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Advantages of Staged Angioplasty in a Patient with Internal Carotid Artery

Pseudo-Occlusion Besides Prevention of Cerebral Hyperperfusion Syndrome
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-BACKGROUND: Staged angioplasty for carotid artery stenosis has been re-
ported to be effective in preventing postoperative cerebral hyperperfusion syn-
drome (CHS) in patients with severe carotid stenosis; thus, it is also
recommended for patients with internal carotid artery (ICA) pseudo-occlusion,
the treatment strategy for which is controversial.

-CASE DESCRIPTION: This study reports the case of an Asian man in his 50s
who had motor aphasia and right-side weakness caused by pseudo-occlusion of
the left ICA. After medical treatment, he underwent a staged angioplasty. After
the first stage of percutaneous transluminal angioplasty, anterograde blood flow
to the left ICA increased but the distal ICA remained partially collapsed. Initially,
the second stage of carotid artery stenting (CAS) was planned for 2 weeks after
the first stage; however, hemorrhagic infarction was observed the day before the
CAS, and it was postponed by 2 weeks, after adjustment of antiplatelet therapy.
At the time of the CAS, the diameter of the initially collapsed left distal ICA was
remodeled and it was fully dilated; thus, we used a balloon-type embolic pro-
tection device and conducted CAS successfully without apparent embolic
complications. The postoperative course was uneventful. The patient did not
develop CHS.

-CONCLUSIONS: Besides preventing CHS, staged angioplasty has advantages
when used for treating patients with ICA pseudo-occlusions in that the extent of
dilation of the distal ICA after percutaneous transluminal angioplasty can be
confirmed and the development of a possible hemorrhagic infarction can be
assessed before stent placement.
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Abbreviations and Acronyms
CAS: Carotid artery stenting
CBF: Cerebral blood flow
CHS: Cerebral hyperperfusion syndrome
CT: Computed tomography
CVR: Cerebrovascular reserve
ICA: Internal carotid artery
MCA: Middle cerebral artery
PTA: Percutaneous transluminal angioplasty
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INTRODUCTION

Staged angioplasty has been reported to be
effective in preventing postoperative cere-
bral hyperperfusion syndrome (CHS) in
patients with severe carotid artery steno-
sis1,2; thus, it is also recommended in
patients with internal carotid artery (ICA)
pseudo-occlusion.
Here, we report on a patient with left

ICA pseudo-occlusion that was success-
fully treated by staged angioplasty. Some
previously unreported advantages of
staged angioplasty in patients with acute
ICA pseudo-occlusion are discussed.

rights reserved.
CASE DESCRIPTION

Onset and Course
An Asian man in his 50s presented at the
emergency room with the chief complaint
of motor aphasia and severe motor weak-
ness (manual muscle test score of 2/5)
mainly in his right upper extremity.
WORLD NEUROSURGERY 109: 409-412,
Magnetic resonance imaging showed a
high-intensity area in his left frontal lobe on
diffusion-weighted imagingefluid-attenu-
ated inversion recovery, suggesting acute
cerebral infarction (Figure 1C and D). The
time of symptom onset was unknown,
and the patient could not be treated by
intravenous injection of alteplase. The C4
and C5 regions of the left ICA were not
depicted well, and signals from the left
middle cerebral artery (MCA) were weaker
than those from the contralateral side
(Figure 1A). The patient was admitted and
initially treated with argatroban, aspirin,
statin, and clopidogrel (Figure 2). Because
carotid artery ultrasonography suggested
severe stenosis or occlusion of the left
ICA, cerebral angiography was performed
on the ninth day of admission, showing
severe stenosis of the left ICA just after
carotid bifurcation along with delayed
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blood flow to the distal ICA (Figure 3A
and B). A diagnosis of pseudo-occlusion
of the left ICA was made. Cerebral blood
flow (CBF) to the left MCA region was
maintained through collaterals from the
left posterior communicating artery and
recurrent meningeal artery from the
external carotid artery (Figure 3B and C).
Single-photon emission computed tomog-
raphy (CT) showed a substantial decrease
in blood flow to the left MCA region
(Figure 1G andH), and surgical intervention
aiming at increasing blood flow to the
region was proposed to the patient and
his family, who were completely informed
of the risks associated with the procedure.

