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The value of cerebrospinal fluid (CSF) lactate level and CSF/blood glucose ratio for the identifi-

cation of bacterial meningitis following neurosurgery was assessed in a retrospective study. During

a 3-year period, 73 patients fulfilled the inclusion criteria and could be grouped by preset criteria in

one of three categories: proven bacterial meningitis (n 5 12), presumed bacterial meningitis (n 5 14),

and nonbacterial meningeal syndrome (n 5 47). Of 73 patients analyzed, 45% were treated with

antibiotics and 33% with steroids at the time of first lumbar puncture. CSF lactate values (cutoff, 4

mmol/L), in comparison with CSF/blood glucose ratios (cutoff, 0.4), were associated with higher

sensitivity (0.88 vs. 0.77), specificity (0.98 vs. 0.87), and positive (0.96 vs. 0.77) and negative (0.94 vs.

0.87) predictive values. In conclusion, determination of the CSF lactate value is a quick, sensitive,

and specific test to identify patients with bacterial meningitis after neurosurgery.

The diagnosis of bacterial meningitis (BM) is difficult in
patients after neurosurgery for several reasons. Meningeal syn-
drome with stiff neck, fever, and headache occurs frequently in
patients following craniotomy [1–3]. Up to 50% of patients
with clinical signs of meningitis have already been treated with
steroids or antibiotics, at the time of lumbar puncture [4, 5].
Standard CSF studies (i.e., gram staining and determinations of
leukocyte count and glucose and protein concentration) are
unreliable for the diagnosis of BM after neurosurgery [4].
Therefore, additional CSF parameters that allow differentiation
of BM from nonbacterial meningeal syndrome (NBMS) are
needed.

CSF lactate levels and CSF/blood glucose ratios have re-
ceived increasing attention because of the ease and precision
with which they are measured in the clinical laboratory. Al-
though the CSF lactate level and, to a lesser degree, the
CSF/blood glucose ratio do differentiate BM from aseptic
meningitis in spontaneously occurring cases, there is an ongo-
ing controversy about the usefulness of determining these
values rather than performing standard CSF studies [6–15].

CSF lactate in BM originates from different sources. Bacte-
rial pathogens themselves produce varying amounts of lactate,
accounting for ;10% of total CSF lactate in patients with BM
[6]. The main source of lactate in BM is brain tissue, including
neurons and glia cells, which produce lactate by distinct mech-
anisms [16]. First BM is associated with generalized brain

edema, causing a reduction of global cerebral blood flow and
inflammatory involvement of the vasculature, with loss of
autoregulatory mechanisms, vasospasms, and thrombosis [17–
19]. This leads to cerebral ischemia and consequently to gly-
colysis by means of anaerobic metabolism.

In addition, cytokines that flood the brain in meningitis
reduce tissue oxygen uptake and cause a shift toward anaerobic
metabolism, thus increasing lactate production [16, 20]. Be-
cause lactate penetrates the blood-brain barrier at a very low
rate, measurement of CSF lactate is a useful index of cerebral
metabolism [7]. In addition, cytokines also mediate invasion of
neutrophils into the subarachnoid space, which may also con-
tribute to the rise in CSF lactate level by glycolysis [21].

Standard CSF tests for the diagnosis of BM in neurosurgical
patients have been evaluated in only one retrospective study
[4]. The authors found that the examined parameters (total and
differential leukocyte counts, gram stains, and values for glu-
cose and total protein) are either not sensitive or not specific
enough to reliably distinguish BM from NBMS. In spontane-
ously occurring meningitis, CSF lactate level has proved to be
a more reliable discriminatory factor than the CSF/blood glu-
cose ratio [6, 9–11, 22, 23]. The present study was performed
to evaluate the value of CSF lactate level and CSF/blood
glucose ratio for the diagnosis of BM in patients with clinically
suspected BM following neurosurgery.

Patients and Methods

Data from all consecutive lumbar punctures performed over
a 3-year period, from 1 December 1993 to 1 December 1996,
in the neurosurgical ward and the surgical intensive care unit at
the University Hospitals of Basel, Switzerland, were collected
by review of the logbook from the CSF analysis laboratory.
Data were screened by review of the patients’ charts for eligi-
bility. Inclusion criteria were as follows: (1) the first lumbar
puncture per patient was performed within 40 days after neu-
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Switzerland (sleib@imm.unibe.ch).

Clinical Infectious Diseases 1999;29:69–74

© 1999 by the Infectious Diseases Society of America. All rights reserved.
1058–4838/99/2901–0011$03.00

69

Predictive Value of Cerebrospinal Fluid (CSF) Lactate Level Versus CSF/Blood

Glucose Ratio for the Diagnosis of Bacterial Meningitis Following Neurosurgery

Stephen L. Leib, Remy Boscacci, Othmar Gratzl, and

Werner Zimmerli

From the Division of Infectious Diseases and the Clinic of

Neurosurgery, University Hospitals Basel, Basel, Switzerland

The value of cerebrospinal fluid (CSF) lactate level and CSF/blood glucose ratio for the identifi-

cation of bacterial meningitis following neurosurgery was assessed in a retrospective study. During

a 3-year period, 73 patients fulfilled the inclusion criteria and could be grouped by preset criteria in

one of three categories: proven bacterial meningitis (n 5 12), presumed bacterial meningitis (n 5 14),

and nonbacterial meningeal syndrome (n 5 47). Of 73 patients analyzed, 45% were treated with

antibiotics and 33% with steroids at the time of first lumbar puncture. CSF lactate values (cutoff, 4

mmol/L), in comparison with CSF/blood glucose ratios (cutoff, 0.4), were associated with higher

sensitivity (0.88 vs. 0.77), specificity (0.98 vs. 0.87), and positive (0.96 vs. 0.77) and negative (0.94 vs.

0.87) predictive values. In conclusion, determination of the CSF lactate value is a quick, sensitive,

and specific test to identify patients with bacterial meningitis after neurosurgery.

The diagnosis of bacterial meningitis (BM) is difficult in
patients after neurosurgery for several reasons. Meningeal syn-
drome with stiff neck, fever, and headache occurs frequently in
patients following craniotomy [1–3]. Up to 50% of patients
with clinical signs of meningitis have already been treated with
steroids or antibiotics, at the time of lumbar puncture [4, 5].
Standard CSF studies (i.e., gram staining and determinations of
leukocyte count and glucose and protein concentration) are
unreliable for the diagnosis of BM after neurosurgery [4].
Therefore, additional CSF parameters that allow differentiation
of BM from nonbacterial meningeal syndrome (NBMS) are
needed.

CSF lactate levels and CSF/blood glucose ratios have re-
ceived increasing attention because of the ease and precision
with which they are measured in the clinical laboratory. Al-
though the CSF lactate level and, to a lesser degree, the
CSF/blood glucose ratio do differentiate BM from aseptic
meningitis in spontaneously occurring cases, there is an ongo-
ing controversy about the usefulness of determining these
values rather than performing standard CSF studies [6–15].

CSF lactate in BM originates from different sources. Bacte-
rial pathogens themselves produce varying amounts of lactate,
accounting for ;10% of total CSF lactate in patients with BM
[6]. The main source of lactate in BM is brain tissue, including
neurons and glia cells, which produce lactate by distinct mech-
anisms [16]. First BM is associated with generalized brain

edema, causing a reduction of global cerebral blood flow and
inflammatory involvement of the vasculature, with loss of
autoregulatory mechanisms, vasospasms, and thrombosis [17–
19]. This leads to cerebral ischemia and consequently to gly-
colysis by means of anaerobic metabolism.

In addition, cytokines that flood the brain in meningitis
reduce tissue oxygen uptake and cause a shift toward anaerobic
metabolism, thus increasing lactate production [16, 20]. Be-
cause lactate penetrates the blood-brain barrier at a very low
rate, measurement of CSF lactate is a useful index of cerebral
metabolism [7]. In addition, cytokines also mediate invasion of
neutrophils into the subarachnoid space, which may also con-
tribute to the rise in CSF lactate level by glycolysis [21].

Standard CSF tests for the diagnosis of BM in neurosurgical
patients have been evaluated in only one retrospective study
[4]. The authors found that the examined parameters (total and
differential leukocyte counts, gram stains, and values for glu-
cose and total protein) are either not sensitive or not specific
enough to reliably distinguish BM from NBMS. In spontane-
ously occurring meningitis, CSF lactate level has proved to be
a more reliable discriminatory factor than the CSF/blood glu-
cose ratio [6, 9–11, 22, 23]. The present study was performed
to evaluate the value of CSF lactate level and CSF/blood
glucose ratio for the diagnosis of BM in patients with clinically
suspected BM following neurosurgery.

