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Abstract
Background: Lacunar stroke accounts for a quarter of all acute ischemic infarction. Insufficient
information is available with respect to the pattern and risk factor profiles of patients with lacunar
stroke from developing countries. We undertook this study to define the clinical features, imaging
characteristics, and risk factors in a group of patients with image proven lacunar stroke from southern
India, and contrast them with those described from developed countries. Methods: We retrospectively
reviewed the demographic, risk factor profiles (presence of hypertension, diabetes mellitus, dyslipidemia,
smoking) and CT/MRI brain findings (microbleeds, small vessel ischemic changes, old infarcts) and
CV Doppler/CT or MR angiography of brain and neck vessels of 132 consecutive patients diagnosed
with image proven acute infarct measuring 2-20mm in subcortical white matter, basal ganglia,
thalamus or pons, presumed to result from the occlusion of a single small perforating artery(lacunar
infarct), in Department of Neurology, Kasturba Medical College, Manipal, Karnataka, India. Results:
Males comprised 63.6%, with 56% between the ages of 55-75 years. Hypertension was present in 98
(74.2%) and 50 (37.8%) had diabetes mellitus. Pure motor hemiparesis was the most common clinical
syndrome 79 (59.8%), followed by ataxic hemiparesis in 32 (24.2%). Chronic lacunar infarct was
detected in 68 (51.5%) patients MRI; however, past history of stroke was present only in 10 (7.6%).
Small vessel ischemic changes were present in 100 (75.8%), and cerebral micro-bleeds in 10 (7.6%)
patients. Angiography showed symptomatic side carotid stenosis of over 50% in 6 (4.5%), intracranial
major vessel stenosis in 12.61% of patients.
Conclusion: Lacunar stroke, although less dramatic in its clinical presentation, is frequently associated
with modifiable risk factors like hypertension and diabetes. It should be regarded as a warning sign
of underlying diffuse small vessel disease; hence, portends recurrent stroke and vascular dementia.
Our findings are in accordance with most studies from developed countries.
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INTRODUCTION
Stroke is one of the leading causes of morbidity
and mortality worldwide, especially in aging
population.1 Lacunar stroke, accounts for a quarter
of all acute ischemic infarction.2 Lacunar infarcts
are caused due to occlusion of the single deep
perforating artery, which supplies the deep white
matter, where infarct size measures 2-20 mm in
diameter.3 Following a lacunar stroke, one-third
of individuals are left dependent for activities of
daily living.4
The exact mechanism underlying the lacunar
stroke is still not clear.5 One of the possible
mechanisms for lacunar stroke is thought to
be due to lipohyalinosis of small penetrating

