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Are multiple acute small subcortical infarctions caused by
embolic mechanisms?
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Obijective: To seek evidence of potential embolic sources or other stroke mechanisms in patients who, on
chance observation, had several apparently recent small subcortical infarcts on diffusion weighted
magnetic resonance imaging (DWI).

Methods: Patients presenting with stroke and multiple hyperintense subcortical infarcts visible on DWI
were identified prospectively. Detailed clinical and radiological assessments were done independently and
blinded to each other.

Results: Of 10 patients with multiple hyperintense subcortical infarcts on DWI, a definite embolic source
was identified in only one. Most patients were hypertensive and smoked. The DWI appearance suggested
that the subcortical lesions had occurred within several weeks rather than at exactly the same time. Most
patients also had significant white matter hyperintensities and four had microhaemorrhages.
Conclusions: Embolic sources were not identified in most patients but they did have systemic vascular risk
factors and brain imaging features of “small vessel disease.” A more generalised intrinsic process
affecting many small cerebral vessels contemporaneously could explain multiple acute small subcortical
infarcts. White matter hyperintensities, microhaemorrhages, and multiple small subcortical infarcts may
share a common pathophysiological mechanism such as a diffuse cerebral microvascular abnormality

which requires further exploration.

are caused by lacunar or small subcortical infarction.

Various mechanisms have been suggested. The under-
lying cause of lacunar infarction has been debated since
before the time of Fisher in the 1950s,” but he described
“segmental arterial wall disorganisation” (referred to by
others as lipohyalinosis, considered by some to be a particular
type of microatheroma) as the underlying small vessel lesion
in lacunar infarction. Intracranial atherosclerosis was also
observed, and subsequently the principal mechanisms of
lacunar infarction have been hotly debated.” Some consider
lacunar infarcts to be caused by the same factors that are
responsible for cortical infarcts,* namely emboli from carotid
or aortic arch atheroma or the heart,” atherosclerosis
occluding the mouth of the perforating artery, or hypo-
perfusion.

However, the mechanisms remain speculative owing to the
lack of pathological studies and the difficulty in visualising
the tiny cerebral arterioles in life. A small embolus could
enter and occlude a perforating artery,” but the available
evidence suggests that cardiac or artery-to-artery embolism
from carotid or middle cerebral artery atheroma is unlikely to
be a frequent cause of most lacunar strokes.” Furthermore,
the nature and causes of lipohyalinosis and whether it
produces lacunar infarction are not clear.®

Diffusion weighted imaging (DWI) has improved the
opportunities for visualising even quite small ischaemic
lesions.” ' In most instances, in classic clinical lacunar
syndromes, DWI shows a single appropriate small subcortical
infarct." Recently, there have been several reports of patients
with multiple acute small subcortical infarcts seen on DWIL.'*
'* The multiplicity of the lesions occurring apparently
simultaneously in different deep perforating artery territories
has led to the suggestion that embolic mechanisms are a
possible aetiology in these cases.” *™**

We observed a subgroup of patients presenting with a mild
clinical stroke syndrome who were noted to have several
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www.jnnp.com

hyperintense small subcortical infarcts (one consistent with
the presenting symptoms and the others apparently asymp-
tomatic) on DWI (fig 1A). We studied in more detail the
appearances of the lesions and associated features on brain
imaging, and correlated these with clinical, other investiga-
tive, and aetiological characteristics. Our aim was to
determine whether embolic mechanisms were likely to be
responsible for most of these multiple recent small sub-
cortical infarcts seen on DWI.

METHODS

Between February 2001 and March 2003, data were collected
prospectively from any patients observed to have multiple
acute small subcortical infarcts on DWI. Clinical and
radiological assessments were done independently, blinded
to each other. The study included patients admitted to one
hospital (inpatients), as well as those seen in the neurovas-
cular clinic (outpatients) who underwent magnetic reso-
nance imaging (MRI) as part of a comparison of computed
tomography (CT) and MRI in mild stroke, or because their
presentation to hospital was later than 10 days after the
stroke.

All patients were evaluated clinically by experienced stroke
physicians and investigated using a standardised stroke
protocol. The history, examination, past history, risk factors,
and results of cardiac and haematological investigations were
recorded. In each patient, the time and mode of onset of
symptoms were carefully noted.

