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1. Introduction
Vertigo – one of the most difficult and controver-

sial issues of modern medicine in general and neurosci-
ence particularly. Despite the fact that the vertigo is stud-
ied over a long period of time, many questions remain 
unresolved or are in the process of discussion.

The mechanism of development of vertigo in cere-
brovascular diseases is diverse. Often, vertigo is one of 
the first signs of vascular insufficiency, as persistent and 
transient circulatory disorders of the central or peripheral 
parts of the vestibular system [1–5].

In practice, a neurologist observed acutely occur-
ring vertigo (systemic), caused by a disorder of cerebral 
circulation in the vessels of vertebrobasilar (VB) sys-
tem [2–4, 6].

Acute vertigo is often the cause of emergency hospital 
admissions for neurological department with a preliminary 
diagnosis of “acute ischemic stroke in the vertebrobasilar 
system” [4, 7]. A large study showed that vertigo accounts 
for 3,2–3,3 % of all emergency hospital admissions [8, 9].

In patients, who have have been referred to the 
neurologist with non specific dizziness in primary care, 
cerebrovascular diseases were detected in 3,5 % of cases; 
at the same time the stroke as the cause of dizziness was 
diagnosed in 0,8 % of patients [10].

Clinical management and outcome of patients with 
vertigo depends on the cause and extend, as well as local-
ization of ischemic damage. In acute cerebrovascular acci-
dents (CVA) in the vertebrobasilar territory there is a high 
probability of acute death, and with the rapid deterioration 
of neurological symptoms and recurrent stroke [10–14].

Atherosclerosis, atrial fibrillation and hyperten-
sion contributing to the formation of an arterial blood 
clot are the most often causes of acute cerebral ischemia. 
Against the background of chronic cerebral ischemia of 
vertebrobasilar system an acute stroke often developed, 
which leads to overdiagnosis if there are complaints on 
vertigo and imbalance [15]. Repeated stroke and transient 
ischemic attacks in the vertebrobasilary system causes 
progressive, diffuse or focal lesions of the brainstem and 
cerebellum [16–19].

Cerebrovascular etiology of sudden onset of ver-
tigo indicates a lesion of the central vestibular system 
usually, while in lesions of peripheral vestibular system 
vertigo develops slowly [20].

Early diagnosis of the causes of vertigo is a 
particular importance, as it allows a timely manner to 
determine the treatment strategy, a program of rehabil-
itation and preventive measures, which increases their 
efficiency generally.
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The above demonstrates the need for the study of 
the diagnostic features of vertigo, identification of its 
causes and appropriate treatment strategy.

2. Case presentation
This article is a fragment of a comprehensive 

study of patients with vertigo. Recent data studying of 
the dizziness symptom indicates the complexity of the di-
agnosis of this phenomenon and identifying of its causes. 
The latter is important, because it provides strategies for 
effective therapeutic measures.

The emphasis on patients with cerebrovascular 
disease in the vertebrobasilar system is made due to the 
fact, that the symptom in this disease is an obligate, but 
the reason for its occurrence is not always fraught with 
ischemic brain damage. There are structures (brainstem, 
cerebellum, pons cerebelli and basal nuclei of the skull 
base) in the range of vertebrobasilar system, which 
damage causes the vertigo. Question of the vertigo dif-
ferentiation causes remains a priority, but loses its para-
mount importance at the stage of emergency admission. 
Formulated in previous studies principles conducted with 
vertigo overdiagnosis as the reasons are related to the 
outpatient medical care patients [10], which significantly 
differs from the present study.

3. Aim of research
Studying the role of acute cerebral ischemia in the 

formation of dizziness in patients with focal and transient 
ischemic deficits in the vertebrobasilar system.

4. Materials and methods
The study is based on the results of a prospective 

analysis of 37 patients with acute cerebral pathology in 
the vertebrobasilar territory. The patients were examined 
and treated in the neurological departments of “Kharkiv 
State Clinical Hospital № 7».