Patients and Methods

Data from all consecutive lumbar punctures performed over
a 3-year period, from 1 December 1993 to 1 December 1996,
in the neurosurgical ward and the surgical intensive care unit at
the University Hospitals of Basel, Switzerland, were collected
by review of the logbook from the CSF analysis laboratory.
Data were screened by review of the patients’ charts for eligi-
bility. Inclusion criteria were as follows: (1) the first lumbar
puncture per patient was performed within 40 days after neu-

Received 22 June 1998; revised 27 October 1998.
Data from this study were presented in part at the 37th Interscience Confer-

ence on Antimicrobial Agents and Chemotherapy, held 28 September through 1
October 1997 in Toronto.

Reprints or correspondence (current address): Dr. Stephen Leib, Institute for
Medical Microbiology, University of Bern, Friedbühlstrasse 51, CH-3010 Bern,
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presumed BM) (figure 2). For the differentiation of spontane-
ously occurring BM from aseptic meningitis, discriminatory
levels of CSF lactate and ratios of CSF/blood glucose have
been postulated as 3.5–4.2 mmol/L and ,0.4–0.5, respec-
tively [6, 9–11, 22, 23].

In this study, we chose a CSF lactate concentration of .4.0
mmol/L and a CSF/blood glucose ratio of ,0.4 as the critical
values for the diagnosis of BM. To evaluate the diagnostic
performance of the tests, we combined proven and presumed
BM. As presented in figure 1, CSF lactate concentration at a
cutoff of 4 mmol/L did differentiate proven and presumed BM
from NBMS. There was an overlap in 4 cases, with 3 false-
negatives in the combined BM group and 1 false-positive in the
NBMS group. The CSF lactate cutoff level of .4 mmol/L as a
discriminant factor for BM had a sensitivity of 88%, a speci-
ficity of 98%, a positive predictive value of 96%, and a nega-
tive predictive value of 94% (table 2).

The CSF/blood glucose ratio cutoff of 0.4 discriminated
between patients with culturally proven BM and patients with
NBMS, with two false-negatives in the proven BM group and
six false-positives in the NBMS group (figure 2). However, in
the group with presumed BM, where additional information
would be most desirable, the values showed considerable over-
lap, with four false-negatives (30%). Therefore, determination
of the ratio was not helpful in this group of patients. For the
CSF/blood glucose ratio, in a comparison of the combined BM
group and the NBMS group, sensitivity was 77%, specificity

was 87%, positive predictive value was 77%, and negative
predictive value was 87% (table 2).

To evaluate specificity, we analyzed our data for a possible
effect of CSF contamination with blood on lactate concentra-
tion. CSF lactate levels in samples with .500 erythrocytes/mL
were compared to those in samples with ,500
erythrocytes/mL, in patients with and without BM. In accor-
dance with previous observations, lactate values were not sig-
nificantly affected by the presence of red cells [7, 8]. In
addition, we assessed the correlation between the lactate con-
centration in CSF and the number of neutrophils and leuko-
cytes in CSF. In the NBMS group, the two variables were not
correlated (r 5 .1 and P 5 NS for neutrophils; r 5 . 17 and
P 5 NS for leukocytes). However, in the BM group the
correlation was significant (r 5 .72 and P , .001 for neutro-
phils; r 5 .83 and P , .001 for leukocytes), probably because
inflammatory cytokines and chemokines released in BM cause
neutrophil pleocytosis, metabolic changes, and cerebral hyp-
oxia [16–18].

The postoperative day on which the first lumbar puncture
was performed because of the clinical suspicion of BM was
significantly later (P , .001) for patients in the NBMS group
(10 6 7.6) than for patients in the BM group (5 6 2.2).
Subgroup analysis of the data showed no correlation between
the number of days after neurosurgery and the level of CSF
lactate in the BM and the NBMS groups and showed no
significant difference in CSF lactate level over time in patients

Figure 1. Concentration of lactate in CSF from patients with men-
ingeal syndrome after neurosurgery. CSF lactate values for patients
with proven bacterial meningitis (BM) (A) were significantly higher
than those for patients without BM (C) (mean 6 SD, 7.8 6 3.6 [n 5
12] vs. 2.3 6 0.8 mmol/L [n 5 47]; P , .0001), but they did not differ
markedly from those for patients with presumed BM (B) (6.7 6 3.3
[n 5 14]; P 5 NS vs. proven BM and P , .0001 vs. patients without
BM). A cutoff lactate concentration of 4 mmol/L (dotted line) differ-
entiated proven and presumed BM from nonbacterial meningitis with
a sensitivity of 88%, specificity of 98%, positive predictive value of
96%, and negative predictive value of 94%.

Table 1. Characteristics of patients with culturally proven bacterial
meningitis following neurosurgery.

Age
(y)/sex

Indication or
type of
surgery

Day of
LP after
surgery

Foreign
device Microorganism(s) isolated

62/F Myelography 1 2 Escherichia coli

64/M Shunt
revision

4 1 Streptococcus oralis

44/M Intracerebral
hematoma

6 2 Klebsiella pneumoniae

72/F Vascular
malformation

2 1 Staphylococcus aureus

79/F Brain tumor 15 1 Peptostreptococcus magnus

54/M Brain tumor 2 1 Klebsiella pneumoniae,

Klebsiella oxytoca

39/M Vascular
malformation

6 1 Corynebacterium jeikeium

50/M Brain tumor 4 2 Streptococcus salivarius,

Streptococcus mitis,

Peptostreptococcus micros

72/F Vascular
malformation

6 1 Coagulase-negative
Staphylococcus

65/F Brain tumor 0 1 Coagulase-negative
Staphylococcus

28/M Brain tumor 9 1 Propionibacterium acnes

64/F Brain tumor 5 1 Propionibacterium acnes

NOTE. LP 5 lumbar puncture; 2 5 not present; 1 5 present.
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without BM, indicating that neurosurgery by itself did not
significantly alter CSF lactate level.

Discussion

The occurrence of bacterial meningitis after neurosurgery
has been documented in up to 4% of patients [24, 25]. The
diagnosis of BM relies on the isolation of bacteria from CSF
samples. However, in up to 70% of clinically suspected cases,
bacterial CSF cultures remain negative [3, 4]. In a recent study,
CSF samples were obtained from patients who had undergone
neurosurgery and had a meningeal syndrome and from clini-
cally negative controls. The samples were submitted to con-
ventional culture and to PCR with use of primers encoding for
a highly conserved region of eubacterial ribosomal DNA [26].

With this technique, the investigators obtained a positive
amplification result not only for CSF from patients whose
bacterial cultures of CSF were positive but also for CSF from
the majority of patients with clinical signs and laboratory
values suggestive of bacterial meningitis. In contrast, CSF from
control patients yielded no amplification products. The authors
concluded that many cases of culture-negative meningitis fol-
lowing neurosurgery are probably BM and that antibiotic treat-
ment is therefore justified.

The severe consequences of delayed or untreated BM, in
conjunction with the lack of clear diagnostic criteria for BM
occurring after neurosurgery, explain the prevailing practice of
empirically treating all suspected cases with high-dose broad-
spectrum intravenous antibiotics. The expense and risk of un-
necessary treatment of uninfected patients call for a more
specific test for the diagnosis of BM after neurosurgery.

Inflammation of the meninges in reaction to surgical proce-
dures is usually treated with high-dose steroids to prevent
adhesive arachnoiditis and hydrocephalus by their immunosup-
pressive action [4]. In cases of postoperative BM, however,
treatment with steroids and antibiotics further impairs the di-
agnostic value of CSF studies by decreasing inflammatory
parameters and the yield of bacterial cultures, respectively. In
this study, 45% of patients with a meningeal syndrome had
already been empirically treated with antibiotics, and 33% with
steroids, at the time of the first lumbar puncture.

The empirical use of antibiotics was equally high for patients
with BM and patients with NBMS, reflecting the difficulties in
distinguishing the diseases on clinical grounds. Steroids were
used more frequently in the group with later-confirmed BM
than in the group with NBMS. The higher proportion of steroid
treatment in the BM group might be explained by the fact that
symptoms of meningeal inflammation after neurosurgery are
frequently treated with steroids based on the assumption that
the condition is caused by NBMS. Only when symptoms
worsen or there is no clinical response to steroids, as in BM, is
a lumbar puncture performed to establish a diagnosis [4].

In 1917 Levinson [27] observed that spinal fluid from pa-
tients with meningococcal meningitis had a low pH. Killian

Table 2. Summary and predictive values of CSF lactate levels and
CSF/blood glucose ratios in patients after neurosurgery.

