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Abstract

Intracranial infection is a common clinical complication after craniotomy. We aimed to explore the diagnostic and prognostic
value of dynamic changing procalcitonin (PCT) in early intracranial infection after craniotomy. A prospective study was per-
formed on 93 patients suspected of intracranial infection after craniotomy. Routine peripheral venous blood was collected on
the day of admission, and C reactive protein (CRP) and PCT levels were measured. Cerebrospinal fluid (CSF) was collected
for routine biochemical, PCT and culture assessment. Serum and CSF analysis continued on days 1, 2, 3, 5,7, 9, and 11. The
patients were divided into intracranial infection group and non-intracranial infection group; intracranial infection group was
further divided into infection controlled group and infection uncontrolled group. Thirty-five patients were confirmed with intracra-
nial infection after craniotomy according to the diagnostic criteria. The serum and cerebrospinal fluid PCT levels in the infected
group were significantly higher than the non-infected group on day 1 (P<0.05, P<0.01). The area under curve of receiver
operating characteristics was 0.803 for CSF PCT in diagnosing intracranial infection. The diagnostic sensitivity and specificity of
CSF PCT was superior to other indicators. The serum and CSF PCT levels have potential value in the early diagnosis of intra-
cranial infection after craniotomy. Since CSF PCT levels have higher sensitivity and specificity, dynamic changes in this param-
eter could be used for early detection of intracranial infection after craniotomy, combined with other biochemical indicators.
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Introduction

Intracranial infection is one of the common clinical
complications after craniotomy, and causes insurmounta-
ble obstacles in neurosurgery (1,2). Intracranial infection
directly affects the prognosis of patients with high mortality
and morbidity rate (3-5). Earlier reports indicate a 2.6 and
0.5% prevalence of intracranial infection after craniotomy
in China (6), and USA, respectively (7). Timely diagnosis of
intracranial infection after craniotomy is the key to improve
the prognosis of patients. In the premise of effective anti-
infection treatment, how to accurately identify the infection
is particularly important. Traditional indicators, such as white
blood cells and neutrophil count provide an important refer-
ence point for infection and clinical judgment. However, their
specificity might not be high. Studies have shown that
blood leukocyte and neutrophil counts after acute stroke
are similar in patients with and without infection (8,9).

The smear and bacterial culture of cerebrospinal fluid
(CSF) are considered the gold standard for the diagnosis
of intracranial infection, and identification of the type of
infection depends also on clinical evaluation. Routine bio-
chemical and bacteriological examination of CSF includes:
CSF cell count, levels of protein, glucose and chloride ion,
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analysis of CSF smear, bacterial culture, and polymerase
chain reaction (PCR) (10). These tests have high sensi-
tivity but low specificity, so it is difficult to identify the type
of intracranial infection efficiently.

Procalcitonin (PCT) is the propeptide of calcitonin, a
glycoprotein without hormone activity. PCT is commonly
considered an endogenous nonsteroidal substance (11,12).
Procalcitonin is very low under normal conditions (around
0.0025 g/L), and cannot be detected by the conventional
test method (13). However, the occurrence of pathogen
infection stimulates the parathyroid cells to synthesis and
secrete large amounts of PCT into the blood, and this
leads to an increase in serum PCT (14). Studies have dem-
onstrated that PCT could be used as a relatively specific
indicator in the diagnosis of bacterial infection, especially
in pneumonia (15,16). A research study indicated that
the sensitivity and specificity of PCT were high and it could
be widely used as an early inflammatory marker in clinical
diagnosis (17). Their study also indicated that PCT is
superior to the traditional markers of inflammation in early
diagnosis of bacterial infection and could estimate the
infection’s severity and prognosis.


mailto:huijunli33@163.com
http://dx.doi.org/10.1590/1414-431X20176021

Procalcitonin for early intracranial infection

The purpose of this study was to evaluate the early
diagnostic potential and prognostic value of PCT and the
dynamic changes in PCT in patients with intracranial
infection after craniotomy.

