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Abstract The objective of this study was to explore the
efficacy of glial fibrillary acidic protein (GFAP) in differ-
entiating intracerebral hemorrhage (ICH) from ischemic
stroke (IS). Suspicious patients of acute stroke were
screened and finally diagnosed by computed tomography
and magnetic resonance imaging. Blood samples were
collected within 2—6 h after onset of symptoms, and serum
GFAP level was determined by ELISA assay. The func-
tional outcome for the patients was determined by modified
Rankin Scale (mRS) 90 days after onset of symptoms. 43
ICH patients and 65 IS patients were enrolled. GFAP
concentration in ICH group was significantly higher than in
IS group (p < 0.001). Significant correlation was found
when comparing GFAP with National Institutes of Health
Stroke Scale (NIHSS) (r = 0.418, p = 0.005) and hem-
orrhage volume (r = 0.840, p < 0.001) in ICH group,
while such correlation was not observed in IS group. ROC
analysis indicated that GFAP level at the cut-point of
0.7 ng/ml yielded an AUC of 0.901 (95 % CI 0.828-0.950)
with high sensitivity (86.0 %) and specificity (76.9 %) to
differentiate ICH from IS. Patients with higher serum
GFAP concentration in ICH group experienced poorer
functional disability (r = 0.755, p < 0.001), while this
phenomenon was not observed in IS group (r = —0.114,
p = 0.368). ROC curve analysis found that GFAP level at
the cut-point of 1.04 ng/ml yielded an AUC of 0.936 (95 %
CI 0.817-0.988) in identifying patients with poor func-
tional outcome, at the sensitivity and specificity of 95.7 and
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80.0 %, respectively. GFAP test is a promising technique
for diagnosis of ICH from IS and prediction of short-term
functional outcomes.
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Introduction

It has been reported that intracerebral hemorrhage (ICH)
accounts for 8—15 % of all strokes in the USA, Europe, and
Australia [1, 2], and the rate in Asia is about two-fold to
three-fold higher (20-30 %) [3, 4]. After the incidence of
ICH, 37-47 % of the patients may die within the first year
and a large portion of the survivors may suffer serious neu-
rological deficits [5, 6]. Unfortunately, current treatment for
ICH lags far behind those for ischemic stroke (IS) [4].
Nowadays, brain imaging remains the gold standard to
differentiate ICH and IS [7]. However, even though com-
puted tomography could be easily performed in hospitals, the
diagnostic accuracy largely depends on the experience of the
clinicians [8, 9]. Moreover, no diagnosis-specific measures
can be utilized in the prehospital setting, resulting in a delay
of the treatment [10]. Thus, the delay in the diagnosis will
certainly increase the rate of morbidity and mortality as well
as the treatment costs for the patients. A simple diagnostic
test applicable in the prehospital setting may facilitate pri-
mary intervention and subsequently benefit the patients.
Searching for ideal stroke biomarkers that can be used in
the diagnosis has never stopped. Until now, the most
promising biomarker is glial fibrillary acidic protein (GFAP)
[11, 12], which acts as a highly brain-specific intermediate
filament protein and plays an important role in maintaining
the structural integrity of astroglial cells [13]. Human cells
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do not secret GFAP under normal physiological conditions
and thus GFAP cannot be detected in blood samples of
healthy individuals [14]. However, when astroglial cells and
blood—brain barrier are disrupted, the GFAP molecules will
release in cerebrospinal fluid and blood and become detect-
able. It has been reported that the time window in 2—6 h after
stroke onset is optimal for using the GFAP test to distinguish
ICH from IS [15]. This is supported by previous studies, but
most evidence was obtained in Europe [15—-18]. Application
of GFAP test for ICH diagnosis in clinical practice needs
more reliable evidence.

We therefore prospectively collected the blood samples
from stroke patients and investigated the efficacy of using
the GFAP test in differentiating diagnosis of ICH and IS
and identifying ICH patients with poor short-term func-
tional outcome.

Patients and methods

The research was performed in accordance with the Dec-
laration of Helsinki. The approval by the ethic committee
of our institution, and the informed consents by the patients
were obtained before starting the study.

