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Background: Postoperative bacterial meningitis (PBM) is a serious potential complication after neurosurgery. Early diagnosis and 
introduction of antimicrobial therapy are necessary to reduce the rate of fatal outcomes from PBM. However, PBM is not easily dif-
ferentiated from postoperative aseptic meningitis (PAM), which usually has favorable clinical outcomes. Serum procalcitonin (S-PCT) 
has been found to be a useful marker for distinguishing community-acquired bacterial from viral meningitis. We investigated the pre-
dictive performance of S-PCT for PBM in patients who underwent neurosurgery.
Materials and Methods: Between September 2009 and August 2010, we prospectively collected data from patients who underwent 
neurosurgery and had cerebrospinal fluid (CSF) pleocytosis within 14 days of surgery. Based on the CSF culture results, patients were 
categorized as either PBM or PAM cases. We compared the laboratory test results including S-PCT levels between PBM and PAM 
cases, and investigated the predictive performance of S-PCT for PBM.
Results: During the study period, PBM and PAM occurred in 14 and 64 patients, respectively. There was no significant difference 
in CSF profiles between PBM and PAM cases. S-PCT level ≥ 0.15 ng/mL (50.0% vs. 20.0%, P = 0.07) and C-reactive protein (CRP) 
level ≥ 2.5 mg/dL (75.0% vs. 46.5%, P = 0.16) tended to be more frequent in PBM than in PAM cases. A blood white blood cell (B-
WBC) count ≥ 9,500/mm3 was more frequently found in PBM cases (85.7% vs. 50.8%, P = 0.02) than in PAM cases. For the diag-
nosis of PBM, an S-PCT level ≥ 0.15 ng/mL had a specificity of 80.0%. The combined criteria of a CRP level ≥ 2.5 mg/dL, B-WBC 
count ≥ 9,500/mm3, and an S-PCT level ≥ 0.15 ng/mL had the highest specificity (92.6%) of all the criteria. An S-PCT level ≥0.15 
ng/mL had low sensitivity (50.0%), and the combined criteria of CRP level ≥ 2.5 mg/dL, B-WBC count ≥ 9,500/mm3, and S-PCT 
level ≥ 0.15 ng/mL had an improved sensitivity of 85.7%. However, the sensitivity did not significantly differ from that of a B-WBC 
count ≥ 9,500/mm3 (85.7%). 
Conclusions: S-PCT showed limited performance for the diagnosis of postoperative meningitis. However, it could be a useful 
adjunct for the improvement of diagnostic sensitivity when used in combination with other inflammatory markers.
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Introduction

Bacterial meningitis is an important potential complication 

after brain surgery [1, 2]. Unlike postoperative aseptic menin-

gitis (PAM), which has favorable outcomes [3], postoperative 

bacterial meningitis (PBM) may be fatal if the diagnosis and 

introduction of appropriate antimicrobial therapy are delayed 

[4, 5]. To the contrary, indiscriminate antimicrobial use for all 

postoperative meningitis cases may result in the development 

of more resistant organisms, occurrence of adverse reactions, 

or high medical costs. However, early and appropriate diagno-

sis of PBM is difficult because of the rarity of specific clinical 

manifestations, the postoperative changes in cerebrospinal 

fluid (CSF) profile, and the frequent negative results of CSF 

Gram stains associated with antibiotic use [6]. Although re-

searchers have tried to identify specific laboratory markers to 

differentiate PBM from PAM, there have been no consistent 

results reported to date [6-10]. 

Recently, serum procalcitonin (S-PCT) has been found to be 

a strong predictor for distinguishing bacterial from viral men-

ingitis [11-14]. However, the value of S-PCT in the diagnosis of 

PBM has not been evaluated in patients who have undergone 

neurosurgery. Therefore, we collected clinical data from pa-

tients who underwent neurosurgery and evaluated the predic-

tive performance of S-PCT in the differential diagnosis be-

tween PBM and PAM. 