In addition to clinical and neurological methods, 
we studied the state of the main arteries of the head 
(MAH), a digital diagnostic ultrasound scanning sys-
tem SONOLINE G40 (SIEMENS). The estimation of 
these indicators is carried out: a linear systolic flow 
velocity (LSFV), the state of the vessel lumen, the state 
of intima-media complex, the presence of vascular 
deformations, the presence of atherosclerotic plaques 
in view of their quality characteristics and sizes. Brain 
structure was investigated on MRI – Siemens AG com-
pany tomograph 2008b, serial number 48593, the soft-
ware NUMARIS/4, version syngo MR C12, the device 
is licensed for HEMO MEDICA KHARKOV, ID: 029; 
with a magnetic field strength of 1.5 T, the tension gra-
dient fields: 80/150 SLEW RATE. We used single-chan-
nel head coil CRM QUAD HEAD COIL MODEL –  
46-2821186202. The data obtained are processed by of-
fice package Open Office). Statistical method: standard 
declination.

5. Results
To achieve this goal, the patients were divided into 

2 groups:

1 group – patients with ischemic stroke (IS) –  
16 patients;

2 group – patients with transient ischemic attack 
(TIA) – 21 patients.

The treatment groups were comparable by age, sex 
and risk factors. The survey consisted of patients from  
40 to 85 years, the average age was 65,4±19,9 of them 
men – 48,6±8,3 %, women – 51,3±8,3 %.

The average age in the 1st group was 64,4± 
±18,9 years; in the 2nd group – 63,1±21,1 years. The 
1st group included 9 (56,2±12,4 %) males and 7 (43,7± 
±12,4 %) women; in the 2nd group – 9 (42,8±10,7 %) and 
12 (57,1±10,7 %), respectively.

In ischemic stroke group male patients dominat-
ed – 56,2±12,4 %, the average age was 63,3±18,0 years; 
female patients were noted at 43,7±12,4 % of cases, the 
average age varied from 67,6±25,0 years. Females in the 
group of patients with TIA dominated by – 57,1±10,7 % 
(mean age – 65,9±23,0 years); male patients there were 
42,8±10,7 %, the average age was 60,2±10,5 years.

Thus, gender analysis of total and age character-
istics of the surveyed patients testified that the average 
age of male patients was 61,2±12,7 (range 45–74 years); 
female patients – 62,8±22,6 (range 40–85 years). The 
main part of the male patients were in the age group 
50–65 years – 72,2±7,5 % of the cases; aged 66– 
75 years – 27,8±7,5 %; among women age range of fea-
tures was considerably larger and amounted to 40–85 
years; at the same time, the extreme poles of the age 
indices were observed in single patients.

In general, the group of the largest number of 
female patients – 73,7±7,3 % were patients age group 66– 
85 years; in the range of 40–65 years, 26,3±7,3 % of pa-
tients were observed.

The pattern of age-related features of examined 
patients was characterized by the fact that symptom of 
vertigo in the framework of cerebrovascular pathology is 
an obligate; less favorable in male patients, which man-
ifests itself in more frequent damage of brain structures 
(infarctions) and the vulnerability of younger, work-
ing-age population.

The cause of stroke in the vertebrobasilar system 
as hypertension and atherosclerosis of cerebral vessels 
was high and reached 93,7±6,0 % and 43,7±12,4 %, re-
spectively.

In the group of patients with ischemic stroke 
ischemic lesions in vertebrobasilar system in whole were 
observed. Foci localization in 37,5±12,0 % cases were 
in the right middle, posterior cerebral artery or posterior 
cerebellar artery; a. auditiva interna was involved in the 
pathological process in 12,5±8,2 % of cases. Patients with 
TIA of the total accounted for 76,2±9,2 % of the cases.

On the background of discirculation encepha-
lopathy (DE) in 71,4±7,5 % of patients acute stroke has 
developed. In the group with ischemic stroke discircula-
tion encephalopathy (hypertensive, atherosclerotic) was 
met in 43,7±12,4 % of patients. In the group of patients 
with TIA, hypertension was observed in 85,7±7,6 % of 
cases, cerebral vascular atherosclerosis – in 42,9±10,7 % 
of cases.
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The core of the clinical picture of the 
patients was vertigo, which was noted in 100,0+ 
+0 % of patients in both groups. Primary vertigo 
histories were found in 87,5±8,2 % of patients 
with ischemic stroke (first group) and 80,9± 
±8,5 % in patients with TIA (second group), 
repeated – in 12,5±8,2 % and 19,0±8,5 % res- 
pectively (Table 1).

