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A case of symptomatic carotid artery occlusion after 
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INTRODUCTION

Compared to symptomatic internal carotid artery (ICA) occlusion, symptomatic common carotid 
artery (CCA) occlusion is a relatively rare disease.[1] Superficial temporal artery-middle cerebral 
artery (STA-MCA) bypass is a well-known and established treatment option for ICA occlusion, 
although the indication for surgery is controversial.[14] However, treatments for CCA occlusion 

ABSTRACT
Background: Symptomatic common carotid artery (CCA) occlusion is rare and its treatment remains 
unestablished. Although cases of subclavian-to-carotid bypass have been reported, very few cases of carotid-to-
carotid crossover bypass have been reported, despite its advantages. We report a case of Riles type 1A symptomatic 
CCA occlusion after aortic arch replacement that was treated with carotid-to-carotid crossover bypass with 
favorable outcomes.

Case Description: A 65-year-old woman with a history of hypertension, hyperlipidemia, diabetes, and total arch 
replacement for thoracic aortic aneurysm was admitted to our hospital with a complaint of the right hemiparesis 
and motor aphasia. Head magnetic resonance imaging revealed a fresh infarction in the left cerebral hemisphere. 
Cervical computed tomography (CT) angiography revealed left CCA occlusion. oracic CT angiography showed 
severe stenosis of the left subclavian artery. SPECT showed a general decrease in blood flow in the left cerebral 
hemisphere. We performed a carotid-to-carotid crossover bypass with a synthetic graft that was passed through 
the subcutaneous tunnel. First, the right carotid artery-synthetic graft end-to-side anastomosis was performed. 
Subsequently, we performed synthetic graft-left CCA end-to-side anastomosis. e postoperative course was 
uneventful. Cervical computed tomography angiography showed perfect patency of the crossover bypass. e 
patient recovered almost completely and was independently performing daily activities.

Conclusion: Carotid-to-carotid crossover bypass is a durable treatment for symptomatic CCA occlusion. Further 
studies are needed to compare its outcomes with those of other methods and to confirm our findings with larger 
sample size.
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are still poorly established.[7] Few cases of endovascular 
treatment have been reported, but this is difficult to perform 
in heavily calcified carotid arteries that may prevent guidewire 
crossing.[6] In addition, the risk of embolic complications 
should be considered in endovascular treatment. Some 
bypass treatment options, such as subclavian-to-carotid 
bypass, have been reported earlier. However, this bypass 
method requires knowledge of cervicothoracic anatomy and 
techniques in vascular surgery, which some neurosurgeons 
may not be experienced with. Further, it may also result 
in complications such as brachial plexus injury.[2,4,10,16] On 
the other hand, a few cases of carotid-to-carotid crossover 
bypass have been reported as an alternative to subclavian-
to-carotid bypass.[9,13] Although crossover bypass is not a 
common treatment option for CCA occlusion, this approach 
has some merits and may be beneficial in some complicated 
cases.[5,12] In this report, we describe a case of Riles type 1A 
symptomatic CCA occlusion after aortic arch replacement, 
which was treated with carotid-to-carotid crossover bypass 
with favorable postoperative outcomes.[15]

CASE DESCRIPTION

e authors obtained written informed consent from the 
patient. No approval from the IRB was sought as this article 
is a case report.

e patient was a 65-year-old woman with a history of 
hypertension, hyperlipidemia, diabetes, atherosclerotic 
occlusion of the right subclavian artery and right femoral 
artery, and thoracic aortic aneurysm. She was admitted 
to our hospital with a complaint of the right hemiparesis 
(manual muscle testing [MMT] = 2) and motor aphasia. 
e Glasgow Coma Scale score was E4V3M6 on arrival. 
Diffusion-weighted magnetic resonance imaging (MRI) 
of the head showed a high-intensity zone in the left insular 
cortex and temporal lobe [Figure 1a]. e left ICA and MCA 
were not clear [Figure  1b]. e electrocardiogram showed 