Surgical Intervention
Because the extent of the decrease inCBFwas
considerably high, we chose staged angio-
plasty as the surgical strategy. On the twelfth
w.WORLDNEUROSURGERY.org 409
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Figure 1. Magnetic resonance imaging (MRI), computed tomography, and
single-photon emission computed tomography images. (A) MRI
angiography on admission showed that the C4 and C5 portions of the left
internal carotid artery were not depicted well and that signals of the left
middle cerebral artery were weaker than those from contralateral side. (B)
The left internal carotid artery and middle cerebral artery were depicted
well after carotid artery stenting. (C) Diffusion-weighted imaging and (D)

fluid-attenuated inversion recovery MRI showed an acute infarction in the
left frontal lobe. (E) The hemorrhagic infarction (arrowhead) was observed
on a computed tomography image obtained 13 days after percutaneous
transluminal angioplasty (PTA), (F) but it had not enlarged 2 weeks later
(arrowhead). Cerebral blood flow of the left hemisphere was significantly
decreased before PTA (G, H), recovered on PTA (I, J), and remained
unchanged after carotid artery stenting (K, L).
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day of admission, percutaneous transluminal
angioplasty (PTA) was performed. Under
local anesthesia, an 8-F guiding catheter was
introduced into the left common carotid ar-
tery after systemic heparinization. A filter-
type embolic protection device was navi-
gated into the distal ICA through the stenotic
lesion, and the lesion was dilated with a 3-
mm semicompliant balloon. After the pro-
cedure, anterograde bloodflow to the left ICA
increased (Figures 3D and 4B), but the distal
ICA remained partially collapsed. Carotid
artery stenting (CAS) was initially planned
for 2 weeks after the PTA; however, a CT
scan performed the day before the CAS
showed a hemorrhagic infarction
(Figure 1E). Antiplatelet therapy was
adjusted to prevent worsening of the
Figure 2. Summary of antithrombotic therapy. After a
was initially treated with argatroban and aspirin. Clop
day 4. Heparin was started on day 7 instead of argatr
was restarted after percutaneous transluminal angiop
reasons of health care insurance). The day before pe
transluminal angioplasty, VerifyNow assay (Accriva D
Diego, California, USA) showed that the patient’s asp
was 582, which was higher than the cutoff of aspirin
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hemorrhagic infarction (Figure 2), and CAS
was performed 2 weeks later, after another
confirmatory CT scan (Figure 1F). During
CAS, the diameter of the initially collapsed
left distal ICA was remodeled and dilated
(Figure 3E); thus, we could use a balloon-
type embolic protection device. Under local
anesthesia, an 8-F guiding catheter was
introduced into the left common carotid ar-
tery after systemic heparinization. The
balloon-type embolic protection device was
navigated into the distal ICA through the
stenotic lesion. After predilatation with a
3-mm semicompliant balloon, a self-
expanding closed-cell nitinol stent was
placed (Figure 3F), and postdilatation with a
4-mm semicompliant balloon was further
performed.
dmission, the patient
idgrel was added on
oban, and argatroban
lasty for 2 days (for
rcutaneous
iagnostics, San
irin reaction unit level
resistance (aspirin

reaction unit level �550). As
unit level 110 at the same t
infarction, cilostazol was st
tomography showed no pro
cilostazol was restarted at a
days before carotid artery s
thromboplastin time; BID, t
once a day.
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Postoperative Course
The postoperative course was uneventful
(Figures 1B and 3F). The patient did not
develop CHS (Figure 1IeL) and his motor
aphasia in conjunction with motor
weakness improved (to a manual muscle
test score of 3/5). He was transferred to a
nearby rehabilitation hospital 2 months
after admission. Further carotid artery
ultrasonography was performed just
before the transfer; carotid artery
stenosis was still improved, and there
was no sign of restenosis.
DISCUSSION