Patients and Methods

Patients

Patients who underwent craniotomy and were admit-
ted to the intensive care unit (ICU) of our hospital from
December 2013 to June 2016 were recruited for this
study using the following criteria: 1) patients with clinical
manifestations of intracranial infection such as continuous
temperature more than 38.5°C, or the temperature nor-
malization after treatment and later increase to more than
38.5°C, postoperative severe headache, vomiting, aggra-
vated unconsciousness, and the occurrence of neck stiff-
ness; 2) patients with potential risk factors of intracranial
infection, such as catheter drainage and drainage of ven-
tricle aneurysm cavity, long surgical time, artificial material
implantation, and cerebrospinal fluid leakage after surgery;
and 3) the exclusion of other infections.

The cerebrospinal fluid of patients was sampled for
microbial culture multiple times and antibiotic treatment
was administered for infection control at the same time.

This study was approved and registered at the Ethics
Committee of Municipal Hospital of Taizhou in October
2015. All subjects gave written informed consent for sam-
ple collection. All procedures were undertaken following
the requirements of the Declaration of Helsinki.

Standards for intracranial infection diagnosis

The diagnosis of intracranial infection defined accord-
ing to the standards issued by the National Ministry of
Health is as follows: 1) presence of clinical manifestation
of intracranial infection; 2) presence of risk factors, such
as HIV/AIDS, hematopoietic stem cell transplant, lymphoid
malignancies, neutropenia, hereditary immune defects,
etc, and patients with drainage or cerebrospinal fluid
leakage (18); 3) inflammatory indicators in cerebrospinal
fluid: white blood cell count (WBC) >10 x 108/L; glucose
levels <2.25 mmol/L; chloride <120 mmol/L, and protein
>0.45 g/L; 4) positive results for bacteria in cerebrospinal
fluid culture. Patients with criteria 4 can be diagnosed
individually. Patients with negative CSF culture result but
positive for the first 3 diagnostic criteria are also diag-
nosed as having intracranial infection.

Patients were not included if they had other infections,
or with recurrent intracranial infection in the ICU after
craniotomy.

Sample collection and tested indicators

Body temperature was recorded, and CSF and periph-
eral venous blood samples were collected on the day
the infection was suspected and on the 1st, 2nd, 3rd,
5th, 7th, 9th, and 11th subsequent days. The highest
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temperature reading in each day was noted. CSF sam-
ples were obtained by the following ways: 1) lumbar
puncture; 2) lumbar cistern drainage; 3) ventricular drain-
age, and 4) ventriculoscopy. All samples were collected
under aseptic conditions and no CSF replacement oper-
ation was performed.

The collected CSF sample (6 mL) was divided into
3 equal parts for the following examinations: WBC, meas-
ured by modified bovine abalone counting board with the
manual microscopic counting method; cerebrospinal fluid
protein content, determined by the end-point method;
glucose content, by the glucose oxidase method; chloride
content, by the selective electrode method; PCT content,
by the immunofluorescence double antibody sandwich
method (used also for blood samples). In blood samples,
C reactive protein (CRP) was detected by immune tur-
bidimetry methods, WBC and neutrophil count by flow
cytometry (percentage of neutrophils). The acute phys-
iology and chronic evaluation (APACHE Il) score and
sequential organ failure assessment (SOFA) scores were
recorded daily.

Grouping

The recruited patients were divided into infected group
and non-infected group. Generally, it takes 7 to 10 days
to make sure the infection is completely under control.
Based on the results of the intracranial infection treat-
ment, patients were divided into infection controlled
group (improvement of clinical symptoms and of labora-
tory tests) and infection uncontrolled group (laboratory
parameters did not improve, and CSF culture persisted
positive).

Statistical analysis

SPSS 20.0 software was used for statistical analysis
(USA). Normally distributed data were compared using
the t-test, and the median values of non-normally dis-
tributed measurement data were compared using the
Mann Whitney U-test. Count data between groups were
compared with the chi-square test. The receiver operat-
ing characteristic curve (ROC) was used to analyze the
relationship between serum PCT and CSF PCT with post
craniotomy intracranial infection. The sensitivity and spec-
ificity for the optimal cutoff point was calculated by the
ROC curve.

