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Abstract
Objectives—To evaluate the characteris-
tics of cardioembolic small (maximum
lesion diameter<1.5 cm) subcortical inf-
arcts (SSI) in patients with atrial fibrilla-
tion (AF).
Methods—Twenty seven patients with
chronic AF and an isolated SSI estab-
lished by CT/MRI in the anterior circula-
tion (SSI-AF group) were evaluated and
their characteristics compared with those
of 45 age matched (±1 year) patients with
SSI, but no arterial or cardiac embolic
source (SSI-control group). Using the cri-
terion of the presence or absence of estab-
lished risk factors (hypertension or
diabetes mellitus) for small artery disease
(SAD), the SSI-AF group we also subdiv-
ided into two groups, SSI-AF-SAD+
(n=22) and SSI-AF-SAD− (n=5) and their
characteristics compared.
Results—Although the lack of any signifi-
cant diVerence in the distribution of
hypertension and diabetes mellitus be-
tween the SSI-AF and SSI-control groups
emphasises SAD as a common cause of
infarct in SSI-AF, the presence of AF—
together with the higher frequency of
neuropsychological disturbances in the
SSI-AF group versus the SSI-control
group (15% v 2%; p=0.066)—favours car-
dioembolism as a potential cause of
infarct in several patients. The character-
istic factors seen more often in the
SSI-AF-SAD− group compared with the
SSI-AF-SAD+ group were secondary
haemorrhagic transformation, faciobra-
chial pure motor weakness, subinsular
involvement, and better recovery of
neurological deficits.
Conclusions—The study suggests that ei-
ther SAD or cardioembolism can be the
cause of SSI in patients with AF. Atrial
fibrillation is not always coincidental in
patients with SSI and a clinical lacunar
stroke. Certain clinical and radiological
findings may be useful in diVerentiating
cardioembolism from SAD in patients
with SSI.
(J Neurol Neurosurg Psychiatry 2001;70:344–349)
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Small subcortical infarcts (SSI) are commonly
considered to be synonymous with lacunar inf-
arction caused by in situ small artery disease
(SAD). However, although a large proportion
of subcortical infarcts are accounted for by
lacunar infarction, other forms may occur.1 2

Cardiac embolism, carotid disease, and other

causes should not be overlooked.3–13 In lacunar
infarction, a prevalence of up to 18% of cardi-
oembolism has been reported,14 and several
case reports provide radiological and patho-
logical evidence for embolic lacunar
infarction.15–18 By contrast, other studies sug-
gest that embologenic cardiac disease is
unlikely to be the cause of lacunar
infarction.19–23 Using data from the Lausanne
Stroke Registry for 27 patients with chronic
atrial fibrillation (AF), one of the main cardiac
sources of embolism, and an isolated, small
(maximal lesion diameter<1.5 cm) subcortical
infarct, established by CT/MRI, we systemati-
cally evaluated the epidemiology, risk factors
for SAD, and clinicoradiological characteristics
of SSI lesions probably attributable to a cardi-
oembolic mechanism.

Methods
The SSI-AF group consisted of patients with
an isolated small (maximal lesion diam-
eter<1.5 cm) subcortical cerebral infarct—
proved by CT or MRI—in the territory of the
internal carotid system and chronic AF. These
patients were part of the Lausanne Stroke
Registry and were admitted to our primary
care centre between 1991 and 1997. In this
study, all patients with first ever stroke were
examined by a neurologist and the systematic
investigations for each patient included brain
CT (up to four examinations, the first within
7 days of the stroke) or MRI, with or
without contrast, Doppler ultrasonography
with spectral frequency analysis and B mode
echotomography, 12 lead electrocardiography,
blood tests (blood counts, liver, and renal
function tests, venereal disease research labo-
ratory test, total cholesterol, glucose, and sedi-
mentation rate), and two dimensional echo-
cardiography. Atrial fibrillation was diagnosed
on the basis of either ECG results or 24–48
hour three lead ECG monitoring, together
with history.