Variable
CSF lactate level:

mean 6 SD

CSF/blood glucose
ratio: median

(range)

Proven bacterial
meningitis (n 5 12) 7.8 6 3.6 mmol/L 0.17 (0–1)

Presumed bacterial
meningitis (n 5 14) 6.7 6 3.3 mmol/L* 0.34 (0.1–0.9)†

Nonbacterial meningitis
syndrome (n 5 47) 2.3 6 0.8 mmol/L 0.54 (0.9–0.2)

Sensitivity 88% 77%
Specificity 98% 87%
Positive predictive

value 98% 77%
Negative predictive

value 94% 87%

NOTE. Cutoff values were 4 mmol/L for lactate level and 0.4 for
CSF/blood glucose ratio.

* P 5 NS vs. proven bacterial meningitis; P , .0001 vs. nonbacterial men-
ingitis syndrome.

†
P 5 NS vs. proven bacterial meningitis; P , .0003 vs. nonbacterial

meningitis syndrome.

Figure 2. Ratio of CSF/blood glucose concentration for patients
with meningeal syndrome after neurosurgery. CSF/blood glucose
ratios for patients with proven bacterial meningitis (A) were signifi-
cantly lower than those for patients with nonbacterial meningitis (C)
(median [range], 0.17 [0–1] [n 5 12] vs. 0.54 [0.9–0.2] [n 5 47];
P , .0001) but did not differ markedly from those for patients with
presumed bacterial meningitis (B) (0.34 [0.1–0.9] [n 5 14]; P 5 NS).
A cutoff CSF/blood glucose ratio of 0.4 (dotted line) discriminated
between patients with culturally proven meningitis and patients with
nonbacterial meningitis but showed a considerable overlap of 30% in
the groups with presumed and nonbacterial meningitis. The
CSF/blood glucose ratio cutoff of 0.4 differentiated proven and pre-
sumed bacterial meningitis from nonbacterial meningitis with a sen-
sitivity of 77%, specificity of 87%, positive predictive value of 77%,
and negative predictive value of 87%.
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Summary Objectives: Cerebrospinal fluid (CSF) lactate is produced by bacterial anaerobic
metabolism and is not affected by blood lactate concentration, an advantage over CSF glucose
in differentiating bacterial meningitis from aseptic meningitis. However, the previous investi-
gations have shown mixed results of the sensitivity and specificity. Our study’s purpose was to
assess the utility of CSF lactate in differentiating bacterial meningitis from aseptic meningitis.
Methods: We searched MEDLINE and EMBASE for clinical studies that included CSF lactate mea-
surement in bacterial meningitis and aseptic meningitis. Test characteristics were pooled using
hierarchical summary ROC curve and random effects model.
Results: Thirty three studies were included. The pooled test characteristics of CSF lactate
were sensitivity 0.93 (95% CI: 0.89e0.96), specificity 0.96 (95% CI: 0.93e0.98), likelihood ratio
positive 22.9 (95% CI: 12.6e41.9), likelihood ratio negative 0.07 (95% CI: 0.05e0.12), and diag-
nostic odds ratio 313 (95% CI: 141e698). Pretreatment with antibiotics lowered the sensitivity
0.49 (95% CI: 0.23e0.75). CSF lactate of around 35 mg/dl (34e36 mg/dl) had higher sensitivity
and specificity than those of around 27 mg/dl (26e28 mg/dl).
Conclusions: CSF lactate’s highnegative likelihoodratiomaymake ituseful for rulingoutbacterial
meningitis thoughpretreatmentwithantibiotics reduces clinical accuracy.CSF lactateof35mg/dl
could be optimal cut-off value for distinguishing bacterial meningitis from aseptic meningitis.
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CSF cell counts and glucose levels, have been studied. One
systematic review found only three studies on the diagnos-
tic accuracy of gram stains reporting sensitivities ranging
from 56 to 86%. Only one study reported specificity, finding
it to be 100%.25 This same systematic review found only one
study meet their quality criteria evaluating leukocytosis
(CSF WBC > 500/ml) with an LRþ of 15 (95% CI: 10e22)
and an LR" of 0.3 (95% CI: 0.2e0.4); two studies of blood
CSF/serum glucose ratios < 0.4 found widely varied LRþ
(18 and 145), with LR" of 0.31 and 0.25. The lack of accu-
racy of any single test has prompted creation and testing of

decision rules, combining clinical and lab features with only
moderate success, notably none of these decision rules in-
corporate CSF lactate.23,26 These atypical manifestations of
CSF examination including culture negative and gram stain
negative can result in a missed diagnosis of bacterial men-
ingitis. Combination CSF lactates and routine CSF examina-
tion provides can estimate the chance of bacterial
meningitis more satisfactory in very short time.

Our meta-analysis pooled a large number of studies,
thirty three, and found that CSF lactate had good likelihood
ratios. The very low negative likelihood ratio means that
lack of CSF lactate is particularly good for ruling out
bacterial meningitis. For example, given a prevalence of
4%, a negative CSF lactate reduces the probability of
bacterial meningitis to 3/1000. This negative likelihood
ratio is lower than CSF white blood cell count, glucose, or
blood glucose ratio.25

In subgroup analysis, patients with bacterial meningitis
proven by culture or gram stain had similar results with
overall analyses. These results find the robustness of the
reliability of CSF lactates in bacterial meningitis. How-
ever, reduction of sensitivity in pretreated bacterial
meningitis was observed, similar to CSF glucose.27 It is
well known that early antibiotic treatment improves clin-
ical outcomes. However, this can modify CSF findings,
making both CSF glucose and lactate less sensitive.28 The
effects of treatment on CSF leukocytosis is mixed, some
investigator have found that prior antibiotic therapy
does not reduce the total number of white blood cell, or
the percentage of polymorphonuclear leukocytes.29,30

Our study suggests that a CSF lactate in the normal range
cannot rule out bacterial meningitis among patients pre-
treated with antibiotics.

Optimal cut-off value derived from our meta-analysis is
around 35 mg/dl to distinguish bacterial meningitis from
aseptic meningitis. Since, recommended cut-off value is
35 mg/dl or 3.9 mmol/l in clinical practice.

One strength of our analysis is the inclusion of varying
age groups. The epidemiology of bacterial meningitis
differs by age.31 Our data suggests that the diagnostic value
of CSF lactate is similar between children and adults.

There are several limitations in this study. First, in-
cluded studies varied in quality. Our meta-regression based
on QUADAS score found no effect of quality on our pooled

Figure 2 Hierarchical summary receiver operating charac-
teristic (HSROC) curve of all included studies shows high sensi-
tivity and specificity with small 95% confidence region.

Table 3 Summary of overall analyses and subgroup analyses.

Sensitivity (95% CI) Specificity (95% CI)

Overall analysis
HSROC model 0.93 (0.89e0.96) 0.96 (0.93e0.98)
Random effect model 0.94 (0.92e0.96) 0.97 (0.96e0.99)

Subgroup analysis
Bacteria proven BMa 0.96 (0.93e0.98) 0.97 (0.96e0.99)
Pretreated BM 0.49 (0.23e0.75) NAb

Untreated BM 0.98 (0.96e1.00) NAb

Cut off around 35 mg/dl 0.93 (0.89e0.97) 0.99 (0.97e1.00)
Cut off around 27 mg/dl 0.90 (0.85e0.94) 0.94 (0.90e0.98)

a Bacterial meningitis proven by culture or gram stain.
b Not available because of unabstractable data.
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Abstract

Background: Bacterial meningitis is not rare in post-neurosurgical patients. If patients are not treated promptly, the
mortality rate can reach 20 to 50 %. The concentration of cerebrospinal fluid (CSF) lactate has been reported to be
helpful in the diagnosis of bacterial meningitis; however, no systematic evaluations have investigated CSF from a
postoperative perspective. In this study, we performed a systematic evaluation and meta-analysis of the efficacy of
using CSF lactate concentrations in the diagnosis of post-neurosurgical bacterial meningitis.

Method: We retrieved studies that investigated the diagnostic value of CSF lactate for the diagnosis of post-
neurosurgical bacterial meningitis by searching PubMed, EBSCO, the Cochrane Library and ClinicalTrials.gov. All
these databases were searched from inception to November 2015. We used Quality Assessment of Diagnostic
Accuracy Studies (QUADAS), a tool for the quality assessment of diagnostic accuracy, to evaluate the quality of the
included studies. The Meta-DiSc 1.4 and Review Manager 5.3 software programs were used to analyze the included
studies. Forest plots and summary receiver operating characteristics (SROC) curves were also drawn.

Results: Five studies, involving a total of 404 post-neurosurgical patients, were selected from 1,672 articles according
to the inclusion criteria. The quality of the five included studies was assessed using QUADAS, and the related
results are presented in tables. The meta-analysis revealed the following diagnostic values regarding CSF lactate
for post-neurosurgical bacterial meningitis: a pooled sensitivity of 0.92 (95 % CI 0.85–0.96), a pooled specificity of
0.88 (95 % CI 0.84–0.92 with significant heterogeneity), a diagnostic odds ratio of 83.09 (95 % CI 36.83–187.46), an
area under the curve (AUCSROC) of 0.9601, an SE(AUC) of 0.0122, a Q* of 0.9046 and an SE(Q*) of 0.0179.