The following investigations were carried out in all
patients: full blood count, erythrocyte sedimentation rate,
urea, creatinine, cholesterol, and glucose; ECG; chest x ray;
carotid and vertebral ultrasound; and MRI of the brain.

Abbreviations: DWI, diffusion weighted imaging; FLAIR, fluid
attenuation inversion recovery; LACS, lacunar syndrome; OCSP, Oxford
Community Stroke Project; PACS, partial anterior circulation stroke
syndrome; POCS, posterior circulation syndrome
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Figure 1

Patients having either any history of heart disease, irregular
pulse, clinical cardiac abnormalities, or rhythm abnormalities
on ECG had transthoracic echocardiography. The ultrasound
examination (colour coded duplex sonography) of the carotid
and vertebral arteries was undertaken on a Siemens Elegra
ultrasound machine with a 7.5 MHz probe with variable
frequency and a power Doppler imaging facility. The brain
imaging was done on a GE Signa Echospeed 1.5T MR scanner
using T1 weighted sagittal, T2 weighted, FLAIR, gradient
echo, and diffusion weighted axial imaging (three gradient
direction) employing standard sequences.

Physicians prospectively classified the patients using the
OCSP classification," unaware of the radiological and other
investigations. The risk factors assessed were age, sex,
hypertension (known or on treatment with antihypertensive
agents, blood pressure >150/90 mm Hg either before the
stroke or within the week afterward, or the presence of
hypertensive heart disease on ECG or echocardiography),
diabetes (fasting blood glucose >11.8 mmol/l or the use of
drugs to control glycaemia), tobacco consumption (10
cigarettes a day or more in the 12 months before the stroke),
alcohol consumption (80 g/d or more), ischaemic heart
disease (typical angina, myocardial infarction, or any
ischaemic signs on ECG), previous stroke or transient
ischaemic attack (TIA), peripheral vascular disease (inter-
mittent claudication or peripheral vascular surgery), and
atrial fibrillation.

The neuroradiologist, who was blinded to the clinical and
other investigation data, assessed the MRI for the total
number of acute subcortical (lacunar) infarcts (hyperinten-
sities) on DWI, including their location and size. Although
there have been no detailed descriptions of the appearance of
small infarcts on DWI at different times after stroke, we have
observed patients with hyperintense DWI lesions as late as
six weeks.'"” ** The largest and most recent looking of the
acute small subcortical lesions was classified as the “index
lesion” radiologically. Also noted were the following:

® any recent cortical infarcts on DWI;
® any old subcortical or cortical infarcts (FLAIR and T2);

® any old primary intracerebral haemorrhages, defined as a
rounded or linear area of hypointensity on T2 weighted or
gradient echo imaging, with or without a related fluid
containing cavity, or an area of cerebromalacea;

® microhaemorrhages (on gradient echo);

(A) diffusion weighted, (B) gradient echo, and (C) T2 axial images from patient 8. (A) The symptomatic lacunar infarct is in the left centrum
semiovale (long arrow) but?here are at least two other smaller hyperintensities visible (short arrows) and several others were visible on different slices.
(B) There are several microhaemorrhages in the thalamus and elsewhere (arrow). (C) There are multiple hyperintensities in the deep white matter

consistent with previous lacunar infarcts and white matter disease.

® the presence of white matter hyperintensities (on FLAIR
and T2).

The white matter hyperintensities were classified according
to the Fazekas criteria.”® Old subcortical infarcts were
distinguished from white matter hyperintensities by having
more distinct, sharp margins, rounded shape, and high signal
on T2 but reduced signal centrally on FLAIR (indicating a
CSF containing cavity).

The neuroradiologist was blinded to the clinical details,
including the duration of symptoms at the time of reporting,
and so whether or not the index lesion correlated with the
clinical presentation could only be determined on subsequent
unblinding by the study research fellow, who correlated the
index/subsidiary lesion and the clinical presentation.

