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Abstract

rule out hospital-acquired infections in SE patients.

Introduction: Infections in status epilepticus (SE) patients result in severe morbidity making early diagnosis crucial.
As SE may lead to inflammatory reaction, the value of acute phase proteins and white blood cells (WBC) for
diagnosis of infections during SE may be important. We examined the reliability of C-reactive protein (CRP),
procalcitonin (PCT), and WBC for diagnosis of infections during SE.

Methods: All consecutive SE patients treated in the ICU from 2005 to 2009 were included. Clinical and
microbiological records, and measurements of CRP and WBC during SE were analyzed. Subgroup analysis was
performed for additional PCT measurements in the first 48 hours of SE.

Results: A total of 22.5% of 160 consecutive SE patients had infections during SE. Single levels of CRP and WBC
had no association with the presence of infections. Their linear changes over the first three days after SE onset
were significantly associated with the presence of infections (P = 0.0012 for CRP, P = 0.0137 for WBQ). Levels of
PCT were available for 31 patients and did not differ significantly in patients with and without infections. Sensitivity
of PCT and CRP was high (94% and 83%) and the negative predictive value of CRP increased over the first three
days to 97%. Specificity was low, without improvement for different cut-offs.

Conclusions: Single levels of CRP and WBC are not reliable for diagnosis of infections during SE, while their linear
changes over time significantly correlate with the presence of infections. In addition, low levels of CRP and PCT

Introduction
Infection rate of patients with status epilepticus (SE) is
high and associated with increased morbidity, need for
treatment escalation, prolonged hospital stay and addi-
tional resource utilization [1]. SE patients are at risk for
ventilator-associated pneumonia (VAP) due to the need
for mechanical ventilation during their state of altered
consciousness. Therefore, early and accurate diagnosis
of hospital-acquired infections during SE is crucial [1].
Since its identification in 1930, C-reactive protein
(CRP) has been studied as a screening device for inflam-
mation, a marker for disease activity, and as a diagnostic
adjunct [2] as values of CRP may reflect the severity of
inflammation or tissue injury [3,4]. Like many acute

* Correspondence: SutterR@uhbs.ch

'Division of Clinical Neurophysiology, Department of Neurology, University
Hospital Basel, Peterplatz 1, Basel, 4003, Switzerland

Full list of author information is available at the end of the article

( ) BiolVled Central

phase proteins, CRP is normally present in trace levels
in serum but increases rapidly and dramatically in
response to a variety of infectious or inflammatory con-
ditions [5]. With the availability of rapid or bedside
tests, determining its diagnostic value is of increasing
importance [6].

Procalcitonin (PCT) is a pre-pro-peptide precursor of
the thyroid hormone calcitonin. Circulating levels of the
PCT can rise several thousand times above normal
under various inflammatory conditions, but most nota-
bly if caused by bacterial infections [7]. Therefore, CRP
and PCT may be promising markers for rapid detection
of infectious complications during SE in the intensive
care unit (ICU).

However, SE itself may lead to systemic inflammatory
reaction with an increase of cytokines in serum during
or immediately after epileptic seizures [8]. Therefore,
epileptic activity may also lead to an increase of CRP,
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PCT and white blood cells (WBC) without the presence
of infections and thus reduce the reliability of these bio-
markers for the clinical diagnosis of infectious complica-
tions during SE.

The aim of this study was to examine whether levels
of serum CRP, PCT and WBC are reliable indicators for
the diagnosis of infectious complications during SE.

Material and methods

Setting

This study was performed at the University Hospital
Basel, an 855-bed tertiary care center of Switzerland
with over 30,000 admissions per year. Patients with SE
are treated mainly in the ICU, which has 21 beds. The
local ethical committee EKBB ("Ethikkommission beider
Basel”) approved this study in accordance with the stan-
dards laid down in the 1964 Declaration of Helsinki and
waived the requirement for informed consent (approval
reference number 204/10).

Patients and data collection

Opver five consecutive years (1 January 2005 to 31 Decem-
ber 2009), patients hospitalized in the ICU due to SE
confirmed by electroecephalogram (EEG) were selected
from the digital EEG database. EEG recordings were
interpreted by two board certified epileptologists (RS and
SR) who reached a consensus diagnosis after reviews.
CRP and WBC levels were measured daily during the
first three days after SE onset. Values of PCT were
included if measured during the first 48 hours of SE.

A comprehensive review of medical records and clini-
cal data was performed by a board certified neurologist
(RS) and by an infectious disease specialist (ST-S). Data
collection included gender, age, all medical diagnoses,
duration and type of SE, length of hospital and ICU
stay. These data were collected in order to establish a
cohort for ongoing analysis regarding the diagnostic
value of biomarkers for infectious complications and
their correlation with course and outcome of SE.

Definitions and treatment of status epilepticus

Status epilepticus was defined according to published
recommendations [9], as seizure activity, lasting longer
than five minutes or recurrent seizure activity lasting
more than five minutes without the patient regaining
consciousness. Clinically suspected seizure activity was
confirmed by EEG. SE episodes were categorized as con-
vulsive (CSE), subtle (SSE), and nonconvulsive status
epilepticus (NCSE). The diagnosis of CSE was made if
recurrent convulsions were present without complete
recovery between seizures. The diagnoses of CSE and
SSE were made, as defined by Treiman et al. [10]. For
the diagnosis of SSE, seizure activity on EEG had to
endure when the associated motor responses were
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fragmentary or partially absent. For the diagnosis of
NCSE, at least one of the three primary criteria and one
of the four secondary criteria as defined by Young et al.
had to be fulfilled [11]. SE duration was defined as the
period from the time of diagnosis to the time of cessa-
tion of clinical manifestations and first EEG without epi-
leptic activity.

