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Objective: Atrial fibrillation (AF) is the most common cardiac arrhythmia affecting 1% of the adult population. However, ischemic strokes in patients with AF 
can be triggered by alternative mechanisms, especially in high-risk patients with additional vascular risk factors. In some patients, atherothrombotic mechanisms 
may cause stroke, and AF may be incidental or a symptom of atherosclerotic disease. In this case, it may be difficult to distinguish cardioembolic stroke from stroke 
due to large artery atherosclerosis. The aim of this study was to determine the causes of non-cardioembolic ischemic stroke in patients with non-valvular AF and 
to determine the risk factors for craniocervical atherosclerotic stenosis.
Materials and Methods: This study identified risk factors for craniocervical atherosclerotic stenosis in patients followed up at the Uludağ University Faculty 
of Medicine Department of Neurology with a diagnosis of ischemic stroke and non-valvular AF. In this study, 180 patients who were followed up with a diagnosis 
of non-valvular AF and acute ischemic stroke between January 1st, 2019 - March 1st 2020, in Uludağ University Faculty of Medicine Department of Neurology, 
were retrospectively included.
Results: In this study, the non-cardiac stroke rate was 20% in patients with non-valvular AF who had acute ischemic stroke. Ischemic stroke due to large vessel 
atherosclerosis was found in 14.4% of these patients, and 9.5% of all patients with AF were stented. When dermographic features, clinical features, and risk factors 
were analyzed for craniocervical atherosclerotic stenosis, a significant statistical result was obtained with male sex (p=0.020) and smoking (p<0.001).
Conclusion: Stroke is a heterogeneous group of diseases caused by many complex mechanisms. Prevention of stroke recurrence is possible by starting effective 
treatment early. The presence of critical artery stenosis in a patient with acute ischemic stroke with AF causes stroke recurrence and this relapse cannot be prevented 
by anticoagulant treatment. Angiographic evidence also revealed ethnic and racial differences in patients with acute ischemic stroke. Therefore, more precise 
information can be obtained through prospective studies in our population.
Keywords: Atrial fibrillation, ischemic cerebrovascular disease, craniocervical atherosclerotic stenosis 

Amaç: Atriyal fibrilasyon (AF) yetişkin popülasyonun %1’ini etkileyen en yaygın kardiyak aritmidir. Bununla birlikte, AF’li hastalarda iskemik inmeler, özellikle 
ek vasküler risk faktörleri olan yüksek riskli hastalarda, alternatif mekanizmalarla tetiklenebilir. Bu hastaların bazılarında inmeye aterotrombotik mekanizmalar 
neden olabilir ve AF rastlantısal veya aterosklerotik hastalığın bir belirtisi olabilir. Bu durumda kardiyoembolik inmeyi büyük arter aterosklerozuna bağlı 
inmeden ayırt etmek zor olabilir. Bu çalışmanın amacı valvüler olmayan AF’li hastalarda non-kardioembolik iskemik inme sebeplerini saptamak ve kraniyoservikal 
aterosklerotik stenoz için risk faktörlerini belirlemektir.
Gereç ve Yöntem: Bu çalışma iskemik inme ve valvüler olmayan AF tanısıyla Uludağ Üniversitesi Nöroloji Kliniği’nde takip edilen hastalarda, non-kardiyak 
inme oranını saptamak ve inme geçiren valvüler olmayan AF’si olan hastalarda kraniyoservikal aterosklerotik stenoz için risk faktörlerini belirlemektedir. Bu 
çalışmaya, 1 Ocak 2019 - 1 Mart 2020 tarihleri arasında Uludağ Üniversitesi Tıp Fakültesi, Nöroloji Anabilim Dalı’nda valvüler olmayan AF ve akut iskemik 
inme tanısı ile takip edilen 180 hasta retrospektif olarak taranarak dahil edilmiştir.
Bulgular: Bu çalışmada akut iskemik inme geçiren valvüler olmayan AF’li hastalarda non-kardiyak inme oranı %20 olarak saptanmıştır. Bu hastalarda büyük 
damar aterosklerozuna bağlı iskemik inme %14,4 saptanmışken, AF’si olan tüm hastaların %9,5’ine stent takıldı. Kraniyoservikal aterosklerotik stenoz için 
dermografik özellikler, klinik özellikler ve risk faktörleri analiz edildiğinde erkek cinsiyet (p=0,020) ve sigara içiciliği (p<0,001) ile anlamlı istatistiksel sonuç 
elde edildi.
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Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia 