RESULTS
DWI showed multiple regions of increased signal intensity in
the territories of penetrating arteries in 10 patients (six male,
four female), of mean (SD) age 70.6 (16.4) years (range 47 to
95). During the same period (July 2000 to March 2003), 320
patients with stroke (all severities, cortical and lacunar)
underwent DWI and did not have multiple hyperintensities
in the white matter on DWI. Most patients presented within
20 days of their stroke (table 1) (mean (SD), 18.9 (9.1) days;
range 10 to 30), except one who had a stroke while abroad.
Six patients had a lacunar syndrome (LACS; five pure
motor, one sensorimotor), two were classified as posterior
circulation syndromes (POCS), and two were classified as
mild cortical syndromes (PACS) (table 1)."” The two patients
who were classified as PACS had mild upper limb or lower
limb weakness only, without any other cortical signs.
Vascular risk factor assessment (table 1) revealed hyper-
tension in six (reasonably well controlled), heavy smoking in
five, ischaemic heart disease in three, diabetes mellitus in
two, raised cholesterol in two, atrial fibrillation in one, and
peripheral vascular disease in one. Carotid Doppler ultra-
sound was normal in all but one patient (the one in atrial
fibrillation) who had a 70% internal carotid stenosis on the
asymptomatic artery (according to the European carotid
surgery trial measurement method). Echocardiography done
in three patients showed only mild left ventricular hyper-
trophy in all three. None was consuming much alcohol
within the past six months of stroke, although one had done
so before that. Thus clear cut embolic sources to account for
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Table 1 Demographic, clinical, and investigative variables for the patients with multiple acute lacunar infarctions
Age Carotid
Patient  Sex (years)  Clinical presentation Onset Clinical diagnosis Risk factors ECG Doppler
1 M 47 Right hemiparesis with Sudden Left LACS (pure motor) DM, HT, S, PS, N N
facial palsy FH, PVD, HC
2 M 47 Right hemiparesis with Sudden Left LACS (pure motor) HT, AL N N
facial palsy
8 F 95 Left hemiparesis with facial Sudden Right LACS (sensorimotor) None N N
palsy, left upper limb
nUmbneSS
4 F 79 Vertigo with B/L lower limb ~ Sudden POCS HT, PS, TIA,IHD N N
weakness
5 F 79 Right upper limb weakness, ~ Sudden Left PACS S N N
pure motor
6 M 76 Vertigo with sudden onset Sudden POCS TIA, HT, S, PS LAFB N
diplopia
7 F 52 Right hemiparesis Sudden Left LACS (pure motor) None N N
8 M 70 Left hemiparesis Sudden Right LACS (pure motor) HT, IHD, S, FH N N
9 M 82 Left leg weakness, pure Sudden Right PACS IHD, AF, DM, AF 70% left carotid
motor S, FH, HC stenosis
10 M 79 Right upper limb weakness ~ Sudden with Left LACS (pure motor) HT N N
followed by lower limb progression
weakness over 24 h
AF, atrial fibrillation; AL, alcoholic; B/L, bilateral; DM, diabetes mellitus; F, female; FH, family history; HC, hypercholesterolaemia; HT, hypertension; IHD,
ischaemic heart disease; LACS, lacunar syndrome; LAFB, left anterior fascicular block; M, male; PACS, partial anterior circulation stroke syndrome; POCS,
posterior circulation syndrome; PS, previous stroke; PVD, peripheral vascular disease; S, smoker.

stroke (atrial fibrillation and/or significant carotid stenosis)
were identified in only one patient.

Only three patients gave a history of previous stroke (none
within the six weeks before presentation) and two of these
had also had TIAs. One of these (patient 1) had a left lacunar
stroke 16 months previously; in another the previous stroke
had occurred seven years previously in the brain stem,
followed by several posterior circulation TIAs, and her current
clinical features also suggested brain stem ischaemia
(vertebral Doppler ultrasound was normal); the third had
had a hemispheric lacunar stroke two months previously and
a TIA 13 months previously but currently had symptoms of
brain stem ischaemia.

MRI was done on average 17.7 days (mean (SD), 14.6 days
(range 2 to 45)) after the stroke (table 2). The number of
recent small subcortical lesions varied from two to six (2.8
(1.3), median 2). The index lesion was in the hemispheric
white matter in eight patients, in the thalamus in one, and in
the brain stem in one. Multiple infarcts were restricted to one
hemisphere in four of the 10 of patients. Concordance
between the index lesion and clinical presentation was found
in eight of the patients. There were only two patients who
had acute cortical lesions in addition to multiple acute small
subcortical infarcts. One of them had atrial fibrillation and
significant carotid stenosis on the asymptomatic side. Six
patients had multiple old small subcortical infarcts on their
T2 weighted images in addition to the acute infarctions on
DWI, and two had old cortical infarcts.