Refractory SE (RSE) was defined as SE without recov-
ery after the application of i.v. benzodiazepines and one
further i.v. antiepileptic drug, such as phenytoin, val-
proic acid, a combination of both or levetiracetam.
Treatment of SE was standardized according to the
guidelines of the Swiss Status Epilepticus Consensus
Conference from 2005 [12,13].

Definitions/criteria of infections

A protocol for monitoring infections was established for
all patients on the ICU. It included drawing of blood
cultures, urine cultures, cultures from tracheal aspirates
or sputum, and performance of a chest x-ray in any
patient with new onset of fever or hypothermia. If there
were other foci suspected to be the origin of an infec-
tion, these were sampled accordingly (for example, cere-
brospinal fluid (CSF) cultures, swabs of wounds,
cultures of biopsies).

All infections that occurred and were diagnosed 14
days before or during SE were assessed. Patients were
categorized into three groups: (1) patients with infections
before SE, (2) patients with infections during SE, and (3)
patients without infections. Therefore, clinical courses
and primary sites of infection were evaluated according
to information supplied by the laboratory, clinical and
radiological results in the medical records (that is, body
temperature, WBC levels, blood cultures, urine cultures,
cultures from CSF, cultures from transtracheal aspirates
or sputum, antibody titer levels, histopathological results
and reports from radiological findings) and from written
statements from the primary caring physicians (that is, all
written statements relating to clinical signs of possible
infections). Furthermore, all microbiological data were
obtained during hospitalization and retrospectively cross-
checked by a board certified infectious disease specialist
(ST-S) by using the computerized database of the infec-
tion control microbiology surveillance. Only infections
that met the criteria according to the Center for Disease
Control (CDC) in the retrospective survey were accepted
as infections [14] (Table 1). As the sensitivity of clinical
suspicion of VAP is often too high, we applied the criteria
of the American Thoracic Society and the Infectious Dis-
eases Society of America [15].

Patients with infections diagnosed more than 14 days
before SE onset were excluded from further analyzes of
sensitivity and specificity of CRP and WBC for detection
of infections during SE.
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Table 1 Identified infections and the applied CDC definitions according to Garner et al. [14]

Respiratory tract infections
(n = 47; 29.4% of all patients)

RTI must meet one of the following criteria:

1. Rales or dullness to percussion on physical examination of chest AND any of the following:

a. New onset of purulent sputum or change in character of sputum

b. Organism isolated from blood culture

c. Isolation of pathogen from specimen obtained by transtracheal aspirate, bronchial brushing, or
biopsy

2. Chest radiographic examination shows new or progressive infiltrate, consolidation, cavitation, or
pleural effusion AND any of the following:

a. New onset of purulent sputum or change in character of sputum

b. Organism isolated from blood culture

c. Isolation of pathogen from specimen obtained by transtracheal aspirate, bronchial brushing, or
biopsy

d. Isolation of virus or detection of viral antigen in respiratory secretions

e. Diagnostic single antibody titer (IgM) or fourfold increase in paired serum samples (IgG) for
pathogen

f. Histopathologic evidence of pneumonia

Bloodstream infections

(includes laboratory-confirmed bloodstream
infection and clinical sepsis)

(n=12; 7.5% of all patients)

In our study we did not differ between primary and secondary bloodstream infections

Primary bloodstream infections:
Laboratory-confirmed bloodstream infection must meet one of the following criteria:

1. Recognized pathogen isolated from blood culture AND pathogen is not related to infection at
another site

2. One of the following: fever (>38°C), chills, or hypotension AND any of the following:

a. Common skin contaminant isolated from two blood cultures drawn on separate occasions AND
organism is not related to infection at another site; b. Common skin contaminant isolated from
blood culture from patient with intravascular access device AND physician institutes appropriate
antimicrobial therapy; c. Positive antigen test on blood AND organism is not related to infection at
another site

Secondary bloodstream infections:

When an organism isolated from blood culture is compatible with a related nosocomial infection
at another site, the bloodstream infection is classified as a secondary bloodstream infection.
Exceptions to this are intravascular device-associated bloodstream infections, all of which are
classified as primary

even if localized signs of infection are present at the access site.

Symptomatic urinary tract infection
(n = 6; 3.8% of all patients)

Symptomatic urinary tract infection must meet one of the following criteria:

1. One of the following: fever (>38°C), urgency, frequency, dysuria, or suprapubic tenderness AND
a urine culture of > = 10A5 colonies/ml urine with no more than two species of organisms

2. Two of the following: fever (>38°C), urgency, frequency, dysuria, or suprapubic tenderness AND
any of the following:

a. Dipstick test positive for leukocyte esterase and/or nitrate

b. Pyuria (310 white blood cells [WBC]/mIA3 or WBC/high-power field of unspun urine)

¢. Organisms seen on Gram stain of unspun urine

d. Two urine cultures with repeated isolation of the same uropathogen with > = 10A2 colonies/ml
urine in nonvoided specimens

e. Urine culture with < = 1075 colonies/ml urine of single uropathogen in patient being treated
with appropriate antimicrobial therapy

f. Physician’s diagnosis

g. Physician institutes appropriate antimicrobial therapy

Encephalitis
(n = 5; 3.1% of all patients)