Results

Basic data and clinical features of infected and
non-infected groups

Ninety-three consecutive patients were recruited, of
which 35 were confirmed with intracranial infection and
58 did not have infection. Seven patients in the infec-
tion group and 12 in the non-infection group had intra-
cranial tumor, and 7 in the infection group and 10 in
the non-infection group had spontaneous intracerebral
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Table 1. Characteristics of the 2 groups at admission.
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Non-infection group (n=58) Infection group (n=35) P value
Age (years) 56.78 £ 12.68 55.86 + 13.89 0.98
Male (%) 33 (56.9) 20 (57.1) 0.99
APACHE Il score 16.22+4.63 16.31+4.77 0.89
SOFA score 10.17 £22.43 10.22+2.69 0.88
Temperature(°C) 37.27+£0.59 37.09+0.66 0.33
Serum WBC ( x 10%/L) 11.87£1.63 11.56 £ 1.88 0.48
Serum CRP (mg/L), median (min—-max) 24.1 (8-75) 24.6 (5-78) 0.75
Serum PCT (ug/L), median (min—max) 0.31 (0.11-5.63) 0.32 (0.12-6.27) 0.91

APACHE |l score: acute physiology and chronic evaluation Il score; SOFA score: sequential organ failure assessment scores;
WBC: white blood cell, CRP: C reactive protein; PCT: procalcitonin. Statistical analysis was done with the t-test or Mann Whitney U-test.
Count data between groups were compared with the chi-square test.

hemorrhage. Moreover, 7 and 4 patients had craniocere-
bral trauma and arachnoid cyst, respectively, in the non-
infection group, and 3 had craniocerebral trauma and
3 others had arachnoid cyst in the infection group. No
significant difference in age, gender, APACHE Il score,
SOFA score, body temperature, WBC, CRP and serum
PCT levels between the two groups were found (P >0.05,
Table 1).

Microbial culture results

The microbial culture results of CSF from 35 patients
showed 19 positive cases (56.3%, Table 2). The infection
was controlled effectively in 11 patients, while 8 still had
positive bacterial culture after 3 days of treatment due to
inappropriate anti-infection treatment.

Day 1 test results

No significant difference in SOFA scores (P> 0.05)
between infection group and non-infection group was
observed. The body temperature, serum CRP and CSF
protein levels were higher in infected group compared to
non-infected group but not significantly different (P > 0.05).
The serum and CSF PCT, WBC, and CSF were signif-
icantly higher in infected group compared to non-infected
group (P<0.05). In addition, the CSF glucose and
chloride content in infected groups were significantly
decreased compared to non-infected group (P<0.05,
Table 3).

Early diagnosis of intracranial infection by PCT and
wBC

ROC curve analysis showed significant differences in
serum and CSF WBC and PCT (P <0.05, Figure 1). The
areas were 0.69 (95%CI=0.58-0.81), 0.78 (95%CI=0.67—
0.89), 0.70 (95%CI=0.59-0.81) and 0.80 (95%CI=0.71—
0.90) for serum WBC, CSF WBC, serum PCT and CSF
PCT, respectively. The diagnostic sensitivity and specifi-
city of CSF PCT was better than other indicators. The
optimized cutoff value for CSF PCT was 0.425 pg/L.
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Table 2. Summary of microbial culture results of 35 intracranial-
infected patients.

Infection subclass n

N

= NNDNOO N O

Intracranial infected positive cases
Staphylococcus epidermidis
Staphylococcus aureus
Pseudomonas aeruginosa
Escherichia coli

Singular proteus

Candida krusei

CSF PCT level in infection-controlled and
infection-uncontrolled groups

The CSF PCT level decreased significantly in infec-
tion-controlled group after 3 days of anti-infective therapy
compared with day 1 (P<0.05), and decreased subse-
quently in the following days (Figure 2). The CSF PCT
level in infection-uncontrolled group remained high during
the days of observation. A statistical difference was found
for CSF PCT levels from the 5th day between infection-
controlled and infection uncontrolled groups and contin-
ued until the end of the observation.

