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Abstract

Introduction: Stroke remains one of the main causes of morbidity and mortality worldwide. Carotid endar-
terectomy (CEA) reduces the incidence of ischemic stroke or death in patients with symptomatic carotid artery
stenosis more effectively than pharmacological therapy alone. SBDPs (spectrin breakdown products): SBDP | 20,
SBDP145, and SBDP150 are the product of proteolysis of all-spectrin (280 kDa) — an important structural
component of the neuronal cytoskeleton, particularly present in axons. Increased serum level of SBDPs was
previously observed in traumatic brain injury, subarachnoid hemorrhage (SAH), or brain ischemia.

Material and methods: The aim of our study was to investigate changes in serum levels of SBDP 120 and
SBDP [ 45 in patients undergoing uncomplicated CEA. The study included 22 patients with severe carotid artery
stenosis, quadlified for CEA. Blood samples were taken from the antecubital vein at three different intervals
(24 h before CEA, 12 and 48 h after surgery). SBDP’s serum levels were measured by a commercially available
enzyme-linked immunosorbent assay (ELISA).

Results: The study showed that serum SBDP120 levels were significantly decreased 48 h after CEA when
compared to the level before the surgery. SBDP 145 levels were significantly decreased | 2 h after the procedure
and then remained at a similar level 48 h dfter CEA.

Conclusions: In patients with high-grade carotid artery stenosis SBDP120 and SBDP 145 serum level
decreases dfter an uncomplicated CEA, therefore alterations from this curve may be a marker of neurological
complications dfter the procedure. Higher SBDP levels before the procedure may represent brain damage
caused by chronic ischemia.
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Introduction

Stroke remains one of the main causes of morbidity
and mortality worldwide, being an important concern
of global public health [1]. The definition of a stroke,
developed by the World Health Organization (WHO)
is a, rapidly developing clinical signs of focal disturbance
of cerebral function lasting more than 24 hours with
no apparent cause other than of vascular origin” [2].
Ischemic stroke is a more common type than he-
morrhagic stroke, and accounts for over 85% of
all strokes [3]. The etiology of ischemic stroke (IS)
includes atherothrombotic stroke, embolic stroke,
cerebral hypoperfusion, and venous thrombosis, with
atherothrombotic occlusion of the carotid artery being
a major contributor to IS or transient ischemic attack
(TIA) [4].

Carotid endarterectomy (CEA) is a surgical pro-
cedure, that reduces the incidence of IS or death in
patients with severe (= 70 to 99% of stenosis), symp-
tomatic (IS, TIA, or retinal TIA) carotid artery stenosis
more effective than the pharmacological therapy alone
[5-8]. However, this method is not completely free
of complications in the perioperative period, and this
may include: micro and macro embolism resulting in
brain ischemia or ischemia-reperfusion injury and bra-
in edema, caused by clamping and declamping of the
internal carotid artery (ICA) during the CEA [9-12].

all-spectrin (280 kDa) is an important structural
component of the neuronal cytoskeleton, particularly
present in axons. It plays a crucial role in neuronal in-
tegrity. Calpain and caspase-3 are proteolytic enzymes
(proteases), which are involved in oncotic necrosis
and apoptotic cell death. After injury, all-spectrin can
become a substrate for both enzymes, producing dif-
ferent SBDPs (spectrin breakdown products): SBDP
120, SBDP 145, and SBDP 50, that have been studied
as biomarkers of axonal damage [13-15]. Accor-
ding to previous experimental studies, SBDP 145 and
SBDP 150 are mainly produced by calpain proteases, and
SBDP120 is the product of caspase-3 [14]. SBDPs have
been previously found to correlate with the severity
of the brain damage after traumatic brain injury (TBI)
determined by the GCS score, computed tomography
(CT) infarct volume, and 6-month outcome, therefore
it may be a potential marker of the severity of brain
injury after TBI [16-20].