Patients

From February 2013 to November 2014, suspicious
patients with symptoms of acute stroke were screened in
our center. The inclusion criteria were as follows: (a) 2-6 h
from symptom onset to hospital admission and (b) definite
diagnosis of ICH or IS by initial or consecutive computed
tomography or magnetic resonance imaging of brain.
Patients who met the following criteria were excluded:
(a) negative findings in repeated brain imaging (computed
tomography or magnetic resonance imaging) and (b) with a
history of brain injury, ICH, IS, brain tumor, renal failure,
and any other diseases on the central nervous system.
The severity of the neurological deficits at admission
was evaluated using the National Institutes of Health
Stroke Scale (NIHSS), and the volume of hemorrhage in
ICH was assessed by the standard ellipsoid method [19].
Infarct size in the anterior circulation was categorized into
three degree: <1/3 of the middle cerebral artery (MCA)
territory, 1/3-2/3 of the MCA territory, and >2/3 of the
MCA territory. The infarct size in posterior circulation was
not categorized due to limited cohort. The functional dis-
ability caused by stroke was rated using the modified
Rankin Scale (mRS) 90 days after the onset of symptoms.
According to mRS, patients were classified into mild dis-
ability with self-care ability (mRS 0-2), mild disability
without self-care ability, or death (mRS 3-5). Baseline
characteristic data of the patients, such as age, gender, and
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time span from symptoms onset to hospital admission,
were also collected.

Blood samples and enzyme-linked immune sorbent
(ELISA) analysis

3 ml fasting venous blood was collected from each patient
at hospital admission and immediately centrifuged at
2000g for 10 min. The serum was collected and stored at
—80 °C until further analysis. 100 pl of the samples was
used for determination of the serum GFAP concentration
with a commercial ELISA kit (CSB-E08601 h, Cusabio,
Wuhan, China) by a blinded coworker. Each reaction was
conducted in triplicate.

Treatment

All patients were treated in accordance with Chinese
guidelines on ICH and IS. The conservative management
included basic life monitoring and support, maintenance of
temperature, blood pressure and glucose for both ICH and IS
patients, and control of intracranial pressure and hemostatic
for ICH patients and antiplatelet agent and heparin products
for IS patients. Surgical procedures were conducted in
selected ICH patients, while thrombolysis management was
conducted for selected IS patients. Besides, clinical man-
agement of the patients was determined by the responsible
doctors and not intervened by the results of the present study.

Statistical analysis

SPSS 13.0 software package (SPSS Inc., Chicago, USA)
was used for statistical analysis. p < 0.05 was considered
statistically significant. Comparison between the groups
was carried out using Student’s ¢ test, and Mann—Whitney
U test was used to analyze enumeration data.

Spearman’s rank correlation analysis was used to evaluate
the correlation between GFAP level and NIHSS, mRS in
both the ICH and IS groups, or infarct size of anterior cir-
culation in the IS group. Pearson’s correlation analysis was
utilized to assess the correlation between GFAP level and
hemorrhage volume in the ICH group. Receiver-operating
characteristic (ROC) curve analysis and the area under the
curve (AUC) were applied to determine the efficacy of using
GFAP test to differentiate ICH from IS and identify the ICH
patients with poor functional disability.

Results

Herein, 43 ICH patients and 65 IS patients were enrolled.
As shown in Table 1, there was no significant difference
between the ICH and IS groups in terms of gender
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g;rl;irelelterz}ff iﬁ:lgioue 4 Characteristic ICH (n = 43) IS (n = 65) p
patients Age (years) 68.7 £ 11.2 70.9 £ 9.6 0.275

Gender

Male 28 44 0.782

Female 15 21

Time between symptoms onset and admission 133.7 £ 56.7 144.8 £ 59.1 0.336

Patient with hypertension, n 27 40 0.896

Patients with diabetes, n 14 22 0.890

Median NIHSS (interquartile range) 8 (6, 13) 8 (6, 12) 0.975

IS aetiology, n

Large vessel 19

Cardio-embolic 34

Small vessel 0

Unknown 12

Infarct size, n

<1/3 MCA 25

1/3-2/3 MCA 27

>2/3 8

Posterior circulation 5

Hemorrhage location, n

Basal ganglia 36

Lobar 7

Brain stem 0

Hemorrhage volume, ml 29.3 + 12.7

Treatment

Conservative management 41 54

Surgery 2

Thrombolysis 11

Prognosis 0.369

Favorable (mRS 0-2) 20 36

Poor (mRS 3-5 or death) 23 29

NIHSS National Institutes of Health Stroke Scale, IS ischemic stroke, MCA middle cerebral artery territory,

GFAP glial fibrillary acidic protein

(p = 0.782), the time from symptoms onset to hospital
admission (p = 0.336), the number of patients with
hypertension (p = 0.896) and diabetes (p = 0.890), and
NIHSS (p = 0.975). 2 patients in the ICH group received
surgical treatment, and 11 patients in the IS group under-
went thrombolysis management. Details of nidus in both
the groups are also presented in Table 1.

