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ABSTRACT

The aim: The purpose of this study is to determine clinical and imaging features of etiological subtypes of posterior circulation stroke in a prospective hospital-based cohort study.
Materials and methods: We prospectively recruited 120 acute posterior circulation stroke patients, admitted to the Neurological Center of the University Hospital (Oleksandrivska
Clinical Hospital) in Kyiv, Ukraine, within 6 to 24 hours from the onset of the stroke symptoms. Comprehensive neurological, clinical, laboratory, ultrasound, and imaging
examination was performed on all patients.

Results: MRI/CT-proven etiological subtypes of ischemic posterior circulation stroke were defined - atherothrombotic (n = 59), cardioembolic (n = 24), lacunar (n = 27), and

definitively indeterminate (n = 7). Two main study groups were formed - lacunar (n = 27) and non-lacunar (n = 90) subtypes of posterior circulation stroke.
Conclusions: Specific clinical and imaging features of etiological subtypes of posterior circulation stroke were determined, analyzed, compared, and described.

KEY WORDS: stroke, imaging, etiological subtype, lacunar, non-lacunar, posterior circulation stroke.

INTRODUCTION
Over 165,000 strokes a year are misdiagnosed in U.S. emer-
gency departments [1, 2]. Globally, over 26% of strokes are
misdiagnosed, making a stroke the fourth most common
misdiagnosis among the major medical diagnostic errors
[3, 4]. Posterior strokes are twice more likely to be mis-
diagnosed compared to anterior circulation strokes [5].
Posterior circulation stroke (PCS), caused by infarction within
the vertebrobasilar arterial system, is a potentially life-threatening
condition that is misdiagnosed 30-60% of the time [6-8]. Fail-
ure to rapidly diagnose stroke delays time-sensitive treatments,
resulting in higher risks of disability and mortality [1, 9-17].
Early etiological treatment minimizes brain damage in stroke
patients [18-23]. For that, etiological subtypes of PCS should
be promptly recognized and diagnosed. Otherwise, patients
with delayed diagnosis may do worse due to a stroke progres-
sion, brainstem compression from posterior fossa edema, or
recurrent stroke. That is why it is critical to promptly determine
clinical and imaging features of etiological subtypes of PCS to
prevent its severe consequences promptly.

THE AIM

We aimed to determine clinical and imaging features of
lacunar and non-lacunar subtypes of ischemic posterior cir-
culation stroke in a prospective hospital-based cohort study.
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MATERIALS AND METHODS
STUDY SETTING AND PATIENTS

We have conducted a prospective, hospital-based, cohort
study of acute PCS patients. All study participants were
admitted to the Neurological Center of the University
Hospital (Oleksandrivska Clinical Hospital, Kyiv, Ukraine),
within the first 6 to 24 h since the first stroke symptoms
occurred.

The Neurological Center of Oleksandrivska Clinical
Hospital consists of an admission department, clinical
department of neurology, department of cerebrovascular
pathology with intensive care/stroke unit, and a research
department of neurology. The Hospital represents the
largest tertiary care center in Kyiv. It has a catchment
population of approximately two million. Healthcare
is provided free of charge to all citizens and registered
long-term residents. Institutional ethics board approval
was obtained and written informed consent was received
from all participants or legally authorized representatives
for this study.

Study subjects were recruited from the hospital’s emer-
gency departments and in-hospital wards between 2011
and 2020. All stroke patients were reviewed by at least two
board-certified neurologists with training in cerebrovas-
cular diseases. Clinical history, 12-lead electrocardiogram,
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blood testing, carotid ultrasound (Toshiba, Japan), head CT
and/or brain MRI (Siemens, USA, 1.5 T) were obtained for
all study participants.

The size of the PCS foci was determined by direct mea-
surement, taking into account the magnification of the
tomogram. The section with the largest foci size was chosen
and the measurement of the foci was determined by the
formula of the wrong ellipsoid:

V =0,52-A-D-C,

Where V is the volume of the lesion, A, B, C is its diam-
eters, and 0.52 is the coefficient for calculating the wrong
ellipsoid.

PATIENT INCLUSION AND EXCLUSION

The methods of the study, inclusion and exclusion crite-
ria have been reported in detail previously [7, 24, 25]. In
brief, only acute PCS patients aged 18 years or older were
included.

STUDY ENDPOINTS AND RISK FACTORS
DEFINITIONS

Study endpoints of interest were acute ischemic PCS.
Stroke and TIA were defined according to the criteria of
the World Health Organization, AHA/ASA guidelines for
adult stroke, and was confirmed by imaging [26, 27]. The
etiology of stroke was classified according to the TOAST
criteria [28]. The National Institutes of Health Stroke Scale
(NIHSS), the Modified Rankin Scale (mRS), the Barthel
index (BI), and the Charlson Comorbidity Index (CCI)
were determined for all participants. Secondary stroke
prevention was prescribed according to the American
Heart Association/American Stroke Association and the
European Stroke Organization (ESO) Guidelines, imme-

diately after the stroke diagnosis was made [29-33]. Stroke
education programs were provided to all study participants
[34-38].