Encephalitis must meet one of the criteria:

1. Organism isolated from culture of brain tissue or dura

2. Two of the following with no other recognized cause: headache, dizziness, fever (>38°C),
localizing neurologic signs, changing level of consciousness, or confusion, AND physician institutes
appropriate antimicrobial therapy if diagnosis is made ante mortern AND any of the following:

a. Organism seen on microscopic examination of brain or abscess tissue obtained by needle
aspiration or by biopsy during surgery or autopsy

b. Positive antigen test on blood or urine

¢. Radiographic evidence of infection

d. Diagnostic single antibody titer (IgM) or fourfold increase in paired serum samples (IgG) for
pathogen
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Table 1 Identified infections and the applied CDC definitions according to Garner et al. [14] (Continued)

Meningitis
(n = 1;0.6% of all patients)

Meningitis must meet one of the following criteria:

1. Organism isolated from culture of cerebrospinal fluid (CSF)

2. One of the following with no other recognized cause: fever (>38°C), headache, stiff neck,
meningeal signs, cranial nerve signs, or irritability, AND physician institutes appropriate
antimicrobial therapy if diagnosis is made ante mortem AND any of the following:

a. Increased white cells, elevated protein, and/or decreased glucose in CSF

b. Organisms seen on Gram stain of CSF

c. Organism isolated from blood culture

d. Positive antigen test on CSF, blood, or urine

e. Diagnostic single antibody titer (IgM) or fourfold increase in paired serum samples (IgG) for

pathogen

Measurement of CRP and PCT

CRP concentrations were determined by an enzyme
immunoassay with a detection limit of 0.5 mg/L (EMIT;
Merck Diagnostica, Ziirich, Switzerland). PCT was mea-
sured with a high sensitive time-resolved amplified cryp-
tate emission (TRACE) technology assay (PCT
I(ryptor®, B.R.A.H.M.S. AG, Hennigsdorf, Germany).
The assay has a detection limit of 0.02 pg/L and func-
tional assay sensitivity of 0.06 ug/L, that is, 3- to 10-fold
above normal mean values. Analyses for different cut-off
values, including the threshold of 0.1 ug/L, as recom-
mended by the manufacturer, were performed.

Statistical analysis

Descriptive analyses for sociodemographic factors, bio-
markers of infection, comorbidities and outcomes were
performed. Categorical variables were summarized as
counts and proportions and continuous variables as
means and standard deviations. Logistic regressions
were used to determine the associations between the
categories “infections” and “respiratory tract infections”
(RTTI), as the largest subgroups of infections, and the dif-
ferent comorbidities. To analyze the diagnostic accuracy
of CRP and WBC levels for detection of infections dur-
ing SE, all patients with infections before SE and with-
out infections were excluded. When comparing means
for two different groups, the Mann-Whitney U-test was
used. When comparing more than two groups the Kruk-
sal-Wallis test was applied. Sensitivity and specificity, as
well as positive and negative predictive values, were cal-
culated for CRP and WBC, for each of the first three
days after SE onset, respectively, using the recom-
mended cut-offs as described above. CRP levels <10 mg/
L were considered normal, levels greater than 10 mg/L
were interpreted as elevated according to the manufac-
turer’s recommendations. Cut-off levels of 10.0 x 10°/L
were used for WBC. To have an indicator of the change
of the different biomarkers with time, this change was
calculated for each patient first. This was done by
means of a linear regression on the values of CRP and
WBC for the three different days of measurements (a

linear relationship of CRP and WBC levels with time
was assumed). Then logistic regressions or general linear
models were used to determine the relationship between
the presence of infections during SE and the CRP’s and
WBC’s change with time. To find cut-off points on the
level of PCT, which would indicate an infection, receiver
operating characteristic (ROC) curves were used and
sensitivity and specificity for different cut-off points
were calculated. Statistical analysis was performed with
SAS version 9.2 (SAS Institute 2002, Cary, NC, USA).

Results
A total of 160 consecutive patients with SE were identi-
fied during five consecutive years in the University Hos-
pital of Basel. The algorithm of patients’ in- and
exclusion is presented in the flow-chart (Figure 1).
Median age was 65 years (range 17 to 91 years) (Table 2)
and cardiopathy and metabolic disorders were the most
commonly encountered underlying diseases (55, 34.4%
and 46, 28.7%, respectively). Only 29 (18.1%) patients were
diagnosed with epilepsy prior to the current episode of SE.
The majority of patients suffered from NCSE (72, 45.0%)
and nearly one-third had a refractory course of SE (52,
32.5%). Median length of SE was three days (SD + 5.3).
Forty-one (25.6%) patients died. Further baseline charac-
teristics and clinical features are summarized in Table 2.
In total, 57 (35.6%) patients had infections before or dur-
ing SE. Table 1 shows all diagnosed infections and the
applied CDC criteria. Thirty-six (22.5%) infections were
diagnosed during and 21 (13%) before SE. The majority of
infections diagnosed during SE (34/57; 59.7% of all infec-
tions) were respiratory tract infections (RTI), more than a
third of all RTIs were VAPs (12/34; 35.3% of all RTI dur-
ing SE and 13.6% of ventilated patients). Relevant patho-
gens could be detected in most cases of RTI (28/34;
82.4%), and included Staphylococcus aureus, Streptococci
and gram-negativ bacteria as Haemophilus spp., Escheri-
chia coli, Serratia spp. Enterobacter spp. and Pseudomonas
aeruginosa. In the remaining, diagnosis was established
due to clinical findings as new onset of purulent sputum
and new or progressive infiltrates in the chest x-ray
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160 patients with SE