CSF adenosine deaminase (ADA) has been recognized as a 

valuable diagnostic aid in patients with tuberculous meningi-

tis; CSF ADA values are higher in tuberculous meningitis pa-

tients than in non-tuberculous meningitis patients. However, 

a few studies have also shown that CSF ADA values were 

higher in bacterial meningitis than in viral meningitis [15, 16]. 

Considering the paucity of helpful laboratory markers for ear-

ly differentiation of PBM from PAM, we also evaluated the po-

tential usefulness of CSF ADA for the differentiation.

Materials and Methods

1. Patients and data collection 
This study was performed at Asan Medical Center, a 2,700-

bed tertiary care-affiliated teaching hospital in Seoul, Repub-

lic of Korea. We prospectively monitored patients who were 

admitted to the neurosurgical department and underwent 

neurosurgery between September 2009 and August 2010. We 

enrolled patients who underwent CSF analysis and had CSF 

pleocytosis within 14 days of neurosurgery. During the study 

period, the following CSF and peripheral blood tests were per-

formed according to the protocols of the neurosurgical de-

partment: CSF white blood cell (WBC) differential count, CSF 

protein, CSF glucose, CSF ADA, CSF Gram stain, CSF bacterial 

cultures, blood WBC (B-WBC), S-PCT, and C-reactive protein 

(CRP). CSF cultures and the other CSF tests were performed 

on the same day. Blood tests were performed within 3 days of 

CSF cultures. CSF cultures were performed using standard 

techniques. CSF specimens were routinely inoculated onto 

blood agar and chocolate agar plates, and examined up to 7 

days later. In the study center, thioglycollate broth was not 

routinely used for CSF specimen analysis, except for cases of 

CSF shunt catheters. Institutional review board approval was 

obtained for this study. 

2. Definitions 
A patient was considered to have CSF pleocytosis if the CSF 

WBC count was ≥ 6/mm3. To eliminate any false-positive ele-

vations in CSF WBC count caused by CNS bleeding, corrected 

CSF WBC count was used, which was calculated using the fol-

lowing formula: [corrected CSF WBC count] = [measured CSF 

WBC count] – [(B-WBC count) × (CSF red blood cell count)/

blood red blood cell count] [17]. Patients were defined as hav-

ing PBM or PAM if they had a positive or negative CSF bacteri-

al culture, respectively. 

3. Measurement of S-PCT and CSF ADA
S-PCT was measured using the Vidas PCT assay (bioMéri-

eux, Durham, NC, USA), according to the manufacturer’s in-

structions. CSF ADA measurement was performed with the 

Figure 1. Receiver operating characteristic curve for serum C-reactive 
protein, serum procalcitonin, and blood WBC for predicting postoperative 
bacterial meningitis in patients who underwent neurosurgery.



Choi SH, et al. • Serum procalcitonin in postoperative bacterial meningitis www.icjournal.org310

Biencolle ADA kit (Toyobo, Japan) using a Viva-E analyzer 

(Siemens, Germany).

4. Statistical analysis
We compared age, sex, types of surgery, and laboratory test 

results of blood and CSF between patients with PBM and 

PAM. Statistical analyses were performed using SPSS software 

(version 12.0; SPSS, Chicago, IL, USA). Binary data were com-

pared using a Chi-square test or Fisher’s exact test, and contin-

uous scaled data were compared using Student’s t-test or the 

Mann-Whitney U-test. A P-value of < 0.05 (2-tailed) was con-

sidered significant. The receiver operating characteristic (ROC) 

curve was used to determine cutoff values of B-WBC count, 

CRP level, and S-PCT level in differentiating PBM from PAM 

(Fig. 1). Using the cutoff value, the diagnostic performance of 

each laboratory marker for PBM is presented as sensitivity, 

specificity, positive predictive value, and negative predictive 

value. 

