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ABSTRACT

Aim. This study aimed to explore associations between fibrinogen and acute ischaemic stroke, neurological impairment, cere-
bral ischaemia, and clinical evaluation of stroke patients.

Materials and methods. The study involved 153 patients categorised into two groups: patients with acute ischaemic stroke,
and patients with risk factors but who had not had a stroke. Blood samples were collected to analyse the serum level of fibrino-
gen. The time from stroke onset to blood test was noted. The National Institutes of Health Stroke Scale was used to determine
the neurological disability of the stroke patients upon hospital admission and upon discharge. Cerebral CT was performed on
the same group of patients during the first 24 h after stroke onset and evidence of early ischaemic lesions was recorded. The
stroke cases were divided into subgroups according to the TOAST classification.

Results. Patients with ischaemic stroke had a significantly increased mean level of fibrinogen (> 4g/1). Analysis of stroke subty-
pes shows that patients with undetermined cause of stroke and patients with atherosclerotic stroke had a significantly higher
median level of fibrinogen compared to patients with some other types of stroke. No significant connection was found between
fibrinogen level and neurological deficit. A positive linear relationship was established between fibrinogen and blood sample
time. A negative relation was established between the clinical evolution of ischaemic stroke patients and fibrinogen level.
A significant relation between fibrinogen level and the presence of ischaemic lesions on cerebral CT was observed: patients

with a fibrinogen level > 3.41g/l showed a 3.29-times increased risk of ischaemic lesions.

Conclusion. Fibrinogen is a reliable biomarker that could characterise acute ischaemic stroke.

Key words: biomarkers, ischaemic stroke, fibrinogen
(Neurol Neurochir Pol 2021; 55 (1): 74-80)

Introduction

Ischaemic stroke is a result of different modifiable and
non-modifiable risk factors and several inflammatory mech-
anisms and biomarkers are involved in its pathogenesis [1, 2].
Fibrinogen plays an important role in the coagulation cascade,
in platelet aggregation, participates in the interactions between
leukocytes and endothelial cells, and determines blood vis-
cosity [3, 4, 5]. It also has non-haemostasis-related functions
because it plays a role in cellular and matrix interactions, in-
flammatory response, wound healing, and cancer progression
[6, 7]. In population studies, serum fibrinogen levels serve as
predictors of vascular thrombosis involving the coronary and
peripheral arteries, but its role in cerebrovascular disease is
yet to be fully established [8, 9].

Aim

The aim of this study was to investigate associations
between fibrinogen and acute ischaemic stroke, neurological
impairment, cerebral ischaemia and clinical evaluation of
stroke patients. We also tried to identify the characteristics
of stroke among the Bulgarian population.

Materials and methods

An observational, cross-sectional study was conducted for
six months (1 November 2017 to 30 April 2018 inclusive). It
enrolled consecutively 153 patients under medical observa-
tion in the Clinic of Neurology, UMHAT St.George, Plovdiv,
Bulgaria. It was approved by the Local Ethical Committee.
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The inclusion criteria included risk factors for ischaemic
stroke, such as a history of hypertension, carotid atheroscle-
rosis, diabetes mellitus, atrial fibrillation and cardiovascular
disease. The exclusion criteria were autoimmune diseases,
cancer and inflammatory diseases. The selection was made
by means of medical history, physical examination and lab-
oratory investigations. Two groups were compiled: patients
with acute ischaemic stroke who were not treated with rt-PA,
and patients with risk factors but with no history of ischaemic
stroke. Information about comorbidity in all patients was
collected through medical history, physical examination,
laboratory investigations, electrocardiogram monitoring and
extracranial carotid duplex ultrasound investigation. Blood
samples from all the patients were collected to analyse the
level of fibrinogen. Measurement of serum fibrinogen was
performed coagulometrically by an automated Sysmex Cs
2000 analyser. The fibrinogen unit of measurement is g/1, with
a reference range of 2-4 g/1.

In the stroke subgroup, the time from stroke onset until
taking the blood sample was recorded. The National Institutes
of Health Stroke Scale (NIHSS) was used to determine the
neurological disability of the stroke patients upon hospital
admission and upon discharge. Clinical evolution in ischae-
mic stroke patients (i.e. with improvement, with no change,
or with deterioration) was analysed based on the dynamics
of the neurological deficit assessed by NIHSS. Cerebral com-
puted tomography (CT) was performed on the same group of
patients during the first 24 h after stroke onset, and evidence
of early ischaemic lesions was recorded. The stroke cases were
divided into subgroups according to the Trial of Org 10,172 in
Acute Stroke Treatment (TOAST) classification.

