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Background: Nosocomial meningitis is a medical emergency that requires early diagnosis, prompt
initiation of therapy, and frequent admission to the intensive care unit (ICU).

Methods: A retrospective study was conducted in adult patients diagnosed with nosocomial men-
ingitis who required admission to the ICU between April 2010 and March 2020. Meningitis/ven-
triculitis and intracranial infection were defined according to Centers for Disease Control and Pre-
vention guidelines.

Results: An incidence of 0.75% of nosocomial meningitis was observed among 70 patients. The
mean patient age was 59 years and 34% were >65 years. Twenty-two percent of patients were in
an immunocompromised state. A clear predisposing factor for nosocomial meningitis (traumatic
brain injury, basal skull fracture, brain hemorrhage, central nervous system [CNS] invasive proce-
dure or device) was present in 93% of patients. Fever was the most frequent clinical feature. A mi-
crobiological agent was identified in 30% of cases, of which 27% were bacteria, with a predomi-
nance of Gram-negative over Gram-positive. Complications developed in 47% of cases, 24% of
patients were discharged with a Glasgow coma scale <14, and 37% died. There were no clear clin-
ical predictors of complications. Advanced age (=65 years old) and the presence of complications
were associated with higher hospital mortality.

Conclusions: Nosocomial meningitis in critical care has a low incidence rate but high mortality
and morbidity. In critical care patients with CNS-related risk factors, a high level of suspicion for
meningitis is warranted, but diagnosis can be hindered by several confounding factors.

Key Words: bacterial meningitis; central nervous system infections; critical care; critical illness;
healthcare-associated meningitis; hospital infection

INTRODUCTION

Central nervous system (CNS) infections are medical emergencies that require an early diag-
nosis, prompt initiation of therapy, and frequent admission to an intensive care unit (ICU) [1].
Nosocomial meningitis causes 40% of cases of bacterial meningitis in industrialized countries
[2] and is associated with high mortality and morbidity [1]. Risk factors include invasive pro-
cedures (such as craniotomy, internal ventricular catheters, external ventricular drains (EVD),
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external lumbar catheters, and lumbar puncture) [3-5], mod-
erate or severe head trauma [6-8], subarachnoid hemorrhage
[9,10], and, in rare cases, metastatic infection in patients with
bacteremia [4]. Tumor neurosurgery, severe traumatic brain
injury (TBI), and subarachnoid hemorrhage carry the highest
risk for postoperative meningitis [2]. Possible clinical char-
acteristics of nosocomial meningitis include fever, headache
onset, nausea, change in mental status, evidence of meningeal
irritation, and seizures [11]. Nevertheless, diagnosing nosoco-
mial meningitis is challenging and particularly problematic in
the ICU.

Patients in ICUs are often sedated or unresponsive due to
other conditions or underlying neurologic diseases, which
impairs clinical assessment. Additionally, fever or increase in
acute phase proteins can have several potential foci, infectious
or non-infectious, including injury to the thermoregulation
center [12]. Infections associated with cerebrospinal fluid
(CSF) shunts can cause nonspecific symptoms such as general
malaise or low-grade fever [4]; signs of meningeal irritation are
present in less than 50% of patients.[4]

On the other hand, CSF biochemical profiles can be drasti-
cally altered by intracerebral hemorrhage, immunosuppres-
sion [12], and local inflammatory reactions to blood break-
down products or chemicals after neurosurgical interventions
(expected presence of elevated proteinorrachia and pleocyto-
sis [13]). A previous study revealed that the CSF characteristics
in post-neurosurgical patients were similar between aseptic
meningitis and bacterial meningitis cases, including glucose
level [13]. In patients with EVD, severe disturbances in the CSF
limit the value of CSF analysis for prediction or diagnosis of
EVD-related meningitis [14]. Frequent prior or concomitant
use of antimicrobials in the ICU further complicates interpre-
tation of the CSF tests; although cell counts in CSF are useful,
they have low sensitivity and specificity in some clinical sub-
groups [14].

CSF culture is considered the gold standard for diagnosing
bacterial meningitis. However, its clinical use in ICU popu-
lations is limited by frequent prior antibiotic administration,
which decreases culture yield. Infections that require immedi-
ate therapeutic attention must be differentiated from contam-
ination or device colonization [12]. In up to 70% of meningitis
cases that develop after intraventricular hemorrhage, menin-
gitis is aseptic [13].

