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Abstract
Twenty-five percent of ischemic strokes are lacunar in type, but the cause remains unclear.
Pathological descriptions of lacunar lesions are available but have not been systematically
assessed. We therefore systematically summarized studies describing lacunar lesions by
extracting data on the number of patients and lesions, clinical details, pathological methods,
brain regions and/or vessels examined, and both parenchymal and vascular findings.

Among 39 papers describing >4000 lesions (>50% from one study), 15 papers examined
patients with a clinical lacunar syndrome. Terminology varied, many studies only reported
macroscopic pathology and many lesions were cavitated (ie, old). Aside from symptomatic
lesions occurring more often in the internal capsule or caudate nucleus, we found no other
differences between symptomatic and asymptomatic patients. Perivascular edema and
thickening, inflammation and disintegration of the arteriolar wall were common, whereas
vessel occlusion was rare.

The causal mechanisms of lacunar stroke remain poorly defined because of methodologi-
cal inconsistencies and challenges. Standardised pathological definitions based on well-
characterized post-mortem derived material supported by detailed clinical and imaging data
are needed.
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INTRODUCTION
About 20% of all strokes (about 25% of all ischemic stroke) are
lacunar in type (57). These small lesions (<2 cm in diameter,
<1.5 cm in some definitions) affect the white matter and deep gray
matter of the cerebral hemispheres and brainstem and are associ-
ated with several discrete neurological syndromes (4, 25, 26).
Lacunar lesions are associated with an abnormal deep perforating
arteriole but the small size of the brain and vascular lesions make
pathological examination of lacunar lesions technically difficult.
In addition, lacunar stroke is rarely fatal and the autopsy rate is
declining.

A previous review of lacunar stroke pathology found only 10
studies (11 including their own), most from before 1980 (3).
Various descriptive reviews of lacunar stroke pathology have
been published since then (2, 35, 48), but there has not been an
in-depth systematic analysis of the quality, breadth and reliability
of the published knowledge. Other reviews focused more gener-
ally on ageing rather than lacunar stroke (29) or compared
various features of small vessel disease seen on imaging with
pathology (28). Hence, we performed a systematic examination
to summarize all available published studies of lacunar stroke
pathology.

METHODS

Search strategy

We searched for studies describing lacunar stroke pathology using,
at least, a macroscopic assessment of brain slices. We developed a
comprehensive electronic search strategy using terms such as
lacun$, patholo$, stroke and autopsy in Embase and Medline from
inception to February 2011, and hand searched reference lists in
review papers, textbooks and two relevant journals (Stroke and
Acta Neuropathologica). We excluded editorials, conference
abstracts and review papers.

Inclusion/exclusion criteria

We included studies published in full, in any language, that
described the pathology of human lacunar lesions, whether symp-
tomatic (the patient had a documented lacunar syndrome and the
lesion was located in the area of brain consistent with the symp-
toms) or asymptomatic (including in patients with no prior stroke
symptoms and patients where the initial stroke was of uncertain
or unknown subtype). We included lacunar lesions of any age
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(from acute to old) and appearance (cavitated or not), studies of
brain-banked tissue if they specifically described lacunar lesions,
as well as lesions we considered to be lacunar from the descriptions
given, even if the term “lacunar” was not specifically used. We
defined lacunar lesions based on the classifications of Poirier and
Lammie (14, 36) where a type 1a lacune is a cavitated lesion with a
ring of gliosis and a type 1b lacune is a partially cavitated lesion,
but also included noncavitated lacunar ischemic stroke lesions to
avoid undue focus on cavitated lesions. Types II (old hemorrhage),
III and IV lacunes (dilated and very dilated perivascular spaces,
respectively) were not relevant.

We excluded studies of: leukoaraiosis, Binswanger’s disease or
vascular dementia (unless pathological descriptions of any lacunar
lesions within these studies were given); patients with primary
intracerebral hemorrhage (as our focus was on ischemic lesions);
cerebral autosomal dominant arteriopathy with subcortical infarcts
and leukoencephalopathy (CADASIL) and other monogenic disor-
ders; and striatocapsular infarcts [which are larger than lacunar
infarcts and due to middle cerebral artery (MCA) atherothrom-
boembolic occlusion] (68).