The data was analysed using SPSS (IBM, Armonk, NY,
USA) Version 25 [10] and Med-Calc Statistical Software
(MedCalc, Ostend, Belgium) Version 18.11.3 [11]. The descrip-
tive statistics for continuously measured variables included
mean values + SD; and the frequencies and percentages for
nominal and dichotomous variables. Continuously measured
variables were screened for violations of normality using the

Table 1. Demographic and clinical characteristics of patients

Variables Total

Kolmogorov-Smirnov test. To examine significant differenc-
es between two groups, we performed independent sample
t-tests, when normality was observed (Kolmogorov-Smirnov
P > 0.05) and we used the Mann Whitney U Test when
normality was not in place (Kolmogorov-Smirnov P < 0.0).
Comparisons of more than two groups when normality was
not observed were carried out using Kruskal-Wallis test and
Dunn’s test for post-hoc analysis. To identify the fibrinogen
criterion with the corresponding sensitivity and specificity, we
applied receiver operating characteristic (ROC) curve analysis
and Youden’s index. The optimal criterion was used to recode
fibrinogen into positive and negative cases, and to calculate
the odds ratio (OR) with the incidence of ischaemic lesions
evident on cerebral CT. For the stroke patients, we examined
the connection between fibrinogen and the neurological deficit
measured by NTHSS, the time of fibrinogen testing, and stroke
evolution through correlation analysis. Pearson correlation
was employed when variables were measured continuously and
normally distributed, and Spearman correlation in all other
cases. The results were interpreted as statistically significant
if the P values were < 0.05.

Results

Demographic and clinical characteristics
of patients

The study involved 153 patients with a mean age of 65.08
+10.65 years, of whom 82 were male (53.6%). Seventy-nine pa-
tients had suffered an ischaemic stroke, and 74 had not suffered
an ischaemic stroke. The two groups did not differ significantly
in mean age (P = 0.386), gender distribution (P = 0.235), cases
with carotid plaques (P = 0.439), cases with hypertension
(P =0.182), or cases with diabetes (P = 0.083). A significantly
higher percentage of the patients with ischaemic stroke had
non-valvular atrial fibrillation (P < 0.001) and cardiovascular
diseases (P = 0.035) (ischaemic heart disease, valvular heart
disease, heart failure and other diseases). Demographic and
clinical data is set out in Table 1.

Stroke patients

Non stroke patients

(N=153)

Age (X + SD) (range) 65.08 + 10.65 (38-88)
Gender (N, %) Male 82 (53.6%)
Female 71 (46.4%)
Carotid plaques (N, %) 120 (78.4%)
Hypertension (N, %) 129 (84.3%)
Atrial fibrillation (N, %) 26 (17%)
Cardiovascular diseases (N, %) 70 (45.8%)
Diabetes (N, %) 49 (32%)

(N=79) (N=74)
65.81 £ 11.38 (39-88) 64.31 +9.83 (38-85) 0.386°
46 (58%) 36 (48.6%)
33 (42%) 38(51.4%) 0.235°
64 (81%) 56 (75.7%) 0.439°¢
70 (88.6%) 59 (79.7%) 0.182°
24 (30.4%) 2(2.7%) 0.000%*
43 (54.4%) 27 (36.5%) 0.035%
20 (25.3%) 29 (39.2%) 0.083¢

X — arithmetic mean value; *statistically significant difference at P < 0.05; **statistically significant difference at P < 0.01; “independent-samples t-test; "Fisher's exact test; ‘Chi-square test; N — number;

SD — standard deviation
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Table 2. Comparison of patients with and without ischaemic stroke on fibrinogen serum levels

Fibrinogen g/I

Stroke patients

Non stroke patients

N=79
X+SD 3.78+1.16
Median (range) 3.23(0.66-7.32)
Number (%) > 4mg/I 28 (35%)

N=74
330079
134 (1.63-5.23) 0.012+
12 (16%) 0.01%

X — arithmetic mean value; SD — standard deviation; Range — Minimum-Maximum value; ° test for independent samples; ® Fisher’s test; *Statistically significant difference at p < 0.05; **Statistically significant

difference at p < 0.01
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Figure 1. Boxplots of fibrinogen levels across ischaemic stroke subtypes