(2005 to 2009)
103 SE patients 63 SE patients with
without infections infections
(13 SE patients with PCT)
L l
| [ |
I 36 patients with 21 patients with
I infections during SE infections before SE
: (18 SE patients with PCT)
| : A
I | |
I |
A |
Comparison of change in time of |
CRP and WBC levels | _ _ _ _ _ J
(infections during SE vs. all others)

Figure 1 Flow-chart. SE = status epilepticus; PCT = procalcitonin.
A\

according to the CDC definitions for nosocomial infec-
tions [14] and the criteria of the American Thoracic
Society and the Infectious Diseases Society of America
[15].

To analyze the diagnostic accuracy of CRP and WBC
levels for detection of infections during SE, 21 patients
with infections before SE were excluded, as already ele-
vated CRP and WBC levels due to prior infection can
reduce prognostic value. A total of 139 patients
remained for further analyses, of which 36 (27%) had
infections during SE. Sensitivity and specificity, as well
as positive and negative predictive values of WBC, were
low (Table 3). Sensitivity and the negative predictive
value of CRP steadily increased from day 1 to day 3 of
SE ranging from 70.0% to 93.3% and 85.9% to 96.9%,
respectively; however, specificity and positive predictive
value remained low (28.9% to 60.2%) (Table 2).

Analysis of the linear change with time from day 1 to
day 3 for CRP and WBC levels and its association with
infections during SE was performed for all 160 patients
(comparing results for patients with infections during
SE and without infections) and was found to be highly
significant for both markers (Table 3). For each 1 mg/L
of CRP the linear time change from the first day to the
third day after onset of SE was significantly associated
with the presence of infections during SE (OR 1.018, CI
1.007 to 1.029, P = 0.0012). The change of WBC counts,
expressed in 10°/L, in the same time period was also
associated with the presence of infections during SE
(OR 0.754, CI 0.603 to 0.944, P = 0.0137).

PCT was measured in 31 (19.4%) patients during the first
48 hours of SE. Eighteen of these patients had infections
during SE. In all 13 patients without infections, PCT levels
were higher than 0.1 pg/L, the recommended threshold
value set by the manufacturer (Table 2). Mean PCT level in
the entire study group was 2 pg/L (+ 6). No significant dif-
ferences could be detected between PCT levels of patients
with infections during SE (mean level 2.92 pg/L + 7.8) and
without infections (mean level 0.73 pg/L + 0.89) (P = 0.15).
Regarding the recommended cut-off value of 0.1 pg/L, sen-
sitivity of PCT to detect infections during SE was high
(94.4%) with a negative predictive value of 66.7%. However,
specificity was low (15.4%) with a positive predictive value
of 60.7%. As there are studies that have used higher cut-off
values between 0.25 and 0.5 ug/L to withhold antibiotics in
patients, that is, considered not to have an infection
[16,17], different cut-off values for PCT were analyzed in
addition without further improvement of sensitivity and
specificity (Figure 2). At the maximum, Youden’s index
(0.4145) sensitivity was 72.2% and specificity 69.2% at a
cut-off of 0.58 pg/L (Figure 2). Baseline characteristics,
including age, gender and number of comorbidities, did
not differ significantly between the 13 patients with infec-
tions during SE and the 18 patients without infections.

Discussion

To our knowledge, this is the first study to examine the
reliability of CRP, WBC and PCT for the diagnosis of
infections in patients with SE. Of note, the knowledge
about systemic inflammatory reactions with elevated
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Table 2 Basic demographics and clinical features (n =
160)

Sociodemographic

Gender n %
Female 88 55.0
Male 72 450
Age years SD or range
Mean 62.8 +16.9
Median 65.0 17 - 91

Clinical features

SE types n %
CSE 42 263
SSE 46 287
NCSE 72 45.0
Comorbidities n %
Cardiopathy 55 344
Metabolic disorder 46 288
Known epilepsy 29 18.1
Tumor (in the CNS) 20 125
Tumor (outside the CNS) 17 106
Neurodegenerative disease 11 6.9
Acute stroke 9 56
Traumatic brain injury 8 50
Autoimmune disease 8 50
Intracerebral hemorrhage 5 3.1
Subdural hemorrhage 4 25
Subarachnoideal hemorrhage 3 1.9
Arteriovenous malformation 2 1.3
Infections of all SE patients n %
Patients with infections in total 57 356
Patients with infections before SE 21 131
Patients with infections during SE 36 225
Course days SD or range
Length of SE mean 30 +53
median 10 0-43
Length of ICU stay mean 79 +9.1
median 40 0-57
Length of hospital stay mean 20.5 +16.7
median 17.0 1-102
Length of intubation mean 76 +10.1
median 40 0-65
Cardiopulmonary resuscitation n, % 25 15.6
RSE n, % 52 325
Outcome n %
Back home 29 18.1
Rehabilitation 47 294
Other hospital 32 20.0
Nursing home 10 6.3
Death 41 256
Missing data 1 0.6

SD = standard deviation; SE = status epilepticus; CSE = convulsive status
epilepticus; SSE = subtle

status epilepticus; NCSE = nonconvulsive status epilepticus; RSE = refractory
status epilepticus;
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CPR = cardiopulmonary resuscitation; CNS = central nervous system; CRP = C-
reactive protein; WBC

= white blood cells; ICU = intensive care unit

cytokine serum levels during SE is increasing [18-22],
accelerating the uncertainty for the clinicians about the
use of acute phase proteins for the diagnosis of infec-
tions in SE. Numerous studies have identified different
cut-off levels for CRP, PCT and WBC for the presence
of infections in ICU patients but a consensus was not
found [6,23-29].

