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Abstract

Background: In order to better define the pathogenic role of cerebrospinal
fluid (CSF) drainage catheters in postoperative patients, we comparatively analyze
the clinical course of device and non-device-related meningitis.

Methods: This is an observational, partially prospective, study on consecutive adult
patients who developed meningitis after undergoing neurosurgical procedures at
the Neurosurgery and Neurointensive care Departments, Spedali Civili, Brescia,
Italy, between January 1999 and August 2007.

Results: All 77 consecutive post-neurosurgical meningitis events in 65 patients
were included in the analysis. Most were classified as external ventricular
drainage (EVD)-related meningitis (23 cases, group A), external spinal
drainage (ESD)-related meningitis (12 cases, group B), and non-device-related
post-neurosurgical meningitis (30 cases, group C). Proven meningitis was identified
in 78.3%, 91.7% and 56.7% of the events, respectively. ESD-related meningitis
had a shorter onset time vs EVD and non-device-associated meningitis (3 days
versus 6 and 7 days, respectively). Median antibiotic treatment duration was 20,
17, and 22.5 days in groups A, B, and C, respectively. Overall, 8 patients (34.8%)
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in group A, 3 (25.0%) in group B, and 3 (10.0%) in group C died. Median time to Website:
become afebrile was shorter in group C than in group A (10 days versus 12 days, www.surgicalneurologyint.com
P = 0.04). Removal of the device later than 48 hours after meningitis onset, as DOI:
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well as implantation of a second device were associated with a slower time of
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meningitis resolution.
Conclusions: Early device removal and avoiding implantation of a second device

were associated with short illness duration. Larger studies are warranted to confirm
the conclusions of this study.
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INTRODUCTION

Postoperative meningitis is a rare but serious complication
of neurosurgery. In clean neurosurgery, the rate of
postoperative bacterial meningitis is low (1-2%).”) The
use of devices for therapeutic drainage of cerebrospinal
fluid (CSF) or for intracranial pressure monitoring, such
as external ventricular drains (EVD), external spinal
drains (ESD), and shunts, is associated with an increase
in the rate of postoperative meningitis of up to 22%.5
Meningitis may lead to worsened outcome, including
increased mortality, prolonged hospital stay, repeat
surgery, and increased hospital costs. 10111

There is a large body of evidence regarding postoperative
meningitis in terms of risk factors, pathogenesis, and
microbiological aspects.!'7 1114 In contrast, little is known
about the clinical course of postoperative meningitis; data
concerning the time of symptom resolution and CSF
parameters normalization are limited. Furthermore, there
are no set guidelines on how to manage post-neurosurgical
infections, especially in the presence of a device.

We performed an observational study of all consecutive
cases of postoperative meningitis observed in adults
at a tertiary hospital in Northern Italy to compare
outcome and clinical evolution, including laboratory
and microbiological parameters, of device (EVD and
ESD-related) and non-device-related meningitis.

MATERIALS AND METHODS

Hospital setting
The study was conducted at the Department of
Neurosurgery and Neurointensive care  of Spedali
Civili, Brescia, Italy. An intensive infectious diseases
consultation program, with =3 consultations per week,

has been ongoing since 1999.

Study population and data collection

We included all consecutive cases of postoperative
meningitis observed between January 1999 and August
2007 in patients over 18 years of age. Data were collected
retrospectively  until  June 2004 and prospectively
thereafter. During the retrospective phase, episodes of
meningitis were identified using the electronic register,
identifying cases of meningitis from the discharge
diagnosis and/or from the infectious diseases consultation
records, and relevant medical charts were reviewed. The
protocol for perioperative antibiotic prophylaxis consisted
of cephazoline 2 g intravenously half an hour before
surgery followed by 1 g after 3 hours, if the duration of
the intervention exceeded 3 hours.

During the prospective phase, each episode was evaluated
by infectious discases consultants according to the
predefined criteria (see below), and data was actively
collected on ad-hoc charts. To evaluate the influence
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of neurosurgical devices on meningitis evolution and
outcome, statistical analysis was performed to compare
patients with EVD, with ESD, and without any device.