To assess the impact of nosocomial meningitis in intensive
care patients, a retrospective study was conducted. Aims in-
cluded estimating disease incidence and identifying risk fac-
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KEY MESSAGES

= Nosocomial meningitis in critical care has a low inci-
dence rate but high mortality and morbidity.

= In this retrospective study of nosocomial meningitis, fe-
ver was the most frequent clinical sign.

= Advanced age and complications were associated with
higher mortality.

tors for worse outcomes.

MATERIALS AND METHODS

This study was approved by the Ethics Committee and by the
Administrative Council of CHUPorto (No. 2019.317). Individu-
al informed consent was waived.

In this retrospective, single-center study, we reviewed all
adult patients (over 18 years of age) diagnosed with nosoco-
mial meningitis who were admitted to the ICU at University
Hospital Center of Porto-CHUPorto between April 2010 and
March 2020. CHUPorto is a central and university teaching
hospital (in association with the University of Porto) with over
800 beds, 24 of which are ICU beds. The hospital admits 35,000
patients per year. As a tertiary center, it serves a population of
over 3,000,000 people.

Meningitis, ventriculitis, and intracranial infection were
defined according to the guidelines of Centers for Disease
Control and Prevention (CDC) (Supplementary Table 1) [15].
Infection acquisition was considered nosocomial when it
occurred at least 48 hours after admission. Altered mental
status was defined as not being alert on “alert, verbal, pain,
unresponsive (AVPU)” score or by a Glasgow coma scale (GCS)
score <14 points.

Statistical analyses were performed with IBM SPSS ver. 26
(IBM Corp., Armonk, NY, USA). The Kolmogorov-Smirnov
test of normality was used to assess whether continuous vari-
ables had a normal or non-normal distribution; Student t-test
and the Mann-Whitney U-test were performed accordingly.
To compare categorical variables, Fisher’s exact test and chi-
square test were applied. The presence of complications, non-
alert state at discharge (“AVPU” score), and mortality were es-
tablished outcomes. Univariate and multivariate analyses were
performed to assess the associations of significant variables
with hospital and 30-day mortalities. Statistical significance
was accepted at P<0.05.
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RESULTS

Descriptive Analysis

Between April 2010 and March 2020, 10,664 adult patients
were admitted to the ICU; of these, 80 had a diagnosis of nos-
ocomial meningitis (0.75%). Ten patients were excluded from
the study due to insufficient data or because they did not fulfill
the diagnostic criteria for CNS infection (Figure 1).

Study population characteristics are presented in Table 1.
The population had a mean age of 59+16 years (range, 18-88),
with a large proportion (34.3%) of elderly patients (=65 years
old). The population was predominantly male (62.9%). Predis-
posing underlying conditions included alcohol abuse (n=13,
18.6%), diabetes mellitus (n=9, 12.9%), immunosuppressive
therapy (n=3, 4.3%), primary immunodeficiency (n=1, 1.4%),
and drug abuse (n=1, 1.4%).

Of the 70 included patients, 69 met the diagnostic criteria
for meningitis/ventriculitis and one for intracranial infection
with meningitis (Figure 1). Sixty-five patients (93%) had a clear
CNS-related predisposing factor for nosocomial meningitis
(TBI, basal skull fracture, brain hemorrhage, or CNS invasive
procedure); of the five remaining patients (7.1%), two had bac-

10,664 Adult patients
admitted to the ICU between
April 2010 and March 2020

80 With nosocomial meningitis

10 Excluded due to
insufficient data or unfulfilling
of diagnostic criteria

70 Included

1 With intracranial
infection and
meningitis

69 With meningitis
or ventriculitis

Figure 1. Flowchart of patients included in the study. ICU: intensive
care unit.
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teremia, one had endocarditis, and one had a dental abscess.
Invasive CNS procedure was the most common risk factor for
nosocomial meningitis (n=62, 88.6%).

