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Abstract

Introduction. Surgical treatment of the extracranial section of internal carotid artery stenosis is an effective
method of preventing cerebral ischaemic stroke. However, this surgical procedure may cause vascular brain
damage. The aim of the study was to measure glial fibrillary acidic protein (GFAP) as a marker of brain damage
in the serum of patients that underwent internal carotid endarterectomy (CEA).

Material and methods. This study involved 25 participants who underwent CEA because of internal carotid
artery stenosis. Blood samples were taken from each patient at three different times; within 24 hours prior
to surgery, 12 hours dfter the surgery, and 48 hours dfter the surgery. Serum GFAP levels were measured by
a commercially available enzyme-linked immunosorbent assay (ELISA).

Results. The study showed that serum GFAP levels were not statistically different between all the three
measurements (p > 0.05). There was also no statistical significant difference in serum GFAP levels between
symptomatic and asymptomatic patients (p > 0.05). There was no statistically significant correlation in serum
GFAP level 12 and 48 hours dfter the surgery with the clamping time (p > 0.05). There was also no significant
correlation in the serum GFAP levels with the velocity of blood flow in the internal carotid artery before CEA
and dfter surgery (p > 0.05).

Conclusions. The study revealed that CEA does not change serum GFAP levels. Thus, GFAP cannot be
a biochemical marker of brain damage after this surgery.
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Introduction method of preventing cerebral ischaemic stroke [2].

However, this procedure may cause neurologi-

Stroke represents one of the major health public
problems worldwide and it is a frequent cause of hos-
pitalization, severe morbidity and the third cause of
overall mortality [1].

Surgical treatment of the extracranial section
of internal carotid artery stenosis is an effective

cal complications during the perioperative period.
Micro embolisms, macro embolisms, and increased
or decreased blood flow to the brain as a result of
the internal carotid artery endarterectomy (CEA)
may lead to ischaemic and/or hyperperfusion brain
damage [3-5].
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Glial fibrillary acidic protein (GFAP) is an intermedi-
ate filament lll protein uniquely found within astrocytes
in the central nervous system, non-myelinating Schwann
cells in the peripheral nervous system, and enteric glial
cells. GFAP mRNA expression is regulated by several
nuclear-receptor hormones, growth factors, and li-
popolysaccharides. GFAP gene activation and protein
induction appears to play a critical role in astroglial cell
activation following central nervous system injuries and
neurodegeneration. Astrocytes have a range of control
and homeostatic functions in health and disease. The
evidence also suggests that following traumatic brain
and stroke, GFAP and its breakdown products are rap-
idly released into biofluids, making it a strong candidate
as a biomarker for such neurological disorders [6-8].

Therefore, GFAP may also be biochemical marker
of brain damage in patients undergoing CEA. The aim
of the study was to investigate GFAP in the serum of
patients who underwent CEA.

Material and methods

The study involved patients hospitalized in the De-
partment of Vascular Surgery and Angiology, Medical
University of Lublin, Poland, undergoing CEA due to
stenosis of the internal carotid artery. Patients were
qualified for surgical treatment according to the guide-
lines of the ESVS (European Society of Vascular Surgery)
based on Doppler studies performed using a Toshiba
Aplio 500 camera [9]. Patients with high grade stenotic
carotid arteries were identified and measured by using
the guidelines set by NASCET (North American Symp-
tomatic Carotid Endarterectomy Trial) [10].

The study group consisted of 25 participants
(15 male, 10 female) aged from 54 to 88 years with an
average of 69 years. Patients with the occlusion of the
internal carotid artery were not qualified for surgery
and research. The degree of the internal carotid artery
stenosis ranged from 60 to 90%. The average clamp-
ing time of internal carotid artery during CEA was
8.5 minutes. Conventional CEA was performed under
local anaesthesia. Shunt was not used. No complications

associated with CEA were observed. The average

velocity of blood flow in the internal carotid artery
before surgery was 208.4 cm/s, and after the surgery —
89.5 cm/s. Past medical histories of the subject included
8 patients with previous ischaemic stroke, 7 patients
with transient ischaemic attack, and 10 patients with
asymptomatic internal carotid artery stenosis. The
study criteria disqualified patients with known organic
brain damage in the course of various diseases of the
nervous system.

Blood samples were taken from each patient from
the antecubital vein at three different times; within

24 hours prior to surgery (measurement |), 12 hours
after surgery (measurement 2), and 48 hours after surgery
(measurement 3). Serum samples were collected into
the plastic tubes, centrifuged rapidly, and stored at
—80°C until the analysis was performed.

Serum GFAP levels were measured by a commer-
cially available enzyme-linked immunosorbent assay
(Human GFAP ELISA Kit, BioVendor — Laboratorni
medicina, Brno, Czech Republic).

The nonparametric Wilcoxon, Mann-Whitney and
Friedman (analysis of variance) tests were used to
examine the differences between the groups. The
correlation analysis was performed using the Spear-
man rank correlation. The GFAP values are expressed
in ng/mL, as median and range. P values < 0.05 were
considered significant.

The study was approved by the Ethics Committee
of Medical University in Lublin (KE-0254/218/2014).

Results

The serum GFAP levels were not statistically dif-
ferent between all three measurements; median 0.16
(0.15-0.17) ng/mL, and 0.16 (0.15-0.18) ng/mL, and
0.16 (0.15-0.17) ng/mL (p = 0.70, p = 0.86, and
p = 0.79; respectively). Therefore, the lack of this
statistical difference was also confirmed by the analysis
of variance (p = 0.56). The serum GFAP levels are
presented in Figure |.