Hypertension was defined by history before
stroke or high blood pressure (two or more
blood pressure values>160/95 mm Hg) during
stay in hospital with the evidence of target
organ damage (left ventricular hypertrophy,
retinopathy, renal dysfunction) without previ-
ously recognised hypertension, diabetes melli-
tus (two or more fasting glucose concentra-
tions>6 mmol/l), and hypercholesterolaemia
(two or more fasting cholesterol concentra-
tions>6.5 mmol/l). Concomitant factors, such
as regular cigarette smoking, a history of
migraine, or vascular claudication, were re-
corded according to the guidelines in our
registry. Neck Doppler findings were grouped
into four categories of normal, stenosis<50%,
stenosis>50%, and occlusion. Coexisting
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cardiac sources of embolism on two dimen-
sional echocardiography included mitral or
aortic valvular disease, prosthetic valves, aki-
netic left ventricular segment with or without
thrombus, and global cardiac hypokinesia.

The radiologically identified SSIs were all
relevant to the presenting clinical manifesta-
tions, including, but not limited to the four
lacunar syndromes of pure motor hemiparesis,
sensory motor stroke, ataxic hemiparesis, or
pure sensory stroke. During a stay in hospital,
all patients underwent several neuropsycho-
logical tests from a standard battery per-
formed in our institution24 by experienced
neurologists or neuropsychologists. Associated
visuospatial dysfunction (hemineglect and
hemianosognosia) and speech disturbance
were recorded. Tests of hemineglect usually
included observation of the patient’s response
to environmental stimuli, bilateral simultane-
ous sensory and visual stimulation, simple fig-
ure copying, drawing spontaneously, line
bisection, picture scanning, and article read-
ing. The number, frequency, side, duration,
and time before stroke of transient ischaemic
attacks, and the pattern of stroke onset were
recorded according to the protocol of the
Lausanne Stroke Registry.25 Functional status
was measured on discharge using a five point
scale, with 1 as no disability, 2 as mild disabil-
ity (able to return to all activities, but with dif-
ficulty for certain activities), 3 as moderate
disability (able to return with diYculty to only
certain main activities), 4 as severe disability
(not able to return to most activities), and 5 as
death.

To determine whether the clinicoradiologi-
cal features of SSI with AF could be dis-
tinguished from those of SSI due to SAD, an
SSI-control group, consisting of age matched

(±1 year) patients with SSI in the anterior cir-
culation without cardiac embologenic source
or significant internal corotid artery stenosis
(>50%), was selected from patients with first
stroke consecutively admitted to our hospital
over the same period. The clinical characteris-
tics and concomitant factors of the SSI-AF
group were compared with those in the
SSI-control group. To assess the potential role
of AF itself as a probable cause in SSI, we
compared the characteristics of patients with
and without presumed SAD (presence of at
least one of the two established risk factors for
SAD—that is, hypertension or diabetes). The
÷2 test and Fisher’s exact test were used for sta-
tistical comparisons.

Results
The SSI-AF and SSI-control groups consisted
of 27 and 45 patients, respectively; their mean
ages and sex distributions are shown in table 1.
The SSI-AF-SAD− and SSI-AF-SAD+ sub-
groups consisted of five (men/women 4/1) and
22 (men/women 9/13) patients with mean ages
of 72 and 78 years, respectively.

VASCULAR CONCOMITANTS

Hypertension was the dominant factor for
SAD in the SSI-AF (78%) and SSI-control
(87%) groups, which contained four (15%)
and nine (20%) patients with diabetes mellitus
respectively (table 1). No statistical diVerence
in the distribution of other risk factors
(cigarette smoking, hypercholesterolaemia,
raised packed cell volume, and limb claudica-
tion) was seen between the SSI-AF and
SSI-control groups. The internal carotid artery
Doppler ultrasound examinations showed that
no patient had significant disease (steno-
sis>50% or occlusion) on both sides except
one SSI-AF-SAD+ who had ipsilateral occlu-
sion.

COEXISTING CARDIAC SOURCES

The echocardiographic findings are summa-
rised in table 2. A cardiac pacemaker was
implanted in one patient in the SSI-AF-SAD−
group because of third degree atrioventricular
block. Echocardiography was not performed
on one SSI-AF-SAD+ patient because of asso-
ciated pulmonary disease. Valvular disorders
were found in three (17%) patients, two of
whom had prosthetic mitral valve or rheumatic
mitral sclerosis. Coexisting myocardial abnor-
malities were found in 12 (44%) patients. Nor-
mal or non-significant aortic stenosis findings
were found in seven (26%) patients.