The fibrinogen level did not show a significant association
with gender, (p = 0.426) with similar mean levels in the male
(3.51 £ 1.05g/1) and female (3.66 + 1.05g/1) subgroups. A sig-
nificant association was observed between fibrinogen levels
and patient age (p < 0.001) with mean values across age groups
as follows: < 40 years: 2.64 + 2.80; 40-50 years: 3.08 £ 0.56;
51-60 years: 3.74 + 1.02; 61-70 years: 3.40 + 0.73; > 70 years:
3.81 + 1.22. Specifically, the patients in age group > 70 years
had a significantly higher fibrinogen level than patients in
age group < 40 years (p < 0.001) or than patients in age group
40-50 (p = 0.023). Also, the patients in the youngest age group
(<40 years) showed a significantly lower fibrinogen level than
those in age groups 51-60 years (p > 0.001), 61-70 (p = 0.006)
and > 70 (p > 0.001).

Comparing patients with and without ischaemic
stroke according to fibrinogen level

In patients with ischaemic stroke, we found a significantly

higher mean fibrinogen level (3.78g/l; median 3.23g/1) than in

patients without ischaemic stroke (3.30g/l; median 1.34g/1),

p =0.012. The percentage of patients with increased fibrinogen

level (> 4g/1) was significantly higher in the ischaemic stroke
group (35%) than in the non-stroke group (16%), p = 0.01.
The results are set out in Table 2.

In our study, according to the TOAST classification, the
distribution of patients was as follows: 36% atherosclerotic
stroke, 26.5% undetermined cause, 19% lacunar stroke, 11%
cardioembolic stroke, and 7.5% some other determined cause.

Fibrinogen levels across ischaemic stroke subtypes were
not normally distributed and are illustrated through boxplots
with median and individual values in Figure 1. Kruskal-Wallis
test showed a significant association between ischaemic stroke
subtypes and fibrinogen levels, p = 0.049. The post-hoc anal-
ysis through Dunn’s test revealed two significant differences,
as follows: 1) Patients with undetermined cause of stroke had
a significantly higher median level of fibrinogen (4.04 g/1)
compared to patients with stroke by another determined cause
(3.17 g/1), p = 0.009; 2) A significantly higher median level of
fibrinogen was also observed in patients with atherosclerotic
stroke (3.80 g/1) versus those with stroke by another deter-
mined cause, p = 0.039. None of the other post-hoc compar-
isons showed statistically significant differences.
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Figure 2. ROC curve between fibrinogen and presence of ischaemic lesions

Analysis of relation between fibrinogen and
early ischaemic lesions from cerebral CT scan
taken within first 24 hours

The potential relation between fibrinogen and ischaemic
lesions was verified by analysis with ROC curve. A weak but
statistically significant relationship was found, AUC = 0.635,
p = 0.008.

Figure 2 illustrates the ROC curve between fibrinogen and
the presence of ischaemic lesions. According to the Youden
Index, fibrinogen values > 3.41g/1 (95% CI > 2.85g/l to >
4.06g/1) were associated with patients with ischaemic lesions,
with a sensitivity of 59% and specificity of 69.6%.

According to the established Youden index criterion
value (fibrinogen > 3.41g/l), patients were categorised as
fibrinogen positive (> 3.41g/l) or negative (< 3.41g/1). The
transcoded data was used to calculate the odds ratio (OR)
of ischaemic lesions imaged by CT in fibrinogen-positive
patients. A 3.29-times higher risk of ischaemic lesions was
found in patients with a fibrinogen level > 3.41g/1 (OR = 3.29;
95% CI 1.53-7.08; p = 0.0023). The odds ratio and 95% CI
are illustrated in Figure 3.

Analysis of relation between fibrinogen,
neurological deficit, test time, and clinical
evolution in patients with ischaemic stroke
Results of the relation between fibrinogen and neuro-

logical deficit according to NIHSS scale, blood sample time
and clinical evolution in ischaemic stroke patients (i.e. with
improvement, with no change, or with deterioration) are set
out in Table 3.

The results of correlation analysis showed no linear rela-
tion between fibrinogen and neurological deficit (r = 0.165,
p = 0.153), a significant positive relation between fibrinogen
and test time (r = 0.275, p = 0.015), and a significant negative
relation between fibrinogen and clinical evolution of stroke
(r*=-0.341, p = 0.012).

