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Abstract

Background: Fibulin-5 and ischemia-modified albumin (IMA) levels increase in acute phase of cerebrovascular
diseases, yet data regarding their levels in various stroke subtypes and correlation with severity and prognosis are
still insufficient. This work aims to evaluate serum IMA and fibulin-5 as markers for early detection and predicting
prognosis in acute cerebrovascular disease.

Method: This case-control study was done on 100 patients with first time stroke, assessed by the National Institute
of Health Stroke Scale (NIHSS) and Glasgow Coma Scale (GCS) within the first 24 h after stroke event, lesion volume
was calculated, serum fibulin-5 and IMA levels were measured in the first few hours of stroke, and their levels were
compared with levels measured in 75 control subjects. Three months later, stroke patients were assessed by the
modified Rankin Scale (MRS).

Results: Fibulin-5 and IMA were significantly higher in the patient than in the control group and were positively
correlated with lesion volume and NIHSS score but inversely correlated with GCS score. Fibulin-5 was statistically
higher in hemorrhage group, whereas IMA was statistically higher in infarction group. MRS score was positively
correlated with fibulin-5 levels at onset of stroke but not with IMA.

Conclusion: Fibulin-5 and ischemia-modified albumin are increased during the acute stroke phase and correlated
with severity of stroke, but only fibulin-5 shows significant correlation with prognosis.
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Introduction
A biomarker is a characteristic that is objectively mea-
sured and evaluated as an indicator of normal biologic
processes, pathogenic processes, or pharmacologic re-
sponses to a therapeutic intervention [1]. In the setting
of acute ischemic stroke, a blood biomarker can be any
quantifiable entity that assesses the manifestation of a
stroke-related process [2].
In the present era of generally available diagnostic

neuroimaging, the diagnosis of ischemic stroke is often
straightforward. In scenarios in which imaging resources

are limited, however, blood-based biomarkers for the
diagnosis of stroke may be of value, much like cardiac
troponin is used to diagnose cardiac ischemic injury.
Also, in prehospital settings, a reliable diagnostic bio-
marker could be helpful to facilitate early diagnosis and
triage patients appropriately, since history and examin-
ation alone cannot provide a reliable diagnosis [3].
Ischemia-modified albumin (IMA), formed from albu-

min when exposed to ischemic tissues resulting in con-
formational changes in its N-terminus which decreased
its ability to bind to transitional metals (i.e., cobalt) [4],
has shown to be a sensitive marker of ischemia, and it
could be adopted as an early marker to help detect acute
episodes of ischemic stroke [5], and it correlates well
with currently used objective markers of ischemia such
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as lactate levels and isoprostane [6]. Many reports indi-
cate that the factors involved in ischemia that can induce
these in vivo changes to albumin may include acidosis,
free radical damage, membrane energy-dependent so-
dium and calcium pump disruption, reduced oxygen
tension, and free iron and copper ion exposure [7].
These conditions necessary for altering the metal bind-
ing site of human serum albumin (HAS) are known to
occur within minutes of the onset of ischemia, and their
effect on albumin could be detectable up to 6 h after the
ischemic event [8].
Fibulin-5 is an extracellular matrix protein essential

for elastic fiber assembly and vasculogenesis that partici-
pates in vascular remodeling and controls endothelial
cell adhesion, motility, and proliferation. There is evi-
dence that its expression is increased in cases of hypoxia
in endothelial cells contributing to their survival [9]. In
experimental research, fibulin-5 overexpression found to
be associated with better outcome following middle
cerebral artery occlusion and reperfusion [10] was also
found to increase in acute intracerebral hemorrhage
(ICH) [11].
Among the most important features of a diagnostic