Clinical and laboratory characteristics of CNS infection are
depicted in Table 2. Fever was the most common clinical fea-
ture, occurring in 90% of patients. Seizures and new focal defi-
cits (hemiparesis) were observed in 11 (15.7%) and five (7.1%)
patients, respectively. Among non-sedated patients (n=38), al-
tered mental status (defined as not alert on AVPU score or GCS
<14 points) was the second most frequent symptom (n=27).

Lumbar puncture was performed in most patients. CSF anal-
ysis disclosed a mean glucose level of 0.69+0.35 g/L, median
protein of 1.15 g/L (interquartile range [IQR], 0.65-1.84), and
median white cell count of 359/pL (IQR, 132-1,634) (Table 2).

Table 1. Patients' characteristics

Odontogenic abscess

Demographics Value
Age (yr) 59+16
Age 265 yr 24 (34.3)
Male 44 (62.9)
Functional status: independent 64 (91.4)
Underlying disease
Immunosuppressive therapy 3(43)
Primary immunodeficiency 1(1.4)
Diabetes mellitus 9(12.9)
Type 2, insulin-treated 2(29)
Type 2, non-insulin-treated 7 (10.0)
Alcohol abuse 13(18.6)
Drug abuse 1(1.4)
Predisposing condition
T8I 24 (34.3)
Basal skull fracture 7 (10.0)
CNS invasive procedure 62 (88.6)
Craniotomy 31 (44.3)
Craniectomy 17 (24.3)
Cranioplasty 1(1.4)
Spinal surgery 4(5.7)
CNS invasive device 45 (64.3)
EVD 23 (32.8)
ICP-monitoring catheter 32 (45.7)
Lumbar drain 4(5.7)
Distant focus of infection 2(2.9)
(
(

Endocarditis

Values are presented as meanzstandard deviation or number (%).
TBI: traumatic brain injury; CNS: central nervous system; EVD: external

ventricular drain; ICP: intracranial pressure.
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Table 2. Clinical and laboratory characteristics of CNS infection

Variable Value
Sign and symptom
Fever 63 (90)
Nausea or vomiting 4(5.7)
Meningism 3(43)
Seizure 11 (15.7)
Partial seizures 6(8.6)
Non-convulsive status epilepticus 4(5.7)
Generalized tonic-clonic seizures 1(1.4)
Non-sedated patient 38 (54.3)
Headache 3 (4.3)
Behavior change 6(8.6)
New focal deficits 5(7.1)
"AVPU" at diagnosis
Alert 11 (15.7)
Responsive to verbal stimuli 4(5.7)
Responsive to pain 15(21.4)
Unresponsive 8(11.4)
Glasgow coma score at diagnosis
3-8 points 13(18.6)
9-13 points 15(21.4)
14-15 points 8(11.4)

Timing of symptoms and diagnosis
Time between hospital admission and diagnosis
Time until readmission
Time between any predisposing factor and signs/symptoms
Time between TBI and signs/symptoms
Time between basal skull fracture and signs/symptoms
Time between CNS invasive procedure and signs/symptoms
Time between CNS invasive device and signs/symptoms
Time between symptoms and diagnosis
Time between any predisposing factor and diagnosis
Time between TBI and diagnosis
Time between basal skull fracture and diagnosis
Time between CNS invasive procedure and diagnosis
Time between CNS invasive device and diagnosis
Blood panel
White cell count (Jmm?)
Neutrophils (/mm’)
C-reactive protein (mg/L)
Procalcitonin (ng/ml)
Albumin (g/dl)
CSF analysis
Glucose (g/L)
Protein (g/L)
Red cell (/ul)
White cell (/ul)
Polymorphonuclear cell (/ul)
Mononuclear cell (/ul)

109+8.6 (1-48)
92446 (2-13)
6.745.8 (0-25)
6.66.5 (2-34)
62442 (2-12)
6.5£5.6 (0-25)
5.546.0 (0-41)
2.0£2.1 (0-10)
9.0+7.5 (2-43)
8.946.5 (2-37)
7.3+4.2 (2-13)
8.7+6.1 (2-29)
7.4+6.2 (0-43)

11,690+5,516 (980-27,660)
9,226+4,572 (630-22,740)
127493 (13-493)

0.24 (0.17-0.78)
2.9+0.46 (1.65-4.00)

0.69+0.35 (0.01-1.45)
1.15 (0.65-1.84)
24,300 (2,350-89,500)
359 (132-1,634)
255 (69-1,021)
106 (31-294)

Values are presented as number (%), mean+standard deviation (range), or median (interquartile range).
CNS: central nervous system; TBI: traumatic brain injury; CSF: cerebrospinal fluid.
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Only two patients had measurable CSF lactate (4.15 and 4.30
mmol/L). Sixty patients (85.7%) presented with hypoalbumin-
emia (<3.4 g/dL).

