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Abstract: Single subcortical infarction refers to the single infarction occurred in the territory of perforating arteries 

whose diameter is less than 20mm. SSI has been traditionally called “lacunar infarction” usually considered to be 

caused by small artery disease that pathologically characterized by lipohyalinosis or fibrinoid degeneration. It 

accounts for a quarter of all ischemic strokes and was long been considered to have a favorable outcome. However, 

it‟s reported that single subcortical infarction can be caused by atherosclerosis in the parental artery through 

blocking the orifice of branch artery. With the development of image technology, from concept to pathogenesis and 

then clinical diagnosis and treatment have changed the traditional of the past. The article reviews the definition, 

etiology and pathogenesis, clinical and imaging features, treatment and other aspects of single subcortical infarction 

from the new insights. 

[Quan Yong, Bo Song, Yuan Gao, Lu Zhao, Hui Fang, Yuming Xu. New insights into single subcortical 

infarction.  Life Sci J 2014; 11(6):394-399]. (ISSN: 1097-8035). http:www.lifesciencesite.com. 56 

 

Keywords: Single subcortical infarction; Parent artery disease; Atherosclerosis; Branch artery occlusion 

 

1. The definition of SSI 

Single subcortical infarction (SSI) which 

has been traditionally called “lacunar infarction” that 

may be defined as ischemic infarcts of restricted size 

in the deeper parts of the brain. Absent from the 

cerebral and cerebellar cortex, they were best known 

in the chronic healed stage when they form irregular 

cavities, 0.5 to 15 mm in diameter, principally in the 

basal ganglia and basis pontis, and its definition first 

came from the description of the pathology
[1]

.But 

now the definition of its diameter has been found 

may not be perfect. 

Jong S.Kim raised the question “Is 15 mm 

size criterion for lacunar infarction still valid?" first. 

They conducted a study on strictly subcortical middle 

cerebral artery (MCA) territory infarction using 

diffusion-weighted magnetic resonance imaging 

(DWI). Then they found that since small (diameter 

<15 mm) subcortical infarcts could be produced by 

MCA disease or cardioembolism, while a larger 

infarct could occur without evidence of them, the 

„lacunar infarction‟ has been challenged. The study 

showed that the infarct diameter in MCA disease was 

not larger than in SAD (p = 0.35), suggested that 

there seems to be no rationale for the 15 mm size 

criterion for lacunar or small artery infarction
 [2]

. 

Another study based on magnetic resonance imaging 

(MRI) which large subcortical infarcts were 

diagnosed with a diameter between 15 and 40 mm, 

while Small deep infarcts were defined with a 

diameter of less than 15 mm suggested that Clinical 

features, risk factor profiles, and stroke recurrence 

rate in patients with a large subcortical infarct only 

differ slightly from those in patients with small deep 

or cortical infarcts
 [3]

. Now more and more research 

defined SSI as the single infarction occurred in the 

territory of perforating arteries which diameter less 

than 20mm
 [4，5]

.   

A recent study based on high-resolution 

magnetic resonance imaging (HR-MRI) found that 

larger SSIs were more closely associated with 

diabetes mellitus and severe neurological dysfunction 

but not with the presence of middle cerebral artery 

plaque, and suggested SSI diameter seems to be 

associated with anatomic branching variation rather 

than the mechanism of stroke
 [6]

. Another resent study 

suggested that based on MRI infarct dimensions and 

a microangiographic template, it may be possible to 

estimate the branching order of the artery involved in 

subcortical infarction. Further, the small data set 

suggested that reliance on an axial dimension of 15-

20 mm may not be the best approach to classifying 

subcortical infarction 
[7]

. 

The definition of the diameter of SSI needs 

to be confirmed in a larger data set in the further 

research.  

 

2.The etiology and pathogenesis of SSI 
 SSI has been traditionally called “lacunar 

infarction” usually considered to be caused by small 

artery disease (SAD) that pathologically 

characterized by lipohyalinosis or fibrinoid 

degeneration 
[8]

. And in the past it was considered to 

be caused by SAD associated with high blood 

pressure, smoking and diabetes, atherosclerosis was 

not considered one of the causes. It is rarely carried 

out further research on the artery. 

