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ABSTRACT
The aim: To investigate the effectiveness of usage of the free radical scavenger Edaravone in the therapy of women with AIS.
Materials and methods: A prospective study was conducted of 48 women with AIS, divided into two groups. Patients in the first group (n = 36) were treated with edaravone
30 mg twice a day intravenously. Neuroprotectors were not used in the control group (n = 12). Clinical-instrumental and neurological examination (Glasgow scale (SCG), FOUR,
NIHSS, and neuronspecific enolase (NSE) levels) were performed on all patients.
Results: The mean FOUR score in the 1th group increased from 11.04±0.85 to 15.47±0.63 points against 11.39±0.56 to 13.46±1.49 in the control group (p<0.05). The level
of NSE in control group patients increased 10-fold (from 9.2 to 96.4 ng/ml, p<0.01). Subsequently, there was a rapid decrease in NSE level in 1th group, and in the control group
until 10 days of treatment, the level of NSE did not reach the reference values (p <0.05).
Conclusions: The introduction of edaravone in women with AIS results in positive results already in the acute period of the disease. The use of edaravon was significantly
effective on the FOUR scale and the dynamics of NSE levels.
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INTRODUCTION

Cardiovascular diseases (myocardial infarction, stroke,
heart failure, hypertension, and cardiomyopathy) make
up 40% of all causes of deaths in men and about 49% – in
women [1]. Although deaths from acute ischemic stroke
(AIS) have decreased in the world in recent years, it remains
one of the major health problems worldwide. It should be
noted that there are significant differences between the
course of AIS in men and women: from the risk factors to
the features of intensive care.

RISK FACTORS

Risk factors differ between men and women: for example,
atrial fibrillation and hypertension are higher in women
with stroke, and smoking or excessive alcohol consumption
is higher in men [2]. The most significant risk factors for
men are alcohol and tobacco usage, history of myocardial
infarction and peripheral artery disease [3]. For women,
factors associated with an increased risk of ischemic stroke
are oral contraceptives, pregnancy, and menopause [4]. It
has been observed that some risk factors, such as diabetes
or smoking, carry a higher risk for women than for men [2].
Women-specific risk factors should be identified in a
timely manner to further reduce mortality. For example, atrial fibrillation is widespread in women, requiring
appropriate evaluation and prescribing of anticoagulant
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therapy [5]. Women with AIS and concomitant diabetes
have a higher risk of cardiovascular complications and a
50% higher risk of death than men [6]. This fact requires
the active detection of carbohydrate metabolism disorders
in women.

CLINICAL DIFFERENCES

On average, women have a more pronounced degree of
neurological impairment (in particular, higher NIHSS
scores), higher mortality and disability compared to men.
This is often due to the fact that they have AIS at an older
age than men [2, 7]. Interesting differences are observed
in the clinical picture of the first manifestations of AIS.
Women are more likely to have generalized non-specific
stroke symptoms. In particular, in AIS, women are more
likely to have symptoms such as disorientation, weakness, changes in mental status [8], headache, changes in
consciousness [9], urinary incontinence, visual deficits,
diplopia, and dysphasia [3]. On the other hand, nystagmus and sensory disorders are more common in men
[8]. These differences sometimes affect the diagnosis and
decision making of the treatment and transportation of
patients. In addition, women are significantly older than
men at the onset of AIS and are more often single or living
alone, which also increases the time to be examined and
hospitalized.
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Table 1. The main characteristics of patients in the study groups (M±m)
Показник

Study groups
1th group

Control group

p*

Number of patients, n

36

12

-

Age, years, (Me [Q1; Q3])

68.5 [61.75; 74.0]

69.0 [62.5; 73.5]

>0.05

Height, cm

164.0±8.7

163.6±9.3

>0.05

Weight, kg

74.3±10.9

73.9±8.7

>0.05

BMI, kg/m2

27.6±2.9

27.5±3.8

>0.05

NIHSS score on admission, points

13.4±3.1

12.9±3.7

>0.05

Notes: *p – difference of indexes relative to the comparison group; BMI – the body mass index.

EXAMINATION

Women are less likely to receive brain imaging, Doppler
ultrasound, echocardiography, and angiography than men
of the same age [3].