Conclusion: The meta-analysis indicated that the CSF lactate concentration has relatively high sensitivity and
specificity for the diagnosis of post-neurosurgical bacterial meningitis and thus has relatively good efficacy.

Keywords: Cerebrospinal fluid lactate, Post-neurosurgical bacterial meningitis, Diagnostic value, Meta-analysis

Background
Bacterial meningitis is not rare in post-neurosurgical pa-
tients and has an incidence of approximately 0.3 to 1.5 %
[1]. However, the observed incidence in clinical practice is
higher than this number. Clinical manifestations such as
fever, signs of meningeal irritation and an altered mental sta-
tus lack specificity and sensitivity [2]. Furthermore, the intra-
operative aseptic inflammatory response induced by blood,
bone chips, sloughing tissue, and surgical implants as well

as the widespread postoperative administration of prophy-
lactic antibiotics increase the difficulty of diagnosing postop-
erative bacterial meningitis via routine cerebrospinal fluid
(CSF) analysis and CSF culture [2–5]. The delayed adminis-
tration of antibiotics and corticosteroids, as well as the
unnecessary administration of these agents, can result in im-
paired treatment effects [2, 6]. If patients with bacterial men-
ingitis are not treated promptly, the mortality rate can reach
20 to 50 % [6]. Therefore, early and accurate diagnosis is
critical for postoperative bacterial meningitis [7].
Previous studies have found that the CSF lactate con-

centration is associated with bacterial meningitis. The
evaluation of CSF lactate levels is relatively efficient in
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We evaluated the quality of the included studies using
the QUADAS tool, the results are presented in Table 2.

Analysis results
Forest plots were drawn according to the results of the
meta-analysis using the Review Manager 5.2 software
(Fig. 2). A Begg’s funnel plot was drawn using STATA 12
(Fig. 3) to assess publication bias. All of the dots were
within the 95 % CI with a symmetrical distribution in an
approximate funnel shape.
It can be seen from the analysis that the heterogeneity

of the 5 studies (I2) was 79.5 %, (P = 0.0006). This het-
erogeneity was significant. The Spearman correlation
coefficient between the logit of sensitivity and the logit
of (1 − specificity) was 0.462 (P = 0.434), indicating that
there was no obvious threshold effect in the estimates
of accuracy. Therefore, the random effects model was
chosen for the pooled analysis. Meta-DiSc 1.4 was used
to select the random effects model for the pooled ana-
lysis. The results were as follows: the pooled sensitivity

was 0.92 (95 % CI 0.85–0.96), the pooled specificity was
0.88 (95 % CI 0.84–0.92 with significant heterogeneity),
the pooled LR+ was 7.70 (95 % CI 3.94–15.05 with signifi-
cant heterogeneity), the pooled LR- was 0.11 (95 % CI
0.06–0.19), the pooled DOR was 83.09 (95 % CI 36.83–
187.46), the AUC of the SROC curve was 0.9601 and
the Q* was 0.9046 (Figs. 4 and 5).

Discussion
When performing this systematic review and meta-analysis,
we found only a few diagnostic studies on post-neurosurgical
intracranial infection, and two of these were retrospective
studies. Few high-quality clinical trials or prospective studies
have been conducted. The diagnosis and treatment of intra-
cranial infection has become a critical and urgent problem in
neurosurgery. Thus, it is necessary to conduct related clinical
research to develop highly specific, sensitive, convenient, fast
and affordable early diagnostic indexes. Additionally, scien-
tific and systematic evaluations of the diagnostic efficacy of
these indexes should be performed. This work has great

Table 1 Studies included in this meta-analysis
Authors Publication year Type of study Cut-off value

(mmol/L)
Gold standard

Leib et al. [6] 1999 Retrospective 4.0 1) or 2) or 3):
1) positive bacterial CSF culture and CSF WBC > 2.5 × 108/L
2) CSF WBC > 1 × 109/L and neutrophils >50 %
3) CSF WBC > 2.5 × 108/L and neutrophils >50 % in patients treated with

steroids or antibiotics at the time of LP

Tavares et al. [25] 2006 Prospective 5.4 positive bacterial CSF culture or Gram stain

Grille et al. [21] 2012 Prospective 5.2 1) or 2):
1) positive bacterial CSF culture or Gram stain
2) negative bacterial CSF culture or Gram stain and CSF WBC > 1 × 109/L

(>50 % neutrophils) in patients treated with antibiotics at the time of
lumbar puncture

Maskin et al. [22] 2013 Prospective 4.0 1) or 2):
1) positive bacterial CSF culture or Gram stain and CSF WBC≥ 1 × 105/L or

(CSF glucose <40 mg/dL or CSF glucose/blood glucose <0.4)
2) CSF WBC≥ 2.5 × 105/L and CSF glucose/blood glucose <0.5 if patients

received antibiotics 24 h prior to CSF sampling

Li et al. [18] 2014 Retrospective 3.45 a All of the below:
1) clinical symptoms
2) positive bacterial CSF culture or Gram stain
3) CSF WBC count ≥1 × 109/L and polykaryocyte percentage ≥75 %
4) CSF glucose <2.5 mmol/L or CSF glucose/blood glucose <0.4.

a Patients who did not meet these criteria with a CSF WBC count <5 × 108/L were classified into the non-PNBM group

Fig. 2 Forest plot drawn using data from the included studies. Forest plots were drawn according to the results of the meta-analysis using
Review Manager 5.2 software. The data extracted from the 5 included studies are shown. TP: true positive; FP: false positive; FN: false negative;
TN: true negative
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of each included study. If the study presented data regard-
ing the number of true positives, number of false positives,
number of true negatives, number of false negatives, sensi-
tivity, or specificity, we recalculated these data to ensure
correctness. Otherwise, we derived these data according to
the related numbers in the included article. All the ex-
tracted data were double-checked to avoid errors.

Statistical analysis
1) We first assessed the heterogeneity of the studies: if
the heterogeneity I2 > 50 % and P < 0.05, heterogeneity
was considered to be significant; otherwise, heterogeneity
was not significant. When the heterogeneity was significant,
a Spearman correlation coefficient was computed between
the logit of sensitivity and the logit of (1 − specificity) to as-
sess the threshold effect. 2) A pooled model analysis was
chosen according to the results of the heterogeneity assess-
ment. A random effects model was selected if there was sig-
nificant heterogeneity; otherwise, a fixed effects model was
used. 3) The Review Manager 5.2 (Cochrane Editorial Unit,
London, UK) and Meta-DiSc 1.4 (Clinical Biostatistics Unit,
Ramon y Cajal Hospital, Madrid, Spain) software programs
were used for analysis. Forest plots and SROC cures were
plotted. The pooled sensitivity, pooled specificity, pooled
positive likelihood ratio (LR+), pooled negative likelihood
ratio (LR-), pooled diagnostic odds ratio (DOR) and AUC
were computed using the software indicated above.

Additionally, a Begg’s funnel plot was generated using
STATA 12 (StataCorp LP, College Station, TX, USA) to
show potential publication bias.

Results
Search results
After excluding overlapping literature, 1,672 studies
were retrieved (Fig. 1), among which 523 studies were
obtained from PubMed; 190 studies came from EBSCO;
130 studies were obtained from the Cochrane library;
and 829 came from ClinicalTrials.gov. We finally included
5 studies in this analysis according to the above inclusion
and exclusion criteria, all of which were published in
English and involved a total of 404 post-neurosurgical pa-
tients. The publication year of these studies ranged from
1999 to 2014. Among the 5 included studies, 3 were pro-
spective, while the other 2 were retrospective. The cutoff
values for CSF lactate ranged from 3.45 mmol/L to
5.4 mmol/L (4.41 ± 0.85 mmol/L). The gold standards of
these 5 studies are also shown. One study used only CSF
bacterial culture or Gram staining to diagnose post-
neurosurgical bacterial meningitis, while the other 4 stud-
ies employed diagnostic methods including CSF white
blood cells (WBC), the CSF neutrophil percentage, or CSF
glucose levels (Table 1). The data from fourfold tables for
diagnostic tests were extracted from the studies and pre-
pared for the subsequent analysis (Fig. 2).

