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Abstract

Background In past research, procalcitonin (PCT) and

glial fibrillary acidic protein (GFAP) have been reported to

be useful biomarkers in predicting neurological outcome

after the return of spontaneous circulation (ROSC) fol-

lowing out-of-hospital cardiac arrest (CA), although they

have only been studied separately. In this study, we com-

pared the usefulness of PCT and GFAP in predicting

neurological outcome.

Methods This study was a retrospective, single-center

analysis, conducted in the intensive-care unit of a univer-

sity hospital. Twenty-one sequential post-CA patients were

included. Serum samples were collected from patients at 12

and 24 h after ROSC. Serum PCT and GFAP were mea-

sured and compared in patients with favorable and

unfavorable neurological outcomes, evaluated at 6 months

using the Glasgow–Pittsburgh Cerebral Performance

Categories.

Results Serum PCT was significantly higher at 12 and

24 h in patients with unfavorable outcomes (P = 0.004

and 0.002, respectively). Serum GFAP was not signifi-

cantly higher at 12 and 24 h in patients with unfavorable

outcomes (P = 0.118 and 0.079, respectively). The com-

bination of PCT and GFAP showed high predictive value

for unfavorable outcomes (86.7% sensitivity and 100%

specificity at 12 h; 100% sensitivity and 83.3% specificity

at 24 h).

Conclusion Serum PCT is a marker of unfavorable neu-

rological outcome in post-CA patients, and is superior to

serum GFAP in the early phase.

Keywords Neurological outcome � Cardiac arrest �
Brain damage � Procalcitonin �
Glial fibrillary acidic protein

Introduction

Although no predictive markers of neurological outcome

in patients with postresuscitation encephalopathy have

been unanimously established in routine clinical practice,

serum procalcitonin (PCT) and glial fibrillary acidic

protein (GFAP) have been separately reported to be new

prognostic biomarkers of neurological outcome [1, 2].

PCT is a serum inflammatory marker in patients with

sepsis, whereas the post-cardiac-arrest (CA) status is

designated ‘‘sepsis-like’’ syndrome [3, 4]. GFAP is a

specific marker in traumatic brain injury patients, and is

reported to be an exclusively brain-derived protein [5, 6].

In the clinical context, an outcome-predictive marker

must have high specificity in the early phase. In this

regard, previous reports have shown that both PCT and

GFAP have predictive value within 24 h [1, 2]. There-

fore, both markers could be candidate prognostic

markers.

In this pilot study, we measured the serum levels of PCT

and GFAP in the same sample of patients who had received

cardiopulmonary resuscitation (CPR), to investigate their

predictive capacities for neurological outcome and their

clinical utility.
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Methods

Patients and Treatment Protocols

The protocol used in this clinical study was approved by

the Institutional Review Board of Yamaguchi university

hospital. The study was designed as a retrospective study.

The group of patients with out-of-hospital cardiac arrest

(CA) were selected by remaining stocked serum samples

from previous study [2], and 21 patients were finally

enrolled in the study.

Participation in the clinical study did not alter any aspect

of the management of the patients. The PCA patients were

sedated (midazolam 0.1–0.2 mg/kg/h and butorphanol tar-

trate 0.01–0.02 mg/kg/h or fentanyl 1 lg/kg/h) for at least

48 h and mechanically ventilated with a muscle relaxant

(vecuronium 0.05 mg/kg/h). Their blood pressure was

maintained (systolic blood pressure >90 mmHg and mean

arterial pressure >70 mmHg). Core body temperature was

measured using a bladder probe and hypothermia treatment

was applied with a cooling blanket (Blanketrol, Cincinnati

Sub-Zero, Cincinnati, OH, USA) or an intravascular cool-

ing device (Coolgard, Alsius Inc., Irvine, CA, USA). If

cerebral herniation was diagnosed by pupil assessment,

electroencephalogram, auditory brainstem response, or

head computed tomography (CT), we stopped the man-

agement protocol and tested for brain death according to

the Japanese criteria (whole-brain death).

