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Aim: Our aim was to study the clinical features of postoperative meningitis after neurosurgery
and identify the factors affecting the duration of treatment.

Methods: This retrospective study assessed 283 patients with postoperative bacterial meningitis
in the Neurosurgery Department of Beijing Tiantan Hospital, Beijing, People’s Republic
of China, between January and December 2012. Patients’ clinical data were reviewed, and
multivariate logistic regression analysis was used to identify the factors associated with a
prolonged treatment course.

Results: The mortality rate was 0.4% in these patients, of whom 12.4% were found with
pathogens in the cerebrospinal fluid. Among the three most common pathogens detected were
methicillin-resistant Staphylococcus aureus, Acinetobacter baumannii, and Pseudomonas
aeruginosa. The mean treatment course was 13.5+2.1 days. Interestingly, the treatment duration
for postoperative meningitis was significantly longer in patients with intracranial malignant
tumors than in those with benign lesions. Single-factor analysis showed that male sex (P=0.042)
and malignant (rather than benign) lesions (P<<0.001) were significantly associated with pro-
longed treatment duration. Multivariate analysis further confirmed that malignant intracranial
lesions represented an independent risk factor for prolonged treatment duration (odds ratio:
2.5962; 95% confidence interval: 1.1092—6.6134).

Conclusion: The nature of the intracranial lesion is an independent risk factor for the duration
of treatment in postoperative meningitis after neurosurgery.

Keywords: Acinetobacter baumannii, cerebrospinal fluid, intracranial malignant tumors,

methicillin-resistant Staphylococcus aureus, postoperative meningitis, Pseudomonas aeruginosa

Introduction
In recent years, advances in neuroimaging and surgical interventions have significantly
decreased neurosurgical mortality and morbidity. However, postoperative central
nervous system infection (PCNSI) remains one of the main reasons for poor prognosis
in patients after neurosurgery. Interestingly, the American National Nosocomial
Infections Surveillance System assessed a total of 43,135 neurosurgical cases between
1992 and 2004 and found the prevalence of intracranial infection to be about 3%.!
Indeed, PCNSI can worsen the underlying disease, delay postoperative recovery of
the neurological function, and even cause disability or death. Another study in the
People’s Republic of China determined the incidence of postoperative intracranial
infection after neurosurgery to be between 2.89% and 5.35%.?

Bacterial meningitis represents the main central nervous system infection, and
it is associated with relatively high mortality and morbidity.> Postneurosurgical
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bacterial meningitis (PNBM) is a potentially life-threatening
complication of neurosurgery.* It has been shown to display
the highest incidence among all PCNSIs in epidemiological
studies.>® Importantly, bacterial meningitis is one of the
most dangerous postneurosurgical complications;* to some
degree, mortality and morbidity due to this infection are
affected by the pathological characteristics of the primary
lesion, diagnosis time, and administration of specific antimi-
crobial drugs.” Previous studies have focused mainly on risk
factors for PNBM, including the site of the lesion, history
of meningitis, surgery that entered a sinus, and increased
American Society of Anesthesiologists score,*® rather than
the effects of patients’ clinical characteristics on the PNBM
treatment course. In this study, we retrospectively analyzed
the clinical data of patients who underwent neurosurgery
in our hospital in People’s Republic of China and carried
out a series of statistical analyses to identify the risk factors
affecting the duration of the PNBM treatment course, in order
to obtain new insights that may prove beneficial for PNBM
prevention and treatment.

Materials and methods

Patients

A total of 7,458 patients underwent neurosurgery between
January and December 2012 in the Neurosurgery Department
of Beijing Tiantan Hospital, Affiliated Hospital of Capital
University of Medical Sciences, Beijing, People’s Republic of
China. Ofthese patients, 283 (3.8%) underwent neurosurgery
for benign or malignant tumors and were confirmed as hav-
ing PNBM; there were 158 males (55.8%) and 125 females
(44.2%) aged 42.7£7.1 years (range: 874 years). This study
was approved by the Ethics Committee of Beijing Tiantan
Hospital, Affiliated Hospital of Capital University of Medi-
cal Sciences, Beijing, People’s Republic of China. Written
informed consent was obtained from each patient included
in the study.

