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Case Report
A 63-year-old man was admitted to the Department of 

Neurology of Tenri Hospital at the end of March 2011. He 
was suffering from gradually worsening right hemiparesis 
including the right face about 10 days ago and was being 
diagnosed as cerebral infarction. He had a previous history 
of pharyngeal carcinoma, which was treated by the left neck 
radical dissection, followed by RT with a total dose of 60 Gy 
10 years before this event. The scar was seen on his left neck. 
The surface of the skin was hard and thin, and carotid artery 
was seen just beneath it (Fig. 1A). He had no episode of car-
diac arrhythmia and electrocardiogram (ECG) showed 
normal sinus rhythm on admission. Magnetic resonance 
imaging (MRI) of the brain showed multiple hyperintense 
spot on diffusion weighted image (DWI) in the bilateral 
cerebral hemisphere, predominantly in the left (Fig. 1B). 
Cerebral infarctions in the right hemisphere were distributed 

We present a case of a 63-year-old male presenting with 
right hemiparesis and diagnosed as cerebral infarction. 
He had a previous history of left pharyngeal carcinoma, 
which was treated by radial dissection and radiation 
therapy 10 years before. Magnetic resonance imaging 
(MRI) showed multiple cerebral infarction in the bilat-
eral cerebral hemisphere, predominantly on the left. 
Cerebral angiography showed occlusion of bilateral 
internal carotid arteries and severe stenosis at the orifice 
of the left external carotid artery (ECA). Single photon 
emission tomography (SPECT) showed reduced cerebral 
blood flow and decreased cerebral vascular reserve in 
the bilateral anterior cerebral artery and left middle 
cerebral artery territories. He was successfully treated 
by a combination of carotid stenting for the left ECA and 
left superficial temporal artery–middle cerebral artery 
(STA-MCA) anastomosis. He did not have further isch-
emic symptom for more than 2 years. Radiation-induced 
carotid vasculopathy often involves multiple arteries 
and treatment is often complex and difficult. Safer and 
less invasive treatment strategy should be considered 
using both endovascular and direct surgery.

Keywords: radiation-induced vasculopathy, external 
carotid artery stenting, superficial temporal artery–
middle cerebral artery anastomosis

Introduction
Radiation-induced carotid stenosis/occlusion (RICS/O) 

was thought to develop late after irradiation for neck and 
head cancer. We encounter, more often recently, as the 
prognosis of patients with malignant tumor gets improved 
with more efficient treatments including radiation therapy 
(RT). Treatment for RICS/O is complex and difficult, 
because it involves multiple arteries within the field of RT, 
and because RT is often undergone after radical neck dis-
section which makes difficult to manipulate surgically at 
the same region.

We present a patient who suffered from multiple cerebral 
infarction due to radiation-induced bilateral internal carotid 
artery occlusion (ICAO) and unilateral external carotid 
artery (ECA) stenosis. He was successfully treated using a 
combination of endovascular and bypass surgery.

Fig. 1  A: The skin of the 
neck is thin and hard due to 
the radical neck dissection 
and irradiation, especially in 
the left side. Pulsation of the 
left carotid artery is seen just 
beneath the skin (arrow-
head). B: Diffusion weighted 
magnetic resonance imaging 
( M R I )  shows mu l t ip le 
infarction in the bilateral 
anter ior cerebra l a r tery 
(ACA) territories and the left 
m idd le cerebra l  a r t e r y 
(MCA) ter r itory. C: MR 
angiogram shows occlusion 
of the bi latera l internal 
ca rot id a r ter ies ( ICAs). 
Peripheral branches of the 
bilateral ICAs are revealed 
by collateral circulation. 
Distal segments of the bilat-
eral ACAs are filled mainly 
by the left ICA. The signal 
of the left superficial tempo-
ral artery (STA) is unclear as 
compared to the right STA. 
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within and along the border zone of the anterior cerebral 
artery (ACA) territory. Magnetic resonance angiography 
(MRA) of the intracranial vessels revealed occlusion of the 
bilateral internal carotid arteries (ICAs) (Fig. 1C). Signals of 
the left superficial temporal artery were diminished on 
MRA, as compared to the opposite side (Fig. 1C).