STATISTICAL ANALYSIS

Parametric and non-parametric statistic methods were
applied. The log-rank test was used for univariate compar-
isons of event-free survival between groups. A two-sided
p<0.05 was considered significant for all analyses. All sta-
tistical analyses were performed using IBM SPSS Statistics,
Version 24.

RESULTS

BASIC CHARACTERISTICS OF THE STUDY

POPULATION

In total, 120 adult patients (68 men, 52 women aged 28 to 89

years; average age 60.7 + 12.1 years) with an acute ischemic

MRI/CT-proven PCS were screened. The breakdown for

study group by stroke type was as follows:

o 10.9% (n=13) of patients were diagnosed with acute
midbrain infarctions;

o 18.3% (n=22) of patients diagnosed with acute medulla
oblongata infarctions;

o 18.3% (n=22) of patients diagnosed with acute thalamic
infarctions;

o 20.8% (n=25) of patients were diagnosed with acute
cerebellar infarctions;

o 31.7% (n=38) of patients have a proven diagnosis of
acute pons infarctions.

There was no statistically significant difference between

patients with infarcts of the proximal, middle, and distal

territory of the posterior circulation by the main demo-

Table I. Comparative characteristics of patients by basic demographicindicators and vascular risk factors depending on the location of the acute posterior

circulation stroke

Localization of the brain infarction

Indicator Midbrain O'I\)nlte):;laata Thalamus Cerebellum Pons
(n=13) (n=22) (n=22) (n=25) (n=38)

Men 5(38,5%) 12(54,5%) 12(54,5%) 16(64,0%) 23(60,5%)
Women 8(61,5%) 10(45,5%) 10(45,5%) 9(36,0%) 15(39,5%)
Age, years 56,8%9,1 61,31£10,4 61,9+10,2 57,9+14,7 62,5+12,2
Vascular risk factors 10(76,9%) 18(81,8%) 15(68,2%) 18(72,0%) 28(73,7%)
Hypertension + atherosclerosis 10(76,9%) 15(68,2%) 16(72,7%) 16(64,0%) 30(78,9%)
Ischemic heart disease 1(7,7%) 3(13,6%) 2(9,1%) 3(12,0%) 6(16,8%)
Myocardial infarction history 3(23,1%) 5(22,7%) 2(9,1%) 7(28,0%) 8(21,1%)
Atrial fibrillation 2(13,4%) 4(18,2%) 3(13,6%) 4(16,0%) 13(34,2%)
Diabetes mellitus 2(13,4%) 3(13,6%) 4(18,2%) 4(16,0%) 6(15,8%)
Excessive weight 3(23,1%) 7(31,8%) 7(31,8%) 9(36,0%) 14(36,8%)
Smoking 1(7,7%) 2(9,1%) 3(13,6%) 3(12,0%) 5(13,2%)
Transient ischemic attack history 5(38,5%) 12(54,5%) 12(54,5%) 16(64,0%) 23(60,5%)
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Table I. Distribution of patients by etiological subtype of ischemic infarction depending on the affected intracranial anatomical area of the posterior

circular basin

Localization of the brain infarction

Etiological Subtype of Ischemic Stroke  Midbrain Orli:;rta Thalamus Cerebellum Pons

(n=13) (n=22) (n=22) (n=25) (n=38)

Ather&tﬁrggbom 9(69,2%) 14(63,6%) 11(50,0%) 11(44,0%) 18(47,4%)
Cardioembolic

(n =24) 3(23,1%) 6(27,3%) 4(18,2%) 7(28,0%) 4(10,5%)

Lacunar - 7(31,8%) 5(20,0%) 15(39,5%)
(n=27)
Definitely Indeterminate (n=7) 1(7,7%) 2(9,1%) - 2(8,0%) 1(2,6%)

graphic parameters and vascular risk factors (Table I).

In 49.2% of patients, PCS was accompanied by multiple
lesions in different parts of the brain, such as cerebellar
hemispheres, thalamus, occipital and temporal lobes of
cerebral hemispheres.

Unilateral cerebellar infarctions in the area of vascular-
ization of the superior cerebellar artery (n = 4) and posteri-
or inferior cerebellar artery (n = 1) caused the development
ofischemic foci in the cortex and white matter of the frontal
and frontoparietal lobes of the contralateral hemisphere of
the brain - crossed cerebellar hemispheric diaschisis [39-42].
At the same time, the infarctions of the upper and middle
parts of the pons (n = 3) were accompanied by crossed pon-
tine-cerebellar diaschisis with the development of ischemic
foci on the territory of vascularization of the contralateral
cerebral hemisphere [43-45].

