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Abstract

Internal carotid artery occlusion rarely recanalizes spontaneously. Awareness of signs of recanalization
is important, as it may necessitate changing the treatment strategy. We report a case of new cortical
infarction outside the border zone, which led to the realization of internal carotid artery recanaliza-
tion and revascularization.

A 76-year-old woman presented with mild dysarthria. Magnetic resonance imaging showed cerebral in-
farction in the left-hemispheric border zone and occlusion of the internal carotid artery origin. Cere-
bral angiography performed showed complete occlusion of the internal carotid artery origin and in-
tracranial collateral blood flow from the external carotid artery through the ophthalmic artery. She
was diagnosed with infarction due to a hemodynamic mechanism caused by internal carotid artery
occlusion and was treated with supplemental fluids and antithrombotic drugs. Four days after hospi-
talization, the right paralysis worsened and a new cerebral infarction was observed in the cortex, out-
side the border zone. This infarction appeared to be embolic rather than hemodynamic; thus, we sus-
pected recanalization of the internal carotid artery. The patient underwent emergency cerebral angi-
ography again, which revealed slight recanalization. Thus, emergency revascularization and carotid ar-
tery stenting were performed. New cortical infarcts outside the border zone in patients with complete
internal carotid artery occlusion is an important finding, suggesting spontaneous recanalization of the
occluded internal carotid artery.
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Introduction

Carotid artery stenting (CAS) is indicated for internal
carotid artery (ICA) stenosis. CAS is not a common treat-
ment for complete occlusion of the ICA, and ICA occlusion
sometimes results in spontaneous recanalization.

We report a case of complete occlusion of the ICA,
which caused a hemodynamic cerebral infarction. The pre-
sent case showed a late spontaneous recanalization in the
subacute phase, causing a cerebral embolus in the cortex
outside of the border zone. A new cortical infarction in a
case of complete occlusion of the ICA is an important
finding because it highlights the possibility of spontaneous
recanalization of the occlusion.

Case Report

A 76-year-old woman was admitted to our hospital for
dysarthria. She had developed dysarthria 3 days before the
admission. She had a medical history of smoking, hyper-
tension, and dyslipidemia. On admission, her blood pres-
sure was 168/98 mm/Hg and her pulse was 60/min with a
regular rhythm. No atrial fibrillation was observed on
monitoring ECG or Holter ECG later. She had mild dysar-
thria and a National Institutes of Health Stroke Scale
(NIHSS) score of 1. Other neurological deficits, including
paresis, sensory impairment, and impairments of higher
function, were not observed.

Magnetic resonance (MR)

imaging showed acute
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Fig. 1 Imaging findings on admission.

MR images (DWI: A, MRA: B), left CCA angiography (early phase; C, E, late phase; D, F), and right ICA angiography on admission.
Resting single-photon emission tomography (SPECT) of '*I-IMP on the day after admission (H).

Diffusion-weighted MR image showing acute ischemic lesions distributed in the linear border zone (A). The left ICA is not delin-
eated (B). The left ICA is occluded at its origin and collateral blood flow from the ipsilateral external carotid artery through the
ophthalmic artery to the ICA was observed (C-F). Right ICA angiography showed no crossflow into the left MCA via the Acom (G).
12]-IMP resting SPECT showed decreased blood flow mainly in the border zone of the left hemisphere (H).

Abbreviations: MR, magnetic resonance; MRA, magnetic resonance angiography; DWI, diffusion-weighted image; CCA, common
carotid artery; ICA, internal carotid artery; SPECT, single-photon emission tomography; MCA, middle cerebral artery; Acom, ante-

rior communicating artery.

ischemic lesions in the border zone of the middle cerebral
artery (MCA) and anterior cerebral artery (ACA) of the left
hemisphere (Fig. 1A). MR angiography did not delineate
the left internal carotid artery (Fig. 1B). On the day of ad-
mission, cerebral angiography revealed that the left ICA
was completely occluded from its origin (Fig. 1C, D). Col-
lateral blood flow from the ipsilateral external carotid ar-
tery through the ophthalmic artery to the ICA was ob-
served (Fig. 1D, F). Right ICA angiography showed no
crossflow into the left MCA via the anterior communicat-
ing artery (Fig. 1G). The left MCA, which was faintly visible
on MRA, was believed to reflect collateral blood circulation
coming mainly from the external carotid artery.