A microbiological agent was identified in 21 patients (30%)
(Table 3). Only nine patients (12.9%) had a positive CSF cul-
ture. Fifty patients (71.4%) were treated with antibiotics in the
week before diagnosis; of the patients with sterile CSF cul-
tures, 38 (67%) were treated with antibiotics during the week
before diagnosis. Bacteria were identified in 19 cases (27.1%),
with a predominance of Gram-negative (n=13, 18.6%) over
Gram-positive (n=8, 11.4%) bacteria. Three infections were
polymicrobial, and there was one mixed bacterial and fungal
infection. Two infections were strictly fungal, one by Candida
albicans and another by Candida parapsilosis. Two strains of
Staphylococcus epidermidis were multi-drug resistant, and one
strain of Escherichia coli produced extended-spectrum be-

ta-lactamases.

Table 3. Microbiological results

Microbiologic result No. (%)
Positive culture 21 (30.0)
CSF 9(12.9)
Blood 12 (17.1)
Other (CNS biopsy, exudate) 5(7.1)
Infectious agent
Candida albicans 2(29)
Candida parapsilosis 1(1.4)
Citrobacter braakii 1(1.4)
Corynebacterium species 1(1.4)
Enterobacter aerogenes 1(1.4)
Enterobacter cloacae 2(29)
Enterococcus faecalis 1(1.4)
Enterococcus faecium 1(1.4)
Escherichia coli 4(5.7)
Klebsiella pneumoniae 3(43)
Pseudomonas aeruginosa 1(1.4)
Serratia marcescens 2(2.9)
Staphylococcus aureus 2(29)
Staphylococcus epidermidis 3(4.3)
Etiology
Strictly bacterial 18 (25.7)
Gram-negative bacterial infection 11 (15.7)
Gram-positive bacterial infection 6(8.6)
Both (Gram-positive and Gram-negative) 1(1.4)
Fungal 2(29)
Mixed fungal and bacterial 1(1.4)

CSF: cerebrospinal fluid; CNS: central nervous system.
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Patients were treated with antimicrobial therapy for an
average of 1519 days (range, 1-52); when patients with fewer
than 10 days of therapy were excluded (minimum accepted
treatment duration), mean antimicrobial therapy was 18+8
days (range, 10-52) (Table 4). One patient was treated with in-
traventricular therapy after having no response to intravenous
therapy. Only two patients had their device removed because
of infection. Twenty-one patients (30%) required neurosurgery
after diagnosis; however, only five were directly related to CNS
infection (drainage of empyema or abscess, subdural space
lavage, surgical wound debridement, or closure of CSF fistula)
and two underwent decompressive craniectomy. Sixty-four
patients (91.4%) required endotracheal intubation, but only
17 (24.3%) required it after developing CNS infection signs or
symptoms.

Patient outcomes are presented in Table 5. Median hospital
stay length was 38 days (IQR, 30-46; range, 7-408), and mean
ICU stay was 18+12 days (range, 1-53). Of the patients who de-
veloped nosocomial meningitis during the ICU stay, diagnosis
was established, on average, 8+6 days after ICU admission
(range, 0-43). Only five patients (7.1%) required readmission
to the ICU, of whom two were due to CNS infection; mean time
to ICU readmission after discharge was 9+5 days (range, 2-13).