biomarker are the ability to determine the presence of a
stroke and to differentiate between ischemic and
hemorrhagic stroke subtypes, due to diametrically op-
posed treatments offered for each (e.g., treatment with
tissue-type plasminogen activator (tPA) for ischemic
stroke versus potential reversal of novel oral anticoagu-
lants in hemorrhagic stroke) [12]. Distinguishing ische-
mic stroke from stroke “mimics,” such as migraine,
seizure, or hypoglycemia, is also important, although
there is evidence that treating mimics with tPA is rela-
tively safe. Thus, the essential measure of a biomarker’s
utility is whether it can be used to distinguish an ische-
mic brain lesion from hemorrhagic lesions [13]. More-
over, a biomarker might allow the individualization of
care by stratifying risk of reperfusion hemorrhage, pre-
dicting relative volume of penumbral tissue, and provid-
ing additional prognostic information [14].
Yet few data are available regarding these two bio-

marker levels in various types of stroke including ische-
mic stroke and intracerebral and subarachnoid
hemorrhage and their correlation with the prognosis and
severity. We conduct this study to evaluate their diag-
nostic and prognostic value in acute cerebrovascular dis-
ease (ACVD) with its different subtypes.

Methods
This case control study was conducted from May 2016
to January 2018, in Neuropsychiatry Department, Meno-
fiya University Hospital, Egypt. The study consisted of
100 patients with first time stroke, 50 with brain ische-
mia (BI), 30 with intracerebral hemorrhage (ICH), and

20 with subarachnoid hemorrhage (SAH), compared
with 75 control subjects of normal individuals matched
for age and sex. Patient and control inclusion was done
using simple randomization. The exclusion criteria in-
cluded patients with other ischemic diseases (ischemia
of heart, bowel, lung, or limb); abnormal serum albumin
levels; advanced hepatic, renal, and cardiac insufficien-
cies; hematomas related to tumor, trauma, coagulopathy,
chronic inflammatory, or infectious diseases; pulmonary
embolism; and thrombotic diseases related to systemic
circulation or pregnancy. All subjects were subjected to
full history taking; complete clinical and neurological
examination; blood samples for routine blood tests in-
cluding complete blood count, prothrombin time, con-
centration, INR (International Normalized Ratio), liver
profile, kidney profile, serum uric acid, lipid profile, and
blood glucose level; and measurement of serum fibulin-5
and ischemia-modified albumin (IMA) concentrations
(for stroke patients, blood samples were taken within
first few hours of symptom onset, and levels were mea-
sured using enzyme-linked immunosorbent assay (ELIS
A) kit for fibulin-5 (FBLN; Cloud Clone Corp, Houston,
TX, USA) and human IMA instant ELISA
(BMS2069INST, affymetrix Bioscience, Vienna, Austria)
for IMA). Also, cardiac work up by ECG, echocardiog-
raphy, and Holter were done to all patients as a routine
investigation in the department of cardiology. Duplex
study for the extracranial carotid and vertebral circula-
tion was done, and degree of stenosis was established by
using the peak systolic volume (PSV) and end diastolic
volume (EDV) parameters with cutoff point 125 for PSV
and 40 for EDV [15]. Stroke patients were also subjected
to computed tomography (CT) and magnetic resonance
imaging (MRI) brain. Calculation of lesion volume was
done through CT in cases of intracerebral hemorrhage
using the ABC/2 equation, as described by Kothari et al.
[16], where A = maximum length (in cm), B = width
perpendicular to A on the same head CT slice, and C =
the number of slices multiplied by the slice thickness,
and through FLAIR or diffusion MRI in case of ischemia
where volumetric analysis was carried out by manually
tracing the outer edge of the hyperintense lesional tissue
in the MR images using the software MPI tool (Ad-
vanced TomoVision); criterion was the border at which
the gray values of normal brain tissue exhibited a step-
wise increase to those of the hyperintense infarct lesion
[17], and SAH severity was assessed by Fisher radio-
logical scale by CT [18]. Clinical assessment for all
stroke patients was done using NIHSS [19] and Glasgow
Coma Scale (GCS) [20] at time of admission. Modified
Rankin Scale (MRS) [21] was performed 3months after
stroke onset. The study was performed in accordance
with the Declaration of Helsinki and approved by the
ethical committee of Menoufiya Faculty of Medicine
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dating 13 November 2016. The committee’s reference
number is not applicable. Informed verbal consent was
obtained from all subjects before the study was com-
menced after fully explaining the study and its aims to
them.
Statistical analysis was conducted by Statistical package