The patient was diagnosed with hemodynamic cerebral
infarction associated with occlusion of the left ICA. Three
days since the onset of the disease, the patient’s symptoms
were stable with only mild dysarthria, and collateral circu-
lation from the external carotid artery was well developed;
we decided not to administer recombinant tissue-type
plasminogen activator or perform acute revascularization.
Resting single-photon emission tomography (SPECT) of
"[-IMP on the day after admission showed decreased
blood flow mainly in the border zone of the left hemi-

sphere (Fig. 1H). She was treated with antithrombotic ther-
apy comprising aspirin, clopidogrel, and argatroban. Four
days after admission, the patient developed right-sided
hemiparesis especially strong paralysis in the upper limbs,
and her NIHSS score was 6. Diffusion-weighted MR image
revealed a mildly enlarged infarct zone in the centrum
semiovale and new spot infarcts in the left precentral and
postcentral gyri (Fig. 2A). The enlargement of the infarcts
located in the centrum semiovale seemed to be consistent
with a hemodynamic mechanism. Nevertheless, as cortical
new spot infarcts were not considered to be due to hemo-
dynamic mechanism but instead an embolic mechanism,
we suspected recanalization of the occluded left ICA and
performed emergent cerebral angiography. A left carotid
angiogram revealed recanalization of the left ICA, which
had severe stenosis and slow antegrade blood flow (Fig. 2
B, C). An Optimo 9F balloon catheter (Tokai Medical Prod-
ucts, Kasugai, Aichi, Japan) was placed in the left common
carotid artery via the coaxial technique. Then, a Shouryu
HR 4 x 7 mm balloon catheter (Kaneka, Osaka, Osaka, Ja-
pan) along with a CHIKAI micro guidewire (Asahi Intecc,
Nagoya, Aichi, Japan) was placed in the left external ca-
rotid artery. By occlusion of both the external and com-
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Fig. 2 Imaging when symptoms worsen and endovascular treatment.

MR image on day 4 when symptoms worsened (A). Angiography (B, C, D, F) and gross appearance of a retrieved thrombus (E). New
infarcts are observed in the center of the MCA supply region (A, circle). The already existing infarcts in the centrum semiovale en-
large. The occluded ICA is recanalized (early phase; B, late phase; C, arrowheads). There is a thrombus after stenting (D, arrow).
Red thrombi are retrieved (E). Finally, complete recanalization is performed (F).

Abbreviations: MR, magnetic resonance; MCA, middle cerebral artery; ICA, internal carotid artery.

mon carotid arteries, the blood flow was reversed and re-
turned to the femoral vein. Under reverse flow, the lesion
was passed using SpiderFX 4 mm (Medtronic, Irvine, CA,
USA) and CHIKAIL SpiderFX was deployed distal to the
stenosis. Predilation using the Sterling 3.5 x 20 mm (Bos-
ton Scientific, Marlborough, MA, USA) was performed un-
der reverse flow as well as filter protection, followed by
the deployment of the PRECISE 9 x 40 mm (Cordis, Santa
Clara, CA, USA). Since there was residual stenosis proximal
to the PRECISE, a WALLSTENT 10 x 24 mm (Boston Sci-
entific, Marlborough, MA, USA) was overlapped. After re-
trieval of the SpiderFX, there was a thrombus located in
the petrous segment (Fig. 2D). The thrombus was retrieved
using React71 (Medtronic, Irvine, CA, USA) (Fig. 2E). Fi-
nally, complete revascularization was achieved (Fig. 2F).
Right hemiparesis improved after the procedure, and a
good outcome was obtained (the modified Rankin Scale
score at 3 months was 1). Although carotid plaque imag-
ing by MRI was planned, it could not be performed be-
cause of the rapid worsening of the patient’s condition.
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Discussion

