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Abstract
In cerebral ischemia, evaluation of multiple biomarkers involved in various pathological pathways is a useful tool in assessing the 
outcome of the patients even from the early stages of the disease.  In this study we investigated the utility of a panel of 5 peripheral 

and NSE) were measured using a biochip array technology.  Eighty nine patients in Romania were divided into 2 subgroups using 

functional outcome was tested by binomial logistic regression.  The subgroup with unfavorable outcome had higher concentrations 

of unfavorable clinical outcome.  In the case of D-Dimers and sTNFR-1 we noticed an increased discrimination ability (versus baseline 

ischemic stroke, plasma concentrations of CRP, D-Dimers and sTNFR-1 were elevated in unfavorable outcome patients.  D-Dimers and 
sTNFR-1 were independent predictors of poor outcome at 3 months after ischemic stroke.  The biochip array technology offers the 
possibility to simultaneously measure several parameters involved in multiple pathophysiological pathways, in a small sample volume.
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Introduction
Among non-communicable disorders, stroke is one of the most 
prevalent causes of death especially in developed countries[1], 
ranking the third common cause of disability-adjusted life-
years (DALYs)[2], being an enormous burden for society as the 
stroke was no longer considered as a disease of old age[3]. As 
the global life expectancy increases for both sexes, the death 

rate also recorded an increase during the same period, from 
47.5 million to 54.9 million, but the causes of death are dif-
ferent among low- and high-income counties. Given the high 
mortality rate and the high degree of disability, it is important 
to identify as soon as possible a peripheral biomarker, as well 
as for the possible hemorrhagic transformation of ischemic 
stroke. A comprehensive review about peripheral biomark-
ers and their importance in establishing the diagnosis, type of 
stroke, severity and prognosis, or the response to a therapy 
has been published recently[4]. Isolated biomarkers may confer 
truncate information about ischemic stroke, but evaluation of 
multiple biomarkers simultaneously could provide additional 
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valuable information, with greater sensitivity and specificity 
than a single marker assessment.

-

in acute-phase response. Elevated levels of high sensitive CRP 
(hsCRP) are associated both with an increased risk of ischemic 
stroke[5] as well as with poor functional outcome and recurrent 
stroke prediction in patients with minor stroke or transient 
ischemic attack (TIA)[6].

Neutrophil-gelatinase associated-lipocalin (NGAL) or Lipo-
calin 2 (LCN2) is an acute-phase reactant, released in particular 
by neutrophil granules, but also to a small extent from epithe-

involved in apoptosis mediated by intracellular iron chelation[7] 
and additionally promoting the in vivo cell migration[8].

sTNFR-1 the soluble receptor 1 of TNF alfa (Tumor Necrosis 
Factor alfa), is an important player during the oxygen-glucose 
deprivation, being involved in apoptosis after caspase cascade 
activation[9] but also modulating the neuroprotection exerted 
by EPO (erythropoietin) and VEGF (vascular endothelial 
growth factor)[10]. 

D-Dimers are markers of secondary fibrinolysis, plasma 
concentration was correlated with infarction volume in isch-
emic stroke patients, being predominantly elevated in cardio-
embolic (CE) stroke type[11]

tissue. This biomarker is also secreted by several neuroendo-
crine tumors[12], so the sensitivity is still very low, especially 
when over ischemic pathology overlaps a neuroendocrine 
malignancy.  Several studies have found that NSE concentra-
tion correlates with stroke severity at admission[13,14] and with 
functional outcome evaluated after 30 days[15], the concentra-
tion being a potential predictor of the outcome after recanali-
zation therapy[16].

There is no validated peripheral biomarker for stroke diag-
nosis and prognosis yet, so this subject is still opened for 
investigation on multiple pathways involved in the patho-
physiology of stroke–inflammation, coagulation disorders, 
neuronal injury or Blood Brain Barrier (BBB) alteration. Previ-
ous studies have reported the importance of peripheral bio-
markers in prediction of severity and functional outcome after 
ischemic stroke, most of them being analyzed separately[17–19]. 
Advances in technologies provide possibilities to study multi-

-
tion of several proteins in a small volume of serum or plasma 
sample, thus being more time and cost-effective. 