Data extraction

One reviewer extracted information on study population, number
of patients, symptoms, vascular risk factors, previous stroke, age of
patients at time of stroke and death or time lapse from stroke to
death, cause of death, use of imaging, pathological methods, brain
regions and vessels examined and brain/vascular lesion findings
(see Supporting Information Table S2), including lesion location
and size and specific evidence of ischemia, inflammation or blood–
brain barrier disruption. We noted any other terms used by authors
to describe what we considered to be lacunar lesions. A second
reviewer checked the extracted information. Differences were
resolved by consensus with a third reviewer.

Study quality

We assessed study quality using a checklist based on the
STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) statement (63) and the Meta-analysis
Of Observational Studies in Epidemiology (MOOSE) criteria
(56) with factors such as: study population (eg, an aging cohort,
stroke population, brain bank study, etc.), number of patients,
reporting of risk factors (eg, hypertension, smoking, diabetes,
etc.), the number and expertise of observers (eg, neuropatholo-
gist, neurologist, radiologist, etc.), whether the observers were
blinded to clinical data and whether lesion size (in any dimen-
sion) and/or lesion location was reported. For a full checklist, see
Supporting Information Table S1). Factors such as whether the
pathology interpretation was appropriately blinded to clinical
data are important as they highlight the potential problem that
knowledge of risk factors may influence the examination of the
specimen and bias the results.

Data analysis

We entered data into a spreadsheet and performed summary statis-
tical analysis. We planned to perform a formal meta-analysis of the
association of lesion location and size with symptoms, and of

the frequency of features indicating ischemia, inflammation or
blood–brain barrier leakage.

RESULTS

Search results

Our initial search produced 1796 studies (Figure 1); excluding
animal studies, non-cerebral lacunes, duplicates and review papers
left 1240 studies. Of these, 672 were full journal articles. We
excluded 362/673 studies which only reported on vascular demen-
tia and/or Alzheimer’s pathology, 165 studies of imaging or retin-
opathy only and 106 studies of leukoaraiosis, none of which
included data on lacunar lesions, of CADASIL, two studies that
looked relevant but provided no data on lacunar pathology (61, 69)
and the early reports of Dechambre (13) and Durand-Fardel (16)
whose patient populations are not specific and do not provide
enough detailed pathological information. This left 39 relevant
studies (see Supporting Information Table S2).

Study characteristics

There were 38/39 studies that included a total of 2340 subjects (one
study did not report the number of subjects), with a median of 14
subjects per study (interquartile range 2–45, range 1 to >1000) (15).
Twenty-two studies reported the number of lesions studied (total
lesions 4110), whereas 17 studies did not. Nine studies reported the
median number of lesions studied per patient (two, range 1–5).

Fifteen studies (38%) described symptomatic brain lesions and
six studies (15%) reported asymptomatic lacunar lesions on pre-
mortem imaging followed by autopsy in studies of aging. The
remaining 18/39 studies (46%) described lacunar lesions in
patients with a history of stroke (subtype unspecified and not
clearly linked to a lesion on pathology, 10 studies) or who had
stroke risk factors but had died of non-neurological causes (eight
studies), all of which we considered to be “asymptomatic” lesions
because they were not clearly linked to a discrete symptomatic
lesion. The time interval between symptoms and death ranged from
1 month to approximately 10 years. There were 29/39 studies
(74%) that reported on hypertension (which affected >50% of
subjects in those studies), 14/39 studies reported on diabetes
(less frequent than hypertension) and a few studies reported other
risk factors, for example, atrial fibrillation or serum cholesterol
(Supporting Information Table S2).

The 15 studies of symptomatic lesions included 554 patients but
the actual number of individual lesions assessed was unclear (some
gave the total and some the mean per patient); six studies did not
state any number. From those studies that gave numerical data, we
calculated that at least 1200 lesions were assessed in patients with a
lacunar syndrome, although it was unclear how many of these were
truly symptomatic. In patients with multiple lacunar lesions, it was
noted that at least half the patients had lesions which did not fit their
symptoms (52).