Fig. 1 Flow diagram of study screening and selection for inclusion. PRISMA flow diagram of our meta-analysis. A total of 523 studies were obtained
from PubMed, 190 studies from EBSCO, 130 studies from the Cochrane library, and 829 from ClinicalTrials.gov. After excluding overlapping literature,
1,672 studies were retrieved. We finally included 5 studies in this analysis according to the above inclusion and exclusion criteria
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45.321–951.99); AUCSROC, 0.9795; Q*, 0.9363. The
pooled diagnostic values in the subgroups with later publi-
cation dates were as follows: sensitivity, 0.928 (95 % CI:
0.849–0.973); specificity, 0.828 (95 % CI: 0.763–0.881);
LR+, 5.255 (95 % CI: 3.775–7.313); LR-, 0.095 (95 % CI:
0.040–0.231); DOR, 57.528 (95 % CI: 22.636–146.21);
AUCSROC, 0.9469; Q*, 0.8864.
Although positive CSF culture or Gram stain results

are the most direct evidence of infection, the percentages
of the positive results are low for a variety of reasons,
including the low volume, contamination of the CSF
sample, time constraints and antibiotic drug adminis-
tration [17, 18]. This makes the “gold standard” less
sensitive and specific, leading to low diagnostic efficacy.
It is possible to misdiagnose many patients with post-
operative infections when using only the etiological exam
to confirm diagnosis. This would result in higher mortality
and study bias. Additionally, the CSF culture requires sev-
eral days to generate a result, which is sometimes too long
to wait for treatment. Etiological examinations in addition
to CSF cytology and biochemical examinations are widely
used to achieve better efficacy. However, there is no spe-
cific criterion for the threshold values of the involved
items. In other words, there is no other gold standard. As
Li reported, the widely used criteria for diagnosing post-
neurosurgery bacterial meningitis include those proposed
by the Centers for Disease Control and Prevention [19],

the Massachusetts General Hospital [20], the Infectious
Diseases Society of America and the Beijing Tiantan Hos-
pital [18]. Four of the 5 studies that we included also used
standards that differed from those of other studies.
However, the evidence indicating whether the patients
were suffering from post-neurosurgical meningitis was
objective. Regardless of the criterion, meeting the estab-
lished standard meant a greater chance that the post-
neurosurgical meningitis diagnosis was correct. Moreover,
the studies we included compared the CSF lactate levels
of patients whose diagnoses were etiologically confirmed
with those whose diagnoses were clinically confirmed
(i.e., those with negative etiological diagnoses but with
the presence of significant clinical manifestations and
abnormal CSF levels); there was no statistically signifi-
cant difference between these patients [6, 21, 22].
New techniques, such as polymerase chain reaction

(PCR), can improve diagnostic sensitivity; however, these
techniques are usually unavailable to most hospitals or la-
boratories. New diagnostic markers, such as PCT, sCD163
and CRP, have also been reported [18, 23, 24]. Further-
more, some researchers tested the efficacy of combinations
of markers and obtained optimistic results [18]. However,
most studies concerning these markers are retrospective or
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Neurosurgery involves the management of many types

of diseases. It may not be appropriate to treat these

Fig. 5 SROC Curve. SROC curves were plotted. Each red point represent an included study. The AUC of the SROC curve was 0.9601, and the Q* was
0.9046. SROC: summary receiver operating characteristic; AUC: area under curve; Q*: the point on the SROC where sensitivity equals specificity
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OBJECTIVE: Infection after cerebrospinal fluid (CSF) shunts or ventriculostomies is a common
complication associated with significant morbidity and mortality. Polymerase chain reaction
(PCR) is a powerful molecular technique that allows rapid and precise amplification of bacterial
deoxyribonucleic acid (DNA) and has proven a powerful tool in the detection of a wide variety
of clinically important infectious diseases. We analyzed specimens of CSF derived from
ventriculoperitoneal shunts or external ventricular drains by using both conventional cultures
and PCR and report herein our preliminary results.
METHODS: We selected 86 CSF samples from adult patients who underwent either shunt
tap or routine surveillance cultures of their ventriculostomy. These specimens were chosen
from a larger group of 300 specimens that were routinely collected (many serially) in our
clinical practice. They were chosen because clinical suspicion of infection was increased
because of either patient signs and symptoms (fever, stiff neck, lethargy, worsening
neurological examination) or preliminary laboratory analysis of CSF data (increased white
blood cell count, increased protein level, decreased glucose). We considered this sub-
group optimal to efficiently initiate our investigation of the correlation of PCR and culture
results. CSF was increased by using standard culture techniques and by using PCR.
Samples of CSF that were to undergo PCR had DNA extracted, purified, and amplified for
16S rRNA using primers 16S-Forward and 16S-Reverse of conserved sequence regions of
all bacteria. DNA was PCR-amplified for 30 cycles. One microliter of the first PCR product
was subjected to nested PCR using primers specific for gram-positive and gram-negative
bacteria. Samples were also subjected to PCR amplification for specific detection of
Propionibacterium acnes, Staphylococcus aureus, and methicillin-resistant Staphylococ-
cus aureus using specific primers for 16S rRNA Propionibacterium, nuclease gene of
Staphylococcus, and Mec gene of methicillin-resistant Staphylococcus aureus.
RESULTS: For 18 of 86 specimens (21%), both the culture and PCR were positive. For
30 of 86 specimens (35%), both the PCR and culture results were negative. For 42 of
86 specimens (49%), cultures were negative and PCR was positive. There were no
positive culture results with negative PCR results. Most negative culture/positive PCR
cases occurred after prolonged intravenous antibiotics. Of the 56 PCR-positive spec-
imens, 30 were positive for Propionibacterium acnes, whereas 40 were positive for
Staphylococcus aureus. Of the Staphylococcus aureus-positive specimens, two were
positive for methicillin resistant-Staphylococcus aureus. Among the 56 PCR-positive
specimens, 30 were positive for both Propionibacterium acnes and Staphylococcus
aureus; gram-negative organisms were not detected by any method in these speci-
mens.
CONCLUSION: These preliminary data suggest that PCR is a highly sensitive, rapid,
and potentially promising modality for the detection and treatment of CSF shunt
ventriculostomy infection.
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36 were positive for Staphylococcus aureus, whereas 3 of those
samples were positive for MRSA as indicated by expression of
the MecA gene. Of these 43 specimens, 35 arose from clinical
situations in which an infection was successfully treated with
antibiotics, and the PCR remained positive after serial culture
results became negative. For these specimens, the PCR result
trailed the culture result. The remaining eight specimens must
be considered false positives.

There were no samples identified as PCR-negative if the
cultures were positive by standard means for gram-positive or
gram-negative bacteria. As such, PCR was highly sensitive for
the presence of infection. An additional 24 specimens were
negative for PCR and culture result. Part of this group repre-
sented complete resolution (PCR negative and culture nega-
tive) of documented infection after antibiotics.

DISCUSSION

Challenges abound in the clinical management of patients
who harbor the signs and symptoms of a VPS or EVD infection.
We, like others, diagnose VPS/EVD infection based on clinical
and laboratory criteria and predominantly use culture results to
guide therapy. In a patient with clinical signs of infection, culture
results have traditionally been the most important single deter-
minant of whether an infection is present and what initial anti-
microbial therapy should be instituted (20, 27). However, reli-
ance on culture results presents difficulties that principally arise
from the delay for results and problems with sensitivity (partic-
ularly if empiric antimicrobials have been initiated before harvest
of the specimen or if there are any delays in processing the
specimen). A frequently encountered scenario involves a patient
with a recent CSF shunt revision who presents with signs of

shunt infection but a positive
culture has not been found on
the first day of presentation.
Often this !assumed! shunt in-
fection prompts removal of
the system, placement of an
EVD, and institution of a
course of inpatient intrave-
nous antimicrobial therapy. A
second procedure for shunt re-
insertion is then necessary re-
gardless of whether the shunt
was infected. The cost, re-
cently estimated at $50,000 per
shunt infection, and morbidity

of these interventions are significant (6). Alternatively, if a shunt
infection is erroneously missed despite negative cultures after
several days, the morbidity can be substantial. If a new system is
implanted and the culture then turns positive, there is a high
likelihood of infection of the new system and a need for removal,
EVD insertion, inpatient antimicrobial therapy, and reinsertion.
Propionibacterium acnes (a well-established pathogen of shunt in-
fection) is notorious for delayed growth in culture and late pos-
itive results. Thompson and Albright (26) have found that CSF
infection with Propionibacterium acnes made up approximately
15% of their CSF shunt infections. These infections typically
reveal only mild if not absent leukocytosis with a relatively
normal CSF glucose and protein value. Furthermore, these infec-
tions may be underdiagnosed, as they have been shown to be
more difficult to culture and must be observed for 14 days (26).