CLINICAL FINDINGS AND LOCATION OF INFARCTS

These are shown in fig 1. In the SSI-AF group,
the lesion was identified by CT in 26 patients
and by MRI in three patients; in 14 (52%)
patients, the lesion was on the right, whereas in
13 (48%) it was on the left. In the SSI-control
group, in 25 (56%) patients, the lesion was on
the right whereas in 20 (44%) it was on the left.
The distribution of lacunar syndromes did not
diVer significantly between the SSI-AF and
SSI-control groups. Pure motor stroke (44%),
sensory motor stroke (38%), and ataxic

Table 1 Age, sex, and factors for SAD in the SSI-AF and
SSI-control groups

Group SSI-AF SSI-controls

No 27 45
Sex (M/F) 13/14 21/24
Mean age (y) 77 77

Range 56–87; SD 7 Range 55–87; SD 7
HTN 21 (78) 39 (87)
DM 4 (15) 9 (20)
Smoking 5 (19) 10 (22)
HC 3 (11) 8 (18)
Raised PCV 4 (15) 6 (13)
Claudication 3 (11) 3 (7)

Values in parentheses are %.
HTN=Hypertension; DM=diabetes mellitus; HC=hyper-
cholesterolaemia; PCV=packed cell volume; SAD=small artery
disease.

Table 2 Echocardiographic results in the SSI-AF group

SSI-AF-ASD− SSI-AF-ASD+

Myocardial abnormality GH+LVT 1 GH−LVT 4
GH−LVT 1 FLVH−LVT 5

Valvular abnormality Pr MV 1 MS 1
Pr AV 1

Myocardial and valvular abnormality — FLVH and MR1
LA Dilatation only — 4
Normal or non-significant 2 5

GH=global hypokinesia; FLVH=focal left ventricular hypokinesia; LVT=left ventricular
thrombosis; MV=mitral valve; MS=mitral stenosis; MR=mitral regurgitation; LA=left atrium;
AV=aortic valve; AS=aortic stenosis; Pr=prosthetic; +=with; −=without.
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hemiparesis (9%) were the main neurological
syndromes. Sensory motor ataxia (4%),
sensory motor stroke with visual field defect
(2%), and ataxic hemiparesis with visual field
defect (2%) were uncommon. The lesion was
located in the posterior internal capsule in 18
patients, the posterior internal capsule and
lenticular nucleus in 11, the periventricular

white matter in five, the centrum ovale in four,
the lenticular nucleus in three, the globus pal-
lidus in two, the anterior internal capsule in
one, and the thalamocapsular area in one. No
significant diVerence was found in the distribu-
tion of lesion location between the SSI-AF and
SSI-control groups. Four (15%) patients in the
SSI-AF group and one (2%) in the SSI-control
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Figure 1 Infarct locations and associated clinical findings in the SSI-AF group. Infarct
locations in five (1–5) SSI-AF-ASD− patients and in 22 (6–27) SSI-AF-ASD+ patients.
PM=Pure motor stroke; MS=motor/sensory stroke; MSH=motor/sensory stroke with visual
field defect; AH=ataxic hemiparesis; FB type=faciobrachial type of motor weakness;
anos=anosognosia; negl=hemineglect; *haemorrhagic transformation.
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group had dysphasia or visuospatial dysfunc-
tion (p=0.066). All neuropsychological dys-
functions in the SSI-AF group subsided within
3 days. One patient in the SSI-control group
had anosognosia, the lesion being in the right
periventricular white matter.