ETIOLOGICAL SUBTYPES OF POSTERIOR
CIRCULATION STROKE
Based on the clinical, imaging, ultrasound data, laboratory
methods, and taking into account the TOAST criteria we
identified four etiological subtypes of ischemic PCS [28].
They were as follows:

o atherothrombotic (n = 59),

o cardioembolic (n = 24),

o lacunar (n =27),

o and definitively indeterminate (n = 7).
Based on the etiological subtype and location of PCS pa-
tients distributed differently (Table II).

Consequently, according to the TOAST criteria, we
distinguish lacunar (n = 27) and non-lacunar (n = 90)
subtypes of brainstem and PCS infarctions. Patients with
arterial stenosis >50% ipsilateral to a PCS and/or source of
cardioembolism were classified as a non-lacunar infarction.

In accordant with our data, lacunar PCS (LPCS) was
localized mostly in the area of the pons (n = 15), thalamus
(n=7),and cerebellum (n = 5) but were not detected in the
medulla oblongata or midbrain. They arose as a result of the
defeat of a separate paramedian branch of the basilar artery,
one of the perforating branches of the thalamogenicular
artery, or a medial or lateral branch of a superior cerebellar
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artery. LPCSs were caused by thrombotic microangiopa-
thies in patients with arterial hypertension, diabetes mel-
litus, and in the absence of sources of cardioembolism and
stenosis of the large vertebrobasilar arteries.

The clinical characteristics of lacunar syndromes, verified
by imaging methods, were different. Most often foci of
LPCS were found in the area of pons (n = 15), thalamus (n =
7), and less often in the area of the cerebellum (n = 5). Pure
motor stroke, also known as pure motor hemiparesis or pure
motor syndrome, occurred in 11 patients, ataxic hemipare-
sis - in 3 patients, dysarthria-clumsy hand syndrome - in one
patient with the stroke lesion in the area of the pons. Pure
sensory stroke was detected in 5 patients (thalamic lesions),
2 more patients were diagnosed with mixed sensorimotor
stroke; in this case, the stroke accordingly spreads towards
the inner capsule.

Non-lacunar infarcts were formed due to the defeat
of short and/or long bypass (circular) arteries (vertebral
artery and basilar artery) in the presence of sources of
cardioembolism and the absence of stenosis of the large
vertebrobasilar arteries (n = 90). They also arose as a result
of occlusive lesions of large arteries (vertebral and basilar
arteries) in the extra- or intracranial departments, ie they
were caused by macroangiopathies (n = 59).

DISCUSSION
Along with the presence of typical neurological syndromes,
the atypical clinical course is observed in patients with PCS,
which makes it difficult to determine the nature of stroke,
its location, and the choice of adequate therapy [46, 47].
Consequently, the majority of PCSs may not be accurately
classified only by symptoms or signs. Misdiagnosis, which
commonly occurs in the initial phase of patient evaluation,
leads to erroneous clinical decision-making [2, 5, 9, 12].
PCS can cause unilateral or bilateral deficits and is
more likely to affect consciousness, especially when the
basilar artery is involved [7, 24]. The presence of arteries
of different caliber, structure, anastomotic potential, and
blood supply zones determines the variety of locations,
size, and clinical course of PCS [8]. At the same time, in-
dividual differences in the location of arteries and a variety



CLINICAL AND IMAGING FEATURES OF LACUNAR AND NON-LACUNAR SUBTYPES...

of etiological mechanisms determine the individual char-
acteristics of clinical and imaging features of acute PCS.
In such a clinical situation, of course, only brain imaging
techniques are helpful.

According to our data, the pontine infarcts were found
most often (31.7% of patients), while in the midbrain three
times less often (10.9%). Infarcts in the medulla oblongata,
thalamus, and cerebellum were found with almost equal
frequency. In many subjects (49.2%) PCS were accompa-
nied by acute multiply lesions in other parts of the brain
fed with posterior circulation blood supply.

LACUNAR SUBTYPE OF POSTERIOR
CIRCULATION STROKE

The word “lacuna” (French lacune - lake, or lacunar - cav-
ity) entered medicine after Durand-Fardel (1842), and
later Pierre Marie (1901) found in the brain of the elderly
a large number of small cavities and for the first time de-
scribed the clinical course of lacunar stroke [48, 49]. The
manifestations of lacunar stroke were described in more
detail by SM Fisher (1982) [50].

DEFINITION

Lacunar stroke is a special form of acute or slowly pro-
gressing ischemic circulatory brain disorder. It is caused by
primary lesions in the areas of blood supply by perforated
arteries and the development of small foci of necrosis in the
deep brain in patients with arterial hypertension. Lacunar
strokes foci are small in size (0.5-1.0 cm) cavities of round
or irregular shape - gaps.

INCIDENCE AND RISK FACTORS

The incidence of LPCS ranges from 16 to 35% of all cases of
ischemic strokes [51, 52]. In the United States and Western
Europe, lacunar strokes account for 15-25% of all ischemic
strokes. Recurrent LPCS forms the lacunar state of the
brain, i.e. the morphological substrate of hypertensive
encephalopathy.

