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Short Communication

Chronic Brain Hypoperfusion due to
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Abstract. A 62-year-old patient presented with persistent cognitive deficits 3 months after a right temporal ischemic stroke
due to ipsilateral carotid occlusion. Work-up disclosed hemodynamically significant contralateral carotid artery stenosis and
left subclavian steal phenomenon. Brain SPECT imaging revealed bihemispheric chronic brain hypoperfusion that substantially
improved on repeat imaging when the subclavian steal was temporarily diminished by inflating a cuft around the left arm. Carotid
endarterectomy of the asymptomatic carotid stenosis substantially ameliorated bihemispheric brain perfusion and reversed
cognitive impairment. This case highlights that multi-vessel, extracranial atherosclerotic disease may cause chronic diffuse
brain hypoperfusion that can be associated with cognitive impairment.

Keywords: Asymptomatic carotid stenosis, carotid endarterectomy, chronic brain hypoperfusion, SPECT, subclavian steal,
transcranial Doppler

INTRODUCTION of the presence of an underlying cerebral infarc-

tion [1, 2]. The former hypothesis rendered carotid

Cerebrovascular hemodynamic failure has been
hypothesized to result in impairment of cognitive sta-
tus both in asymptomatic and symptomatic patients
with carotid steno-occlusive disease and independent

*Correspondence to: Dr.  Apostolos ~ Safouris, Place Van
Gehuchten 4, 1020 Bruxelles, Belgium. Tel.: +32 4773281; Fax:
+32 4773467; E-mail: safouris @yahoo.com.

artery disease as a potentially reversible cause of
dementia. However, evidence of reversibility has been
supported by case reports and small non-controlled
studies [2]. We discuss the case of a patient with
multi-vessel atherosclerotic extracranial artery dis-
ease who presented with cognitive impairment due to
bihemispheric brain hypoperfusion. Carotid surgery of
the only extracranial vessel that supplied the whole
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Fig. 1. Baseline SPECT imaging (AI), SPECT imaging with a cuff around the left arm (AII), and substraction image (AIII) showing a moderately
increased perfusion in both cerebral hemispheres following cuff inflation at 100 mmHg at the left arm due to reversal of subclavian steal syndrome
leading to increased perfusion in anterior circulation. Baseline SPECT (BI), post-CEA SPECT (BII), and substraction image (BIII) showing
diffusely ameliorated perfusion in both hemispheres following left carotid artery surgery.

intracranial circulation resulted in amelioration of per-
fusion deficits and resolution of cognitive deficits.

CASE DESCRIPTION

A 62-year-old man presented with mild left hemi-
paresis (NIH Stroke Scale score: 4 points) due to
an acute ischemic infarction in distribution of the
temporal branch of right middle cerebral artery (Sup-
plementary Figure 1A). The patient had no previous
history of stroke or other neurological disorders.
His medical history was significant for hypertension,
hypercholesterolemia, and smoking. Physical exam-

ination was remarkable for a left carotid murmur
and substantial difference in blood pressure levels as
measured in both arms: 110/50 mmHg on the right
arm and 85/60 mmHg on the left arm. Diagnostic
work-up revealed a thrombotic occlusion of the right
internal carotid artery (Supplementary Figure 1B), a
near-occlusion at the origin of left subclavian artery
causing a subclavian steal syndrome (alternating flow
in extracranial and intracranial left vertebral artery seg-
ments), and a hemodynamically significant (>70%)
stenosis of the left internal carotid artery (Fig. 2A-D).
Left carotid artery stenosis was considered asymp-
tomatic since no left hemispheric lesions were noted
in brain magnetic resonance imaging (MRI) and the
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Fig. 2. Cervical Duplex showing a hemodynamically significant (>70%; Peak-Systolic Velocity: 421 cm/s, End-Diastolic Velocity: 143 cm/s)
stenosis of left internal carotid artery (A). Transcranial Duplex showing a functional left posterior communicating artery directing flow from
anterior to posterior circulation (B). Cervical Duplex showing alternating flow in transverse segment of left vertebral artery indicating a second-
degree subclavian steal phenomenon (C). Note the complete flow reversal (red arrow) toward the arm following hyperemia-ischemia arm test
(cuff inflation at suprasystolic blood pressure values followed by abrupt cuff deflation). Transcranial Duplex showing alternating flow in the
intracranial segment of left vertebral artery indicating a second-degree subclavian steal phenomenon affecting the intracranial circulation (D).
Note the complete flow reversal (red arrow) toward the arm following hyperemia-ischemia arm test (cuff inflation at suprasystolic blood pressure

values followed by abrupt cuff deflation.