Case definitions

Proven meningitis was defined as a positive CSF culture
and laboratory CSF findings of a neutrophilic CSF
pleocytosis (>5 cells/ul) and a CSF/blood glucose ratio of
<0.5 along with meningitis signs and/or symptoms |[fever,
headache, neck stiffness, cranial nerve signs, or Glasgow
coma scale (GCS) worsening].

Possible  meningitis  was  defined by laboratory
CSF  findings of a neutrophilic CSF pleocytosis
(>5 cells/ull) and a CSEF/blood glucose ratio of <0.5
along with meningitis signs and/or symptoms with a
negative CSF culture.

Patients with postoperative, non-device-related meningitis
were included if neurosurgery had been performed
3 months or less prior to meningitis onset. Patients with
postoperative device-related meningitis were included if
the neurosurgical device was in place at meningitis onset.

Fever clearance (T < 37°C) was utilized to evaluate
clinical response to therapy. Blood and CSF samples
were periodically collected to evaluate improvement time
(time from onset to the second consecutive improved
measurement) and normalization of the following
parameters: Blood/CSI leucocyte count and CSI' glucose
level.

Statistical analysis

Student’s t-test was used to compare means and a
Chi-square test was used to compare proportions.
Continuous variables were compared using the Wilcoxon
rank-sum test. A P value of 0.05 was considered to be
statistically significant. A multivariate logistic regression
model was fitted to the data to identify potential factors
related to the outcome. All calculations were performed
using the Stata version 13 software (StataCorp. 2013.
Stata Statistical Software: Release 13. College Station, TX:
StataCorp LP)..

RESULTS

During the study period, 77 events of postoperative
meningitis were identified among 65 patients. Description
of the study population is shown in Table 1. There
were 47 events of device-related meningitis (23 EVD,
12 ESD, 7 ventriculoperitoneal shunts, 2 intracranial
pressure  devices, and 3 subarachnoid catheters),
and 30 non-device-associated events. Patients with
EVD-related meningitis were defined as group A, those
with ESD-related meningitis as group B, and those with
postoperative, non-device-related meningitis as group C.

Emergency surgery was performed in

14 patients (60.9%) in group A, 3 (25.0%) in group B,
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Table 1: Demographic and clinical characteristics of the study population

Variable Group A Group B Group C P
(n=23) (n=12) (n=30)
Male gender, no. of patients (%) 17 (73.9) 6 (50.0) 20 (66.7) NS
Age in years, median (range) 48 (21-79) 61 (22-75) 52.5 (18-80) NS
Comorbidities, no. of patients (%)
None 15 (65.2) 9(75.0) 16 (53.3) NS
Cardiovascular diseases 6(26.1) 2(16.7) 9(30.0)
Diabetes mellitus 1(4.4) 0(-) 4(13.3)
COPD 1(4.4) 0() 2(6.7)
Chronic renal failure 1(4.4) 0(-) 0(-)
Tumors 2(8.7) 0(-) 0()
Hemopathies 0(-) 0(-) 1(3.3)
Others 0(-) 1(8.3) 4(13.3)
Risk factors, no. patients (%)
None 15 (65.2) 8 (66.7) 20 (66.7) 0.009 (A vs B)
Immunosuppressive therapy 1(4.4) 0(-) 0(-)
Alcoholism 3(13.0) 0(-) 0()
Surgery <3 months 2(8.7) 4(33.3) 5(16.7)
Extra-CNS infections <3 months 0(-) 4 (33.3) 4(13.3)
CNS infections <1 years 3(13.0) 4(33.3) 4(13.3)
CSF leak 0(-) 0(-) 3(10.0)
MDR bacteria colonization 1(4.4) 1(8.3) 1(3.3)
Neurosurgical conditions, no. of patients (%)
Subarachnoidal bleeding 4(17.4) 0(-) 1(3.3) 0.05 (Avs C)
Intraventricular hemorrhage 5(21.7) 3(25.0) 1(3.3)
Intracerebral hemorrhage 4(17.4) 4(33.3) 7(23.3)
Head trauma 1(4.4) 0(-) 1(3.3)
Post-traumatic hydrocephalus 3(13.0) 0(-) 1(3.3)
CNS tumor 2(8.7) 1(8.3) 5(16.7)
Hydrocephalus 2(8.7) 2(16.7) 2(6.7)
Intracerebral abscess 0(-) 0(-) 2(6.7)
Intracerebral device infection 1(4.4) 1(8.3) 0(-)
Others 1(4.4) 1(8.3) 10(33.3)
Preoperative ASA score, no. patients (%)
<3 5(21.7) 4(33.3) 10(33.3) NS
>3 5(21.7) 5(41.7) 6 (20.0)
Unknown 13 (56.5) 3(25.0) 14 (46.7)
Preoperative GCS score, no. patients (%)
<10 11(47.8) 5(41.7) 8(26.7) NS
>10 9(39.1) 4(33.3) 11(36.7)
Unknown 3(13.0) 3(25.0) 11 (36.7)