Discussion

Intracranial infection is the most serious complica-
tion after craniotomy. Bacterial infection often causes
acute meningitis, ventriculitis and brain abscess (19,20).
Although craniotomy and asepsis techniques are con-
tinuously improved, intracranial infection after craniotomy
still occurs sometimes (21). The risk factors are longer
operative time, indwelling drainage tube, implantation of
artificial materials, cerebrospinal fluid leakage, and history
of diabetes, hypertension, etc. (22). A report indicated
that a higher infection rate was observed in patients with
operative time longer than 4 hours than in patients with
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Table 3. Comparison of clinical data between infection group and non-infection group at day 1.
Non-infection group (n=58) Infection group (n=35) P value

Time after craniotomy (days) 5.23+1.89 4.77+1.81 0.540
SOFA score 9.76 £1.93 11.23+2.58 0.139
Temperature (°C) 38.68+0.67 38.72+0.71 0.085
Serum WBC ( x 109/L) 12.39+1.48 1379+2.25 0.035
Serum CRP (mg/L), median (min—max) 33.78+16.97 36.94 + 19.56 0.321
Serum PCT (ug/L), median (min—-max) 0.43 (0.12-2.37) 0.63 (0.24 -8.5) 0.028
CSF WBC (mg/L), median (min—max) 458.33+ 186.72 648.82 + 259.36 0.011
CSF PCT (ug/L), median (min—max) 0.35 (0.13-2.74) 0.76 (0.24-4.67) 0.001
CSF glucose (mmol/L) 2.71+£0.86 2.11+£0.65 0.030
CSF chloride (mmol/L) 120.58£6.13 112.86 £8.97 0.028
CSF protein (g/L) 0.98 +0.61 1.42+0.72 0.048

SOFA score: sequential organ failure assessment scores; WBC: white blood cell, CRP: C reactive protein; PCT: procalcitonin; CSF:
cerebrospinal fluid. Statistical analysis was done with the t-test or the Mann Whitney U-test.
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Figure 1. Receiver operating characteristics (ROC) curve of serum and cerebrospinal fluid (CSF) white blood cell (WBC) (A), and serum
and CSF procalcitonin (PCT) (B) in diagnosis of intracranial infection after craniotomy (n=39).
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Figure 2. Dynamic culture of cerebrospinal fluid (CSF) procalci-
tonin (PCT) levels in infection-controlled group and infection-
uncontrolled group from day 1 to day 11. *P<0.05, **P<0.01,
compared to the infection controlled group (t-test).

shorter operative time. The infection risk in patients receiv-
ing external ventricular drainage was 9.4 times higher than
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in patients without it (23). Due to the disruption of the
blood-brain barrier in craniotomy patients, the immune
function of their central nervous system was reduced
longterm, and placement of a drainage tube increased
infection risk.

The use of perioperative antibiotics may reduce the
incidence of postoperative infection to a certain extent, but
it may also mask early clinical symptoms, leading to a
difficult diagnosis. Some patients who undergo craniotomy
may present symptoms that can be similar to intracra-
nial infection as a result of the stimulation of blood and
implants in the cerebrospinal fluid. Although CSF culture is
the gold standard for diagnosis of intracranial infection,
the time taken for culture growth and drug sensitivity tests
is long and the positive rate is low, therefore diagnostic
information may not be received in time for effective clin-
ical treatment. Conventional inflammatory markers such
as WBC, body temperature, and serum CRP lack spec-
ificity in the early diagnosis of intracranial infection. A diag-
nostic index with good sensitivity and specificity is highly
essential in clinical settings to detect intracranial infection
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and guide clinicians to take necessary interventions,
improve the prognosis of patients, and reduce the hos-
pitalization time and economic burden. PCT has been
widely studied in recent years for the early diagnosis of
bacterial infection severity, treatment effect, disease prog-
nosis and as reference for antibiotic use (24-26).