Other symptoms, including determina-
tion of the severity of condition, were such as 
unsteadiness while walking, which is more 
pronounced in patients with TIA (2-nd group) –  
80,9±8,8 % of the cases and 68,7±11,9 % of 
patients with ischemic stroke (1-st group); 
headache in 47,6±11,2 % among the patients 
with TIA was observed and in 37,5±12,5 % 
of patients with ischemic stroke. Weakness in 
the limbs was observed only in patients of the 
1st group – 68,7±11,9 % of the cases. Slurred 
speech and dysarthria prevailed in patients 
with ischemic stroke – 43,7±12,8 % of the cases, 
in patients with TIA – in 28,6±10,0 % of pa-
tients. The high prevalence of the examined pa-
tients presented symptoms such as nausea and 
vomiting, which are often observed in patients 
with TIA – in 42,9±11,0 % and 33,3±10,5 %, 
respectively; in patients with ischemic stroke 
to 37,5±12,5 % and 31,2±11,9 % of cases. One 
of the pathognomonic symptoms of vertigo is 
nystagmus, where its qualitative characteris-
tics are highly important. The detection of this 
clinical sign during the initial examination 
was 38,1±10,8 % of cases in the group with 
transient ischemic and 37,5±12,5 % of patients 
with cerebral infarction. Nystagmus generally 
was horizontal with fast component to the right, 
left. Frenzel goggles to detect nystagmus some-
times were used. Subjectively patients reported 
blurred vision more often in patients of Group 
1 – 18,7±10,0 %, and in individual patients with 
TIA – 4,8±4,7 %.

Reduced muscle strength and clumsiness noted, 
to a greater extent in patients of 2 group – 28,6±10,0 % 
and 12,5±8,5 % of cases with IS. Widely represented in 
the overall clinical picture of patients with TIAs were 
symptoms such as weakness and fatigue – 33,3±10,5 % 
of the cases, and in rare cases in patients with ischemic 
stroke – 6,2±6,2 %.

Rare frequency of occurrence in the examined 
patients had clinical signs such as hearing loss (decrease-
ment), hiccups, diplopia, deviation of the tongue, “flies” 
in front of eyes, and autonomic symptoms as tachycardia, 
arrhythmia, anxiety, and emotional lability. Most of 
them were observed in patients with TIA and were not 
observed in patients with ischemic stroke.

Of particular importance were performance of 
coordination of dynamic and static samples, the violation 
of which was found in almost all patients with TIA –  
95,2±4,8 % of cases and was somewhat smaller in the 
group of patients with ischemic stroke – 81,2±10,0 %.

6. Discussion
The conception of this study was in attempt to 

identify the role of acute cerebral ischemia in the for-
mation of vertigo through the analysis and comparison 
of clinical symptoms and the results of instrumental 
methods.

Neuroimaging studies (MRI of the brain) are one 
of the most informative diagnostic methods in acute cere-
brovascular origin emergencies.

Results showed that in patients with ischemic 
stroke focal disorders of cerebral infarctions were ob-
served in half of the patients – 53,8±12,8 % and 46,2± 
±12,8 % patients recorded the MR signal DE signs. In the 
group of patients with TIA in most cases – 61,5±10,8 % 
were detected signs of DE as a manifestation of the neu-
rodegenerative processes; in 38,5±10,9 % patients had 
non-localized foci of ischemia without serious damage 
of the nervous tissue.

Ultrasonography of the MAH revealed stenosis 
or occlusion of large vessels, identified atherosclerotic 
plaques, blood clot in the vessel (if any). In addition, 
the measurements of linear and volumetric blood flow 
velocity, turbulent flow, percent stenosis of vessels, the 
presence of vascular anomalies – hemodynamically 

Table 1
The prevalence of clinical symptoms in the examined patients, (%) 

Clinical manifestation

Group 1 
(patients with 

ischemic stroke, 
n=16)

Group 2 
(patients with TIA, 

n=21)

Vertigo 100±0 100±0
Initial start of the process 87,5±8,5 80,9±8,8
Repeated episode 12,5±8,5 19,0±8,8
Unsteadiness 68,7±11,9 80,9±8,8
Weakness in the limbs 68,7±11,9 0
Speech disorder, blurred 43,7±12,8 28,6±10,0
Headache 37,5±12,5 47,6±11,2
Nausea 37,5±12,5 42,9±11,0
Vomiting 31,2±11,9 33,3±10,5
Nystagmus 37,5±12,5 38,1±10,8
Decrease in muscle strength, 
awkward 12,5±8,5 28,6±10,0