In the 1970s, Fisher reported three autopsy 

cases of paramedian pontine infarctions caused by the 

occlusion of perforating branches of the basilar artery 
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(BA) 
[9]

. Later, LouiR etc. raises deep perforators 

mainly include three aspects: plaque from the 

parental artery blocking a branch artery; plaque of the 

parental artery extending into the branch artery, and 

plaque of branch artery orifice itself. Micro 

dissection, plaque bleeding and blood platelet fibrin 

plugs in branch artery stenosis or occlusion played a 

leading role 
[10]

. Bogousslavsky etc. analysed 16 

cases of perforators artery infarction patients, 

including them 10 patients with angiographic showed 

that intracranial artery stenosis occurred in the orifice 

of deep perforators arterial,and suggsted that 

perforators artery occlusion may be due to local 

atherosclerosis blocked the perforators openings, 

rather than a small artery lesions itself.
[11]

 Huang 

Jiaxing ect. checked on 30 patients with micro emboli 

monitoring and DWI, and found 10 SSI patients did 

not detect emboli, its mechanism may be an 

atherosclerotic plaque of middle cerebral artery itself 

blocked  the orifice of  perforators artery, thus 

formed the lacunar infarction.
[12] 

 

Fisher as early as in 1965, has put forward 

that the micro switch could lead to lacunar infarction 

by entering into the perforators‟ artery occasionally
 [1]

. 

Later Santamaria et al found that 8 basal ganglia and 

internal capsule infarction patients had sources of 

cardiogenic emboli, but had no other source of small 

artery. This suggested that embolization may be one 

mechanism of perforating artery infarction 
[13]

. Huang 

Jiaxing ect. found that thromboembolic off from 

large artery stenosis could not only lead to shedding 

cortical artery embolization, but also stay in the deep 

perforating artery leading to "lacunar-like" infarction, 

suggesting that embolism may be one of the causes of 

the small infarction in deep perforating artery 

territory 
[12]

. 

These findings suggested that SSI can be 

caused by a variety of causes. The pathological of the 

perforating branches showed that perforating 

branches disease leading to symptomatic infarcts was 

mainly perforators artery orifice atherosclerosis 

lesions
 [9,14,15]

. SSI may be multiple etiologies, but a 

partial view, it can due to focal atherosclerotic plague 

of the parent artery disease (PAD) blocking the 

orifice of a branch artery and branch artery itself. 

A study in Korea investigated 173 cases of 

lacunar stroke (clinical lacunar syndrome plus small 

deep infarction on MRI), according to the MRA or 

digital subtraction angiography (DSA) examination 

results, divided the patients into with and without 

PAD group, and compared 1-year recurrence rate of 

stroke with the large artery disease, and found that 

the recurrence rate of the group with PAD was much 

higher than not accompanied with PAD, but was 

similar to the large artery disease. Moreover, the 

recurrent stroke, almost all located in the parent 

artery distribution, suggesting that there were 

different causes and mechanisms of lacunar stroke
 [16]

. 

PAD is a pathologic entity diagnosable 

with certainty only at postmortem. However, clinical 

data can at least raise the suspicion that atheromatous 

branch disease is likely to be responsible for certain 

clinical syndromes. Recently, With the development 

of imaging technology, especially the development of  

HR-MRI and  high-field magnetic resonance (7.0 T) 

provides a more direct radiographic evidence of this 

discovery. It has been shown that the 7-tesla MRI 

with ultra-high resolution accurately demonstrates 

small intracranial perforators 
[17-20]

. A recent study 

based on ultra-high-field(7.0 T) MRI and a three 

dimensional image demonstrated that 7.0T MRI 

together with a three dimensional image analysis and 

modeling technique could provide information for 

detection of  the vessel related to the infarct. In 

addition, three dimensional image analysis and 

modeling of vessels could further provide 

quantitative information on the microvessel structures 

comprising diameter, length and tortuosity 
[21]

. 

Studies have reported that HR-MRI can 

show the vessel wall structure and, therefore, detect 

early atherosclerotic changes such as plaques, wall 

thickening, and arterial remodeling, even in patients 

with normal findings on MRA 
[22, 23]

. SSI with 

parental artery disease (SSIPAD) can be found in the 

parent artery perforators‟ obvious atherosclerotic 

lesions and even block. 