affecting 1% of the adult population (1). The prevalence of AF 
is <0.5% in the 4th and 5th decades, whereas it is 5-15% in the 
8th decade, increasing with age (2,3,4,5). With aging, possibly 
age-related atrial myocardial loss and isolation of the atrial 
myocardium and associated conduction problems increase the 
risk of development of AF. AF causes thrombus formation in the 
left atrium, increasing the risk of ischemic stroke because this 
thrombus can move and block the cerebral arterial circulation and 
cause ischemic stroke (6).

Non-valvular AF is a common cause of cardioembolic 
ischemic stroke and accounts for approximately two-thirds 
of cardioembolic ischemic strokes. Pathophysiologically, the 
main stroke mechanism in patients with AF is considered to be 
cardioembolism. However, ischemic strokes in patients with AF 
can be triggered by alternative mechanisms, especially in the high-
risk group with additional vascular risk factors. Atherothrombotic 
mechanisms may cause stroke in some patients, and AF may be a 
sign of incidental or atherosclerotic disease (7). In this situation, 
it is difficult to differentiate cardioembolic ischemic stroke from 
ischemic stroke due to large artery atherosclerosis. The aim of this 
study was to determine the causes of non-cardioembolic ischemic 
stroke in patients with nonvalvular AF and to determine risk 
factors for craniocervical atherosclerotic stenosis.

Materials and Methods
This study aimed to determine the rate of non-cardioembolic 

ischemic stroke and the risk factors for craniocervical 
atherosclerotic stenosis in patients with non-valvular AF who had 
a stroke in patients who were admitted to the Uludag University 
Emergency Department with the diagnosis of ischemic stroke and 
non-valvular AF and were hospitalized and followed up in the 
neurology clinic. In this study, 180 patients who were followed up 
with the diagnosis of non-valvular AF and acute ischemic stroke at 
Uludag University Faculty of Medicine, Department of Neurology 
between January 1st 2019 - March 1st 2020, were retrospectively 
included. 

The inclusion criteria for the study were being admitted to 
the University Emergency Department with a diagnosis of acute 
ischemic stroke, the presence of AF, undergoing echocardiography 
(ECHO) or 24-hour rhythm Holter monitoring if necessary, absence 
of mitral stenosis, clarification of the etiology of the stroke, and 
being followed up regularly for 3 months after stroke by Uludag 
University Faculty of Medicine Department of Neurology. 

The exclusion criteria were having valvular AF, not undergoing 
brain and neck computed tomography (CT) angiography, not 

having cerebral magnetic resonance imaging (MRI), leaving the 
neurology clinic, not coming to the follow-ups, and non-detection 
of the patient’s clinical outcome [modified Rankin scale (mRS) at 
the end of the 3rd month]. 

Approval for the study was obtained from the Uludag University 
Faculty of Medicine Clinical Research Ethics Committee (dated: 
30.03.2020, no: 2020-5/4). Patient approval was not required 
because it was a retrospective study.

Patients who were admitted to the Uludag University 
Emergency Department with focal neurologic deficits and 
diagnosed as having acute ischemic stroke after neuro-imaging 
were evaluated by neurology specialists; neurologic examinations 
of the patients were performed, and the patients whose cranial CT 
scan was evaluated at the time of admission were recommended to 
be hospitalized in the neurology ward and treatment was initiated. 
Afterwards, brain-neck CT angiography, second cranial CT, 
cranial MRI, electrocardiography, ECHO, 24-hour rhythm Holter 
examination, and digital cerebral angiography were performed to 
determine the etiology of stroke.

