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ABSTRACT - Objective: To evaluate the diagnostic usefulness of cerebral spinal fluid (CSF) cellularity, pro-
tein, neutrophils, glucose and lactate for detection of postoperative bacterial meningitis. Method: This
p rospective study was conducted in 28 postoperative neuro s u rgical patients from 2002 to 2005 at University
of São Paulo. The CSF markers were plotted in a receiver operating characteristic (ROC) curve to evaluate
their accuracy. Results: Based on the area under ROC curve CSF glucose, cellularity, and lactate were con-
s i d e red good tests. Polymorphonuclear and protein did not achieve enough accuracy to be used clinical-
l y. Conclusion: The CSF glucose, lactate, and cellularity can be used for the diagnosis of bacterial menin-
gitis. Moreover, it can be helpful to differentiate bacterial from aseptic meningitis.
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M a rc a d o res liquóricos para o diagnóstico de meningite bacteriana em pós-operatório neuro-
cirúrgico

RESUMO - Objetivo: Para avaliar a utilidade diagnóstica dos marc a d o res liquóricos de celularidade, con-
centração de proteína, neutrofilia, concentração de glicose e lactato para a detecção da meningitie bac-
teriana no pós-operatório neuro c i r ú rg i c o . Método: Esse estudo foi conduzido de maneira pro s p e c t i v a
na Universidade de São Paulo no período de 2002 a 2005 em 28 pacientes no pós-operatório neuro c i r ú r-
gico. Os marc a d o res liquóricos foram colocados em uma curva ROC (receiver operating characteristic) para
avalição da sua acurácia. Resultados: Baseadas na área sob a curva ROC, glicorraquia, celularidade e con-
centração de lactato foram considerados bons testes. A contagem de polimorf o n u c l e a res e a pro t e í n o r-
raquia não atingiram acurácia suficiente para serem utilizadas clinicamente. Conclusão: A glicorraquia,
a concentração de lactato e a celularidade podem ser utilizadas clinicamente para o diagnóstico da menin-
gite bacteriana. Esses marc a d o res também podem ser úteis na diferenciação entre meningite bacteriana
e asséptica.

PALAVRAS-CHAVE: meningite bacteriana, LCR, neurocirurgia, curva ROC, infecção pós-operatória.

Postoperative meningitis is an uncommon com-
plication (0.3 to 1.5%)1 following intradural pro c e-
d u re, and is potentially fatal with mortality of 20 to
5 0 %2. The diagnosis of meningitis in postsurgical pa-
tients is often difficult especially if the patient has
been subjected to a ventricular or posterior fossa pro-
cedure. The clinical signs of fever, meningismus and
mental status alteration are non-specific and insuf-
ficient for the diagnosis of postoperative meningi-
tis3.

Analysis of cerebral spinal fluid (CSF) can be help-
ful in many cases. However, postoperative CSF mark-
ers including lactate, glucose, protein and cellulari-
ty can also differ because of brain manipulation, un-

derlying brain pathology or bleeding into CSF follow-
ing intradural pro c e d u re4 - 6. The desirability of avoid-
ing unnecessary administration of antibiotics to non-
infected patients, the potentially devastating conse-
quences associated with administration of cort i c o s-
t e roids to patients with aseptic meningitis, and the
need to establish diagnostic usefulness of CSF mark-
ers have prompted this study.

METHOD
Patients – Lumbar or external ventricular CSF samples

were obtained from 28 postoperative patients. This study
was approved by the University of São Paulo ethics  com-
mittee and no patient had a sample taken just for purpos-
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es of this study. Patients had at least one clinical manifes-
tation of bacterial meningitis (BM) including fever, menin-
gismus and alteration of mental status. The group com-
prised 9 females and 19 males; mean age was 41 years (ran-
ge 2 to 69 years old). Samples were collected between days
1 to 21 after initial intradural procedure.

Sample collection and analysis – We first rinsed the
e x t e rnal ventricular derivation (EVD) for 10 minutes with
iodide povidine. CSF was collected into sterile polystyre n e
tubes and immediately submitted for analysis. Assessment
of CSF markers CSF glucose and lactate were determ i n e d
using Roche™ kit with Hitachi equipment. Total CSF pro-
tein was determined in Hitachi equipment using the ben-
zethonium chloride precipitation technique standard i z e d
to the biuret method. Cell counts were determined using
a calibrated Fuchs-Rosenthal chamber after staining with
toluidine blue. CSF analysis to distinguish polymorphonu-
clear leukocytes (PMNs) and lymphocytes was done using
Shandon cytocentrifuge and Pappenheim stain. 

