
Articles © The authors   |   Journal compilation © J Neurol Res and Elmer Press Inc™   |   www.neurores.org
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction 

in any medium, provided the original work is properly cited
277

Original Article J Neurol Res. 2015;5(6):277-282

ressElmer 

The Role of D-Dimer, Fibrinogen and C-Reactive Protein as 
Plasma Biomarkers in Acute Ischemic Stroke

Mostafa Saleh Melakea, b, Rasha Ali El-Kabanya, Aktham Ismail Al-Emama, 
 Ahmed Mohamed El-Shereefa, Mohamed Okdaa

Abstract

Background: Previous studies on pathophysiology suggest a role of 
inflammation in atherothrombotic stroke and intracardiac thrombo-
sis in cardioembolic stroke. We explored the magnitude of D-dimer, 
fibrinogen and C-reactive protein (CRP) as biomarkers in acute is-
chemic cerebral stroke and their relation to ischemic stroke subtypes 
and their impact on stroke outcome after 30 days.

Methods: The study was performed on 100 patients, admitted to Neu-
rology Department, Menoufiya University, within 24 hours of acute 
ischemic stroke. Patients were subjected to clinical data collection, 
general and neurological examination, laboratory assessment (routine 
and biomarkers), brain computerized tomography (CT), magnetic res-
onance imaging (MRI), MRA, carotid and vertebrobasilar duplex and 
cardiac assessment. The patients were classified according to Trial 
of ORG 10172 in acute stroke treatment (TOAST) classification. Se-
verity and disability were assessed by Scandinavian stroke scale and 
modified Rankin scale at admission and at 30 days.

Results: We found that D-dimer, fibrinogen and CRP were signifi-
cantly higher in patients than in controls (P < 0.001). D-dimer and 
fibrinogen were higher in cardioembolic stroke while CRP was higher 
in atherothrombotic subtype. The biomarkers were correlated signifi-
cantly with the severity and disability of stroke at onset and 30 days.

Conclusions: These three biomarkers in acute ischemic stroke can 
be considered as non-invasive tools which add important information 
regarding etiology and outcome.
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Introduction

Acute cerebral stroke is one of the leading causes of mortal-

ity and the most common cause of complex chronic disabil-
ity worldwide [1]. The diagnosis of stroke relies on historical 
data, neurologic examination, and neuroimaging techniques, 
including brain computerized tomography (CT) and magnetic 
resonance imaging (MRI) scans. A rapid blood test to confirm 
a clinical and imaging diagnosis of ischemic stroke based on 
a simple and low-cost near patient technology, would be ex-
tremely useful [2].

D-dimer and fibrinogen had been studied as biomark-
ers of thrombosis. Inflammation mediators such as CRP also 
had been investigated as markers for the diagnosis of stroke 
[3]. D-dimer, a marker of activation of the coagulation and 
fibrinolytic system has gained increasing interest over the 
recent years. High D-dimer levels have been reported in the 
acute phase of stroke [4]. Elevated D-dimer level has also 
been shown to relate to early clinical progression [5], stroke 
subtypes [6], and infarction volume [7]. Some studies have 
suggested that D-dimer can be seen as an outcome predictor 
in ischemic stroke and an indicator of severity of traumatic 
brain injury [8].

There is also increasing evidence that activation of the co-
agulation system is associated with the development and evo-
lution of acute ischemic stroke. Fibrinogen is a thrombotic risk 
factor which also acts as an acute phase protein. Elevated lev-
els of fibrinogen have been reported after stroke [4] and have 
been associated with increased risk of recurrent stroke [9].

Inflammation is important in ischemic stroke, both in the 
development of atherosclerosis and during the ischemic event 
[10].

Human CRP is an acute phase reactant that is rapidly un-
regulated by inflammatory cytokines. In line with this con-
cept, CRP is a sensitive indicator of inflammation and has also 
evolved as a marker of atherosclerosis [11].

The aim of the current study was to explore the magnitude 
of D-dimer, fibrinogen and CRP within 24 h as biomarkers of 
acute ischemic cerebral stroke and their relation to different 
ischemic stroke subtypes and their impact on the short-term 
outcome after 30 days.