Spectrin breakdown products were also investigated
in patients with aneurysmal subarachnoid hemorrhage
(aSAH), relative to development of vasospasm. Serum
concentrations of SBDPs were increased before the cli-
nical detection of vasospasm and decreased to baseline
after successful treatment [21-24].

In rats, an experimental ischemia, caused by the
occlusion of the middle cerebral artery, lead to a strong
increase in a level of SBDP 120 and SBDP 145 six hours
after the occlusion in brain tissue and in cerebrospinal
fluid (SBDP145), but not in the serum [25].

The advantage of SBDPs as brain damage monitoring
biomarkers is the potential to investigate both calpain
and caspase-3 activity; SBDP120 is a sensitive marker
of caspase-3 activation connected to apoptotic cell
death, while SBDP 145 and SBDP |50 measure a calpain
activation associated with oncotic cell death and less
with the apoptotic cell death [13, 18].

Material and methods

The patients were admitted to the Department of
Vascular Surgery and Angiology of Medical University
in Lublin, Poland, and were scheduled to undergo CEA
due to internal carotid artery stenosis. The inclusion
criteria were: carotid artery stenosis > 50% in symp-
tomatic patients (symptoms of stroke/TIA < 6 months
before), or > 60% in asymptomatic patients with at
least | feature suggesting higher stroke risk on best
medical therapy (BMT). The exclusion criteria were:
inability to give informed consent, complete occlusion
of the internal carotid artery, intracranial artery lesion
more significant than the proximal carotid lesion, brain
damage in the course of other nervous system diseases,
prior ipsilateral CEA, history of disabling stroke (modi-
fied Rankin score = 3), active inflammation and expected
survival time < 5 years. The study involved 22 patients
aged from 57 to 82 with a mean age of 71.36 (standard
deviation = 6.51) years. The degree of internal carotid
artery stenosis ranged from 70 to 90%. A Neurological
examination was performed by a neurologist prior to
and after CEA. In this neurological examination, there
were no deviations from the normal state in all patients
included in the study. Conventional CEA was performed
under local anesthesia without the use of a shunt. CEA
was performed through a longitudinal arteriotomy,
running from the carotid bifurcation to the anterolateral
surface of the internal carotid artery (ICA). The carotid
artery was clamped, and the arteriotomy was closed
with primary sutures. No postsurgical complications
were observed. Demographic information and perti-
nent medical history of the patients are summarized
in Table |.

The degree of internal carotid artery stenosis was
determined based on a high-resolution USG Doppler
examination, performed with a Toshiba Aplio 500 de-
vice with a high-frequency (I | MHz) linear probe. The
sonographer was a vascular medicine specialist who
was unaware of the subject’s clinical state.
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Table 1. Characteristics of patients

Patient ID | Sex Age Location | % Stroke/TIA | Symptoms Other diseases
| M 74 R 90 No Tinnitus, hypoacusis None
2 F 68 L 90 No Tinnitus, dizziness Diabetes, arterial hypertension, ischemic
heart disease
3 M 57 R 70 No None Ischemic heart disease
4 M 78 R 80 No Visual disturbances Diabetes, arterial hypertension
5 M 74 L 90 No Tinnitus, dizziness Diabetes, arterial hypertension, ischemic
heart disease
6 F 67 R 90 Stroke Dizziness Diabetes, arterial hypertension
7 M 67 L 90 Stroke Hemiparesis Diabetes, arterial hypertension
8 F 79 L 80 No None Arterial hypertension
9 M 78 R 90 Stroke Hemiparesis Avrterial hypertension
10 F 63 L 90 No Tremor Diabetes, arterial hypertension
I M 63 L 80 No None Avrterial hypertension, ischemic heart
disease
12 M 74 R 90 Stroke None Arterial hypertension
13 M 63 L 90 Stroke Hemiparesis Arterial hypertension
14 F 82 L 80 No Dizziness Avrterial hypertension
15 M 74 L 90 No None Diabetes, arterial hypertension, ischemic
heart disease
16 M 76 L 80 Stroke None Arterial hypertension
17 M 76 L 85 TIA None Diabetes, arterial hypertension, ischemic
heart disease
18 F 64 L 90 TIA None Diabetes, arterial hypertension
19 F 72 L 70 No None Arterial hypertension
20 M 77 L 90 Stroke Hemiparesis Arterial hypertension
21 M 67 R 90 Stroke Hemiparesis Diabetes, arterial hypertension
22 M 77 L 80 No Dizziness, visual Arterial hypertension
disturbances

