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Abstract:

Background: Cerebral embolism after carotid artery stenting 84 a well-known

complication, but cerebral ischemia due to cerelmabspasm after CAS is rare and

has seldom been reported. We describe a patiemtraitsient ischemic complications

due to reversible cerebral vasospasm of the micktiebral artery (MCA) after CAS.

Clinical description: A 74-year-old man presented with right hemiparbgiacutely

scattered brain infarction in the left cerebral lggghere. Magnetic resonance

angiography (MRA) showed severe stenosis of thectaVical internal carotid artery

origin. CAS under a distal filter protection wasfpemed without any intraprocedural

complications, but 12 hours later, the patient &yaldasia and Gerstmann syndrome.

Urgent magnetic resonance image revealed no ewedaran intracranial hemorrhage

or new cerebral infarction. However, MRA showeduwdié vasospasm of the left MCA.

His symptoms and imaging findings improved gradulyl conservative treatment. The



patient was discharged without new neurologicaicttefand recurrent attack in 3

weeks after CAS.

Conclusion: In a patient with delayed neurological symptomsra@AS, the possibility

of cerebral vasospasm should be kept in mind iera@ select appropriate treatment.
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| ntroduction:

Various complications after carotid artery stent{@@\S) have been reported.

These include internal carotid artery (ICA) comations such as intrastent thrombus

formation, restenosis, and vascular dissectioniategical complications such as

intracranial hemorrhage, hyperperfusion syndromeecebral infarction due to

thrombosis or debris from a plaque; and systenmegdizations such as

contrast-induced encephalopathy, myocardial infamcbradycardic hypotension, and

cholesterol embolisth However, cerebral ischemia due to delayed cerghsmspasm

as a delayed post-CAS complication is rare andsbkmm been reportéd’.

We describe a case with reversible cerebral vasospéthe ipsilateral middle

cerebral artery (MCA) after CAS for symptomatic le¢rvical ICA stenosis, and

review literatures of cerebral vasospasm after CAS.

Case Report:



A 74-year-old man presenting with difficulty mog his right arm was referred to
our hospital. Magnetic resonance image (MRI) shoaredcute cerebral infarction in
the left cerebral hemisphere (Fig. 1A). Head artkmeagnetic resonance angiography
(MRA) showed left cervical ICA stenosis (Figs. 1BdaC). Carotid ultrasound showed
an echolucent plaque with a maximum blood flow g#oof 257 cm/sec during systole.
Neck CT angiography showed severe stenosis wittieadalcification in left cervical
ICA. Black-blood T1WI MRI showed high intensity sigl in plaque. Single photon
emission computed tomography (SPECT) at rest shawgaificantly reduced cerebral
blood flow (CBF) in the left parietal lobe (Fig. 1D

The patient received clopidogrel (75mg/dayd aspirin (100mg/day) orally, and
CAS was proposed to prevent recurrent attackdadendate. CAS procedure was
performed using a distal filter protection devidéer predilation, stent (Precise PRO
RX stent system: Cordis Endovascular, Johnson &sla, Miami, FL, USA) was
deployed. Postdilation was performed with a4 mm PTA balloon catheter.

Angiogram revealed excellent dilatation (Figs. 2&l&). During and after CAS, no



bradycardia, hypotension, seizures, or neurologgaptoms developed. Post-CAS

angiography also showed no intracranial abnorrealitHowever, 12 hours after CAS,

the patient developed aphasia and Gerstmann syedtdrgent cranial MRI did not

show abnormal findings such as acute cerebraldtifar, but MRA showed poor

visualization of the left distal MCA (Fig. 3A). Ne€T angiography showed a good

patency in carotid stent, but cranial CT angiogyapvealed diffuse stenosis of the

distal left MCA like MRA (Figs. 3B). These imagifigdings suggested that the cause

of the neurological symptoms was ischemia of tifteckerebral hemisphere due to

vasospasm of the left distal MCA.

Intravenous edaravone and a continuous intaweimfusion of milrinone and

dopamine were immediately started. The patient'sgms began to improve from

day 2 after CAS. Cranial MRA and contrast CTA shdweproved visualization of the

distal left MCA (Figs. 3C and D). The symptoms teed completely day 7 after CAS,

and the patient was discharged without new neuicdbdeficits at 3 weeks after CAS.



Discussion

In post-CAS complications, attention must caftabe paid to possible cerebral

embolism from emboli that travel distally during SAbut about 40% to 70% of

ischemic complications are reported to occur aliewrs after, rather than during,

CAS. This highlights the need to also be alertfelayed ischemic complicatiot®

These include cerebral ischemia due to delayedrareasospasm which is rare and

has seldom been reported.

From our extensive review of the literature, dethgerebral vasospasm has been

reported in only 11 cases, including the presetnepi after CAS or a carotid

endarterectomy (CEA) (Table 1). This includes Geseaasfter CEA and 5 cases after

CAS, including 6 men and 5 women ranging in agefa® to 74 years™. Many

cases present predominantly with neurological spmptin the territory supplied by

the blood vessels affected by vasospasm. Thesesepdude vasospasm only of the

MCA, as in the present patient, whereas othersideclyasospasm of the anterior

cerebral artery (ACA) and posterior cerebral arf@g¢A). The time of post-procedure



symptom onset has ranged from 12 hours, as inrds=pt patient, to a maximum of

30 days. Seven of the 11 patients had a cereljeattion. Treatment varied, but most

often included a calcium channel blocker. Sevethefll patients had complete

recovery and a relatively good clinical course.