of Social Science (SPSS) version 20 (SPSS Inc., Chicago,
IL, USA). Quantitative data were expressed as mean and
standard deviations (X ± SD) and analyzed applying Stu-
dent’s t test. Qualitative data were expressed as number
and percentage and analyzed applying Chi-square test. P
value of < 0.05 was considered statistically significant.
Statistical correlations were also used to measure the ex-
tent of relation between different variables. A receiver op-
erating characteristic curve, or ROC curve, was used to
show the connection between clinical sensitivity and spe-
cificity for every possible cutoff for the mentioned bio-
markers. In addition, the area under the ROC curve gives
an idea about the benefit of using the tests in question.

Results
This case-control study consisted of 100 stroke cases
aged 51.48 ± 11.72 years, 50 with BI, 30 with ICH, and

20 with SAH with 58% males and 42% females, com-
pared with 75 control subjects aged 49.64 ± 8.91 years,
with 73.3% males and 26.7% females. There was signifi-
cantly higher prevalence of hypertension, atrial fibrilla-
tion (AF), and carotid artery stenosis in stroke patients
than controls (p values = 0.001*, 0.012*, < 0.001* re-
spectively). Also, the mean value of body mass index
(BMI) was significantly higher in cases than control
group (p value < 0.001*). The NIHSS and GCS in stroke
patients were 14.24 ± 5.17 and 12.10 ± 2.54 respectively
(Table 1). Stroke patients had significantly higher mean
levels of fibulin-5 and IMA than control group (70.36 ±
16.33 vs 40.34 ± 4.49, p < 0.001*; 96.83 ± 12.01 vs 44.47
± 5.28, p < 0.001* respectively) (Table 2). Fibulin-5 has
significant higher mean values in hemorrhagic than is-
chemic stroke (70.83 ± 16.27 μg/l for ICH, 79.37 ±
16.94 μg/l for SAH vs 66.48 ± 14.91 μg/l for IS, p value =
0.010*), while IMA has significant higher mean values in
ischemic than hemorrhagic stroke (105.01 ± 10.81 U/ml
for IS vs 99.24 ± 12.89 U/ml for ICH, 97.74 ± 13.36 U/
ml for SAH, p value = 0.036*) (Table 3). In stroke pa-
tients, fibulin-5 has significantly higher mean levels in
patients with smoking (p value = 0.016*), DM (p value =

Table 1 Clinical characteristics of cerebrovascular stroke patients and control group

Clinical
characteristics

Stroke patients (n = 100) Control group (n = 75) t test P value

Mean ± SD Mean ± SD

Age [years]: mean ± SD 51.48 ± 11.72 49.64 ± 8.91 t = 1.14 0.258

Sex: (No. [%])

Males 58 [58.0] 55 [73.3] χ2 = 5.49 0.064

Females 42 [42.0] 20 [26.7]

BMI (kg/m2) 28.38 ± 5.89 24.72 ± 4.66 4.44 < 0.001*

NIHSS 14.24 ± 5.17 - - -

GCS 12.10 ± 2.54 - - -

No. (%) No. (%) χ2

Smoking 42 (42.0) 22 (29.3) 2.96 0.085

Alcoholic 4 (4.0) 0 3.07 0.080

Hypertension 66 (66.0) 30 (40.0) 11.70 0.001*

Diabetes mellitus 28 (28.0) 16 (21.3) 1.01 0.314

Hyperuricemia 30 (30.0) 61 (81.3) 2.73 0.087

AF 18 (18.0) 4 (5.0) 6.26 0.012*

Carotid artery stenosis 52 (52.0) 18 (24.0) 14.00 < 0.001*

AF atrial fibrillation, BMI body mass index, GCS Glasgow Coma Scale, NIHSS National Institute of Health Stroke Scale, SD standard deviation, χ2 chi-square test
(*) means statistically significant

