOT success 
was achieved in 9 out of 10 patients with vancomycin 
MIC ≤ 1mg/l (p = 0.007). Nevertheless, as expected, the 
EOT clinical success rate was 0% in the carbapenem-
resistant HCAM subgroup in the overall cohort (0/23).

Finally, there was no significant difference in terms of 
overall clinical success rate between the treatment groups 
(p = 0.252), as well as for both microbiologically con-
firmed (p = 0.874) and microbiologically unconfirmed 
meningitis subgroups (p = 0.337) (Table 3).

Sequalae
The overall rate of sequela was 19.4%. Interestingly, no 
sequela was reported in the CV or CFV groups, while all 
sequelae were in the MV group, any sequalae was signifi-
cantly higher than CF or CFV groups (p = 0.0015). How-
ever, there was no significant difference in terms of any 
sequela subgroup between the CV, CFV, and MV cohorts 
(see Table 3).

Mortality
Overall ACM on day 30 of HCAM empirical treatment 
was 24.1% and did not differ significantly between the 
three groups as well as in möicrobioogically confirmed 
or unconfirmed subgroups (Table  3). At EOT (CV-
CFV-MV), the overall mortality rate was 18.8%. The 
lowest mortality rate was observed in the CV cohort 
(10%), while the highest was observed in the CFV 
cohort (22.5%) (p = 0.489). The infection-related mor-
tality rate during meningitis treatment (CV-CFV-MV) 
was 13.5%, with no significant difference among the 
three cohorts (p = 0.821). Thirteen cases died during 
the 30-day follow-up period for those with successful 
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EOT (p = 0.101). Table  3 provides a summary of the 
mortality data.

Adverse events
One participant in the CV cohort experienced an adverse 
event (AE) of abdominal pain. In the CFV cohort, four 

participants developed AEs, with two complaining of 
diarrhea, one reporting abdominal distention, and one 
requiring a drug switch due to an abnormal liver func-
tion test. Finally, six participants in the MV cohort expe-
rienced AEs, with three reporting nephrotoxicity, two 
experiencing a local reaction at the IV entrance site, and 

Table 2 Clinical characteristics and CSF findings on the day empirical antibiotic was started, and meningitis etiology of the three 
cohorts

a One case of cefepime and ceftazidime sensitive Enterobacter aerogenes
b one case carbapenem-resistant K.pneumoniae, three cases carbapenem –resistant A. baumannii
c One case carbapenem-resistant K.pneumoniae, one case carbapenem-resistant Citrobacter and 17 cases carbapenem –resistant A. baumannii

Finding cefepime +  
vancomycin 
(Total = 20)
n/(%)

ceftazidime +  
vancomycin 
(Total = 31)
n/(%)

meropenem +  
vancomycin 
(Total = 119)
n/(%)

p

Fever 13 (65%) 24 (77.4%) 76 (63.9%) 0.358

Disturbances in level of consciousness 8 (40%) 14 (45.2%) 70 (58.8%) 0.159

Glasgow coma score 13.65 ± 2.18 13.76 ± 2.62 11.85 ± 3.37 0.003

Neck stiffness 5 (25%) 8 (25.6%) 48 (40.3%) 0.180

Convulsions 3 (15%) 2 (6.5%) 15 (12.6%) 0.569

Nausea and vomiting 5 (25%) 10 (32.3%) 40 (33.6%) 0.748

Blood leukocyte (/mm3) 12,803 ± 5384 14,058 ± 6053 15,748 ± 8867 0.239

Blood leukocyte count(> 10.000/mm3) 12 (60%) 24 (77.4%) 92 (77.3%) 0.240

Blood CRP (mg/dl) 10.99 ± 12.31 14.75 ± 14.85 16.10 ± 16.79 0.455

CSF pleocytosis (mean, range) 745 ± 350 (170–1340) 1164 ± 1552 (80–8000) 1527 ± 3083 (10–20350) 0.441

CSF leukocyte count (mean, range/mm3) 144.0 ± 87.79 (62–348) 241.23 ± 287.27 (28–1210) 217.33 ± 181.90 (2–917) 0.474

CSF glucose (mean, range) 61.11 ± 30.8 (30–122) 38,70 ± 31.03 (2–112) 42,05 ± 29.73 (0–144) 0.160