Blurred vision 18,7±10,0 4,8±4,7
General weakness, fatigue 6,2±6,2 33,3±10,5
Hearing decreasement 6,2±6,2 0
Tinnitus 43,7±12,8 66,7±10,5
Hiccups 6,2±6,2 0
Diplopia 0 4,8±4,7
Deviation of the tongue 0 4,8±4,7
«Flies» before the eyes 0 4,8±4,7
Tachycardia, arrhythmia 0 4,8±4,7
Anxiety, emotional lability 0 9,5±6,5
Intention at coordination sample 81,2±10,0 95,2±4,8
Ataxia in the Romberg position 81,2±10,0 95,2±4,8
Results of the CT, MRI:
– focal changes (infarctions)*/ 
ischemia changes**  
(hypoperfusion);

53,8±12,8* 38,5±10,9**

– DE signs 46,2±12,8 61,5±10,8
Note: * – focal changes (infarctions); ** – ischemia changes (hypoperfusion)
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significant or insignificant crimps and hypoplasia of ves-
sels were carried out. The identified results of the study 
showed the presence of widespread and diverse changes 
and violations of the great vessels in the examined pa-
tients (Table 2).

In the first group (with IS) pathology was not ob-
served only in 16,7±9,3 % of patients; in the second group 
(TIA) these patients were not mentioned at all. Kinking 
of carotid and vertebral arteries was observed in half and 
a quarter of patients with ischemic stroke, respectively; 
in the group with TIA data breach was manifested more 
often – 75,0±9,4 % and 58,3±10,7 %, respectively. In pa-
tients with focal disorders non-physiological turbulence 
prevailed – 41,7±12,3 % of the cases; in patients with 
transient ischemic – to 33,3±10,2 %. Dilation of blood 
vessels was observed in only 16,7±9,3 % of patients with 
ischemic stroke. Complex of disorders caused by athero-
sclerotic lesions of the brachiocephalic trunk and the main 

vessels of the head with the formation of atherosclerotic 
plaques, regardless of diagnostic accessories (imple-
ments), was observed in the majority of examined patients 
and reached 66,7±7,8 % of the cases. This prevalence of 
atherosclerotic lesions is forming a cascade of patholog-

ical disorders from both the walls (sides) 
and the lumen of blood vessels, and 
blood flow dynamics. Among examined 
patients stenosis of the carotid arteries 
was found in 67±7,8 % of all patients. The 
transient deficit stenosis of the right ca-
rotid artery was observed in 92,0±5,9 %;  
a quarter of patients had vertebral arteries 
stenosis and the same number of pati- 
ents – stenosis of the subclavian arteries. 
Stenosis of vertebral arteries in patients 
with the focal deficient group was ob-
served in 33,3±11,7 %, to a lesser extent –  
stenosis of subclavian arteries (8,3±6,8 %).  
Particular importance is the degree of 
narrowing of the main arteries. In pa-
tients with ischemic stroke range of the 
stenosis right carotid artery varied from 
27 % to 69 %; stenosis of the left carotid 
artery ranged from 21 % to 67 % of the 
total lumen. Stenosis of the vertebral ar-
teries corresponded to 50 %, and subcla-
vian arteries – 60 % of the total lumen. In 
group with TIA level of the right carotid 
artery stenosis was 21‒55 %, the left ca-
rotid artery – 20‒63 %; occlusion of the 
vertebral arteries manifested from 40 % 
to 85 %, with two thirds of patients with 
occlusion of 80‒85 %. This represents a 
prognostically very unfavorable variant 
and creates the need for the intervention 
of a vascular surgeon. Stenosis of the sub-
clavian arteries was 27‒74 %. The above 
changes caused difficulty perfusion with 
high flow resistance that prevailed in 
patients with transient ischemic deficit – 
33,3±10,2 % of the cases.

Hypoplasia of the carotid and ver-
tebral arteries, and “small” size of the ver-
tebral arteries were observed in a quarter 
of patients with IS and 33,3±10,2 % of pa-
tients with TIA in both cases respectively. 