The serum concentration of GFAP in the ICH group was
significantly higher than in the IS group (p < 0.001,
Fig. 1a). In the ICH group, significant correlation was
found between GFAP level and NIHSS (r = 0.418,
p = 0.005, Fig. 2a) or hemorrhage volume (r = 0.840,
p < 0.001), while Spearmen’s correlation analysis indi-
cates no significant correlation between GFAP level and
NIHSS (r = 0.223, p = 0.74, Fig. 2b) or infarct size
(r=—-0.039, p=0.768) in the IS group. The ROC

analysis indicates that GFAP level at the cut-point of
0.7 ng/ml yielded an AUC of 0.901 (95 % CI 0.828-0.950)
with the sensitivity of 86.0 % and specificity of 76.9 % in
the differential diagnosis of ICH and IS (Fig. 3a).
Functional outcome assessed by mRS after 3 months
was favorable in 20 patients and poor in 23 patients in the
ICH group, while for the IS group, the results were 36
favorable patients and 29 poor patients (p = 0.369). Serum
concentration of GFAP was significantly different between
the patients with favorable and poor functional outcome in
the ICH group (p = 0.001, Fig. 1b). The functional ability
was loosen to a much higher extent for the patients with
higher serum GFAP concentration (r = 0.755, p < 0.001)
in the ICH group, but similar phenomenon was not
observed in the IS group (r = —0.114, p = 0.368). Fur-
thermore, ROC analysis was conducted to explore the
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Fig. 1 Comparison of GFAP level among the different groups.
a Serum concentration of GFAP in the ICH group is significantly
higher than in the IS group (1.6 £ 0.8 vs. 0.6 & 0.4 ng/ml). b Serum

concentration of GFAP is significantly different between patients with
favorable and poor functional outcomes in the ICH group (0.7 &+ 0.4
vs. 1.2 £+ 1.0 ng/ml)
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efficacy of using the GFAP test to predict patients’ func-  Discussion

tional disability in the ICH group. It was found that the
GFAP level at the cut-point of 1.04 ng/ml yielded an AUC
of 0.936 (95 % CI 0.817-0.988) for identification of the
patients with poor functional outcome, and the sensitivity
and specificity were 95.7 and 80.0 %, respectively
(Fig. 3b).
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The present research indicates that GFAP level signifi-
cantly increased in serum of the ICH patients compared to
those with IS 2-6 h after symptoms onset and positively
correlated with hemorrhage volume, NIHSS, or mRS in the
ICH group. The use of GFAP test can distinguish ICH
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patients from IS patients and identify the patients with
unfavorable functional disability in the ICH group.

Regarding the capability of GFAP test in determination
of the type of strokes, the most important aspect is the
time point to detect GFAP level in blood. GFAP is hard
to be detected in blood of healthy individuals [14].
However, in the process of ICH, the impaired astrocytes
and blood—brain barrier lead to a rapid release of GFAP
into blood [16, 20]. In contrast, for IS patients, the
destruction of astrocytes and blood-brain barrier pro-
gresses gradually. The death and lysis of necrotic cells
commonly occur in 6-12 h after ischemia [20, 21], and
GFAP concentration reaches a peak level in the coming
48-96 h [22, 23]. Dvorak et al. found that there was no
significant difference in serum GFAP level between IS
and ICH patients within 1 h after stroke onset, and the
overall accuracy in distinguishing ICH patients from IS
patients was more than 80 % in 2—6 h after stroke onset
[15]. Based on these studies, 2—6 h after stroke onset is
considered as the optimal time window to determine
serum GFAP level for the differential diagnosis [15-18].
However, controversial results have also been reported. A
subgroup study showed that the GFAP level for IS
patients was also high in less than 60 min after the onset
of symptoms [18].