The feasibility of emergent CAS in patients with acute
ischemic stroke has been reported.”” Nevertheless, the
safety and feasibility of emergent CAS for an acutely oc-
cluded ICA have yet to be elucidated. Although there have
been some reports of CAS for occluded ICA in the sub-
acute or chronic phase,” it has potential hazardous risks
such as dissection and extravasation for the neurointerven-
tion of occluded vessels, making it still quite challenging.
Hence, recognition of the change from occlusion to steno-
sis is crucial in terms of a neurointerventional strategy. In
the present case, the observation of a new cortical infarc-
tion was a key factor in terms of the treatment strategy.

Brain tissues in the border zones of different arteries are
vulnerable to ischemia.” In patients with chronic ICA oc-
clusion, infarcts are commonly observed in the border
zones between the MCA and ACA because of reduced per-
fusion in the border zone, which is known as an infarct of
hemodynamic mechanism.” Recent understandings have
advocated that the pathogenesis of the border zones in-
farction or water-shed infarction in patients with steno-
occlusive lesions is considered to be attributable mainly to
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a decrease in washout of emboli."” In a circumstances that
subtotal or complete occlusion of an artery develops, the
blood flow diminishes, resulting in a decrease in antegrade
perfusion. It brought a reduced washout of emboli espe-
cially in cortical border-zone portions of the brain circula-
tion."” Conversely, infarcts of an embolic mechanism
within the anterior circulation are commonly located in
the center of the supply of the MCA territory.” Emboli
have a predilection site for the destination of embolic par-
ticles. Therefore, if a recanalization occurs, the antegrade
perfusion becomes more prominent, which should improve
the washout of emboli, making it difficult for water-shed
infarction to develop. By contrast, infarcts located at the
junction between deep perforating arteries are described
as subcortical border zone infarcts, the mechanism of
which is considered to be hemodynamic compromise.”

In the present case, when the angiography revealed oc-
clusion of the left ICA, infarcts were observed to be dis-
tributed in the cortical border zone at the junction of the
MCA and ACA territories. Nevertheless, when recanaliza-
tion of the occluded left ICA was observed on day 4, the
patient had new infarcts not in the border zone but in the
center of the supply of the left MCA territory. The observa-
tion that new infarcts developed in a territory other than a
border zone in a patient with ICA occlusion suggest reca-
nalization of the occluded ICA. Thus, recanalization of the
occluded ICA must be considered when new infarcts are
observed in a territory other than a border zone of the
MCA and ACA territory, which should induce a change in
the treatment strategy. Additionally, an enlargement of al-
ready existing infarcts in the left centrum semiovale was
noted on day 4. This notification was considered to repre-
sent a progression of subcortical border zone infarcts by
hemodynamic compromise.

Atheromatous occlusion of the ICA generally remains
occlusive; nevertheless, spontaneous recanalization has
been observed in 2.3%-10.3% of patients in long-term
follow-up reports.”'” Most patients were asymptomatic at
the time of recanalization; however, recanalization was ac-
companied by ischemic symptoms in 12.5% of the patients,
and spontaneous recanalization itself can trigger a tran-
sient ischemic attack or cerebral infarction.” Hence, recog-
nizing the recanalization of occlusive ICA is crucial. In our
case, noting the development of new infarcts located in ar-
eas other than the border zone prompted us to perform
emergent angiography.

Conclusion

We report a case of ICA occlusion showing a late spon-
taneous recanalization in an occlusive lesion, which was
treated with CAS. The development of new cortical
ischemic lesions in locations other than the border zone in
patients with ICA occlusion should be considered a sug-
gestive sign of change from occlusion to stenosis. Further

analysis of additional cases is required to elucidate the va-
lidity of this sign in terms of emergent neurointervention
for occlusive ICA.
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