Table 2 Comparison between fibulin-5 and IMA levels in stroke patients and control group

Items Stroke patients (n = 100) Control group (n = 75) t
test

P value

Mean ± SD Mean ± SD

Fibulin-5 (μg/l) 70.36 ± 16.33 40.34 ± 4.49 15.48 < 0.001*

IMA (U/ml) 96.83 ± 12.01 44.47 ± 5.28 35.26 < 0.001*

IMA ischemia modified albumin, SD standard deviation
(*) means statistically significant
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0.027*), and AF (p value = 0.007*), but has significantly
lower value in patients with high LDL (r = − 0.22, p =
0.029*) (Tables 4 and 5), while IMA has significantly
higher mean levels in patients with DM than non-
diabetic (p value = 0.001*), high BMI (r = 0.21, p =
0.041*), cholesterol (r = 0.66, p = 0.01), TG (r = 0.74, p
= 0.01), HDL (r = 0.36, p < 0.001*), and LDL (r = 0.29, p
= 0.01) (Tables 6 and 7). Regarding severity, there were
significant positive correlations between serum fibulin-5
and IMA levels with lesion volume of ischemia, ICH,
and severity of SAH (Table 8) and with NIHSS (r =
0.438, p = 0.001*) (r = 0.252, p < 0.01*); but inversely
correlated with GCS (r = − 0.206, p = 0.04*) (r = −
0.227, p < 0.02*) (Table 9). Regarding prognosis, on ap-
plying Modified Rankin Scale (MRS) 3 months after
stroke, 6 (6.0%) patients died, 22 (22.0%) had severe dis-
ability, 8 (8.0%) had moderately severe disability, 20

(20.0%) had moderate disability, 18 (18.0%) had slight
disability, 18 (18.0%) had no significant disability, and 8
(8.0%) had no symptoms at all. There was no significant
difference between ischemic and hemorrhagic stroke pa-
tients as regards MRS. MRS score was positively corre-
lated with fibulin-5 levels (r = 0.203, p = 0.04*) but not
with IMA (r = 0.01, p = 0.938) (Table 10). ROC curve
analysis for fibulin-5 as a prognostic factor and predictor
of cerebrovascular stroke outcome (MRS) confirms its
correlation with severity but cannot predict it with sensi-
tivity 78.6% and specificity 40.9% (Fig. 1).

Discussion
Our study found that stroke patients had significantly
higher mean levels of fibulin-5 and IMA in the acute
phase in comparison to the control group, and this in-
crease was higher in hemorrhagic than ischemic stroke
in case of fibulin-5 contrary to ischemia-modified albu-
min which showed higher levels in ischemic than
hemorrhagic stroke.
In agreement with our results, all the previous studies

[6, 11, 22–24] done to measure these two biomarkers in

Table 3 Comparison between fibulin-5 and IMA levels in ischemic and hemorrhagic cerebrovascular stroke

Items Stroke patients ANOVA
test

P value

Ischemic (n = 50) ICH (n = 30) SAH (n = 20)

Mean ± SD Mean ± SD Mean ± SD

Fiblulin-5 (μg/l) 66.48 ± 14.91 70.83 ± 16.27 79.37 ± 16.94 4.81 0.010*
P1 = 0.234
P2 = 0.003*
P3 = 0.063

IMA (U/ml) 105.01 ± 10.81 99.24 ± 12.89 97.74 ± 13.36 2.24 0.036*
P1 = 0.035*
P2 = 0.020*
P3 = 0.693

IS ischemic stroke, ICH intracerebral hemorrhage, SAH subarachnoid hemorrhage, IMA ischemia modified albumin, SD standard deviation, P1 ischemic vs ICH, P2
ischemic vs SAH, P3 ICH vs SAH
(*) means statistically significant