DIFFERENCES IN TREATMENT

Surgical treatment of AIS, in particular carotene treatments, is quite popular in high-risk patients. However,
carotid endarterectomy is performed less in women than
in men, even after adjusting for age and comorbidity. This
is due to the higher perioperative risk in women [10] and
to the fact that carotid diseases are more common in men.
In addition, the main method of treatment for AIS is the
introduction of recombinant tissue plasminogen activator
(rt-PA) and it also less commonly used in women than in
men. The main reasons for this are late hospitalization and
the presence of more comorbid pathology [4].
Thus, all of the listed features of AIS in women significantly reduce the ability to receive appropriate and timely
care, and ultimately impair treatment outcomes. All of
this requires finding other ways to help women with AIS.
Medicinal neuroprotection is such therapy that reduces
damage, prevents neuronal death at the cellular and molecular levels, or promotes brain cell recovery after acute
ischemia or reperfusion [11].
One of the most interesting and promising drugs in the
group of neuroprotectors is edaravon, a low molecular
weight antioxidant agent that interacts deliberately with peroxyl radicals [12]. Free radicals are one of the main causes of
ischemia-related vascular disorders in the brain. They cause
the peroxidation of unsaturated fatty acids, which are part
of the cell membrane lipids, damages them, which leads to
impaired brain function. Edaravon inhibits lipid oxidation by
absorbing water-soluble peroxyl radicals that initiate chain
reactions, and absorbs fat-soluble peroxyl radicals supporting the chain. In the acute stage of AIS, the drug exhibits a
protective effect by suppressing the onset and development
of ischemic cerebrovascular disorders such as brain swelling,
neurological symptoms, slow neuronal death. This is the way
in which edaravon inhibits the early and late stages of the
ischemic process and prevents reperfusion injury in AIS [12].
Edaravon was developed and implemented by Japanese
company Mitsubishi Tanabe Pharma in 2001. Since then,

Edaravon has been successfully prescribed in Japan for the
treatment of AIS, and for many years it has been included
in the Japanese National AIS Guideline (recommendation
level B) [13]. To date, the efficacy and safety of edaravon in
the treatment of ischemic stroke has been demonstrated
in many clinical studies [14, 15, 16]. However, there is
insufficient data on the use of edaravone in the cohort of
women undergoing AIS. This led to the need for this study.

THE AIM

The aim of this study is to investigate the effectiveness of
usage of the free radical scavenger Edaravone in the therapy
of women with acute ischemic stroke.

MATERIALS AND METHODS

To achieve the goal of the study, a prospective comprehensive clinical and neurological and laboratory examination
was conducted. 48 patients with acute ischemic stroke were
examined. The study was conducted at the intensive care
unit of the Kyiv Region Clinical Hospital from September
2018 to August 2019. Prior to the start of the study, patients
signed an informed consent. The protocol and the study
program were approved by the Shupyk NMAPE Ethics
Committee.
The criterion for involvement in the study was: acute
ischemic stroke, verified by clinical neurological and neuroimaging methods.
The criterions for exclusion from the study were the
presence of a patient with severe comorbid pathology: acute
myocardial infarction, acute renal, hepatic and respiratory
failure, epilepsy, brain tumor, hemorrhagic stroke.
The patients were divided into two groups. To a patients
of the first group (n = 36) was prescribed a solution containing 1.5 mg of edaravone in 1 ml solution at a dose of 30
mg of edaravone (1 ampoule) twice daily, in the morning
and in the evening, by intravenous infusion for 30 minutes.
Prior to administration, the contents of the ampoule was
dissolved in 100 ml of 0.9% sodium chloride solution. The
drug was in the form of intravenous drip (40-60 drops
per minute). In the control group (n = 12 patients) drugs
with the claimed neuroprotective effect were not used.
The patients of the presented groups did not differ in basic
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Table 2. Results of scores on the FOUR scale, points (M±m)
Parameters

Study days
1

3

5

7

9

10

The first group (n=36)

11.04±0.85

12.15±0.91

13.29±1.09

13.98±1.38

15.04±1.16

15.47±0.63

Control group (n=12)

11.39±0.56

11.64±1.22

12.37±1.73

12.64±1.82

13.38±1.53

13.46±1.49

Intergroup differences (p)

>0.05

>0.05

>0.05

>0.05

<0.05*

<0.05*

Note: *- the differences are statistically significant (p<0.05).

Fig. 1. The dynamics of NSE changes.
anthropometric, anamnestic and clinical-instrumental
characteristics, which is shown in Table I.
Examination of patients included clinical and laboratory
monitoring of biochemical and coagulatory parameters of
blood and urine, comprehensive instrumental examination. Diagnosis of AIS and its localization were verified by
computed tomography (CT) and / or magnetic resonance
imaging (MRI) of the brain. The following parameters were
used as the criteria for the effectiveness of cerebroprotective therapy: assessment of Glasgow Coma Scale (GCS)
and FOUR scale, NIHSS score (stroke severity) and Bartel
index (daily activity score); the level of neurospecific enolase (NSE; marker of neuronal damage); cerebral oximetry
(rSO2; marker of brain oxygenation). These parameters
were determined in patients throughout the treatment
period, at the end of treatment, a control neuroimaging
study (CT or MRI) was performed.
Statistical processing of the results was carried out using statistical analysis packages Microsoft Excel 2010 and
SPSS 13.0 using non-parametric methods. The probability
of difference between the average quantitative values of
the two samples was determined by the Student’s t-test.
For all parameters measured the average (M), the average
error (m). Pearson’s χ2 criterion was used to estimate the
likelihood of differences between several relative values.