cerebral arteries.6,7 However, there are studies
suggesting that lacunar stroke could be caused due
to embolism/stenosis of a middle cerebral artery
resulting in occlusion of distal perforating arteries
like lenticulo-striate artery.8 Another possible
mechanism is thought to be due to intrinsic diffuse
small arteriolar diseases.9 Hypertension and
diabetes have been found to be strongly associated
with lacunar stroke.10,11 It is evident that lacunar
infarcts are more commonly associated with white
matter abnormalities and small vessel ischemic
changes, and in long-term are associated with
memory impairment.12,13 Cerebral microbleeds
were also more common in patients with lacunar
stroke, ranging from 25-50%.14,15
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There is limited number of studies on lacunar
stroke, which have described the different clinical
syndromes, risk factors, angiographic findings,
and the brain imaging features from developing
countries. This encouraged us to undertake this
study from Southern India to delineate the clinical
and radiological characteristics, and risk factors
of lacunar stroke.
METHODS
This retrospective study was conducted utilizing
consecutive patients admitted to the Department
of Neurology, Kasturba Medical College, Manipal
University, Manipal, Karnataka, India. During the
period of June 2016 to June 2018. The objective
of the study was to define the risk factor profile,
clinical syndromes, imaging characteristics of
patients with lacunar stroke and to assess the risk
factors predisposing to lacunar stroke.
We included consecutive patients with imaging
(MRI/CT) confirmed acute cerebral infarcts (2–20
mm in diameter) in the deep cerebral white matter,
basal ganglia, thalamus or pons, presumed to result
from the occlusion of a single small perforating
artery, who had undergone at least one of the
cerebral vascular imaging by Carotid-vertebral
artery (CV) Doppler /CT angiography or MRI
angiography.
We abstracted the clinical features of the
patients from the medical records. In addition to
demographic characteristics, the following risk
factors were ascertained: History of smoking;
Hypertension - either patient was diagnosed
previously by a doctor to be hypertensive and on
antihypertensive medication or during the hospital
stay, found to have consistently elevated blood
pressure of >140/90mmHg on multiple occasion
after 3days of onset of stroke, with Echo/ECG
showing evidence of left ventricular hypertrophy
and started on antihypertensive medication.
Diabetes - previously diagnosed and on treatment
or newly diagnosed with serum glucose level,
HbA1c>6.5. Cardiac diseases from history of
cardiac disease and ECG/Echo suggestive of
cardiac disease, in case of high suspicion 24
hours Holter for ruling out atrial fibrillation,
Total cholesterol of >200 mg/dl or LDL >160mg/
dl or patients on lipid lowering therapy(statins)
were considered to have hyperlipidemia, other
comorbidities and drug history was noted.
Depending on the clinical findings, we
categorized the patients into following clinical
syndromes: pure motor, pure sensory, ataxic
hemiparesis, sensory-motor, dysarthria-clumsy
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hand, hemichorea-hemiballismus and dystonia,
eye movement disorders with or without
hemiparesis, dysarthria, dysphagia, pseudobulbar
signs, cognitive impairment, imbalance, and
urinary incontinence.
Brain imaging of each patient was reviewed
with the help of Radiology Information System/
Picture Archiving and Communication System
(RIS/PACS). Acute infarct was categorized into
in anterior (subcortical white matter) or posterior
circulation (pontine/thalamus) depending on the
arterial supply. Presence of any old infarction
(cortical or lacunar) was noted. We also checked
whether old infarcts were present in the same
arterial territory along with acute infarct. Presence
of small vessel ischemic changes and any cerebral
micro-bleeds were also noted. Carotid artery
stenosis was categorized into significant>50% and
non-significant (<50%) occlusions. Occlusion of
major intracranial arteries such as middle cerebral,
anterior cerebral, vertebral, and basilar artery was
examined in patients in whom MR/CT angiogram
was done.
We expressed the distribution of patients as
number, percentage, mean ± standard deviation
and median. We graphically depicted the
distribution by bar graphs and pie charts.
RESULTS
Demographic, risk factors and clinical
characteristics
We have summarized the demographic features
and risk factors in Table 1. There were 84
(63.6%) males and 48 (36.4%) females. Their
age ranged from 26 to 89 years, mean age of
60.8 years, and median age of 63 years. Most of
our patients belonged to the age group of 55-75
years (Figure 1). Hypertension was present in 98
(74.2%), and Type 2 diabetes mellitus was present
in 50 (37.9%) patients. Six (4.5%) patients had
cardiac comorbidity, 5 (3.7%) had ischemic heart
disease and one patient had ventricular septal
defect, all patients had undergone ECG and 2 D
ECHO testing, however only four patients, who
had high suspicion for Atrial fibrillation underwent
Holter monitoring, however no atrial fibrillation
detected. Ten (7.6%) had previous history of stroke
or TIA. History of smoking was present in 38
(28.8%) patients, hyperlipidemia was present in
23 (17.4%) patients. Other medical comorbidities
included, 4 (3.0%) patients had hypothyroidism
and 5 (3.8%) had history of carcinoma and
undergone chemo or radiotherapy in the past.