Patients and Methods

The study was performed on 100 patients aged 45 - 78 years 
old and 100 healthy controls matched with age and sex. The 
patients were 51 males and 49 females admitted to Neurology 
Department, Menoufiya University within 24 h of symptoms 
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of acute cerebral stroke.

Inclusion criteria

Patients with acute cerebral infarction of either gender arriving 
at emergency department within 24 h of the symptoms onset 
presenting with first ever stroke were included.

Exclusion criteria

Patients with intracerebral hemorrhage, subarachnoid hemor-
rhage and mass lesions on brain CT or MRI, transient ischemic 
attack (TIA) by retrograde diagnosis, more than 24 h since the 
stroke when they arrived at the emergency department, severe 
hepatic or renal impairment, on anticoagulant therapy, symp-
toms or signs of systemic inflammatory and infectious diseas-
es, malignancy and evidence of venous thrombotic disease on 
admission were excluded.

Data collection

Clinical data collection

Clinical data were collected including full history taking, so-
cio-demographic data (age, sex, and educational level), his-
tory of vascular risk factors (hypertension defined as a systolic 
blood pressure ≥ 140 mm Hg and/or a diastolic blood pressure 
≥ 90 mm Hg, and/or the use of antihypertensive drugs [12]), 
diabetes, smoking, dyslipidemia with hypercholesterolemia 
and hypertriglyceridemia defined as cholesterol level > 200 
mg/dL and triglyceride > 150 mg/dL respectively [13], cardiac 
diseases and current drug intake.

Complete general and neurological examination

Complete general and neurological examination was obtained 
using stroke sheet.

Laboratory assessment

Blood samples were taken at admission before treatment.

1) Routine tests

Routine tests included complete blood picture, liver function 
tests (prothrombin time, activated partial thromboplastin time 
(aPTT), albumin, bilirubin and liver transaminases (SGOT and 
SGPT), kidney function tests (blood urea nitrogen and creati-
nine) random blood sugar, and erythrocyte sedimentation rate.

2) Special tests

a) Anti-double-stranded DNA, antinuclear antibody, anti-neu-
trophil cytoplasmic antibody-b (ANCA-b), anti-neutrophil cy-
toplasmic antibody-c and anticardiolipin-antibodies, and lupus 
anticoagulants: in suspected vasculitis disease.

b) Protein-c, protein-s, antithrombin-III and von Wille-
brand factor: in patients aged below 45 years, have a personal 
history of recurrent thrombosis without precipitating factors, 
thrombosis in unusual sites, thrombosis during pregnancy, and 
a positive family history of thrombosis.

3) Plasma biomarkers

Plasma biomarkers were D-dimer, fibrinogen and CRP within 
24 h of acute ischemic stroke.

Table 1.  Etiological Subtypes of the Ischemic Stroke Among 
Patient Group

Etiology
Patient group (N = 100)

No. %
Atherosclerosis 48 48.0
Embolic 21 21.0
Lacunar 17 17.0
Undetermined 12 12.0
Others 2 2.0

Table 2.  Site of Infarction Among Patient Group

Site
Patient group (N = 100)

No. %
Anterior cerebral artery occlusion 8 8.0
Middle cerebral artery occlusion 67 67.0
Vertebrobasilar occlusion 20 20.0
Multiple lacunar 5 5.0

Table 3.  Comparison Between Patient and Control Groups Regarding D-Dimer, Fibrinogen and CRP

Parameters Patient group (N = 100) (mean ± SD) Control group (N = 100) (mean ± SD) Mann- Whitney test P value
D-dimer (ng/mL) 635.5 ± 699.6 99.1 ± 53.8 8.59 < 0.001**
Fibrinogen (mg/dL) 365.4 ± 151.8 211.9 ± 15.7 8.66 < 0.001**
CRP (mg/L) 5.2 ± 3.9 0.90 ± 0.33 10.76 < 0.001**

**Highly significant at P < 0.001.
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Radiological assessment

a) Brain CT was done at admission, focusing on the early in-
farction signs (focal brain swelling, early hypodensity, attenu-
ation of basal ganglia, or hyperdense artery sign) and exclud-
ing cerebral hemorrhage or any focal lesion. b) Brain MRI to 
determine the territory and the size of infarction (small ≤ 1.5 
cm, large > 1.5 cm according to TOAST classification) and 
MRA (MR angiography) within 24 - 72 h of admission were 
done.

