Lacunar Stroke | Encyclopedia.pub

Lacunar Stroke

Subjects: Neurosciences

Contributor: Salvatore Rudilosso

Lacunar strokes are small subcortical infacts that occur in the territory of one perforatng artery. Lacunar infarcts
represent one of the most frequent subtypes of ischemic strokes and may represent the first recognizable
manifestation of a progressive disease of the small perforating arteries, capillaries, and venules of the brain,

defined as cerebral small vessel disease.

cerebrovascular disease stroke ischemic stroke lacunar stroke small vessel disease

| 1. Introduction: Clinical Relevance and Aims of the Review

Lacunar ischemic strokes are caused by small infarctions that occur in regions supplied by one perforating artery
and represent from 11 to 27% of acute strokes, according to different series L. Lacunar strokes have milder
symptoms than strokes, due to large vessel disease, and mortality is exceptional during hospitalization. However,
about 20% of patients who had a lacunar stroke will present a recurrent cerebrovascular event, 25% will not
survive, and 30% will have some degree of functional dependence at five-year follow-up . About half of the
patients with a first-ever lacunar ischemic stroke have mild cognitive impairment of subcortical vascular features,
and its presence may be a predictor of subcortical vascular dementia in the medium-long-term Bl. Lacunar strokes
are not isolated cerebrovascular events, but often represent the tip of the iceberg of a systemic disease affecting
the microcirculation, defined as small vessel disease (SVD), which is considered to be the second cause of
dementia, as well as the cause of other severe neuropsychiatric disorders, extrapyramidal symptoms, and frailty in
the elderly . Despite the high prevalence of lacunar strokes, and the socio-economic impact related to serious
long-term-prognostic implications, no specific SVD treatment is available and most of the treatments do not differ
from the management of non-cardioembolic ischemic strokes. Notwithstanding, the development of new imaging
techniques, or refinement of existing ones, is providing fruitful insights into the diagnosis and pathophysiology of
lacunar strokes 2. Modeling SVD mechanisms and reproducing lacunar strokes in animal models is challenging &
[, but translational research remains crucial for identifying new therapeutic targets and developing potential

therapeutic agents.

2. Terminology and Correlations between Histopathological,
Clinical and Imaging Definitions

The terminology adopted to describe small cerebral infarcts, in the territory of perforating arteries, counts tens of
different terms that have been used in research and clinical practice &Bl. The discrepancies in the terminology and

classification of SVD markers are, in part, the result of the integration of terms deriving from anatomical,
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histopathological, clinical, and radiological fields, which evolved from the first anatomopathological observation, at
the end of the 19th century, to the latest neuroimaging techniques capable of assessing single perforating artery
morphology and function (Figure 1).
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Figure 1. Historical evolution of the knowledge in lacunar strokes.

Lacunar ischemic stroke is a term used to define an acute neurological focal deficit, typically a lacunar syndrome,
due to ischemia occurring in a small brain region (<15 mm) supplied by a single perforating artery, consistently with
the lacunar hypothesis of an intrinsic small arteriolar disease . From an etiopathological perspective, a lacunar
infarct may appear as a small, incomplete infarction in different stages, from early parenchymal rarefaction and
variable inflammatory cells and reactive gliosis (type 2a) to complete neuronal loss, spongiosis, and, finally,
complete cavitation (type la) . The perforating arteries may show typical arteriosclerotic concentric media
thickening of the branches smaller than 200 pym, lipohyalinosis, while the more proximal branches (up to 800 pm)
may show microatheromas and microvascular thrombosis B2 On neuroimaging, the lacunar infarcts may
correspond to small subcortical lesions with an ischemic appearance, on either CT or MRI, while the small
perforating arteries are not visible using conventional imaging acquisitions. It is generally assumed that lacunar
syndromes represent the clinical manifestation of a perforating artery’s occlusion, due to progressive lipohyalinosis
and superposed microthrombosis, while neuroimaging provides an in vivo surrogate of the small infarction in the
brain. Nevertheless, the correlation between clinical syndromes, as well as radiological and histological findings, is
not absolute (Figure 2). For example, the identification, on imaging, of an acute cortical stroke necessarily
excludes the SVD etiology of the stroke, even if the patient presented with a classical lacunar syndrome. On the
other hand, a small subcortical infarct on imaging might be caused by mechanisms other than arteriosclerotic SVD,
such as an embolism or large vessel atherosclerotic plaques occluding perforating artery branches. Lacunar
infarcts and lacunes may be clinically silent or misrecognized, while disabling lacunar syndromes may be produced
by infarcts so small that they might be missed, even when using techniques with high spatial definition, such as an
MRI. Histopathological findings include small infarctions in the brain parenchyma, associated with typical lesions of
the perforating vessels, such as lipohyalinosis, arteriolar disorganization, and perivascular edema Bl However,
many years might separate the stroke event from the post-mortem study, and clinical-histological correlations

might be challenging to establish. Lacunes are small cavities filled by cerebrospinal fluid (CSF) in the subcortical
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white matter or gray matter structures that might represent the final ischemic stage after a perforating artery

occlusion but are also difficult to differentiate from enlarged perivascular spaces in imaging studies.