The aim of the study was to investigate the utility of a panel 

destruction and secondary fibrinolysis in the acute phase of 
ischemia and prediction of functional outcome at 3 months 
after discharge.

Materials and methods
Patients and study design
During October 2014 and October 2015, we prospectively 
enrolled 124 patients with ischemic stroke diagnosis who 

were admitted within 72 h from the disease onset, in the First 
Department of Neurology, Emergency Clinical County Hos-
pital Tîrgu Mures; 116 of them have fulfilled the inclusion 
criteria. The study was conducted according to the Declaration 
of Helsinki and the study protocol was approved by the Insti-
tutional Ethical Committee. Exclusion criteria were: age below 
18, history of stroke in the last 3 months, other concomitant 

Clinical data
After admission, all stroke patients underwent a neurologi-
cal examination; the neurological deficit was assessed by 
National Institute of Health Stroke Scale (NIHSS) on admis-
sion and periodically during hospitalization, being dichot-

(NIHSS>7). Functional outcome was evaluated by modified 
Rankin Scale (mRS) at discharge and 3 months afterward 
(data available only for 89 patients); a mRS of 0–2 points was 
defined as a good outcome, while a mRS of 3–6 points indi-
cated poor outcome. Ischemic stroke subtype was classified 
using TOAST (Trial of Org 10172 in Acute Stroke Treatment) 
criteria in large artery atherosclerosis (LAA), cardioembolic 
(CE), small vessels occlusion (SVO), and other causes[20]. Dop-
pler sonography was performed only in patients with LAA 
stroke type, while CE type was considered in patients with at 
least one possible source of emboli, the most common cause 

Blood sample collection and biomarkers measurement

in a Na-heparin blood collection tubes, immediately centri-
fuged at 1500×g for 15 min at 4 °C; and plasma was aliquoted 
and stored at -80 °C until analyses. Based on biochip array 
technology (BAT) from Randox Cerebral Array II (Randox 
Laboratories Limited, UK) we analyzed simultaneously five 
biomarkers: three inflammatory related biomarkers (CRP, 
NGAL and sTNFR-1), a marker of secondary fibrinolysis 
(D-Dimers) and a marker of neuronal destruction (neuron-

analysis by enhanced immunoturbidimetric method (hsCRP 
vario, Architect 4000 Abbott Laboratories), limit of detection: 

assay precision < 4%.

Statistical analysis
Statistical analysis of data was released with the statisti-
cal advanced environment R (v.3.4.0, Vienna, Austria). To 
assess the normality of continuous variables (i.e. CRP, NGAL, 

-
ness and kurtosis were applied. Student’s t-test was used to 
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assess the differences between means of continuous variables 
(expressed as mean±SD), while differences between distribu-
tions of nonparametric variables were evaluated using the 

qualitative variables we used contingency tables and the chi-
square or exact Fisher test. 

The possible impact of plasma markers in unfavorable func-
tional outcome at three months was tested by binomial logis-
tic regression and the strength of association was estimated 
by crude and adjusted OR (odds ratio) and 95% CI associ-
ated. Because the panel of biomarkers was determined for 56 
patients, we used the imputation method by means or medi-
ans for missing data in order to have the possibility of using 
all available clinical information. 

-
tor when the 95% CI for adjusted OR did not cross reference 
value (=1).

All above-described statistical methods had tested asso-
ciations between peripheral biomarkers and the probability 
(odds) of an unfavorable functional outcome at 3 months. 
Thereby, each biomarker has been studied both individually 
and in relation to the known risk factors of the poor outcome 
of the ischemic event. 

A separate logistic regression was performed for each 
parameter of interest running 3 additive models: Model 1 
including each of the biochip parameters and demographic 
variables as age and gender, Model 2 considered as baseline 
clinical model including all variables of Model 1 plus stroke 
severity measured by initial NIHSS score and Model 3 includ-
ing all variables of Model 2 plus known clinical variables. 
Because of the relatively small sample size, the known clini-
cal factors were the variables having a minimum frequency 
of 5 cases for the event (unfavorable functional outcome) and 
an estimated significance level in the univariate regression 
analysis P [21] -
ers were transformed into categorical variables (using tertiles) 
in order to highlight the magnitude of the values for studied 
parameters.