RESULTS

In the subtype of stroke, patients with large artery atherosclerosis predominated in both groups (group 1 - 25
patients (69.4%), control group - 8 patients (66.7%), p>
74

0.05). Lacunar strokes were diagnosed: group 1 in 6 patients (16.7%), control group - in 3 patients (25.0%), p>
0.05. Cardioembolic strokes were diagnosed: 1th group – 5
patients (13.9%), control group – 1 patient (8.33%), p> 0.05.
Analysis of GCS estimates showed the presence of positive dynamics in the majority of patients in both groups,
with no significant statistical difference (p> 0.05) between
the groups. Thus, the mean GCS score in the main group
increased from 11.84 ± 2.62 to 13.87 ± 0.94 points against
11.69 ± 3.15 to 13.31 ± 1.78 in the control group (p> 0,05).
However, not all women were diagnosed by the Glasgow
coma scale (presence of an intubation tube, motor aphasia),
so patients’ consciousness was evaluated by the FOUR scale
(Table II). In the group where the free radical scavenger
edaravon was used (1th group), the level of consciousness
recovered more rapidly (since the 5th day) than in the
control group. According to the analysis of the FOUR scale,
within 9-10 days of treatment, the difference between the
scores became significant and reached the level of statistical
significance: in the edaravon group - 15.47 ± 0.63 points,
in the control group - 13.46 ± 1.19 points (p <0.05).
In the analysis of the dynamics of the assessment of stroke
severity on the NIHSS scale it was found that patients had
predominantly AIS moderate severity (within 10-12 points
on the NIHSS), during treatment the number of points
gradually decreased without statistical difference between
the main and control groups of the study (p> 0.05).
Analyzing the dynamics of NSE changes, the following
results were obtained. On the 3rd day of treatment in both
groups, the level of NSE exceeded the normal values, and
most of all - in patients of the control group the level of NSE
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increased 10 times (from 9.2 to 96.4 ng / ml). In group 1,
increas in NSE was also observed, but with a much lesser
extent (from 10.8 to 24.6 ng / ml, p <0.05 between groups).
Subsequently, there was a rapid decrease of the level of NSE,
which in the first group reached normal levels by the 10th
day of treatment. In the control group, the dynamics of NSE
decrease were not so pronounced and by 10 days of treatment the NSE level did not reach the reference values ( Fig. 1).
When evaluating the indicators of cerebral oximetry
(rSO2), it was found that in patients of different age groups
and comorbid conditions, this indicator can vary significantly - from 65 to 90%, and in the case of AIS, the indicator
rSO2 over the affected hemisphere. In the course of the
study it was noted that patients of the control group experienced a sharp decrease in rSO2 (especially for 3-4 days),
followed by a long and slow increase. In patients treated
with edaravone, a decrease in rSO2 was less pronounced
and less durable, although the difference between study
groups was not statistically significant (p> 0.05).

DISCUSSION

As noted, the efficacy of edaravone in the treatment of
AIS has been shown in many studies. Thus, according to
a Phase III study, when using edaravone in patients with
acute ischemic stroke, it was found that in the assessment
of functional status on the Rankin scale 3 months after
stroke development, a complete absence of functional
disorders was noted in 27 of 125 patients (21.6%) against
12 of 125 (9.6%) in patients in the placebo group [17]. It
has been reported that, with concomitant use of edaravone
with endovascular therapy, better neurological results were
observed at hospital discharge [18].
At the same time, information on the efficacy of edaravone mainly relates to long-term treatment outcomes [19].
And our study reflects the effects of edaravone which are
developed during the acute period of AIS – the first days
and hours of the onset of symptoms.
The dynamics of neurological status assessments that was
observed in our study indicate the efficacy of edaravone
in the acute period of AIS. Positive treatment outcomes
were achieved in all patient groups. However, women receiving edaravone had a more pronounced improvement
in neurological symptoms than women of the control
group. However, a statistically significant difference was
observed only in the dynamics of NSE levels and FOUR
scores. We believe that the validity of the positive effect of
edaravon on major neurological outcomes in stroke will
be fully validated in further randomized trials.

CONCLUSIONS

1.	The usage of edaravone in women with AIS leads to
positive results already in the acute period of the disease.
2.	In particular, the usage of edaravone was significantly
effective in terms of neurological status (level of consciousness on the FOUR scale) and the dynamics of
levels of neurological markers (NSE).

3.	Further studies are needed to clarify the role and location of edaravone in the ischemic stroke intensive care
setting.
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