ID — identification, M — male, F — female, TIA — transient ischemic attack, L — left, R — right

Based on Doppler studies, patients were qualified
for the CEA procedure as determined by the guidelines
set forth by the European Society of Vascular Surge-
ry. Patients with severe carotid artery stenosis were
identified using criteria established by NASCET (North
American Symptomatic Carotid Endarterectomy Trial)
according to the following formula: % ICA stenosis =
(1-[narrowest ICA diameter/diameter normal distal
cervical ICA]) x 100 [8].

Serum samples were taken from the antecubital
vein of patients at three different times: within 24 ho-
urs preoperatively to CEA, 12 h postoperatively, and
48 hours postoperatively.

Serum for specific protein analysis was obtained
by centrifugation of whole blood at 3000 rpm (603 X
g) for 15 min in a laboratory centrifuge (MPW-350R;
MPW Medical Instruments, Warsaw, Poland) at a tem-
perature of 4°C and stored in —80°C prior analyses.

Plasma without signs of hemolysis was analyzed using
a quantitative sandwich enzyme-linked immunosorbent
assay (ELISA) technique. The protocols were adapted
from a commercially developed assay manufactured
by Bioassay Technology Laboratory (BT Lab, Zhejiang,
China). The concentrations of human alpha ll-spectrin
breakdown products: SBDP 120 (Cat. No: E3791Hu)
and SBDP145 (Cat. No: E4005Hu) were quantified
based on the optical density (OD) at 450 nm using the
BioTek ELx808™ Absorbance Microplate Reader (Bio-
Tek, Winooski, VT, USA). Samples for each participant
were diluted to fit the range of the standard curve and
run in duplicate on the same plate. Briefly, the plates
have been pre-coated with a human antibody, specific
for each analyzed protein. A specific biotinylated antibo-
dy was added to sample each well. Then, streptavidin-
-HRP was added to the sample and standard wells. After
incubation, the plates were washed with washing buffer
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Table 2. Serum levels of SBDP120 and a comparative analysis

SBDP 120 level [ng/ml] P

< (= =N EER R
Before 20 122.138 125.696 53.402 11.941
12 h after 22 114.720 116.150 51.367 10.951 p = 0.0267
48 h after 22 91.812 85.156 39.980 8.523
Difference Significance
Before — 12h after p =0.3212
Before — 48h after p = 0.0146*
12h after — 48h after p = 0.0546

SE — standard error; SD — standard deviation, N — number of patients; *statistically significant

5x with an automatic plate washer. Substrate solutions
were added and once again the plates were incubated.
The reaction was terminated by the addition of a stop
solution. The concentration of protein levels in samples
was calculated based on the standard curves using the
average of the duplicate values.

The distribution of the collected data was evaluated
using the Shapiro-Wilk’s test, showing normal distribu-
tion for SBDP 120, and not normal for SBDP145. Furt-
hermore, data on the SBDP120 levels were analyzed
using one-way repeated measures ANOVA test with
post hoc t-test using Bonferroni correction. For the
SBDP 145 non-parametric methods: one-way repeated
measures ANOVA Friedman, and Wilcoxon tests were
used to determine differences between the variables.

Correlation analysis was performed using the Spe-
arman rank correlation.