Because of the small sample size, the combined effect of 
biomarkers on the unfavorable outcome of ischemic stroke 
was investigated, but it could not be adjusted depending on 
the presence of covariates used in previous models (age, sex, 

stroke).
The capacity of discrimination between patients with unfa-

vorable and favorable outcome was determined by c-statistics 
by calculating the area under ROC curve (AUC) for each of the 
model tested.

For all bilateral tests, a statistical significance was consid-
ered when P-values were lower than significance threshold 

Results
Description of the sample
A number of 89 subjects from eligible enrolled patients 

accordingly: patients with mRS score 0, 1 and 2 evaluated at 
three months were considered as having favorable functional 
outcome and patients with mRS score greater than 3 as having 
unfavorable (poor) functional outcome. As expected, the 
unfavorable outcome subgroup had a higher score for initial 
NIHSS scale than the favorable outcome subgroup (P<0.001, 

between TOAST classification and unfavorable clinical 
outcome (P=0.288). The demographic and laboratory variables 
were described in Table 1. The age of studied patients was 
71.9±10 years. There was a significant difference in age 
distribution between unfavorable and favorable outcome 
subgroups (Student t-test, t(87)=4.45, P<0.001) while gender 
distribution in poor and favorable outcome subgroups was 

P=0.145). 
The mean or median concentrations of biochip panel mark-

ers are presented in Table 2. The median and interquartile 
range of time after stroke onset was 10 h[7-12] in the studied 
sample. 

The subgroup with unfavorable outcome had higher con-
centrations of CRP, hsCRP, NGAL, sTNFR-1 and D-Dimers 
(Table 2), but CRP and NGAL were not statistically different 
between the two subgroups.

Because the panel of biochip markers was determined 
only for 56 patients, the missing values of parameters were 
replaced by the mean of observed values (in the case of CRP, 
NSE, NGAL) in each subgroup or by median value (case of 
D-Dimers and sTNFR-1). Replacing missing values by these 
strategies no significant differences were found between 
patients with complete data on biochip parameters and 
patients with missing data (Table 3). Patients with missing 
biomarkers values did not differ with respect to age, gender 
and stroke severity from patients with measured biomarkers.

The univariate logistic regression analysis of chip plasma 
biomarkers revealed that CRP, D-Dimers, NGAL, sTNFR-1 
were significant predictors of unfavorable clinical outcome 
(Table 4). For the multivariate analysis using logistic regres-
sion, we tested three models in order to highlight the prognos-
tic contribution of studied biomarkers to the clinical outcome. 
There were no multicollinearity problems between tested pre-

-
trolling for age, gender and stroke severity (T3 vs T1: OR=4.42, 
95% CI: 1.06–20.42), but in the presence of dyslipidemia, atrial 

vs T1: OR=4.43, 95% CI: 0.95–21.11). 
Adding CRP to the Model 1, increased the -2 log likelihood 
ratio (-2LLModel2=38.30 vs -2LLModel1=29.56) and goodness 

P=0.336) while adding known 
clinical factors to Model 2 increased the -2 log likelihood ratio 
(-2LLModel3=41.63 vs
(Hosmer-Lemeshow’s test, P=0.147).

The D-Dimers remained significant predictor after  
controlling for age and gender and stroke severity (T3 vs T1: 
OR=10.40, 95% CI: 1.38–78.16)), dyslipidemia, atrial fibril-
lation, and history of stroke (T3 vs T1: OR=10.85, 95% CI: 
1.28–91.84). Adding D-Dimers to the Model 1, increased the  
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-2 log likelihood ratio (-2LLModel2=41.62 vs -2LLModel1=29.56) 
P=0.948), while 

adding known clinical factors to the Model 2, increased the -2 
log likelihood ratio (-2LLModel3=45.13 vs -2LLModel2=41.62) 

P=0.664).
The sTNFR-1 remained significant predictor after control-

ling for age and gender and stroke severity (T3 vs T1: OR=7.43, 

-
tory of stroke (T3 vs T1: OR=7.16, 95% CI: 1.03–49.76). Adding 
sTNFR-1 to the Model 1, increased the -2 log likelihood ratio 
(-2LLModel2=40.86 vs -2LLModel1=29.56) and goodness of 
fit (Hosmer-Lemeshow’s test, P=0.547) while adding known 
clinical factors to the Model 2, increased the -2 log likelihood 
ratio (-2LLModel3=44.28 vs -2LLModel2=40.86) and goodness 

Table 1.  The distribution of demographic, clinical and laboratory characteristics in all sample and studied subgroups.