Gram stain positive 1 (5%) 10 (32.3%) 31 (26%) 0.072

CSF culture negative 13 (65%) 11 (35.5%) 34 (28.6%) 0.006

Acinetobacter baumannii 0 (0%) 4 (12.9%) 20 (16.8%) 0.132

Escherichia coli 0 (0%) 0 (0%) 9 (75.7%) 0.130

Klebsiella pneumoniae 0 (0%) 2 (6.5%) 8 (67.2%) 0.491

Pseudomonas aeruginosa 0 (0%) 3 (9.7%) 6 (5%) 0.313

Staphylococcus aureus 2 (10%) 4 (12.9%) 13 (10.9%) 0.937

Coagulase‑negative staphylococci 3 (15%) 4 (12.9%) 14 (11.8%) 0.915

Ceftazidime resistance among Gram‑negative bacteria 0 (0%) 5 (45.4%) 37 (67.2%) NA

Cefepime resistance among Gram‑negative bacteria 0 (0%) 5 (45.4%) 28 (50.9%) NA

Any methicillin‑resistant staphylococci among staphylococci 4 (80%) 5 (62.5%) 19 (70.3%) 0.796

Any methicillin‑sensitive staphylococci among staphylococci 1 (20%) 3 (37.5%) 8 (29.6%)

Any carbapenem‑sensitive‑Gram‑negative bacteria among Gram‑
negative bacteria

1 (100%)a 7 (63.6%) 33 (60%) NA

Any carbapenem‑resistant‑Gram‑negative bacteria among Gram‑
negative bacteria

0 (0%) 4 (36.3%)b 19 (34.5%)c

Enterococcus faecalis 0 (0%) 1 (3.2%) 2 (1.7%) 0.648

Enterococcus faecium 0 (0%) 0 (0%) 2 (1.7%) 0.648

VRE 0 (0%) 0 (0%) 1 (0.8%) 0.806

Other pathogens 2 (10%) 3 (9.7%) 16 (13.4%) 0.803

Magnetic resonance imaging performed 13 (65%) 21 (67.8%) 98 (82.4%) 0.077

Magnetic resonance imaging no pathologic finding 0 (0%) 3 (9.7%) 6 (5%) 0.313

Ventriculitis in MRI 0 (0%) 1 (3.2%) 1 (0.8%) 0.333

Shunt removal 4 (20%) 3 (9.7%) 12 (10.1%) 0.410
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one requiring a drug switch due to an allergic reaction. 
The number of participants who experienced AEs that 
necessitated a change in therapy was similar across the 
three cohorts (p > 0.05, see Table 3).

Discussion
HCAM is a very serious type of healthcare-associated 
infection that poses significant patient risks. The HCAM 
guidelines recommend ceftazidime, cefepime, or mero-
penem + vancomycin as empirical therapy options 
[5]. Although these combinations are the most com-
monly suggested regimens [1, 2, 4, 5], there has been 
no controlled or uncontrolled comparative analysis to 

determine the efficacy of these options. Cefepime has an 
advantage over ceftazidime in that it is resistant to induc-
ible Ampc type beta-lactamases, while ceftazidime and 
cefepime both have the disadvantage of being susceptible 
to most ESBLs compared to meropenem. However, all 
three options are sensitive to carbapenemases [13, 14]. 
Using only one option for continuous antibiotic pres-
sure may contribute to resistance; therefore, increasing 
the number of available empirical therapy options could 
increase the effective consumption periods of the avail-
able antibiotic options [13]. This study was conducted to 
determine whether these three options may be alterna-
tive to each other.

Table 3 Clinical outcomes, mortality, and sequalae of the three cohorts

Outcome cefepime +  
vancomycin 
(Total = 20)
n/(%)

ceftazidime +  
vancomycin 
(Total = 31)
n/(%)

meropenem +  
vancomycin 
(Total = 119)
n/(%)

p

Clinical response on day 3–5 9/20 (45%) 17/31 (54.8%) 61/119 (51.2%) 0.472

Microbiological response on day 3–5 7/12 (58%) 17/25 (68%) 32/54 (59%) 0.736

Needed change in antibiotic therapy after microbiological documentation 0/5 (0%) 4/20 (20%) 18/76 (23.7%) 0.344

End of treatment clinical success 16/20 (80%) 17/31 (54.8%) 69/119 (57.9%) 0.143

End of treatment clinical success in CSF culture negative cases 11/13 (85%) 8/11 (73%) 26/34 (76%) 0.762

End of treatment clinical success in CSF culture in carbapenem‑sensitive Gram‑negative 
bacteria

0/1 (0%) 5/6 (83.3%) 22/31 (70.9%) NA

End of treatment clinical success in CSF culture in lumbar or ventricular rainage cases 
(ijncluding those with shunts at the time of diagnosis)