Statistical analysis – Statistical analyses were perf o rm e d
with SPSS™ for Windows. The CSF markers were analyzed
to determine specificity and sensitivity of each marker and
combinations between them. We used the Receiver Ope-
rating Characteri stic (ROC) curve t o evaluate clinical use-
fulness of each marker. The ROC curve re p resents the pro b-
ability of true results in a disease as a function of the pro b-

ability of false positive results of a test. The area under the
c u rve re p resents the validity of a test with 1.00 being the
highest and 0 the lowest. A classification for accuracy of a
diagnostic test considers .90 to 1.00=excellent; .80 to .89=
good; .70 to .79=fair; .60 to .69=poor; .50 to.59=failure.

RESULTS
Of 28 patients, 7 had positive Gram stain and cul-

t u re for bacteria. Table 1 presents the types of oper-
ations and bacteria involved in the infection. We sum-
marized the CSF markers according to highest ROC
under the curve, sensitivity, specificity and pre d i c t i v e
value (Table 2). The aforementioned values and the
c u t o ff values were based on the point of the ROC
curve which presented highest sensitivity and speci-
f i c i t y. Markers were classified according to area under
the curve as excellent, good, fair, poor and failure as
defined under methods. Based on these criteria, glu-
cose, lactate, and cellularity were classified as good
tests. Number of PMNs was classified as fair and and
p rotein as poor. No tests achieved the excellent clas-
sification.

Table 3 describes the ROC analysis of CSF markers
with their respective confidence intervals. All of the
tests presented an excellent specificity (90.5%) but

Table 1. Types of procedure and the nature of infection.

Operation Bacteria

Parietal glioma Staphylococcus aureus

Convexity meningioma Streptococcus epidermidis

Ophthalmic artery aneurysm Acinetobacter baumanii

Intradural correction of traumatic fistula Enterobacter cloacae

Lobar hematoma drainage Klebsiella pneumoniae

Occipital encephalocele correction Enterococcus faecalis

Posterior fossa craniectomy Staphylococcus aureus

Table 2. CSF markers diagnostic power.

CSF markers Cutoff* Area under Sensitivity Specificity Positive Negative

ROC curve predictive predictive

value value

Glucose 30 mg/dL .884 86% 90.5% 75% 95%

Cellularity 768/mL .854 71.4% 90.5% 83% 91%

Lactate 49 mg/dL .850 86% 90.5% 75% 95%

Polymorphonuclear 575/mL .789 42.9% 90.5% 50% 67%

Protein 370.5 mg/dL .663 28.6% 90.5% 25% 79%

*The cutoff values were chosen based on the highest sensitivity and specificity on ROC curve.



a poor sensitivity with the exception of lactate and
glucose (86%). In order to improve sensitivity we
changed the cutoff values for all markers but this
change decreased specificity to unacceptable levels
(<70%). We found high predictive levels for glucose
and lactate (positive predictive value 75%, negative
p redictive value 95%) and also cellularity (positive
p redictive value 83%, negative predictive value 91%).

All the marker values were statistically significant
with 95% confidence.

DISCUSSION

The postoperative period after neuro s u rg e ry may
be complicated by non-frequent but life-thre a t e n-
ing BM7 - 9. Neuro s u rgical patients frequently have
ventricular drains, bladder and intravenous catheters
that may be present for a long time. All of these fac-
tors together with type and duration of the opera-
tion can increase the chance of infection after neu-
ro s u rg e ry. The onset of BM may be insidious and dif-
ficult to diff e rentiate from the onset of other infec-
tions that cause similar symptoms. More o v e r, postope-
rative changes caused by opening of the meninges
and breakdown of blood products may contribute
to the clinical picture of fever, confusion and menin-
gismus sometimes observed after neuro s u rg e ry. Clini-
cal features are not reliable to diff e rentiate between
BM and aseptic meningitis3. Therefore, diagnosis of
BM can be made solely by detection of bacteria on
Gram stain or isolation in culture, but CSF culture s
remain negative in 70% of clinically suspected cas-
e s7. The sensitivity and specificity of bacterial isola-
tion from CSF can be raised if gene amplification is
p e rf o rmed on the specimen1 0. This technique re q u i re s
trained personnel and equipment not available in
many clinical laboratories perf o rming studies on CSF.