Sample Collection and Assays

Clinical data were recorded, including the time course from

CPA to ROSC, the etiology, and the initial rhythm. The

neurological outcome at 6 months after ROSC was assessed

using the Glasgow–Pittsburgh Cerebral Performance Cate-

gories (CPC), which includes five categories [7]. Detailed

information on the neurological outcome was given by the

patient’s present attending physician or our staff, who were

blind to the PCT and GFAP data, and the CPC was deter-

mined. A favorable neurological outcome was defined as

CPC 1 (good recovery) or CPC 2 (moderate disability),

whereas an unfavorable outcome was defined as CPC 3

(severe disability), CPC 4 (persistent vegetative state), or

CPC 5 (death). Patients with CPC 1–2 had sufficient cerebral

function to live independently and work at least part-time.

Blood samples were collected from an arterial line in the

course of routine intensive care at 12 and 24 h after ROSC,

and were allowed to clot for 30 min at 4�C. The blood was

centrifuged at 3,000 rpm for 10 min at 4�C and the super-

natant was stored at -80�C until analysis. Serum levels of

PCT were measured with a chemiluminescent enzyme immu-

noassay with the SphereLight-Brahms PCT (Wako Pure

Chemical Industries, Osaka, Japan). The assay detection

limit of this kit was 0.10 ng/ml; all values below this limit

were defined as 0.10 ng/ml. Serum levels of GFAP were

analyzed with an enzyme-linked immunosorbent assay

(ELISA) (BioVendor, Candler, Texas, USA) with a detec-

tion limit of 0.10 ng/ml; values below 0.10 ng/ml were

expressed as 0.10 ng/ml. Although we gathered blood sam-

ples according to the protocol for this study, measurements

could not be made in some cases because of a lack of sample

volume. It has been reported that the upper normal limit for

PCT is 0.50 ng/ml; that for GFAP is 0.10 ng/ml [2, 8].

Statistical Analysis

Statistical analysis was performed using the statistical soft-

ware program SPSS, version 16.0 (SPSS Inc., Chicago, IL,

USA). Continuous variables are expressed as medians and

interquartile ranges, and categorical variables are expressed

as counts and percentages. Statistical comparisons of con-

tinuous variables were analyzed using the Mann–Whitney

U test, as appropriate. Statistical comparisons of categorical

variables were analyzed using the Fisher exact test or the v2

test, as appropriate. Sensitivity and specificity were calcu-

lated from receiver operating characteristic (ROC) curves.

The cutoff value was defined as the upper normal limit for

each marker (PCT, 0.50 ng/ml; GFAP, 0.10 ng/ml). A value

of P < 0.05 was considered statistically significant. Com-

bination of PCT and GFAP were also analyzed to investigate

the predictability with no false positives.

Results

The patients were admitted to our emergency medical

center, between September 2001 and August 2006, is

shown in Fig. 1. Among 503 patients, 129 achieved a

return of spontaneous circulation (ROSC). When the

exclusion criteria (shown in Fig. 1) were applied, 39

patients were eligible patients in this term.

The patients were divided into two groups: favorable out-

come (CPC 1–2) and unfavorable outcome (CPC 3–5). The

characteristics of each group are listed in Table 1. There were

6 patients in CPC 1, 1 in CPC 3, 12 in CPC 4, and 2 in CPC5.

Significant difference between the two groups was observed

in the period from the start of CPR to ROSC (P = 0.005) and

the initial electrocardiographic rhythm (P = 0.025).

Figure 2 shows a scatter diagram of the individual serum

levels of PCT and GFAP in the favorable and unfavorable

outcome groups, 12 and 24 h after ROSC. Serum PCT was

significantly higher in the unfavorable outcome group than

in the favorable outcome group at both time points

(P = 0.004 and 0.002, respectively). There were no sig-

nificant differences between the two groups in the levels of

GFAP (at 12 h, P = 0.118; at 24 h, P = 0.079).
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Figure 3 and Table 2 show the ROC analyses of PCT

and GFAP for an unfavorable outcome at 12 and 24 h. PCT

had significant areas under the ROC curve (AUC) of 0.911

and 0.939 at 12 and 24 h, respectively, after ROSC

(P = 0.004 and 0.002, respectively), and both the sensi-

tivity and specificity exceeded 70% with a cutoff value of

0.50 ng/ml. The AUCs for GFAP were 0.667 and 0.700 at

12 and 24 h, respectively, but were not significantly dif-

ferent. GFAP showed 100% specificity at 12 and 24 h with

a cutoff value of 0.10 ng/ml.