This study confirmed that serum PCT levels increase
significantly after systemic bacterial infection (27), while
levels are normal or only slightly elevated even in seri-
ous viral infections. Compared with serum CRP, WBC
count, and percentage of neutrophils, serum PCT levels
did not increase significantly in some autoimmune dis-
eases such as rheumatoid arthritis. Other studies have
indicated that high serum PCT levels are the main inde-
pendent biological predictor for early diagnosis of bacte-
rial meningitis and viral meningitis (28-29). Differently
from the above result, our research showed that the
serum PCT levels in patients of infection group were sig-
nificantly higher than in non-infection group. Compared
to WBC count and serum CRP, serum PCT is a good
diagnostic marker for intracranial bacterial infection.
Li et al. (30) reported that combined with CSF PCT and
CSF lactic acid, serum PCT could effectively identify
bacterial meningitis and non-bacterial meningitis after
craniotomy. In our study, ROC curve analysis showed
that the diagnostic accuracy of CSF PCT is the highest
among the parameters studied and it can be used as an
optimal index for early diagnosis of intracranial infection
after craniotomy. In the present study, the cutoff value of
CSF PCT was found to be 0.425 nug/L, a little below the

References

1. Voorhees JR, Cohen-Gadol AA, Spencer DD. Early evolu-
tion of neurological surgery: conquering increased intracra-
nial pressure, infection, and blood loss. Neurosurg Focus
2005;18: e2, doi: 10.3171/foc.2005.18.4.3.

2. Pechmann A, Anastasopoulos C, Korinthenberg R, van
Velthoven-Wurster V, Kirschner J. Decompressive craniect-
omy after severe traumatic brain injury in children: complica-
tions and outcome. Neuropediatrics 2015; 46: 5212.

3. Zakhary GM, Montes DM, Woerner JE, Notarianni C,
Ghali GE. Surgical correction of craniosynostosis. A review
of 100 cases. J Craniomaxillofac Surg 2014; 42: 1684—1691,
doi: 10.1016/j.jcms.2014.05.014.

4. Tahiri Y, Paliga JT, Wes AM, Whitaker LA, Bartlett SP, Taylor
JA. Perioperative complications associated with intracra-
nial procedures in patients with nonsyndromic single-suture
craniosynostosis. J Craniofac Surg 2015; 26: 118-123,
doi: 10.1097/SCS.0000000000001316.

5. Ravindra VM, Neil JA, Shah LM, Schmidt RH, Bisson EF.
Surgical management of traumatic frontal sinus fractures:
Case series from a single institution and literature review.
Surg Neurol Int 2015; 6: 141, doi: 10.4103/2152-7806.
153845.

6. Xu H, Niu C, Fu X, Ding W, Ling S, Jiang X, et al. Early
cranioplasty vs. late cranioplasty for the treatment of cranial

Braz J Med Biol Res | doi: 10.1590/1414-431X20176021

5/6

clinical standard of 0.5 pg/L, demonstrating its suitability
for diagnosing this infection.

It has been reported that monitoring PCT levels could
correctly guide antibiotic usage (31,32). In this study,
we observed CSF PCT changes from day 1 to day 11. The
dynamic change of CSF PCT levels demonstrated that
CSF PCT can be used to evaluate antibiotic therapy after
craniotomy, allowing timely dose adjustments in clinical
settings according to CSF PCT levels, thus improving the
patient’s prognosis.

Our research is an exploratory study with many short-
comings. First, the sample size is small, making gener-
alizations in clinical settings difficult. Second, we excluded
cases with other suspected infections. Third, the enrolled
patients were different from those usually encountered
in the ICU, where patients’ clinical status is complex, hav-
ing different infections and non-infected cases. Further
research is needed to verify the accuracy of PCT in serum
and CSF in the diagnosis and monitoring of intracra-
nial infection after craniotomy, using a larger sample
and systemic inflammation indexes for complex fever.
In addition, as intracranial infection patients with high
PCT may also have other systemic infections, it is also
important to identify and exclude other causes of early
infection.