  All patients (n=89) Favorable outcome subgroup (n1=67) Unfavorable outcome subgroup (n2=22)    P* 

 
Age (year)a 71.9±10 69.5±9.6 79.4±6.8 <0.001
Gender (female, %) 48 (53.9) 33 (49.3) 15 (68.2) 0.145
NIHSS score at baselineb 4 (1–6) 3 (1–4) 9.5 (5–14) <0.001

CE 34 (38.2) 23 (34.3) 11 (50.0) 
SVO 4 (4.5) 4 (6.0) 0(0.0) 
Hypertension (%) 87 (97.8) 65 (97.0) 22 (100.0) 1.000
Diabetes mellitus (%) 19 (21.3) 16 (23.9) 3 (13.6) 0.382
AF(%) 34 (38.2) 23 (34.3) 11 (50.0) 0.214
Dyslipidemia (%) 42 (47.2) 35 (52.2) 7 (31.8) 0.096
CKD (%) 4 (4.5) 3 (4.5) 1 (4.5) 1.000
COPD (%) 20 (22.5) 18 (26.9) 2 (9.1) 0.139
Smoking (%) 24 (27.6) 22 (33.3) 2 (9.5) 0.048
Prior ischemic stroke (%) 27 (30.3) 18 (26.9) 9 (40.9) 0.285
Thrombosis (%) 13 (14.6) 12 (17.9) 1 (4.5) 0.173
Carotid stenosis (%) 34 (47.2) 30 (49.2) 4 (36.4) 0.522
IHD (%) 81 (91.0) 61 (91.0) 20 (90.9) 0.522
Previous ASA treatment (%) 15 (23.1) 10 (22.7) 5 (23.8) 0.923
Previous antiplatelet treatment (%) 8 (12.5) 6 (13.6) 2 (10.0) 1.000
Previous statins treatment (%) 64 (98.5) 45 (100.0) 19 (95.0) 0.308
Previous ACE inhibitors (%) 38 (79.2) 23 (74.2) 17 (100.0) 0.459
Previous beta blockers treatment (%) 21 (48.8) 15 (53.6) 6 (40.0) 0.526
Previous CCB treatment (%) 6 (15.4) 2 (8.0) 4 (28.6) 0.163
Systolic BP (mmHg) 159.9±26.6 161.7±26.6 154.8±26.5 0.298
Diastolic BP (mmHg) 90.5±14.5 90.6±14.8 89.9±13.7 0.657

3/mm3) 1.8±0.6 1.9±0.7 1.5±0.5 0.007

a b

* t

Table 2.  Comparison of plasmatic concentrations on chip biomarkers between studied subgroups.  

n=89) Favorable outcome subgroup (n1=67) Unfavorable outcome subgroup (n2=22)    P*

 

* t
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P=0.099).
The NGAL remained a predictor with tendency toward 

statistical significance after adjusting for age, gender and 
stroke severity (T3 vs T1: OR=3.20, 95% CI:  0.70–14.58) and 

-
lipidemia, atrial fibrillation, and history of stroke (T3 vs T1: 
OR=3.10, 95% CI: 0.65–14.68). Adding NGAL to the Model 1, 
increased the -2 log likelihood ratio (-2LLModel2=38.14 
vs  -2LLModel1=29.56) and goodness of fit  (Hosmer-
Lemeshow’s test, P=0.533) while adding known clinical  
factors to the Model 2, increased the -2 log likelihood ratio 
(-2LLModel3=42.07 vs -2LLModel2=38.14).

each biomarker on the baseline clinical model for the poor out-
come prediction (Figure 1).

Adding CRP biochip marker the predictive capacity of 
baseline clinical model was improved but not significant 
(P=0.153 by DeLong test): AUC=0.902, 95%CI: 0.837–0.966 
versus AUC=0.856, 95% CI: 0.771–0.940 without CRP. Adding 
D-Dimer biochip marker the predictive capacity of baseline 
clinical model was improved with a tendency toward statisti-
cal signification (P=0.088 by DeLong test): AUC=0.913, 95% 
CI: 0.856–0.970. Adding NGAL biochip marker the predictive 
capacity of baseline clinical model was improved without 

P=0.173 by DeLong test): AUC=0.907, 
95% CI: 0.832–0.960. Adding sTNFR-1 biochip marker the pre-
dictive capacity of baseline clinical model was improved with 

P=0.079 by DeLong 
test): AUC=0.913, 95% CI: 0.844–0.970.