Neurosonological assessment

Extracranial vessels ultrasound examination: common carotid 
artery (CCA), internal carotid (ICA) and extracranial verte-
bral arteries were visualized by combined B-mode and color-
Doppler ultrasound on both sides combined with pulsed wave 
Doppler.

Cardiac evaluation

Cardiac evaluation included ECG, transthoracic and 
transesophageal echocardiography.

All patients were classified according to TOAST classifi-
cation into atherothrombotic, cardioembolic, lacunar, undeter-
mined etiology and stroke of other etiology.

Assessment of severity and disability

For assessment of stroke severity and disability, Scandinavian 

stroke scale [14] and modified Rankin scale were done at the 
time of admission and at 30 days after the onset.

Results

In this study, it was found that there were no significant dif-
ferences between patients and controls regarding age and sex 
but there was a significant difference as regards hypertension, 
diabetes mellitus, smoking, ischemic heart disease and atrial 
fibrillation. There was a significant difference between the two 
groups regarding all items of the lipid profile (cholesterol, tri-
glycerides, HDL and LDL).

The etiology of the ischemic stroke among the 100 pa-
tients was atherothrombotic in 48 patients (48.0%), embolic in 
21 patients (21.0%), lacunar in 17 patients (17.0%), undeter-
mined in 12 patients (12.0%) and other etiology in two patients 
(2.0%) (Table 1). The site of the cerebral infarction was in an-
terior cerebral artery territory in eight patients (8%), middle 
cerebral artery territory in 67 patients (67%), vertebrobasilar 
artery territory in 20 patients (20%) and multiple lacunar in 
five patients (5%) (Table 2).

D-dimer, fibrinogen and CRP were highly significantly 
different (P < 0.001) between the patients and controls (Table 
3).

There was highly significant difference between the sub-
types regarding D-dimer (P = 0.001) with the highest value 
in the cardioembolic group and lowest in the lacunar group. 
There was a significant difference between the cardioembolic 
and atherosclerotic groups (P = 0.02) and between the cardi-
oembolic and lacunar groups (P = 0.001) and between cardi-
oembolic and undermined/other groups (P = 0.03). There was a 
significant difference between the different subtypes of stroke 

Table 4.  Comparison Between the Subtypes of Stroke (According to Etiology) Regarding D-Dimer, Fibrinogen and CRP

Atherothrombotic  
(N = 48)

Cardioembolic 
(N = 21)

Lacunar 
(N = 17)

Undetermined/
others (N = 14) Test P value Post hoc test

D-dimer 513.4 ± 574.3 1259.2 ± 954.5 317.1 ± 238.1 500.3 ± 407.7 Kruskal-Wallis 
test = 15.41

0.001* P1 = 0.02*
P2 = 0.26
P3 = 1.00
P4 = 0.001*
P5 = 0.03*
P6 = 0.81

Fibrinogen 375.5 ± 157.2 425.3 ± 150.7 257.3 ± 89.4 370.3 ± 129.9 Kruskal-Wallis 
test = 13.24

0.004* P1 = 0.76
P2 = 0.002*
P3 = 1.00
P4 = 0.001*
P5 = 0.91
P6 = 0.21

CRP 6.4 ± 4.3 5.6 ± 3.3 1.5 ± 0.49 4.2 ± 1.4 Kruskal-Wallis 
test = 26.83

< 0.001** P1 = 0.97
P2 ≤ 0.001**
P3 = 0.04*
P4 ≤ 0.001**
P5 = 0.47
P6 = 0.002*

*Significant. **Highly significant.
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regarding fibrinogen (P = 0.004) with the highest value in the 
cardioembolic group and lowest in the lacunar group. There 
was a significant difference between atherosclerotic and lacu-
nar groups (P = 0.002) and between cardioembolic and lacunar 
groups (P = 0.001). There was highly significant difference be-
tween the different subtypes (P < 0.001) with the highest value 
in the atherosclerotic group and lowest in the lacunar group.