Pseudo-occlusion of the ICA is character-
ized by an extremely narrow residual
pirin was changed to cilostazol (P2Y12 reaction
ime). On day 27, after confirming hemorrhagic
opped for 2 days until further computed
gression of hemorrhagic infarction. On day 30,
lower dose and was increased to a full dose 5
tenting (CAS). APTT, activated partial
wice a day; HI, hemorrhagic infarction; SID,
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Figure 3. Sequential change of left common carotid
artery angiography along with the treatment (neck).
Cerebral angiography showed severe stenosis of the
left internal carotid artery (ICA) just after carotid
bifurcation and delayed blood flow to the collapsed
distal ICA (A, dotted line). Cerebral blood flow to left
middle cerebral artery region was maintained through
collaterals from the recurrent meningeal artery and

posterior communicating artery (B, C). Percutaneous
transluminal angioplasty was performed; anterograde
blood flow to the left ICA increased, but the distal ICA
remained partially collapsed (D, dotted line). During
carotid artery stenting, the initially collapsed left distal
ICA was dilated (E, dotted line). The stent was
successfully placed (F).
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lumen and a collapsed distal portion
induced by hypoperfusion.3 The treatment
strategy for ICA pseudo-occlusion is
controversial, and data from 2 major
clinical trials (i.e., ECST [European Ca-
rotid Surgery Trial] and NASCET [North
American Symptomatic Carotid Endarter-
ectomy Trial]4) have shown that the rate of
stroke among patients with pseudo-
occlusion is not higher than that among
Figure 4. Sequential change of left common carotid a
along with the treatment (intracranial). Before percut
angioplasty (PTA), only delayed blood flow to the dis
artery (ICA) was confirmed (A). After PTA, anterogra
left ICA increased (B). Unchanged increased anterogr
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patients with high-grade ICA stenosis
without narrowing of the distal ICA
counterpart.5 The efficacy of surgical
intervention for the clinical entity has
also been reported.6,7 In the present
case, we recommended that the patient
undergo surgical intervention because
cerebral angiography showed poor
collateral circulation and it was
considered that the hypoperfusion could
rtery angiography
aneous transluminal
tal internal carotid
de blood flow to the
ade blood flow to the

left ICA had been confirmed
later at the time of carotid a
anterograde blood flow to t
anterior communicating arte
artery angiography (E).
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potentially worsen the cerebral ischemia
of the patient in the future.
Staged angioplasty has been reported to

be effective in preventing postoperative
CHS in patients with severe carotid ste-
nosis with impaired CBF.2 A preoperative
asymmetry index of CBF less than 80%
and a cerebrovascular reserve (CVR) less
than 20% on split-dose single-photon
emission CT were reported to be risk
after 2 weeks after PTA (C), and even a month
rtery stenting (D). After carotid artery stenting,
he left ICA further increased, and the left
ry was also shown by left common carotid
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factors for CHS after CAS.1 An adequate
(not too much) increase of CBF by PTA
increases not only CBF but also CVR. So
CVR can be normalized at the time of
CAS, and thus, a staged procedure may
be beneficial for avoiding CHS. In the
present case, we chose staged CAS as the
strategy because the extent of ICA
narrowing and decrease in CBF was high
and there was a chance of the patient’s
developing CHS. Consequently, this
patient did not develop CHS during his
clinical course. During CAS, we found
that the narrowing of the distal ICA had
improved. This finding was unexpected
and proved to be an advantage of staged
angioplasty in patients with ICA pseudo-
occlusion, because restricted dilatation of
the distal ICA after CAS is reported to
result in a higher risk of in-stent occlu-
sion.3 As a consequence of staged
angioplasty, we confirmed full dilatation
of the distal ICA before stent placement
and thus placed the stent more
confidently without being concerned
about in-stent occlusion.
According to the original report of staged

angioplasty, the interval between the first
and second stages of staged angioplasty is
usually 2 weeks.2 In the present case, a CT
scan performed 13 days after PTA showed
a relatively fresh hemorrhagic infarction,
and we postponed the stent placement
scheduled for the next day and also
stopped cilostazol immediately and
started lower-dose cilostazol instead 2
412 www.SCIENCEDIRECT.com
days later. With this adjustment, the hem-
orrhagic lesion did not worsen. However, it
remains unknown whether this adjustment
was truly effective in preventing the
enlargement of the hemorrhagic infarction.
Alternatively, if we had placed the stent
before the development of the hemorrhagic
infarction, such an adjustment might have
been difficult because of the risk of in-stent
stenosis or occlusion.
CONCLUSIONS

We treated a patient with progressing ICA
pseudo-occlusion by means of a staged
angioplasty. In the present case, besides
preventing CHS, staged angioplasty
allowed us to ensure full dilatation of the
distal ICA before stent placement. Thus,
we emphasize that staged angioplasty is
advantageous in treating patients with ICA
pseudo-occlusion because the extent of
dilation of the distal ICA after PTA can be
assessed before stent placement.
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