Fibrorinogen

10 00 10 20 30 40 50 60 70 80
Odds ratio (OR)

Figure 3. Increased risk of ischaemic lesions represented by CT at
fibrinogen values > 3.41g/I

Table 3. Results of correlation analysis for relationship between fibrino-
gen, neurological deficits, test time and clinical development in patients
with ischaemic stroke

Variables Patient Correlation Significance
numbers coefficient

Neurological 79 0.165 0.153

deficit (NIHSS)

Blood sample 79 0.275 0.015%*

time

Clinical evolution 79 -0.341 0.012%°

of stroke

“ Pearson correlation; ® Spearman correlation; *Statistically significant correlation at p < 0.05;
**Statistically significant correlation at p < 0.01

The significant correlation between fibrinogen and test
time is illustrated in Figure 4, in which test time is presented
in the following time periods: 24h; > 24h-72h; > 72h-120h;
and > 120h-240h. The chart shows that the highest level of
fibrinogen was observed at > 120h-240h. During this period,
the fibrinogen level was higher (4.71g/1) than the upper limit
for normal levels (2-4g/1). For the other periods, the mean
values were similar and were within normal limits.
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Figure 4. Mean fibrinogen level against blood sample test time

The relation between fibrinogen and the clinical evolution
of stroke is illustrated in Figure 5. The correlation was negative:
as patients with ischaemic stroke improved, fibrinogen levels
decreased. The highest level of fibrinogen was observed in
patients who experienced deterioration (4.67g/1). Next came
those patients with no change, in whom the mean fibrinogen
level was 4.40g/1. It should be noted that in both groups the
fibrinogen level was higher than the upper limit (4g/l). The
lowest level of fibrinogen was observed in patients with an
improved condition (3.53g/1), where the mean level was within
the normal range.

Discussion

Our study involved 79 patients with acute ischaemic
stroke who were admitted at the Clinic of Neurology, UMHAT
St.George, Plovdiv, Bulgaria over a period of six months.
The most common causes of stroke were large artery ather-
osclerosis (36%), undetermined cause (26.5%), and lacunar
stroke (19%). These results differ from the Stroke Data Bank
of the German Stroke Foundation, which includes data from
5,017 patients with ischaemic stroke. They established the fol-
lowing aetiological subdivision of ischaemic strokes according
to the TOAST classification: cardioembolism 25.6%, undeter-
mined cause 22.7%, large artery atherosclerosis 20.9%, lacunar
stroke 20.5%, stroke with concurrent mechanisms 6.9%, and
other determined aetiology 3.5% [12]. Another large epide-
miological study (n = 81,193) that analysed the characteristics
of hospitalisations for acute stroke in the province of Silesia,
Poland, showed that large artery atherosclerosis (36.1%) and
cardioembolism (18.7%) were the main causes of ischaemic
stroke [13]. Our results come from a small number of patients,
but could add some data to the literature describing the char-
acteristics of Bulgarian stroke patients.

Fibrinogen is involved in the regulation of primary ho-
meostasis, platelet aggregation and is a major factor deter-
mining blood and plasma viscosity [3, 14]. Increased serum

Figure 5. Mean fibrinogen levels relative to clinical evolution in
stroke patients

fibrinogen levels have been associated with atherosclerosis
involving the coronary, carotid, and peripheral arteries [14,
15, 16]. The role of fibrinogen as an acute-phase protein
in inflammatory processes in cerebrovascular disease has
been studied in several large cohort epidemiological studies.
The West of Scotland Coronary Prevention Study, the United
Kingdom TIA Aspirin Trial, the Dutch TIA Trial and the
Oxford TIA Study indicate that serum fibrinogen levels serve
as predictors of vascular disease involving the coronary and
peripheral arteries, but in the case of cerebrovascular disease,
despite the positive results, the data is uncertain and insuf-
ficiently reliable [8, 9, 14]. The Dutch TIA trial studied the
relationship between fibrinogen and TIA and found a tendency
to an increased risk of stroke at fibrinogen levels > 3g/l, but
this data does not have sufficient potency [17]. The Copenha-
gen City Heart Study [18], which included 8,755 patients and
was conducted in three stages, concluded that fibrinogen is
a marker of advanced atherosclerosis as well as a predictor of
ischaemic stroke, especially in young and middle-aged men.

Our analysis of the role of fibrinogen in ischaemic stroke
showed that stroke patients with a mean serum fibrinogen level
> 4g/1 had a significantly higher proportion (35%) compared
to the control group of patients with risk factors but who
had not experienced a cerebrovascular accident (16%). The
fibrinogen level did not show a significant association with
the patients’ sex, but a significant association was observed
between fibrinogen levels and patients’ age. Specifically, the
patients in age group > 70 years had a significantly higher
fibrinogen level than age group < 40 years (p < 0.001) and
age group 40-50 (p = 0.023). Differences in fibrinogen level
in an older subpopulation (> 85 years old) were also reported
by Pastuszak et al. [19].