Molecular diagnostic techniques have revolutionized the
contemporary practice of clinical infectious disease. PCR pro-
vides a rapid and sensitive assay for the presence of bacterial
DNA. It does not test for viable organisms, and false positives
have been the principle problem that investigators seeking to
apply PCR techniques to clinical situations have had to over-
come (29). Nonetheless, PCR has shown widespread applica-
bility for situations in which rapid, accurate diagnosis is im-
portant or in which offending pathogens are difficult to
culture using traditional methods. Examples include viral en-
cephalitides, central nervous system tuberculosis, bacterial
meningitis, and sexually transmitted diseases (7, 21, 24, 29).
Recently, PCR has been reported to show great promise in
rapid diagnosis of sepsis and endocarditis and to identify
important antimicrobial resistance (21, 24). PCR has also been
shown in various specimens to remain positive even after
long-term treatment with antibiotics (3, 15). Tunney et al. (28)
have used PCR for the identification of Propionibacterium acnes
in infected hip prostheses with good success. Schmitz et al.
(23) used both conventional methods and PCR to examine 350
isolates of CSF for Staphylococcus and found PCR to be far
more efficacious. Lu et al. (18) used a universal 16S subunit
primer and found it highly effective in the diagnosis of bac-
terial meningitis.

We have used PCR to specifically search for bacterial DNA
in CSF specimens from EVDs and VP shunts using PCR prim-

TABLE 2. Distribution of patient samplesa

Grouping No. of
patients

Positive culture/
positive PCR

Negative culture/
positive PCR

Negative culture/
negative PCR

Total
samples

Single sample/patient 11 1 4 6 11
No. of serial samples/patient

2 6 2 4 6 12
3 4 2 5 5 12
4 3 5 4 2 12
" 4 4 8 26 5 39

Total specimen results 18 43 24 86

aPCR, polymerase chain reaction.

TABLE 3. Summary of PCR and culture correlationa

Positive Negative

PCR (# ) 18/86 43/86
PCR (-) 0/86 24/86

a PCR, polymerase chain reaction.
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Abstract
Objectives: Bacterial meningitis is a severe but treatable condition. Clinical symptoms 
may be ambiguous and current diagnostics lack sensitivity and specificity, complicat-
ing diagnosis. Procalcitonin (PCT) is a protein that is elevated in serum in bacterial 
infection. We aimed to assess the value of PCT in cerebrospinal fluid (CSF) in the 
diagnosis of bacterial meningitis.
Methods: We included patients with bacterial meningitis, both community acquired 
and post neurosurgery. We included two comparison groups: patients with viral men-
ingitis and patients who underwent lumbar punctures for noninfectious indications. 
We calculated mean differences and 95% confidence intervals of procalcitonin in CSF 
and plasma in patients with and without bacterial meningitis.
Results: Average PCT concentrations in CSF were 0.60 ng mL−1 (95% CI: 0.29–0.92) 
in the bacterial meningitis group (n = 26), 0.81 (95% CI: 0.33–1.28) in community- 
acquired meningitis (n = 16) and 0.28 (95% CI: 0.10–0.45) in postneurosurgical menin-
gitis (n = 10), 0.10 ng mL−1 (95% CI: 0.08–0.12) in the viral meningitis group (n = 14) 
and 0.08 ng mL−1 (95% CI: 0.06–0.09) in the noninfectious group (n = 14). Mean dif-
ference of PCT- CSF between patients with community- acquired bacterial meningitis 
and with viral meningitis was 0.71 ng mL−1 (95% CI: 0.17–1.25) and 0.73 ng mL−1 
(95% CI: 0.19–1.27) for community- acquired bacterial meningitis versus the noninfec-
tious group. The median PCT CSF: plasma ratio was 5.18 in postneurosurgical and 
0.18 in community- acquired meningitis (IQR 4.69 vs. 0.28).
Conclusion: Procalcitonin in CSF was significantly higher in patients with bacterial 
meningitis when compared with patients with viral or no meningitis. PCT in CSF may 
be a valuable marker in diagnosing bacterial meningitis, and could become especially 
useful in patients after neurosurgery.
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The median PCT in plasma of the entire bacterial meningitis group 
was 0.50 ng mL−1 (IQR 4.36). The median levels of PCT in plasma 
showed a statistically significant difference between the bacterial 
and viral meningitis groups (p =< .001). The median plasma PCT in the 
PNM group of 0.05 ng mL−1 (IQR 0.08) was significantly lower than 
that in the CAM group of 1.28 ng mL−1 (IQR 6.82) (p =< .001) (Fig. 2). 
Five out of 10 patients (50%) in the PNM group had plasma PCT levels 
within the reported reference range of <0.1 ng mL−1.

The PCT CSF: plasma ratio was significantly higher in PNM 
patients (median 5.18, IQR 4.69) than in patients with CAM (median 
0.18, IQR 0.27) (p < .001), due to a higher PCT in CSF in compari-
son with PCT plasma levels in PNM patients (Fig. 3). We also com-
pared these ratios between patients with low and high erythrocyte 

counts (<40 and ≥2,000 × 106 per liter erytrocytes) in order to 
ascertain whether outcome was influenced by traumatic lumbar 
puncture both in patients with CAM and PNM. In the CAM group, 
nine patients had ≥2,000 × 106 per liter erythrocytes in CSF and 
five CAM patients had an erythrocyte count <40 × 106 per liter. The 
PCT CSF:plasma ratio in these groups was not significantly differ-
ent (ery’s <40 median 0.18, IQR 0.31, ery’s >2,000 median 0.33, 
IQR 0.25) (p = 1). In PNM, eight patients had ≥2,000 × 106 per liter 
erythrocytes in the CSF. In this group, the median PCT CSF: plas-
ma ratio was 5.18 (IQR 3.18). Only one patient had <40 × 106 per 
liter erythrocytes in his CSF with a CSF: plasma ratio of 1.6. The 
final PNM patient had 597 × 106 per liter erythrocytes and a PCT 
CSF:plasma ratio of 9.3.

TABLE  2 Results of cell counts, glucose, protein and PCT in CSF and PCT in plasma per group

Bacterial 
meningitis (n = 26) CAM (n = 16) PNM (n = 10)

Viral meningitis 
(n = 14)

Non- infectious 
(n = 14)

CSF leukocyte count × 106 per liter ave 5,998 7,551 3,514 267 1

Polynuclear cells × 106 per liter ave 5,589 7,428 2,832 28 0.1

Mononuclear cells × 106 per liter ave 616 576 677 239 0.7

Erythrocytes × 106 per liter ave 23,649 12,892 408,597 180 287

CSF glucose mmol L−1 ave 1.6 1.0 2.6 3.5 3.4

CSF protein g L−1 ave 3.3 3.9 2.4 1 0.4

PCT in CSF ng mL−1

Average (95% CI)
0.61 (0.29–0.90) 0.81 (0.31–1.31) 0.29 (0.10–0.45) 0.10 (0.08–0.12) 0.08 (0.05–0.09)

PCT in plasma ng mL−1

Median (IQR)
0.5 (4.36) 1.28 (6.82) 0.05 (0.08) 0.02 (0.02) –

PCT ratio CSF:plasma 
Median (IQR)

0.86 (2.79) 0.18 (0.27) 5.18 (4.69) 3.00 (1.38) –

Mean difference PCT in CSF versus non 
infectious (95% CI)

0.74 ng mL−1 
(0.20–1.28)

0.73 ng mL−1 
(0.20–1.27)

0.21 ng mL−1 
(0.05–0.37)

0.30 ng mL−1 
(−0.001 to 0.05)

–

Mean difference PCT in CSF versus 
Viral meningitis (95% CI)

0.73 ng mL−1 
(0.19–1.27)

0.71 ng mL−1 
(0.18–1.25)

0.18 ng mL−1 
(0.02–0.34)

– –

CAM, community- acquired meningitis; PNM, postneurosurgical meningitis; CSF, cerebrospinal fluid; PCT, procalcitonin.

F IGURE  1 Scatter plots of procalcitonin in cerebrospinal fluid in 
the studied groups. Horizontal bar represents the mean value of a 
group, logarithmic scale

F IGURE  2 Scatter plots of procalcitonin in plasma in the studied 
groups. Horizontal bar represents the mean value of a group, logarithmic 
scale. The dotted line represents procalcitonin normal value in plasma
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We also compared PCT levels in patients diagnosed with bacterial 
meningitis with and without positive bacterial CSF cultures. The aver-
age PCT in CSF of patients with a positive culture was 0.82 ng mL−1 
(SD 1.03, N = 13). The average PCT in CSF of patients with a nega-
tive culture was 0.41 ng mL−1 (SD 0.35, N = 13). The difference 
between these levels was not statistically significant (mean difference 
0.41 ng mL−1; 95% CI: −0.18 to 1.00). In the PNM group, four patients 

received an external ventricular drain and six underwent a craniotomy. 
Statistical analysis showed no effect of type of neurological surgery on 
PCT values (mean difference 0.06; 95% CI: −0.39 to 0.51). PCT in plas-
ma was not significantly lower in patients after EVD than in patients 
after craniotomy (mean difference 0.16; 95% CI: −0.06 to 0.38). 
However, the confidence interval is wide due to the small patient sub-
group. In PNM, three CSF cultures were positive which were all found 
in the craniotomy group.