In our study, CRP demonstrated a high negative pre-
dictive value for infections in patients with SE. In addi-
tion, its sensitivity steadily increased from Day 1 to Day
3 of SE. However, specificity and positive predictive
value were low, making it a poor predictor for the pre-
sence of infections during SE. However, the cut-off cho-
sen for CRP (<10 mg/L) is low and might have led to
high sensitivity and low specificity. Single values of
WBC counts were insufficient to either rule in or rule
out the presence of infections during SE. ROC curves
were not performed, as linear changes of CRP and WBC
levels over time were highly significant with the pre-
sence of infections and, as mentioned above, many pre-
vious studies have found numerous cut-off values by
focusing on infection in ICU patients, making it com-
plex and obscure for the clinicians to rely on multiple
recommendations. Therefore, we have focused on the
change of biomarker levels over time. In our study
population, the linear changes with time for both CRP
and WBC levels were significantly associated with the
diagnosis of infections, suggesting that both parameters
are useful when evaluating their time course rather than
single values. For the presented odds ratios, it has to be
taken into account that they are given for each change
of 1 mg/L of CRP and 10°/L for WBC, respectively.
This finding might be reflected by the increasing specifi-
city on day 3 of SE in comparison to day 1.

The diagnostic accuracy of PCT could only be analyzed
in a small proportion of our patients and only as single
measurements. Data for analysis of linear change with
time were insufficient. Regarding the recommended cut-
off value of 0.1 pg/L, sensitivity of PCT to detect infections
was high; however, specificity was low. We conducted
further statistical analysis to determine if different cut-off
values could improve its performance, however, without
relevant success. In a recent study, the diagnostic value of
PCT for diagnosis of nosocomial pneumonia has also been
questioned [25]. When examining 104 consecutive ICU
patients, diagnostic sensitivity and specificity for nosoco-
mial pneumonia was 50.0% and 48.6%, respectively. Of
interest, performance of PCT regarding sensitivity was
much better in our study at the maximum Youden’s index
of 0.4145 with a sensitivity of 72.2% and specificity of
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Table 3 Validation of C-reactive protein levels and white blood cell counts for infectious complications during SE

CRP levels Infections No infections(n = 103)  Sensitivity  Specificity = PPV NPV LR+ LR-
(mg/L) during SE (n = 36)
SD or range SD or range
CRP on day 1 of SE mean 40.80 4454 32.35 50.09 70.0% 53.4% 304% 859% 15 1.8
median 2835  06-1788 7.60 03 -2255
CRP on day 2 of SE mean 7717 7013 42.90 53.54 86.7% 37.9% 289% 907% 14 04
median  55.20 0.6 - 2450 22.00 05 -2335
CRP on day 3 of SE mean 11604 9801 62.39 67.99 93.3% 60.2% 406% 969% 23 0.1
median 9235 1.0 - 3838 36.95 1.2 - 256.7
White blood cell levels Infections No infections Sensitivity ~ Specificity PPV~ NPV LR+ LR-
(x10°/L) during SE (n = 36) (n=103)
SD or range SD or range
WBC on day 1 of SE mean 12.23 6.44 10.71 5.05 72.5% 51.5% 367% 828% 15 0.5
median 1050 28 - 264 10.00 12-327
WBC on day 2 of SE mean 9.75 5.09 10.62 5.68 36.7% 553% 193% 750% 08 1.1
median 945 16 - 29.7 9.80 1.0 - 344
WBC on day 3 of SE mean 9.52 5.00 9.64 4.64 33.3% 63.1% 208% 765% 09 1.1
median  8.85 30-260 840 08 -233
Association with infections during SE (Infections during SE vs. no infections during SE) (n = 160)
Marker Linear change with time OR* 95% Cl p-value
CRP over time Change from day 1 to 3 (mg/L) 1.018 1.007-1.029 0.0012
WBC over time Change from day 1 to 3 (x10°/L) 0.754 0.603-0.944 0.0137

SD = standard deviation; SE = status epilepticus; CPR = cardiopulmonary resuscitation; CNS = central nervous system; CRP = C-reactive protein; WBC = white

blood cells; PPV = positive predictive value; NPV = negative predictive value; LR+ = likelihood ratio positive; LR- = likelihood ratio negative

69.2%, although our sample size is smaller. In a recent
study of 70 patients, PCT analysis for suspected nosoco-
mial infections in ICU patients revealed similar results
with a cut-off value for PCT of 0.44 pg/L and a sensitivity
of 65.2% and a specificity of 83.0% [24]. The authors also
reported poor predictive value of CRP and WBC for detec-
tion of hospital-acquired infections. As mean levels of
CRP, WBC and PCT were elevated in patients with and
without infections during SE and no significant differences
in the PCT levels, which is regarded as the most sensitive
biomarker for detection of bacterial infections, could be
detected in this study, our data suggest that epileptic activ-
ity itself may raise serum PCT, CRP and WBC levels. This
finding underlines the hypothesis that SE itself could
cause a systemic inflammatory reaction - an assumption
also reported in the literature by detection of significantly
higher levels of cytokines, especially interleukin-6, in the
blood of patients with SE [8]. Cytokines are known to
influence acute phase protein production, with interleu-
kin-6 being a major inducer [30]. The role of inflammation
in maintaining an epileptic state needs further investiga-
tion as it could imply new treatment options for this
severe and often fatal disease.