The SBDP 120 and SBDP 145 values were expressed
in ng/ml, and. The values of p < 0.05 were considered
significant.

The study was approved by the Ethics Committee
of the Lublin Medical University (KE-0254/82/2021)
(29.04.2021).

Results

The repeated measures ANOVA test showed that
a sampling time significantly (p < 0.05) affected serum
SBDP120 levels; F (2, 38) = 3.99, p = 0.027. Serum
SBDP 120 concentrations in patients and a comparative
analysis are presented in Table 2.

The post-hoc paired t-test using a Bonferroni
corrected a = 0.0166 (0.05/3) indicated that the
SBDP120 level was statistically significantly decreased
48 h after CEA as compared with the levels measured
prior to surgery (p < 0.0166, Fig. 1). However, the
difference in serum SBDP120 levels prior to surgery
12 h after CEA, and 12 h after CEA compared to 48 h

Figure 1. SBDPI20 levels in patients before and 48 h
after the procedure, Bonferroni p = 0.0146* (M — mean;
SD — standard deviation); *statistically significant

after the procedure was not statistically significant
(p > 0.0166).

There was no difference in serum SBDP-120 con-
centrations in three measurements between males and
females (p > 0.05). The difference in serum SBDP-
120 concentrations between younger (<69 years) and
older (> 69 years) patients in the three measurements
was not significant (p > 0.05).

SBDP 145 serum concentration also decreased 12 h
after the CEA surgery compared to the preoperative
period, and then after 48 h did not significantly change
compared to the level |12 h after the procedure. Serum
SBDP 145 concentrations in patients and a comparative
analysis are presented in Table 3.

The repeated measures ANOVA test showed that
a sampling time significantly (p < 0.05) affected serum
SBDP145 levels; p = 0.00783.

The post-hoc paired Wilcoxon test indicated that
the SBDP145 level was statistically significantly decre-
ased |2 h after CEA as compared with the levels mea-
sured prior to surgery (p < 0.0072, Fig. 2). However,
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Table 3. Serum levels of SBDP 145 and a comparative analysis.

SBDP 145 level [ng/ml] P

X = =N R E=
Before 21 9.110 7.370 4.009 0.875
12 h after 21 8.451 6.770 4.673 1.019 p = 0.0078
48 h after 22 8.444 7.665 3.882 0.828
Difference Significance
Before — 12h after p = 0.00719*
Before — 48h after p = 0.130546
12h after — 48h after p = 0.614272

SE — standard error; SD — standard deviation, N — number of patients; *statistically significant

Figure 2. SBDP145 levels in patients before and 12 h after
the procedure, p = 0.0146* (Me — median); *statistically
significant

the difference in serum SBDP 145 levels prior to surgery
48 h after CEA (p = 0.130546), and 48 h after CEA
compared to 12 h after the procedure (p = 0.614272)
was not statistically significant.

Moreover, there was no difference in serum SBDP-
145 concentrations in three measurements between
males and females (p > 0.05). The difference in serum
SBDP-145 concentrations between younger (< 69 ye-
ars) and older (> 69 years) patients in three measure-
ments was not significant (p > 0.05).

Discussion

all-spectrin breakdown products are the mole-
cules, that were previously investigated as potential
biomarkers of brain damage in numerous neurological
pathologies such as traumatic brain injury (TBI), suba-
rachnoid hemorrhage and ischemic stroke (in rats), or
in Alzheimer’s disease. However, up to now, it has not
been studied in a perioperative period of carotid endar-
terectomy. Therefore, our study is the first to reveal,

that SBDP 120 and SBDP 145 serum levels decrease after
an uncomplicated CEA.

Preclinical studies, on the animal rat model, con-
ducted by Pike et al. (2004), and Ringger et al. (2002)
provided the first evidence, that SBDPs can be detec-
ted in CSF after ischemic-reperfusion brain injury and
traumatic brain injury, and therefore can be used as
biochemical markers in a rodent model of transient
focal stroke in rats [26, 27].