Thirty-three patients (47.1%) developed complications; 17

Table 4. Treatment

Treatment Value

Empirical antimicrobial therapy

Ceftazidime plus vancomycin 42 (60)
Meropenem plus vancomycin 22 (31.4)
Route of therapy
Intravenous only 69 (98.6)
Intravenous and intraventricular 1(1.4)
Duration of antibiotic therapy (day)’ 18.0+8.3

Other therapeutic measure
Corticoid 13 (19.4)
Intracranial hypertension management

Antiedematous therapy 8 (11.4)
Barbiturate coma therapy 2(2.8)
CSF shunt 11 (15.7)
Craniectomy 2(29)
Neurosurgery for infection control 4(5.7)
Removal of CNS device 2(2.9)

Closure of CSF fistula 1(1.4)

Values are presented as number (%) or meanzstandard deviation.
CSF: cerebrospinal fluid; CNS: central nervous system.
*Exclusion of patients treated with <10 days of antibiotics.
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Table 5. Qutcomes

Complication Value
Any 33(47.1)
Organ failure
Respiratory failure 37 (52.9)
Shock with vasopressor support 21(30)
Acute renal failure 11 (15.7)
Hematologic dysfunction 12 (17.1)
Hepatic dysfunction 8(11.4)
Intracranial hypertension 14 (20)
Hydrocephalus 6(8.6)
Brain abscess 2(29)
Cerebral venous sinus thrombosis 2(29)
Cerebral vasculitis 1(1.4)
Amaurosis 1(1.4)
Glasgow coma score at discharge
3-8 Points 4(5.7)
9-13 Points 13 (18.6)
14-15 Points 35(50.0)
Mortality
Death during hospitalization 15(21.4)
Death during ICU 10 (14.3)
Death within 30 days after admission 15(21.4)
Death during and after hospitalization 26 (37.1)
Length of stay
Hospital length of stay in days 38 (30-46)

ICU length of stay in days 18412 (1-53)

Readmission
Readmission 5(7.1)
Readmission related to CNS infection 2(29)

Values are presented as number (%), median (interquartile range), or
meanzstandard deviation (range).
ICU: intensive care unit; CNS: central nervous system.

patients (24.2%) were discharged with GCS <14. Twenty-six
patients died (mortality rate, 37.1%): 15 during hospital admis-
sion (10 during ICU admission) and within the first 30 days af-
ter CNS infection diagnosis (in-hospital and 30-day mortality
rate, 21.4%), and the remaining 11 patients died after hospital
discharge.

Comparative Analysis

Comparative analysis results are shown in Table 6. Regarding
complications, we found no association with age, immuno-
compromised status, clinical features, or laboratory findings.
Use of meropenem over ceftazidime, both in association with

vancomycin, and therapy with steroids were associated with
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complications (odds ratio [OR], 3.15; 95% confidence inter-
val [CI], 1.08-9.22; P=0.033 and OR, 3.54; 95% CI, 0.97-12.96;
P=0.048, respectively). Antiedematous therapy was only used
for patients with complications.

The presence of complications, GCS <8 at diagnosis, and an-
tiedematous therapy were not associated with non-alert state
at discharge. The two patients who presented with focal defi-
cits at diagnosis and survived were discharged in a non-alert
state (P=0.08). Male patients were more likely to be discharged
in a non-alert state (OR, 7.60; 95% CI, 0.89-64.62; P=0.04).

Age had no significant impact on patient outcomes, but
subgroup analysis of elderly patients (=65 years old) revealed
higher hospital mortality and 30-day mortality (OR, 8.89;
95% CI, 2.42-32.68; P=0.001). Partially dependent patients
had higher hospital and 30-day mortality (OR, 9.64; 95% CI,
1.57-59.32; P=0.017). An immunocompromised state was not
associated with higher mortality (OR, 1.03; 95% CI, 0.31-3.46;
P=1.000). Patients who developed complications had higher
hospital and 30-day mortality without statistical significance
on univariate analysis (OR, 2.78; 95% CI, 0.83-9.24; P=0.087).

In multivariate analysis (Table 7), the associations of compli-
cations with hospital and 30-day mortalities were statistically
significant (OR, 5.04; 95% CI, 1.01-25.19; P=0.049). Multivariate
analysis of the relationships of age >65 years with hospital and
30-day mortality also presented statistical significance (OR,
10.08; 95% CI, 2.03-50.03; P=0.005).