Table 3.  The analysis of missing values effect on demographic and clinical characteristics. 

  Patients with missing data on chip biomarkers  (n1=33) Patients with complete data on chip biomarkers (n2=56)   P* 

 
Age (Year)  70.58±10.41 72.73±9.68 0.326
Gender (Female, %) 20 (60.60) 28 (50.00) 0.332
Stroke severity (NIHSS score) 4.00 (3.00–5.00) 3.00 (1.00–9.50) 0.672

CE 13 (39.40) 21 (37.50) 0.809
SVO 2 (6.10) 2 (3.60) 

* t

Table 4.  Univariate and multivariate associations of biochip array markers with functional outcome at 3 months in patients with ischemic stroke.  

Biomarker Model      OR (95% CI)   P-value

 

CRP   
 Unadjusted 1 (Reference) 0.33 (0.06–1.85) 4.31 (1.30–14.27) 0.002
 Model 2 1 (Reference) 0.44 (0.06–3.45) 4.42 (1.06–20.42) 0.023
 Model 3 1 (Reference) 0.62 (0.07–5.30) 4.48 (0.95–21.11) 0.046
D-dimers   
 Unadjusted 1 (Reference) 1.21 (0.20–7.23) 11.43 (2.26–57.80) <0.001
 Model 2 1 (Reference) 1.06 (0.12–9.46) 10.40 (1.38–78.16) 0.007
 Model 3 1 (Reference) 1.12 (0.11–11.22) 10.85 (1.28–91.84) 0.015
NSE   
 Unadjusted 1 (Reference) 0.57 (0.20–1.66) 0.43 (0.10–1.89) 0.438
 Model 2 1 (Reference) 2.53 (0.52–12.31) 0.98 (0.11–8.94) 0.448
 Model 3 1 (Reference) 2.27 (0.44–11.83) 0.60 (0.05–6.55) 0.418

 
 Unadjusted 1 (Reference) 0.11 (0.02–0.95) 2.75 (0.90–8.37) 0.006
 Model 2 1 (Reference) 0.20 (0.02–2.28) 3.20 (0.70–14.58) 0.050
 Model 3 1 (Reference) 0.21 (0.02–2.62) 3.10 (0.65–14.68) 0.071
sTNFR-1   
 Unadjusted 1 (Reference) 0.45 (0.08–2.65) 7.14 (1.99–25.59) <0.001
 Model 2 1 (Reference) 0.47 (0.06–3.95) 7.43 (1.12–49.18) 0.012
 Model 3 1 (Reference) 0.50 (0.06–4.57) 7.16 (1.03–49.76) 0.024
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Combined associations
-

justed models, were included in a multivariate model, only 
D-Dimer was an independent predictor significantly related 
to the risk of unfavorable outcome of ischemic stroke (Table 
5), the upper tertile of D-Dimers (values of D-dimers >246.93 

outcome after ischemic stroke (Likelihood Ratio test, P=0.244).
The model containing multiple biomarkers together had 

a better discrimination than models containing any indi-
vidual stroke poor outcome independent predictor, like CRP 
(P=0.011), D-Dimer (P=0.019), NGAL (P=0.007) and sTNFR-1 

(P=0.031) (Table 6).
Figure 2 highlights that chip biomarkers (CRP, D-dimers, 

NGAL and sTNFR-1) taken together give greater sensitivity 

Discussion
In our study, the biochip assay technology allowed us a 
simultaneous evaluation of multiple biomarkers involved in 