Farkas et al. (2005), investigated a group of 12 TBI
patients with raised intercranial pressure and found that
SBDP levels were elevated, compared to the controls,
concluding they can be useful in the clinical monitoring
of patients with TBI [28].

Early in 2006, Cardali et al. held a prospective,
case-controlled study, including 8 patients with severe
TBI in which SBDP levels were measured in a CSF at
6, 12,24, 48, 72, and 96 h following the injury. Authors
found, that in TBI patients SBDP levels were significantly
increased compared to control patients at all time po-
ints examined and that in patients with worse outcomes
SBDP’s levels remained elevated or failed to decline.
The study provided the first evidence, that SBDPs could
be a reliable marker of severe TBI in humans [29].

Later, Pineda et al. (2007), examined levels of SBDPs
in cerebrospinal fluid (CSF) from adults with severe TBI
and the relationship between these levels, severity of in-
jury, and clinical outcome in a group of 41| patients with
severe TBI, defined by a Glasgow Coma Scale (GCS)
score of < or = 8. SBDP level was measured at 6, 12,
24,48, 72,96, and 120 h following TBI and analyzed for
SBDPs. The authors concluded, that SBDP levels in CSF
were significantly increased in TBI patients at several
time points after injury, compared to control subjects.
The time course of calpain-mediated SBDP 150 and
SBDP |45 differed from that of caspase-3-mediated
SBDP 120 during the post-injury period examined. Mean
SBDP values measured early after injury correlated with
the severity of injury, computed tomography (CT) scan
findings, and outcome at 6 months post-injury [30].
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Brophy et al (2009), investigated a group of 38 pa-
tients with severe TBI, finding a positive correlation
between patients with longer elevations in intercranial
pressure, and the level of SBDP120, SBDP 145, and
SBDP150, and was the first attempt to describe CSF ex-
posure and kinetic characteristics of SBDPs after severe
TBI. Authors observed evidence of a greater production
of calpain-mediated biomarkers (SBDP 145, SBDP150),
than caspase—3-mediated biomarkers (SBDP120) in the
acute phase following severe TBI [18].

Mondello et al (2010) found that levels of
SBDP120 were significantly higher in older patients
than in younger patients, suggesting increased apop-
totic processes in elderly people. Moreover, the study
showed that CSF SBDP levels can predict injury seve-
rity and mortality after severe TBI, and can be useful
complements to clinical assessment [31].

After that, a couple of other studies confirmed the
diagnostic and prognostic utility of SBDPs in TBI [20,
32-34].

In 2023 a meta-analysis held by Liu et al, including
10 studies and 417 participants, confirmed, that SBDPs
can be useful biomarkers for the diagnosis and prognosis
of TBI [35].

SBDPs were also investigated, as a potential marker
of aneurysmal subarachnoid hemorrhage (aSAH), in
a group of 40 patients (20 with aSAH, and 20 controls),
by Papa et al. (2018). The study revealed that SBDPs
could serve as an indicator of aSAH, and are associated
with the severity of hemorrhage and early mortality [24].

Similar results were obtained by Lewis et al (2007),
who concluded that SBDP levels were significantly
increased in patients with aSAH, and increased signi-
ficantly over baseline level up to |12 hours before the
onset of cerebral arterial vasospasm. Moreover, diffe-
rential expression of SBDPs suggests oncotic necrotic
proteolysis may be predominant in acute brain injury
after aSAH and cerebral arterial vasospasm [36].