sinus rhythm on arrival. Our neurologist started conservative 
therapy with heparin (10,000 U/day) and clopidogrel 
75  mg/day. e symptoms of the patient improved on 
the day following admission; however, mild hemiparesis 
persisted (MMT = 4). e neurologist consulted us on day 
6 about surgical treatment for the patient. Cervical and head 
computed tomography angiography (CTA) showed complete 
occlusion of the left CCA, extending from its origin to 
right before the carotid bifurcation. Riles type 1A occlusion 
was suspected. e left external carotid artery (ECA) was 
anastomosed with the left vertebral artery through a small 
branch of the occipital artery [Figure  2a]. e anterior 
communicating artery was well developed, although there 
was a small unruptured aneurysm [Figure  2b]. e left 
posterior communicating artery was hypoplastic [Figure 2c]. 
e patient had undergone surgical treatment for a thoracic 
aortic aneurysm with vascular replacement 7 months before 
at another hospital. CTA also showed severe stenosis of the 
left subclavian artery and intermediate stenosis of the right 
brachiocephalic artery [Figure  2a]. We suspected carotid 
artery occlusion at the anastomosed site of the synthetic 
vascular graft. We did not perform cerebral angiography 
for fear of catheter-induced synthetic graft injury of the 
anastomosed site. Single-photon emission computed 
tomography (SPECT) showed a general decrease in blood 
flow in the left cerebral hemisphere at rest [Figure  2d]. 
Acetazolamide stress SPECT was not performed in the early 
phase of ischemic stroke as there was a risk of recurrent 
stroke. On day 16, the patient experienced a second 
stroke. Diffusion-weighted MRI revealed high-intensity 
areas on the left temporal and parietal lobes [Figure  3]. 
e patient presented with the right hemiparesis, motor 
aphasia, and Gerstmann syndrome. Argatroban hydrate 
(30  mg/day for 2  days followed by 10  mg/day for 5  days) 
and aspirin (200  mg/day) were administered. On day 17, 
her symptoms improved, except for the persistent mild 
hemiparesis (MMT = 4) and Gerstmann syndrome. Despite 
intensive medical care, the patient had a recurrent stroke. 
e collateral blood flow from the hypoplastic posterior 
communicating artery was not viable. Furthermore, 
collateral blood flow from posterior circulation through 
occipital artery anastomosis was not considered because of 
severe stenosis of the left brachiocephalic artery. erefore, 
the development of collateral blood flow was not possible 
after long-term multiple antiplatelet therapies. Furthermore, 
we did not expect the risk of hyperperfusion to be so high, 
because the blood flow of the unilateral CCA is shared with 
the bilateral ICA. Hence, we decided to perform surgical 
vascular reconstruction in the acute phase of stroke.

Surgical strategy

Due to severe stenosis of the left subclavian artery, left 
subclavian-  or axillary-to-carotid bypass could not be 

Figure  1: (a) Head magnetic resonance imaging showed a new 
infarction in the left insular cortex and temporal lobe. (b) Head 
magnetic resonance angiography (MRA). e left internal carotid 
artery and MCA were not clearly visible.
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performed. We consulted our endovascular surgeon 
regarding the risk of performing transcatheter angioplasty. 
ere was a fear of catheter-induced suture injury of the aorta 
synthetic graft, which could be catastrophic if performed on 
this patient. Furthermore, we wished to avoid a complicated 
two-stage vascular reconstruction, which would involve 
subclavian to carotid bypass following subclavian angioplasty, 
to reduce invasiveness. Although we considered a bonnet 
bypass, the left STA was too thin to allow sufficient blood 
flow. In addition, the patient had unruptured aneurysms 
in the right MCA and anterior communicating artery. We 
avoided the bonnet bypass in case surgical clipping would 
be needed for aneurysms in the future. e right CCA with 

intermediate stenosis was the only choice for the donor site. 
e patient had a history of arteriosclerotic occlusion of the 
femoral artery and right subclavian artery and had undergone 
vascular reconstruction. We were not certain of the condition 
of the radial artery graft. erefore, we decided to perform a 
carotid-to-carotid crossover bypass with a synthetic vascular 
graft.

Surgery

On day 25, vascular reconstructive surgery was performed. 
Dual antiplatelet therapy (aspirin 200 mg/day and clopidogrel 
75 mg/day) was administered until 7 days before the surgery 
and continued with a single antiplatelet drug (aspirin 
200 mg/day) until surgery. e patient was placed in a supine 
position under general anesthesia. e somatosensory 
evoked potential (SEP), motor evoked potential (MEP), and 
near-infrared spectroscope (NIRS) were monitored. First, the 
neck was rotated to the left side at approximately 30°. A linear 
skin incision along the sternocleidomastoid muscle (SCM) 
was made to expose the right CCA. After exposing 3 cm of 
the right CCA, we began the contralateral procedure. e 
neck was rotated to the right side at approximately 30°, and 
a linear skin incision was made along the left SCM. We then 
exposed the left CCA, ECA, and ICA. Indocyanine green 
showed a stump of an isolated CCA. e length of the stump 
was approximately 10 mm. Based on the length of the stump 
and the diameter of the CCA, we chose a 6 mm Gore-Tex® 
Stretch vascular graft and CV-7 Gore-Tex suture® (W.L. Gore 
and Associates, Inc., Medical Product Division, Flagstaff, AZ, 
USA). We created a subcutaneous tunnel with a shunt passer 
and passed it through a synthetic graft. Before clamping, 