In summary, compared with other inflammatory mar-
kers, serum PCT and CSF PCT levels are accurate
markers for the diagnosis of intracranial infection after
craniotomy. The dynamic changes of PCT levels can help
adjust antibiotic treatment in clinical settings.

defect: A systematic review. Clin Neurol Neurosurg 2015;
136: 33—40, doi: 10.1016/j.clineuro.2015.05.031.

7. Dashti SR, Baharvahdat H, Spetzler RF, Sauvageau E,
Chang SW, Stiefel MF, et al. Operative intracranial infec-
tion following craniotomy. Neurosurg Focus 2008; 24: E10,
doi: 10.3171/FOC/2008/24/6/E10.

8. Folyovich A, Biro E, Orban C, Bajnok A, Varga V, Beres-
Molnar AK, et al. Relevance of novel inflammatory markers
in stroke-induced immunosuppression. BMC Neurol 2014;
14: 41, doi: 10.1186/1471-2377-14-41.

9. Westendorp WF, Nederkoorn PJ, Vermeij JD, Dijkgraaf MG,
van de Beek D. Post-stroke infection: a systematic review
and meta-analysis. BMC Neurol 2011; 11: 110, doi: 10.1186/
1471-2377-11-110.

10. Petry F, Torzewski M, Bohl J, Wilhelm-Schwenkmezger T,
Scheid P, Walochnik J, et al. Early diagnosis of Acantha-
moeba infection during routine cytological examination of
cerebrospinal fluid. J Clin Microbiol 2006; 44: 1903—1904,
doi: 10.1128/JCM.44.5.1903-1904.2006.

11. Riche FC, Cholley BP, Laisne MJ, Vicaut E, Panis YH,
Lajeunie EJ, et al. Inflammatory cytokines, C reactive
protein, and procalcitonin as early predictors of necrosis
infection in acute necrotizing pancreatitis. Surgery 2003;
133: 257-262, doi: 10.1067/msy.2003.70.


http://dx.doi.org/10.3171/foc.2005.18.4.3
http://dx.doi.org/10.1016/j.jcms.2014.05.014
http://dx.doi.org/10.1097/SCS.0000000000001316
http://dx.doi.org/10.4103/2152-7806.153845
http://dx.doi.org/10.4103/2152-7806.153845
http://dx.doi.org/10.1016/j.clineuro.2015.05.031
http://dx.doi.org/10.3171/FOC/2008/24/6/E10
http://dx.doi.org/10.1186/1471-2377-14-41
http://dx.doi.org/10.1186/1471-2377-11-110
http://dx.doi.org/10.1186/1471-2377-11-110
http://dx.doi.org/10.1128/JCM.44.5.1903-1904.2006
http://dx.doi.org/10.1067/msy.2003.70
http://dx.doi.org/10.1590/1414-431X20176021

Procalcitonin for early intracranial infection

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Casado-Flores J, Blanco-Quiros A, Nieto M, Asensio J,
Fernandez C. Prognostic utility of the semi-quantitative
procalcitonin test, neutrophil count and C-reactive protein in
meningococcal infection in children. Eur J Pediatr 2006;
165: 26-29, doi: 10.1007/s00431-005-1761-5.

Holm A, Pedersen SS, Nexoe J, Obel N, Nielsen LP,
Koldkjaer O, et al. Procalcitonin versus C-reactive protein
for predicting pneumonia in adults with lower respiratory
tract infection in primary care. Br J Gen Pract 2007; 57:
555-560.

Tamaki K, Kogata Y, Sugiyama D, Nakazawa T, Hatachi
S, Kageyama G, et al. Diagnostic accuracy of serum pro-
calcitonin concentrations for detecting systemic bacterial
infection in patients with systemic autoimmune diseases.
J Rheumatol 2008; 35: 114—119.