The leading risk factor for the development of LPCS is
arterial hypertension, which is often complicated by diabe-
tes mellitus [53]. Occlusions of small penetrating arteries,
if there is no cardioembolism, can be caused by micro
thrombosis, microatheroma, local spasm, or a combination
of these factors of varying degrees of expression.

MORPHOLOGY

According to the morphology, LPCS is a kind of white
stroke. Inside and around formed LPCS, there are foci
of incomplete necrosis of white and gray matter, axonal
dystrophy, Waller’s degeneration of white matter fibers,
glial cell proliferation, and edema. Lacunar stroke is mostly
localized in the deep parts of its hemispheres, subcortical
nodes, thalamus, inner capsule, basal parts of the brain,
white matter, and nuclei of the cerebellum.

CLINICAL PRESENTATION

More than 25 brain syndromes of lacunar stroke have been
described in the literature. In clinical practice, the four
most common syndromes, described by SM Fisher (1965),
are recognized: pure motor stroke, pure sensor stroke, ataxic
hemiparesis, and dysarthria-clumsy hand syndrome [54].

Pure motor stroke, or pure motor hemiplegia, is the most
common. The lacunas are mostly localized in the area of the
pons. Patients have a complete motor syndrome or paresis
of the arm and leg, paresis of the lower facial muscles. This
group does not include syndromes that are characterized
by isolated weakness of the arm or leg as these cases are
considered incomplete stroke in the pool of the middle or
anterior cerebral arteries.

Pure sensory stroke, or pure hemianesthesia, occurs in
20% of lacunar stroke cases. Sensory syndrome develops
when the affected posterior ventral nucleus of the thalamus
is the main sensitive (sensory) nucleus. Hemisensory syn-
drome is complete in the case of decreased superficial and/
or deep sensitivity or numbness of the skin by hemitype in
the absence of homonymous hemianopsia, aphasia, agno-
sia, and apraxia. Sensitivity disorders can be manifested by
dysesthesia, hyperpathy, and pain. In the case of incomplete
hemisensory syndrome, sensitive disorders registered not
on the whole half of the body, but only on the face, arm, or
leg: cheiro-oral syndrome is detected when the sensitivity
disorder occurs in the corner of the mouth and palm
homolaterally; cheiro-pedo-oral syndrome manifested by
hypoalgesia in the corner of the mouth, palms, and feet
on the one hand without motor disorders. If stroke forms
in the thalamus and spreads to the inner capsule, - senso-
rimotor syndrome develops.

Ataxic hemiparesis forms in the case of stroke localization
in the basal parts of the pons. Neurological findings, in this
case, include moderate leg weakness, mainly in the distal
parts with minimal signs of hand paresis, and hemiataxia.
Stroke in the upper cerebellum causes ataxic disorders.

Dysarthria-clumsy-hand syndrome accounts for about 6%
of all lacunar stroke cases. It develops due to the localiza-
tion of LPCS’s foci mainly in the basal parts of the pons.
Neurological symptoms include speech disorders such as
dysarthria in combination with contralateral dysmetria
of the arm and leg. Weakness in the limbs and muscles of
the face is also possible. Dysarthria occurs when the basal
parts of the pons are affected, more often on the left (100%)
than on the right (73%) side of the pons [55].

A hyperkinetic syndrome is caused by the development
of LPCS in the thalamus and subthalamic nucleus.
Neurological deficit includes hemichorea, hemibalism,
and dystonic disorders.

NON-LACUNAR SUBTYPE OF POSTERIOR
CIRCULATION STROKE

Patients with arterial stenosis >50% ipsilateral to an LPCS
and/or forces of cardioembolism, and/or undefined etiolo-
gy were classified as patients with non-lacunar infarctions
according to the TOAST criteria. These were patients with
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large-artery atherosclerosis, cardioembolism, PCS of other
determined etiology, and undetermined etiology [56, 57].

An atherothrombotic subtype of infarction was
diagnosed in 59 patients. This variant of the PCS subtype
was mostly caused by the atherosclerotic process of
extra- and/or intracranial arteries, causing their stenosis,
obstruction, thrombosis, ie macroangiopathy. In the
majority of cases (69.5%), this subtype of PCS occurred
during the patient’s sleep or immediately after it. The
clinical course was characterized by a subacute, gradual
undulating increase in neurological deficits during the first
hours occurred.

A cardioembolic subtype of PCS (n = 24) usually occurs
suddenly, without any predictors, during a patient’s phys-
ical activity, often accompanied by the loss of conscious-
ness. Clinical course ranged from moderate to significant
cerebral symptoms. The main ethnological cause was a
permanent or paroxysmal form of atrial fibrillation, myo-
cardial infarction, and dilated cardiomyopathy [20, 23, 28].

Ultimately undefined subtype of PCS was diagnosed in
7 patients. This subtype of PCS manifested as a vascular
insufficiency and a disruption of the autoregulatory
response of cerebral circulation. It occurred due to a rapid
decrease in blood pressure or decreased cardiac output due
to acute myocardial ischemia.