However, SSIPAD has been neglected in 

previous stroke sub-type classifications such as Trial 

of Org 10172 in Acute Stroke Treatment (TOAST), 

Stop Stroke Study Trial of Org 10172 in Acute 

Stroke Treatment (SSS-TOAST), and 

Atherosclerosis-Small vessel diseasecardiac source-

other cause (ASCO). And for most studies on stroke 

subtypes in Chinese, the presence of parental artery 

disease among patients with SSI had not been 

investigated. With the development of the research, 

branch artery disease has been referred to in Chinese 

Ischemic Stroke Subclassification (CISS). 

 

3.The clinical and imaging features of SSI 

Hospital-based studies show that the 

frequencies of SSI among Chinese stroke patients 

range from 25% to 30% 
[24-27]

. SSIPAD is one of the 

main stroke mechanisms in patients with intracranial 

atherosclerotic stroke (ICAS). It has long been 

recognized that intracranial large artery disease is 

more common among Chinese than Caucasians 
[28]

. 

A study found that short-term stroke recurrence rate 

of SSIPAD patients was similar with large artery 

atherosclerosis and apparently higher than SSI 

associated with SAD 
[16]

. But there is little research in 

this area, and further studies with more patients and 
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longer follow-up are needed to clarify whether 

SSIPAD has influence on outcome.  

SSIPAD is an atherosthrombotic disease. A 

recent study of 335 SSI patients with PAD and 114 

with SAD has found that the former had a higher 

prevalence of atherosclerosis such as asymptomatic 

cerebral artery atherosclerosis and coronary heart 

disease, but had a lower prevalence of SAD 

indicators, such as leukoaraiosis (LA) and 

microbleeds 
[4]

. Another study reported that SSIPAD 

was also associated with atherosclerotic lesions in 

other vascular beds and older age 
[29]

. A MRA based 

study has found that nonrelevant stenosis was also 

more prevalent in the PAD than in the SAD group 
[30]

. 

Kim think that the pathogenesis of linear 

lesions in SSI may be associated with atherosclerosis, 

and round or oval shape lesions may be more related 

to lipid hyaline degeneration or fibrin degradation
[31]

. 

A study based on mostly MRA included 86 patients 

in the proximal SSI (pSSI) group and 123 in the 

distal SSI (dSSI) group in Chinese people found that 

the lesion diameter in the pSSI group was 

significantly greater than that in the dSSI group, and 

the composition ratins in patients in diabetes mellitus, 

hyperlipidemia, the parent artery disease, other 

intracranial arterial stenosis and extracranial artery 

stenosis were significantly higher than those in the 

dSSI group. However, the composrion ratios in 

patients with hypertension  and leukoaraiosis were 

significantly lower than those in the dSSI 

group．This suggested the clinical characteristics of 

SSI are different in classification based on the 

relationship between the lesion sites and MCA．SSI 

of proximal perforating artery may be caused by the 

large artery disease, and SSI of the remote areas are 

mostly caused by small artery disease 
[5]

,and a recent 

study based on HRMRI found that compared with 

dSSI, pSSI is closely associated with large lesions, 

severe clinical symptoms, and superiorly located 

MCA plaques 
[32]

.Caplan categorized the causes into 

three groups: plaque from the parental artery 

blocking the orifice of a branch artery, plaque of the 

parental artery extending into the branch artery and 

obstruction of the proximal portion of branch artery 

by microatheroma 
[10]

.  

The lesion volume is generally larger in 

patients with SSIPAD 
[33,34]

. However, a recent study 

based on HRMRI found that larger SSIs were more 

closely associated with diabetes mellitus and severe 

neurological dysfunction but not with the presence of 

middle cerebral artery plaque, and suggested SSI 

diameter seems to be associated with anatomic 

branching variation rather than the mechanism of 

stroke 
[6]

. 

SSI was previously considered to be stable 

course, low recurrence and low mortality 
[35-41]

. But 

research indicated the clinical course of about 12% to 

36% patients are unstable and tend to occur early 

neurological deterioration (END), showing the 

symptoms of neurological defects in the pathogenesis 

of hours or days continued to increase, and ultimately 

may lead to severe disability[42-44]. There may exist 

identification clues from the difference in the image. 