Results

1. Patient population 
During the study period, 153 patients underwent neurosur-

gery, and 78 with CSF pleocytosis were included in the study 

analysis. Of these, 14 (17.9%) were defined as PBM cases 

Table 1. Comparison of characteristics and laboratory markers between patients with postoperative bacterial meningitis and those with postoperative 
aseptic meningitis

Characteristics
Patients with

bacterial meningitis
(N = 14)

Patients with 
aseptic meningitis

(N = 64)
P-value

Male sex, n (%)   4 (28.6) 35 (54.7) 0.08

Median age, yr (IQR)            52.0 (43.5 to 63.2)            47.5 (35.2 to 61.5) 0.11

Types of surgery, n (%) 0.91

 Craniotomy    4 (28.6) 26 (40.6)

 Transsphenoidal surgery 1 (7.1) 5 (7.8)

 External ventricular drainage   4 (28.6) 15 (23.4)

 Ventriculoperitoneal shunt 1 (7.1) 3 (4.7)

 Others   4 (28.6) 15 (23.4)

CSF markers

CSF WBC count /mm3, median (IQR)            765 (62 to 4,212)       130 (22 to 822) 0.86

CSF RBC count /mm3, median (IQR)          1,090 (37 to 16,750)          1,265 (55 to 37,250) 0.35

CSF protein, mg/dL, median (IQR)        115 (62 to 258)       100 (55 to 215) 0.42

CSF glucose, mg/dL, median (IQR)      50 (4 to 98)       57 (46 to 80) 0.15

CSF LDH, IU/L, median (IQR)         148 (72 to 476)       102 (48 to 204) 0.67

CSF ADA, U/L, median (IQR)          3.2 (2.1 to 4.3)        3.3 (1.9 to 6.1) 0.51

Peripheral blood markers

Blood WBC count /mm3, median (IQR)              12,050 (9,950 to 20,450)                9,900 (6,300 to 14,000) 0.06

CRP, mg/dL, median (IQR)            6.3 (0.9 to 24.6)        2.1 (0.4 to 6.1) 0.06

ESR, mm/h, median (IQR)         44 (22 to 50)       44 (27 to 64) 0.42

Procalcitonin, ng/mL, median (IQR)            0.12 (0.05 to 1.16)          0.05 (0.05 to 0.13) 0.17

Procalcitonin ≥ 0.15 ng/mL, n (%) 7/14 (50.0) 6/30 (20.0) 0.07

CRP ≥ 2.5 mg/dL, n (%)a 9/12 (75.0) 20/43 (46.5) 0.16

Blood WBC count ≥ 9,500/mm3, n (%) 12/14 (85.7) 32/63 (50.8) 0.02

CSF, cerebrospinal fluid; WBC, white blood cell; RBC, red blood cell; LDH, lactate dehydrogenase; ADA, adenosine deaminase; CRP, C-reactive protein; ESR, erythrocyte 
sedimentation rate; IQR, interquartile range.
Data not normally distributed are presented as median (range) and were analyzed with the Mann-Whitney U-test. 
Categorical data are presented as number (%) and were analyzed with the Fisher’s exact test (excepta). 
aanalyzed with Chi-square test.
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based on a positive CSF bacterial culture. Coagulase-negative 

staphylococci (5/14, 35.7%) were the most common causative 

organisms, followed by Enterobacter aerogenes (3/14, 21.4%), 

Streptococcus pneumoniae (2/14, 14.3%), Acinetobacter spp. 

(2/14, 14.3%), Staphylococcus aureus (1/14, 7.1%), and Cory-

nebacterium (1/14, 7.1%). Coagulase-negative staphylococci 

included Staphylococcus epidermidis (2/5), Staphylococcus 

hominis (2/5), and Staphylococcus haemolyticus (1/5). The 

causative organisms according to the type of surgical proce-

dure were as follows: for craniotomy, the causative organisms 

were E. aerogenes, Acinetobacter baumannii, methicillin-re-

sistant S. aureus, and S. pneumoniae; for transsphenoidal sur-

gery, the causative organism was S. pneumoniae; for external 

ventricular drainage, the causative organisms were Corynebac-

terium, S. epidermidis, and Acinetobacter lwoffii; for ventricu-

loperitoneal shunt, the causative organism was S. homonis; for 

external lumbar drainage and ommaya insertion, the causative 

organisms were S. haemolyticus, S. hominis, and E. aerogenes.