PREVIOUS TRANSIENT ISCHAEMIC ATTACKS AND

STROKE ONSET

Two (9%) patients in the SSI-AF-SAD+ group
and five (11%) in the SSI-control group
reported one episode of transient ischaemic
attack ipsilateral to their subsequent infarct.
Stroke was immediately stabilised in five
patients in the SSI-AF-SAD− group, 20 (91%)
in the SSI-AF-SAD+ group, and 35 (80%) in
the SSI-control group, fluctuated in four
(18%) patients in the SSI-AF-SAD+ group
and five (11%) in the SSI-control group, and
progressed gradually in four (18%) patients in
the SSI-AF-SAD+ group and four (9%) in the
SSI-control group. One patient died due to
cardiac failure 36 days after stroke in the SSI-
AF-ASD− group. No statistical significance
was found in the prevalence of transient
ischaemic attacks and fluctuation or progres-
sion of neurological deficits between the
SSI-AF and SSI-control groups or between the
SSI-AF-ASD− and SSI-AF-ASD+ groups.

TREATMENT AND SHORT TERM EVOLUTION

One (20%) patient in the SSI-AF-ASD− group
and 12 (55%) in the SSI-AF-SAD+ group
were treated with aspirin, four (80%) patients
in the SSI-AF-ASD− group and eight (36%) in
the SSI-AF-ASD+ group were anticoagulated,
and the remaining two patients in the SSI-AF-
ASD+ group did not receive antithrombotic
drugs because of a bleeding tendency (throm-
bocytopenia or liver disease). All patients
except one with gastric intolerance in the SSI-
control group were treated with aspirin. Figure
2 shows the functional disability on discharge
and the mean duration of stay in hospital. All
five patients in the SSI-AF-ASD- group and 12
(55 %) in the SSI-AF-ASD+ group had no
disability on discharge. The mean duration of
stay in hospital in the SSI-AF-ASD− group
was shorter than in the SSI-AF-ASD+ group
(9.7 days v 12.5 days). Functional disability at

the time of discharge after adjustment for the
duration of stay in hospital was not significantly
diVerent between the SSI-AF and SSI-control
groups.

Discussion
Cardioembolic subcortical infarcts have been
diagnosed mainly from the presence of cardi-
oembolic sources, usually without considering
the clinical characteristics. This can be ex-
plained by the fact that only a few studies
documented clinical features of such infarcts.
As far as we know, this is the first attempt to
systematically evaluate the characteristics of
potentially cardioembolic subcortical infarcts
in patients with atrial fibrillation.

Whereas hypertension and diabetes mellitus
are not specific risk factors for small artery dis-
ease, our findings that the frequency of risk
factors for small artery disease did not diVer
significantly between the SSI-AF and SSI-
control groups emphasise small artery disease
as a cause of subcortical infarcts with atrial
fibrillation. Some previous studies have dem-
onstrated hypertension and diabetes mellitus
to be potent risk factors for subcortical
infarcts.19 26 27 However, atrial fibrillation as a
potential mechanism of subcortical infarct for-
mation should not be overlooked. Now that
hypertension is better controlled because of
more eVective treatments, and is less likely to
be the sole cause of subcortical infarcts, reports
increasingly suggest an embolic mechanism as
a cause of the infarcts.15–18 28 In a recent clinical
study that strongly supported cardiac embolic
sources as a cause of subcortical infarcts,29 five
(17%) of 29 new infarcts associated with
cardiac surgery were subcortical. Recently, on
the basis of pathological studies, Lammie et al30

suggested that embolic occlusion of the small
penetrating vessels may be more common than
generally assumed in elderly hypertensive
patients.

Subcortical infarcts can lead to various
neuropsychological disturbances.31–33 Our data
do not allow us to draw a conclusion as to
whether the mechanism of neuropsychological
disturbances in cardioembolic subcortical inf-
arcts is similar to that of subcortical infarcts
due to small artery disease. The few cases and
inherent selection biases must be taken into
consideration.

Acute onset, transient duration, and laterali-
sation of neuropsychological dysfunction sug-
gest that stroke is the main cause, and an insuf-
ficient cardiac output for the maintenance of
an adequate brain perfusion, resulting from
chronic atrial fibrillation and associated myo-
cardial dysfunction, could be an additional fac-
tor.34 35 Another possible explanation for the
higher incidence of neuropsychological distur-
bances in the SSI-AF group is that some
cardiac emboli obstructed the deep perforating
branch, whereas others lodged in the pial
branches, causing cortical neuropsychological
disturbances.15 36–38 Transient disturbance of
the cortical or subcortical blood flow resulting
from fragmentation and migration of an embo-
lus could be another possibility.39 The cortical
ischaemic lesion may have been invisible due to

Figure 2 Activities of daily living (ADL) scores on
discharge in SSI-AF-SAD-, SSI-AF-SAD+, and
SSI-controls. D=mean days of stay in hospital.
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early recanalisation of emboli, the small size of
the emboli, or limitations in the ability of brain
imaging to demonstrate an associated cortical
lesion.