Group A: Patients with EVD-related meningitis,Group B: Patients with ESD-related meningitis, Group C: Patients with postoperative non-device-related meningitis,

NS: Non-significant

and 8 (26.7%) in group C (P = 0.03 for A vs C).
Median duration of surgery in groups A, B, and C was,
respectively, 85 (range: 15-360), 180 (range: 20-300),
and 180 minutes (range: 60-990). Among patients who
were not receiving antibiotic therapy at the time of
neurosurgery, antibiotic prophylaxis was appropriately
prescribed in, respectively, 6/16 (37.5%), 3/9 (33.3%),
and 10/27 patients (37.0%). Eleven patients (47.8%) in
group A, 5 (41.7%) in group B, and 12 (40%) in group C

experienced postoperative complications (mainly CSF
leakage and relapse of intraventricular hemorrhage).
No statistically significant differences were found in
length of surgery, appropriateness of prophylaxis, and
frequency of postoperative complications among the
three groups.

Table 2 summarizes the major features of neurosurgical
devices. Among 465 LEVDs implanted during the study
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period, the overall EVD-related meningitis rate was 4.9%,
with large variability per year (0-14%).

Variables related to meningitis clinical presentation and
blood/CSF chemistry at meningitis onset are summarized
in Table 3.

Table 2: Main characteristics of the neurosurgical devices

Meningitis was proven in 18 (78.3%), 11 (91.7%), and 17
(56.7%) in groups A, B, and C, respectively. Among patients
for whom CSF culture yielded negative results (5 patients
in group A, 1 in group B, and 13 in group C), 2 patients
in group A and 4 in group C were on antibiotic therapy

Variable Group A Group B Group C P
(n=23) (n=12) (n=30)

Time to meningitis onset, median days (range) (since DVE/DSE 6 (0-28) 3(0-20) 7(1-99) 0.07 (Bvs C)
positioning-group A and B-or since neurosurgery-group C)
Time to device removal, median days (range) (since meningitis onset) 6 (0-30) 4 (0-17) - NS
Device 2, no. of patients (%) NS

Shunt 2(8.7) 0(-)

EVD 6 (26.1) 3(25.0)

ESD 6 (26.1) 1(8.3) -
Time to device 2 removal, median days (range) (since device 2 10.5 (2-32) 11 (3-68) - NS

positioning)

Group A: Patients with EVD-related meningitis, Group B: Patients with ESD-related meningitis, Group C: Patients with postoperative non-device-related meningitis,
Device 2: Second neurosurgical device implanted (due to hydrocephalus) during meningitis course, NS: Non-significant