He was treated conservatively, administered aspirin and 
argatroban, and symptoms were gradually resolved. He was 
consulted to the Department of Neurosurgery for surgical 
intervention to prevent recurrence of the cerebral infarction. 

Cerebral angiogram showed occlusion at the orifice of the 
ICAs bilaterally. Bilateral intracranial ICAs were filled 
mainly by vertebral angiogram (VAG) through posterior 
communicating arteries (Pcoms) (Fig. 2C) and also by 
carotid angiogram (CAG) through ophthalmic arteries (OAs) 
(Fig. 2B). Bilateral ACAs were predominantly supplied by 
left A1, as suggested also in MRA (Fig. 1C). In addition, left 
CAG showed severe stenosis of the ECA at the orifice  
(Fig. 2A) and left superficial temporal artery (STA) was 
poorly revealed (Fig. 2B). These obstructive lesions involving 
multiple cervical arteries (bilateral ICAs and the left ECA) 
were included in the field of the previous RT and were diag-
nosed as radiation-induced vasculopathy, Plaque at the ori-
fice of the left ECA was evaluated as unstable by plaque 
imaging MRI.

The result of pre-operative single photon emission tomog-
raphy (SPECT) using N-isopropyl-I-123-p-iodoamphetamine 
(123I-IMP) evaluating cerebral blood flow (CBF) is shown in 
Fig. 3A and B, and quantitative values are shown in Table 1. 
The CBF in the resting state showed hypoperfusion in the 
bilateral cerebral hemisphere, predominantly in the left 
hemisphere and the right ACA territory. In acetazolamide 
challenge, markedly decreased cerebral vascular reserve 
(CVR) was revealed in the left middle cerebral artery (MCA) 
and the bilateral ACA territories, which showed steal phe-
nomenon. These results suggested Power’s stage II misery 
perfusion in the left MCA and the bilateral ACA territories. 

We decided to do vascular reconstruction to restore CBF 
in the left ICA territory. This is because the essential problem 
for multiple infarction in the bilateral hemisphere in this 
patient was thought to be misery perfusion of the left ICA 
territory, including the right ACA territory which was also 
supplied mainly by the left A1. 

The patient was administered on aspirin and cilostazol 
since the onset of the stroke. First, carotid artery stenting 
(CAS, Precise 9 × 40 mm, Cordis, Bridgewater, New Jersey, 

USA ) for the orifice of the left ECA was performed (Fig. 
4B). The left STA was clearly revealed immediately after the 
procedure, suggesting recovery of the blood flow (Fig. 5A). 
Argatroban was administered 60 mg for 2 days and 20 mg 
for 5 days after CAS. One week later, by follow-up angiog-
raphy, plaque protrusion or thrombus was identified in the 
stent (Fig. 4C). We decided to deploy another stent (Carotid 
Wallstent 10 × 24 mm, Boston Scientific, Natick, Massachu-
setts, USA) (Fig. 4D). After the second procedure, argatroban 
was administered in the same way and heparin 10,000 units 
a day was continued to prevent further thrombus formation 
in the stent. One more week later, plaque protrusion or 
thrombus was observed again by angiography (Fig. 4E), 
which was treated by balloon angioplasty (Fig. 4F). 

Finally, we performed STA-MCA anastomosis after dis-
continuation of heparin on the day of the surgery. 

The post-operative course was favorable with no episode 
of transient ischemic attack (TIA) or stroke. Angiography 
performed on 6 days after surgery revealed patency of  
the bypass (Fig. 5B and 5C). Although small plaque was 
identified in the stent placed at the ECA orifice in this 

Fig. 3  A, B: Pre-operative single photon emission tomography 
(SPECT) shows reduced cerebral blood flow (CBF) at rest (A) and 
decreased cerebral vascular reserve (CVR) at the acetazolamide chal-
lenge (B) in the left hemisphere and also in the right anterior cerebral 
artery territory. C, D: One week after bypass surgery, CBF at rest (C) 
and CVR (D) recovered showing no laterality. 

