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ABSTRACT 
 

Background:  The utilization of biomarker panels in acute ischemic cerebral stroke (AICS) could 
enhance the proper diagnosis that facilitate the identification of the cause of the cerebral stroke 
which is essential for rationally manage and avoid stroke recurrence.  
Objectives:  To inspect the vulnerable associations among a panel of blood biomarkers {D-dimer 
(DD), angiopoietin-1 (ANGPT1), S100 calcium-binding protein B (S-100b), and brain natriuretic 
peptide (BNP)} and AICS patients.  
Patients and Methods:  This is a prospective research performed on patients with AICS who 
admitted at Saudi German Hospital-KSA in corporation with the neurology department Mansoura 
faculty of medicine - Egypt during one and half years' duration. Demographics of the patients, 
fatality as well as the clinic and a panel of blood biomarkers serum levels were gathered. The 
clinical scales {National institutes of Health Stroke Scale (NIHSS) scoring for severity on admission, 
and Modified Rankin Scale (mRS) for outcome after 3 months were tested for all AICS patients.  
Results: An overall of 150 patients with AICS was investigated, with a mean age of 62±14 years 
with males 52%. The AICS cases were set side by side to age and sex matched thirty healthy 
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controls (HC) demonstrating that the patients were more likely to have significantly hypertension, 
and atrial fibrillation (71.3%, 20%, P< 0.05 respectively). The mortality after 3 months was 11% (15 
cases). Regarding stroke severity NIHSS score mean was 11.6±6. The serum levels for a panel of 
blood biomarker (DD, S100b, and BNP) are significantly higher while for Angpt1 is significantly 
lower with AICS in comparison to HC. Multivariate predictors of patients with an unfavorable 
functional outcome, DD, S-100b, and BNP levels were significantly higher compared with the levels 
in patients with a favorable outcome. On the contrary, the level of Angpt1 is significantly decreased 
in patients with an unfavorable functional outcome. The stroke severity (NIHSS score) correlated 
significantly with the outcome (mRS) as less severe cases showed more favorable outcome. The 
clinical variables that showed significant correlation were age, diabetic, and atrial fibrillation.  
Conclusion:  Our findings highlighted that blood biomarkers can be accustomed as a valuable tool 
to investigate AICS and to anticipate initial neurological outcome that would assist in determining 
patients at risk of unfavorable outcome offering alert to launch therapies to avert aggravating of the 
patient's status.   
 

 
Keywords: Acute ischemic cerebral stroke; biomarker; National Institutes of Health Stroke Scale; 

Modified Rankin Scale; D-dimer, angiopoietin-1; S100b, brain natriuretic peptide. 
 

1. INTRODUCTION 
 
Particular proteins are liberated subsequent to 
neuronal damage. Screening the degrees of 
fluctuation in the proteins would anticipate the 
level of the lesion. Distinct kinds of CNS 
diseases were the outcome of axonal 
degeneration and damage [1,2]. Therefore, a 
proper assay to identify the current brain injury 
would be beneficial for the detection of CNS 
damage. The ideal marker to discover brain 
injury needs to be precise can be easily 
measurable, and it needs to be refractory to 
destruction by proteases before or after its 
liberation. Several types of researches have 
attempted to identify markers for brain injury also 
they founded that the proteins are liberated 
inside the brain tissue and transferred to the 
cerebrospinal fluid (CSF) and the blood in 
patients of acute brain injury especially acute 
ischemic cerebral stroke (AICS). Although, 
nothing of these proteins are broadly utilized for 
the anticipation of clinical consequences and as 
diagnostic or predictive tool that assess for brain 
injury, due to the restrictions in specificity, 
sensitivity, and standardized measurability 
throughout many laboratories and researches [3]. 
 
D-dimer (DD) is a fibrin degradation product 
(FDP), a small protein fragment present in the 
blood after a blood clot is degraded by 
fibrinolysis. Newly, it is considered as an 
essential test conducted in patients with 
presumed thrombotic disorders. Its principal 
usage is to rule out thromboembolic disorder 
where the anticipation is low [4,5].  
 