CONCLUSIONS

Clinical and imaging examinations of the patient give the
ability to verify the lesion and the corresponding arterial
area involved in the pathological process of stroke of vari-
ous anatomical parts of the brainstem and the basin of the
posterior circulation.

PCS is most often caused by microangiopathy, macroan-
giopathy, and cardioembolic mechanisms. The presence of
arteries of different caliber in the posterior circular basin,
with different anastomotic potential and different areas of
blood supply in the case of acute ischemic strokes deter-
mine the heterogeneity of the neurological clinic.

Knowledge of the features of the neurological clinical course
of PCS is important for the medical doctor, helping to diag-
nose the PCS promptly, timely, and choose adequate methods
of therapy and assessment of long-term functional prognosis.

REFERENCES

1. Newman-Toker DE, Moy E, Valente E, et al. Missed diagnosis of stroke
in the emergency department: a cross-sectional analysis of a large
population-based sample. Diagnosis (Berl). 2014;1(2):155-166.
d0i:10.1515/dx-2013-0038

2. Tarnutzer AA, Lee SH, Robinson KA, Wang Z, Edlow JA, Newman-Toker
DE. ED misdiagnosis of cerebrovascular events in the era of modern
neuroimaging: A meta-analysis. Neurology. 2017,88(15):1468-1477.
d0i:10.1212/WNL.0000000000003814

3. Liberman AL, Prabhakaran S. Stroke Chameleons and Stroke Mimics in
the Emergency Department. Curr Neurol Neurosci Rep. 2017;17(2):15.
doi: 10.1007/511910-017-0727-0. PMID: 28229398.

4. Schiff GD, Hasan 0, Kim S, et al. Diagnostic error in medicine: analysis of
583 physician-reported errors. Arch Intern Med 2009;169:1881-1887.

3218

5.

10.

1.

12.

13.

14.

15.

16.

17.

18.

Gurley KL, Edlow JA. Avoiding Misdiagnosis in Patients With
Posterior Circulation Ischemia: A Narrative Review. Acad Emerg Med.
2019;26(11):1273-1284. doi: 10.1111/acem.13830.

. Hoyer C, Szabo K. Pitfalls in the Diagnosis of Posterior Circulation Stroke

in the Emergency Setting. Front Neurol. 2021;12:682827. doi:10.3389/
fneur.2021.682827

. Prokopiv MM, Vinychuk SM. Vertebrobazylyarniinsul'ty [Vertebrobasilar

strokes]. Kyiv:VD «Avitsena», 2021. 240 p.1SBN 978-617-7597-31-4. (in
Ukrainian).

. Prokopiv MM, Fartushna OY. Classification of posterior circulation

stroke: a narrative review of terminology and history. International
Neurological Journal. 2021;5(19):11-19. doi: 10.22141/2224-
0713.17.5.2021.238517

. Venkat A, Cappelen-Smith C, Askar S, et al. Factors Associated with

Stroke Misdiagnosis in the Emergency Department: A Retrospective
(ase-Control Study. Neuroepidemiology. 2018;51(3-4):123-127. doi:
10.1159/000491635.

Prokopiv MM, Slabkiy GO. Metodychni pidkhody do stvorennya
suchasnoyi systemy nadannya medychnoyi dopomohy khvorym
na tserebrovaskulyarni zakhvoryuvannya v mehapolisi [Methodical
approaches to the creation of a modern system of medical care for
patients with cerebrovascular diseases in the metropolis]. Ukraine.
Health of the nation. 2019;3(56):16-19. doi: 10.24144/2077-
6594.3.2019.191626 (In Ukrainian)

Prokopiv MM. Yakist' zhyttya meshkantsiv mehapolisu, shcho perenesly
tserebral'nyy insul't [The quality of life of metropolitan residents
who have suffered a cerebral stroke] Ukrayina. Zdorov"ya natsiyi.
2020;1(58):43-46. (in Ukrainian)

Saleh Velez FG, Alvarado-Dyer R, Pinto (B, et al. Safer Stroke-Dx
Instrument: Identifying Stroke Misdiagnosis in the Emergency
Department. Circ Cardiovasc Qual Outcomes. 2021;14(7):e007758. doi:
10.1161/CIRCOUTCOMES.120.007758.

