
Heliyon 9 (2023) e18112

Available online 7 July 2023
2405-8440/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Hyperacute ischemic stroke treated with carotid-carotid artery 
bypass surgery “case report” 

Koichiro Shimoishi a,*, Yuya Shigehatake b, Yoshihiro Fukumoto a, 
Fumio Miyashita b, Yusuke Yoshimoto b, Takuto Taketoshi b, Yosuke Nishimuta c, 
Hiroshi Tokimura c, Goichi Yotsumoto a 

a Department of Cardiovascular Surgery, Kagoshima City Hospital, 37-1, Uearata, Kagoshima, Kagoshima, Japan 
b Department of Neurology, Kagoshima City Hospital, 37-1, Uearata, Kagoshima, Kagoshima, Japan 
c Department of Neurosurgery, Kagoshima City Hospital, 37-1, Uearata, Kagoshima, Kagoshima, Japan   

A R T I C L E  I N F O   

Keywords: 
Hyperacute ischemic stroke 
Carotid artery bypass 
Carotid artery stenting 
Tissue plasminogen activator 

A B S T R A C T   

Thrombolytic therapy using heparin, urokinase, and tissue plasminogen activator (tPA) has been 
the standard treatment for hyperacute ischemic stroke (HIS) with worsening carotid artery ste-
nosis. In recent years, endovascular treatments (thrombectomy and carotid artery stenting) have 
attracted attention, and neurosurgeons are increasingly participating in these treatments. A 70- 
year-old Japanese male presented to our hospital with aphasia and right hemiparesis. Emer-
gency computed tomography ([CT] CT angiography and perfusion CT) revealed a small infarct 
core and a large hemiparesis due to occlusion near the left common carotid artery orifice. Because 
of hemorrhagic sequelae, tPA was not administered, and emergency endovascular treatment 
failed. Therefore, a bilateral common carotid artery bypass surgery was performed. Revascular-
ization was performed within 51 min of the start of the surgery, and the time from onset to 
revascularization was 5 h. Aphasia and right hemiparesis resolved immediately after surgery. The 
only sequela observed was mild dyskinesia. Our report is the first to show that bilateral common 
carotid artery bypass is a novel and effective treatment for HIS.   

1. Introduction 

Stroke is among the most common diseases and the second cause of death worldwide. Ischemic stroke is one classification of stroke. 
A patient presenting within a few hours of stroke onset is categorized as hyperacute ischemic stroke (HIS). If re-perfusion of cerebral 
blood flow is achieved during the hyperacute phase, dramatic improvement in symptoms can be expected. Historically, thrombolytic 
therapy using heparin, urokinase, and tissue plasminogen activator (tPA) has been the standard treatment for HIS with worsening 
carotid artery stenosis. In recent years, endovascular treatments (thrombectomy and carotid artery stenting) have attracted attention, 
and neurosurgeons are increasingly participating in these treatments. Surgeons had little surgical involvement in the treatment of 
acute ischemic stroke until the establishment of endovascular treatment. However, in some cases, thrombolytic therapy is not indi-
cated because of comorbidities or preexisting conditions, and endovascular therapy is not always successful. 

To date, there have been no reports of treatment with a carotid artery bypass for HIS due to severe stenosis/occlusion of the 
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common carotid artery, and carotid artery bypass is not listed as a procedure for HIS in the stroke practice guidelines [1–3]. For 
internal carotid stenoses with stroke-in-evolution or crescendo transient ischemic attack the Clinical Practice Guidelines of the Eu-
ropean Society for Vascular Surgery (ESVS) recommend carotid endarterectomy for ultra-early surgery, i.e., within 24 h (recom-
mendation 43, class II/evidence level C) [3]. However, the endarterectomy is not effective in cases involving occluded lesions of the 
proximal common carotid artery and the guidelines do not include recommendations for HIS due to common carotid artery occlusion. 
Therefore, physicians in stroke centers do not generally consider carotid artery bypass as a treatment option. In this report, we describe 
a case in which carotid artery bypass was effective in the treatment of HIS with preexisting carotid artery stenosis and propose it as a 
new treatment for HIS. 

Fig. 1. Preoperative CT and MRI images. a–e: A contrast-enhanced perfusion head CT scan with a Bayesian Vitrea CT perfusion analysis reveal an 
infarcted area in the left cerebrum and penumbra region extending around the infarcted area. Our hospital CT perfusion setting for contralateral 
hemisphere thresholds are as follows: A 40% reduction in CBV (with 2.2 s increase in Tmax) indicated an infarct core, while a 2.2 s increase in Tmax 
(without CBV reduction) indicated a penumbra. 1a: summary map. 1b: CBV. 1c: MTT. 1d: CBF. 1e: Tmax. 1f: A contrast-enhanced CT shows a 
severely stenotic lesion in the orifice of the left common carotid artery before 1 year (white arrows). 1g: MRA image; the preoperative circle of 
Willis. CT, computed tomography; MRI, magnetic resonance imaging; CBV, cerebral blood volume; CBF, cerebral blood flow; MTT, mean transit 
time; MRA, magnetic resonance angiography. 
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2. Case presentation 