Angiopoietin 1 (ANGPT1) is a protein with 
significant functions in vascular angiogenesis 

and development improving healthy endothelial 
role in adults. As, it unites to an endothelial cell-
specific tyrosine-protein kinase receptor. The 
protein encrypted by this gene is a secreted 
glycoprotein that activates the receptor by 
inducing its tyrosine phosphorylation. It performs 
an essential function in intermediation mutually-
beneficial interact between the endothelium and 
neighboring matrix and mesenchyme. Also, the 
protein helps in blood vessel stabilization and 
maturation. Many previous types of researches 
stated that Angpt1 safeguards against cerebral 
ischemia [6-9].  
 
S100 calcium-binding protein B (S100B) is a 
protein of the S-100 protein family. S100 proteins 
are situated in the cytoplasm and nucleus of a 
broad spectrum of cells, that implicated in the 
settlement of a number of cellular operations 
such as cell cycle differentiation and progression 

[10]. Also, it is released by astrocytes or could 
discharge from damaged cells to infiltrating the 
extracellular space or bloodstream. It's serum 
levels increase in cases while in the acute stage 
of brain injury [11]. Over the last decade, S100B 
has appeared as a peripheral biomarker of CNS 
damage and blood–brain barrier (BBB) 
permeability. High S100B levels specifically 
correspond the occurrence of neuropathological 
circumstances including neurodegenerative 
diseases or traumatic head injury. Ordinary 
S100B serum levels accurately rule out 
considerable CNS injury. So, the great benefit of 
using S100B is that elevations in serum or CSF 
levels give a sensitive indicator for identifying 
CNS damage at the molecular level prior the 
gross modifications elaborated, allowing 
appropriate delivery of essential medical 
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management prior irreversible brain injury 
appears [12].  
 
Brain natriuretic peptide (BNP), is a counter-
regulatory hormone liberated by the ventricles of 
the heart [13]. Its principal actions are 
vasodilation and natriuresis. Consequently, the 
final response of BNP is a reduction in blood 
volume, that decreases systemic blood pressure 
and afterload, leading to an increase in cardiac 
output, considerably as a result of a higher 
ejection fraction. Thus, the essential clinical role 
of BNP is that a normal level excludes acute 
heart failure in the emergency situations [14]. 
Increased serum BNP levels are accompanied 
with cardioembolic stroke chiefly due to atrial 
fibrillation which give rise to large brain infarct 
with unfavorable outcome [15]. 
 
So, this study was designed to investigate the 
susceptible associations between a panel of 
blood biomarkers DD, ANGPT1, S-100b, BNP 
and acute ischemic stroke patients. 
 
2. SUBJECTS AND METHODS 
 
One hundred fifty (150) cases with AICS 
admitted at Saudi German Hospital Kingdom of 
Saudi Arabia in corporation with the neurology 
department Mansoura faculty of medicine – 
Egypt. They were studied in the period between 
April 2014 and September 2015. Our patients 
group with AICS admitted within the first 24 
hours after symptom onset. In addition, 30 
healthy controls (HC) age and sex matched were 
included in this study as the control group. 
 
2.1 On Admission 
 
2.1.1 Clinical protocol  
 
History of vascular risk factors was obtained for 
each patient. Complete general and neurological 
examinations were done. National Institutes of 
Health Stroke Scale (NIHSS) was done to 
assess the stroke severity and divided the 
patients into four subgroups that include minor 
(0–4), moderate (5–15), moderate to severe (16–
20), and severe (21–42).  
 
2.1.2 Neuroimaging protocol  
 
All patients underwent computed tomographic 
brain scans. In some cases, MRI brain scans to 
confirm an ischemic stroke were done. CT and 
MRI brain were reviewed by a radiologist. 

2.1.3 Blood samples and immunoassays tests  
 
Samples were collected from stroke cases within 
24 hours of stroke onset and before any 
treatment was administered to avoid drug-
biomarker interference. Preparation of the 
plasma by centrifugation (15 minutes at 3000 
rpm) and storage at −80°C for analysis. 
Complete blood count, random and fasting blood 
sugar, rheumatoid factor, renal and liver 
functions. Peripheral blood samples were 
collected from stroke cases and controls 
subjects.  
 
The biomarkers panel includes DD, ANGPT1, S-
100b, and BNP. All biomarkers were assayed by 
ELISA. Immunoassays were forward 
immunometric (sandwich) assays performed in 
384-well microtiter plates with a Tecan Genesis 
RSP 200/8 Workstation (Tecan). Each sample 
was tested twice with biotinylated antibodies 
(Biosite Inc, San Diego, Calif). 