Table 1: Distribution of patients according to demographic and clinical characteristics
Characteristics

Distribution

Age (year)
Mean ± SD
Median

60.8 ± 12.72
63.0

Gender: n (%)
Male
Female

84 (63.6)
48 (36.4)

Past stroke/TIA: n (%)

10 (7.6)

Hypertension: n (%)

98 (74.2)

Diabetes mellitus: n (%)

50 (37.9)

Smoking: n (%)

38 (28.8)

Hyperlipidemia: n (%)

23 (17.4)

Heart disease: n (%)

6 (4.5)

Cancer: n (%)

5 (3.8)

Abbreviations: SD – standard deviation; TIA – transient ischemic attack; VSD-Ventricular septal defect.

We have depicted acute lacunar stroke subtypes
in Figure 2. Pure motor hemiparesis was the
most common subtype with 79 (59.8%) patients,
followed by ataxic hemiparesis 32 (24.2%).
Less common subtypes included sensory-motor
8 (6.1%), pure sensory 4 (3.0%), and dysarthria
clumsy hand syndrome 5 (3.8%). Four (3.0%)
patients had very rare clinical syndromes such

as mild facial weakness, facial weakness with
dysarthria, and diplopia.
Imaging characteristics
In Table 2, we have summarized the imaging
findings. Eighty-eight (66.7%) patients had acute
infarct in the anterior circulation (subcortical

Figure 1. Distribution of patients according to age and gender.
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Figure 2. Distribution of patients according to lacunar syndrome subtypes.

white matter, internal capsule or basal ganglia)
and remaining 44 (33.3%) in the posterior
circulation (thalamus/pons). Chronic lacunar
infarct was found in 68 (51.5%) patients, 13
(9.8%) in the same arterial territory, 27 (20.5%)
in the different territory, and 28 (21.2%) had
multiple chronic lacunar infarcts. Large artery
cortical stroke was found in 11 (8.3%) patients.
Small vessel ischemic changes were seen in 100

(75.8%) patients. Micro-bleeds were observed in
10 (7.6%) patients.
Extra-cranial carotid and vertebral artery
imaging was available for all; however, intracranial
imaging was not available for 21 patients since
they had undergone only carotid and vertebral
artery Doppler. We considered symptomatic
carotid stenosis if the stenosis was >50% and
stroke happened in the same side of carotid artery

Table 2: Distribution of patients according to brain and vascular imaging findings
Findings
MRI
Acute infarct in anterior circulation
Acute infarct in posterior circulation
Chronic lacunar infarct
Chronic cortical infarct
Small vessel ischemic changes
Cerebral microbleeds

CV Doppler/CT angiography/MR angiographic findings
Carotid artery stenosis (symptomatic side)
>50%
<50%
Carotid artery stenosis (asymptomatic side)
>50%
<50%
Middle cerebral artery stenosis
Anterior cerebral artery stenosis
Vertebral artery stenosis
Basilar artery stenosis

44

Number (Percentage)
88 (66.7)
44 (33.3)
68 (51.5)

11 (8.3)
100 (75.6)
10 (7.6)

6 (4.5)
4 (3.0)
6
9
4
3
4
3

(4.5)
(6.8)
(3.6)
(2.7)
(3.6)
(2.7)