DISCUSSION

Accurate estimates of nosocomial meningitis incidence are
hampered by variations in diagnosis, infection definition, in-
stitutional infection control, and device manufacturers [1]. Re-
ported incidences vary widely, with overall incidence ranging
from <1%-7%, and with postoperative meningitis developing
in 0.34%-25% of cases [3,16,17]. We observed an overall inci-
dence within this range, of 0.75%, in critical care patients. To
the best of our knowledge, this is the first study of exclusively
nosocomial meningitis in a general ICU population that in-
cludes both postoperative and non-postoperative patients;
thus, we cannot directly compare this incidence with those of
other studies.

Evidence of association between demographic characteris-
tics and outcomes in nosocomial meningitis is limited. While
Dizbay et al. [18] found higher mortality in younger patients,
Srihawan et al. [19] reported that age >45 years was associated
with higher risk of adverse clinical outcomes, and Lu et al. [20]

Acute and Critical Care 2022 February 37(1):61-70
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Table 6. Univariate analysis

T

Any complication

Non-alert at discharge® 30-Day mortality and hospital

Variable mortality
OR (95% Cl) P-value OR (95% Cl) P-value OR (95% Cl) P-value
Demographics and underlying disease
Age =65 yr 0.71 (0.26-1.93) 0.51 1.30 (0.28-5.73) 0.71 8.89 (2.42-32.68) 0.001
Male 1.06 (0.40-2.82) 0.90 7.60 (0.89-64.62) 0.04 0.86 (0.27-2.76) 1
Previous partially dependent 0.53 (0.09-3.12) 0.68 0.80 (0.69-0.91) 1 9.64 (1.57-59.32) 0.02
Immunocompromised 0.80 (0.29-2.19) 0.67 1.98 (0.51-7.68) 0.47 1.03 (0.31-3.46) 1
Clinical feature
Fever at diagnosis 0.16 (0.01-1.1) 0.06 1.28 (1.11-1.48) 0.57 0.65 (0.11-3.74) 0.64
GCS at diagnosis <8 pointsb 0.68 (0.23-2.00) 0.48 4.09 (0.83-20.14) 0.71 0.94 (0.27-3.22) 1
New focal neurological deficit at diagnosis® 5.67 (0.56-57.23) 0.16 - 0.08 3.94 (0.55-28.11) 03
Complication (any) NA NA 0.45 (0.11-1.92) 0.33 2.78 (0.83-9.24) 0.09
Hospital stay (mean) 2(-37 10 13) 0.34 35 (-94 to 61) 0.65 30.4 (12.70-4805)  0.05
Laboratory findings
C-reactive protein >100 mg/L 1.29 (0.50-3.31) 0.60 1.00 (0.26-3.77) 1 0.95 (0.30-2.99) 093
CSF white cell >100 per pl 1.10 (0.33-3.61) 0.88 3.12 (0.36-27.50) 0.42 0.79 (0.18-3.40) 0.71
CSF glucose level <0.30 g/L 0.99 (0.24-4.09) 1 3.56 (0.66-19.11) 0.15 1.31(0.24-7.29) 0.67
CSF protein level >1 g/L 1.52 (0.55-4.17) 0.42 0.51(0.13-1.96) 0.49 1.42 (0.38-5.31) 0.75
Concomitant bacteremia 1.15(0.33-3.98) 0.83 0.63 (0.07-5.88) 1 3.43(0.90-13.02) 0.11
Negative CSF culture 0.56 (0.20-1.58) 0.27 0.78 (0.18-3.52) 0.71 0.27 (0.08-0.89) 0.05
Treatment
Meropenem plus vancomycin® 3.15(1.08-9.22) 003 0.96 (0.21-4.30) 1 2.25 (0.63-8.06) 0.31
Antibiotic treatment >14 daysd 2.84(0.91-8.86) 0.07 1.48 (0.29-7.54) 0.70 1.05 (0.19-5.74) 1
Steroid therapy 3.54 (0.97-12.96) 0.05 4.34(0.93-20.30) 0.07 222 (0.56-8.82) 0.26
Antiedematous therapy (including barbiturates) = 0.001 1.41 (0.24-8.16) 0.65 - 0.19
CSF shunt 1.42 (0.39-5.18) 0.59 0.45 (0.05-4.04) 0.67 0.79 (0.15-4.10) 1
Neurology consult 092 (0.34-2.48) 0.87 5.25(1.29-21.40) 0.03 1.37 (0.42-4.44) 0.60
Neurosurgery consult 1.69 (0.45-6.40) 0.44 1.58 (0.17-14.66) 1 0.40 (0.10-1.61) 0.23

OR: odds ratio; Cl: confidence interval; GCS: Glasgow coma scale; NA: non-applicable; CSF: cerebrospinal fluid.
*Deceased patients excluded; "Sedated patients excluded; Versus ceftazidime plus vancomycin; “Exclusion of patients treated with <10 days of antibiotics.