 
2.1.4 Other tests  
 
ECG were performed in all patients while 
echocardiography and carotid duplex were done 
in some patients, if the patient was suspected to 
have a cardiac disease or in recurrent strokes or 
embolic strokes. 
 
2.1.5 Exclusion criteria  
 
Patients with chronic liver disease, high 
rheumatoid factor, history of malignancy, trauma, 
and recent surgery. 

 
2.2 After 3 Months 
 
2.2.1 Functional outcomes in stroke cases  
 
Follow-up was conducted in stroke cases, after 3 
months. Modified Rankin Scale (mRS) was used 
to assess disability. It denotes 7 outcomes: 0, no 
symptoms; 1, no significant disability despite 
symptoms; 2, slight disability; 3, moderate 
disability; 4, moderately severe disability; 5, 
severe disability; and 6, death [16,17]. 

 
2.2.2 Statistical analyses  
 
Quantitative data were prescribed as interquartile 
and median range and comparison was done by 
Mann–Whitney U test. Nominal data were 
presented as number and percentages and 
compared by χ2 test. The association of plasma 
biomarker with stroke was assessed using 
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multiple regression analysis adjusting for age, 
male sex, previous myocardial infarction, 
hypertension, diabetes mellitus, smoking, and 
atrial fibrillation.  
 
Stroke outcome was compared between patients 
with severe disability or death (mRS, 3–6) and 
those with minor or no disability (mRS, 0–2) 
using χ2 and Mann–Whitney U tests. To assess 
the association of blood biomarker with severe 
stroke disability, multivariate logistic regression 
was performed adjusting for age, atrial fibrillation, 
and stroke severity on admission (graded as 
minor, moderate, moderate to severe, or severe), 
which were noted to be associated with mRS 
score 3 to 6 on univariate analyzes.  
 
3. RESULTS 
 
AICS cases were compared to age and sex-
matched HC showing that patients were more 
likely to have hypertension, diabetes mellitus, 
and atrial fibrillation. Mortality after 3 months was 
11%. Regarding stroke severity NIHSS was 
11.6±6 (Table 1). 
 

Serum levels for a panel of blood biomarker (D-
dimer, S-100b, and BNP) are significantly higher 
with AICS patients while the level of Angpt1 is 
significantly lower with AICS patients (Table 2) 
(Fig. 1). 
 
Multivariate predictors of good functional 
outcome (modified Rankin Scale ≤2) and 
unfavorable outcome or death (modified Rankin 
Scale 3-6 or death of patient) in patients with 
acute ischemic stroke showing that patients with 
an unfavorable functional outcome, d-dimer 
levels, and S-100b levels, and BNP levels were 
significantly higher compared with the levels in 
patients with a favorable outcome. While in 
patients with an unfavorable functional outcome, 
levels were lower compared with the levels in 
patients with a favorable outcome. On the 
contrary, the level of Angpt1 is significantly 
decreased in patients with an unfavorable 
functional outcome. So a panel of blood 
biomarker (D-dimer, S-100b, BNP, and Angpt1) 
is an independent predictor of functional outcome 
and mortality in patients with acute ischemic 
stroke (Tables 3 and 4). 

Table 1. Characteristics of patients and healthy co ntrols (HC), vascular risk factors, stroke 
etiology and severity (NIHSS score on admission), a nd 3 months' outcomes 

 
 Patients 

N (%) 
Healthy controls 
N (%) 

P value 

No. of subjects 150 30  
Men 78(52%) 16(53.3%) 0.940 
Mean age (SD), years 62.1±14.4 61.9±13.5 0.894 
 
Risk  
factors 

Hypertension 107(71.3%) 10(33.3%) 0.045* 
Smoker 60(40%) 8 0.339 
DM 38(25.3%) 5(16.6%) 0.414 
AF 30(20%) 0 0.015* 
Hyperlipidemia 23(15.3%) 1(3.3%) 0.109 
Previous  stroke 9(6%) 0 0.181 
Coronary heart disease 9(6%) 1(3.3%) 0.578 

NIHSS, mean (SD) 11.6 (6) -  
Mortality  15 (11%) -  

 
Table 2. Biomarker levels of patients and HC at the  admission  

 
Biomarker Patients 

median (range) 
HC 
median (range) 