Inclusion criteria
Included in this study were 1) patients who underwent
neurosurgery in the Neurosurgery Department of Beijing
Tiantan Hospital between January and December 2012
and 2) patients with intracranial infection showing clinical
manifestations and auxiliary examination features, including
high fever, headache, vomiting, and positive meningeal
irritation signs.

Patients with a body temperature of up to 38°C were
assessed within 24 hours by lumbar puncture; routine blood
examinations; bacterial, fungal, and viral cultures of blood and

cerebrospinal fluid (CSF); and specific pathogen—antibody
titration assays of blood and CSF samples. Intracranial infec-
tion was diagnosed based on CSF white blood cell (WBC)
count >100/mm?, neutrophil granulocyte percentage >80%,
CSF glucose <40 mg/dL, CSF protein >100 mg/dL, and
peripheral WBC count >10x10%L.'° Regular lumbar punc-
tures and laboratory examinations were carried out during
the course of intracranial infection treatment.

Exclusion criteria

Patients who had 1) incision infections, 2) brain or subdural
abscesses, 3) head or spinal injuries, and 4) preoperative
fever or elevated peripheral blood WBC count were excluded
from this study.

Determination of treatment duration

The following characteristics were obtained before intrac-
ranial infection treatment was decided: 1) normal body
temperature, no headaches, no vomiting, and no meningeal
irritation signs; 2) normalization of CSF WBC count as well
as protein and glucose levels; and 3) normalization of periph-
eral blood WBC count. Treatment was discontinued with all
these criteria met. The treatment duration was defined as the
time elapsed between diagnostic confirmation of intracranial
infection and treatment termination.

Statistical analysis of the factors
associated with prolonged

treatment duration

In order to assess the patient characteristics that were associ-
ated with the requirement for prolonged treatment duration of
intracranial infection, the 283 patients included in this study
(and confirmed as having PNBM) were subdivided into two
groups for analysis: patients requiring long-term treatment,
defined as =15 days, and those requiring short-term treat-
ment, defined as =14 days. The use of 14 days as the cutoff
point to differentiate between short- and long-term treatments
was based on our observation that the mean treatment dura-
tion in the 283 patients was 13.5+2.1 days and on previous
studies of intracranial infections that utilized 14 days to
distinguish between treatment durations.'!-?

Statistical techniques were employed to determine
the effects of sex, age, history of hypertension, history of
diabetes mellitus, CSF culture, CSF pressure, CSF WBC
count, CSF protein content, CSF glucose level, CSF culture
results, postoperative drainage, and the nature of the lesion
on treatment duration. The data were analyzed using
the SPSS 17.0 software (SPSS Inc, Chicago, IL, USA).
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Categorical data were compared using the y* test, while
intragroup comparisons of continuous data were made using
the Student’s #-test. Initially, one-way analysis of variance
was used to identify factors showing significant differences
between patient groups. These factors were then subjected
to multivariate stepwise logistic regression analysis to
determine the independent predictors of prolonged treatment
duration. A backward selection method was used to identify
variables with a P-value <0.1 for inclusion into the model,
and the standardized regression coefficient was calculated.
The treatment duration (=14 days input as 1, =15 days
as 2) was considered the dependent variable, and the risk
factors were treated as independent variables. Results were
expressed as odds ratios and corresponding 95% confidence
intervals. Differences were considered statistically significant
at £<<0.05.

Results

Patient characteristics

Patients’ clinical characteristics, CSF culture results, and
data obtained by pathological examination of the intracranial
lesions are shown in Table 1. Benign tumors were identi-
fied in 204 patients and malignant lesions in 79 individuals.
The initial clinical manifestations of PNBM included fever,
headache, vomiting, decreased consciousness, seizures, and
signs of meningeal irritation. Laboratory examinations of
CSF obtained by lumbar puncture identified the causative
organisms in 35 of the 283 included patients (12.4%) as
methicillin-resistant Staphylococcus aureus, Acinetobacter
baumannii, Pseudomonas aeruginosa, Escherichia coli, and
Staphylococcus epidermidis.

After PNBM diagnosis, 60 patients were treated with a
single antibiotic, while 223 participants received a combi-
nation of two or more antibiotics. In patients in whom the
causative organism was identified, the antibiotic regimen
was adjusted according to the CSF culture results. Successful
treatment of intracranial infection was achieved in 282 of the
283 patients, with a treatment duration of 13.5+2.1 days. One
patient died (a mortality rate of 0.4%); subsequent pathologic
examinations revealed intracranial metastasis of small cell
lung cancer and the cause of death was respiratory failure
after the surgery.