There was highly significant differences between athero-
sclerotic and lacunar groups (P < 0.001), highly significant dif-
ferences between embolic and lacunar groups (P < 0.001) and 
significant difference between lacunar and undermined/other 
groups and significant difference between atherosclerotic and 
undetermined/other groups (Table 4).

As regards relation between the biomarkers and initial se-
verity and disability on admission, there was highly signifi-
cant inverse correlation between D-dimer, fibrinogen and CRP 
and initial Scandinavian stroke scale (P < 0.001). There was 
highly significant correlation between D-dimer, fibrinogen (P 
< 0.001) and initial modified Rankin scale. Also, there was sig-
nificant correlation between CRP and initial modified Rankin 
scale (Table 5).

At 30 days after the onset, there was highly significant 
inverse correlation between D-dimer, fibrinogen and CRP at 
admission and the severity of stroke after 30 days assessed by 
Scandinavian stroke scale (P < 0.001) and a significant cor-
relation between D-dimer, fibrinogen and CRP at admission 
and the disability of stroke after 30 days assessed by modified 
Rankin scale (Table 6).

There was a significant correlation between D-dimer, fi-
brinogen and CRP done at admission and size of the infarction.

Discussion

The results of this study showed that D-dimer was significantly 
higher in patients with acute ischemic stroke when compared 
with control subjects. This agreed with Lip et al [15] who 
found that baseline D-dimer levels measured within < 12 h 

from the onset of acute stroke were significantly higher than 
those in healthy controls. Also Ageno et al [16] found that D-
dimer levels on day 1 of the acute ischemic stroke were signifi-
cantly higher in patients than those of controls.

The result of this study was in contrast to Haapaniemi and 
Tatlisumak [17] who postulated that D-dimer assessment can-
not be used as an acute ischemic stroke index, with the excep-
tion of the cardioembolic subtype.

The results of the present study showed that there was 
highly significant difference between the patients and control 
group as regards fibrinogen. This coincides with Shenhar-Tsar-
faty et al [18] who found that fibrinogen concentrations were 
significantly elevated in patients with acute ischemic stroke 
within 24 h when compared with matched controls.

There was highly significant difference between the pa-
tients and controls regarding CRP which agreed with Hasan 
et al [19] who found that CRP within 24 h of the onset of the 
symptoms was significantly differentiated between ischemic 
stroke and healthy control subjects.

The result of the present study showed that D-dimer was 
highest in the cardioembolic group and lowest in the lacunar 
group. There was a significant difference between cardioem-
bolic and atherosclerotic groups and between cardioembolic 
and lacunar groups and between cardioembolic and under-
mined/other groups. This coincides with Liu [20] who found 
that D-dimer levels were significantly different among the 
subtypes and were the highest in cardioembolic followed by 
large artery atherosclerosis and small artery occlusion. In 
contrast to our results, Takano et al [21] found marked eleva-
tion of plasma concentration of D-dimer was observed only 
in cardioembolic versus control within 48 h of onset persist-
ing for 1 month with a gradual decline. In atherothrombotic 
stroke, the level of D-dimer was not elevated at the onset, but 
increased 7 days after onset and no significant changes in these 
marker levels were observed in lacunar stroke. The result of 
the present study showed that there was significant difference 
between the different subtypes of stroke regarding fibrinogen 
(P = 0.004) with the highest value in the cardioembolic group 

Table 5.  Spearman Correlation Between D-Dimer, Fibrinogen, CRP and Scandinavian Stroke 
Scale and Modified Rankin Scale at Admission

D-dimer Fibrinogen CRP
R P-value R P-value r P-value

SSS -0.464 < 0.001** -0.492 < 0.001** -0.367 < 0.001**
mRs 0.397 < 0.001** 0.357 < 0.001** 0.207 0.04*

*Significant. **Highly significant.