P value  

Bnp (pg/ml) 191 (135–261) 31 (26.2- 63.7) <0.001* 
D dimer (ng/ml) 574.1(262-941) 150 (63.8-246.4) <0.001* 
S100b (pg/ml) 136 (88–297) 75 (0–138)  <0.001* 
Angiopoietin-1 (ng/mL) 6.5 (5.21–10.22) 17.5 (14.45–23.12) <0.001* 

P value by * Mann-Whitney U-Test 
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Fig. 1. Mean biomarkers levels in favorable and unf avorable ischemic stroke outcomes 
 

The stroke severity (NIHSS score) correlated 
significantly with the outcome (mRS) as less 
severe cases [NIHSS mild (0-4) and moderate 
(5-15)] showed more favorable outcome. While, 
more severe cases [NIHSS moderate to severe 
(16-20) and severe (21-42)] showed more 
favorable outcome (Table 3). 
 
The clinical variables that showed significant 
correlation were age (increase age associated 
with more chance for the unfavorable outcome), 
diabetic, and atrial fibrillation (Tables 3 and 4). 

 
4. DISCUSSION 
 
In spite of the majority of the diagnostic methods 
to the assessment of AICS depend on 

neuroimaging evaluation, an alternative 
approach would be the appraisal of blood-borne 
biomarkers of the tissue damage. This strategy 
has presented in the survey and initial 
investigations of other urgent medical situations. 
For instance, biochemical markers like BNP, CK-
MB, troponin, and DD perform significant aspects 
in the assessment of congestive heart failure, 
pulmonary embolism, and myocardial infarction 

[18,19]. With a perfect clinical management, the 
rapid, and the noninvasive tool should assist in 
define the case in the inhabitants at high risk for 
brain infarction, that requires speedy opinion and 
prioritize. Additionally, it would contribute 
supplementary characteristic data for cases for 
whom practitioners are considering rapid 
interference.  
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Table 3. Correlation between risk factors, stroke s everity (NIHSS score), panel of biomarker 
and stroke outcome (mRC) after 3 months 

 
Variables                  Outcome (mRC)  P value  

0–2 
Favorable  

3–6 
Unfavorable 

Number (135) 95 40 
Age (years) 60.1 (13.26 67.9 (12.9) <0.001* 
Male 46(48.4%) 22(55%) 0.690 
Hypertension 62(65.2%) 36(90%) 0.253 
DM 18(18.9%) 16(40%) 0.05* 
Smoking 35(36.8%) 21(52.5%) 0.288 
CHD 2(2.1%) 3(7.5%) 0.619 
AF 12(15%) 16(40%) 0.005* 
Stroke severity on 
admission (NIHSS) 

Mild (0–4) 59(62.1%) 8(20%)  
< 0.001* Moderate (5–15) 33(34.7)% 19(47.5%) 

Moderate to severe  
(16–20) 

2(2.1%) 8(20%) 

Severe (21–42) 1(1.1%) 5(12.5%) 
Bnp (pg/ml) 145 (135–212) 205 (156–261) < 0.001** 
Ddimer (ng/ml) 479 (262-621) 768.5(574.1-

941) 
< 0.001** 

S 100b (pg/ml) 116 (88–261) 155 (102–297) < 0.001** 
Angiopoietin-1 ng/mL 8.12 (5.13–9.80) 5.26 (3.97–8.09) < 0.001** 

P value calculation by * Fisher Exact Test ** Mann-Whitney U-Test 
 

Table 4. Predictors of outcome 
 
Variables Outcome (mRC)  

     Favorable    Unfavorable  
OR 95% CI OR 95% CI 

Clinical   Age 0.97 0.4–0.99 1.0 0.97–1.04 
Severity 
(NIHSS) 

0.86 0.8–0.96 1.1 1.01–1.19 

AF 0.81 0.42–1.6 3.6 1.2–13.2 
Biomarkers Angpt1 3.77 1.97–7.20 0.62 0.28–0.96 

 D-Dimer 0.98 0.55-0.89 3.22 2.05-6.43 
S-100b 0.67 0.45-0.89 1.28 0.47–2.33 
BNP 0.64 0.41–0.98 1.75 1.36–2.24 