Results of fibrinogen levels in different subtypes of is-
chaemic stroke (TOAST classification) revealed that patients
with undetermined cause of stroke had a significantly higher
median level of fibrinogen (4.04 g/I) compared to patients with
stroke by another determined cause (3.17 g/1), p = 0.003, and
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that there was a significantly higher median level of fibrinogen
in patients with atherosclerotic stroke (3.80 g/I) versus those
with stroke by another determined cause, p = 0.034. Studies
in the literature indicated negative results of the prognostic
role of fibrinogen in differentiating aetiological subtypes of
ischaemic stroke [20, 21]. Despite the lack of a significant
association between stroke types and elevated fibrinogen
levels (> 4g/1), some authors have noted that fibrinogen shows
activity in vascular diseases close to that of C-reactive protein
and other proinflammatory factors [14, 22].

In order to establish the role of fibrinogen as a prognostic
factor after an acute cerebrovascular accident, some additional
analyses were performed regarding its relationship to neuro-
logical deficits, time dynamics of serum values, and short-term
clinical development.

Regarding fibrinogen values and neurological deficits
found in stroke patients in the first 24 hours after admission, no
significant relationship was found. There was a positive linear
relationship between serum fibrinogen concentrations and the
blood test time, with the highest level observed in the period
> 120-240 hours. An inverse (negative) relationship was found
with respect to the evolution of ischaemic stroke patients and se-
rum fibrinogen levels. Patients with worsening of the condition
showed the highest levels above the upper limit (> 4g/1), while
patients with improved condition showed the lowest average
fibrinogen value within the normal reference range (2-4 g/1).
We also found a weak, but significant, relationship between
fibrinogen levels and the presence of ischaemic lesions iden-
tified in the first 24 hours by cerebral CT. Patients with a level
of fibrinogen > 3.41g/l showed a 3.29-fold increased risk of
ischaemic lesions (sensitivity 59% and specificity 69.6%).

Our results contradict those obtained by Pikjia et al. [23],
according to whom higher fibrinogen levels are associated
with a lower risk of hospital death and worsening neurological
deficit, defined as NIHSS > 15. However, this study has several
limitations, as it assesses only cases of stroke with established
computed tomography hyperintense of the midbrain artery
(a sign of vascular thrombosis). However, the authors found
some significant relationships between fibrinogen concentra-
tions and the size of blood clots and the volume of cerebral
infarctions.

Two small studies (40 and 50 stroke patients) compared
fibrinogen concentrations in the acute phase and the volume
of cerebral infarction objectified by cerebral CT in the first
24 hours after onset [24, 25]. Both reported a positive de-
pendence, but declared the need to increase the number of
surveyed contingents.

The study by Swarowska et al., involving 266 patients with
primary acute ischaemic stroke, assessed the dynamics of
serum fibrinogen levels on days 1, 7 and 14 after the incident
and their relationship to neurological deficit and post-stroke
outcome. The results show that persistently elevated fibrinogen
levels are associated with more severe deficits and a worse
prognosis [26].

Di Napoli et al. [20] assessed the one-year prognostic
risk relative to serum fibrinogen levels measured in the
first 24 hours in patients with acute stroke by comparing its
association with C-reactive protein. The authors defined the
probability of death or new vascular event as 21.1%, 27.9%,
and 51.7%, respectively, in stroke patients broken down by
fibrinogen values < 3.78 g/1, 3.78-6.17g/1, and > 6.17 g/1.

As fibrinogen is involved in the coagulation cascade, it is
also important for the specific treatment of rt-PA in stroke
patients. Low fibrinogen levels found before or immediately
after fibrinolytic treatment are associated with a higher risk
of cerebral haemorrhage [6]. This phenomenon is known as
‘early fibrinogen degradation coagulopathy’ and is due to the
biological effects resulting from the rapid depletion of fibrin-
ogen in the blood and the increase in degradation products
(EDPs) [6]. According Shi et al., the increase in fibrinogen after
intravenous thrombolysis is associated with an increased risk
of death or major disability in patients with acute ischaemic
stroke [27]. Our study included only stroke patients who were
not treated with rt-PA, but the results from future studies on its
dynamics during treatment may help neurologists to improve
stroke outcomes in clinical settings.

Conclusion

Our results confirm the positive correlation of fibrinogen
serum levels in patients with ischaemic stroke in the acute
phase, as well as its role as a short-term prognostic factor
in clinical development. This study also presents some of
the characteristics of ischaemic stroke among the Bulgarian
population.
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