Twenty-four studies of subjects with asymptomatic lacunar
lesions included six aging cohorts with asymptomatic lacunar
lesions on pre-mortem imaging (71 subjects) and 18 studies of
autopsy brains from patients without neurological symptoms in
life or who had had a previous undefined stroke. There were 9/24
studies that reported the number of lesions (total approximately
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2700), 2567 of which came from one study with 1086 subjects (15).
Nine studies did not report the total number of lesions. Sixteen
studies used brain imaging [nine computed tomography (CT), four
magnetic resonance imaging (MRI), and two used CT and MRI],
nine before death, one after death, and four both before and after
death, to match lesions in life to those at autopsy—none of these
lesions were symptomatic (Supporting InformationTable S2).

Pathological assessments

Ten studies provided only a macroscopic assessment of brain
slices. Among the 29/39 studies reporting microscopic data, 25
different histological stains were used, the most common being
hematoxylin and eosin (22 studies) then luxol fast blue (seven

studies). Sixteen different antibodies for immunohistochemistry
were used, of which glial fibrillary acidic protein was the most
common (nine studies). Sixteen studies (41%) reported findings of
typical type I cavitated lacunar lesions without reference to the
lesion age, nine studies (23%) reported cavitated lacunar lesions
with some reference to lesion age (ie, subacute or old), and the
remaining 14 studies (36%) reported on lesions in varying stages of
development describing softenings, partially cavitated lesions,
gliosis and associated perivascular space dilatations.

Terminology and definitions

Descriptions of lacunar lesions and terminology varied widely
(Table 1). Although 23/39 (59%) studies defined what they meant

Duplicates, animal data
and studies which were not
original journal articles,
for example, reviews

Studies unavailable in
full text format, for
example, conference
abstracts

Studies focused on pre-
mortem imaging or
retinopathy

Studies focused on
Alzheimer’s or vascular
dementia pathology

Studies focused on
CADASIL, monogenic
disorders, leukoaraiosis,
whiter matter lesions or
Binswanger's disease

Initial search across 3 online databases
=1796 studies

1240 studies

672 studies

305 studies

140 studies

33 studies of lacunar stroke pathology

Figure 1. The search strategy used to identify
studies of lacunar stroke pathology.
CADASIL = cerebral autosomal dominant
arteriopathy with subcortical infarcts and
leukoencephalopathy.
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by a lacunar lesion, descriptions ranged from only the lesion size
and location to more detailed pathological descriptions; six studies
used terms such as “small deep infarcts” or “small subcortical
infarcts,” and 10 studies did not define what they meant by lacunar
lesions at all. Terms used for clinical or imaging features included
lacunar infarct(ion), lacune, small deep infarcts and lacunar cavi-
ties. Pathological descriptions favored the term “lacune,” followed
by various descriptions of cavities (small, lacunar, trabeculated,
etc.). “Softening” was most often used to describe more acute
lesions (20, 32). Terms used to describe vessel lesions included
lipohyalinosis, hyalinization, hyaline arteriosclerosis and segmen-
tal arteriolar disorganization, all of which described apparently
similar lesions.

Study quality score

The average study quality score was 6/9 (range 4–9). The most
common items omitted were blinding between clinical and patho-
logical data, the number and expertise of observers, and lesion size.
Where reported, neuropathologists were the most common observ-
ers (7/15 studies), but others were reported as simply “patholo-
gists” and 24 studies (62%) did not report the specialty of the
person performing the pathology. Only five studies blinded the
observer to potentially confounding clinical data (13%).

Pathological findings

Twenty-nine studies (74%) examined both parenchymal and asso-
ciated vascular pathology, nine studies (23%) reported only paren-
chymal pathology, and one study only reported vascular pathology
(47).