Recent small
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Lacune

Lacunar
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Figure 2. Histological—clinical-radiological correlations in lacunar strokes.

The terminology and definitions used to classify different types of strokes, as well as the different features of SVD,
need to be homogenous in research to simplify systematic search strategies and improve the external validity of
observational studies and randomized clinical trials (RCTs). Several clinical classifications exist, based on clinical
and radiological criteria, to differentiate lacunar strokes from strokes with other etiology. The etiology of stroke
subtype may be defined according to different classifications that are based on clinical and radiological criteria. In
the Trial of Org 10172 in Acute Stroke Treatment (TOAST) 12 a stroke due to small artery occlusion (lacunar)
should present with a traditional lacunar syndrome and have no lesion on imaging, or a subcortical ischemic lesion
smaller than 15 mm, in the absence of a mayor cardioembolic source or arterial stenosis >50% on vascular
imaging. The atherosclerosis, SVD, cardiac pathology, other causes, dissection classification (ASCOD) 13, and
causative classification system for acute ischemic stroke classification (CCS) [14! define the grades of likelihood for
SVD etiology. According to the ASCOD definition, the probability of lacunar stroke etiology depends on the
presence of a compatible lesion on imaging and other radiological signatures of SVD, such as lacunes or white
matter lesions. According to the CCS classification, the probability of lacunar stroke etiology (evident, probable, or
possible) is based on the evidence of a consistent lesion on imaging and lacunar syndrome presentation in the
absence of alternative causative mechanisms. The standards for reporting vascular changes of neuroimaging
(STRIVE) classification was proposed, in order to standardize the different features of SVD in neuroimaging, rather
than differentiating lacunar strokes from other strokes subtypes. According to this classification, mostly based on
MRI, the result of an occlusion of one perforating artery is classifiable as recent small subcortical infarct (RSSI),
white matter hyperintensity (WMH), or lacune, according to clinical-radiological criteria (Figure 3).
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Figure 3. STandards for Reporting Vascular changes on nEuroimaging (STRIVE) classification for ischemic lesions

on MRI, produced by lacunar stroke.

The histopathological features of lacunar infarcts were described by Fisher 8, and a classification for the different
appearance of these infarcts, depending on the stage or presence of hemorrhagic features, was proposed by
Derouesné and Poirer [, However, there is still no consensus for the terminology and reporting of SVD features in

histology and their correspondence with imaging features [L1115],

3. Mechanisms of Lacunar Strokes: From Pathology Studies
to Advanced Neuroimaging

Lacunar ischemic strokes are highly associated with hypertensive arteriosclerosis and other vascular risk factors
(161718 However, about 15-30% of patients with lacunar ischemic strokes had no history of hypertension,
suggesting that other vascular risk factors, including aging, and complex mechanisms affecting the microvascular
function might play a significant role in the pathogenesis of lacunar stroke. Some of these potential mechanisms
that may contribute to perforating artery occlusion, and how they might represent a possible target for therapeutic

interventions, are summarized in Table 1.

Table 1. Possible mechanisms involved in lacunar stroke pathogenesis.

Possible
Mechanism Description Evidence Unsolved Issues Intervention
Target
Hypertensive Progressive Typical Non hypertensive Hypertension is
arteriosclerosis hypertensive- histopathological patients may also the most
related findings in perforating present with modifiable risk
arteriosclerotic arteries. lacunar stroke [24], factor for stroke
injury. Superposed Indirect evidence from In vivo radiological secondary

https://encyclopedia.pub/entry/19436 4/16



Lacunar Stroke | Encyclopedia.pub

Possible
Mechanism Description Evidence Unsolved Issues Intervention
Target
microthrombosis high field MRI confirmation of prevention 22] |n

may lead to
complete arteriolar
occlusion.

techniques 2229

small artery wall

alterations are not

available.

patients with
lacunar strokes,
intensive vs.
standard blood
pressure
reduction did not
reduce the risk of
all stroke
recurrency,
although it
reduced the risk of
intracranial
hemorrhage
(SPS3) 28],

Atherosclerosis
(branch
atheromatous
disease)

Atherosclerotic
plagues in the
main cerebral
vessel may
occlude the orifice

of perforating
arterioles 241123,

Anatomopathological
studies 18], Small
plaques are also visible
using high field MRI
techniques for vessel
wall assessment [24],

Atherosclerosis in
large vessel
arteries may
represent an

epiphenomenon.