patient denied any previous focal neurologic symptoms
that could be attributed to left hemispheric transient
ischemic attack (TIA). The patient did not report any
episode of loss of consciousness or other neurological
symptoms during the use of his left arm that could be
attributed to the subclavian steal phenomenon which
was also considered as asymptomatic. Neuropsycho-
logical testing disclosed a deficit of visuoconstructive
skills, attention, low short-term memory scores, and
consolidation deficits in verbal long-term memory. The
patient’s Mini-Mental State Examination (MMSE) was
22/30. All these deficits were originally attributed to
the right temporal infarction, and the patient was diag-
nosed with vascular dementia caused by a strategic
infarction.

The patient presented at follow-up at 3 months
with no motor or sensory deficit but with persist-
ing cognitive impairment. There were no behavioral
symptoms including loss of self-control and apa-
thy. Transcranial Color-Coded Duplex examination
revealed a functional collateral intracranial circulation

with left internal carotid artery being the sole vessel
supplying the circle of Willis via patent anterior com-
municating artery and patent posterior communicating
arteries (Supplementary Figure 2D). Interestingly, the
subclavian steal syndrome affected the intracranial
circulation with functional posterior communicating
arteries directing flow from anterior to posterior cir-
culation (Fig. 2B). Moreover, a bidirectional flow was
documented in basilar artery with a retrograde systolic
component (Fig. 2D).

The hypothesis of a chronic bihemispheric hypop-
erfusion was raised given the diffuse cognitive deficits
(notrestricted to the right temporal lobe) and the patient
underwent a brain single-photon emission computed
tomography (SPECT) perfusion HMPAO - Tc99m 4
months post stroke, which detected perfusional anoma-
lies that extended well beyond the ischemic lesions,
concerning both hemispheres (Supplementary Fig-
ure 1C). In the interest of examining whether the
subclavian steal phenomenon could have a signifi-
cant impact on cerebral hemodynamics, transcranial
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Doppler was repeated by inflating a cuff around the
left arm to 100 mmHg during examination. This inter-
vention reduced the severity of the steal phenomenon
in the left vertebral artery but also improved the flow at
the basilar artery where the persistence of retrograde
component was minimal. A complete flow reversal
towards the arm was noted both in extra- and intracra-
nial vertebral artery segments following cuff deflation
(Fig. 2C-D). Brain SPECT was repeated under the
same conditions (a cuff inflated on the left arm at 100
mmHg 10 minutes before to 20 minutes after injection).
Subtraction images showed moderate improvement
of perfusion, not only on the periphery of the right
ischemic area but also at the entire left cerebral hemi-
sphere (Fig. 1, AI-AIID).

The patient was referred for vascular surgery and
underwent left carotid endarterectomy (CEA) under
the hypothesis that improving flow of left carotid artery
would result in amelioration of brain perfusion, which
in turn might induce a meaningful improvement in
cognition. The intervention was also conducted with
concomitant inflation of a cuff at 100 mmHg around
the left arm as a prophylactic measure for periopera-
tive stroke during the occlusion of the left carotid artery
given the previous SPECT data showing amelioration
in bihemispheric perfusion due to partial reversal of
subclavian steal syndrome. The patient experienced no
complication following carotid surgery. Post-operative
brain SPECT indeed showed a discrete improvement
of brain perfusion of the right hemisphere around
the area of ischemia (temporal lobe) and a marked
improvement of the perfusion of the left frontal, pari-
etal and temporal lobes (Fig. 1, BI-BIII). Both the
patient and his relatives noted a substantial cognitive
improvement followed by amelioration in instrumental
activities of daily living. His MMSE was 27/30. The
patient declined repeating a detailed neuropsycholog-
ical testing.