Table 4 Risk factors for fibulin-5 in stroke patients

Clinical characteristics Fibulin-5 levels (μg/l) in
stroke patients (n = 100)

t test P value

Mean ± SD

Sex

Males 68.74 ± 17.11 1.17 0.244

Females 72.61 ± 15.11

Smoking 65.76 ± 16.68 2.46 0.016*

Alcoholic 77.73 ± 11.86 0.92 0.360

Hypertension 69.87 ± 16.95 0.42 0.675

Diabetes mellitus 76.14 ± 18.54 2.25 0.027*

Hyperuricemia 68.84 ± 13.14 0.61 0.545

AF 61.13 ± 14.73 2.73 0.007*

Carotid artery stenosis:

Mild 73.66 ± 20.51 ANOVA
= 0.59

0.627

Moderate 66.68 ± 15.25

Severe 69.09 ± 16.31

No 71.31 ± 15.62

(*) means statistically significant

Table 5 Correlations between fibulin-5 levels with clinical
characteristics and laboratory data in stroke patients

Items Fibulin-5 levels (μg/l) in stroke patients
(n = 100)

(r) P value

Age (years) − 0.20 0.870

BMI (kg/m2) 0.14 0.175

Cholesterol (mg/dl) 0.04 0.698

TG (mg/dl) 0.02 0.833

HDL (mg/dl) 0.09 0.362

LDL (mg/dl) − 0.22 0.029*

Albumin (g/dl) − 0.01 0.512

BMI body mass index, GCS Glasgow Coma Scale, NIHSS National Institute of
Health Stroke Scale, TG triglycerides, HDL high-density lipoprotein, LDL
low-density lipoprotein
(*) means statistically significant
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acute stroke, whether ischemic or hemorrhagic, found
that their level is increased in cases than control group.
And also as regard to differentiation between ischemic
and hemorrhagic stroke, Hu et al. [11] found that serum
fibulin-5 concentration had increased in ICH patients,
and the studies of Gunduz et al. [22], Jena et al. [23],
and Ertekin et al. [24] showed elevated IMA levels with
a diagnosis of ischemic stroke. Also, Gad et al. [6] found
that IMA was significantly higher in the infarction group
than the hemorrhage group.
As for ischemia-modified albumin, many studies ex-

plained the association of IMA with ischemic brain in-
jury by increasing ischemia following acute stroke, there

occurs anaerobic metabolism of glucose leading to ex-
cess production of lactic acid causing acidosis, which
may also lead to IMA formation [23]. Also in case of
cerebral hemorrhage, cerebral blood flow and cerebral
metabolic rate of oxygen decreased adjacent to
hematoma after bleeding resulting in oxygen fraction re-
duction [11] with relative ischemia leading also to IMA
formation but to lesser extent than in ischemic stroke.
In case of fibulin-5, it was found that hypoxic stress, in

case of ischemic stroke or relative ischemia that occurs
in case of hemorrhage due to oxygen fraction reduction
secondary to decreased blood flow around the
hematoma [11], induces fibulin (FBLN5) expression in
vascular endothelial cells through hypoxia-inducible
factor-1 (HIF-1) as a part of the adaptive response of
endothelial cells to survive to hypoxia [9]. The effects of
fibulin-5 on brain injury following ischemia/reperfusion
have been reported by Guo et al. [25]. In this study, they
examined the effect of overexpressed fibulin-5 on react-
ive oxygen species (ROS) production. Fibulin-5 overex-
pression attenuated ROS expression, which in turn
decreased apoptosis and blood–brain barrier (BBB) per-
meability following MCAO and reperfusion. Fibulin-5
also improved neurological deficits but had no effect on
infarction volume. T2-weighted MRI and electron mi-
croscopy further confirmed brain edema reduction and de-
creased BBB disruption in fibulin-5 overexpression
recombinant adenovirus (Ad-FBLN) treated rats. In
addition, tight junction protein occludin was significantly
degraded, and matrix metalloproteinase 9 (MMP-9) immu-
noreactivity was significantly increased. Fibulin-5-mediated
ROS decrease was not due to increased total superoxide
dismutase levels but was instead correlated with the