Using the Fazekas score for white matter hyperintensities,
nine of the 10 of patients had a score of 2 or more in the
periventricular and/or deep white matter. Four of nine
patients had microhaemorrhages (fig 1B) (one patient did
not have the gradient echo MR sequence).

DISCUSSION

In this study, we considered that patients with multiple
recent subcortical (lacunar) infarcts seen on DWI would be
likely to have a proximal embolic source, but were able to
find a definite embolic source in only one patient. Thus,
embolic mechanisms would not be a likely explanation for
the occurrence of multiple acute lacunar infarcts in most of
our patients. This is consistent with previous clinical and
epidemiological studies (summarised by Mead ef al’) which
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found that, while some lacunar strokes might be attributed to
cardiac or artery-to-artery emboli, the majority (>80%)
occurred in the absence of a definite embolic source.”” '
Few of our patients gave any history of previous stroke or
TIA, and it was generally a long time before the current
presentation, indicating that most of the acute as well as the
old small subcortical lesions were asymptomatic.

Four of the 10 patients were not classified clinically as
having a lacunar syndrome (two posterior circulation and
two partial anterior circulation syndrome). However, the two
with posterior circulation syndromes were compatible with a
small deep (lacunar) infarct in the brain stem. Also, about
15-20% of patients presenting with a mild cortical syndrome
(PACS) actually have a lacunar infarct on brain imaging and
behave epidemiologically like, and have a similar prognosis
to, patients with a lacunar syndrome and a small subcortical
infarct on imaging.” Similarly 15-20% of patients presenting
with a lacunar syndrome (LACS) actually have a cortical
infarct on imaging and behave epidemiologically and prog-
nostically like partial anterior circulation infarcts.> Hence it
is not surprising that 20% of our cohort presented as PACS
but had a lacunar infarct on imaging.

A limitation of the study is that we did not do a
transthoracic echocardiogram in 70% of our patients (or
transoesophageal echocardiography with intravenous echo
contrast, which has a higher sensitivity for cardiac lesions).
However, apart from the one patient in atrial fibrillation,
none had any clinical or ECG evidence of cardiac dysfunction,
and the yield of echocardiography in detecting possible
sources of embolus in unselected populations of stroke
patients without overt cardiac dysfunction (after assessment
by competent clinical examination, ECG, and chest x ray) is
low.” We did not do transoesophageal echocardiography
(TOE) in any of our patients and thus could have missed
some of the potential sources of cardiac embolism, especially
those from the proximal aorta. However, although minor
cardiac and aortic arch atheromatous abnormalities have
been described in patients with lacunar stroke,” it should be
recognised that the contribution of these minor cardiac
abnormalities (for example, mitral valve prolapse, mitral
annulus calcification, atrial septal defects) to ischaemic
stroke is still uncertain, especially in older patients with
multiple other risk factors.
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Table 2 Rcdio|ogic0|| variables of the lesions seen in patients with mu|tip|e acute lacunar infarcts on diffusion weighted
imaging, T2 weighted imaging, and gradient echo imaging

Fazekas WML
Acute small Acute score Old small Old cortical
subcortical State of Other small cortical F subcortical infarcts
infarcts (n) index lesion CRC* infarctst infarcts PV DWM Micro-haemorrhage infarcts (on T2) (on T2)
1 8 LCS + R, BST 0 1 2 0 4-5B/L 0
2 2 LCS + R 1(R) 8 8 34 2 B/L 1
3 2 R Thal + R FPCS 0 2 1 1 1(R) 0
4 2 R (BST) + R (CS) 0 1 1 0 0 0
5 4 LCS + L+R 0 2 3 0 2-3 B/L 0
6 2 LCS = R 0 2 1 2 (also 1 old 1/C 0 0
bleed)
7 2 LCS + L 0 1 2 11 3 0
8 6 LCS = L+R 0 2 1 0 3 B/L 0
9 3 R CS + R 1(R) 2 1 0 0 1
10 2 LCS + L 0 2 2 No GRE done 0 0

*Clinical-radiological concordance.
tlocation of other acute small subcortical infarcts.