Table 6.  Spearman Correlation Between D-Dimer, Fibrinogen, CRP and the Outcome of the 
Stroke Using Scandinavian Stroke Scale and Modified Rankin Scale at 30 Days

D-dimer Fibrinogen CRP
R P-value R P-value r P-value

SSS -0.496 < 0.001** -0.473 < 0.001** -0.386 < 0.001**
mRs 0.326 0.001* 0.336 0.001* 0.227 0.03*

*Significant. **Highly significant.
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and lowest in the lacunar group. There were significant differ-
ences between atherosclerotic and lacunar groups and between 
cardioembolic and lacunar groups. This was in agreement with 
Alvarez-Perez et al [22] who found that the highest median 
level of fibrinogen was found in patients with cardioembolic 
stroke followed by patients with atherothrombotic stroke, but 
differences among subtypes were not significant. Turaj et al 
[23] showed that the median plasma concentration of fibrino-
gen was higher in patients with large vessel disease than in 
patients with small vessel disease (P = 0.0001). In contrast to 
our study, Lang et al [24] found that fibrinogen was highest 
in large artery atherosclerosis but the distribution between the 
different subtypes of acute ischemic stroke was statistically in-
significant. In the present study, there was highly significant 
difference between the different subtypes as regard to CRP 
with the highest value in the atherosclerotic group and lowest 
in the lacunar group. There were highly significant differences 
between atherosclerotic and lacunar groups, highly significant 
differences between cardioembolic and lacunar groups and 
significant difference between lacunar and undermined/other 
groups. This is in agreement with Alvarez-Perez et al [22] who 
found that the median level of CRP was higher in patients with 
atherothrombotic stroke, followed by cardioembolic stroke. 
Differences were significant when patients with atherothrom-
botic stroke were compared with those with lacunar and unde-
termined strokes.

The result of the present study showed a significant cor-
relation between the D-dimer levels and the size of the cer-
ebral infarction which agreed with Yang et al [25] who found 
that there was a positive correlation between levels of D-dimer 
and the infarct volume. For fibrinogen and CRP, the results 
of the present study showed a significant correlation between 
both biomarkers and size of the infarction which coincided 
with agreement with Yigun and Bakirci [26] who found that 
patients with large infarcts in the median cerebral artery and 
anterior cerebral artery had higher fibrinogen and CRP con-
centrations than the control group. However, no difference was 
seen in their levels between the patients with an infarct in the 
posterior cerebral artery and controls.

In the present study, D-dimer, fibrinogen and CRP had a 
significant relation with stroke severity and disability on ad-
mission which agreed with Zi and Shuai [27] who found that 
plasma D-dimer levels on admission in patients with acute 
ischemic stroke increased with increasing severity of stroke 
as defined by the NIHSS score. Also, it agreed with Ufuk et 
al [28] who found significant relationship between fibrinogen 
levels of patients and stroke severity score.

The present study showed that D-dimer, fibrinogen and 
CRP had significant relation with poor outcome at 30 days 
which agreed with Yang et al [25] who found that elevated lev-
els of D-dimer were short-term prognostic marker of outcome 
and death in patients with acute ischemic stroke, also it agreed 
with De Zoppo et al [29] who found that the proportion of 
patients with good functional outcome decreased with increas-
ing initial fibrinogen levels and patients with initial fibrinogen 
levels < 450 mg/dL had better outcomes. In agreement with 
our study, Hamidon et al [30] found that elevated CRP level in 
acute ischemic stroke was a predictor of severe functional dis-
ability at 1 month and was also associated with larger infarcts.

Conclusion

Our biomarker panel takes its strength from its coverage of the 
underlying pathophysiology of ischemic stroke. In addition, 
we found that information provided by this biomarker panel 
very useful in detecting the etiology in these patients with 
acute cerebrovascular stroke. These information may provide 
a rational basis by which to choose the optimal treatment and 
may help stratify patients in clinical trials of stroke treatment.
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