Table 6 Risk factors for IMA in stroke patients

Clinical characteristics IMA levels (U/ml) in
stroke patients
(n = 100)

t test P value

Mean ± SD

Sex

Males 97.75 ± 12.24 0.91 0.368

Females 95.55 ± 11.72

Smoking 99.09 ± 11.73 1.62 0.109

Alcoholic 106.58 ± 0.57 1.67 0.098

Hypertension 97.53 ± 12.05 0.82 0.415

Diabetes mellitus 90.39 ± 11.86 3.53 0.001*

Hyperuricemia 94.27 ± 9.16 1.40 0.164

AF 93.96 ± 10.31 1.12 0.265

Carotid artery stenosis

Mild 96.06 ± 13.40 ANOVA = 1.27 0.290

Moderate 92.27 ± 11.19

Severe 97.06 ± 12.18

No 98.66 ± 11.72

AF atrial fibrillation, IMA ischemia-modified albumin, SD standard deviation
(*) means statistically significant

Table 7 Correlations between IMA levels with clinical
characteristics and laboratory data at stroke onset in stroke
patients

Items IMA levels (U/ml) in stroke patients (n = 100)

(r) P value

Age (years) − 0.20 0.045*

BMI (kg/m2) 0.21 0.041*

Cholesterol (mg/dl) 0.19 0.04

TG (mg/dl) 0.17 0.03

HDL (mg/dl) 0.36 < 0.001*

LDL (mg/dl) 0.29 0.01

Albumin (g/dl) 0.08 0.433

BMI body mass index, GCS Glasgow Coma Scale, NIHSS National Institute of
Health Stroke Scale, TG triglycerides, HDL high-density lipoprotein, LDL
low-density lipoprotein
(*) means statistically significant

Table 8 Correlation between biomarker levels with volume of
lesion in ischemic stroke and ICH and SAH severity

Ischemic stroke lesion
volume

ICH lesion
volume

SAH severity

r P value r P value r P value

Fibulin (μg/l) 0.39 0.005 0.41 0.02 0.56 0.01

IMA (U/ml) 0.28 0.045 0.43 0.02 0.45 0.048

Table 9 Correlations between fibulin-5 and IMA levels with
NIHSS, GCS, and MRS

Items Fibulin-5 levels (μg/l) in
stroke patients (n = 100)

IMA levels (U/ml) in stroke
patients (n = 100)

(r) P value (r) P value

NIHSS 0.438 0.001** 0.252 < 0.01*

GCS − 0.206 0.04* − 0.227 < 0.02*

MRS 0.203 0.04* 0.01 0.938

GCS Glasgow Coma Scale, NIHSS National Institute of Health Stroke Scale, MRS
Modified Rankin Scale
(*) means statistically significant
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activation of Rac-1 pathway. The findings highlight the
importance of antioxidant mechanism underlying cere-
bral ischemia/reperfusion. Furthermore, FBLN5 favors
endothelial cell attachment to the ECM, contributing to
preserve structural and functional characteristics of the
endothelial cell monolayer [26]. Furthermore, FBLN5
cooperates with FBLN2 to maintain the integrity of the
adult vessel wall after injury and to avoid abnormal re-
modeling [27].
Regarding relation between biomarkers and different

vascular risk factors, fibulin-5 has significantly higher
mean levels in patients with smoking, diabetes mellitus
(DM), and AF, while IMA has significant positive correl-
ation with DM, BMI and cholesterol, TG, HDL, and
LDL. This came in agree with the study Han et al. [28],
in which serum IMA levels were positively correlated
with patients’ total cholesterol (TC), triglycerides (TG),
and low density lipoproteins (LDL) levels, but negatively
correlated with high-density lipoproteins (HDL), and this