Table 7. Multivariate analysis for 30-day mortality and hospital
mortality

Variable OR (95% Cl) P-value
Age >65 yr 10.08 (2.03-50.03) 001
Male 1.15 (0.25-5.32) 0.86
Previous partially dependent 4.45 (0.42-46.70) 0.21
Complications (any) 5.04 (1.01-25.19) 0.05
Negative CSF culture 0.53 (0.07-1.30) o.M

OR: odds ratio; Cl: confidence interval; CSF: cerebrospinal fluid.

reported higher mortality rate in patients =60 years, although
only 30% of episodes were due to nosocomial meningitis. In
our cohort, patients 265 years had significantly higher mortal-
ity risk. No significant difference was found regarding compli-

Acute and Critical Care 2022 February 37(1):61-70

cations and non-alert state at discharge between the elderly
and non-elderly patients.

Immunocompromised state, immunosuppressive therapy,
diabetes, and alcohol abuse are known risk factors for infec-
tion. In ICU patients, major risk factors for nosocomial infec-
tions include diabetes mellitus and steroid use [21]. Frontera
et al. [10] found a significant association between diabetes and
nosocomial meningitis. In our cohort, 12.9% of patients were
diabetic, which is consistent with previous reports of 11% [22].
Similarly to Srihawan et al. [19], we did not find an association
between immunocompromised state and outcome.

The associations between neuroinvasive procedures, head
trauma, or subarachnoid hemorrhage and nosocomial men-

ingitis are well established. Several previous studies have
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analyzed cohorts of nosocomial meningitis after CNS surgical
intervention [17,22-25]. In contrast, nosocomial meningitis as
a complication of bacteremia is rare [4]. We estimated a 7.1%
incidence of nosocomial meningitis due to bacteremia, which
is higher than expected. Nevertheless, all remaining patients
had CNS-related risk factors for nosocomial meningitis.

Fever and altered mental status were the most frequent
clinical signs, consistent with current evidence [4]. However,
these characteristics are nonspecific and often unhelpful for
differential diagnosis of possible foci of infection, especially
in critical patients. In a prospective study in a neurologic ICU,
fever occurred in nearly 25% of patients, of which more than
half (52%) were noninfectious [26]. In severely brain-injured
patients, this proportion is even higher, reaching 78% during
the first week of hospitalization [27]. Altered mental status can
have a multitude of possible causes, including drugs, sepsis,
electrolyte disturbances, hypercarbia, and hypoxemia, none
of which are rare in an ICU. Moreover, the predisposing con-
dition for meningitis itself (head injury, intracranial bleeding,
subarachnoid hemorrhage, or tumor) can cause decreased
consciousness. Nonetheless, fever and/or deteriorating men-
tal status in the absence of another clear source of infection
and in the context of recent head trauma or neurosurgery
should always raise suspicion for CNS infection and prompt
CSF analysis.

Shi et al. [28] concluded that a GCS score <9 was related to
substandard outcomes, and Erdem et al. [29] described GCS
score <10 as an independent risk factor for mortality, while
Kim et al. [22] did not find any association between a semico-
matose or comatose mental state and mortality. We did not
observe any association between GCS score at diagnosis and
mortality.