territory. Six (4.5%) patients had symptomatic side
carotid stenosis, 4 (3.0%) had carotid stenosis of
less than <50% diameter in the symptomatic side.
In the opposite side of stroke, there were 6 (4.5%)
patients having >50% stenosis of carotid artery, 9
(6.8%) cases had <50% stenosis of carotid artery.
Patients who had undergone intracranial MR/CT
angiography (excluding 21 patients) were studied
for intracranial MCA, ACA, vertebral artery and
basilar artery occlusion. Four (3.6%) patients had
middle cerebral artery stenosis/occlusion and 3
(2.7%) had anterior cerebral artery stenosis. Four
(3.6%) patients had vertebral artery and 3 (2.7%)
patients had basilar artery stenosis/narrowing
on the same side of posterior circulation (pons/
thalamus) (Table 2).
DISCUSSION
In this retrospective study we analyzed the
demographic and clinical characteristics, risk
factors, and imaging findings of hospitalized
patients with lacunar stroke during a 2-year period
in a tertiary referral center in southern India.
Lacunar stroke affected males predominantly than
females in our study population, who belonged to
the age of 55-75 years with pure motor hemiparesis
being the most common subtype of lacunar stroke.
Most common risk factors associated with lacunar
stroke was hypertension (three fourth of study
population), followed by diabetes mellitus (one
third of study population) and smoking. About
half of the patients had chronic lacunar infarct,
which was silent without any prior neurological
deficits. More than three fourth of the patients
had small vessel ischemic changes in their MRI
imaging. Neck and brain angiography revealed
no significant occlusion of either neck vessels
or intracranial arteries. We wish to elaborate on
our observations and contrast them with those
reported from developed countries.
Demographic and clinical features
Out of 132 patients, two-thirds were males.
Lacunar stroke occurred in our patients most
frequently between the ages of 55 and 75, with
mean age of 60.7 years. This is comparable
with studies on lacunar stroke from developed
countries, where the maximum number of patients
were in 55-70 years with male preponderance.16-18
In a case-control study, the risk of lacunar stroke
increased with increasing age for people below
69 years, but after the age of 70 years, the risk
of lacunar stroke declined.19
Pure motor hemiparesis was the most common