A

Fig. 2  A: The left common carotid angiogram 
(CAG) shows occlusion at the orifice of the left 
internal carotid artery (ICA). Severe stenosis is 
also observed at the orifice of the left external 
carotid artery (ECA). B: The left external CAG 
shows decreased flow of the superficial temporal 
artery (STA) due to the stenosis at the orifice of 
the ECA. Collateral flow to the left distal ICA 
through the ophthalmic artery is observed. C: 
The right vertebral angiogram shows collateral 
flow to the bilateral ICA territories through pos-
terior communicating arteries (Pcoms). BA C
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Table 1  Quantitative analysis of pre- and post-operative CBF studies

Pre-operative CBF

Right hemisphere Left hemisphere

Rest (ml/100 g/min) acetazolamide 
(ml/100 g/min)

CVR (%) Rest (ml/100 g/min) acetazolamide  
(ml/100 g/min)

CVR (%)

ACA 25.681 25.736   0.214 ACA 23.278 18.223 -21.716

MCA 27.479 33.414 21.598 MCA 25.058 21.94 -12.443

PCA 28.23 32.468 15.012 PCA 25.814 30.435  17.901

Cerebellum 31.479 35.515 12.821 Cerebellum 31.702 37.428  18.056

Post-operative CBF

Right hemisphere Left hemisphere

Rest (ml/100 g/min)
acetazolamide  
(ml/100 g/min)

CVR (%) Rest (ml/100 g/min)
acetazolamide  
(ml/100 g/min)

CVR (%)

ACA 32.047 42.594 32.911 ACA 29.514 38.238 29.559

MCA 34.954 41.639 19.125 MCA 30.239 37.852 25.176

PCA 30.223 36.656 21.285 PCA 30.777 37.262 21.071

Cerebellum 32.722 35.732   9.199 Cerebellum 35.454 44.653 25.946

CBF: cerebral blood flow, CVR: cerebral vascular reserve, ACA: anterior cerebral artery, MCA: middle cerebral artery, PCA:　posterior cerebral artery.

Fig. 4  A–G: The left carotid angiogram shows occlusion at the orifice of the internal carotid artery (ICA), and severe stenosis at the orifice of the 
external carotid artery (A). Stenting was performed and the stenosis was resolved (B). One week later, re-stenosis was observed caused by plaque 
protrusion or acute in-stent thrombosis (C). Another stent is placed, which resulted in successful dilatation of the lesion (D). Another week later, 
signal defect caused by in-stent thrombus was observed (E), which was resolved by balloon angioplasty (F). Three months after bypass surgery, the 
flow in the stent is smooth and re-stenosis is no longer observed (G). 

A B C D E F G

Fig. 5  A: After stenting for the stenosis 
of the left external carotid artery (ECA), 
the left carotid angiogram reveals the 
left superficial temporal artery (STA) 
much better than before stenting (Fig. 
2B). B, C: After bypass surgery, intra-
cranial internal carotid artery (ICA) ter-
ritory is clearly revealed through STA 
bypass graft.A B C
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angiography, it spontaneously disappeared in the 3 month 
later (Fig. 4G). CBF and CVR were clearly improved in the 
left MCA and bilateral ACA territories (Fig. 3C, D and 
Table 1) and steal phenomenon was resolved. The patient 
continued dual anti-platelet therapy in the chronic stage 
after surgery until now and did not have any stoke episodes 
more than 2 years. 