Table 3A and B lists a classification according to posi-

tive/negative PCT and GFAP of patients with favorable

and unfavorable outcomes. At 12 h after ROSC, all

patients with favorable outcomes were negative for PCT

and GFAP, and two patients with unfavorable outcome

were negative for PCT and GFAP. At 24 h after ROSC, all

patients with unfavorable outcome were positive for PCT

and/or GFAP. One patient with a favorable outcome was

positive for PCT at 24 h, but negative for GFAP. Either

positive PCT or positive GFAP predicted an unfavorable

outcome with 86.7% sensitivity and 100% specificity at

12 h, and 100% sensitivity and 83.3% specificity at 24 h.

Discussion

In the present study, inflammatory and astrocyte-derived

markers, respectively, PCT and GFAP in the blood were

Table 1 Patient characteristics

Variable Favorable

outcome (n = 6)

Unfavorable

outcome (n = 15)

P value

Age (years) 59 (38–76) 68 (64–84) 0.199

Male, n (%) 2 (33%) 9 (60%) 0.268

Cardiogenic, n (%) 5 (83%) 10 (67%) 0.424

Collapse to start CPR interval (min) 4 (3–7) 5 (2–15) 0.502

Start CPR to ROSC interval (min) 10 (7–15) 29 (23–34) 0.005

Initial electrocardiographic rhythm 0.025

Ventricular fibrillation 5 (83%) 3 (20%)

Pulseless electrical activity 0 3 (20%)

Asystole 0 8 (53%)

Unknown 1 (17%) 1 (7%)

Therapeutic hypothermia 4 (67%) 3 (20%) 0.064

CPC at 6 months

CPC 1 (good recovery) 6 (100%) 0

CPC 2 (moderate disability) 0 0

CPC 3 (severe disability) 0 1 (7%)

CPC 4 (vegetative state) 0 12 (80%)

CPC 5 (death) 0 2 (13%)

Median (interquartile range); CPR cardiopulmonary resuscitation, ROSC return of spontaneous circulation, CPC Glasgow–Pittsburgh cerebral

performance categories

Out-of-hospital cardiac arrest patients
(n = 503, September 2001 – August 2006)

Patients achieved return of spontaneous circulation 
(n = 129)

Trauma
(n = 5)

Extracorporeal CPR
(n = 13)

Severe stroke on initial head CT
(n = 8)

Withdrawal due to terminal 
disease or untreatable 
hypotension (n = 64)

Less than 15 years old
(n = 0)

Sample dropped within 24 hours
or no consent given

(n = 18)

Patients enrolled in the present study
(n = 21)

Patients after exclusion criteria were applied
(n = 39)

Fig. 1 Patient enrolment. Between September 2001 and August

2006, 503 patients with out-of-hospital cardiac arrest were admitted to

our emergency center. One hundred and 29 patients achieved a return

of spontaneous circulation, and 19 patients of them were eligible after

the exclusion criteria were applied (such as trauma, extracorporeal

CPR, severe stroke on initial head CT). However, 18 patients were not

obtained informed consent or were not collected complete serum

samples. Thus, 21 patients were ultimately enrolled in the study
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investigated as useful predictive biomarkers for neurolog-

ical outcome in post-CA patients. Serum PCT was signifi-

cant higher in the unfavorable outcome group than in the

favorable outcome group (P = 0.004 at 12 h, P = 0.002 at

24 h; Fig. 2a). Patients with an apparently infectious focus

were not enrolled; therefore, PCT might be a useful bio-

marker for the early detection of unfavorable neurological

outcome. Serum GFAP was not significantly different

between the two groups (P = 0.118 at 12 h, P = 0.079 at

24 h), but GFAP was not elevated at all in patients with

favorable outcomes (Fig. 2b). Therefore, GFAP might be a

specific predictor of an unfavorable outcome. The elevation

of each marker (positive values: PCT >0.5 ng/ml, GFAP

>0.1 ng/ml) indicated different populations of patients

with unfavorable outcomes, when the classification was

considered (Table 3).

In the ROC analysis, the area under the ROC curve and

its sensitivity showed that PCT was superior to GFAP in

predicting an unfavorable neurological outcome (Table 2;

Fig. 3). However, one patient in the favorable outcome

group was positive for PCT at 24 h (Table 3; Fig. 2), and

this patient had acute respiratory distress syndrome

(ARDS) at that time. PCT was originally used as a marker

to predict the patient’s inflammatory status during sepsis

[9]. Therefore, PCT at 24 h might be modified by the

patient’s inflammatory status, caused by ‘‘sepsis-like’’

syndrome [4]. It is also possible that ventilator-associated

pneumonia in PCA patients after ROSC or accidental

aspiration in the resuscitation period could increase PCT in

the early phase [10]. The present data, combined with these

earlier reports, suggest that the predictive value of PCT

might not be as effective at 24 h after ROSC as at 12 h.