Parenchymal lesions

Location: Most studies sampled several areas of the brain, if not the
entire brain, with little evidence of sampling bias, but data were not
provided on the exact number of lesions found in each brain struc-
ture. Studies of symptomatic lesions more often reported precise
locations (eg, caudate or lentiform nucleus) than those of asymp-
tomatic lesions (eg, “basal ganglia”). Most lesions were in the
thalamus (18/39), putamen (12/39), caudate and internal capsule
(11/39). Studies of symptomatic subjects reported almost double
the number of lesions in the internal capsule (seven vs. four
studies) and almost three times as many studies reported lesions in
the caudate nucleus (eight vs. three studies), compared with studies
in asymptomatic subjects.

Size: Twenty-five studies (64%) reported lacunar lesion size by:
diameter (<5 to 30 mm, 17 studies); volume (0.1 to 525 m3, eight
studies); area (0.1 to 28 mm2, six studies); and some used more
than one unit of measurement. Many studies used 1 cm as the
maximum diameter for a lacunar lesion. There was no difference in
size between symptomatic and asymptomatic lesions with a range
of 1–30 mm diameter encompassing both types of lesion. Deter-
mining the mean size of symptomatic vs. asymptomatic lesions
was impossible because of the different types of measurements
reported.

Macroscopic appearance: Lesions were generally bilateral, in
the territory of the lenticulostriate arterioles (>75%) and a mixture
of old and more acute (19, 40). Those in the deep gray matter were

often more irregular shaped and collapsed than those in the
white matter (20). Occasional hemorrhage and Charcot–Bouchard/
saccular aneurysms (or microaneursyms) were also found close to
lacunar lesions (6, 12, 22, 53, 59).

Microscopic appearance: Old lesions were described as small
pale cavities with irregular borders, often trabeculated with con-
nective tissue and accompanied by a ring of gliosis (7, 8, 33).
Macrophages and fibrous astrocytes were observed at the lesion
border (11, 39, 43). Acute lesions more often had plump macroph-
ages, liquefaction necrosis and little gliosis (21), and were often
described as “softenings” (12). The surrounding parenchyma
showed varying degrees of edema and spongiosis as well as reac-
tive astrocytes (36, 39), but little direct specific evidence of infarc-
tion. Small capillaries/arterioles often lay within or crossed the
lesion (7, 21).

Some lacunar lesions had perivascular rarefaction without full
cavitiation (36, 38) and were labeled as “edema associated lesions,”
reflecting the impression that edema was a key factor in their for-
mation (36, 38). Dilated perivascular spaces with a round regular
border surrounded by rarefied and gliotic nervous tissue were often
found close to lacunar lesions (7, 8, 37, 39), for example, in the
putamen at the point of entry of the lenticulostriate arteries (37).
This appearance was common in normal aging brains (9) and in
those with vascular dementia (53, 62) rather than with clinical
lacunar syndromes. Neuronal loss around the lesions was rare (32),
but increased levels of inflammatory markers were common (58).

Vessel abnormalities

Fourteen studies (44%) attempted to trace the arteriole thought to
be responsible for the symptomatic lesion. Nine studies that mea-
sured the affected arteriole reported diameters ranging from 14 to
400 mm. No arteriole >400 mm diameter was cited as having
directly caused a lacunar lesion. Changes in arteries, arterioles and
capillaries were reported; veins and/or venules were rarely men-
tioned (1). In general, the size of a lacunar lesion was proportional
to the size of the affected vessel.

Large vessels—circle of Willis and major branches: We found
similar descriptions of large vessel pathology in both symptomatic
and asymptomatic patients, including atherosclerosis and dolicho-
ectasia. Ferrand (19) described the basilar artery (BA) of patients
with lacunes at autopsy as being “atheromatous,” with alterations
of the internal membrane, proliferation of elastic tissue and infil-
tration of macrophages. Atherosclerosis of the circle of Willis,
internal carotid artery, BA, posterior cerebral, MCA and anterior
cerebral arteries in symptomatic lacunar stroke patients was
reported in several studies as either “moderate” or “severe” in at
least 50% of patients (“moderate” and “severe” were not defined)
and more commonly in patients with hypertension (20, 59). Man-
cardi (39) described atherosclerotic changes consisting of collagen
or fibrin deposits, cholesterol crystals, duplication and splitting of
the elastic lamina and thickening of the adventitia in patients with
lacunar syndromes, and other neurological symptoms (but did not
provide information on hypertension). Patients with incomplete
lacunar lesions (not clearly associated with symptoms) showed
mild (60% of patients) to moderate (30% of patients) atheroma
in the ipsilateral internal carotid arterys (ICAs) (36), but these
patients had various previous stroke episodes, not just lacu-
nar. Asymptomatic patients showed similar changes, with more
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atherosclerosis typically associated with more lacunes (8), particu-
larly in patients with vascular dementia (53, 62). Widening of the
internal and external diameters of the vertebral, ICA and MCAs
(dolichoectasia) was also described, for example the median diam-
eter of the BA was almost doubled in patients with asymptomatic
lacunar lesions and those with a “history of stroke” (49).