The fluctuation and progression of neuro-
logical deficits in the SSI-AF group does not
seem helpful in predicting the mechanism of
subcortical infarct formation. Although step-
wise or gradual onset due to small artery
disease has been reported,40 41 embolic infarcts
can also have various modes of onset, and sev-
eral factors combine to cause progression of
neurological deficits in patients with subcorti-
cal infarcts.42–44

In two patients in the SSI-AF-ASD− group,
the lesions were in the posterior internal
capsule, which agrees with the previous pub-
lished location in embolic SSI.15 16 45 One of
these two patients showed secondary haemor-
rhagic transformation, which suggests an em-
bolic mechanism, whereas the other patient
had anosognosia and paraphasia.

In one patient in the SSI-AF-ASD− group,
the lesion was in the subinsular area (the
extreme capsule), and, considering the tran-
sient faciobrachial motor weakness seen in this
case, we cannot rule out the possibility of
ischaemic damage at other sites, including the
cerebral cortex. The lesion site suggests an
embolic mechanism, as the extreme capsule is
supplied by the adjacent cortical branch.

Recovery from neurological deficits in the
SSI-AF-ASD− group occurred earlier and was
better than in the SSI-AF-ASD+ group;
however, these diVerences did not reach
significance, partly due to the few patients.
Less severe ischaemia due to early recanalisa-
tion of an occluded single perforating artery in
the SSI-AF-ASD− group may be an explana-
tion for this excellent prognosis.

Small artey disease cannot be definitely
excluded as a possible cause of stroke in the
SSI-AF-ASD− group.46 47 However, secondary
haemorrhagic transformation, faciobrachial
motor weakness with extreme capsule involve-
ment, the remarkably favourable short term
prognosis, and atrial fibrillation as a strong
embolic risk factor strongly suggest an embolic
mechanism in the SSI-AF-ASD− group.
The increase in prevalence of atrial fibrillation
with age48 may account for the older mean age
(72 years) of patients in the SSI-AF-SAD−
group.

In conclusion, either cardioembolism or
small artery disease can be a causative factor in
patients with subcortical infarcts with atrial
fibrillation, and atrial fibrillation is not always
coincidental in patients with subcortical inf-
arcts and a clinical lacunar stroke. Certain
clinical and radiological features may be useful
in distinguishing cardioembolic from subcorti-
cal infarcts due to small artery disease.
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HISTORICAL NOTE

Henry Hun (1854–1924)

Neurology in upper New York State was pio-
neered by the Hun family.1 Thomas Hun MD
(1808-unknown), the neurological patriarch,
completed medical studies at the University
of Pennsylvania and spent 6 years of post-
graduate study in Europe.1 On his return, he
helped found the Albany Medical College
(1839), where he was appointed Professor of
the Institutes of Medicine. Long before neu-
rology was a recognised specialty in the
United States, he gave lectures on the
nervous system, held weekly neurological
clinics with medical students, and stimulated
his sons Edward and Henry to pursue neuro-
logical careers.

Edward Reynolds Hun MD (1842–1880),
the eldest son, graduated from the College of
Physicians and Surgeons in 1866 and prac-
ticed in Albany.2 He was appointed patholo-
gist to the New York State Lunatic Asylum at
Utica, and in 1876 accepted the Chair of
Diseases of the Nervous System at Albany
Medical College. Edward was one of the 35
original members of the American Neuro-
logical Association, founded in 1875. Unfor-
tunately, he died prematurely.