B/L, bilateral; BST, brain stem; CS, centrum semiovale; DWI, diffusion weighted imaging; FPCS, fronto-parietal centrum semiovale; GRE, gradient echo; 1/C,
intracranial; L, left; R, right; Thal, thalamus; T2W, T2 weighted; +, positive; —, negative.

We did a carotid Doppler examination in all patients and
excluded concomitant significant carotid or vertebral disease.
The risk factor assessment revealed hypertension as the
predominant factor, being present in 60% of our patients.
Hypertension is a known risk factor for both cortical and
lacunar infarction.* Half of our patients were smokers, a
known risk factor for ischaemic stroke.”

Given that we have not identified definite embolic sources
in nine of our 10 patients, how likely are emboli to enter the
perforating arteries anyway? The vascular territories of
penetrating arteries receive only a small portion of the
cerebral blood flow. Thus the likelihood of emboli entering
into them on the basis of distributed blood is low. A few
experimental studies have tested the fate of embolic
materials. In one of these,* from up to a million microspheres
injected into the internal carotid arteries of monkeys over a
10 minute period, no more than 6% entered the penetrating
vessels. In another study,® a photochemical lesion was
created in the internal carotid artery that resulted in multiple
infarcts in 12 rats. About 20% of the infarcts were in the
penetrating artery territories, the rest in cortical territories. A
few cases of necropsy confirmed cholesterol atheromatous
emboli in patients® ** showed a combination of cortical and
subcortical infarcts, the former being the predominant site.
Experimental and human studies therefore suggest that if
emboli enter small penetrating vessels they usually occlude
cortical vessels as well. Thus multiple infarctions in both
penetrating and cortical vessel territory would be expected,
but in our study concomitant cortical infarcts occurred in
only two patients, thereby suggesting a pathophysiological
mechanism other than embolism for majority of these
multiple lacunar infarctions.

Our study appears to be at variance with other reports of
multiple acute lacunar infarcts seen on DWI, in which
embolic mechanisms were found to be the predominant
cause.””™ Of these, only three studies>* have full reports
and the rest were published as abstracts.”™* The first of the
full reports'” looked specifically at carotid stenosis and
ipsilateral multiple acute lacunar infarctions and used brain
CT to document acute lacunar infarctions. However, CT is
much less sensitive and specific than DWTI for both acute and
established subcortical infarction, and is less able to age the
infarct than combined MRI sequences. The second study"’
used DWI and compared patients with single acute lacunar
infarcts with those with multiple infarcts. In the 10 patients
with multiple infarcts, eight had possible embolic mechan-
isms. However, the possible “embolic mechanisms” included
only four definite, the rest being more tenuous. Also, 70% of

their patients had concomitant cortical infarcts, in contrast to
only 20% of our patients. The third report** retrospectively
reviewed case records of 86 patients and identified 21 with
small acute subcortical infarcts. Atrial fibrillation and
internal carotid artery stenosis were more common in the
multiple acute subcortical infarction group. In contrast, only
one of our patients had atrial fibrillation and none had
significant carotid stenosis on the symptomatic side. One
report in abstract'® suggested that in the presence of more
than three acute lesions, an embolic mechanism is likely.
Four of our patients had three or more acute lesions on DWI
but only one had a definite embolic mechanism.

The majority of our series had at least moderate white
matter hyperintensities as judged by Fazekas criteria.”
Also, four had microhaemorrhages, which are associated
with white matter hyperintensities and lacunar stroke.”
Furthermore, microhaemorrhages have been correlated with
advanced small vessel disease of the brain.** *'

Are there alternative explanations for our findings? Our
observations suggest that multiple acute subcortical infarc-
tions seen on DWI were occurring contemporaneously on the
background of significant small vessel disease. Only some
infarcts became symptomatic. A diffuse process—for exam-
ple, some form of small vessel ischaemia or endothelial
damage—could be a mechanism for these,® and this is
supported by a recent study in which patients with a lacunar
stroke syndrome and white matter hyperintensities on MRI
were routinely re-scanned three months after presentation,
and 8% had developed new asymptomatic deep white matter
lesions on DWI.*

Our study does not support embolic mechanisms as a
frequent cause of multiple recent small subcortical infarcts. A
diffuse intrinsic microvascular abnormality seems more likely
and needs further exploration.
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