Small penetrating arteries, arterioles and capillaries: We found
no quantitative differences in the small vessel lesions in symptom-
atic vs. asymptomatic patients. Ferrand described small penetrat-
ing arterioles in proximity to symptomatic lacunar lesions as
having thick walls and dilated perivascular spaces. This was also
true in areas of the ipsilateral hemisphere devoid of lacunes (19).
Hughes et al (32) described perforating arterioles as being sclerotic
and without occlusion, but it was unclear whether these arterioles
were directly related to lacunar lesions.

The first detailed description of small arteriolar changes directly
related to lacunar lesions came from Fisher, who found abnormal
penetrating arterioles or their branches in six patients, some of
which were occluded, and which he stated was not due to atheroma
(20). In a separate study, he identified “segmental arteriolar disor-
ganisation” in 45/50 lacunar lesions from four patients (21). The
“segmental arteriolar disorganization” was distributed along the
length of arterioles, 40–200 mm in diameter and included a disinte-
grating arteriolar wall consisting of a loose mesh of collagenous
strands, infiltration of fatty macrophages and/or foam cells, and
deposition of fibrinoid material (25). “Lipohyalinosis” was not
mentioned until 1978, when he described thalamic infarcts in two
hypertensive patients (22) in whom the external diameters of the
small arterioles were enlarged to twice the diameter of any adjacent
normal artery, the wall architecture was lost and the lumenae were
occluded by a fine trabecular meshwork of hyaline material (22).

Intimal thickening and hyalinization, fibrosis of the wall, and
occasional microaneurysms were seen in the putamen (7, 42),
thalamoperforating and lenticulostriate arterioles (39), and other
small intraparenchymal vessels (6, 59). Intraluminal thrombi were
rare and the arterioles were assumed to have recanalized (39).
Ferrand described leukocytes infiltrating the walls of small arteri-
oles and macrophages and active microglia in perivascular paren-
chymal lesions (19). One exception to the aforementioned is a
single case report describing a patient with multiple cholesterol
emboli in the perforating arteries with no evidence of vascular
hyalinosis (34).

There were additional comments pertaining to arterioles in
asymptomatic patients. Most lacunes occurred on the 1st or 2nd
order branches of the penetrating arterioles of hypertensive
patients (10). Arteriosclerosis with medial hyalinization (10, 52,
55), dense adventitial fibrosis and foamy macrophages in the vessel
wall were common in patients with lacunar lesions dying of non-
stroke neurologic or nonneurologic causes (62). The degree of
small arteriolar pathology increased with the number of lacunes
visible pathologically in an ageing hypertensive population (15) or
with the number of lacunar lesions and leukoaraiosis visible on
imaging (30, 54). One study suggested that fibrinoid necrosis was
commoner in patients with diastolic hypertension than in those
with systolic and borderline hypertension (42).

Intimal hyalinization and thickening were more frequent in
patients with lacunar ischemic stroke than in those with hemor-
rhage (52). In noncavitated (type 1b) lacunar lesions, hyaline arte-
riolar wall thickening was present but fibrinoid necrosis, luminal

thrombi and foam cells were not (36, 62). There was no cerebral
amyloid angiopathy on staining with Congo Red (41, 49).

