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Background: Intracerebral steal phenomenon (ISP) is a rare complication following surgical treatment
of carotid stenosis. However, the factors responsible remain unknown. We described the rear case of the ISP
who had vasogenic edema and cerebral blood flow (CBF) decline and presented with hemiparesis after carotid
endarterectomy (CEA).
Case Description: A 72-year-old male with stenosis of the bilateral carotid artery (NASCET right 90% and left
70%) presented with cerebral hypoperfusion manifesting as right hemiparesis, after left CEA. Fluid-attenuated
inversion recovery images showed edema of the motor area around an old infarction and a decrease in CBF. This
lesion was an area of vasogenic edema caused by ISP and focal cerebral hypoperfusion. CBF of the contralateral
cerebral hemispheres had increased. The treatment with an intravenous infusion of a free radical scavenger and
glycerol improved the patient’s symptoms and brain edema. Magnetic resonance imaging showed a gradual
decline in the brain edema, which completely disappeared 2 weeks after CEA. He was discharged with no
neurological deficit.
Conclusion: In this report, we described the case of a patient with ISP who had vasogenic edema induced by
CBF decline and presented with hemiparesis following CEA. This is the first report of progressing focal vasogenic
edema caused by ISP after endarterectomy.
Keywords: Cerebral blood flow, Endarterectomy, Intracerebral steal phenomenon, Single-photon emission
computed tomography, Vasogenic edema

INTRODUCTION
Intracerebral steal phenomenon (ISP) is a rare complication after the treatment of carotid
artery stenosis. ISP after the stent is reported, but the ISP after the carotid endarterectomy
(CEA) has not been reported yet.[8] Cerebral hypoperfusion induced by ISP can cause local
vasogenic edema in the acute stages after surgery. Revascularization of cervical carotid
stenosis can change ipsilateral cerebral blood flow (CBF). A postoperative increase in CBF
on the operated side is common. In patients with bilateral stenotic lesions, CBF on the side
contralateral to revascularization can increase.[2] This phenomenon is unique and is due to
increased blood flow through the anterior communicating artery (Acom). ISP is characterized
by headaches, seizures, focal neurological deficits, and cognitive impairment, which appears
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within a few hours to 1-month postsurgery. ISP of CBF
is an important factor in the initiation of decreased
perfusion, which may result in brain edema. Here, we
report a case involving ISP in a patient who presented with
reversible brain edema and neurological symptoms after
endarterectomy.

scale score of 0, and single-photon emission computed
tomography (SPECT) revealed a decrease in CBF in the
right cerebral hemisphere [Figure 2a]. Endarterectomy was
successfully performed 3 months after the onset of minor
stroke. We performed CEA on the left side because it was
symptomatic. The patient was prescribed a dose of an antiplatelet agent (aspirin, 100 mg) daily for 7 days before the
operation. We used the INVOS-4100 cerebral oximeter at
several stages during CEA to measure the effect of carotid
clamping and shunting on oxygen saturation (rSO2).
Contralateral rSO2 readings were lower than ipsilateral
rSO2 readings during the preoperative period. However,
the rSO2 value increased by 2% (from 50 to 51) and 38%
(from 47 to 65) on the ipsilateral and contralateral sides,
respectively, the day after the CEA. The blood pressure
did not have a change through the perioperative period.
Neurological deterioration was observed after surgery,
with the appearance of right-sided hemiparesis and
dysarthria. Significant changes were not evident from the
emergency CT scan. The apparent diffusion coefficient of
this lesion was slightly high, but the DWI signal did not
show a significant increase, suggesting the formation of
local vasogenic edema. SPECT showed a decrease in CBF
around the infarction [Figure 2b]. MR angiography showed
a patent left ICA, whereas SPECT indicated a contralateral
increase in CBF [Figure 2b]. Administration of a freeradical scavenger, edaravone, an antiepileptic agent,
and glycerol, gradually relieved the patient’s symptoms
during the next 7 days. The CBF improved, and laterality
disappeared 2 weeks after surgery [Figure 2c and d]. The
blood flow of both sides equaled 2 weeks later [Figure 3].
Subsequent MR imaging with fluid-attenuated inversion
recovery (FLAIR) images revealed a local high-intensity
lesion around a previous infarction in comparison with
before operation [Figure 4a and b]. FLAIR MR imaging