SBDPs have also been investigated as potential in-
dicators of brain damage caused by ischemia in the rat
model in some preclinical studies. Zhang et al. [2002],
found that the activity of calpains and caspases in the
adult rat brain following 10 min of transient forebrain
ischemia is increased. Western blots of cortical, stria-
tal, and hippocampal homogenates demonstrated an
alpha-spectrin cleavage pattern indicative of predomi-
nant calpain activity, with a peak between 24 and 48 h
after reperfusion [37]. Pike et al (2004), examined the
accumulation of SBDPs in CSF of rodents subjected to
2 hours of transient focal cerebral ischemia produced
by occlusion of the middle cerebral artery followed by
reperfusion. The study showed that levels of SBDPs
(especially SBDP120) were increased in CSF after injury,
while were undetectable in the control group [26]. Ren

et al (2013), investigated SBDP level in rats with ische-
mic and hemorrhagic strokes. all-spectrin breakdown
products (SBDP 150, SBDP145) were strongly increased
after 6h after induced ischemia while remaining on the
normal level in hemorrhagic stroke [25].

Spectrin breakdown products were not previously
investigated in the perioperative period of carotid
endarterectomy. However, there were some other
molecules, considered as the brain damage markers,
that were previously studied before and after this
procedure.

The molecules that have been best recognized
under these circumstances are neuron-specific enolase
(NSE) and S-100B protein.

Connolly ES Jr et al. (2001) investigated a group of
25 patients who underwent CEA, divided into: injured
(those who exhibited significant declines in neuropsy-
chometric test performance), and uninjured patients,
finding that injured patients presented significantly
higher SI00B levels, compared with uninjured patients,
at 24, 48, and 72 hours after surgery. There were no
significant differences in neuron-specific enolase levels
for injured and uninjured patients at any time point [38].

Brightwell et al. investigated NSE and S100B levels
in a group of 52 patients with carotid artery stenosis,
of whom 28 underwent CEA and 24 carotid artery
stenting (CAS). Baseline levels of NSE and S100B
were significantly higher compared to the normal
population. S-100p increased significantly at 24 hours
in patients with a post-operative neurological deficit
(p = 0.015) and in those with emboli detected by the
perioperative trans-cranial Doppler examination. Also,
a non-significant trend of transient rise of S- 10003 levels
in the CAS group was observed, while levels in the
CEA group appear unchanged. NSE appeared to rise at
48 hours post-operatively in the CEA group and decline
in the CAS group, but these differences were also not
statistically significant [39].

Rasmussen et al. (2006) measured serum levels of
neuron-specific enolase (NSE) and S100B in a group
of 22 patients undergoing carotid endarterectomy,
pre- and postoperatively (12, 24, 36 and 48 h. after the
CEA). In the study group, NSE level was significantly
higher before carotid artery surgery and decreased
postoperatively, while SI00B level did not significantly
change. No correlation between the change in cognitive
function and the changes in blood levels of either NSE
or S-100( protein was found [40]. These results were
similar to those obtained in our study, where serum
levels of SBDP120 and SBDP145 decreased after the
CEA.

The other study, held by Mussack et al on a group
of 46 patients with carotid artery stenosis, treated with
CEA or CAS, investigated serum levels of S-100B pro-
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tein in the perioperative period of CEA and CAS. The
authors found that CEA but not CAS caused a transient
increase in the S-100B serum levels, which later retur-
ned to baseline levels. In addition, prolonged elevation
of S-100B serum levels was associated with the deve-
lopment of postoperative neurological deficits [41].

NSE and S100-B were not the only markers, that
were studied in the perioperative period of CEA.

Terlecki et al. (2014) held a study on a group of
40 patients undergoing CEA or CAS, investigating
perioperative plasma levels of kynurenic acid (KYNA).
Baseline plasma KYNA concentrations before the
surgery were higher in patients with unstable carotid
plaque undergoing CEA than in patients with stable
carotid plaque undergoing CEA and patients undergoing
CAS. Moreover, KYNA concentration increased during
the postoperative period in all studied groups. Higher
plasma KYNA concentrations were observed in patients
with postoperative neurological disorders [42].