Table 3: Clinical characteristics and blood/CSF chemistry at meningitis onset

Variable Group A Group B (n=12) Group C P
(n=23) (n=30)
Clinical characteristics
Fever 19 (82.6) 12 (100) 27 (90) NS
Headache 2(8.7) 3(25) 11 (36.7) 0.02 (Avs C)
Neck stiffness 3(13) 2 (16.7) 9(30) NS
Decrease in GCS 2(8.7) 3(25) 7(23.3) NS
Vomiting 1(8.3) 1(3.3) 0 NS
Convulsions 3(13) 0 0 NS
Blood analysis
Leukocyte count, cells x 10%uL, mean value+SD 15.6+5.8 12.7+2.6 15.3+3.4 NS
Differential leukocyte count, no. of patients (%)
Granulocyte >70% 9(39.1) 5(41.7) 16 (53.3) NS
Granulocyte <70% 2(8.7) 4 (33.3) 10 (33.3)
Unknown 12 (52.2) 3(25.0) 4(13.3)
CSF analysis

Leukocyte count, cells/uL, median value (range) 212 (6-6200)

Type of leukocytes, no. of patients (%) 12 (52.2)
Mainly granulocytes 1(4.4)
Mainly lymphocytes 1(4.4)
Granulocytes and lymphocytes 9(39.1)
Unknown 34 (4-43)
Glucose level, mg/dL, median value (range)
CSF-to-blood glucose ratio, no. of patients (%) 10 (43.5)
>0.5 7(30.4)
<0.5 6(26.1)

Unknown
Protein level, mg/dL, median value (range)

248 (51-4970)

2000 (12-24000)
8 (66.7)
1(8.3)
0(-)
3(25.0)
21 (0-38)

3(25.0)

8 (66.7)

1(8.3)
274 (65-1215)

540 (12-20000)
14 (46.7)
1(3.3)
2(6.7)

13 (43.3)

27 (0.48)

3(10.0)

20 (66.7)

7(23.3)
253 (85-1400)

<0.001 (A/Cvs B)
NS

NS

NS

NS

Group A: Patients with EVD-related meningitis, Group B: Patients with ESD-related meningitis, Group C: Patients with postoperative non-device-related meningitis,

NS: Non-significant
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when the CSF culture was performed. Microorganisms
responsible for meningitis are presented in Table 4.

All patients received intravenous antibiotic therapy.
In addition, 3 patients (13%) in group A, 2 (16.7%)

Table 4: Microbiological findings of CSF culture

Pathogen Group A Group B Group C
(n=23) no. of (n=12) no. of (n=30) no. of

isolates (%) isolates (%) isolates (%)

Methicillin-resistant 9(39.1) 4(33.3) 4(13.3)
S. epidermidis

Methicillin-susceptible 2(8.7) 0 2 (6.7)
S. epidermidis

Methicillin-resistant 2(8.7) 0 0

S. aureus

Methicillin-susceptible 1(4.3) 1(8.3) 0

S. aureus

Coagulase-negative 1(4.3) 2 (16.7) 2 (6.7)
staphylococci

E. faecalis 1(4.3) 0 1(3.3)
E. faecium 0 0 1(3.3)
Vancomycin-resistant 0 0 2 (6.7)
Enterococcus

S. agalactiae 0 0 1(3.3)
E. coli 1(4.3) 2(16.7) 1(3.3)
Acinetobacter spp 1(4.3) 0 0
Enterobacter spp 0 2(16.7) 0

P aeruginosa 0 0 3(10.0)

Group A: Patients with EVD-related meningitis, Group B: Patients with ESD-related
meningitis, Group C: Patients with postoperative non-device-related meningitis,
NS: Non-significant

in group B, and 1 (33%) in group C received
intrathecal antibiotics. Median intravenous antibiotic
treatment duration was 20 days (range: 5-57 days) in
group A, 17 days (range: 4-60 days) in group B, and
22.5 days (range: 3-41 days) in group C. There was no
significant difference in the length of therapy between
the three groups.

Clinical, biochemical,and microbiological course
of meningitis

Description  of  the  clinical,  biochemical, and
microbiological course of meningitis is shown in Table 5.
Overall, 8 patients (34.8%) in group A, 3 (25.0%) in
group B, and 3 (10.0%) in group C died. Among patients
in group A, 1 patient (12.5%) experienced meningitis
treatment failure and died because of methicillin-resistant
Staphylococcus aureus meningitis, 6 patients (75.0%)
extra-central nervous system (CNS) infections, and
1 patient (12.5%) died because of cardiovascular
complications. All patients in groups B and C (100.0%)
died due to severe, CNS infections [Table 6].