Prokopiv MM, Slabkiy GO, Fartushna OY. Prospective analysis of the
epidemiology of cerebrovascular disease and stroke among the adult
population of Kyiv City, Ukraine. Wiad Lek. 2021;74(10 p.11):2599-2604.
doi: 10.36740/WLek202110213

Vinychuk SM, Fartushna OY. Rannya reabilitatsiya pislya hostrykh
ishemichnykh porushen’ mozkovoho krovoobihu [Early rehabilitation after
acute ischemic cerebrovascular events]. International Neurological Journal.
2016;8(86):34-39. (in Ukrainian) doi: 10.22141/2224-0713.8.86.2016.90909
Prokopiv MM, Fartushna OY, Mischenko V. Early and late rehabilitation after
stroke in review: definition, lassification, methods, and effectiveness. Acta
Balneol, 2021;4:303-308. doi: 10.36740/ABAL202104110

Prokopiv MM. Otsinka likaryamy-nevrolohamy statsionarnoyi
medychnoyi dopomohy pry tserebral'nykh insul'takh (za rezul'tatamy
sotsiolohichnoho doslidzhennya) [Evaluation by neurologists of
inpatient care for cerebral strokes (according to the results of a
sociological study)]. Ukrayina. Zdorov"ya natsiyi. 2020;3(60):21-29.
doi: 10.24144/2077-6594.3.2020.208611 (In Ukrainian);

Vinychuk SM, Prokopiv MM, Trepet LM, et al. Thalamic stroke
outcomes: a prospective hospital-based cohort study. International
Neurological Journal. 2019;8(110):23-27. doi: 10.22141/2224-
0713.8.110.2019.187888

Jauch EC, Saver JL, Adams HP Jr, et al. Guidelines for the early
management of patients with acute ischemic stroke: a guideline
for healthcare professionals from the American Heart Association/
American Stroke Association. Stroke. 2013;44(3):870-947. doi: 10.1161/
STR.0b013e318284056a



CLINICAL AND IMAGING FEATURES OF LACUNAR AND NON-LACUNAR SUBTYPES...

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Prokopiv MM. Kharakterystyka optymizovanoyi systemy nadannya
medychnoyi dopomohy khvorym na tserebrovaskulyarni khvoroby na
rivni mehapolisu — m. Kyeva [Characteristics of the optimized system
of medical care for patients with cerebrovascular diseases at the level of
the metropolis - Kyiv]. Ukrayina. Zdorov"ya natsiyi. 2020;3-1(61):18- 22.
doi: 10.24144/2077-6594.3.2.2020.213703 (In Ukrainian)

Fartushna OYe, Vinychuk SM. Brain injury in patients with acute TIA:
clinical features in different TIA subtypes. International Neurological
Journal. 2017;3(89):13-18.doi: 10.22141/2224-0713.3.89.2017.104238
Vinychuk SM, Fartushna OYe. Atorvastatyn ta yoho rol' u profilaktytsi ta
likuvanniishemichnykh porushen' mozkovoho krovoobihu [Atorvastatin
and itsrole in the prevention and treatment of ischemic cerebrovascular
events]. Medychna hazeta Zdorow»ya Ukrayiny. 2015;9(358):3. (in
Ukrainian). Access mode: http://health-ua.com/article/34606-
atorvastatin-ta-jogo-rol-u-proflaktitc-ta-lkuvann-shemchnih-
porushen-mozkov

Fartushna OYe, Vinychuk SM. Tranzytorni ishemichni ataky [Transient
Ischemic Attacks]. Kyiv: PH «Avitsena»; 2014. 216 p. ISBN 978-966-
2144-70-3. (in Ukrainian). Access mode: https://www.researchgate.
net/profile/Olena-Fartushna/publication/329829256_Tranzitorni_
isemicni_ataki/links/5¢1c¢91e0299bf12be38f1a94/Tranzitorni-
isemicni-ataki.pdf

Vinychuk SM, Fartushna OYe. Terminolohichni poznachennya ta
vyznachennya tranzytornykh ishemichnykh atak. Istorychnyy ekskurs
[Terminology and definitions of transient ischemic attacks. A historical
journey]. International Neurological Journal. 2017;4(90):17-20. (in
Ukrainian). do: 10.22141/2224-0713.4.90.2017.107257

Prokopiv MM. Vertebrobazylyarni infarkty: pryntsypy klasyfikatsiyi,
kliniko-neyrovizualizatsiynyy analiz i terminolohichni vyznachennya
diahnozu [Vertebrobasilar infarctions: principles of classification,
clinical and neuroimaging analysis and terminological definitions of
the diagnosis]. UMJ Heart & Vessels. 2019;2(66):7-17. (In Ukrainian)
doi: 10.30978/HV2019-2-7

Prokopiv MM. Otsinka funktsional'nykh naslidkiv vertebrobazylyarnykh
infarktiv zalezhno vid urazhenoyi intrakranial'noyi sudynnoyi
terytoriyi zadn'oyi tsyrkulyatsiyi [Evaluation of functional outcomes
of vertebrobasilar infarction depending on the affected intracranial
vascular territory of the posterior circulation]. Ukrayinskiy Visnyk
Psykhonevrologiyi. 2019;3(27):26-33. (In Ukrainian) Access
mode: http://nbuv.gov.ua/UJRN/Uvp_2019_27_3_6

KernanWN, Ovbiagele B, Black HR, et al. Guidelines for the prevention of
stroke in patients with stroke and transient ischemic attack: a guideline
for healthcare professionals from the American Heart Association/
American Stroke Association. Stroke. 2014;45(7):2160-236. doi:
10.1161/STR.0000000000000024

Aho K, Harmsen P, Hatano S, et al. Cerebrovascular disease in the
community: results of a WHO collaborative study. Bull World Health
Organ. 1980;58(1):113-30.