Discussion
Previous histories of irradiation to treat malignant tumor 

of the head and neck were reported to correlate higher inci-
dence of carotid stenosis as compared to non-irradiated  
atherosclerotic diseases.1–7) Elerding et al. retrospectively 
reviewed 910 patients who had cervical irradiation and 
revealed 6.3% of the incidence of stroke during a mean 
follow-up period of 9 years.8) Plummer et al. analyzed pre-
vious 99 studies and concluded that irradiation for the neck 
and head cancers at least doubled the relative risk of TIA and 
ischemic stroke.9) 

Some studies reported favorable results by direct surgical 
repair for RICS/O.10–12) However previous history of radical 
neck dissection before RT increases the incidence of wound 
complication and cranial nerve injury.13) In our case, the 
patient had a history of radical neck dissection before irra-
diation. The skin of his neck was hard due to severe scar-
ring and fibrosis, and pulsation of the left carotid artery 
was seen just beneath the thin skin. Therefore, direct sur-
gical manipulation of the neck had better be avoided.

In addition to the method described in this article, we ini-
tially discussed two other strategies. One was high flow 
bypass using radial artery (RA) graft from the left common 
carotid artery (CCA) to the intracranial artery (the left 
MCA). The other was so-called “Bonnet” bypass using STA 
or RA free graft from the contralateral (right) STA to the left 
MCA through under the skin of the head.14,15) We chose nei-
ther one. In the former strategy, we had to directly manipu-
late the left cervical region which was damaged by previous 
surgical dissection and irradiation. Disadvantages of the 
latter Bonnet bypass were that the method itself was complex 
and that it would become difficult to reconstruct blood 
supply of the right hemisphere in case that CBF of the right 
hemisphere would become worse in the future. In addition, 
considering the etiology of multiple infarctions in this 
patient, thrombus might come from unstable plaque at the 
orifice of the left ECA through the OA. In such case, treat-
ment to the stenosis of the ECA would be necessary.

Therefore, we chose the method described in this article, 
a combination of endovascular reconstruction to the ste-
nosis of the left ECA within the irradiated field and surgical 
bypass between the left STA and the left MCA, which was 
performed outside the irradiated field. This strategy was 
essentially the same as done by Oku et al. in a patient with 
atherosclerotic ICA occlusion and ipsilateral ECA severe 
stenosis.16) It was rather simple and safe by methods used in 
usual clinical practice. They performed CAS for ECA 
severe stenosis before STA-MCA anastomosis because the 
stenotic lesion of the ECA was high (C2 level) for carotid 

endarterectomy (CEA). In the present case, it was also 
advantage to choose endovascular reconstruction for ECA 
in terms that it did not require surgical manipulation to the 
irradiated field. 

Long-term result for stenting to the artery within the 
irradiated field or to the ECA remained unknown. There 
are studies revealing usefulness of CAS in the treatment of 
RICS.17–20) Some studies reported restenosis is more fre-
quently observed in RICS than non-radiated carotid ste-
nosis.18,21,22) On the other hand, there is a report showing no 
significant difference of restenosis between CAS and CEA 
within patients with RICS.13) As for CAS for ECA stenosis, 
there are only case reports or studies including small 
number of patients.23–26) Kouvelos et al. reviewed previous 
21 reports including 56 patients (58 arteries) describing 
endovascular treatment of the ECA and identified low rate 
of perioperative (during the first 30 days) stroke (1.8%) or 
death (0%) but a high rate of TIAs (8.9%).27) In their study, 
there were no delayed cerebrovascular events during the 
follow-up period of an average of 23.8 months. Restenosis 
was found in 3.4% and stent occlusion was found 1.7%. 
Their study included old case reports in which only percu-
taneous transluminal angioplasties (PTAs) without stent 
were performed. 

In our case, stenting to the orifice of the ECA finally 
restored flow of the left STA, and then STA-MCA anasto-
mosis was performed. These treatments resulted in favor-
able improvement of the CBF of the left internal carotid 
territory, and led to more than 2 years freedom from further 
ischemic event. 

In conclusion, as RICS/O is complex, the treatment 
strategy should be considered case-by-case basis more safely 
and less invasively by combining endovascular technique 
and direct surgery. 
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