The receiver–operator curve (ROC) for PCT in CSF of patients with 
bacterial meningitis versus the patients without an infection had an 
area under the curve (AUC) of 0.93 (95% CI: 0.86–1.00). The AUC of 
the ROC for the CAM versus the group of patients without an infec-
tion was 0.90 (95% CI: 0.78–1.00) and PNM versus group of patients 
without an infection was 0.99 (95% CI: 0.96–1.00). The AUC of the 
ROC for viral meningitis versus the group of patients without an infec-
tion was 0.67 (95% CI: 0.47–0.87) (Fig. 4).

In order to be able to calculate sensitivity specificity and pos-
itive and predictive value, we chose a cutoff value for PCT in CSF 
based on our reference groups. We arbitrarily chose a cutoff val-
ue for PCT in CSF of >0.9 ng mL−1. This is the upper limit of the 
95% CI of PCT in CSF in the noninfectious group. With this cutoff 
value, we found a sensitivity of 92% (95% CI: 75%–99%) and a 
specificity of 68% (95% CI: 48%–84%). Positive predictive value 
is 73% (95% CI: 55%–87%) and negative predictive value is 90% 
(95% CI: 70%–99%).

F IGURE  3 Scatter plots of procalcitonin plasma: cerebrospinal 
fluid ratio. Horizontal bar represents the mean value of a group, 
logarithmic scale

F IGURE  4 Receiver–operator curves 
for Procalcitonin in cerebrospinal fluid 
compared to noninfectious patients for (A) 
all bacterial meningitis patients, AUC 0.93, 
(B) community- acquired meningitis. AUC 
0.90, (C) post neurosurgical meningitis, 
AUC 0.98, (D) viral meningitis, AUC 0.67

(A) (B)

(C) (D)
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A B S T R A C T

Objective: To evaluate the diagnostic accuracy of routine blood examinations and Cerebrospinal Fluid
(CSF) lactate level for Post-neurosurgical Bacterial Meningitis (PBM) at a large sample-size of post-
neurosurgical patients.
Methods: The diagnostic accuracies of routine blood examinations and CSF lactate level to distinguish
between PAM and PBM were evaluated with the values of the Area Under the Curve of the Receiver
Operating Characteristic (AUC-ROC) by retrospectively analyzing the datasets of post-neurosurgical
patients in the clinical information databases.
Results: The diagnostic accuracy of routine blood examinations was relatively low (AUC-ROC< 0.7). The
CSF lactate level achieved rather high diagnostic accuracy (AUC-ROC = 0.891; CI 95%, 0.852-0.922). The
variables of patient age, operation duration, surgical diagnosis and postoperative days (the interval days
between the neurosurgery and examinations) were shown to affect the diagnostic accuracy of these
examinations. The variables were integrated with routine blood examinations and CSF lactate level by
Fisher discriminant analysis to improve their diagnostic accuracy. As a result, the diagnostic accuracy of
blood examinations and CSF lactate level was significantly improved with an AUC-ROC value = 0.760 (CI
95%, 0.737-0.782) and 0.921 (CI 95%, 0.887-0.948) respectively.
Conclusions: The PBM diagnostic accuracy of routine blood examinations was relatively low, whereas the
accuracy of CSF lactate level was high. Some variables that are involved in the incidence of PBM can also
affect the diagnostic accuracy for PBM. Taking into account the effects of these variables significantly
improves the diagnostic accuracies of routine blood examinations and CSF lactate level.
© 2017 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

PBM is a complication of neurosurgical procedures with an
incidence that varies between 1% and 10% (Srinivas et al., 2011;
Raggueneau et al., 1983; Korinek, 1997; Korinek et al., 2008;
McClelland and Hall, 2007). PBM prolongs the hospital stay,
increases the overall cost of hospital care and results in severe
disabilities. Importantly, the mortality rate of patients may exceed
20% if PBM is not treated in time (Federico et al., 2001). Therefore,
an accurate and rapid diagnosis is critical for the prognosis of PBM
patients.

However, the clinical manifestations of this disease (i.e. fever,
headache, neck stiffness and mental status changes) are not
sufficiently specific or sensitive to diagnose PBM. The value of CSF
examinations, such as measurements of the cell counts, protein
concentration and glucose levels, is limited, especially in
distinguishing PBM from Post-neurosurgical Aseptic Meningitis
(PAM) (van de Beek et al., 2010). PAM is triggered by an aseptic
inflammatory response to hemolysis products, tumor antigens
(Zarrouk et al., 2007), bone dust and implants, which are usually
producedduring neurosurgery. Moreimportantly,CSFcell counts are
still determined by manual counting, which would cause a large
inter-observer variability. CSF culture is unreliable partly due to the
technique limitations and the extensive prophylactic administration
of antibiotics before neurosurgical operations. At our center, the
positive detection rate was as low as 6-8% (Li et al., 2015). Moreover,
CSF culture is time-consuming and hinders early diagnosis.

Routine blood examinations, such as the WBC counts, neutro-
phil proportions and platelet counts, are most commonly used to
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of antibiotics before neurosurgical operations. At our center, the
positive detection rate was as low as 6-8% (Li et al., 2015). Moreover,
CSF culture is time-consuming and hinders early diagnosis.

Routine blood examinations, such as the WBC counts, neutro-
phil proportions and platelet counts, are most commonly used to
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A B S T R A C T

Objective: To evaluate the diagnostic accuracy of routine blood examinations and Cerebrospinal Fluid
(CSF) lactate level for Post-neurosurgical Bacterial Meningitis (PBM) at a large sample-size of post-
neurosurgical patients.
Methods: The diagnostic accuracies of routine blood examinations and CSF lactate level to distinguish
between PAM and PBM were evaluated with the values of the Area Under the Curve of the Receiver
Operating Characteristic (AUC-ROC) by retrospectively analyzing the datasets of post-neurosurgical
patients in the clinical information databases.
Results: The diagnostic accuracy of routine blood examinations was relatively low (AUC-ROC< 0.7). The
CSF lactate level achieved rather high diagnostic accuracy (AUC-ROC = 0.891; CI 95%, 0.852-0.922). The
variables of patient age, operation duration, surgical diagnosis and postoperative days (the interval days
between the neurosurgery and examinations) were shown to affect the diagnostic accuracy of these
examinations. The variables were integrated with routine blood examinations and CSF lactate level by
Fisher discriminant analysis to improve their diagnostic accuracy. As a result, the diagnostic accuracy of
blood examinations and CSF lactate level was significantly improved with an AUC-ROC value = 0.760 (CI
95%, 0.737-0.782) and 0.921 (CI 95%, 0.887-0.948) respectively.
Conclusions: The PBM diagnostic accuracy of routine blood examinations was relatively low, whereas the
accuracy of CSF lactate level was high. Some variables that are involved in the incidence of PBM can also
affect the diagnostic accuracy for PBM. Taking into account the effects of these variables significantly
improves the diagnostic accuracies of routine blood examinations and CSF lactate level.
© 2017 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

PBM is a complication of neurosurgical procedures with an
incidence that varies between 1% and 10% (Srinivas et al., 2011;
Raggueneau et al., 1983; Korinek, 1997; Korinek et al., 2008;
McClelland and Hall, 2007). PBM prolongs the hospital stay,
increases the overall cost of hospital care and results in severe
disabilities. Importantly, the mortality rate of patients may exceed
20% if PBM is not treated in time (Federico et al., 2001). Therefore,
an accurate and rapid diagnosis is critical for the prognosis of PBM
patients.

However, the clinical manifestations of this disease (i.e. fever,
headache, neck stiffness and mental status changes) are not
sufficiently specific or sensitive to diagnose PBM. The value of CSF
examinations, such as measurements of the cell counts, protein
concentration and glucose levels, is limited, especially in
distinguishing PBM from Post-neurosurgical Aseptic Meningitis
(PAM) (van de Beek et al., 2010). PAM is triggered by an aseptic
inflammatory response to hemolysis products, tumor antigens
(Zarrouk et al., 2007), bone dust and implants, which are usually
producedduring neurosurgery. Moreimportantly,CSFcell counts are
still determined by manual counting, which would cause a large
inter-observer variability. CSF culture is unreliable partly due to the
technique limitations and the extensive prophylactic administration
of antibiotics before neurosurgical operations. At our center, the
positive detection rate was as low as 6-8% (Li et al., 2015). Moreover,
CSF culture is time-consuming and hinders early diagnosis.