2.  Comparison of characteristics between PBM and 
PAM cases

Comparisons of the demographic, clinical, and laboratory 

findings between patients with PBM and patients with PAM 

are summarized in Table 1. Male patients tended to be more 

frequent in the PAM group than in the PBM group (54.7% vs. 

28.6%, P = 0.08). The median age of PBM patients did not dif-

fer from that of PAM patients (52.0 years vs. 47.5 years, P = 

0.11). Type of neurosurgery did not differ between patients 

with PBM and PAM. The most frequent procedures in both 

groups were craniotomy and external ventricular drainage. 

There was no difference in CSF profiles between the 2 groups. 

The median CSF ADA value of PBM cases was not different 

from that of PAM cases (3.2 U/L vs. 3.3 U/L, P = 0.51). There 

were some differences in the levels of B-WBC, CRP, and S-PCT 

between PBM and PAM cases.

For the laboratory markers, respective cut-off values were 

identified using ROC curves. An S-PCT level ≥ 0.15 ng/mL 

(50.0% vs. 20.0%, P = 0.07) and a CRP level ≥ 2.5 mg/dL (75.0% 

vs. 46.5%, P = 0.16) tended to be more frequent in patients 

with PBM than in those with PAM. A B-WBC count ≥ 9,500/

mm3 was more frequently observed in the former than in the 

latter group (85.7% vs. 50.8%, P = 0.02). 

3. Predictive performance of laboratory markers
We investigated the diagnostic performance of each of the 3 

laboratory markers (S-PCT, CRP, and B-WBC) using the de-

fined cut-off values, along with the performance of other crite-

ria combining the markers (Table 2). Of the 3 laboratory mark-

ers, B-WBC count had the highest sensitivity (85.7%) and 

S-PCT level had the highest specificity (80.0%). The criteria in-

cluding “an S-PCT level ≥ 0.15 ng/mL” were more specific than 

those not including it. The specificities of “a CRP level ≥ 2.5 

mg/dL plus an S-PCT level ≥ 0.15 ng/mL” and “a B-WBC count 

≥ 9,500/mm3 plus an S-PCT level ≥ 0.15 ng/mL” were higher 

than that of a “CRP level ≥ 2.5 mg/dL” and that of a “B-WBC 

count ≥ 9,500/mm3,” respectively (81.5% vs. 53.5%; 90.0% vs. 

Table 2. Diagnostic performance of the laboratory markers in predicting postoperative bacterial meningitis in patients who underwent neurosurgery

Criteria using laboratory markers 
and their combinations

Sensitivity
% (N/Total N)

Specificity
% (N/Total N)

PPV
% (N/Total N)

NPV
% (N/Total N)

AUC 

CRP ≥ 2.58 mg/dL 75.0 (9/12) 53.5 (23/43) 31.0 (9/29) 88.5 (23/26) 0.65

Blood WBC count ≥ 9,500/mm3   85.7 (12/14) 49.2 (31/63)   27.3 (12/44) 93.9 (31/33) 0.67

Procalcitonin ≥ 0.15 ng/mL 50.0 (7/14) 80.0 (24/30) 53.8 (7/13) 77.4 (24/31) 0.65

C RP ≥ 2.58 mg/dL   
and Procalcitonin ≥ 0.15 ng/mL

50.0 (6/12) 81.5 (22/27) 54.5 (6/11) 78.6 (22/28)

B lood WBC count ≥ 9,500/mm3  
and Procalcitonin ≥ 0.15 ng/mL

50.0 (7/14) 90.0 (27/30) 70.0 (7/10) 79.4 (27/34)

C RP ≥ 2.58 mg/dL and Blood WBC count ≥ 9,500/mm3 
and Procalcitonin ≥ 0.15 ng/mL

50.0 (6/12) 92.6 (25/27) 75.0 (6/8) 80.6 (25/31)

CRP ≥ 2.58 mg/dL or Procalcitonin ≥ 0.15 ng/mL 76.9 (10/13) 46.4 (13/28) 40.0 (10/25) 81.3 (13/16)