A further explanation for elevated biomarker levels
without evidence of infections during SE might be the
presence of comorbidities in this cohort. Patients with
cardiopulmonary resuscitation and cerebral hypoxia
have shown PCT elevation in the absence of infections

[31] and also multiple trauma with or without brain
injury, as present in our study, were shown to be asso-
ciated with an increase of PCT concentrations without
infectious complications [32]. However, there were no
significant differences of comorbidities between patients
with and without infections and also no differences
between patients with and without RTI, the largest sub-
group of infections in this study (Table 4). We did not
perform analyzes for the subgroup with autoimmune
diseases, as this group had a small size of only 5% of the
cohort. Moreover, we cannot exclude that there were
some cases where infections were present but could not
be detected.

The authors are well aware of limitations of this study:
the retrospective character and the small patient sample.
Nevertheless, as CRP and WBC are measured routinely
and daily in every patient on the ICU in clinical practice, a
selection bias appears very unlikely. Furthermore, the
selection of patients in dependence of performed PCT
measurements is an obvious selection bias. The lack of a
biomarker-specific time course for PCT in this cohort as
well as the smaller sample size does not allow a direct
head-to-head comparison to the other markers and may
also weaken its prognostic strength for infections, which
should be analyzed in further prospective studies. Inter-
rater agreement calculation was not performed in this
study. However, all EEG reports were based on EEG inter-
pretation by two board certified epileptologists and
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Figure 2 Receiver Operating Characteristic for procalcitonin levels and development of infections before or during status epilepticus.
PCT = procalcitonin; SE = status epilepticus.

-

discrepant interpretation was resolved by consensus. In
addition, all microbiological data that were obtained dur-
ing hospitalization were retrospectively, independently
cross-checked by a board certified infectious disease

specialist using the computerized database of the infection
control microbiology surveillance and only if the required
definitions by the CDC were fulfilled, was the diagnosis of
infection accepted.
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Table 4 Distribution of comorbidities of patients with and without infections or RTI
For patients with and without infections
Comorbidities Odds ratio (unadjusted) 95% Cl p-Value
Traumatic brain injury 3.094 0.731 -13.085 0.1248
Cardiopathy 0.747 0324 -1.723 04944
Known epilepsy 0.67 0.231 -1.939 04595
Metabolic disease 2.095 0931 -4.713 0.0739
Stroke 2.25 0479 -10.579 0.3045
Tumor (in the CNS) 0.46 0.126 -1.673 0.2384
Tumor (outside the CNS) 2.089 0.687 -6.350 0.1941
Neurodegenerative disease 0.299 0.036 -2.442 0.2596
For patients with and without RTI
Comorbidities Odds ratio (unadjusted) 95% ClI p-Value
Traumatic brain injury 1473 0.337 -6.429 0.6066
Cardiopathy 0.979 0478 -2.006 0.9545
Known epilepsy 0.724 0.286 -1.832 04951
Metabolic disease 1.884 0911 -3.898 0.0875
Stroke 201 0515 -7.842 0315
Tumor (in the CNS) 0.385 0.107 -1.382 0.1433
Tumor (outside the CNS) 1.803 0.642 -5.063 0.2633
Neurodegenerative disease 0.224 0.028 -1.801 0.1595

RTI = respiratory tract infection; CNS = central nervous system

Conclusions

Single levels of CRP and WBC are not reliable for diag-
nosis of infections during SE, while linear changes of
CRP levels and WBC counts over time are significantly
correlated with the presence of infections during SE. In
addition, normal levels of CRP and PCT rule out hospi-
tal-acquired infections in SE patients. Further studies
will be needed to elucidate whether changes in PCT
levels over time would be an even more accurate
approach for diagnosis of infections during SE.

Key messages

« Single levels of CRP and WBC are not reliable for
diagnosis of infections during SE, possibly due to a sys-
temic inflammatory reaction caused by SE itself.

« Linear changes of CRP levels and WBC counts sig-
nificantly correlate with the presence of infectious com-
plications during SE.

« Low levels of CRP and PCT rule out hospital-
acquired infections in SE patients.

Abbreviations

CDC, Centers for Disease Control and Prevention; CRP, C-reactive protein;
CSE, convulsive status epilepticus; CSF, cerebrospinal fluid; EEG,
electroencephalography; ICU, intensive care unit; NCSE, nonconvuslive status
epilepticus; PCT, procalcitonin; ROC, receiver operating characteristic; RSE,
refractory status epilepticus; RTI, respiratory tract infection; SE, status
epilepticus; SSE, subtle status epilepticus; TRACE, time-resolved amplified
cryptate emission; VAP, ventilator-associated pneumonia; WBC: white blood
cells

Acknowledgments
No commercial funding was received for this study.