Lipid lowering is
effective for
reducing stroke
recurrence in non-
cardioembolic
strokes (SPARCL
trial) 28, Other
new drugs aimed
to stabilize the
inflammatory
process in
atherosclerosis,
which might
represent a
promising
therapeutic target.

Microembolisms

Small emboli,
either from
proximal
atherosclerotic
plagues or cardiac
source, may
produce single or
multiple small
subcortical infarcts.

Perforating arteries in
lacunar strokes may be
patent in pathology
studies & and
advanced 7T MRI
techniques 22,
Increased blood flow on
CT perfusion suggests
recanalization of an
embolic occlusion of a
perforating artery [28],
Subcortical infarcts in
animal models
produced by
microembolism €I,

There is an
association
between atrial
fibrillation, load of
subcortical infarcts,
and WMH 22 puyt
direct evidence of
embolism is
lacking. Multiple
RSSIs do not
exclude
mechanisms
related to SVD
(about 20% of
RSSI present
multiple infarcts,

Treatments aimed
to stabilize active
plaques or
anticoagulant
treatment, in case
of mayor embolic
source.
Prothrombotic
state (i.e., acute
cancer), marantic,
or infectious
endocarditis
should be ruled
out in patients
with multiple
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Possible
Mechanism Description Evidence Unsolved Issues Intervention
Target
especially in subcortical
patients with strokes.
severe SVD 7).
Chronic The.causr_sll
: relationship
hypoperfusion of
; between
distal vascular

Chronic global
cerebral
hypoperfusion

territories may lead

to progressive
ischemia in the

white matter. Small

infarctions may

occur in the edges

of WMH and

contribute to SVD

progression.

In animal models, small
subcortical infarcts may
be produced by
bilateral carotid
occlusions €,

hypoperfusion and
SVD progression in
longitudinal studies
is controversial B4,
as hypoperfusion
might also be also
secondary to
reduced
metabolism in
WMH.

Vasodilatory drugs
to increase brain
perfusion:
mononitrate
isosorbide, nitric

oxide. (LACI-2)
@.

Inflammation,
endothelial
dysfunction, and
BBB disruption

Endothelial
dysfunction may
trigger the pro-

inflammatory
mechanisms
promoting pro-
thrombotic agents,
microglial
activation, altered
neurovascular
homeostasis, and
impaired coupling
between metabolic
demand and
nutrient supply.

Markers of BBB
leakage in pathology
studies [331(34],
Association between
the number of lacunes
and inflammatory blood
markers 33,

BBB permeability on
dynamic contrast
enhanced MRI is
increased in lacunar
strokes, compared to
cortical strokes 26,

Some studies on
post-mortem brain
samples did not
confirm the
association of
markers of
endothelial
dysfunction or BBB
leakage and SVD
[37](38]

A causal
relationship with
focal BBB leakage
prior lacunar
strokes is to be
determined. BBB
permeability
variations are mild
and difficult to
measure in SVD.
Blood markers of
endothelial
dysfunction and
inflammation are
are not specific of
lacunar stroke

subtype B2,

Anti-inflammatory
drugs: colchicine
in non-
cardioembolic
strokes
(CONVINCE) 49
uric acid (URICO-
ICTUS) 411 and
canakinumab 42,

Focal
hypoperfusion
and

Abrupt reduction in
blood flow after
perforating artery

Perfusion studies show
persistence of residual
blood flow, in the

Lack of direct
evidence of
perforating artery

Thrombolysis in
lacunar stroke
would not be
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Possible
Mechanism Description Evidence Unsolved Issues Intervention
Target
compensatory occlusion, territory of perforating occlusion and effective without
blood flow in regardless the arteries corresponding recruiting collateral compensatory
acute perforating causing to RSS| [43144] circulation in RSSI mechanisms

mechanisms
(either intrinsic
SVD or
atheroembolic).
The extent and the
time to establish
infarction may
depend on factors
such as
compensatory
blood flow through
capillary network
and
cerebrovascular
reserve.

artery occlusion

Sequential imaging
from row perfusion
sequences may show
retrograde flow,
suggesting collateral
circulation involvement
in RSS| [28145]146]
Microscopic studies
showed a dense
capillary network,
linking contiguous
perforating arteries and
few arteriolar
anastomoses 42,

maintaining the
tissue viable until
recanalization.
Perfusion
imaging-based
thrombolysis,
outside of the
conventional time
window, may also
be effective in
patients with
RSSI.
Vasodilatory
agents may
improve collateral
recruitment.
Neuroprotective
agents may reach
the ischemic area
through
retrograde in the
territory supplied
by an occluded
perforating artery.