8/9 (88.9%) 10/17 (58.8%) 28/58 (48.3%) 0.069

End of treatment clinical success in carbapenem‑resistant Gram‑negative bacteria 0/0 (0%) 0/4 (0%) 0/18 (0%) NA

End of treatment clinical success in methicillin‑resistant staphylococci 4/4 (100%) 1/5 (20%) 14/19 (73.7%) NA

End of treatment clinical success in ampicillin‑resistant enterococci 0/0 (0%) 1/1 (100%) 0/4 (0%) NA

Mortality due to any reason at EOT 2/20 (10%) 7/31 (22.5%) 23/119 (19.3%) 0.489

Infection related mortality at EOT 2/20 (10%) 5/31 (16.1%) 16/119 (13.4%) 0.821

Day 30 (after empirical treatment start) all cause mortality 3/20 (15%) 7/31 (22.6%) 31/119 (26%) 0.551

Day 30 (after empirical treatment start) all cause mortality in microbiologically confirmed 
cases

2/7 (28.6%) 6/20 (30%) 26/85 (30.6%) 0.993

Day 30 (after empirical treatment start) all cause mortality in microbiologically uncon‑
firmed cases

1/13 (7.7%) 1/11 (9,1%) 5/34 (14.7%) 0.759

All cause mortality among cases with EOT success, 30 days follow up after EOT 1/16 (5.55%) 0/17 (0%) 12/69 (17.39%) 0.101

Overall clinical success 13/20 (65%) 16/31 (51.6%) 54/119 (45.3%) 0.252

Overall clinical success in any microbiologically unconfirmed meningitis 9/14 (64.2%) 6/11 (54.5%) 22/38 (57.8%) 0.874

Overall clinical success in any microbiologically confirmed meningitis 4/6 (66.6%) 10/20 (50%) 32/81 (39.5%) 0.337

Reinfection during one month follow up among cases with EOT success 0/16 (0%) 0/17 (0%) 2/69 (2.89%) 0.613

Relapse during one month follow up among cases with EOT success 0/16 (0%) 1/17 (5.88%) 1/69 (1.44%) 0.411

Any sequalae 0 (0%) 0 (0%) 33 (27.8%) 0.00015

Hematoma 0 (0%) 0 (0%) 2 (1.7%) 0.648

Hydrocephalus 0 (0%) 0 (0%) 3 (2.5%) 0.519

Abscess 0 (0%) 0 (0%) 7 (5.9%) 0.209

Disorder of cognitive functions 0 (0%) 0 (0%) 10 (8.4%) 0.102

Hemiparesis/hemiplegia 0 (0%) 0 (0%) 9 (7.6%) 0.152

Any adverse effect 1 (5%) 4 (12.9%) 6 (5%) 0.222

Antibiotic switch due to side effects 0 (0%) 1 (3.2%) 1 (0.8%) 0.478
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HCAM is a relatively rare nosocomial infection. How-
ever, in centers with overloaded neurosurgery clinics, it 
may comprise a more significant part of overall noso-
comial infections. While HCAM is rare, it can lead to 
a mortality rate of 16–40.8% [15–21] and significant 
morbidity. In our cohort, overall mortality at EOT (CV-
CFV-MV) was 18,8%. The lowest mortality was observed 
in CV cohort (10%) and highest in CFV cohort (22.5%) 
(p = 0.489) all of which are compatible with the results 
published in the literature [15–21]. It is worth noting that 
some patients experienced a relapse or developed other 
nosocomial infections, leading to additional mortality 
during the follow-up period. Hence, in our study, after 
18.8% EOT mortality an additional 13 (7.6%) patients 
died until day 30 follow up. However, there was no sig-
nificant difference in terms of mortality analysis between 
the three treatment groups.

As our study was a retrospective cohort study, it was 
not possible to balance the cohorts in all parameters 
including patient numbers or culture-negative cases in 
the three cohorts. MV combination was used more com-
monly than CV or CFV combination in the study centers, 
which created an imbalance in disfavor of CV and CFV 
cohorts. Additionally, the GCS at the start of empirical 
antibiotic therapy, the number of patients managed in 
the ICU, and the number of cases that received antibi-
otics in the previous month of the HCAM episode were 
significantly disfavored in the MV arm. It is possible that 
all these disadvantages, which are risk factors for ESBL, 
might have caused selection of meropenem rather than 
cefepime or ceftazidime. Furthermore, sequalae were 
more common in the MV arm, which may be due to the 
significantly lower GCS score and significantly higher 
ICU need in that cohort [1, 4]. However, the EOT clinical 
success, day-30 mortality, and overall clinical success at 
the end of the one-month follow-up did not differ signifi-
cantly between the three cohorts.