Our study confirmed that GFAP level rapidly elevated in
Chinese ICH patients within 2—6 h after stoke onset, while
the level was relatively stable in Chinese IS patients during
the same period. The ROC curve analysis also indicates
that GFAP test could serve as a promising tool to identify
ICH patients from IS patients. It was reported that the
sensitivity of using GFAP test in detecting ICH patients
from IS patients ranged from 79 to 92.3 %, with the
specificity ranging from 89.4 to 100 % [15-18]. In the
present study, the sensitivity and specificity was 86.0 and
76.9 %, respectively, which was relatively lower than those
reported in the previous studies. It is worthy to note that
there was a wide range of cut-point (2.9 ng/1-2.0 pg/l) of
GFAP level selected for the differentiating diagnosis in
these previous studies [10], while in the present study, the
cut-point achieving optimal AUC was 0.7 pg/l. The exact
explanation for these differences remains unknown. Many
factors may be involved, such as race, disease status, test
time, and test techniques. Before application of GFAP test
in clinical practice, standard determination procedures
should be first established.

A positive result obtained by GFAP test alone cannot
confirm ICH in acute stoke, and a negative result also
cannot rule out the possibility of ICH. Considering the
relatively high sensitivity and specificity, GFAP test has
the potential to be applied in the differentiating diagnosis
and conducting different therapy strategies for ICH and IS
patients, especially in the prehospital setting.

The present study showed that serum GFAP concen-
trations were positively correlated with hemorrhage vol-
ume and NIHSS. The clinical symptoms determined by
NIHSS in the present study were usually determined by
bleeding volume [24]. Thus, the reasonable explanation
may be that larger hemorrhage volume leads to more
serious damage in the patient and consequently more
GFAP will be released. The result is consistent with pre-
vious studies [15, 16, 18]. The correlation index between
GFAP level and NIHSS was 0.418 in the present study,
which was 0.336 in a previous study [16]. The correlation
index between GFAP level and hemorrhage volume was
0.840 in this study, while the value was previously reported
to be 0.462 [16] and 0.755 [15]. It can be seen that the
correlation index between GFAP level and NIHSS is higher
than that between GFAP level and hemorrhage volume,
which verify a close relation between GFAP level and the
destruction of astrocytes and blood-brain barrier from
another perspective. On the contrary, it was found that
GFAP level did not increase with infarct size and NIHSS in
IS patients. As discussed above, the release of GFAP
depends on the destruction of astroglial cells and brain—
blood barrier. Since such destruction is a gradual process in
IS patients, no or only a few GFAP molecules were
released into blood in the early stage. Transient perfusion
deficit may be induced by thrombolytic therapy or inter-
ventional therapy, which may only lead to dysfunction
other than structural damage. Under this circumstance,
leakage of GFAP is impossible even in a long surveillance.
It was reported that there was no significant increase in
serum GFAP level when the patient has received successful
thrombolytic therapy for middle cerebral artery blockage
[25]. With postponed testing time, the correlation between
GFAP level and ischemic infarct size is expected to
become more obvious. GFAP concentrations obtained 12 h
after stroke onset were found to be highly correlated with
NIHSS (r = 0.486) and infarct volume (r = 0.563) [26].

Another important discovery of the study is that positive
correlation is found between mRS and serum GFAP con-
centrations, and GFAP at the cut-off point of 1.04 ng/ml
has 95.7 % of sensitivity and 80.0 % of specificity in
detecting patients with poor short-term functional disabil-
ity. A previous study indicated that there was a significant
correlation between an increase in GFAP concentrations
and poor functional outcome for IS patients [26]. It is
worthy to note that the maximal correlation was found 96 h
after stroke onset, and the interval was obviously longer.

Even though the results are encouraging, there are sev-
eral limitations needed to be considered. First, all the
patients were from a single institution, whether the cohort
can represent the whole population needs further investi-
gation. Second, the sample size is limited, and larger scale
studies with multiple-centers are needed to confirm the
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results. Third, elevated plasma GFAP level was also found
in other diseases, such as trauma and malignant tumor [27,
28]. The present study only considered acute stroke, and
thus, the conclusions in terms of diagnostic sensitivity and
specificity are limited. Fourth, the influence of other clin-
ical parameters on GFAP level were not considered, such
as drugs, infection, renal function, diabetes, and alcohol
intake. Fifth, the role of treatment, which is important for
defining further prognosis factors and may affect the GFAP
level, was not analyzed in the present study.

Conclusion

This study indicates that performance of GFAP test within
2-6 h after stroke onset could serve as a promising tech-
nique in the differentiating diagnosis of ICH and IS. This
technique may also be used to evaluate the severity of
hemorrhage and predict short-term functional outcome.
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