B lood WBC count ≥ 9,500/mm3  
or Procalcitonin ≥ 0.15 ng/mL

85.7 (12/14) 27.1 (13/48) 25.5 (12/47) 86.7 (13/15)

C RP ≥ 2.58 mg/dL or Blood WBC count ≥ 9,500/mm3 
or Procalcitonin ≥ 0.15 ng/mL

85.7 (12/14) 14.6 (7/48) 22.6 (12/53) 77.8 (7/9)

CRP, C-reactive protein; WBC, white blood cell; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve.
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49.2%). The combined criteria of a “CRP level ≥ 2.5 mg/dL, a B-

WBC count ≥ 9,500/mm3, and an S-PCT level ≥ 0.15 ng/mL” 

had the highest specificity (92.6%) of all the combined criteria. 

The criteria including “or an S-PCT level ≥ 0.15 ng/mL” were 

not more sensitive than those not including it. The sensitivities 

of “a CRP level ≥ 2.5 mg/dL or an S-PCT level ≥ 0.15 ng/mL” 

and “a B-WBC count ≥ 9,500/mm3 or an S-PCT level ≥ 0.15 ng/

mL” were rarely different from those of “a CRP level ≥ 2.5 mg/

dL” and “a B-WBC count ≥ 9,500/mm3,” respectively (76.9% vs. 

75.0%; 85.7% vs. 85.7%). Sensitivities of “a B-WBC count 

≥ 9,500/mm3” and “a CRP level ≥ 2.5 mg/dL or a B-WBC count 

≥ 9,500/mm3 or an S-PCT level ≥ 0.15 ng/mL” were the same 

(85.7%). 

Discussion

It has been suggested that PAM results from a local inflam-

matory response to the breakdown products of red blood cells 

or to surgical materials after transection of the dura and the 

arachnoid [16]. PAM reportedly accounts for > 50% of all post-

operative meningitis cases [6], and its clinical outcomes are 

favorable [3]. To the contrary, PBM has been known to be as-

sociated with fatal clinical outcomes when appropriate anti-

microbial therapy is not [4, 5]. Thus, early differentiation of 

PBM from PAM is essential. Many clinical and laboratory pa-

rameters such as high fever, new focal neurological defect, 

CSF WBC, CSF protein, CSF glucose, CSF/blood glucose ratio, 

and CSF lactate, have been evaluated for their predictive per-

formance for PBM. However, such studies yielded either con-

flicting results or included only limited clinical data [6-10]. In 

addition, in this study, CSF profiles did not differ between pa-

tients with PBM and PAM. 

S-PCT has been regarded as a useful marker for distinguish-

ing between community-acquired bacterial and viral infec-

tions [18-22]. Several studies have been performed to evaluate 

the discriminative performance of S-PCT in adult patients and 

children with acute meningitis [11-14]. The majority of studies 

on S-PCT have shown sensitivity and specificity values of > 

80–90% for the diagnosis of bacterial meningitis using variable 

cut-off values. To the best of our knowledge, ours is the first 

study to evaluate the diagnostic performance of S-PCT in a 

relatively large series of patients who underwent neurosur-

gery. In this study, S-PCT had a specificity of 80.0%, but a low 

sensitivity of 50.0%, for the differential diagnosis of PBM from 

PAM. Hoffmann et al. [23] reported low sensitivity for S-PCT 

in 12 adult patients with bacterial meningitis. They observed 

normal values of S-PCT in 3 patients who had bacterial men-

ingitis after neurosurgery; these were false-negative cases sug-

gestive of a low sensitivity for S-PCT. This finding is consistent 

with our results of a low sensitivity for S-PCT. Based only on S-

PCT, some PBM cases would be misdiagnosed as PAM. A low 

S-PCT level may result from the lower number of pathogenic 

organisms causing nosocomial meningitis than those causing 

community-acquired meningitis, or from inflammatory re-

sponses more confined to the CNS in nosocomial meningitis. 

However, the specificity of S-PCT was high, and the specifici-

ties of some laboratory criteria were improved by the inclu-

sion of S-PCT level. Thus, a high S-PCT level may be helpful in 

confirming the diagnosis of PBM when used together with 

other clinical or laboratory discriminative markers of PBM. 