clinical syndrome accounting for two-thirds
of patients, followed by ataxic hemiparesis in
a quarter of patients. This is comparable with
other studies in developed countries, in which
the prevalence of pure motor hemiparesis was
found to be between 40-60%20,21, and the ataxic
hemiparesis ranged between 15-20%.21,22
Risk factors
Hypertension was present in three-fourths of our
patients, and diabetes was found in one-third
of patients. Hypertension and diabetes as the
major risk factors for lacunar stroke in developed
countries as well. The prevalence of hypertension
has been found to be more than 70%5,23, and
diabetes 10-30% in studies on lacunar stroke from
developed countries.24-26 History of past stroke/
TIA was present in 10 (7.5%) our patients. Cardiac
abnormalities including ischemic heart disease
was present in 6(4.5%), however atrial fibrillation
was not confirmed in any cases, which is lower in
our series when compared to other studies from
developed countries where prevalence of cardiac
comorbidity and possible cause for embolism
ranged from 17-39%.6,27 History of smoking was
present in 38(28.8%), hyperlipidemia was present
in 23 (17.4%) of patients. In a systematic review
on risk factors of lacunar infarct there was no
clear association between smoking, excess alcohol
consumption, or raised cholesterol in lacunar
compared with non-lacunar infarction.28
Out of our 132 patients, 5 had history of
carcinoma and were treated with chemotherapy
and radiotherapy. The overall incidence of stroke
increases in patients with carcinoma and who
have undergone treatment in the form of radio/
chemotherapy. The most common type of stroke
is believed to be cardio-embolic, followed by
lacunar stroke and large artery atherosclerosis.29,30
In a study by Rosenberg et al. the lacunar stroke
was found in 52% of all stroke in carcinoma
patients.31
Radiological features
In our study, the history of old stroke was present
only in 7.5% of the patients, but the brain imaging
showed chronic silent lacunar infarction in half
of patients. About 10% had chronic infarct was
in the same territory. About 20% had chronic
lacunar infarcts that were in the different territory
or on the opposite side. About 21% patients had
multiple lacunar infarcts. In the study by Wessels
et al. from Germany, in 73 lacunar stroke patients,
a single subcortical ischemic area was seen in
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only 59% of patients, 22% had large or scattered
lesions in one territory and 19% had multiple
lesions in multiple territories.32 Study by Ong et
al. from Taiwan showed that silent infarct in first
ever symptomatic stroke was 20% and mostly
were subcortical infarcts with associated small
vessel ischemic changes.33 Small vessel ischemic
changes were seen in as high as 76% of our
patients. The frequency of cerebral micro bleeds
of 7.5% of our study, is less when compared to
other studies from developed countries, which
showed the higher prevalence of cerebral micro
bleed in-patient with lacunar stroke ranging from
23 to 54%.5,14,34,35
Few studies suggested the possible mechanism
of lacunar stroke could be secondary to dislodging
of thrombus from the proximal artery36,37 or
atherosclerosis of proximal arteries like MCA stem
blocking the orifices of deeper penetrating arteries
and resulting in small subcortical infarcts.38,39 To
test this hypothesis, we examined the angiographic
findings of extra and intracranial vessels. There
was no significant neck vessel or other intracranial
vessel occlusion. Symptomatic Carotid occlusion
>50% was seen in only 4.5%, Occlusion of <50%
seen in only 3% whereas occlusion of contralateral
carotid artery of >50% was also seen in 4.5% of
the patients, and <50% seen in 6.8% (Table 2).
There are many studies from developed countries,
which looked for ipsilateral carotid occlusion,
in these studies percentage of stenosis varied
from 1-28%.40-42 Sweeny et al. found intracranial
arterial stenosis/occlusion by magnetic resonance
angiography (MRA) in 21% of patients meeting
clinical and radiologic criteria for lacunar infarcts,
but only in 10% is the artery disease related to the
affected penetrating vessel. [43] Studies from Asian
populations have shown that small subcortical
infarcts are frequently caused by branch occlusion
associated with parental artery atherosclerotic
plaque, or by atherosclerotic proximal smallvessel disease.44-46 However in our study, we found
that 12.6% of patients had stenosis of intracranial
vessels diagnosed by MRA/CT angiography,
which is less in frequency when compared with
above mentioned studies.
This study has the following limitations: 1)
Small sample size 2) Intracranial vessel imaging
was available for only 111 patients in the study
3) MRI imaging of brain was available for 130
patients, two patients had only CT brain, which
could have missed cerebral micro-bleeds and
small vessel ischemic changes in those two cases.
4) Since it is a retrospective study, history of
risk factors, especially history of smoking could
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have been missed, as this depends entirely on the
history sheet, which could not be confirmed by
other clinical/hematological or procedural data
by the authors.
In conclusion, Lacunar/small vessel ischemic
strokes may be less dramatic and less debilitating
when compared to cortical stroke at the beginning,
but should be considered as the warning sign of
an underlying diffuse small vessel disease. It may
be the forerunner of vascular Parkinsonism and
dementia. Even though mechanism of lacunar
stroke is not well understood, from the existing
literature and findings from our study, we can
presume that diffuse small vessel/arteriolar disease
could be the most possible mechanism on the
background of hypertension and diabetes, rather
than distal embolization from large or medium
sized arteries. At present, the treatment of lacunar
stroke is similar to that of large artery stroke, with
single antiplatelet and statins. Research should be
done in this area to gather more information on
the pathogenesis and drugs which can target the
endothelium and prevent small vessel diseases.
DISCLOSURE
Financial support: None
Conflict of interest: None
REFERENCES
1. Ritchie H and Roser M. Causes of Death.
OurWorldInData.org 2019. Available from:
URL:’https://ourworldindata.org/causes-of-death’
2. Sudlow CLM and Warlow CP. Comparable studies
of the incidence of stroke and its pathological types.
Results from an international collaboration. Stroke
1997;28:491-9.
3. Bamford JM and Warlow CP. Evolution and testing
of the lacunar hypothesis. Stroke 1988;19:1074-82.
4. Bamford J, Sandercock P, Dennis M, et al. Classification
and natural history of clinically identifiable subtypes
of cerebral infarction. Lancet 1991;337:1521-6.
5. Shoamanesh A, Pearce LA, Bazan C, et al.
Microbleeds in the Secondary Prevention of Small
Subcortical Strokes Trial: Stroke, mortality, and
treatment interactions. Ann Neurol 2017;82:196-207.
6. Caplan LR. Lacunar infarction and small vessel
disease: pathology and pathophysiology. J Stroke
2015;17:2-6.
7. Horowitz DR, Tuhrim,S, Weinberger JM,Rudolf
SH. Mechanisms in lacunar infarction. Stroke
1992;23:325-327
8. Macdonald RL, Kowalczuk A, Johns L. Emboli enter
penetrating arteries of monkey brain in relation to
their size. Stroke 1995;26:1247-51.
9. Wardlaw JM, Sandercock PA, Dennis MS, Starr J. Is
breakdown of the blood-brain barrier responsible for

