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Introduction. Stroke is the second cause of mortality worldwide, after the ischemic coronary disease, and the first cause of long
term-disability. Recent studies report that ischemic stroke (IS) in young patients is increasing in incidence, even though the overall
stroke hospitalization rate is decreasing. Stroke in the young, working individuals significantly affects the quality of life (QoL) and
also determines an important, negative economic impact by reducing the workforce. Material and method. The aim of this paper
is to present the results of a 4-year observational, retrospective study on all patients between 18-49 years, who suffered from acute
IS and were admitted and investigated in the Neurology Clinic of Sibiu and the CVASIC Research Center. Clinical evaluations,
imaging investigations, and risk factor evaluations were performed on all patients in order to elucidate the etiology and organize
according to the TOAST classification. Results and discussions. 114 patients with ischemic stroke were included in the study.
76% of the subjects fall into the 40-49 age class. In respect to the TOAST classification, most cases of IS were of UE
(rural<urban), while the fewest cases of IS were represented by SAA in both populations. The most frequent vascular risk factors
were hypertension, dyslipidemia, smoking and thrombophilia. Confirmed cervical arteries dissection caused 2/3 of the severe
carotid stenosis and 45,5% of the carotid occlusions. Conclusions. Hypertension, dyslipidemia and smoking are the main risk
factors for stroke in young patients. The most common TOAST stroke subtype was stroke of undetermined etiology, followed by
stroke of other determined etiology (carotid artery dissection and thrombophilia).
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Introduction
Stroke is considered to be the second cause of mortality
in the world, after the ischemic coronary disease (1, 2).
Additionally, it is the main cause of long-term disability.
Recent studies report that stroke in young patients (<50
years) is increasing in incidence, even though the overall
stroke hospitalization rate is decreasing. Stroke in the
young, working individuals significantly affects the
quality of life (QoL) and also determines an important,
negative economic impact by reducing the workforce (2).
The prevalence of risk factors in young patients differs
from those in elderly patients. The most frequent
modifiable risk factors for ischemic stroke in young
adults are hypertension, dyslipidemia and smoking
(1,2,3). According to the TOAST classification, patients
with ischemic stroke fall into 5 subtypes: large artery
atherosclerosis (LAA), small vessel occlusion (SVO),
cardio-embolic stroke (CE), stroke of other determined
etiology (OE) and stroke of undetermined etiology (UE).
Based on these criteria, the most common stroke subtypes
in young patients are OE and UE (3, 4).
Purpose
The aim of this paper is to present the results of a 4-year
observational, retrospective study on all patients between
18-49 years, who suffered from acute IS and were
admitted and investigated in the Neurology Clinic of
Sibiu and the CVASIC Research Center. Clinical
evaluations, imaging investigations, and risk factor
evaluations were performed on all patients in order to

elucidate the etiology and organize according to the
TOAST classification.
Materials and methods
We conducted an observational, analytical, retrospective
cohort study, that included 114 patients, younger than 50
years of age, who have been admitted to the Neurology
Department Sibiu starting from January 2016 until
December 2019. The subjects were selected from both
The Department of Neurology and The Center for
invasive and noninvasive research regarding cardiac and
vascular pathology in adults (CVASIC Research Center)
databases.
Patients were eligible for inclusion in the study if they
were younger than 50 years at the time of disease onset,
admitted in the Department of Neurology during the
specified period of time and if they had a clinical
presentation suggestive for stroke (confirmed to be an
ischemic stroke later, by imaging investigations).
Data management
The risk factors that were taken into consideration were:
smoking, alcohol consumption, diabetes, hypertension,
high cholesterol, atrial fibrillation, obesity, history of
ischemic stroke and myocardial infarction.
The patients were divided into 3 age groups accordingly:
20-29, 30-39 and 40-49 years old.
104 out of a total of 114 patients have been evaluated
using carotid Doppler ultrasonography, thereby revealing
the presence of carotid artery stenosis (CAS). The degree
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of CAS was classified as follows: 0 – no stenosis; 1 (mild
stenosis) – 20-50%; 2 (moderate stenosis) – 50-70%; 3
(severe stenosis) – 70-99% and grade 4 – total vascular
occlusion. Furthermore, in respect to the TOAST
classification, the IS was classified into 5 subtypes: LAA
– stroke due to a large artery atherosclerosis, SAA –
stroke due to small vessels occlusion, CE – cardioembolic stroke, OE – stroke of other determined etiology
and UE – stroke of undetermined etiology.
Statistical analysis
We used the Chi-Square statistical test to analyze the risk
factors that contribute to the distribution of patients into
TOAST subtypes of stroke. We used the Pearson
correlation to quantify the distribution of the CAS
according to the TOAST classification. Also, a
multinomial logistic regression was used in order to
identify the risk factors implicated in the development of
the CAS. For all these tests, the level of the statistical
significance was set to a p-value < 0,05.
Results
We evaluated 72 male and 42 female patients with a
mean age of 43 years. The patients were divided into 3
age groups accordingly: 20-29, 30-39 and 40-49 years
old, the last group being 76,3% of all cases. 63,1% of the
subjects originate from the rural environment.
In the studied cohort, the most frequently recognized risk
factors for ischemic stroke where hypertension, high
cholesterol levels and smoking. (figure 1)

FIG. 1. The distribution of risk factors in the study group
(HBP - High blood pressure, AFib - Atrial fibrillation, MI
- Myocardial infaction, IS - Ischemic stroke)
In the age group 40-49 years, were found all the patients
with atrial fibrillation and 80% of those with a history of
myocardial infarction and ischemic stroke. Men were
found with atrial fibrillation more frequently than women
(8:1 male to female ratio).
With respect to the TOAST classification, 36,84%
patients had UE, 24,57% had OE, 16,66% had CE,
15,79% had LAA and 6,14% had SVO. (figure 2)

FIG. 2. The percentage distribution of patients based on the
TOAST classification

The majority of patients are between 40-49 years. Men
had higher incidence of suffering from stroke in all
subtypes, except in UE, where gender distribution was
similar.