Figure  2: (a) e left cervical computed tomography angiography (CTA), left oblique view. e left common carotid artery was totally 
occluded from its origin to just before the carotid bifurcation (black arrowheads). Collateral anastomosis between the left occipital artery and 
a small branch of the left vertebral artery was detected (red arrowheads). Severe stenosis of the left subclavian artery was also observed (black 
arrow). (b) Head-and-neck CTA, front view. e anterior communicating artery was well developed (arrow), although there was a small 
unruptured aneurysm in the artery. (c) e left cervical CTA, left lateral view. e left posterior communicating artery was hypoplastic and 
not visible on CTA (arrow). (d) Single-photon emission computed tomography showed a general decrease in blood flow in the left cerebral 
hemisphere at rest.
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Figure  3: Diffusion-weighted magnetic resonance imaging on 
day 16 showed the emergence of high-intensity areas on the left 
temporal and parietal lobes, which indicated a second stroke.
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edaravone 30 mg, methylprednisolone (125 mg), phenytoin 
(250  mg), and 20% mannitol (300  ml) were administered 
for cerebral protection. Heparin 4000 U was also infused. 
We then clamped the right CCA and made a linear vascular 
incision with a spits scalpel and dilated the arteriotomy with 
an aortic puncher. Since the orifice of the carotid artery was 
very small, the carotid shunt, which may have interrupted 
the back wall suture, was not used. We then performed 
right carotid artery-synthetic graft end-to-side anastomosis 
with a running suture [Figure  4a]. Debris and air were 
flushed out through the synthetic graft. After completing the 
anastomosis, we clamped the synthetic graft and released the 
right CCA. e total clamp time of the right carotid artery 
was 21 min 52 s. After adjusting the length of the synthetic 
graft, we clamped the left ICA and ECA with a titanium 
aneurysm clip. In addition, we clamped the proximal end 
of the left CCA. We made a linear vascular incision with a 
spits scalpel, dilated the arteriotomy with an aortic puncher, 
and performed the synthetic graft-left CCA end-to-side 
anastomosis in the same way as were done for the right side 
[Figure  4b]. Unlike in a typical carotid endarterectomy, we 
did not flush debris and air to the ECA due to fear of causing 
embolization. erefore, we started anastomosis from the 
heel to the toe of the orifice on both the front and back wall 
using double-armed suture thread. Before ligating the back 
and front wall suture threads, we declapmed the external 
and internal carotid arteries to flush the debris and air 
through the toe of the vascular orifice [Figures  4c and d]. 
After flushing the debris and air, we ligated the anastomosis 
and released the left ECA, ICA, and CCA. e total clamp 
time was 21 min and 38 s. After declamping, good pulsation 
of the synthetic graft was observed [Figures  4e and f]. 
ere was no remarkable change in SEP, MEP, and NIRS 

during surgery. e postoperative course of the patient was 
uneventful. No additional neurological symptoms were 
observed. Careful blood pressure control was performed to 
avoid hyperperfusion syndrome. Postoperative MRI showed 
no additional infarction. Head-and-neck CTA showed 
perfect patency of the crossover bypass [Figure  5a]. e 
postoperative SPECT (postoperative day 14) did not show a 
remarkable improvement in cerebral blood flow [Figure 5b]. 
e symptoms of the patient improved, but mild acalculia and 
alexia persisted. e patient had asymptomatic intermediate 
stenosis of the right proximal brachiocephalic artery; hence, 
we consulted a vascular interventional radiologist. Careful 
observation with single antiplatelet medication therapy 
(aspirin 100  mg/day) was recommended. e patient was 
discharged to a rehabilitation hospital. During the follow-up 
period at the outpatient clinic, the patient was able to 
independently perform daily activities, and cervical MRA 
showed perfect patency of the synthetic graft.