Lai CC, Chen SY, Wang CY, Wang JY, Su CP, Liao CH, et al.
Diagnostic value of procalcitonin for bacterial infection in
elderly patients in the emergency department. J Amer
Geriatrics Soc 2010; 58: 518-522, doi: 10.1111/.1532-
5415.2010.02730.x.

Pourakbari B, Mamishi S, Zafari J, Khairkhah H, Ashtiani
MH, Abedini M, et al. Evaluation of procalcitonin and neo-
pterin level in serum of patients with acute bacterial infec-
tion. Braz J Infect Dis 2010;14: 252-255, doi: 10.1016/
S1413-8670(10)70052-0.

Sun M, Sun LD, Zhao ZY, Chen YY. Procalcitonin for
prediction of patients with bum complicated by sepsis.
Chinese J Integrated Traditional Western Med Intens Critical
Care 2011; 6: 67-69.

Lin C, Zhao X, Sun H. Analysis on the risk factors of intra-
cranial infection secondary to traumatic brain injury. Chinese
J Traumatol 2015;18: 81-83, doi: 10.1016/j.cjtee.2014.
10.007.

Bao Y, Qiu B, Zeng H, Mo Y, Zhang N, Qi S. [Combined
intravenous and intrathecal vancomycin in treatment of
patients with intracranial infections after craniotomy]. Zhon-
ghua wei zhong bing ji jiu yi xue 2016; 28: 169-172.

Chen K, Wu Y, Wang Q, Wang J, Li X, Zhao Z, et al. The
methodology and pharmacokinetics study of intraventricular
administration of vancomycin in patients with intracranial
infections after craniotomy. J Crit Care 2015; 30: 218.e1-€5,
doi: 10.1016/j.jcrc.2014.09.020.

van der Stel T, Treuniet FE, Hoffmann C, Koppen H. Para-
falcine empyema, a tricky infectious cause of headache:
a case report. Amer J Emerg Med 2015; 33: 992.e1-e2,
doi: 10.1016/j.ajem.2014.12.070.

McCutcheon BA, Ubl DS, Babu M, Maloney P, Murphy M,
Kerezoudis P, et al. Predictors of Surgical site infection
following craniotomy for intracranial neoplasms: An anal-
ysis of prospectively collected data in the American Col-
lege of Surgeons National Surgical Quality Improvement

Braz J Med Biol Res | doi: 10.1590/1414-431X20176021

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

6/6

Program Database. World Neurosurg 2016; 88: 350-358,
doi: 10.1016/j.wneu.2015.12.068.

Richardson D, Duncan C, Sinha A, Hennedige AA.
Pseudomeningocele With Orbital Extension as a Complica-
tion of Fronto-Orbital Advancement and Remodeling in
Craniosynostosis. J Craniofac Surg 2015; 26: 2142-2147,
doi: 10.1097/SCS.0000000000001941.

Angeletti S, Spoto S, Fogolari M, Cortigiani M, Fioravanti M,
De Florio L, et al. Diagnostic and prognostic role of procal-
citonin (PCT) and MR-pro-adrenomedullin (MR-proADM)
in bacterial infections. APMIS 2015; 123: 740-748, doi:
10.1111/apm.12406.

Miedema KG, de Bont ES, Elferink RF, van Vliet MJ, Nijhuis
CS, Kamps WA, et al. The diagnostic value of CRP, IL-8,
PCT, and sTREM-1 in the detection of bacterial infections in
pediatric oncology patients with febrile neutropenia. Support
Care Cancer 2011; 19: 1593-1600, doi: 10.1007/s00520-
010-0987-6.

Kalocheretis P, Revela |, Spanou E, Drouzas A, Makriniotou
I, latrou C. Strong correlation of B2-microglobulin (B2-m)
with procalcitonin (PCT) in the serum of chronic hemodia-
lysis patients: a role for infections in the dialysis-related amy-
loidosis? Renal Failure 2008; 30: 261-265, doi: 10.1080/
08860220701857134.