DISCUSSION

Summary

Lacunar stroke is part of the spectrum of cerebral small vessel
disease and represents an expanding global public health problem
(31). Although methodological inconsistencies were present
throughout the studies, we found 39 studies which described
approximately 4000 lacunar lesions in 2300 subjects, with consis-
tent descriptions of segmental nonatheromatous thickening of
small artery/arteriole walls, along with breakdown of muscular and
elastic fibres. However, information on venular pathology was rare.
There were signs of inflammation in the arteriolar wall [noted as
early as 1902 (19)] and perivascular tissue, but little evidence of
infarction or arteriolar occlusion except as an occasional late-stage
phenomenon secondary to extreme vessel wall damage (46). This
absence of true infarction could be because most studies were
performed late in the disease course by which time the initiating
features could have been obliterated. However, there were many
studies that reported on the various evolutionary stages of lacunar
lesions, including areas of initial softening and edema and/or par-
tially cavitated lesions. The available data suggest that symptom-
atic lesions may occur in the internal capsule and caudate nucleus
more often than asymptomatic ones, but otherwise we found little
difference in the size or location of parenchymal or vascular lesions
between documented symptomatic and asymptomatic patients.
However, this apparent difference may reflect differences in sam-
pling between studies rather than a true difference between symp-
tomatic and asymptomatic lesions. The notion that symptomatic
lesions were larger than asymptomatic ones may have originated
from studies of striatocapsular infarcts (23). Striatocapsular inf-
arcts occur due to MCA main stem occlusion in patients with good
collateral pathways to protect the peripheral MCA territory and are
due to large artery atherothromboembolic disease (45). We found
that microvascular changes were spread throughout the deep gray
and white matter (ie, not just around a symptomatic lesion), moder-
ate large artery atheroma and dolichoectasia were common, and,
where stated, many of the patients were hypertensive. However, the
absence of comparisons between patients with other stroke sub-
types, for example, cortical ischemic stroke, makes it difficult to
say whether the large artery atheroma is relevant, or whether it
reflects exposure to vascular risk factors such as hypertension.

Strengths and weaknesses of the review and
primary studies

This is the first review of this topic to take a systematic approach.
Hence, we hope that it provides additional insights. There was little
difference, possibly apart from location, between symptomatic and
asymptomatic lacunar lesions, and we found little objective evi-
dence to suggest that the lack of difference was due to sampling
bias, but there were many differences in examination techniques,
patients and other factors between the studies so we cannot exclude
the possibility of true differences in other features such as size.
Furthermore, it was difficult to be certain we had found all the
relevant papers and publication bias is almost certain to affect this
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topic, but in the absence of much quantitative data, we did not test
formally for it. We excluded studies of leukoaraiosis, Binswanger’s
encephalopathy, Alzheimer’s disease and vascular dementia
(unless they specifically described lacunar lesions). However, the
reliance on the author’s description and interpretation of lacunar
lesions, even with our inclusive approach, may have inadvertently
excluded papers or introduced bias.

There were other limitations. Studies of symptomatic patients
often did not specify the relevant lacunar lesion as efforts to do this,
and/or to match a lacunar lesion to the responsible vessel lesion/s,
were often futile, due to normal imaging appearances (28), diffi-
culties singling out one lesion often among many, difficulties
tracing vascular trees, and the delay between clinical diagnosis and
autopsy (44). As much patient information as possible is needed
here in order to distinguish clinically relevant lesions from asymp-
tomatic findings, for example, asymptomatic lacunes, white
matter lesions or dilated perivascular spaces. Reporting of risk
factors varied precluding attempts to differentiate causative from
co-associated findings such as large artery atheroma and lacunar
stroke.

Changes resulting from fixation (eg, shrinkage and changes in
tissue proton relaxation characteristics) must also be considered
when trying to correlate post-mortem pathology or imaging with in
vivo MRI findings (28). The exact brain regions examined were
often poorly described. Most, after cutting 2 cm coronal sections,
only took regions which were macroscopically interesting, poten-
tially missing many smaller lacunar lesions and other primary
pathology. Studies differed in their diameter definition of lacunar
lesions, some classifying lesions <1 cm diameter as lacunar and
other studies including lesions of up to 2 cm diameter.