did not come in agree with our study. Also, in disagree-
ment with our study, Jena et al. [23] demonstrated a sig-
nificant negative correlation between serum IMA with
serum uric acid and albumin, which supports the fact that
imbalance in oxidant and antioxidant status plays an im-
portant role in pathophysiology and generation of IMA in
ischemic brain injury. Few years before, Cherubini et al.
[29] also demonstrated that majority of antioxidants in-
cluding uric acid were reduced immediately after an acute
ischemic stroke.
In our study, there were significant positive correla-

tions between serum fibulin-5 and IMA levels with le-
sion volume. Hu et al. [11] showed that the mean
concentration of serum fibulin-5 in ICH patients was
mainly influenced by hemorrhage volume and extension
to ventricles. The larger the hemorrhage volume is, the
more severe the disease is, and the higher the serum
fibulin-5 concentration is in compensation. When hema-
tomas extend to ventricles, the inflammatory reaction
spread out into the central nervous system, and BBB
permeability was disrupted more seriously. Koivunen
[30] also stated that both hematoma volume and expan-
sion of intraventricular hemorrhage are powerful and in-
dependent predictors of ultimate outcomes in the case
of ICH. As for ischemia, several biomarkers have been
associated with infarct volume, including S-100B, matrix
metalloproteinase (MMP), interleukin-6 (IL-6), tumor
necrosis factor alpha (TNF-alpha), intracellular adhesion

Table 10 Correlations between MRS with results of biomarkers
at onset of stroke:

Items MRS in stroke patients (n = 100)

(r) P value

Fiblulin-5 (μg/l) 0.203 0.04*

IMA (U/ml) 0.01 0.938

(*) means statistically significant

Fig. 1 ROC curve analysis for fibulin-5 as a predictor of cerebrovascular stroke outcome (MRS)
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molecule-1 (ICAM-1), and glutamate. These could be
useful to predict clinical outcome in patients with ische-
mic stroke. However, it should be emphasized that le-
sion size may not correlate with neurologic outcome, as
even small lesions can cause devastating neurological
outcomes when they occur in certain anatomical regions
such as the brainstem [31].
Regarding severity, our study showed significant posi-

tive correlations between fibulin-5 and IMA levels with
NIHSS in stroke patients; whereas there were significant
negative correlations with GCS. This means that the
fibulin-5 and IMA can be regarded as biomarkers for
evaluating disease severity. This agreed with Hu et al.
[11] and Abboud et al. [32].
Regarding the outcome, many candidate markers have

been studied, and higher levels of biomarkers of most
pathophysiological processes involved with stroke are as-
sociated with worse outcome after stroke [33]. On apply-
ing Modified Rankin Scale (MRS) 3 months after stroke,
our study showed that there were positive correlation
between MRS and fibulin-5 levels, but not with IMA,
suggesting that fibulin-5 could be used as prognostic
biomarker for acute cerebrovascular diseases, but more
studies needed to confirm this results. This comes in
agreement with Hu et al. [11], who concluded that
serum fibulin-5 can be regarded as prognostic biomarker
in ICH patients.

Conclusion
IMA and fibulin-5 levels are useful diagnostic markers
for early stroke detection, being increased in patients
with acute cerebrovascular diseases compared with
healthy individuals, and this increase is correlated with
severity measured by NIHSS and lesion volume; also,
they are useful in differentiating stroke subtype, as IMA
levels were found to be higher in ischemic stroke, while
fibulin-5 levels are higher in hemorrhagic stroke, but
these results need more evaluation. Fibulin-5, but not
IMA, shows significant correlation with MRS results
after 3 months suggesting its prognostic value. So we
conclude that these markers can be used mainly as indi-
cators for severity and prognosis. Also, in limited cir-
cumstances, they can be used for early detection of
stroke, especially in areas with limited imaging resources
and in cases with unclear diagnosis.
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