Later, lizecki et al. investigated a group of molecules
— potential biomarkers of brain damage — in the perio-
perative period of uncomplicated CEA, in the group of
25 patients. Serum Carnosine Dipeptidase | (CNDPI),
Ubiquitin C — Terminal Hydrolase L1 (UCHLI),
Microtubule-associated protein tau (MAPt) and myelin
basic protein (MBP) levels were significantly decreased
12 h after CEA when compared to the level before the
surgery, and then normalized 48 h after CEA [43, 44].
Three other molecules: glial fibrillary acidic protein
(GFAP), neurofilament light polypeptide (NEFL), and
brain lipid-binding protein (FABP7) levels did not stati-
stically significantly change in the perioperative period
of CEA [45, 46]. In contrast, the serum level of NSE
was statistically significantly increased 48 h after CEA as
compared with the levels measured |2 h after surgery
and before surgery (p < 0.05) [47].

In our study, the level of SBDP 120 and SBDP |45 sta-
tistically significantly decreased after uncomplicated
CEA, but the molecules showed different time curves,
with SBDP 120 level decreasing gradually with the
lowest level 48 hours after CEA, while SBDP 145 decre-
ased after 12 hours, and then stayed at the same level
48 hours after CEA. This difference may be explained
by the different pathophysiological pathways for both
of the molecules, where SBDP 145 is mainly produced
by calpain proteases, and SBDP120 is the product of
caspase-3.

The results obtained in our study are similar to some
of the previous research, in which the serum level of
brain damage markers (CNDP I, UCHLI, MAPt, MBP)
significantly decreased in uninjured patients, after the
uncomplicated CEA. The reason for that may be a nor-
malization of perfusion after an uncomplicated CEA.
Higher baseline levels of brain damage markers such

as SBDP120 and SBDP 145 could be a result of chronic
brain ischemia caused by a high-grade internal carotid
artery stenosis which could be responsible for the
chronic damage of the brain. Therefore, it is reasonable,
that when the perfusion normalizes, SBDP’s levels fall
with time. Similar results obtained by Rasmussem and
Brightwell who investigated NSE levels before and after
uncomplicated CEA, and llzecki, who investigated levels
of CNDPI, UCHLI, MAPt, and MBP seem to support
this hypothesis. On the other hand, some other brain
damage markers levels, like S100B and KYNA appeared
to rise after CEA, which may be a result of their higher
sensitivity in detecting silent brain ischemia after the
CEA, caused by clamping and declamping of the artery,
microemboli, ischemia-reperfusion, etc.

The study was conducted on a group of 22 patients,
which can be considered as one of the limitations of
this research. The other could be a lack of a control
group of healthy subjects, or a group of patients with
neurological complications after the CEA, however,
the aim of the study was to show how SBDPs react in
patients undergoing uncomplicated CEA. The studies
including patients with neurological complications could
be a matter of study in the future.

Conclusions

Higher levels of SBDP and SBDP145 before the
CEA may represent brain damage caused by chronic
ischemia, which is reduced by successful, uncomplica-
ted CEA.

SBDP 120 and SBDP145 serum levels decrease af-
ter an uncomplicated CEA in patients with high-grade
carotid artery stenosis therefore alterations from this
curve may be a marker of neurological complications
after the procedure.

SBDPs may not be enough sensitive markers to
detect silent ischemia, caused by CEA (clamping and
declamping of the artery, microemboli, ischemia-
-reperfusion injury).

Up to now, our study is the first to investigate the
influence of the uncomplicated CEA on the level of
SBDPs, and it presents the data on a characteristic
time curve of this molecule in the perioperative period
of CEA.

Due to the limitations of our study, there is a need
for further investigations on a bigger group of patients,
including patients with neurological complications after
the CEA, and a control group of healthy subjects.

The knowledge of how different brain damage mar-
ker levels are affected by CEA, may in the future lead
to the development of a diagnostic panel, useful in de-
tecting neurological complications after the procedure.
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