Further studies of S-PCT may be needed to evaluate its useful-

ness in the context of postoperative meningitis.

The predictive performance of B-WBC count and CRP level 

for PBM has rarely been evaluated in previous studies. This 

may be because of a lack of research interest in these labora-

tory markers, because they may be indirect markers for men-

ingitis. In one study, however, by Ross et al. [7], B-WBC level 

was compared between PBM and PAM cases. The mean B-

WBC count was higher in patients with PBM than in those 

with PAM (14,906/mm3 vs. 10,517/mm3, P < 0.01). The sensi-

tivity and specificity values of a B-WBC count >12,000/ mm3 

for the prediction of PBM were 75% and 74%, respectively. In 

our study, the B-WBC and CRP levels were higher in patients 

with PBM than in those with PAM. Their sensitivity values 

were relatively good (B-WBC, 85.7%; CRP, 75.0%), but their 

specificities were poor (B-WBC, 49.2%; CRP, 53.5%). There was 

considerable overlap between the values for patients with 

PBM and those with PAM. Although B-WBC count and CRP 

level are thought to be neither sensitive nor specific enough 

for the diagnosis of PBM, accumulation of more clinical data 

may be needed to draw conclusions on their usefulness. 

A few studies have shown the CSF ADA level to be higher in 

bacterial meningitis than in viral or aseptic meningitis [15, 16]. 

In a study by Choi et al. [15], the mean CSF ADA values (stan-

dard deviation) of bacterial and viral/aseptic meningitis cases 

were 7.4 (3.3) U/L and 2.6 (2.4) U/L, respectively; in a study by 

Sun et al. [16], the values were 9.6 (5.5) U/L and 4.3 (2.5) U/L, 

respectively. However, in this study, there was no difference in 

the CSF ADA values between PBM and PAM cases. For rea-

sons similar to those for the low S-PCT level in PBM, CSF ADA 

levels might also remain relatively low in PBM cases and 

might not show any difference from those in PAM. CSF ADA 

may prove to be of little value in the diagnosis of PBM.
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No ideal discriminatory marker was identified in this study. 

The differentiation between PBM and PAM has been reported 

to depend only on CSF culture results [6]. The British Society of 

Antimicrobial Chemotherapy recommends presumptive anti-

microbial therapy for all patients with postoperative meningi-

tis, and that therapy should be continued or stopped based on 

CSF culture results after 2 or 3 days [24]. This approach may be 

more acceptable in current clinical practice than decisions 

based on any clinical or laboratory markers for PBM. 

Our study has several limitations. First, the number of pa-

tients was small. Second, patients with various CNS diseases 

undergoing various neurosurgeries were included in this 

study, resulting in heterogeneity of the study patients. Third, 

because our definitions were based only on positive CSF cul-

ture results, we may have included CSF culture contamina-

tions in the PBM group. However, even if we had used other 

clinical factors, we still might not have been able to clearly cat-

egorize the patients as PBM or PAM cases because of the ob-

scurity in the clinical manifestations of these conditions. 

Fourth, among individual cases, we did not perform follow-up 

measurements of S-PCT after neurosurgery. Serial S-PCT data 

might provide valuable information on the normal kinetics of 

S-PCT after neurosurgery, enabling the differentiation of in-

fection-related increases in S-PCT from stress-induced in-

creases in S-PCT. Further studies may be needed on the 

changes in S-PCT after neurosurgery. Fifth, we did not present 

any information on antibiotic therapy before and after neuro-

surgery; such therapy might have influenced the clinical and 

laboratory characteristics of PBM and PAM cases. However, all 

of the study patients had antibiotic prophylaxis before sur-

gery, and nearly all had postsurgical antibiotic therapy for 

more than a few days. 

In conclusion, S-PCT showed limited performance for the 

diagnosis of postoperative meningitis. However, it could be a 

useful adjunct for the improvement of diagnostic sensitivity 

when used in combination with other inflammatory markers.
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