There was no statistically significant difference in
serum GFAP levels between symptomatic and asymp-
tomatic patients (p > 0.05) (Tab. I).

There was also no statistically significant correlation
between serum GFAP level and age of patients (p = 0.17).

There was no statistically significant correlation in
serum GFAP level 12 and 48 hours after the surgery
with the clamping time (r = -0.36, p = 0.07 and
r = 0.18, p = 0.37; respectively).
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Figure 1. Serum glial fibrillary acid protein level in patients
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Table |. Serum glial fibrillary acidic protein levels and a comparative analysis

GFAP level [ng/ml]

Symptomatic patients

Comparison symptomatic

Asymptomatic patients vs. asymptomatic patients

Measurement (n=15) (n = 10)

Before surgery 0.16 (0.15-0.17) 0.16 (0.15-0.17) p=0.34
(measurement |)

12 h after surgery 0.16 (0.15-0.17) 0.16 (0.15-0.18) p=0.76
(measurement 2)

48 h after surgery 0.16 (0.15-0.17) 0.16 (0.16-0.16) p=0.6I
(measurement 3)

Data is expressed as median and range. Mann-Whitney test

There was also no significant correlation in the
serum GFAP levels with the velocity of blood flow
in the internal carotid artery before CEA (r = -0.34,
p = 0.09) and after surgery (r = 0.1, p = 0.58 and
r = 0.17, p = 0.40; respectively).

Discussion

According to Wu et al. [I 1] CEA has been proven
to be an effective procedure to treat the cerebral
ischaemia caused by carotid atherosclerotic stenosis.

Experimental studies showed that cerebral ischae-
mia promotes changes of the cytoskeleton and activa-
tion of apoptosis-related genes, resulting in morpholo-
gical reactions of neurons, astrocytes, oligodendrocytes,
and microglia [12].

There are no studies in the literature concerning
serum GFAP level after CEA. Our study showed that
serum GFAP level is not changed after surgery. It is
difficult to speculate why this specific marker of brain
damage is not changed. It can be assumed that glia is
less sensitive than the neurons on transient ischaemic/
/hyperperfusion damage during the CEA. Moreover,
any increase in the level of serum GFAP can depend
on the magnitude of brain damage and its duration. It
was observed that serum GFAP level was increased
in different neurological diseases with characteristic
persistent and chronic brain damage, including multiple
sclerosis, glioblastoma, Parkinson disease, traumatic
brain injury, and subarachnoid haemorrhage [13-18].

According to Foerch et al. [19], GFAP is a highly
brain-specific protein that is expressed in large quan-
tities in astrocytes and has important functions in
terms of maintaining and stabilizing the cytoskeleton.
Acute intracerebral haemorrhage leads to an imme-
diate mechanical destruction of astroglial cells with
the subsequent release of GFAP into the extracellu-
lar space and the bloodstream. On the other hand,
according to these authors, necrosis, cytolysis, and
GFAP release does not occur before 6—12 hours after

symptom onset in ischaemic stroke. Thus in the early
hours after stroke, increased GFAP values could indi-
cate intracerebral haemorrhage not ischaemia. Serum
GFAP analysis performed within 4.5 hours of symptom
onset can differentiate intracerebral haemorrhage and
ischaemic stroke because GFAP levels are increased
in patients with intracerebral haemorrhage compared
with patients with ischaemic stroke [20]. GFAP has
been reported to have high diagnostic accuracy for
differentiating intracerebral haemorrhage from ischae-
mic stroke in patients within the acute phase of stroke
symptom onset [21].

On the other hand, the study conducted on rats
showed that in the ischaemia models, the expression
of GFAP indicates early neurodegeneration at 24 hours
post-insult [22]. The other authors examined the profile
of CSF biomarkers and their relation to stroke severity
and degree of white matter lesions. They observed that
several CSF biomarkers, including GFAP, also increase
in ischaemic stroke, and thus correlate to clinical
stroke severity [23]. Brouns et al. [24] investigated
CSF levels of different neuromarkers including GFAP
in acute ischaemic stroke patients and their relation to
initial stroke severity, stroke location, and long-term
stroke outcome. They investigated and concluded that
biomarkers display relevant differences in cellular and
subcellular origins, which are reflected in their relation
to stroke characteristics. GFAP correlated with stroke
severity and outcome. The study conducted by Wun-
derlich et al. [25] on serum of patients with ischaemic
stroke revealed that GFAP levels are increased from
admission onward with the highest levels 48 hours after
stroke onset. GFAP release was highly correlated with
severity of neurologic deficits and infarct volume.

While in another study, Mayer et al. [26] observed
that most acute and chronic neurological diseases
are not associated with detectable GFAP levels in the
bloodstream. Their data confirms the hypothesis that
rapid astroglial destruction, as in acute intracerebral
haemorrhage, is mandatory for GFAP increase. Ac-
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cording to our study, short duration of brain ischaemia/
/hyperperfusion during uncomplicated CEA may not
cause astroglial destruction and therefore no relevant
elevation of GFAP in serum of patients.

Conclusions

Our study showed that CEA does not change se-
rum GFAP levels. Thus, GFAP cannot be a biochemical
marker of brain damage after this surgery.
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