The demographic characteristics of the patients and their 
medical histories (previous stroke, previous transient ischemic 
attack, diabetes, hypertension, coronary artery disease, heart 
failure, valvular heart disease, AF, liver or kidney failure, drug use) 
were questioned and mRS and CHA2DS2-VASC scores calculated 
at the time of admission to the emergency room were recorded in 
the epicrisis in each patient. One hundred eighty patients who met 
the inclusion and exclusion criteria of the study were included in 
the study. Stroke etiology and clinical outcome (mRS at the end of 
the 3rd month) were determined from the hospital records in the 
outpatient clinic controls.

Stroke etiology of the patients was classified by a neurologist 
according to the Causative Classification of Stroke System (CCS) 
stroke classification. The brain and neck CT angiographies of 
the patients were evaluated by a radiologist and the degree 
of stenosis was classified according to the North American 
Symptomatic Carotid Endarterectomy Trial method. In patients 
with craniocervical atherosclerotic stenosis, whether the stenosis 
was symptomatic was evaluated in terms of clinical and radiologic 
correlation and categorized. Non-cardioembolic stroke rate was 
determined and risk factors for craniocervical atherosclerotic 
stenosis in patients with AF were identified. 

Statistical Analysis
Clinical, demographic, and radiologic data of patients with 

AF with acute ischemic stroke were compared. All data analyses 
were performed using the IBM SPSS Statistic 23 package program. 
For continuous variables with normal distribution; number, mean 
and standard deviation were used, and independent samples were 

Sonuç: İnme birçok karmaşık mekanizmanın sebep olduğu heterojen bir hastalık grubudur. İnme rekürrensinin önlenmesi etkin tedaviye erken başlamakla 
mümkündür. AF’si olan bir akut iskemik inme hastasında kritik arter stenozunun olması inme rekürrensine sebep olur ve bu nüks antikoagülan tedavi ile 
önlenemez. Anjiyografik kanıtlar akut iskemik inmeli hastalarda etnik ve ırksal farklılıkları da ortaya koymuştur. Bu sebeple kendi popülasyonumuzda yapılacak 
prospektif çalışmalarla daha kesin bilgilere ulaşılabilir.
Anahtar Kelimeler: Atriyal fibrilasyon, iskemik serebrovasküler olay, kraniyoservikal aterosklerotik stenoz
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analyzed using a t-test. The median, 25th and 75th percentiles 
were used for variables without normal distribution and were 
analyzed using the Mann-Whitney U test. Percentages are given 
for categorical variables. Categorical variables were analyzed 
using the chi-square test. Variables with p<0.05 were considered 
statistically significant.

Results
A total of 180 patients, 85 (47%) males and 95 (53%) females, 

with non-valvular AF were included in this study. The mean age 
was 72.14±0.78 years. The mean age of the women was 73.6±1.1 
years and the mean age of the men was 70.5±1.0 (p=0.038). In 
our study, 34 (19%) patients had paroxysmal AF and 146 (81%) 
had chronic AF. The mean CHA2DS2-VASC score of patients 
with non-valvular AF was 5.25±1.53. Of 46 (25.5%) patients 
with craniocervical atherosclerotic stenosis, 32 had symptomatic 
internal carotid artery stenosis, 27 had asymptomatic internal 
carotid artery stenosis, 10 had right vertebral artery stenosis, 

12 had left vertebral artery stenosis, and four had basilar artery 
stenosis. Stenosis degrees are shown in Table 1.

The stroke etiology of the patients was categorized according to 
the CCS. Accordingly, the etiology was large vessel atherosclerosis 
in 26 (14.4%) patients, cardioembolism in 144 (80%) patients, 
small vessel occlusion in seven (3.9%) patients, and other causes 
in three (1.7%) patients. The non-cardiac stroke rate was found 
as 20% in the patients. Carotid artery stenting was performed on 
17 (9.5%) patients. Stenting was performed to the symptomatic 
internal carotid artery in nine patients and the asymptomatic 
internal carotid artery in eight patients.