Routine blood examinations, such as the WBC counts, neutro-
phil proportions and platelet counts, are most commonly used to
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journal homepage: www.elsevier .com/ locate / i j idOne of the main objectives of the study was to evaluate the PBM
diagnostic accuracy of routine blood examinations. The PBM
diagnostic accuracy is defined as the accuracy to distinguish
between PAM and PBM. The routine blood examinations include
the WBC counts (bWBC), neutrophil proportion (bNeuT%), platelet
counts (bPLT) and sodium concentration (bNa). Supplemental
Table S1 in the online version at DOI: 10.1016/j.ijid.2017.03.026
(doi:10.1016/j.ijid.2017.03.026) shows that the levels of these
examinations significantly differed between PBM and PAM. The
AUC-ROC values for each examination are shown in Table 2, and the
AUC curves are compared in Figure 1 and Supplemental Tables S2–3
in the online version at DOI: 10.1016/j.ijid.2017.03.026(doi:10.1016/j.
ijid.2017.03.026). Among these blood examinations, the bPLT and
bNa performed slightly better than bWBC and bNeuT% (Figure 1 and
Supplemental Tables S2–3 in the online version at DOI:10.1016/j.ijid.
2017.03.026(doi:10.1016/j.ijid.2017.03.026)). In general, the diagnos-
tic accuracies of routine blood examinations (AUC-ROC values <0.7)
were “poor” as classified by Tavares et al. (2006). Therefore, the PBM
diagnosis cannot simply rely on individual blood examinations.

We also examined the diagnostic accuracy of CSF lactate among
the studied patients, of which 339 patients had CSF lactate results.
Similar to the findings of previous studies (Li et al., 2015; Tavares
et al., 2006; Maskin et al., 2013; Grille et al., 2012; Leib et al., 1999),
CSF lactate level could accurately distinguish PAM from PBM, with
an AUC-ROC value of 0.891 (CI 95%, 0.852-0.922) (Table 2); this value
was much higher than those blood examinations. Youden index for
CSF lactate level was 0.6476 at a cut-off value of 3.6 mmol/L, with a
sensitivity of 76.36% and specificity of 87.79% (Table 2). As a result,

CSF lactate level can be used as a good indicator to differentiate
PBM from PAM.

The variables of patient’s age, operation duration and surgical
diagnosis were previously shown to affect the incidences of PBM
(Table 1). We assumed that they would affect the diagnostic
accuracies for PBM. As expected, the AUC-ROC values differ among
different groups of patients (Supplemental Table S4 in the online
version at DOI: 10.1016/j.ijid.2017.03.026(doi:10.1016/j.ijid.2017.03.026)).
For example, bNa seemed to perform better in the older people
(>60 years, AUC-ROC value = 0.760) than the children (!14 years,
AUC-ROC value = 0.595), whereas cLact had lower diagnostic values
in the patients who had received the neurosurgeries longer than
6 hours. We also investigated the effect of postoperative days (the
interval days between the neurosurgery and examinations) on the
PBM diagnostic accuracy, because we previously noticed that the
average measurements of these examinations among all included
patients can be significantly affected by postoperative days (data not
shown). As a result, the factor of postoperative days also affects the
diagnostic accuracies for PBM. The AUC-ROC value of bNa was higher on
postoperative days 4-7 than on postoperative days !3, whereas the
AUC-ROC value of cLact on postoperative days >7 was lower than it on
postoperative days !7 (Supplemental Table S4 in the online version at
DOI: 10.1016/j.ijid.2017.03.026(doi:10.1016/j.ijid.2017.03.026)).

These variables were then integrated into these examination
results to improve their PBM diagnostic accuracies. Two algo-
rithms were constructed with Fisher discriminant analysis
(Figure 1), which is a classification method that can integrate
multiple dimensional data to maximize the capacity for

Table 2
The AUC-ROC values, cut-off values and according sensitivities, specificities and Youden indices of blood examinations, CSF lactate and algorithms to diagnose PBM.

Examinations PBM Diagnosis Accuracy Cut-off values Sensitivity (%) Specificity (%) Youden index
AUC-ROC (CI 95%)

Blood WBC Counts (bWBC, 109/L) 0.607 (0.581-0.633) >13.85 67.15 50.23 0.1738
Blood Neutrophil Proportions (bNeut%, %) 0.538 (0.511-0.564) >81.1 83.82 26.38 0.1020
Blood Platelet Counts (bPLT, 109/L) 0.680 (0.655-0.704) >247 71.48 56.11 0.2759
Blood Sodium Concentration (bNa, mmol/L) 0.668 (0.643-0.692) <134 64.8 60.02 0.2482
CSF Lactate Level (cLact, mmol/L) 0.891 (0.852-0.922) >3.6 76.36 87.79 0.6476
Algorithm 1 (Z-Blood) 0.760 (0.737-0.782) >0.181 64.00 78.00 0.4200
Algorithm 2 (Z-cLact) 0.921 (0.887-0.948) >"0.336 86.67 85.47 0.7213

The diagnostic accuracy of each examination was evaluated based on the AUC-ROC value. The diagnostic accuracy was classified as follows: 0.90 to 1.00 AUC-ROC

value = excellent, 0.80 to 0.89 = good, 0.70 to 0.79 = fair, 0.60 to 0.69 = poor and 0.50 to 0.59 = failure.

Table 1
PAM and PBM incidences among different groups of patients.

Variables (N) PAM p value PBM p value
N (Incidences) N (Incidences)

Sex 0.099 0.310
Female (4183) 449 (10.7%) 262 (6.3%)
Male (4341) 419 (9.7%) 292 (6.7%)

Age <0.001 0.176
< = 14 ys (1052) 135 (12.8%) 59 (5.6%)
>14, < = 60 ys (6347) 669 (10.5%) 431 (6.8%)
>60 ys (1125) 64 (5.7%) 64 (5.7%)

Operation Duration <0.001 <0.001
< = 3 h (1771) 75 (4.2%) 61 (3.4%)
>3, < = 6 h (4267) 472 (11.1%) 186 (4.4%)
>6 h (2486) 321 (12.9%) 307 (12.3%)

Surgical diagnosis <0.001 <0.001
Tumor (5800) 705 (12.2%) 458 (7.9%)
Vascular diseases (852) 97 (11.4%) 42 (4.9%)
Functional neurosurgery (402) 15 (3.7%) 11 (2.7%)
Trauma (196) 3 (1.5%) 5 (2.6%)
Others (1274) 48 (3.8%) 38 (3.0%)

N: Number, A Chi-squared test was applied to compare the incidences among different group of patients; A p value <0.05 was considered to be significant.
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differentiating between the two classes, such as PBM and PAM in
the study. Algorithm 1 integrated the measurements of routine
blood examinations with the variables of age, operation duration
and postoperative days. The AUC-ROC value of algorithm 1 was
0.760 (95% CI 0.737-0.782), which was significantly higher than the
values of individual routine blood examinations (Figure 1,Table 2
and Supplemental Table S2 in the online version at DOI: 10.1016/j.
ijid.2017.03.026(doi:10.1016/j.ijid.2017.03.026)). Algorithm 2 inte-
grated the measurements of CSF lactate with the variables of
operation duration and postoperative days. The PBM diagnostic
accuracy was also significantly improved in algorithms 2, with an
AUC-ROC value of 0.921 (CI 95%, 0.887-0.948), which was higher
than the value of individual CSF lactate level (Figure 1, Table 2 and
Supplemental Table S3 in the online version at DOI: 10.1016/j.ijid.
2017.03.026(doi:10.1016/j.ijid.2017.03.026)). These results indicate
that the integration of variables that are involved in the incidence
of PBM with the measurements of PBM diagnostic markers can
significantly improve their diagnostic accuracies.

These two algorithms can be used directly for better PBM
diagnosis in clinical settings, especially when their parameters are
available for extraction and then auto-calculation in the EMR era.
We recommend !0.336 in algorithm 2 as an indicator to distinguish
between PAM and PBM in clinical practice, because the specificity
and sensitivity are both high (Table 2). When the value of algorithm
2 was more than !0.336, we should start antibiotic treatment for
PBM because the possibility for PAM is less than 15% (specificity is
85.47%). To the contrary, when the value was less than !0.336, it is
not necessary to start antibiotic treatment immediately, because the
possibility for PBM diagnosis is less than 13%. And these patients
should be under strict observation and receive repeated CSF-lactate
tests. However, it should be noted that both algorithms were
constructed from the retrospective datasets. So it warrants a
prospective study to validate the algorithms in the future.

Conclusion

The PBM diagnostic accuracy of routine blood examinations
was relatively low, whereas the accuracy of CSF lactate level was

high. Some variables that are involved in the incidence of PBM can
also affect the diagnostic accuracy for PBM. Taking into account of
the effects of these variables significantly improves the diagnostic
accuracies of routine blood examinations and CSF lactate level.
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