-
matory markers, along with markers of leucocyte activation, 
secondary fibrinolysis and neuronal destruction were tested 
on a panel, based on biochip array technology. Our results 
revealed that some of the studied biomarkers were predictive 
for 3 months poor outcome evolution. Because none of the 

the patients was very rigorous.
CRP as well as highly sensitive isoform–hsCRP is a very 

well studied inflammatory marker in cardio-cerebrovascular 
diseases. Increased concentration within 12 h after symptoms 
onset of ischemic stroke is an independent prognostic factor 
of poor outcome at three months[22]. Additionally, CRP level at 
admission was associated with early neurological deteriora-
tion in acute ischemic stroke patients[23]. In our study higher 

clinical outcome after controlling for age, gender and stroke 

or history of stroke there was only a tendency towards statisti-

NGAL as an acute-phase reactant is released in particular 

experimental study analyzing the co-expression of specific 
antibodies for NGAL and neutrophils, neurons, microglia and 
astrocytes revealed that NGAL is predominantly co-expressed 
in blood-derived neutrophils in the peri-infarct region and in 
astrocytes (GFAP+) in the ipsilateral hemisphere, but not in 

Table 5.  Multiple biomarkers logistical model for unfavorable outcome prediction at three months after ischemic stroke. 

 Biomarkers Adjusted Odds ratio (95% CI) P-value   

 
CRP  0.767

D-dimers  0.045

NGAL  0.333

sTNFR-1  0.260

 

Figure 1. The ROC curves of each model containing studied biochip array 

marker. 
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neurons (NeuN+) and Iba1 positive microglia[24]. Additionally, 
NGAL expression was significantly lower in pMCAO (per-
manent Middle Cerebral Artery Occlusion) than in tMCAO 
(transient Middle Cerebral Artery Occlusion), suggesting that 
reperfusion is another aggravating factor of ischemic injury[24]. 
NGAL has the ability to covalently bound to MMP-9 (Matrix 
Metalloproteinase 9) involved in BBB destruction during isch-
emia, thus preventing degradation and preserving its gelati-
nolytic activity[25], the concentration of the NGAL-MMP-9 het-
erodimers complex being higher in hemorrhagic than in isch-
emic stroke patients[26]. Plasma level of NGAL was associated 

with the occurrence of post-stroke infections and implicited 
worse clinical outcome at 90 days[27]. Our results are in line 
with the data from the literature, plasma level of NGAL was 
higher in poor outcome patients compared to good outcome 
patients and was a predictor with tendency toward statistical 

NSE could be considered a surrogate marker for neuronal 
destruction, also secreted by several neuroendocrine tumors. 
A recent comprehensive review of the literature regarding 
the peripheral biomarkers for brain injury highlighted the 
importance of NSE in neuronal function and the meaning of 
increased plasma levels after different brain injury–traumatic 
or ischemic–as well as in other pathological conditions as 
bone fracture, kidney or liver damage and migraine, so limit-
ing its utility as a neuron-specific marker[28]. A recent study 
found elevated NSE concentration up to 5 months after isch-
emic stroke compared to controls, with higher serum levels in 
severe neurologic impairment, and in patients with concomi-
tant diabetes mellitus or ischemic heart disease[29]. During the 
acute episode of ischemic stroke, the peripheral levels of NSE 
correlate with infarct volume and functional outcome after 1 
month[15]  and with stroke severity on admission[30]. In the pres-
ent study, in contradiction with data from the literature, there 
was no difference between ischemic stroke patients and con-

a predictive marker of functional outcome for patients’ evalu-
ation at three months.

D-Dimers, a marker of secondary fibrinolysis, was found 
to correlate with stroke severity and ischemic volume, inde-
pendent of other variables[11], as well to be an independent 
predictor of poor prognosis[31]

was found as a cutoff value for CE stroke with 87.5% sensitiv-
ity and 76.5% specificity for discrimination between TOAST 
subtype[32]. A research study on the implication of CRP in 

healthy male volunteers by recombinant human CRP adminis-

pro-coagulant response was associated with a 3-fold increase 
in prothrombin concentration, a 3.5-fold increase of D-Dimers 
concentrations and augmented concentration of plasminogen 
activator inhibitor type-1[33]. Additionally, fibrinogen degra-
dation products stimulate IL-6 production independent of 
prostaglandin induction in isolated murine liver[34]. It may be 
speculated that D-Dimers implication in unfavorable evolu-
tion after ischemic stroke could be related to their concomitant 

-
ies are needed to elucidate the exact mechanism of D-Dimers 

any difference between TOAST subtype of stroke regarding 
the D-Dimers concentration, probably due to small sample 

severity and other clinical factors, results which are in line 

Table 6.  Discrimination ability of multiple biomarkers models for poor 
outcome prediction at three months after ischemic stroke.