There was a statistically significant relationship between 
patients with stroke who had non-valvular AF with and 
without craniocervical atherosclerotic stenosis in terms of male 
sex (p=0.020) and smoking (p<0.001), whereas there was no 
relationship between the groups in terms of age, hypertension, 
diabetes mellitus, heart failure, coronary artery disease, CHA2DS2-
VASC score, low-density lipoprotein-cholesterol level, mRS at 

Table 1. Degrees of atherosclerotic stenosis in craniocervical arteries in patients with non-valvular atrial fibrillation
Degree of 
stenosis

Symptomatic internal 
carotid artery

Asymptomatic
internal carotid artery

Right vertebral
artery

Left vertebral 
artery Basilar artery

No stenosis 148 153 170 168 176

<50% 4 5 - 1 1

50-70% 7 10 1 3 1

70-99% 14 10 4 7 2

Occluded 7 1 6 1 -

Table 2. Evaluation of demographic features, risk factors, and clinical features for craniocervical atherosclerotic stenosis in 
patients with non-valvular atrial fibrillation

Variables Patients with cerebrocervical 
atherosclerotic stenosis (n=46)

Patients without cerebrocervical 
atherosclerotic stenosis (n=134) p value

Age* mean ± SD 71.77±0.96 73.22±1.29 0.524

Sex** (male) 17 (37%) 29 (21.6%) 0.020

Hypertension** 37 (80.6%) 100 (74.6%) 0.551

Diabetes mellitus** 16 (34.7%) 44 (32.8%) 0.857

Smoking** 18 (39.1%) 17 (12.6%) <0.001

Heart failure** 16 (34.7%) 33 (24.6%) 0.253

Coronary artery disease** 14 (30.4%) 29 (21.6%) 0.314

CHADS VASC score* mean ± SD 5.32±1.51 5.2±1.55 0.726

LDL* mean ± SD 120.20±38.55 112.25±31.24 0.222

mRs* mean ± SD 3.04±1.67 3.23±1.70 0.594

Stroke recurrence** 11 (24%) 16 (12%) 0.085

Clinical outcome** (good outcome) 31 (67.3%) 85 (63.4%) 0.760

Stroke etiology**

Large vessel atherosclerosis (n=16) 26 (56.6%) 0 (0%)

<0.001

Cardioembolism (n=154) 21 (45.6%) 123 (91.7%)

Small vessel disease (n=7) 2 (4%) 5 (4%)

Other causes (n=3) 0 (0%) 3 (2%)

Cryptogenic stroke (n=0) 0 (0%) 0 (0%)
*Mann-Witney U test, **Pearson chi-square/continuity correction/Fisher exact test, SD: Standard deviation, LDL: Low-density lipoprotein
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admission, stroke recurrence, and clinical outcome (mRS at the 
end of the 3rd month) (Table 2).

Discussion
In this study, the rate of non-cardiac stroke was found as 20% 

in patients with non-valvular AF who had acute ischemic stroke. 
The rate of ischemic stroke due to large vessel atherosclerosis was 
found as 14.4% in these patients, and 9.5% of all patients with 
non-valvular AF underwent carotid artery stenting.

Stroke is the second most common cause of death and the main 
cause of disability (4). AF is the most common cardiac arrhythmia 
and is a global problem (8). Compared with age-matched control 
groups, AF increases the risk of ischemic stroke 4-5 times (2,3), 
and the risk of ischemic stroke associated with AF is greater in 
older patients. Ischemic stroke risk is independent of AF being 
paroxysmal or chronic (9,10,11,12).

In patients with AF, ischemic stroke causes atrial fibrosis and 
decreased contractility of the myocardium, resulting in cessation of 
blood flow, particularly in the left atrial appendage. Approximately 
90% of thrombi in patients with non-valvular AF originate from 
the left atrial appendage. Left atrial appendix enlargement and 
decreases in left atrial appendix flow rates are associated with 
an increased risk of thrombus formation and ischemic stroke 
(13,14,15). In addition, the incidence of carotid artery stenosis 
is high in patients with AF with acute ischemic stroke (16), 
and ischemic stroke due to small vessel occlusion can be seen in 
9% to 16% of patients with AF with ischemic stroke (17,18). 
Anticoagulation may not prevent ischemic stroke recurrence, 
especially in these patients (19,20,21,22). Craniocervical 
atherosclerotic stenosis can be seen in 50% of patients with AF 
with acute ischemic stroke, and high-grade (70% and above) 
stenosis or occlusion is observed in 11% to 24% (7,16,17,23,24). 
In 14% of patients, there is high-grade (70% and above) stenosis 
in the symptomatic ipsilateral internal carotid artery, and it is 
thought that the etiology of ischemic stroke in these patients is 
ischemic stroke due to large artery atherosclerosis (7).