10.
11.
12.
13.

14.

15.
16.
17.

18.
19.

20.

21.

22.
23.
24.
25.
26.

27.

28.

lacunar stroke, leukoaraiosis, and dementia? Stroke
2003;34:806-12.
Fisher CM. Lacunar strokes and infarcts: a
review. Neurology 1982;32:871-6.
You R, McNeil JJ, O’Malley HM, Davis SM, Donnan
GA . Risk factors for lacunar infarction syndromes.
Neurology 1995;45:1483-7.
Inzitari D. Leukoaraiosis. An independent risk factor
for stroke? Stroke 2003;34:2067-71.
Schmidt R, Enzinger C, Ropele S, Schmidt H, Fazekas
F. Progression of cerebral white matter lesions: 6-year
results of the Austrian Stroke Prevention Study.
Lancet 2003;361:2046-8.
Kato H, Izumiyama M, Izumiyama K, et al. Silent
cerebral microbleeds on T2*-weighted MRI:
correlation with stroke subtype, stroke recurrence,
and leukoaraiosis. Stroke 2002;33:1536-40.
Arboix A, Martí-Vilalta JL. Lacunar stroke. Expert
Rev Neurother 2009;9:179-196.
Arboix A, Alsina M, Caballero M, et al. Lacunar
infarcts: Clinical and risk factors in 864 patients. J
Heart Stroke 2017; 2:1023.
Sacco SE, Whisnant JP, Broderick JP, Phillips SJ,
O’Fallon WM. Epidemiological characteristics of
lacunar infarcts in a population. Stroke 1991;22:123641.
Hauer AJ, RuigrokYM, Algra A, et al. Age-specific
vascular risk factor profiles according to stroke
subtype. J Am Heart Assoc 2017; 6(5), e005090.
Cai Z, He W, Peng CY, Zhou J, Xu QL, Wu ZS. The
prevalence of lacunar infarct decreases with aging
in the elderly: a case-controlled analysis. Clin Interv
Aging 2016; 11: 733-8.
Arboix A, Padilla I, Masson J, García-Eroles L, Comes
E, Targa C. Pure motor hemiparesis: a clinical study
of 222 patients. J Neurol Neurosurg Psychiatry 2001;
71: 239-42.
Gan R, Sacco RL, Kargman DE, Roberts JK, BodenAlbala B, Gu Q. Testing the validity of the lacunar
hypothesis: the Northern Manhattan Stroke Study
experience. Neurology 1997; 48:1204-11.
Donnan GA, Tress BM, Bladin PF. A prospective
study of lacunar infarction using computerized
tomography. Neurology 1982; 32:49-56.
Boiten J and Lodder J. Lacunar infarcts: pathogenesis
and validity of the clinical syndromes. Stroke 1991;
22:1374-8.
Fisher CM. Lacunes: small, deep cerebral infarcts.
Neurology 1965;15: 774-84.
Norrving B and Staaf G. Pure motor stroke from
presumed lacunar infarct. Incidence, risk factors and
initial course. Cerebrovasc Dis 1991; 1:203-9.
Mast H, Thompson JLP, Lee SH, Lee SH, Mohr
JP, Sacco RL. Hypertension and diabetes mellitus
as determinants of multiple lacunar infarcts. Stroke
1995;26:30-3.
Lodder J, Bamford JM, Sandercock PAG, Jones LN,
Warlow CP. Are hypertension or cardiac embolism
likely causes of lacunar infarction? Stroke 1990; 21:
375-81.
Jackson C, Sudlow C. Are lacunar strokes really
different? A systematic review of differences in
risk factor profiles between lacunar and non-lacunar
infarcts. Stroke 2005;36:891-901.