 
Earlier researches had stated that Angpt1 could 
safeguard across cerebral infarction [20,21]. 
Localized brain ischemia has been demonstrated 
the downregulation of Angpt1 abrubtly [22]. Many 
earlier types of researches stated that Angpt1 
hinders the capability of the vascular endothelial 
growth factor (VEGF) to trigger the blood–brain 
barrier (BBB) leakage and so decreases 
neuronal injury and brain infarction [20,23]. 
Unfavorable prognosis with middle cerebral 
artery obstruction was accompanied by the 
decline of Angpt1 [20], although the improvement 
of cerebral ischemia outcome following the 
exercise was related to the rise of Angpt1 [24]. 
So, the previous results indicated that Angpt1 
levels could give significant predictive data on 
AICS prognosis. In the present research, the 

cases with AICS had median serum levels of 
Angpt1 that were statistically significant about 3-
folds lower than HC [mean 6.5 ng/mL, 17.5 
ng/mL, p <0.001, respectively]. Patients with the 
unfavorable outcomes at one month had lower 
plasma Angpt1 concentrations within 24 hours of 
their stroke admission when compared with 
favorable outcomes [mean 5.26 ng/mL, 8.12 
ng/mL, p <0.001, respectively]. The present 
study concluded that Angpt1 is reduced after 
AICS and that the level of reduction is related to 
whole cerebral stroke prognosis. Also, AICS 
cases with fewer levels of Angpt1 would at higher 
susceptibility of the occurrence of cerebral 
ischemia. So, the estimation of the level of 
Angpt1 rapidly after AICS would give recent data 
for the outcome, of course, this needs more 
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investigation in larger AICS patients through 
prognostic studies. The present research 
indicates that the level of Angpt1 are 
downregulated in cases who have suffered a 
new AICS and so reduced levels of Angpt1 are 
linked to the unfavorable brain infarction 
prognosis. The plasma Angpt1 level is not an 
indicator risk of cerebral stroke incidence in the 
healthful elderly population. The results give a 
justification for additional investigations to 
consider if the upregulating Angpt1 enhances 
cerebral ischemia prognosis. These findings 
were in agreement with Golledge et al. [25] who 
stated that Plasma Angpt1 concentrations are 
low after ischemic stroke particularly in patients 
with poor stroke outcomes at 3 months and 
interventions effective at upregulating Angpt1 
could potentially improve stroke outcomes. 
 
Tomita et al. [26] tested the assumption that BNP 
concentrations are increased in cases with AICS 
independence of heart disease and correspond 
to AICS severity. The BNP concentration in AICS 
was positively linked to the NIHSS and infarct 
volume. Cerebral stroke volume and NIHSS were 
independently participants to the plasma BNP 
concentration in AICS. Furthermore, Kim et al. 
examined cases with AICS, and plasma BNP 
concentration was assessed in cases and HC. 
They concluded that the AICS cases had greater 
plasma BNP level in contrast to HC (mean 124.6 
pg/mL versus mean 11.9 pg/mL, p <0.01, 
respectively). The highest BNP level was 
correlated with increased initial NIHSS, 
advanced age, current non-smoker, increased 
white blood cell counts, atrial fibrillation, heart 
failure, cardioembolic cause, and increased 
infarction volume. The increased plasma BNP 
level associated with increased the volume of 
cerebral infarction [27]. These studies were in 
agreement with our research as BNP was 
significantly higher in AICs patients when 
compared with HC [mean 191 pg/mL, and mean 
31 pg/mL, p <0.001, respectively]. Also, it is 
significantly higher in AICS patients with 
unfavorable outcomes when compared with 
AICS patients with favorable outcomes [mean 
205 pg/mL, and mean 145 pg/mL, p <0.001, 
respectively]. 
 