Although PCT is a sensitive representative early-phase

inflammatory marker, the value of PCT 24 h after ROSC in

predicting neurological outcome could be affected by

systemic inflammation.

In this study, serum GFAP did not show sufficient sen-

sitivity in predicting an unfavorable neurological outcome

(Fig. 3). The representative brain-specific markers are

neuron-specific enolase (NSE) and S-100B protein [11–13].

Several animal experimental models have shown that serum

NSE and S-100B are also increased without brain injury

after hemorrhagic shock, femur fracture, and local ischemia

Fig. 2 a Scatter chart of the serum concentrations of PCT in the

favorable and unfavorable outcome groups. The limit of detection for

serum PCT in this study was 0.1 ng ml-1; values below this limit are

expressed as 0.1 ng ml-1 in the chart. There were significant

differences between the two groups at 12 and 24 h after ROSC

(P = 0.004 and 0.002, respectively). b Scatter chart of the serum

concentrations of GFAP in the favorable and unfavorable outcome

groups. The limit of detection for serum GFAP in this study was

0.1 ng ml-1; values below this limit are expressed as 0.1 ng ml-1 in

the chart. There were no significant differences between the two

groups at 12 and 24 h after ROSC (P = 0.118 and 0.079,

respectively)

Fig. 3 Receiver operating characteristic (ROC) curves for serum

PCT at 12 h (solid line) and 24 h (dotted line), and for GFAP at 12 h

(short-dashed line) and at 24 h (long-dashed line) for unfavorable

outcome. The areas under the ROC curves, and their sensitivity and

specificity are listed in Table 2
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and reperfusion of the liver, kidney, and gut [14, 15]. This

means that NSE and S-100B have significant limitations in

terms of brain specificity in the evaluation of neurological

outcome in patients with these pathophysiological states.

Conversely, it has been reported that the brain specificity of

GFAP is very high [5, 16], meaning that GFAP could be an

eligible brain-specific biomarker predicting neurological

outcome. In fact, increased GFAP had 100% specificity for

brain damage in the present study (Table 2).

The predictive marker used to decide the withdrawal of

therapy must be sufficiently specific. In this study, we

demonstrated that serum PCT and GFAP could detect

different populations in the unfavorable outcome group

(Table 2). It has been reported that a combination of a

serum marker and the Glasgow Coma Scale improved the

reliability of neurological outcome prediction [11]. In our

study, when serum markers with different underlying

mechanisms were combined, the reliability of the predic-

tion was improved, with 100% specificity 12 h after ROSC.

When both predictive markers were combined, either the

PCT- or GFAP-positive subgroup reached 86.7% sensi-

tivity and 100% specificity 12 h after ROSC, and 100%

sensitivity and 83.3% specificity at 24 h. Although the

combination of PCT and GFAP had high sensitivity

(86.7%) and 100% specificity, two patients with unfavor-

able outcomes were both negative for PCT and GFAP

(Table 3). These two patients had cardiogenic cardiac

arrest, with a period of 10 min from collapse to the start of

CPR. The neurological outcomes of these patients, who

received ideal resuscitation, could not be predicted by a

combination of PCT and GFAP.

This study has a number of limitations. First, the number

of patients was small. However, our data showed high

sensitivity and specificity, especially those for serum PCT.

Second, the blood sampling points were not optimal for a

diagnosis in the clinical context. In this study, the diag-

nostic value of PCT and GFAP was evaluated at 12 and

24 h, but a more appropriate time point may exist. Third,

seven patients (33%) were treated with therapeutic hypo-

thermia. Given that NSE and S-100B are affected by

therapeutic hypothermia [9], PCT and GFAP might also be

affected by this treatment. This possibility should be

investigated in a future study.

Conclusion

Serum PCT and GFAP were elevated in patients with

unfavorable neurological outcomes after CA. Serum PCT

(>0.5 ng/ml) was better than serum GFAP (>0.1 ng/ml)

in predicting an unfavorable neurological outcome in post-

CA patients.
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