Adams HP, Jr., Bendixen BH, Kappelle LJ, et al. Classification of subtype
of acute ischemic stroke. Definitions for use in a multicenter clinical
trial. TOAST. Trial of Org 10172 in Acute Stroke Treatment. Stroke.
1993;24(1):35-41.

RinglebP, SchellingerPD, Hacke W; Europaischen Schlaganfallorganisation.
Leitlinien zum Management von Patienten mit akutem Hirninfarkt
oder TIA der Europdischen Schlaganfallorganisation 2008. Teil 1
[European Stroke Organisation 2008 guidelines for managing acute
cerebral infarction or transient ischemic attack. Part 1]. Nervenarzt.
2008;79(8):936-57. German. doi: 10.1007/500115-008-2531-1.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

AdamsRJ, Albers G, Alberts MJ, etal; American Heart Association; American
Stroke Association. Update to the AHA/ASA recommendations for the
prevention of stroke in patients with stroke and transientischemic attack.
Stroke. 2008;39(5):1647-52. doi: 10.1161/STROKEAHA.107.189063.
Fartushna OY, Vinychuk SM. Vykorystannya optymal'noyi dozy preparatu
Torvakard — vazhlyvyy napryamok znyzhennya ryzyku rozvytku
povtornykh tranzytornykh ishemichnykh atak ta/chy insul't [An
important direction of reducing the risk of recurrent transient ischemic
attacksand / or stroke is applying of optimal dose of Torvakard]. Family
Medicine. 2015; 3(59):223-227. (in Ukrainian). Access mode: http://
nbuv.gov.ua/UJRN/simmed_2015_3_56

Vinychuk SM, Fartushna OY. Dyferentsiyovane likuvannya tranzytornykh
ishemichnykh atak — efektyvnyy sposib profilaktyky povtornykh
hostrykh tserebral'nykh podiy [Differential treatment of transient
ischemic attack is effective way to prevent recurrent acute cerebral
events]. International Neurological Journal. 2014;6(68):87-92. (in
Ukrainian). doi: 10.22141/2224-0713.6.68.2014.80766

Vinychuk SM, Fartushna OY. Patohenez tranzytornykh ishemichnykh
atak: problema pidtypiv [Pathogenesis of transient ischemic attacks: the
problem of subtypes]. International Neurological Journal. 2017;6(92):11-
16. (in Ukrainian). doi: 10.22141/2224-0713.6.2017.111581

Vinychuk SM, Fartushna QY. Osvitni prohramy profilaktyky tranzytornykh
ishemichnykh atak ta/chy insul'tu [Educational programs for the
prevention of transient ischemic attacks and / or stroke]. Ukrainian
Medical Journal. 2014;5(103):49-51 (in Ukrainian). Access mode: http://
nbuv.gov.ua/UJRN/UMCh_2014_5_15

Fartushna QY, Vinychuk SM. Vyyavlennya ta usunennya vaskulyarnykh
chynnykiv ryzyku — vazhlyvyy napryamok pervynnoyi profilaktyky
tranzytornykh ishemichnykh atak ta/chy insul'tu [Detection and removal
of vascular risk factors asimportant area of primary prevention of transient
ischemic attack]. Ukrainian Medical Journal. 2015;1(105):23-27. (in
Ukrainian) Access mode: http://nbuv.gov.ua/UJRN/UMCh_2015_1_8
Fartushna OYe, Vinychuk SM. Modyfikatsiya povedinkovykh chynnykiv
ryzyku yak skladova pervynnoyi profilaktyky tranzytornykh
ishemichnykh atak ta/chy insul'tu [Behavioral risk factors modification
asacomponent of primary prevention of transient ischemic attack and/
or stroke]. Ukrainian Medical Journal. 2014;6(104):42-44. (in Ukrainian)
Access mode: http://nbuv.gov.ua/UJRN/UMCh_2014_6_13

Basanets AV, Ostapenko TA, Cherkesov VV, et al. Sudden cardiac death
at workplace. Journal of Occupational Health. 2014;2(39):13-20.
doi:10.33573/ujoh2014.02.013

Fartushna OYe, Vinychuk SM. Epidemiolohiya tranzytornykh
ishemichnykh atak u strukturi hostrykh porushen' mozkovoho
krovoobihu v Ukrayini ta inshykh krayinakh [Epidemiology of transient
ischemic attacks in the structure of acute cerebrovascular disorders
in Ukraine and in other countries]. International Neurological
Journal. 2017;5 (91):105-111. (in Ukrainian). doi: 10.22141/2224-
0713.5.91.2017.110863

Vinychuk SM, Fartushna OYe. Diaschisis: a brief historical
review. International Neurological Journal. 2018;4(98):6-10.
doi: 10.22141/2224-0713.4.98.2018.139419