DISCUSSION

Common carotid artery occlusion (CCAO) is a rare 
disease and its treatment strategies are still not established. 
However, many bypass treatment options have been reported 
earlier.[4] Surgical treatment is recommended for Riles 
type 1A occlusion, but the treatment strategy depends on the 
anatomy and vascular condition of the patient.[7,15] However, 
subclavian-to-carotid bypass, one of the treatment options 
for CCAO, requires experience with cervicothoracic anatomy 
that most neurosurgeons do not possess and presents certain 
complications such as brachial plexus injury.[8] In our case, the 
patient had undergone total aortic arch replacement. Since 
the subclavian artery had severe stenosis, it was not used as 

Figure 4: (a) e right common carotid artery was exposed and an end-to-side anastomosis with the synthetic graft was performed. (b) e 
left common carotid artery was exposed, and an end-to-side anastomosis with the synthetic graft was performed. Note that a double-armed 
suture thread was used, and a staying suture was only made on the heel (proximal side) of the orifice. (c) Before completing the ligation of the 
double-armed thread, the left internal carotid artery (ICA) was temporarily released to flush the air and debris. Note that the bubble of air was 
flushed from the toe (distal side) of the orifice of the synthetic graft anastomosed site with retrograde blood flow from the left ICA. (d) e 
left external carotid artery was temporarily released to flush the air and debris through the toe of the orifice. (e) Completed anastomosis of the 
right common carotid artery and synthetic graft. (f) Completed anastomosis of the left common carotid artery and synthetic graft.
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an inflow vessel.[11] In fact, the patient’s left vertebral artery 
was so robust that a left V3-radial artery graft-left M2 bypass 
might have been a potential treatment option; however, 
because of the severe stenosis in the left subclavian artery, 
there was uncertainty regarding sufficient blood supply. 
erefore, we had to select a carotid-to-carotid crossover 
bypass. Some cases of carotid-to-carotid crossover bypass 
have been reported with favorable outcomes.[3,13] Crossover 
bypass has a few advantages over subclavian-to-carotid 
bypass.[9] First, the procedure of crossover bypass is familiar 
to most neurosurgeons who are experienced with carotid 
endarterectomy, unlike subclavian-to-carotid bypass. Second, 
the complication rate of crossover bypass is lower than that of 
subclavian-to-carotid bypass.[8]

However, carotid-to-carotid crossover bypass possesses 
certain risks as well. First, bilateral cervical surgery may cause 
bilateral laryngeal nerve injury, resulting in dysphagia and 
airway constriction. Second, insufficiency of blood supply to 
the affected side or steal phenomenon of the unaffected side 
may arise. Until the surgery is completed, it remains uncertain 
whether the unilateral carotid artery can supply the bilateral 
hemisphere with sufficient blood flow. Our postoperative 
SPECT showed no remarkable change in cerebral blood flow 
as per our preoperative expectation; however, the patient 
recovered well and had no recurrent infarction after bypass 
surgery. Given that the blood flow of the unilateral CCA 
is shared with the bilateral ICA, one of the problems of 
crossover bypass is the uncertainty of blood supply. ird, the 
normal carotid artery must be clamped during anastomosis, 
as it may cause ischemic stroke in the unaffected hemisphere. 
Conversely, the ECA on the unaffected side is an ideal inflow 
vessel to avoid ischemic complication in the unaffected 
hemisphere. Unfortunately, in our case, the position of the 
right carotid bifurcation was so high that we found it difficult 

to expose the ECA for anastomosis. erefore, we had to 
choose the right CCA as an inflow vessel despite the potential 
risk for ischemic complications.

Recently, endovascular treatment and hybrid procedures have 
been reported.[9] ese treatments could be potential options 
for CCAO. However, our patient had a history of aortic arch 
replacement, and catheterization in the synthetic graft was 
avoided due to the possibility of vascular and graft injury.

erefore, we performed a crossover bypass that had a 
favorable outcome for this patient. Indeed, this approach has 
risks of complications and uncertainty of blood supply, but 
it also has some advantages over other treatment options. 
Hence, carotid-to-carotid crossover bypass can be considered 
a treatment option for patients with CCA occlusion.

CONCLUSION

Carotid-to-carotid bypass is a durable treatment option for 
symptomatic CCAO and has advantages over other treatment 
options. Further studies are needed to better establish its 
safety and efficacy.
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Figure 5: (a) Postoperative computed tomography angiography, left oblique view. e crossover bypass was perfectly patent (arrowheads). 
(b) Postoperative single-photon emission computed tomography showed a slight increase in blood flow in the left cerebral hemisphere at rest.
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