BBB: blood-brain barrier; CONVINCE: colchicine for prevention of vascular inflammation in non-cardioembolic
stroke; LACI-2: lacunar intervention trial-2; RSSI: recent small subcortical infarcts; SVD: small vessel disease;
SPARCL: stroke prevention by aggressive reduction in cholesterol levels; SPS3: secondary prevention of small
subcortical stroke trial; URICO-ICTUS: uric acid in patients with acute stroke trial;, WMH: white matter

hyperintensities.

Lacunar infarcts are one of the distinctive markers of SVD, including both sporadic 18] and monogenic SVD types
(such as cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL)
48149150}y and other rare hereditary diseases 2. In histopathological studies of lacunar infarcts, the perforating
arteries typically show thickening of the media, lipohyalinosis, segmental arterial disorganization, and fibrinoid
degeneration 8. However, the histopathological findings represent the end stages of the disease, and the
correlations with the clinical event are difficult to establish in most cases. For example, in the pathology studies
conducted by Fisher in 114 patients with lacunar infarcts, the perforating arteries supplying the lacunar
infarct/lacune had no vascular occlusion, in only 10% of the cases, and only 4 patients had no history of
hypertension . A recent systematic review of 39 pathology studies, including more than 4000 lacunar infarcts,

highlighted that occlusion of the supplying perforating arteries was found only in a minority of cases, and the
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prevalence of hypertension was lower, although still higher than 50% of patients 2. This discordancy could result
from therapeutic advances in stroke prevention, such as hypertensive treatment, which could reduce the likelihood
of presenting severe progressive stenosis of perforating arteries, while other alternative mechanisms, including
embolic occlusions, might have prevailed. However, these mechanistic interpretations are drawn from evidence
obtained in post-mortem studies conducted, in most cases months or years after the clinic event, when many
factors, including remodeling of the microvasculature, changes in blood flow, and antithrombotic therapies, may

have altered the structural features of the small vessels.

Neuroimaging of lacunar stroke has the main advantage of shortening the time from symptoms onset to
examination, providing imaging with high temporospatial accuracy and offering insights on the mechanisms
occurring during infarction and on the course over time in longitudinal studies. However, imaging evidence has to
be considered indirect in most cases, especially in SVD studies, as the small branches of perforating vessel are not
visible, not even using high-definition MRI (although the main branches may be visualized using high resolution
MRI angiography at 7T [ZZ)). Much information provided by imaging studies is difficult to generalize and depends on
many factors, including different criteria to define markers in imaging, acquisition protocols, processing software,
and interobserver reliability. Therefore, new markers in imaging research studies need to be tested through various
steps of validation. In brief, a newly discovered marker needs a proof of concept (does the marker measure a
specific change related to a disease process?) and proof of principle (discriminates cases vs. controls, severity, or
prognosis). The technique to assess the marker should be repeatable (precision under the same operating
conditions) and reproducible (precision under different operating conditions). Finally, the marker should be effective
as an endpoint for clinical studies (i.e., surrogate of a clinical endpoint) and cost-effective for use in large
multicentre clinical trials. However, only a few markers in imaging used in SVD research meet most of these
validation criteria. More detailed information on the validation of imaging markers in SVD is available in the

harmonizing brain imaging methods for vascular contributions to neurodegeneration (HARNESS) position paper
152,