Single-factor analysis of characteristics
associated with PNBM treatment

duration
To determine which characteristics were associated with
PNBM treatment duration, patients were subdivided into

two groups that had received treatment for =15 days (long
treatment) and =14 days (short treatment), respectively.
This grouping was based on the mean treatment duration
of 13.5%2.1 days obtained for these patients and it was
consistent with those in previous studies of bacterial
meningitis.!*'? As shown in Tables 2 and 3, single-factor
analysis revealed significantly higher proportions of males
(P=0.042) and patients with malignant lesions (P<<0.001)

Table | The clinical characteristics of the patients and the
results from CSF cultures and pathologic examinations of their
intracranial lesions

Number %

Neuropsychiatric Disease and Treatment 2014:10

Sex Male 158 55.8
Female 125 442
Age (years) <20 66 233
2140 96 339
41-60 93 329
>60 28 9.9
Initial Fever 271 95.8
symptoms Headache 216 76.3
Meningeal irritation 277 97.9
Vomiting 93 329
Lowering of consciousness 45 15.9
Seizures 26 9.2
CSF culture Methicillin-resistant Staphylococcus 10 28.6
results aureus
Acinetobacter baumannii 8 229
Pseudomonas aeruginosa 6 17.1
Escherichia coli 6 17.1
Staphylococcus epidermidis 5 14.3
Benign Meningioma 36
lesions Cavernous hemangioma 9
Spinal meningioma 19
Craniopharyngioma 41
Cerebrovascular malformation 18
Hypophysoma 12
Schwannoma 31 721
Benign ependymoma 10
Teratoma 5
CNS epidermoid cyst 15
CNS inflammatory demyelinating 2
disease
Arachnoid cyst 4
CNS inflammatory granuloma 2
Malignant Astrocytoma 21
lesions Spongioblastoma 16
Medulloblastoma 8
Malignant ependymoma 5
Oligodendroglioma 7 279
Papilloma of choroid plexus 5
Pineoblastoma 6
Hemangioblastoma 7
Malignant melanoma 2
Metastatic carcinoma 2
Abbreviations: CSF, cerebrospinal fluid; CNS, central nervous system.
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Table 2 Single-factor analysis of the variables affecting treatment duration: categorical data

Total, n (%) Treatment Treatment 22 value P-value
=15 days, n (%) =14 days, n (%)

Total 283 (100) 71 (25.1) 212 (74.9)

Sex
Male 158 (55.8) 47 (66.2) 111 (52.4) 0.815 0.042
Female 125 (44.2) 24 (33.8) 101 (47.6)

Hypertension
Yes 6 (2.1) 2(2.8) 4(1.9) 2.633 0.607
No 277 (97.9) 69 (97.2) 208 (98.1)

Diabetes
Yes 8 (2.8) 4 (5.6) 4 (1.9 4.182 0.588
No 275 (97.2) 67 (94.4) 208 (98.1)

CSF culture
Positive 35(12.4) 5(7.0) 30 (14.2) 1.019 0.082
Negative 248 (87.6) 66 (93.0) 182 (85.8)

Postoperative drainage
Yes 63 (22.3) 15 21.1) 48 (22.6) 1.443 0.791
No 220 (77.7) 56 (78.9) 164 (77.4)

Lumbar cistern drainage
Yes 72 (25.4) 20 (28.2) 52 (24.5) 1.287 0.544
No 211 (74.6) 51(71.8) 160 (75.5)

Lesion nature
Benign 205 (72.4) 37 (52.1) 168 (79.2) 3.420 <0.001
Malignant 78 (27.6) 34 (47.9) 44 (20.8)

Abbreviation: CSF, cerebrospinal fluid.

in the long-term treatment group compared with those who
received short-term treatment. However, age, history of
hypertension, history of diabetes, CSF culture, CSF pressure,
CSF WBC count, CSF protein content, CSF glucose level,
postoperative drainage, and lumbar cistern drainage were not
significantly different between both groups.