TABLE 1. The distribution of risk factors within TOAST
subtypes of stroke
LAA

SVO

CE

OE

UE

Smoking

%
19,6

%
11,8

%
19,6

%
21,5

%
27,5

Alcohol consumption

18,2

18,2

18,2

18,2

27,2

High blood pressure

27,3

7,6

18,2

16,6

30,3

High cholesterol

20

9,2

15,4

23,1

32,3

Diabetes mellitus

0

0

21,4

35,7

42,9

Obesity

8,7

8,7

26,1

21,7

34,8

Atrial fibrillation

0

0

100

0

0

History of MI
History of ischemic stroke

10
8,3

10
8,3

50
16,7

10
25

20
41,7

TOAST Subtypes of Stroke

In UE stroke type, smoking (27,5%) and alcohol
consumption (27,2%) predominated slightly when
compared to other stroke types. High blood pressure was
more predominant in LAA (27,3%) and UE (30,3%)
types. The metabolic risk factors such as high cholesterol,
diabetes mellitus and obesity were more frequent in UE
subtype, respectively 32,3%, 42,9% and 34,8% (in text
order).Atrial fibrillation and the history of MI were the
primary risk factors for CE stroke. However, only 9 out
of 19 patients with cardio-embolic stroke had been
diagnosed with atrial fibrillation prior to the ischemic
stroke. The other causes of cerebral embolism in the
study group were: left ventricular and inter-ventricular
septal aneurysm, infective endocarditis, mechanic valve
prosthesis and mitral valve prolapse. The Chi-Square test
revealed the risk factors which contributed to the
distribution of patients into the TOAST classification.
High blood pressure (p-value = 0,001), history of MI (pvalue = 0,048) and AFib (p-value < 0,001) have obtained
statistically significant values.
TABLE 2. The distribution of patients based on the CAS
grading and TOAST subtypes of stroke

LAA
SVO
CE
OE
UE

Without
stenosis
%
2,98
8,95
14,93
19,40
53,73

20-50%
stenosis
%
20
0
40
20
20

50-70%
stenosis
%
60
0
0
40
0

70-99%
stenosis
%
33
0
0
66
0

Carotid
occlusion
%
27,27
0
27,27
45,46
0

According to the general guidelines, a CAS of >50% was
considered to be significant. Patients with LAA had
predominantly (60%) second grade stenosis, while
patients with OE subtype (including carotid dissection)
had more frequently third grade stenosis (66%) and total
carotid occlusion (45,46%). Among the studied risk
factors, high blood pressure was the risk factor that
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contributed the most in the development of the carotid
artery stenosis.
Discussions
According to medical literature, the most common
modifiable risk factors for ischemic stroke in young
patients are high blood pressure, dyslipidemia and
smoking (2, 5). Our study confirms the information from
the medical literature.Stroke survivors, even younger
individuals, are at high risk of stroke reoccurrence. This
can be prevented by correcting the modifiable risk factors
and by adopting a healthy lifestyle (smoke and alcohol
cessation, low fat and salt diet). (3, 6, 7)
In the present study, UE and OE subtypes were the most
frequent. According to the medical literature, UE (2440%), OE (9-29%) and CE (10-34%) are the most
frequent subtypes in young patients (8, 9).
However, the data regarding the stroke subtypes in the
general population differ in the medical literature from
our study (LAA: 9,3-35,8%, SVO: 15,3-43%, CE: 827,8%, OE: 1-3,4% și UE: 13-28,7%) (9, 10, 11).
In this study, OE (24,57%) is much higher than in the
general population, probably because of the high
incidence of carotid artery dissection and thrombophilia
in young patients. Also, the small vessel occlusion
(6,14%) had the most decreased incidence in our study,
probably because of the lack of lacunar stroke in young
patients (12).In accordance with the medical literature,
the carotid artery dissection is an increasingly frequent
cause of ischemic stroke in young patients (13). Our
study shows that the carotid artery dissection is the main
cause for both high grade stenosis and total carotid
occlusion. In our study, atrial fibrillation was the primary
risk factor for CE stroke and only almost half of the
patients with cardio-embolic stroke had been diagnosed
with atrial fibrillation prior to the ischemic stroke (14).
Conclusions
The most common risk factors for stroke in young
patients were hypertension, dyslipidemia and smoking,
followed by obesity, alcohol consumption, diabetes and
atrial fibrillation. The main subtype of stroke according
to the TOAST classification in young adults was stroke
of undetermined etiology, followed by stroke of other
determined etiology (carotid artery dissection and
thrombophilia) and cardioembolic stroke.
Arterial hypertension, atrial fibrillation and history of
myocardial infarction have reached statistically
significant values in accordance with their contribution to
the classification stroke.
The carotid artery dissection is an important cause of
ischemic stroke in young patients, causing the majority of
severe stenosis and total carotid occlusion.

High blood pressure represents the vascular risk factor
that contributes the most to the development of carotid
artery stenosis.
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