The mechanism of delayed cerebral vasospasnt iselbunderstood. However,

several possible mechanisms can be considered badbé literature. The first

mechanism is that delayed scattering of small dedforthrombi from a plaque where a

stent has been placed can cause vasospasm duehtameal irritation. Of 111 patients

who underwent CAS, Qureshi et al. reported 14 pecgdural ischemic complications,

including 4 during the procedure and 10 within 48ifs after the procedur@. Based

on these findings, Rosenbloom et al. suggestedstadtering of small debris and

thrombi from a plaque even after stent placememtceaise mechanical irritation and

lead to vasospasit The second mechanism is a reversible cerebrateastriction

syndrome (RCVS). RCVS comprises a group of diserdmrd its onset is characterized

by a severe headache that is also known as a trulapléeadacté&*®. Imaging



studies show diffuse cerebral vasospasm of a carblmod vessel, and clinically,

neurological symptoms may occur in the territorgpdied by the blood vessels

affected by vasospasm. RCVS can occur with pregnaectain drugs, hypercalcemia,

head trauma, carotid artery dissection, CEA, an&'€X’. The third mechanism

involves chronically insufficient CBF associatediwdisruption in autoregulation of

the cerebral vasculature. A post-procedure incres€8F might then trigger the onset

of vasospasm. The literature has described chrbnioaufficient CBF associated with

disruption in autoregulation of cerebral vasculatur patients with severe ICA

stenosi$*® When CEA or CAS is performed in such patienemdient post-procedure

hyperperfusion has occasionally been reporteddode severe vasospasm in sensitive

cerebral blood vesséf&*1®)

In our case, MRA and CTA showed an acute courserebral vasospasm of the

ipsilateral MCA with reversible changes in a velngd time. The patient had an acute

course without severe headaches that was not typrcRCVS. Pre-procedure SPECT

at rest did show significantly reduced blood flowthe left parietal lobe. We speculated



that mechanism of transient cerebral vasospasmrinase was chronically insufficient

CBF associated with disruption in autoregulationhef cerebral vasculature because

pre-procedure SPECT at rest did show significartiuced blood flow in the left

parietal lobe.

Conclusion

In a patient with delayed neurological symptafisr CAS, the possibility of

cerebral vasospasm should be kept in mind in dadselect appropriate treatment.
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Figurelegends

Fig. 1

A. Diffusion-weighted imaging showed scattered higiemsity in the left cerebral

hemisphere.

B. Cranial MRA showed a decrease in intensity on ¢ffiddrge vessels compared to

the right.

C. Cervical MRA showed severe stenosis at the origih®left cervical internal

carotid artery (arrow).

D. SPECT at rest showed significantly reduced cerddoad flow in the left parietal

lobe (arrow).

Fig. 2

A. Preoperative lateral view of digital subtractiomimgram showed severe stenosis

in the left ICA.
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B. Postoperative lateral view of digital subtractiolgi@gram showed a dilated

stenotic lesion after carotid artery stenting.

Fig. 3

A. Post-CAS (12 h) MRA showed diffuse poor visualiaatof the distal left MCA.

B. Post-CAS (12 h) contrast CTA showed diffuse posualization of the distal left

MCA.

C. MRA 2 days after starting treatment showed improvisdalization of the distal

left MCA.

D. Contrast CTA day 2 after CAS showed improved vigasibn of the distal left

MCA.
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Table1l. Casesof patientswith cerebral vasoconstriction following carotid stenting (CAS) or carotid endarterectomy (CEA)

Case Author/ Age | Surgery Side of Neurologic Vasoconstriction | Days after Acute Treatment Outcome

year () surgery symptoms surgery infarction
sex

1 Brick JF, | 57/M CEA R Confusion, ACA, MCA 8 No None CR
1990V paranoia

2 Lopez V, 50/M CEA R Numbness ACA, MCA 7 Yes Corticoster -
1997? oid

3 Lopez V, B54/F CEA R Hemianopia, MCA, PCA 8 Yes Verapamil MD
19972 nausea

4 Dagher 62/M CEA L Aphasia ACA, MCA 5 No Diltiazem CR
HN,
2005%

5 Rosenblo | 54/F CEA L Aphasia, ACA, MCA 2 Yes Nimodipine CR
om MH, numbness ,
20079 magnesium

6 Teddy 58/F CEA R Weakness, ACA, MCA, PCA 3 Yes Nimodipine CR
YW, visual
2011° blurring

7 Ohashi, 69/M CAS L Aphasia, MCA 1 Yes Fasudil -
20129 wesakness HCI

8 Soltanolk | 49/F CAS L Numbness, ACA, MCA, PCA 14 Yes Verapamil CR
otabi M, weakness
20127

9 Aral, 72IM CAS R Unilateral ACA, MCA 05 Yes Argatroban, CR
20139 neglect, dopamine

10 Aghaebra | 60/F CAS R Headache, ACA, MCA 30 — Verapamil —
himA, weakness
2014%

11 present 74M CAS L Aphasia, MCA 05 No Milrinone, CR
case agnosia dopamine
2015

M: male, F: female, CEA: carotid endarterectomy, CAS: carotid artery stenting, CR: complete recovery, MD: moderate disability,

ACA: anterior cerebral artery,

MCA: middle cerebral artery, PCA: posterior cerebral artery
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Fig. 1







Fig. 3




Abbreviations:

1) CAS: Cerebral embolism after carotid artery stenting

2) MCA: middle cerebral artery

3) MRA: Magnetic resonance angiography

4) ICA: internal carotid artery

5) SPECT: Single photon emission computed tomography

6) CBF: cerebra blood flow

7) CEA: carotid endarterectomy

8) ACA: anterior cerebral artery

9) PCA: posterior cerebral artery

10) RCVS: reversible cerebral vasoconstriction syndrome

11) CTA: computed tomography angiography

12) M: male

13) F. femae

14) CR: complete recovery
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15) MD: moderate disability