CONCLUSIONS

In patients with bilateral hemodynamically signif-
icant atherosclerotic carotid artery disease brain may
be perfused by collateral circulation via the posterior
cerebral and external carotid arteries [3]. Among dif-
ferent collaterals, the posterior communicating arteries
maintain a crucial role in ensuring blood flow to the
anterior circulation by reversing their normal postero-
grade flow. In the described case, normal collaterality
was compromised by the subclavian steal phenomenon
of the left vertebral artery with posterior communicat-

ing arteries directing blood to the left upper limb at
the expense of the entire brain circulation. As a con-
sequence, the flow in the basilar artery was rendered
bidirectional, draining blood from the anterior circula-
tion via the left posterior communicating arteries [4],
thus resulting in chronic bihemispheric hypoperfusion
that was clinically manifested by cognitive impair-
ment. Left CEA significantly improved brain perfusion
as assessed by brain SPECT, which in turn alleviated
patient’s cognitive deficits.

Subclavian steal syndrome is a relatively frequent
finding during cervical arteries duplex sonography.
Although it«is commonly asymptomatic, it should
be noted that sometimes it may provoke posterior
circulation TTIA and may rarely require intervention
especially when extending in the intracranial circula-
tion [5, 6]. Interestingly, anterior circulation symptoms
have been described in previous reports of subcla-
vian steal syndrome with concomitant carotid disease
[7]. Notably, we provide hemodynamic evidence using
repeat SPECT imaging that even transient reduction
of subclavian steal by cuff inflation at the affected
arm may result in substantial improvement of ante-
rior circulation perfusion. Moreover, inflating a cuff
at suprasystolic blood pressures levels at the ipsi-
lateral (to the subclavian artery) arm may constitute
a potentially safe and effective measure to improve
intracranial circulation during CEA in patients with
carotid artery stenosis and concomitant subclavian
artery syndrome. However, larger case series are
needed to provide more additional evidence whether
this maneuver reduces the risk of periprocedural stroke
in this specific group of patients.

A carotid stenosis is considered asymptomatic in
the absence of ischemic stroke or TIA in the distri-
bution of the affected artery. Its treatment is mostly
medical with CEA being considered as a therapeutic
option in selected patients that present with a steno-
sis >70% [8]. However, we considered left carotid
artery stenosis in our patient as symptomatic since
our hemodynamic work-up disclosed the left carotid
artery as the sole vessel supplying the circle of Willis
via patent and functional anterior and posterior com-
municating arteries. Consequently, we hypothesized
that (i) the cognitive impairment in our patient may be
attributed to the diffuse brain hypoperfusion instead of
post-stroke dementia and (ii) the cerebral hypoperfu-
sion may be improved following carotid surgery. The
fact that asymptomatic carotid stenosis has been previ-
ously correlated with cognitive impairment and brain
imaging abnormalities lends support to our hypothe-
sis [9, 10]. The resolution of cognitive deficits in our
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patient coupled with the substantial improvement in
bihemispheric perfusion on SPECT imaging is in line
with recent reports that documented benefit on cog-
nitive functions post CEA [11] or stenting [12, 13]
of otherwise asymptomatic carotid stenosis. There are
still limited data to explain the deleterious effects of
chronic brain hypoperfusion on cognitive function. A
recent study revealed diffuse cognitive deficits and
disrupted brain connectivity as measured by MRI frac-
tional anisotropy in patients with asymptomatic carotid
stenosis [14]. However, it should be acknowledged
that whether chronic brain hypoperfusion should be
aggressively treated by CEA in cognitively impaired
patients with concomitant multi-vessel asymptomatic
stenoses of cervical arteries remains an unproven chal-
lenge given the recent negative results of Randomized
Evaluation of Carotid Occlusion and Neurocognition
(RECON) trial [15].

In conclusion, the present case highlights that multi-
vessel, extracranial atherosclerotic disease may cause
chronic diffuse brain hypoperfusion that can be asso-
ciated with significant cognitive impairment. Carotid
revascularization procedures in the presence of func-
tional intracranial collateral circulation may lead to
resolution of brain hypoperfusion and reversal of cog-
nitive deficits.
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