Nosocomial Acinetobacter infections, including men-
ingitis, are becoming increasingly common in ICUs. 
According to a recent systematic review of HCAM in 
Turkey [3], Acinetobacter spp. caused 30.7% of 899 CSF 
culture positive nosocomial meningitis episodes. The 
pooled carbapenem-resistance rate was 37.5%. In addi-
tion, carbapenem-resistant Enterobacteriales are increas-
ingly being reported as a cause of HCAM [22, 23]. 
However, carbapenems, ceftazidime, and cefepime have 
the disadvantage of not covering carbapenem-resistant 
strains. As a result, all three treatment arms evaluated in 
our cohorts failed in the carbapenem-resistant subgroup.

Herein, we detected the overall clinical success rate 
with vancomycin as 60.6% in the ampicillin-resistant 
enterococci and methicillin-resistant staphylococci sub-
group. As glycopeptides are relatively large molecules, 

their ability to penetrate the central nervous system is 
limited. Strains with a low MIC (< 1mg/l) are expected 
to have a higher likelihood of clinical success. Hence, we 
found that clinical success at EOT was lower in patients 
with a vancomycin MIC > 1mg/l compared to those with 
a MIC ≤ 1mg/l (p = 0.001) [9, 24, 25].

The reported penetration rates of the included antimi-
crobial agents into inflamed CSF are as follows: 20–40% 
for ceftazidime [26], 10.3% for cefepime [27], 39% for 
meropenem [27], and 30% for vancomycin [27]. However, 
the drug levels were not measured in any of the study 
centers.

Our study has several limitations i) its retrospective 
design ii) with a relatively small number of cases in the 
ceftazidime and cefepime groups, it was underpow-
ered to demonstrate the efficacy of the three empirical 
treatment regimens in well-balanced cohorts and also 
unable to show the outcome differences in methicil-
lin-resistant versus sensitive cases, as well as  3rd gen-
eration and carbapenem resistant bacterial strains iii)
the absence of antibiotic levels, pharmacokinetic and 
pharmacodynamic data including vancomycin, which 
were not measured in any of the cases iv) repeated 
lumbar puncture was not repeated In all cases vi) we 
did not analyse the neutrophil rates of CSF samples 
v) all the included cases fulfilled the inclusion crite-
ria but we did not further examine the excluded cases) 
vi) Though we could include the meningitis episodes 
developping after 90 days we wanted to stay within 
the 90 days period in implant cases [28]. Herein, our 
primary objective was to compare the efficacies of 
empirical therapy and assess EOT clinical success and 
EOT mortality as the most critical outcomes. However, 
due to the fact that EOT not having a fixed time point, 
we conducted further analysis of day-30 ACM, which 
could have been impacted by revisions to intravenous/
intrathecal antibiotic therapy after the etiology was 
elucidated. Nevertheless, needing such modifications 
was considered an unsuccessful outcome, and analy-
sis of these modifications was kept outside the scope 
of this study. Additionally, infection related mortality 
was considered as per the treating physician. Due to 
the inability to perform autopsies, definitive reasons 
for mortality could not be determined. Our analysis 
indicated considerable mortality, relapse, and reinfec-
tion after the EOT, suggesting potential problems in 
infection control or reaching the best available therapy 
(especially in carbapenem-resistant Gram-negative 
cohort) at the study centers. Despite these limitations, 
to our knowledge, this is the first and the largest data-
set evaluating the microbiological and clinical efficacy 
of empirical therapy regimens in HCAM, providing 
valuable insights into this area of study.
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In conclusion this retrospective cohort study revealed 
no significant difference in EOT clinical success, EOT 
mortality, overall clinical success, and day-30 ACM 
among the three treatment arms. Our study was the first 
to compare three empirical therapy regimens in HCAM. 
While all three options had basicdisadvantages against 
carbapenem-resistant strains, vancomycin was found 
to have average efficacy against methicillin-resistant 
staphylococci. We suggest a randomized controlled trial 
to further analyze these three regimens. In addition, we 
suggest evaluating empirical therapy regimens that may 
be effective against carbapenem-resistant Gram-negative 
bacteria. We strongly recommend developing speedy 
diagnostic systems for HCAM, similar to those used in 
community-acquired meningitis or other infections [29, 
30]. Finally the medical community should seek more 
effective measures for infection control in HCAM.
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