Vinychuk SM, Fartushna OYe. Case analysis of crossed cerebellar
hemispheric diaschisis in acute stroke patients. International
Neurological Journal. 2018;7(101):12-16. doi: 10.22141/2224-
0713.7.101.2018.149660

Vinychuk SM, Fartushna OYe. Crossed cerebellar diaschisis in acute stroke
patients: case analysis and report. International Neurological Journal.
2018;6(100):15-20. doi: 10.22141/2224-0713.6.100.2018.146450

3219



Maria M. Prokopiv, Olena Y. Fartushna

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

Vinychuk SM, Fartushna OYe. Cerebrospinal and commissural diaschisis in
acute stroke patients: case analysis. International Neurological Journal.
2018;5(99):20-25. doi: 10.22141/2224-0713.5.99.2018.142959
Vinychuk SM, Fartushna OYe. Case analysis of crossed pontine-cerebellar
diaschisis in acute stroke patients. International Neurological Journal.
2018;8(102):20-24. doi: 10.22141/2224-0713.8.102.2018.153537
Vinychuk SM. Dyashyz pry mozgovom ynsul'te [Diaschisis in patients
with cerebral stroke]. Kyiv: PH «0ZhYVA»; 2017. 64 p. (in Russian).
Vinychuk SM, Fartushna OYe. Istorija Kyi'vs'koi’ nevrologichnoi’ shkoly
[The history of Kyiv neurological school]. Kyiv: Edvans-Print; 2015. 55
p. (in Ukrainian). ISBN 978-617-7335-02-2

Nouh A, Remke J, Ruland S. Ischemic posterior circulation stroke:
a review of anatomy, clinical presentations, diagnosis, and current
management. Front Neurol. 2014;5:30. Published 2014 Apr 7.
doi:10.3389/fneur.2014.00030

Gurley KL, Edlow JA. Avoiding Misdiagnosis in Patients With
Posterior Circulation Ischemia: A Narrative Review. Acad Emerg Med.
2019;26(11):1273-1284. doi: 10.1111/acem.13830

Dechambre A. Mémoire sur la curabilité du ramollissement cérébral. Gazette
Médicale de Paris. 1838;6(20):305—314. Access mode: http://194.254.96.52/
main.php?key=cGFydGlhbHw5MDE4Mngx0DM4eDA2fDMwNnwzMTc
Durand-Fardel M. Traité du ramollissement du cerveau. Paris: Bailliere; 1843
Fisher CM. Lacunar strokes and infarcts: a review. Neurology.
1982;32(8):871-6. doi: 10.1212/wnl.32.8.871.

Sacco S, Marini C, Totaro R, et al. A population-based study of the
incidence and prognosis of lacunar stroke. Neurology. 2006;66(9):1335-
8. doi: 10.1212/01.wnl.0000210457.89798.0e

Chen X, Wen W, Anstey KJ, Sachdev PS. Prevalence, incidence, and
risk factors of lacunar infarcts in a community sample. Neurology.
2009;73(4):266-72. doi: 10.1212/WNL.0b013e3181aa52ea

Palacio S, McClure LA, Benavente OR, et al. Lacunar strokes in patients
with diabetes mellitus: risk factors, infarct location, and prognosis:
the secondary prevention of small subcortical strokes study. Stroke.
2014;45(9):2689-94.

Fisher CM. Lacunes: small, deep cerebral infarcts. Neurology.
1965;15:774-84. doi: 10.1212/wnl.15.8.774.

3220

55. Tohgi H, Takahashi S, Chiba K, et al. Cerebellar infarction. Clinical
and neuroimaging analysis in 293 patients. The Tohoku Cerebellar
Infarction Study Group. Stroke. 1993;24(11):1697-701. doi: 10.1161/01.
str.24.11.1697

56. Fartushna 0. Air pollution and inflammatory biomarkers in patients
with tia: Severity and stroke risk for patients with different tia
pathological subtypes. Atherosclerosis. 2015; 241(1):E41. doi: 10.1016/].
atherosclerosis.2015.04.147

57. Jickling GC, Stamova B, Ander BP, et al. Profiles of lacunar and nonlacunar
stroke. Ann Neurol. 2011;70(3):477-485. doi:10.1002/ana.22497

ORCID and contributionship:
Maria M. Prokopiv: 0000-0001-5467-3946 4
Olena Y. Fartushna: 0000-0002-4641-0836 #*

Conflict of interest:
The Authors declare no conflict of interest.

CORRESPONDING AUTHOR

Olena. Fartushna

Department of Aviation Marine Medicine and Psychophysiology,
Ukrainian Military Medical Academy,

Melnikova St., 24, Kyiv, 04050, Ukraine

tel: +380977911003

e-mail: olena.y.fartushna@gmail.com

Received: 27.06.2021
Accepted: 30.11.2021

A-Work concept and design, B — Data collection and analysis, C— Responsibility for statistical analysis,
D — Writing the article, E— Critical review, F — Final approval of the article