Reduction of the elastic properties of the arterial walls pre-
vailed in the second group of patients – 25,0±9,4 % of the 
cases; decrease in blood flow was shown in 75,0±10,8 % 
of patients with focal disorders and 58,3±10,7 % with tran-
sient disturbances. The total blood flow as the hypokinetic 
pattern was observed in 25,0±10,8 % of patients of the 
1st group and in 16,7±8,0 % of cases in the 2nd; the same 
number of patients in group 2 showed atypical entrance 
of the vertebral artery in the bony canal at the level of C5.

Hemodynamic disorders, accompanied by dilata-
tion of the jugular and vertebral veins in 50,0±12,5 % and 
33,3±10,2 % of the cases in the first and second groups, 
respectively, with the slowdown jugular vein blood flow 

Table 2 
The prevalence of alterations in the great vessels of the head in the surveyed 

patients (according to ultrasonography), %

The clinical manifestations
Group 1 

(patients with IS, 
n=16)

Group 2 
(patients with TIA, 

n=21)

No revealed pathology 16,7±9,3 0
Tortuosity of the arteries:
– carotid; 50,0±12,5 75,0±9,4
– vertebral 25,0±10,8 58,3±10,7
Non-physiological turbulence of  
the flows 41,7±12,3 33,3±10,2

Vascular dilatation 16,7±9,3 0
Atherosclerosis of 
brachiocephalic trunk 66,7±11,7 66,7±10,2

Atherosclerosis of the main vessels of 
the neck 66,7±11,7 66,7±10,2

The presence of 
atherosclerotic plaques 66,7±11,7 58,3±10,7

Vascular lumen stenosis:
– carotid arteries D/S; 66,7±11,7/66,7±11,7 92,0±5,9/66,7±10,2
– vertebral arteries; 33,3±11,7 25,0±9,4
– Arteries subclavicularis 8,3±6,8 25,0±9,4
Difficulty perfusion  
(high resistance of flows) 16,7±9,3 33,3±10,2

Hypoplasia of the carotid and  
vertebral arteries 25,0±10,8 33,3±10,2

«Small» size of the vertebral arteries 25,0±10,8 33,3±10,2
Elasticity decrease of the Arteries 
sides properties 16,7±9,3 25,0±9,4

reduction of blood flow 75,0±10,8 58,3±10,7
The overall flow pattern (hypokinetic) 25,0±10,8 16,7±8,0
Atypical entrance of the vertebral 
artery in the bone canal 0 16,7±8,0

Dilation of the jugular and  
vertebral veins 50,0±12,5 33,3±10,2

Slowing jugular veins blood flow 16,7±9,3 16,7±8,0
Compensatory increase of a blood flow 33,3±11,7 25,0±9,4
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in 16,7±9,3 % and 16,7±8,0 % of patients in each group 
respectively, and a compensatory increase in blood flow in 
33,3±11,7 % of patients with IS and 25,0±9,4 % with TIA.

Thus, according to the pathogenesis of acute stroke 
in the vertebrobasilar arterial system, the formation of 
vertigo causes transient or persistent hypoperfusion of 
the labyrinth, the vestibular nuclei or cerebellum. Among 
the investigated patients 12,5 % of the cases, when a. 
auditiva interna to the disease process was involved and 
2,1 % of the cases with damage to the cerebellum were 
diagnosed. The emergence of dizziness determines the 
need for complex research on early diagnostic measures.

7. Conclusions
1. In acute manifestations of vascular disease in 

the vertebrobasilar system isolated vestibular vertigo is 
rare, most often a combination of vertigo occurs with 
neurological symptoms.

2. The imaging results did not conclusively inter-
preted the relationship of dizziness with acute cerebral 
ischemia in the vertebrobasilar system, but in certain 
cases allow identify the cause of vertigo; further research 
with the assistance of modern technology in the form of 
magnetic resonance angiography of brain vessels, duplex 
ultrasonography, and statistical methods.

3. The prevalence of a high degree of stenosis  
(50 % to 85 %) arteries of the vertebrobasilar system at 
the ultrasound indicates a high risk of stroke in the pop-
ulation and the need to optimize the preventive measures.

4. To solve the problems of early diagnosis and 
prevention of vertigo in acute ischemic cerebral disorders 
in a program of preventive measures cerebrovascular dis-
ease should include screening ultrasound for the detec-
tion of this pathology already at an early (asymptomatic) 
stage of the disease. 
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