Studies have indicated that the coexistence of AF and carotid 
artery stenosis in patients with cerebral ischemic stroke worsens the 
clinical outcome (mRS at the end of the 3rd month) (7,16). In our 
study, there was no difference in terms of clinical outcome (mRS 
at the end of the 3rd month) between patients with and without 
craniocervical atherosclerotic stenosis. The probable reason for this 
may be the early detection of craniocervical atherosclerotic stenosis 
with routine brain-neck CT angiography in each patient and early 
treatment with the detection of a pathology.

According to the Trial of Org 10172 in Acute Atroke (TOAST) 
stroke classification, patients with AF and ipsilateral high-grade 
stenosis are classified as “stroke of unknown cause” (25). The 
TOAST classification is insufficient when classifying the etiology 
of stroke of patients with acute ischemic stroke. We categorized 
the ischemic stroke etiology of our patients according to the CCS 
stroke classification. In the presence of ipsilateral high-grade (70% 
and above) atherosclerotic stenosis and AF, it would be difficult 
for a thrombus to pass through the narrowed lumen, so this stroke 
was recommended to be classified as ischemic stroke due to large 
artery occlusion (19). However, lesion localization in cranial MRI 
is important. According to the CCS stroke classification, if there 
are multiple ipsilateral and unilateral “borderzone” infarctions 
in the area of the affected artery, it is probably ischemic stroke 

due to large artery occlusion. The patient’s clinical picture is also 
important. If there is a history of transient monocular blindness, 
transient ischemic attack, or stroke in the artery area affected by 
atherosclerosis in the past month, it is probably ischemic stroke 
due to large artery occlusion (26). The CCS stroke classification 
should be used routinely for each patient because the TOAST stroke 
classification is insufficient when classifying the etiology of stroke 
of these patients. Some authors consider the development of AF in 
individuals without atherosclerosis as an unexpected event (27). 
However, in a study on young patients without risk factors and 
heart disease, the presence of AF was significantly associated with 
high carotid intima-media thickness and carotid-femoral pulse 
wave velocity and low aortic flexibility indexes (28). In particular, 
experimental and imaging studies revealed strong biologic 
evidence for a causal relationship between atherosclerosis and AF. 
On the one hand, carotid artery atherosclerosis and wall thickening 
are closely related to coronary atherosclerosis and microvascular 
damage, which can cause hypoperfusion and ischemia of the 
atrium, and later fibrosis and AF (28,29,30,31,32,33,34).

Conclusion
Stroke is a heterogeneous group of diseases caused by many 

complex mechanisms. Prevention of stroke recurrence is possible 
by starting effective treatment early. High-grade (70% and 
above) craniocervical atherosclerotic stenosis in a patient with 
acute ischemic stroke with AF causes stroke recurrence and this 
recurrence cannot be prevented by anticoagulants. The patient 
needs to use antiaggregant treatment and revascularization 
of the stenotic vessel may even be needed in some patients. 
We wanted to draw attention to craniocervical atherosclerotic 
stenosis, which was seen in patients with AF who had ischemic 
stroke. The rates of non-cardiac stroke in patients with AF were 
previously determined, but we found this again in our population 
at our referral center. According to our data, the rate of non-
cardiac stroke in patients with non-valvular AF was 20%. The 
craniocervical atherosclerotic stenosis rate was 25.5%. Carotid 
artery stenting was performed on 9.5% of our patients. The most 
important risk factor for craniocervical atherosclerotic stenosis 
is smoking. Angiographic evidence has also revealed ethnic and 
racial differences in patients with acute ischemic stroke. For this 
reason, more precise information can be obtained with prospective 
studies to be conducted in our population.
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