BM necessitates prompt and early diagnosis be-
cause of its devastating consequences8. Use of bro a d
s p e c t rum antibiotics is to be avoided because of high

cost and risk to unaffected patients2 , 3. M o re o v e r, the
use of intravenous antibiotics and corticosteroids in
suspected cases of postoperative BM impairs the diag-
nostic value of CSF markers2. Our present study ana-
lyzes postoperative CSF to establish cutoff values for
c e l l u l a r i t y, lactate, glucose, protein, and PMNs for
the diagnosis of BM.

C o rtes-Lopez et al.1 1 found a sensitivity of 51.5%
and specificity of 95% using CSF leukocyte count of

1700/mL. Using this cutoff we had a similar re s u l t
of 57.1% and 100%, re s p e c t i v e l y, but this cutoff did
not represent the spot on the ROC curve with high-
est sensitivity and specificity. We lowered the cutoff
value to 768 cells/mL and found a sensitivity o 71.4%
and specificity of 90.5%. Cortes-Lopez et al.1 1 a rg u e d
that the CSF number of PMNs, protein concentration
and glucose were not diff e rent enough to discrimi-
nate. We agree in part, since we found a high are a
under the ROC curve, as well as high sensitivity and
specificity for lactate and glucose. The number of
PMNs and protein concentration were not classified
as good tests for the diagnosis of BM. Lactate analy-
sis in this study has inferior sensitivity and specifici-
ty compared to previous work (88 and 98% re s p e c-
t i v e l y )2. Results of this study were also diff e rent fro m
those published by Ross et al.3. Reported diff e re n c e s
in the diagnostic power of CSF markers could be ex-
plained by: 1) the type of study design ( re t ro s p e c-
tive studies are more susceptible to bias related to
data and population selection); 2) use of antibiotics
and steroid which may decrease inflammation and
CSF culture growth thus lowering the diagnostic val-
ue of CSF analysis; 3) prevalence of BM in the study
g roup which correlates directly with diagnostic pow-
er of the tests under evaluation. In this study the pre-
valance of BM was 25%, close to the value in other
studies2,3,10.

One may argue that in cases of BM the number
of neutrophils could raise the concentration of lac-
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Table 3. Area under the curve and their respective confidence intervals.

CSF test result Area Std. Asymptotic Asymptotic 95% confidence interval

variable(s) Errora Sig.b Lower bound Upper bound

Glucose .884 .096 .003 .696 1.073

Cells .854 .090 .006 .678 1.029

PMN .789 .102 .024 .589 .989

Lactate .850 .113 .006 .628 1.073

Protein .663 .108 .203 .452 .875
aUnder the nonparametric assumption; bNull hypothesis: true area = 0.5.
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tate in CSF. However, several authors in clinical, in
v i t ro and animal studies did not find a significant
p roduction of lactate by neutro p h i l s1 2 - 1 4. More o v e r,
CSF lactate level is not affected by the presence of
red blood cells and it can be used in postoperative
neurosurgical patients2,15,16.

All patients in our study received antibiotics and
s t e roids as soon as BM was suspected. As alre a d y
mentioned, this use can lower the diagnostic power
of CSF markers. As shown by Salord et al.10, sensitiv-
ity and specificity of CSF markers and hence the pre-
valence of BM can be increased if PCR and gene am-
plification techniques are applied to CSF samples. Use
of D(-) lactate, tumor necrosis factor , interleukin-
1 , interleukin-6 and interleukin-8 can also incre a s e
sensitivity and specificity1,11 but these assays are not
readily available in clinical laboratories receiving CSF
for diagnostic testing. Assays for the CSF markers
evaluated in this study are relatively inexpensive, rap-
id and established in most laboratories.

Our current results show that for postoperative
n e u ro s u rgical patients, CSF cellularity, glucose and
lactate can be more reliable for the diagnosis of BM
than clinical parameters alone. These CSF markers
are available routinely in clinical laboratories, how-
e v e r, if there is still doubt about the diagnosis, empir-
ical treatment should be started17.
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