29. Ocek L, Sener U, Ilgezdi I, Ozcelik MM, Zorlu Y.
Acute ischemic stroke in patients with cancer: risk
factors, clinical and imaging outcomes. Acta Medica
Mediterranea 2017; 33: 601.
30. Dearborn JL, Urrutia VC, Zeiler SR. Stroke and
cancer- A complicated relationship. J Neurol Transl
Neurosci 2014;2:1039
31. Rosenberg S, Meirrovitz R. Leker A, et al. Treatment
of Acute ischemic stroke in cancer patients. NeuroOncology 2014; 16(2): ii111.
32. Wessels T, Röttger C, Jauss M, Kaps M, Traupe H,
Stolz E. Identification of embolic stroke patterns by
diffusion-weighted MRI in clinically defined lacunar
stroke syndromes. Stroke 2005;36: 757-61.
33. Ong CT, Chen WP, Sung SF. Silent Infarction in
Patients with First-ever Stroke. Acta Neurol Taiwan
2007;16:221-5.
34. Wardlaw JM, Lewis SC, Keir SL, Keir SL,
Dennis MS, Shenkin S. Cerebral microbleeds are
associated with lacunar stroke defined clinically and
radiologically, independently of white matter lesions.
Stroke 2006;37:2633-6.
35. Klarenbeek P, van Oostenbrugge RJ, Rouhl RP, et
al. Higher ambulatory blood pressure relates to new
cerebral microbleeds: 2-year follow-up study in
lacunar stroke patients. Stroke 2013;44: 978-83.
36. Liu S, Hu WX, Zu QQ, et al. A novel embolic
stroke model resembling lacunar infarction following
proximal middle cerebral artery occlusion in beagle
dogs. J Neurosci Methods 2012;209:90-6.
37. Adam HP Jr, Gross CE. Embolism distal to stenosis
of the middle cerebral artery. Stroke 1981; 12:228-9.
38. Bogousslavsky J, Regli F, Maeder P. Intracranial large
artery disease and lacunar infarction. Cerebrovasc
Dis 1991;1:154-9.
39. Tan MJ and Halsey JH. Lacunar infarction due to
middle cerebral artery stenosis. Stroke1990; 21:1759.
40. Salgado AV, Ferro JM, Gouveia-Oliveira A. Longterm prognosis of first-ever lacunar strokes. Stroke
1996; 27:661-6.
41. Tegeler CH, Shi F, Morgan T. Carotid stenosis in
lacunar stroke. Stroke 1991;22:1124-8.
42. Ghika J, Bogousslavsky J, Regli F. Infarcts in the
territory of the deep perforators from the carotid
system. Neurology 1989; 39:507-12.
43. Sweeny R, Cheng EM, Kidwell CS, Saver
JL. Incidence of intracranial large vessel
disease in patients with radiologic lacunar
stroke. Neurology 1999;52:A557-A558.
44. Chung JW, Kim BJ, Sohn CH, Yoon BW, Lee SH.
Branch atheromatous plaque: a major cause of lacunar
infarction (high-resolution MRI study). Cerebrovasc
Dis Extra 2012;2:36-44.
45. Bang OY, Heo JH, Kim JY, Park JH, Huh K. Middle
cerebral artery stenosis is a major clinical determinant
in striatocapsular small, deep infarction. Arch
Neurol 2002;59:259-63.
46. Mok VC, Fan YH, Lam WW, Hui AC, Wong KS.
Small subcortical infarct and intracranial large artery
disease in Chinese. J Neurol Sci 2003;216:55-9.

47