Multivariate logistic regression analysis
of the factors associated with PNBM

treatment duration

Patient sex, the nature of the lesion (benign or malignant),
CSF pressure, and CSF culture were selected as independent
variables for the multivariate logistic regression analysis. As
shown in Table 4, the nature of the lesion constituted the risk
factor significantly affecting the treatment duration (odds

ratio: 2.5962, 95% confidence interval: 1.1092-6.6134),
with the presence of malignant lesions requiring a long
treatment course.

Discussion

The following main findings were obtained in this
analysis: methicillin-resistant S. aureus, A. baumannii,
and P. aeruginosa were the three most common pathogens
identified in CSF cultures from patients with PNBM; the
group of patients treated for =15 days contained more males
and showed higher incidence of malignant lesions compared
with the short-term treatment group; the presence of a
malignant lesion was an independent predictor of the require-
ment for a long-term treatment course (=15 days) in PNBM.
Thus, clinicians should be aware that postneurosurgery,

Table 3 Single-factor analysis of the variables affecting treatment duration: continuous data

Treatment =15 days Treatment =14 days t-value P-value
Total, n (%) 71 25.1) 212 (74.9)
Age (years) 43.116.2 42.045.9 0.984 0.790
CSF pressure (mmHg) 204.6£18.5 217.0+20.1 1016 0.055
CSF white cell count (/mm?) 511.4+42.6 498.5+54.2 0.843 0.372
CSF protein content (mg/dL) 207.1425.3 223.6+27.2 0.902 0.213
CSF glucose content (mg/dL) 33.5+5.0 34.8+4.7 0.882 0.237

Note: Data are presented as the mean + standard deviation, unless otherwise indicated.

Abbreviation: CSF, cerebrospinal fluid.
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Table 4 Logistic regression analysis of the variables affecting
treatment duration

Odds ratio 95% confidence interval
Sex 0.7140 0.2438-16.0844
Lesion nature 2.5962 1.1092-6.6134
CSF culture 0.8825 0.5238-27.3126
CSF pressure (mmHg) 0.6375 0.3116-36.4973

Abbreviation: CSF, cerebrospinal fluid.

intracranial infections in patients with malignant lesions may
require longer duration of antibiotic therapy.

CSF culture is considered the gold standard for the
diagnosis of bacterial meningitis.> According to a study by
Pizon et al'* CSF staining and culture provide the diagnostic
basis in 60%-90% of patients with meningitis. Previous
studies have shown that prophylactic use of antibiotics can
effectively reduce the incidence of PCNSI.'*!* However,
such prophylaxis will also decrease the rate of successful
growth and identification of organisms in blood and CSF
cultures.'® All the patients assessed herein received antibiotic
prophylaxis prior to surgery, which likely explains the low
rate of organism growth in CSF cultures (12.4%). Hence, in
situations where antibiotic prophylaxis is used, other indi-
ces can help in diagnosing bacterial meningitis, including
CSF glucose level, lactate content, and cell classification.'”
In addition, 99% of patients with PNBM show clinical
manifestations such as headache, fever, signs of meningeal
irritation, and decreased consciousness.'® Therefore, the
patient’s clinical symptoms and signs, combined with labo-
ratory results, provide sufficient evidence for the diagnosis
of bacterial meningitis.'"

PNBM differs from community-acquired bacterial
meningitis in terms of the susceptible population and pathogen
characteristics.?’?! We have shown herein that methicillin-
resistant S. aureus, A. baumannii, and P. aeruginosa are the
three most common strains in CSF cultures, consistent with
previous findings.” For patients with negative CSF culture
results, the antibiotic regimen selection for empirical therapy
should be done in accordance with the epidemiological char-
acteristics of the pathogens. Therefore, cefazolin, ceftriaxone,
or meropenem, combined with vancomycin or linezolid,
would be expected to effectively cover the common bacterial
spectrum of PNBM.