Interpretation

This in-depth, systematic review of the literature highlights the
limitations of the current knowledge base surrounding lacunar
stroke pathology, and concludes that many of these limitations are
caused by methodological issues, in particular inconsistency of
terminology and a lack of correlation between clinical, radiological
and pathological data. However, the data available challenge the
notion that most lacunar stroke is caused by occlusion of small
perforating arterioles, whether due to intrinsic atherosclerotic
occlusion, embolic atherothromboembolism or vessel occlusion
due to other cause. Although some lacunar lesions were associated
with narrowed or occluded arterioles, many were not and the arte-
riolar abnormality included luminal dilation as well as narrowing.

Investigators may have assumed that, when not occluded, arteri-
oles must have recanalized as do thromboembolic occlusions of
large arteries, rather than that the arterioles might never have been
occluded in the first place.

There are many parallels between the findings described in
lacunar stroke and findings in other forms of small vessel disease
(5, 18, 29, 60, 62, 64). In leukoariaosis and indeed normal aging,
atherosclerosis of large intracranial arteries has been reported
accompanied by changes in the small perforating arterioles includ-
ing vessel wall and/or perivascular macrophage infiltration and
activated microglia (indicating inflammation) (29, 62). These fea-
tures are also associated with hypertension. We offer the following
as a hypothesis at this stage: the association between the pathologi-
cal correlates of small vessel disease and large artery atheroma

could be a consequence of both being associated with hypertensive
damage rather than as a direct consequence of large artery
atheroma causing cerebral small vessel disease. There is some
support for this hypothesis from the radiological literature: the
blood–brain barrier becomes increasingly permeable with advanc-
ing age, even more so in vascular dementia and leukoaraiosis (17),
and patients with lacunar stroke have increased permeability of the
blood–brain barrier compared with those with cortical stroke, and
increased numbers of enlarged perivascular spaces are associated
with further increases in blood–brain barrier permeability (65).
The mechanism remains uncertain, and further investigation in
order to clarify the molecular processes and to identify specific
contributory biomarkers is required, with a particular need for
translation to human post-mortem tissue.

Future directions and recommendations

Based on the findings of this review, we propose the following
recommendations to improve the quality of studies looking at the
etiology of lacunar stroke;
● Clinical studies need to subtype the stroke carefully so that
patients with lacunar stroke can be differentiated from and com-
pared with other stroke subtypes, for example, cortical ischemic
stroke. Age-matched nonneurological controls are generally not the
most appropriate controls.
● Reporting of risk factors needs to be prospective and thorough.
● Studies where patients present with a clinically defined lacunar
stroke syndrome should attempt to pinpoint the relevant lacunar
lesion on imaging for better correlation with autopsy findings.
● The difficulty of preserving and dissecting subcortical small
vessels means that better use should be made of high-field strength
MR scanners that are now much more widely available (eg, 7T
scanners). Post-mortem MRI of the fresh or fixed brain, ideally at
higher field strengths, particularly if this could be compared with
MRI obtained in life at the time of the stroke, would help to localize
the symptomatic lacunar lesion at autopsy and quantify associated
features of small vessel disease (27, 67).
● Studies of lacunar lesions in general lack histology targeting
specific pathological processes, for example, using newer
methods such as immunohistochemistry or mRNA expression
analysis. Given the continually dwindling autopsy rate and diffi-
culties in retaining material for research, perhaps some material
from previous studies could even be reexamined with these
methods.
● Brain tissue banks are an essential resource but are of limited use
without detailed clinical and other in vivo information. More
detailed information on the patient in life especially stroke symp-
toms, subtype and vascular risk factors, should be recorded in
primary research on lacunar disease or kept with brain tissue in
brain banks (28).
● In all pathological studies, the exact brain regions examined
should be well described and reasons to justify the selection should
be given. Lesion size, location and appearance (preferably with
assigned lacunar classification) should also be given.
● Finally, terminology and definitions used for lacunar disease in
pathology have been highlighted as a continuing problem in this
field since the 1960s (24, 48), but also affect descriptions of lacunar
lesions clinically and on imaging (50, 66). These need to be
addressed preferably with an agreed, defined list of terms being
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proposed from those representing clinical practice, radiology and
pathology.
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