Author details

"Division of Clinical Neurophysiology, Department of Neurology, University
Hospital Basel, Peterplatz 1, Basel, 4003, Switzerland. ’Intensive Care Unit,
University Hospital Basel, Peterplatz 1, Basel, 4003, Switzerland. *Department
of Infectious Diseases and Hospital Epidemiology, University Hospital Basel,
Peterplatz 1, Basel, 4003 Switzerland. “Department of Epidemiology and
Public Health, Swiss Tropical and Public Health Institute, Socinstrasse 57,
Basel, 4002, Switzerland.

Authors’ contributions

RS, ST-S and SR acquired, analyzed and interpreted the data, as well as
substantially contributed to conception and design of the manuscript. LG
analyzed and interpreted the data and critically revised the manuscript. AFW
and SM made substantial contributions to conception and design of the
manuscript and were involved in revising it critically for important
intellectual content. All authors have given final approval of the version to
be published.

Competing interests
The authors declare that they have no competing interests.

Received: 22 July 2011 Revised: 2 October 2011
Accepted: 18 November 2011 Published: 18 November 2011

References

1. Ala-Kokko TI, Sdynajakangas P, Laurila P, Ohtonen P, Laurila JJ, Syrjald H:
Incidence of infections in patients with status epilepticus requiring
intensive care and effect on resource utilization. Anaesth Intensive Care
2006, 34:639-644.

2. Clyne B, Olshaker JS: The C-reactive protein. J Emerg Med 1999,
17:1019-1025.

3. Johnson HL, Chiou CC, Cho CT: Applications of acute phase reactants in
infectious diseases. J Microbiol Immunol Infect 1999, 32:73-82.

4. Young B, Gleeson M, Cripps AW: C-reactive protein: a critical review.
Pathology 1991, 23:118-124.


http://www.ncbi.nlm.nih.gov/pubmed/17061641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17061641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10595891?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11561579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11561579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1720888?dopt=Abstract

Sutter et al. Critical Care 2011, 15:R274
http://ccforum.com/content/15/6/R274

22.

23.

24,

25.

26.

27.

Ballou SP, Kushner I: C-reactive protein and the acute phase response.
Adv Intern Med 1992, 37:313-336.

Flanders SA, Stein J, Shochat G, Sellers K, Holland M, Maselli J, Drew WL,
Reingold AL, Gonzales R: Performance of a bedside C-reactive protein
test in the diagnosis of community-acquired pneumonia in adults with
acute cough. Am J Med 2004, 116:529-535.

Joyce CD, Fiscus RR, Wang X, Dries DJ, Morris RC, Prinz RA: Calcitonin
gene-related peptide levels are elevated in patients with sepsis. Surgery
1990, 108:1097-1101.

Peltola J, Laaksonen J, Haapala AM, Hurme M, Rainesalo S, Keranen T:
Indicators of inflammation after recent tonic-clonic epileptic seizures
correlate with plasma interleukin-6 levels. Seizure 2002, 11:44-46.
Working Group on Status Epilepticus: Treatment of convulsive status
epilepticus: recommendations of the Epilepsy Foundation of America’s
Working Group on Status Epilepticus. JAMA 1993, 270:854-859.

Treiman DM, Meyers PD, Walton NY, Collins JF, Colling C, Rowan AJ,
Handforth A, Faught E, Calabrese VP, Uthman BM, Ramsay RE, Mamdani MB:
A comparison of four treatments for generalized convulsive status
epilepticus. N Engl J Med 1998, 339:792-798.

Young GB, Jordan KG, Doig GS: An assessment of nonconvulsive seizures
in the intensive care unit using continuous EEG monitoring: an
investigation of variables associated with mortality. Neurology 1996,
47:83-89.

Leppert D, Stockli HR, Fuhr P: Richtlinien zur Behandlung des
Statusepilepticus. Schweiz Arztetzeitung 2005, 86:1-14.

Ruegg S, Naegelin Y, Hardmeier M, Winkler DT, Marsch S, Fuhr P:
Intravenous levetiracetam: treatment experience with the first 50
critically ill patients. Epilepsy Behav 2008, 12:477-480.

Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM: CDC definitions for
nosocomial infections, 1988. Am J Infect Control 1988, 16:128-140.
American Thoracic Society, Infectious Diseases Society of America:
Guidelines for the management of adults with hospital-acquired,
ventilator-associated, and healthcare-associated pneumonia. Am J Respir
Crit Care Med 2005, 171:388-416.

Bouadma L, Luyt CE, Tubach F, Cracco C, Alvarez A, Schwebel C,
Schortgen F, Lasocki S, Veber B, Dehoux M, Bernard M, Pasquet B,

Régnier B, Brun-Buisson C, Chastre J, Wolff M: Use of procalcitonin to
reduce patients’ exposure to antibiotics in intensive care units
(PRORATA trial): a multicentre randomised controlled trial. Lancet 2010,
375:463-474.

Schuetz P, Christ-Crain M, Thomann R, Falconnier C, Wolbers M, Widmer |,
Neidert S, Fricker T, Blum C, Schild U, Regez K, Schoenenberger R,

Henzen C, Bregenzer T, Hoess C, Krause M, Bucher HC, Zimmerli W,
Mueller B: Effect of procalcitonin-based guidelines vs standard guidelines
on antibiotic use in lower respiratory tract infections: the ProHOSP
randomized controlled trial. JAMA 2009, 302:1059-1066.