The exact mechanisms of END is not clear, 

hemodynamic factors, thrombosis, excitatory toxic 

effect, inflammatory reaction and elevated serum 

homocysteine levels are thought to be the possible 

mechanism 
[42,45-47]

. It still remains unclear whether 

SSIPAD is more likely to lead to END. It has 

produced inconsistent conclusions in patients with 

SSIs on MCA territory. While some studies reported 

that SSI with MCA atherosclerosis is more often 

associated with END or an unstable clinical course 
[48，

16]
, others showed END was associated with the sub-

acute DWI lesion volume increase but not MCA 

atherosclerosis 
[49]

. 

A study based on DWI showed that END 

was found in 28 (39.44％) patients with linear ISSI 

and 25 (18.12％) patients with round or oval SSI. 

Univariate analysis indicated that lesion 

pattern．sex．initial NIHSS score，coronary heart 

disease， ipsilateral MCA stenosis and intracranial 

atherosclerotic stenosis were significantly associated 

with END．Logistic regression analysis suggested 

that linear lesion (P=0.019) was an independent 

predictor of END, and patients with linear SSI were 

more prone to present fluctuated clinical course 

which may be helpful in predicting patients with 

END 
[50]

. In a study of 56 patients with unilateral 

pontine base infarction that extend to the ventral 

surface, 22 patients (39%) had PAD and 15 patients 

(27%) had END, and the PAD was not significantly 

related to END, but was closely related to the 

subacute increase in lesion volume 
[34]

. But in another 

study of lateral thalamic infarction, the 

atherosclerosis was significantly associated with both 

adverse functional outcomes and increased sub-acute 

lesion volume 
[33]

. A recent study based on HRMRI 

found that albuminuria is associated with END and 

infarct volume expansion in patients with SSI in the 

lenticulostriate artery territory 
[51]

. 

These results suggest, the lesion volume 

increase and END in SSIPAD patients may be related 

to greater extension of atherothrombosis. HRMRI can 

find more potential plaque, and the possibility is 

greater of proximal level due to the parent artery. 

 

4. The treatment of SSI    

It was wrong to equal SSI to SAD before. 

Even if you don't think the atherosclerotic lesions of 

perforators artery orifice are the main cause of SSI, 
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should at least consider wearing both atherosclerotic 

lesions of perforators artery orifice and lipohyalinosis 

or fibrinoid degeneration these two kinds of 

pathological changes. 

Sps3 research results support the current 

guidelines that recommend against the use of the 

combination of clopidogrel plus aspirin for secondary 

stroke prevention and now extend this advice to those 

with recent small subcortical strokes, or lacunar 

infarcts, that have been confirmed by MRI. 

Subsequent research found although the reduction in 

stroke was not significant, the results support that in 

patients with recent lacunar stroke, the use of a 

systolic-blood-pressure target of less than 130 mm 

Hg is likely to be beneficial 
[52]

. 

Because the SSIPAD has obvious 

characteristic of large artery           atherosclerosis, 

physicians should be alert for systemic arterial 

atherosclerosis appearance, and should give fight on 

atherosclerosis, control blood sugar and adjusting 

blood fat in the treatment, especially in the Asian 

populations with a higher frequency of intracranial 

stenosis. Even if the artery stenosis was detected, but 

still cannot ignore the potential of atherosclerotic 

lesions, such as the light degree of artery disease or 

the proximal part of perforators artery lesions, and 

due to the limited existing vessel imaging technology, 

it is difficult to be checked out this part of the lesions 

or has not been taken seriously. 

SSI caused by SAD is more often 

associated with small vessel disease characteristics, 

clinici ans should give positive to reduce blood press, 

but should be careful for double drug combination 

antiplatelet therapy. Because previous studies have 

shown that SSI in distal perforators artery area is 

prone to hemorrhagic transformation, and LA is also 

likely to increase the risk of cerebral hemorrhage
 [53-

55]
. 

 

5. Conclusions 

In conclusion, we clarified the SSIPAD is 

an important classification of stroke. We have to 

realize that SSIPAD is an important reason of SSI, 

different from SAD. It is one of the most important 

classifications of atherothrombotic stroke even if it 

has been classified as SAD erroneously. Further 

researches are needed to discuss the prevalence of 

SSIPAD, and to formulate an appropriate stroke 

classification including SSIPAD. Prevention and 

treatment trials should consider this important stroke 

classification in the future. 
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