Removing devices (both EVD and ESD) in the first
48 hours after meningitis onset was associated with
shorter time to CSF leukocyte reduction (median
5 days versus 8§ days, P = 0.05), and shorter time to
CSF bacterial clearance (median of 5 days versus 8 days,

P = 0.05) [Table 7].

In patients with EVD and ESD-related meningitis,
positioning of a second device was associated with longer
median time to bacterial clearance (11.5 days versus

7.5 days, P = 0.03).

Table 5: Clinical characteristics, blood/CSF chemistry and CSF bacterial clearance at the end of treatment

Variable Group A Group B Group C P
(n=23) (n=12) (n=30)

Afebrile patients, no. (%) 16 (69.6) 9(75.0) 29 (96.7) NS

Time to T <37°C, median days (range) 12 (4-37) 7(3-22) 10 (0-47) 0.04 (Avs C)
Patients with normalized blood leukocyte count, no. (%)* 11/16 (68.8) 6/10 (60) 19/26 (73.1) NS

Time to normalize blood leukocyte count, median days (range) 12 (1-19) 11.5(7-37) 5 (1-25) NS

Patients with improved CSF glucose value, no. (%)* 14/15 (93.3) 8/10 (80.0) 19/26 (73.1) NS

Time to improve CSF glucose, median days (range) 11 (4-26) 3.5(1-31) 9 (2-42) NS

Patients with normalized CSF glucose value, no. (%)* 10/15 (66.7) 5/10 (50.0) 10/26 (38.5) NS

Time to normalize CSF glucose, median days (range) 14 (6-43) 15 (2-31) 13 (2-42) NS

Patients with improved CSF leukocyte count, no. (%)* 18/21 (85.7) 11/12(91.7) 23/30 (76.7) NS

Time to improve CSF leukocyte count, median days (range) 8 (1-26) 4 (1-18) 6 (2-27) NS

Patients with normalized CSF leukocyte count, no. (%)* 10/21 (47.6) 3/12 (25.0) 8/30(26.7) NS

Time to normalize CSF leukocyte count, median days (range) 7(1-43) 39 (10-41) 20.5 (9-27) 0.04 (Avs C)
Patients with CSF bacterial clearance, no. (%)* 17/18 (94.4) 11/11 (100.0) 16/17 (94.1) NS

Time to bacterial clearance, median days (range) 6.5 (1-25) 4 (1-24) 11.5 (2-27) NS

Group A: Patients with EVD-related meningitis, Group B: Patients with ESD-related meningitis, Group C: Patients with postoperative non-device-related meningitis,

NS: Non-significant, *: Denominators indicate the number of patients for whom the variable is out of range (or the CSF culture is positive) at meningitis onset or

during meningitis course
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DISCUSSION

Our single-center study of 77 consecutive events of
postoperative meningitis is, to our knowledge, the first
study aimed to compare the clinical, biochemical, and
microbiological course, as well as the outcome of device
and non-device-related meningitis.

Our results show an overall post-neurosurgical meningitis
rate of 4.9%, which is well within the range observe
in other studies,?? but with great variability per year
(0-14%). Similar to the findings of other studies,!*#1213]
EVD-related meningitis in our population occurred
within the first week (median of 6 days, range of 0-28)
after EVD  placement. ESD-associated meningitis
occurred even earlier (median of 3 days, range of 0-20),
probably due to a higher load of bacteria caused by
the proximity between the drainage and the perineal
arca. As expected, bacteria belonging to the fecal flora
were isolated more frequently in ESD patients (4 out
of 12, 33.3%) compared to non-ESD patients (7 out
of 46, 13.2%). The difference was not statistically

Table 6: Concomitant extra-CNS infections, patients’
outcome and length of hospitalization

Variable Group A

(n=23)

Group B
(n=12)