Deep perforating arteries are currently considered end-terminal vascular territories that supply subcortical white
matter and deep grey structures. According to this classical theory, the occlusion of a perforating artery would
irreversibly lead to infarction of the whole tissue, supplied by an occluded perforating artery within a few minutes
after occlusion B2l However, about 20% of patients with a lacunar stroke presented a transient ischemic attack in
the previous hours or days 24, and patients presenting with a lacunar syndrome may recover without showing any
ischemic lesion on brain imaging B2, Perfusion studies on CT and MRI showed that small areas of hypoperfusion
(but not a complete absence of it) are visible in some patients with a confirmed RSSI on follow-up imaging,
including areas of potentially viable tissue (ischemic penumbra) 3441 in contrast with the hypothesis of a
complete flow obstruction, without compensation in a terminal arterial territory. The capsular warning syndrome
was first described in patients with lacunar stroke involving the internal capsule presenting repeated, stereotyped
episodes of motor lacunar syndrome or sensorimotor lacunar syndrome, within 24—-72 h, with complete recovery
between episodes, which involved two of three body parts (face, arm, or leg), or more, without cortical symptoms
6571 Other studies described lacunar strokes with a similar clinical stuttering course, in other anatomical regions

as the pons B89 Several mechanistic interpretations of the capsular warning syndrome have been formulated,
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including hemodynamic failure in the presence of a stenotic perforating artery, arteriolar vasospasm, and peri-
infarct depolarization B89, However, the fluctuating insufficiency of a residual blood flow compensation through
collateral vessels from nearby perforating arteries would also be consistent with the clinical stuttering presentation.
Although perforating artery branches are not directly visible in vivo using conventional imaging, three perfusion
studies, one based on CT perfusion 28 and two on MRI perfusion 248l provided similar results of indirect
evidence of hemodynamical compensation, through retrograde blood flow filling centripetally the ischemic regions
that evolved into a RSSI, suggesting the presence of microscopic collateral supply by a capillary network. In few
cases, the ischemic area showed an early and anterograde filling, corresponding to normal or increased perfusion,
indicating the patency of the perforating artery during image acquisition, consistent with recanalization, suggesting

an embolic origin of the occlusion in a minority of patients (28],

Although small perforating vessels are not directly visible on conventional MRI, small thrombi might be spotted as
blooming artifacts on gradient-echo or SWI sequences in the pathway of a perforating artery in less than 20% of
patients with a RSSI 81, However, this technique probably has low sensitivity (no gold standard is available in
imaging), and specificity could be hampered by badly impaired blood-brain barrier (BBB) permeability and
hemosiderin deposits. Other non-conventional techniques based on high-resolution MRI for vessel wall imaging
enable the detection of non-stenotic atherosclerotic plaques occluding emerging perforating arteries, despite
apparently normal vascular imaging 2962 The number and morphology of the perforating arteries are also
evaluable using high field MRI €3], However, the long acquisition time and sensitivity to movement artifacts limit the

feasibility of these techniques in patients with acute strokes.

In the last 20 years, many authors focused their attention on vascular and endothelial dysfunction in SVD using
imaging to assess vascular function measures for BBB permeability, blood flow, and vascular stiffness &l The
endothelial dysfunction seems to have a crucial role in the pathogenesis of SVD, involving vascular inflammatory
mechanisms altering the BBB permeability and extravasation of inflammatory particles into the extracellular space,
causing perivascular edema and microglial dysfunction. Endothelial inflammation may increase pro-thrombotic
activity, favoring microthrombosis, and affect small vessel autoregulation and capillary heterogeneity 4. Early
studies, assessing BBB permeability using dynamic contrast-enhanced MRI, showed that patients with lacunar
strokes have increased BBB permeability, compared to patients with cortical strokes 4. Other measures of
vascular function as cerebrovascular reactivity appeared to be impaired in patients with SVD 83 and lacunar
strokes 881 in a few cross-sectional studies. However, it is difficult to obtain these measures prior to the appearance
of new subcortical infarcts in longitudinal studies, due to the relatively low rates of incident strokes and use of

secondary prevention measures.

The radiological fate of RSSI is variable and hardly predictable, as one-third of RSSI evolve into a lacune, while
others may disappear or leave a non-cavitated lesion 6768 BBB leakage into CSF appeared to be a predicting
factor of cavitation in one longitudinal study 2, but further longitudinal studies might identify other risk factors. The
clinical and prognostic relevance of RSSI cavitation remains to be determined, although some associations have
been found with severe progression of SVD and cognitive impairment L. Nevertheless, most lacunes might not be

related to prior clinical events and represent accidental findings on neuroimaging studies. The spatial correlation
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with motor and sensitive pathways is highly related to overt clinical symptoms [, but some lacunes, even in

eloguent areas, might not have been recognized clinically. Therefore, some lacunes might result from progressive

injury and cavitation, which could be less clinically evident. For example, new cavities usually appear silently in the

edges of white matter hyperintensities in patients with CADASIL /2 and lacunes are associated with deep

medullary vein stiffening and occlusion, due to venous collagenosis 2!,
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