CASE PRESENTATION
A 72-year-old male initially presented with the right-sided
hemiparesis and underwent magnetic resonance (MR)
imaging. MR imaging revealed acute infarction of the
left frontal lobe [Figure 1] and bilateral internal carotid
artery (ICA) stenosis (Rt: NASCET 90%, peak systolic
velocity 425 cm/s and Lt: NASCET 70%, peak systolic
velocity 212 cm/s). After 2 months of rehabilitation,
his neurological status improved to a modified Rankin

Figure 1: Diffusion-weighted magnetic resonance imaging revealing
hyperintensity in the left motor area.
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Figure 2: (a) Single-photon emission computed tomography (SPECT) revealing a signiﬁcant decrease in cerebral blood flow
(CBF) in the bilateral hemispheres, predominantly on the right side (CBF of middle cerebral artery area, R: 47 ml/100 g/min and
L: 50 ml/100 g/min). (b) SPECT showing focal hypoperfusion (white arrow) around an old infarction (CBF of middle cerebral artery area, R:
65 ml/100 g/min and L: 51 ml/100 g/min). (c) SPECT demonstrating gradually normalized CBF in the lesion (CBF of middle cerebral artery
area, R: 60 ml/100 g/min and L: 56 ml/100 g/min). (d) SPECT is demonstrating completely normalized CBF of the lesion (CBF of middle
cerebral artery area, R: 59 ml/100 g/min, and L: 60 ml/100 g/min).
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2 weeks after initial surgery confirmed the complete
disappearance of the high-intensity lesion [Figure 4c]. The
patient recuperated and did not exhibit any cerebrovascular
events during the 2-year postoperative period.

DISCUSSION
Following CEA, the previously reduced CBF due to stenosis
or occlusion on the contralateral side increased.[2,7] The
presence of the Acom was related to this phenomenon.[2]
It was reported that communicating arteries caused
contralateral CBF increase.[5] Collateral blood flow plays
an important role in sustaining adequate tissue perfusion
during flow-limiting carotid artery disease.[6] Our patient
had a well-developed Acom. Leptomeningeal anastomoses
on the cerebral surface can cause this CBF increase. A
postoperative increase in perfusion pressure on the ipsilateral
side may increase collateral circulation to the contralateral
CBF deficient hemisphere through the leptomeningeal

Figure 3: Time course of changes in cerebrovascular oxygen
saturation and blood pressure in our patient.
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anastomoses, resulting in increased CBF in the contralateral
hemisphere.
Vasogenic edema occurs due to local cerebral
hypoperfusion and subsequent dis-autoregulation/blood–
brain barrier (BBB) disruption after revascularization.[1]
Therefore, the association of focal cerebral hypoperfusion
with local vasogenic edema, which was transiently
responsible for the focal neurological deterioration in our
case, is unique.
Sato et al. reported that cortical FLAIR high-intensity signs
can be caused by postoperative hemodynamic conditions
including hypoperfusion.[9] Vasogenic edema can be caused
by a variety of hemodynamic conditions after CEA, and
an accurate diagnosis of the perioperative condition is
necessary when symptomatic vasogenic edema is evident
after surgery. Although the exact mechanism underlying
this rare association is unknown, the intrinsic vulnerability
of intracranial vascular wall structures and the increased
vascular permeability after infarction may partly explain
this unique pathophysiological condition.[3] The excessive
hemodynamic stress on the fragile vessel after infarction
may cause increased vascular permeability in the pial artery
and anatomical fragility.[10] BBB breakdown is an important
initiating factor in neurological deficits and vasogenic
edema following carotid procedures. Reactive oxygen
species produced by reperfusion in the chronic ischemic
brain may affect vascular permeability by direct endothelial
cell damage through lipid peroxidation and by activating
MMP-9.[4]
To counteract these deleterious cascades, we used a freeradical scavenger in addition to glycerin in the present
case. These postoperative treatments, which were intended
to prevent symptomatic cerebral hypoperfusion, may play
a role in avoiding further progression of the vasogenic
edema. Our patient recovered completely 2 weeks after
surgery.

c

Figure 4: (a) Fluid-attenuated inversion recovery images 1 week before surgery with inconspicuous edema of the left frontal lobe.
(b) Deterioration of edema the next day after surgery. (c) Almost complete disappearance of edema 2 weeks after surgery.
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CONCLUSION
ISP caused focal vasogenic edema and neurologic deﬁcits in
our patient, who had a prior infarction. MR imaging showed
focal vasogenic edema around the old infarction, and SPECT
revealed a decrease in focal CBF. Focal vasogenic edema
was subsequently found to have occurred around the fragile
vessels of the old infarction. After treating the edema and
ischemia, the neurologic deﬁcits were alleviated.
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