The patients assessed herein were closely monitored
after surgery for signs of fever, decreased consciousness, or
meningeal irritation. Any patient suspected with PNBM was
assessed within 24 hours by lumbar puncture and laboratory
tests, which included CSF cytology, biochemistry, staining,

culture, and antibody assays. Once the diagnosis was con-
firmed, antibiotic therapy was commenced immediately.
Patients in whom the causative organism could not be identi-
fied were treated with empirical antibiotic therapy, according
to clinicians’ experience and relevant research data.®* The
treatment options included single-antibiotic (third-generation
cephalosporin or meropenem) or combination therapy (third-
generation cephalosporin or meropenem combined with
vancomycin). During the course of treatment, the regimen
was adjusted according to the etiology (ie, identification of
the causative organism). Several studies have shown that
early diagnosis and treatment can significantly improve the
prognosis of bacterial meningitis.>*?> The clinicians involved
in this study were fully aware that bacterial meningitis is
an important potential postoperative complication and that
once PNBM is diagnosed, antibiotic therapy should be
administered as soon as possible; this would have effectively
improved the prognosis of the patients in this study.?® This
may also explain the low mortality rate observed (only one
patient died, due to respiratory insufficiency).

The average duration of treatment in this study was
13.5%2.1 days, comparable to values reported previously in
similar studies involving bacterial meningitis.'"'> Therefore,
we selected 14 days as the cutoff point and subdivided the
patients into two groups, one composed of patients treated
beyond average duration (=15 days), and the other made
up of individuals treated with average duration or less
(=14 days). Our statistical analyses revealed that the treat-
ment duration required in patients with PNBM was longer
in those with intracerebral malignant lesions compared with
individuals having benign lesions. A possible explanation
is that there may be differences in postoperative immune
states between patients with malignancies and those with
benign lesions. Studies of postoperative immune function
in patients with meningioma or glioma have demonstrated
that all patients show immunosuppression after neurosur-
gery; however, although the immune function of patients
with benign lesions began to recover 2—-3 days after surgery
(characterized as increased lymphocyte activity), patients
with malignant lesions exhibited postoperative immunosup-
pression for 7-10 days.?” In addition, lymphocyte activity was
significantly lower after surgery compared with the preopera-
tive period, despite a notably increased count.” T-helper cell
and eosinophil levels were found to be lower in patients with
intracranial malignant tumors (World Health Organization
grade I[I-1V glioma) than in those with benign lesions, while
immunoglobulin (Ig) M and neutrophil levels were higher.”
Previous studies have also reported that postoperative serum
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IgA and IgG levels were significantly reduced in patients
with intracranial malignant tumors.*® Thus, the requirement
for a long duration of PNBM treatment observed in patients
with malignant tumors may be secondary to the malignancy’s
immunosuppressive effects.

Immunosuppression in patients with intracranial malig-
nant tumors may be related to increased levels of cytokines
with immunosuppressive function, including interleukin-10
and transforming growth factor-f1, along with decreased
interleukin-12 level.*'*? The secretion of prostaglandin E2
is increased in patients with intracranial malignant tumors,
possibly mediating the inhibitory effects of monocytes and
macrophages on T-cells. In addition, the activity of immune
cells passing through the blood—brain barrier may also be
reduced by tumor cells, further suppressing the immune
function in patients with malignant intracranial lesions.*
Interestingly, studies at the molecular level have suggested
that the postoperative immune function of patients with
glioma was significantly lower in those whose tumors
retained chromosome 10q than in individuals with allelic
10q loss; importantly, patients without 10q allelic loss were
also more likely to have postoperative infection.**

The present study has described the common pathogens
associated with PNBM, outcomes, and factors associated
with treatment duration; these findings may prove beneficial
for disease prevention and treatment. Several studies have
reported the clinical characteristics of PNBM.3**¢ However,
we assessed a larger sample size (283 cases), systematically
investigated the characteristics of postneurosurgery men-
ingitis, and analyzed the factors affecting the duration of
treatment. In addition, this study was carried out in a Chinese
population, in mainland People’s Republic of China; to our
knowledge, no previous reports exist on clinical charac-
teristics and treatment of PNBM in a Chinese population,
although a few studies in Taiwanese patients have been
published.’>*¢ Furthermore, we found for the first time that
intracranial malignant lesions represent an independent risk
factor for prolonged treatment duration.

Conclusion

PNBM is an important complication of neurosurgery, but the
prophylactic use of antibiotics decreases the rate of positive
CSF cultures in patients with intracranial infections. There-
fore, PNBM diagnosis requires a comprehensive consider-
ation of the signs, symptoms, and results from laboratory
tests of the CSF. Furthermore, intracranial malignant lesions
represent an independent risk factor for the prognosis of
PNBM treatment.

Disclosure
The authors report no conflicts of interest in this work.
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