Li G, Bauer S, Nowak M, Norwood B, Tackenberg B, Rosenow F, Knake S,
Qertel WH, Hamer HM: Cytokines and epilepsy. Seizure 2011, 20:249-256.
Vezzani A, French J, Bartfai T, Baram TZ: The role of inflammation in
epilepsy. Nat Rev Neurol 2011, 7:31-40.

Pacifici R, Paris L, Di Carlo S, Bacosi A, Pichini S, Zuccaro P: Cytokine
production in blood mononuclear cells from epileptic patients. Epilepsia
1995, 36:384-387.

Sinha S, Patil SA, Jayalekshmy V, Satishchandra P: Do cytokines have any
role in epilepsy? Epilepsy Res 2008, 82:171-176.

Vezzani A, Granata T: Brain inflammation in epilepsy: experimental and
clinical evidence. Epilepsia 2005, 46:1724-1743.

Becker KL, Snider R, Nylen ES: Procalcitonin assay in systemic
inflammation, infection, and sepsis: clinical utility and limitations. Crit
Care Med 2008, 36:941-952.

Charles PE, Kus E, Aho S, Prin S, Doise J-M, Olsson N-O, Blettery B, Quenot J-
P: Serum procalcitonin for the early recognition of nosocomial infection
in the critically ill patients: a preliminary report. BMC Infect Dis 2009, 9:49.
Dallas J, Brown SM, Hock K, Scott MG, Skrupky LP, Boyle WA, Kollef MH:
Diagnostic utility of plasma procalcitonin for nosocomial pneumonia in
the intensive care unit setting. Respir Care 2011, 56:412-419.

Miller B, Schuetz P, Trampuz A: Circulating biomarkers as surrogates for
bloodstream infections. Int J Antimicrob Agents 2007, 30(Suppl 1):516-23.
Ramirez P, Garcia MA, Ferrer M, Aznar J, Valencia M, Sahuquillo JM,
Menéndez R, Asenjo MA, Torres A: Sequential measurements of

28.

29.

30.

31

32.

Page 10 of 10

procalcitonin levels in diagnosing ventilator-associated pneumonia. Eur
Respir J 2008, 31:356-362.

Castelli GP, Pognani C, Cita M, Stuani A, Sgarbi L, Paladini R: Procalcitonin,
C-reactive protein, white blood cells and SOFA score in ICU: diagnosis
and monitoring of sepsis. Minerva Anestesiol 2006, 72:69-80.

Tsangaris |, Plachouras D, Kavatha D, Gourgoulis GM, Tsantes A,

Kopterides P, Tsaknis G, Dimopoulou |, Orfanos S, Giamarellos-Bourboulis E,
Giamarellou H, Armaganidis A: Diagnostic and prognostic value of
procalcitonin among febrile critically ill patients with prolonged ICU
stay. BMC Infect Dis 2009, 9:213-220.

Moshage HJ, Roelofs HW, van Pelt JF, Hazenberg BP, van Leeuwen MA,
Limburg PC, Aarden LA, Yap SH: The effect of interleukin-1, interleukin-6
and its interrelationship on the synthesis of serum amyloid A and C-
reactive protein in primary cultures of adult human hepatocytes.
Biochem Biophys Res Commun 1988, 155:112-117.

Schuetz P, Affolter B, Hunziker S, Winterhalder C, Fischer M, Balestra GM,
Hunziker P, Marsch S: Serum procalcitonin, C-reactive protein and white
blood cell levels following hypothermia after cardiac arrest: a
retrospective cohort study. Eur J Clin Invest 2010, 40:376-381.

Sauerland S, Hensler T, Bouillon B, Rixen D, Raum MR, Andermahr J,
Neugebauer EAM: Plasma levels of procalcitonin and neopterin in
multiple trauma patients with or without brain injury. J Neurotrauma
2003, 20:953-960.

doi:10.1186/cc10555

Cite this article as: Sutter et al: Acute phase proteins and white blood
cell levels for prediction of infectious complications in status
epilepticus. Critical Care 2011 15:R274.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
e Convenient online submission
e Thorough peer review
¢ No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
¢ Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BioMed Central
J



http://www.ncbi.nlm.nih.gov/pubmed/1558000?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15063814?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15063814?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15063814?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2247835?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2247835?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11888259?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11888259?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8340986?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8340986?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8340986?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9738086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9738086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8710130?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8710130?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8710130?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22120917?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22120917?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18291724?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18291724?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2841893?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2841893?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15699079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15699079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20097417?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20097417?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20097417?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19738090?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19738090?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19738090?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21216630?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21135885?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21135885?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7607117?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7607117?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18783922?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18783922?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16302852?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16302852?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18431284?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18431284?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19386110?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19386110?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21255510?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21255510?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17884358?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17884358?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17959634?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17959634?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16407808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16407808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16407808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20028533?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20028533?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20028533?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3261980?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3261980?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3261980?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20192974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20192974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20192974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14588112?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14588112?dopt=Abstract

	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Material and methods
	Setting
	Patients and data collection
	Definitions and treatment of status epilepticus
	Definitions/criteria of infections
	Measurement of CRP and PCT
	Statistical analysis

	Results
	Discussion
	Conclusions
	Key messages
	Acknowledgments
	Author details
	Authors' contributions
	Competing interests
	References