The DD level could be increased in cases with 
myocardial infarction, deep venous thrombosis, 
pulmonary thromboembolism, trauma, 
disseminated intravascular coagulation, surgery 
or AICS [28-32]. DD, a biochemical marker of 
plasmin-mediated fibrin degradation, is related to 
fibrin degradation products (FDP) and denotes 

vessel obstruction. Plasmin separates the fibrin 
into FDP and DD when the coagulation and the 
fibrinolytic system is triggered. Many types of 
researches proved that DD, C-reactive protein, 
and other markers of hemostatic activation linked 
to diagnosis [33-41], progression, and death in 
AICS patients [33,42-44]. Laskowitz et al. [45] 

stated that a biochemical marker list could give 
time-sensitive and beneficial characteristic data 
to AICS appraisal and fast detection of cases 
with suspected AICS, that could widen the 
accessibility of time-limited therapeutic 
approaches. They furthermore stated that, for the 
assessment of earlier AICS, an approach 
assimilates the modern biochemical marker 
check in collaboration with non-contrast CT brain 
has significantly higher sensitivity than CT merely 
owns. They have evidenced the benefit of certain 
serologic markers, like DD, S100B, BNP, matrix 
metalloproteinase-9 (MMP-9), and, for identifying 
AICS. Skoloudík et al. [46] observed that the DD 
serum levels rise within 6 hours after AICS onset 
and it is higher in cases with large artery 
obstruction and in cases with cardioembolic 
AICS than it is in cases with lacunar cerebral 
stroke or in cases without arterial obstruction. 
Barber et al. [33] stated that the DD would assist 
practitioners aiming interventions for protecting 
against the beginning of neurological worsening 
after AICS. Though, previous researches 
concluded that DD measurement cannot be 
utilized as an AICS index, except for 
cardioembolic subtype [47,48]. These studies 
were in agreement with our research as DD was 
significantly higher in AICs patients when 
compared with HC [mean 574 ng/mL, and mean 
150 ng/mL, p <0.001, respectively]. 
 
The measurement of S-100B in acute 
neurological diseases like traumatic brain injury, 
ischemic or hemorrhagic stroke and global 
hypoxia illustrates the intensity of symptoms and 
prognosis. Conversely, the S-100B liberation 
relies on the pathophysiology of the damage, 
intensity, and topography (rapid appearance with 
traumatic brain injury follows the acute 
devastation of neuronal tissue or lagged 
liberation after AICS in which gradual breakdown 
of the BBB performs a critical function). In 
chronic brain disorders, information about the 
clinical importance of measurement of S-100B is 
little and more assessments are requested [49]. 
Nash et al. [50] investigated eighteen types of 
researches (1,643 patients). S100B peaks from 
symptom onset between 24 and 120 h with 
significantly elevated levels assayed from 0 to 
120 h. Upper S100b levels stated significantly 
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greater infarction volumes, more severe cerebral 
strokes, and worse functional prognosis. There 
was a significant difference in S100 levels 
between AICS patients and controls. So, peak 
levels after stroke onset diversified. S100 was 
significantly raised after AICS onset, and 
corresponds with infarct volume, stroke severity, 
and functional outcome, and was a possible 
marker for current ischemia. Its serum level with 
AICS is a beneficial biochemical marker of infarct 
size and subsequently the clinical prognosis [50]. 
Weglewski et al. [51] investigated 67 patients, 53 
with ischemic stroke and 14 with hemorrhagic 
stroke. Plasma levels of S100B was calculated 
on the 1st, 3rd, 7th and 14th day after stroke 
onset. The greatest levels of protein S100B were 
discovered in AICS mainly on the 3rd day and in 
hemorrhagic stroke on the 1st day. The levels of 
protein S100B were analogous in ischemic and 
hemorrhagic stroke on the 3rd, 7th and 14th day. 
Serum concentrations of protein S100B after 
stroke onset have shown a correspondence with 
infarct volume, particularly in cases with large or 
medium cerebral stroke. Ischemic and 
hemorrhagic cerebral strokes cause liberation of 
protein S100B into the blood. They found a good 
concordance between the liberation profile of 
S100B and volume of cerebral ischemia. S100B 
protein is the marker of brain injury during AICS. 
The S100B measurements could be used in the 
follow-up the stroke management [51]. These 
studies were in agreement with our research as 
S100B was significantly higher in AICs patients 
when compared with HC [mean 136 pg/mL, and 
mean 75 pg/mL, p <0.001, respectively]. 
 
5. CONCLUSION  
 
Blood biomarkers can be used as a useful tool to 
diagnose acute ischemic stroke and to predict 
the early neurological outcome. Also, they help to 
identify patients at risk of unfavorable outcome 
giving an alarm to initiate therapies to prevent 
worsening of the patient's condition.   
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