Abnormalities in CSF cell count, glucose, and protein might
be unreliable indicators for infection presence in patients with
health-care associated ventriculitis and meningitis [11]. For
instance, surgery, trauma, and intracranial hemorrhage can
all induce CSF abnormalities, and aseptic inflammation can
result from tissue response to injury or stimulation by non-
infectious agents [13]. CSF pleocytosis, including polymor-
phonuclear pleocytosis, is particularly unreliable, as it can be
reactive to prior neurosurgical interventions or devices [12].
Two previous studies have shown that a low CSF glucose level
correlated with higher mortality [20,29], but two other studies
did not show such an association [19,22]. In our cohort, we
did not find an association between CSF glucose level and
mortality.
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It is estimated that at least 11%-30% of nosocomial meningi-
tis is culture negative [1]. We observed an elevated rate of cul-
ture-negative CNS infection (70%), which we postulate might
be due to high selective pressure by antibiotics in ICU patients
or over-valorization of clinical and analytical CSF features.
According to CDC criteria, fever and CSF pleocytosis with ele-
vated protein and/or decreased glucose and appropriate anti-
microbial therapy are the criteria for diagnosis of nosocomial
meningitis. Despite fulfilling these criteria, we suspect that
meningeal reactions to TBI or cerebral hemorrhage, for exam-
ple, are over-diagnosed as meningitis.

Cutaneous Gram-positive bacteria, such as coagulase-nega-
tive Staphylococci, Staphylococcus aureus, and Cutibacterium
acnes, are the main etiological agents of nosocomial meningi-
tis [1]. However, the proportion of Gram-negative infections is
increasing [1,3], with a reported prevalence as high as 52% [2].
Accordingly, we observed a higher incidence of Gram-negative
meningitis (15.7% vs. 8.6%), but the number of culture-posi-
tive cases was too low to draw conclusions. When comparing
meningitis due to Gram-negative bacteria to meningitis due
to Gram-positive bacteria, some studies found that the former
was associated with higher mortality [2,18]. In contrast, we did
not observe a significant difference in mortality among cul-
ture-positive and culture-negative meningitis.

As expected, therapy with steroids was not associated with
lower mortality. Although attenuation of subarachnoid space
inflammatory response by steroid use might be effective in
decreasing many of the pathophysiologic consequences of
bacterial meningitis (cerebral edema, increased intracranial
pressure, altered cerebral blood flow, cerebral vasculitis, and
neuronal injury), these patients generally require antimicrobi-
al therapy with vancomycin (at least during the empiric phase
of antimicrobial therapy), and the diminished inflammatory
response induced by dexamethasone might reduce CSF van-
comycin penetration [30]. Steroid use was associated with a
higher complication rate, possibly because steroids are mostly
used in this setting.

The mortality rate of nosocomial meningitis ranges from
8%-50% [2,18-20,23,28,29,31,32]. Most studies are of patients
with post-neurosurgical or post-traumatic meningitis and
do not distinguish between critically and non-critically ill
patients, which can be a confusing factor when comparing it
to our cohort. Two studies reported mortality rates of 39.7%
[2] and 50% [33] in post-neurosurgical critically ill patients
with nosocomial meningitis. The mortality rate of our cohort,
37.1%, was similar to that of previous studies.
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This study has some limitations. First, it is a retrospective
single-center study, with only 70 patients. Second, we in-
cluded all patients that fulfilled CDC criteria for nosocomial
meningitis, regardless of negative CSF cultures or absence of
CSF analysis, which might have resulted in an over-estima-
tion incidence. The low pathogen isolation rate also hindered
analysis of etiological agents. Multi-center prospective studies
with larger populations are needed to improve knowledge and
practices on diagnosis, therapy, and outcomes of nosocomial
meningitis.

In this study, nosocomial meningitis in critical care had a
low incidence rate (0.75%) but a high mortality rate (37.1%)
and a significant complication rate (47.1%). Advanced age (=65
years old) and complications were associated with higher hos-
pital mortality. No clinically relevant factor was predictive of
complication development.

Fever and altered mental status were the most consistent
clinical signs; however, in critical care, these can be explained
by a multitude of other causes. Additionally, this population is
frequently prescribed broad-spectrum antibiotics, altering CSF
pleocytosis, biochemistry parameters, and cultures. Defining
meningitis by the CDC criteria in this population might be
encouraging over-diagnosis and over-treatment of this condi-
tion. Conversely, an appropriate balance between THE risk of
not treating a true CNS infection and THE risk of unnecessary
broad-spectrum antibiotic use might be difficult to achieve.
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