Liu CF, Cai XX, Xu W. Serum procalcitonin levels in children
with bacterial or viral meningitis. Chinese J Contemporary
Pediatr 2006; 8: 17-20.

Henry BM, Roy J, Ramakrishnan PK, Vikse J, Tomaszewski
KA, Walocha JA. Procalcitonin as a serum biomarker for
differentiation of bacterial meningitis from viral meningitis in
children: evidence from a meta-analysis. Clin Pediatr 2016;
55: 749-764, doi: 10.1177/0009922815606414.

Alkholi UM, Abd Al-Monem N, Abd EI-Azim AA, Sultan MH.
Serum procalcitonin in viral and bacterial meningitis. J Glob
Infect Dis 2011; 3: 14—18, doi: 10.4103/0974-777X.77290.
Li Y, Zhang G, Ma R, Du Y, Zhang L, Li F, et al. The diag-
nostic value of cerebrospinal fluids procalcitonin and lactate
for the differential diagnosis of post-neurosurgical bacterial
meningitis and aseptic meningitis. Clin Biochem 2015; 48:
50-54, doi: 10.1016/j.clinbiochem.2014.10.007.

Theodorou VP, Papaioannou VE, Tripsianis GA, Panopou-
lou MK, Christophoridis EK, Kouliatsis GA, et al. Procalci-
tonin and procalcitonin kinetics for diagnosis and prognosis
of intravascular catheter-related bloodstream infections in
selected critically ill patients: a prospective observational
study. BMC Infect Dis 2012; 12: 1-10.

Charles PE, Tinel C, Barbar S, Aho S, Prin S, Doise JM,
et al. Procalcitonin kinetics within the first days of sepsis:
relationship with the appropriateness of antibiotic therapy
and the outcome. Crit Care 2009;13: 1-11, doi: 10.1186/
ccr7751.


http://dx.doi.org/10.1007/s00431-005-1761-5
http://dx.doi.org/10.1111/j.1532-5415.2010.02730.x
http://dx.doi.org/10.1111/j.1532-5415.2010.02730.x
http://dx.doi.org/10.1016/S1413-8670(10)70052-0
http://dx.doi.org/10.1016/S1413-8670(10)70052-0
http://dx.doi.org/10.1016/j.cjtee.2014.10.007
http://dx.doi.org/10.1016/j.cjtee.2014.10.007
http://dx.doi.org/10.1016/j.jcrc.2014.09.020
http://dx.doi.org/10.1016/j.ajem.2014.12.070
http://dx.doi.org/10.1016/j.wneu.2015.12.068
http://dx.doi.org/10.1097/SCS.0000000000001941
http://dx.doi.org/10.1111/apm.12406
http://dx.doi.org/10.1007/s00520-010-0987-6
http://dx.doi.org/10.1007/s00520-010-0987-6
http://dx.doi.org/10.1080/08860220701857134
http://dx.doi.org/10.1080/08860220701857134
http://dx.doi.org/10.1177/0009922815606414
http://dx.doi.org/10.4103/0974-777X.77290
http://dx.doi.org/10.1016/j.clinbiochem.2014.10.007
http://dx.doi.org/10.1186/cc7751
http://dx.doi.org/10.1186/cc7751
http://dx.doi.org/10.1590/1414-431X20176021

	title_link
	Introduction
	Patients and Methods
	Patients
	Standards for intracranial infection diagnosis
	Sample collection and tested indicators
	Grouping
	Statistical analysis

	Results
	Basic data and clinical features of infected and nonhypheninfected groups
	Microbial culture results
	Day 1 test results
	Early diagnosis of intracranial infection by PCT and WBC
	CSF PCT level in infectionhyphencontrolled and infectionhyphenuncontrolled groups

	Discussion
	Table  Table 2. Summary of microbial culture results of 35 intracranialhypheninfected patients
	Table  Table 1. Characteristics of the 2 groups at admission
	Table  Table 3. Comparison of clinical data between infection group and nonhypheninfection group at day 1
	Figure 1.
	Figure 2.

	REFERENCES
	References