 Models      AUC (95% CI) P-value*  

 
CRP 0.753 (0.646–0.860) ---
+ D-dimers 0.828 (0.726–0.930) 0.098

+ sTNFR-1 0.833 (0.750–0.916) 0.039

D-dimers 0.764 (0.651–0.877) ---

+ sTNFR-1 0.853 (0.774–0.932) 0.062

+ sTNFR-1 0.808 (0.711–0.905) 0.298
+ CRP+D-dimers+sTNFR-1 0.876 (0.805–0.946) 0.007
sTNFR-1 0.780 (0.675–0.886) ---

*

of AUCs.

Figure 2. 
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with data from the literature.
TNF alfa is a pleiotropic cytokine with a biphasic secretion, 

with both neurotoxic and neuroprotective effects upon the 
nervous tissue during the ischemic episode, depending on the 
region of production, as was revealed in a recent review of the 
literature[35]. During the ischemic attack, TNF alfa, produced 
locally mainly by the activated microglia and macrophages, 
enhances excitotoxicity, oxidative stress and neuronal vulner-
ability, also promoting the apoptosis of the endothelial cells 
and BBB destruction eventually leading to vasogenic edema[35]. 
Contrariwise, TNF alfa is involved in neuronal survival and 
plasticity, modulating the NF-kappaB pathway involved both 
in the apoptosis and cell protection[36] and is responsible, via 
TNFR-1, for up-regulation of integrins expression involved in 
angiogenesis and tissue remodeling after ischemic stroke [37]. 
Literature review suggests that the detrimental or protective 

receptors involved in the cell signaling[35]. Some recent studies 
found an association between increased plasma level of TNF 
receptors and risk of intracerebral hemorrhage[38], or suggest 
the predictive value of an increased level of sTNFR-1 in the 
progression to death of patients with minor stroke indepen-
dently of clinical and demographic risk factors[39], but there 
are scarce data regarding the plasma level of sTNFR-1 and 
outcome after ischemic stroke. In the present study, plasma 
level of sTNFR-1 was found to be elevated in poor functional 

-
cant predictor of unfavorable outcome after adjusting for age, 

-
tory of stroke.

Except for NSE, adding each of studied parameters to the 
baseline clinical model increased the goodness of model fit 
to data. In the case of D-Dimers and sTNFR-1, we noticed 
an increased discrimination ability (versus baseline clinical 
model) to classify poor functional outcome with a tendency 

Although in our study the patients were very rigorously 

one single measurement of peripheral markers, without 
investigating the dynamic evolution after the ischemic stroke 
episode. Serial measurements could give the opportunity to 
investigate if persistent higher levels of biomarkers remained 
predictive for functional outcome. Second, the measurement of 
studied biomarkers was not done in the entire patients’group, 
therefore the results should be interpreted with caution. Third, 
because of the small sample size, we could adjust only for a 
limited number of predictors of functional outcome following 
ischemic stroke. Another aspect that needs to be highlighted is 
the potential limitation of the biochip for the acute phase of the 
ischemic stroke, the measuring range being not wide enough 
for this stage of disorders so that some biomarkers exceed the 
upper limit of the measuring interval. 

Further studies are needed to identify independent biomark-
ers contribution when the biomarkers will be taken together 
in one single model in the presence of the established clinical 
factors.

The strength of the present work is the evaluation of plasma 
CRP, D-Dimers, NSE, NGAL and sTNFR-1 impact on func-
tional outcome in ischemic stroke patients in the context of 
known clinical covariates.

Conclusion
In our study, the concentrations of plasma CRP, D-Dimers and 
sTNFR-1 during the acute phase of the ischemic episode were 
elevated in unfavorable outcome patients. The higher levels of 
plasma CRP, D-Dimers and sTNFR-1 were predictive for poor 
functional prognosis at 3 months, independently of known 
demographic factors (age, gender) and clinical factors (stroke 

The biochip array technology offers the possibility to simul-
taneously measure multiple parameters involved in different 
pathophysiological pathways, in a small sample volume, sav-
ing time and resources.
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