Henry Hun MD (1854–1924) graduated
from Harvard Medical School in 1879 and
spent more than 2 years of postgraduate
study, encompassing Vienna, Heidelberg,
Berlin, Paris, and London.2 His interest in
neurology was further stimulated by exposure
to Jean-Martin Charcot (1825–93) at the

Salpêtrière Hospital. On return, he was
appointed Professor of Diseases of the Nerv-
ous System in the Albany Medical College
(1884–1914). He wrote several treatises,
including A guide to American medical students
in Europe (1883), Syllabus of a course of lectures
on the diseases of the nervous system (1901/
1902; 1907), and An atlas of the diVerential
diagnosis of the nervous system (1913; 1914;
1922). He also served as President of the
Association of American Physicians (1910),
and President of the American Neurological
Association (1914).

Henry Hun is now most often recognised
for his detailed clinicopathological descrip-
tion of the lateral medullary syndrome. Hun’s
1897 report included a very detailed (albeit
delayed) pathological report from the neu-
ropathologist Ira Van Gieson (1866–1913)
after the patient’s death in 1893.3 Hun’s 53
year old patient had acutely developed
ipsilateral ptosis and anhidrosis (but report-
edly not miosis), diplopia, ipsilateral analge-
sia and thermanaesthesia of the face, dys-
phagia, dysphonia, dysarthria, ipsilateral
appendicular ataxia, postural instability with
a tendency to fall toward the side of the
lesion, gait ataxia, contralateral analgesia and
thermanaesthesia of the body, and vomiting.
Pathological findings included extensive pos-
terior circulation atherosclerosis, aVecting
especially the basilar artery, and infarction of
the rostral lateral medulla, encompassing the
descending trigeminal nucleus and tract, the
nucleus ambiguous, the lateral spinothalamic
tract, the ventral spinocerebellar tract, fas-
ciculi of the glossopharyngeal and vagal
nerves, and the inferior cerebellar peduncle.
Hun concluded that the manifestations re-
sulted from left posterior inferior cerebellar
artery occlusion. Hun’s report was partially
preceded by Adolf Wallenberg’s detailed

clinical (but not pathological) description in
1895,4 5 and both of these reports were
partially anticipated by others.4 5 Based on his
knowledge of neuroanatomy, Wallenberg had
correctly localised his patient’s lesion to the
lateral medulla and attributed it to occlusion
of the ipsilateral posterior inferior cerebellar
artery,4 but it was not until 1901, 4 years after
Hun’s clinicopathological report, that Wal-
lenberg reported the pathological findings on
his patient, who died in 1899.6

D J LANSKA
VA Medical Center, Great Lakes VA
Healthcare System, 500 E Veterans Street,
Tomah, Wisconsin 54660, USA

Douglas.Lanska@med.va.gov

1 Lawyer T Jr. Development of neurology in
upper New York State: Albany neurology. In:
Denny-Brown D, et al, eds. Centennial anniver-
sary volume of the American Neurological Associ-
ation: 1875–1975. New York: Springer, 1975:
398–400.

2 Tilney F, JelliVe SE, eds. Semi-centennial anni-
versary volume of the American Neurological
Association: 1875–1924. American Neurological
Association, 1924:111–13; 189–90.

3 Hun H. Analgesia, thermic anaesthesia, and
ataxia, resulting from foci of softening in the
medulla oblongata and cerebellum, due to
occlusion of the left inferior posterior cerebel-
lar artery. A study of the course of the sensory
and co-ordinating tracts in the medulla oblon-
gata. N Y Med J 1897;65:513–19.

4 Wallenberg A. Acute bulbäraVection (embolic
der art. cerebellar. post. inf. sinstr?). Archiv für
Psychiatrie und Nervenkrankheiten 1895;27:
504–40.

5 Wolf JK. Wallenberg’s syndrome. In: The
classical brain stem syndromes: translations of the
original papers with notes on the evolution of clini-
cal neuroanatomy. Springfield, Illinois: Charles
C Thomas, 1971:113–36.

6 Wallenberg A. Anatomischer Befund in einem
als “acute Bulbär-aVection (Embolie der Art.
cerebellar. post. inf. sinistr?)” bescreidenen
Falle. Archiv für Psychiatrie und Nervenk-
rankheiten 1901;34:923–59.

Atrial fibrillation with small subcortical infarcts 349

www.jnnp.com

http://jnnp.bmj.com