GroupC P
(n=30)

Extra-CNS infections
Total, no. of episodes 24 14 26 NS

Pneumonia, no. of 14 (58.3) 6 (42.9) 11(42.3) NS
episodes (%)

Sepsis/septic shock, 7(29.2) 6 (42.9) 5(19.2) NS
no. of episodes (%)

Urinary tract infection, 3 (12.5) 1(7.1) 6(23.1) NS
no. of episodes (%)

Clostridium difficile, 0 0 1(3.8) NS
no. of episodes (%)

Other infections, no. 0 1(7.1) 3(11.5) NS
of episodes (%)

Deaths, no. (%) 8(34.8) 3(25.0) 3(10.0) NS

Length of
hospitalization,
median days (range)
Group A:Patients with EVD-related meningitis,Group B: patients with ESD-related

meningitis, Group C: Patients with postoperative non-device-related meningitis,
NS: Non-significant

48 (30-150) 58.5(23-231) 44 (81-91) NS

significant (P = 0.1) probably due to a low number
effect.

Of note, the presence of a ventricular drainage influenced
the time to meningitis resolution. Time to bacterial
clearance and improved CSI' leukocyte count were
significantly shorter in patients with early device removal;
morcover, implantation of a second device was associated
with longer time to bacterial clearance in CSE This
observation is consistent with the knowledge that any
device and related biofilm facilitates bacterial survival
and hampers the effect of antibiotic treatment. These
findings support attempts to remove devices as early
as possible and to avoid positioning of a second CSF
drainage catheter whenever possible.

Based on the study results, we updated the algorithm
for the management of patients with proven or possible
postoperative meningitis [Figure 1].

Our study has several limitations. Due to its partially
retrospective  design,  diagnostic  and  therapeutic
procedures  were  not  systematically  standardized.
Furthermore, patients” subgroups were small and with
limited ability to identify significant associations of one
or a group of variables. However, we analyzed a large
number of ESD-related meningitis, which have rarely
been investigated to date.’® To our knowledge, this
is the first study that takes into account the clinical,
biochemical, and microbiological course of meningitis
and its outcome with particular attention to the influence
of CSF drainage catheters.

CONCLUSION

In summary, carly device removal was associated with
shorter illness duration, whereas implantation of a second
device during the course of meningitis was associated
with a longer resolution time. These observations will
need to be validated in a prospective study in order to
better define the timing of device removal, its eventual
repositioning, as well as the best antibiotic regimen.

Financial support and sponsorship
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Conflicts of interest
There are no conflicts of interest.

Table 7: Effect of the device removal and repositioning on meningitis

Variable < 48 hours > 48 hours P Implantation of No second device P
device's (n=22) a second device (n=22)
removal (n=25)
(n=25)
Time to improve CSF leukocyte count, median days 5(1-22) 8(1-18) 0.05 8 (1-22) 6 (1-20) ns
Time to improve CSF glucose, median days 4 (1-17) 6 (1-30) ns 11,5 (1-30) 9(1-17) ns
Time to bacterial clearance, median days 5(1-34) 8 (1-24) 0.05 11,5 (1-34) 1,5 (1-16) 0.03
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Clinical symptoms of postoperative meningitis, day 0:
blood and CSF chemistry, CSF culture, and Gram stain.

A

A

Presence of CSF drainage catheter?

No

Yes

Empiric, systemic antibiotic therapy

A Y

If possible, select
antibiotics based on

Is it possible to remove the CSF drain within the

possible to avoid positioning of another one?

first 24 hours from meningitis onset? Is it

microbiological results.

Yes

I

No

A

Every 5 days: blood and
CSF chemistry, CSF
culture and Gram stain.

Start a 57 days course of intrathecal antibiotics.
Remove CSF drain as early as possible.

|

Are CSF culture and
Gram stain on day 15 negative?

Yes

No

A

Continue antibiotic therapy

|

Are CSF culture and Gram

Stop antibiotic therapy

Yes

stain on day 20 negative?

No

y

Adjust antibiotic therapy
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