A 70-year-old Japanese male was admitted to our hospital because of aphasia and right hemiparesis (National Institutes of Health 
Stroke Scale [NIHSS] score, 23). Emergency computed tomography ([CT], CT angiography and perfusion CT) revealed a small infarct 
core and a large penumbra due to occlusion near the left common carotid artery orifice (Fig. 1a–e, 1f). The circle of Willis was classified 
as a unilateral absent A1 in the anterior cerebral artery and an ipsilateral absent posterior communicating artery [4] (Fig. 1g). There 
was no stenosis/occlusion of the circle of Willis that could have caused the stroke. Moreover, there were no significant findings in the 
laboratory data and the electrocardiogram. Because of a history of subarachnoid hemorrhage, tPA therapy was not administered. 
Therefore, emergency endovascular therapy was attempted; however, the 0.035-inch wire failed to pass through the lesion (Fig. 2a). 
The stroke center team requested the cardiovascular surgeon to expose the left common carotid artery and place a sheath for endo-
vascular therapy. However, the cardiovascular surgeon suggested that if the carotid artery was to be exposed, an artificial vascular 
bypass would be the better option to shorten the operative time to revascularization. After discussion between the stroke center team 
and the cardiovascular surgery team, bilateral common carotid artery crossover bypass was selected and performed on an emergency 
basis. The left cerebral hemisphere was revascularized 51 min after the start of surgery, and the time from onset to revascularization 
was 5 h. Postoperative CT angiography confirmed the patency of bilateral common carotid artery crossover bypass (Fig. 2b). Post-
operative head magnetic resonance imaging confirmed salvage of the ischemic penumbra (Fig. 2c). Aphasia and right hemiparesis 
were relieved immediately after surgery. The only sequela was mild dyskinesia (NIHSS score, 1). No complications due to over-
perfusion such as cerebral hemorrhage, cerebral edema, or seizures occurred during reperfusion after carotid bypass surgery. 

3. Discussion 

Thrombolytic therapy has significantly contributed to the treatment of HIS. Thrombolysis with tPA has been shown to be effective, 
and medical treatment has become the standard treatment for HIS. Furthermore, endovascular therapy has begun to be used by 
neurosurgeons to a limited extent. Surgeons had little surgical involvement in the treatment of HIS until the establishment of the 
current treatment, and carotid artery bypass has never been reported as a treatment for patients with HIS due to common carotid artery 
stenosis/occlusion. To the best of our knowledge, this is the first report of carotid artery bypass surgery for HIS. Currently, stroke 
treatment guidelines do not include carotid artery bypass grafting for common carotid artery stenosis/occlusion in HIS. Therefore, 
carotid artery bypass surgery has not been considered as a treatment option for doctors in cerebral ischemia centers. Strokes caused by 
atherosclerotic lesions are reported to account for 29.8–31.2% [5,6] of all ischemic strokes. Strokes due to internal carotid artery 
stenosis/occlusion are more frequently caused by carotid artery occlusion than common carotid artery stenosis/occlusion. The rate of 
cerebral infarction caused by internal carotid artery occlusion (29.8%) [5] is higher than that caused by common carotid artery oc-
clusion (2–4%) [7]. Considering the total number of stroke causes, occlusion of the common carotid artery is rare. Thus, there are few 
case reports, and treatment methods have not been established. Therefore common carotid artery bypass surgery is not included in the 
guidelines. However, in the field of cardiovascular surgery, carotid bypass surgery is a well-established procedure involving a series of 
thoracic endovascular aortic repairs (TEVAR) for arch aortic aneurysms [8], and cardiovascular surgeons are under the impression that 
carotid bypass is an effective treatment for common carotid artery stenosis/occlusion. 

The time to revascularization by carotid bypass was approximately 1 h from the start of the surgery. Time required for reperfusion is 
the most important aspect of HIS treatment; therefore, treatments that require a shorter time are likely to be effective. During the initial 
consultation, doctors at the stroke center requested that a cardiovascular surgeon insert a sheath catheter for endovascular treatment, 
with exposure of the carotid artery. In contrast, cardiovascular surgeon being aware that the carotid artery bypass procedure is a 

Fig. 2. Intraoperative angiography and postoperative CT & MRI images. 2a: Angiography shows a severely stenotic lesion in the orifice of the left 
common carotid artery (black arrow). 2b: CT angiography after carotid artery bypass surgery (posterior esophageal tunnel) (arrow heads). 2c: 
Postoperative head diffusion-weighted MRI showing salvation of the ischemic penumbra. CT, computed tomography; MRI, magnetic reso-
nance imaging. 
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reliable treatment with a short revascularization time proposed it to the doctors at the stroke center. After discussion, we performed a 
carotid artery bypass surgery and confirmed its effectiveness in our case of HIS. Therefore, we propose carotid artery bypass as a new 
treatment option for HIS due to common carotid artery stenosis/occlusion. We believe it is important to have new concepts like carotid 
artery bypass surgery as an effective treatment for HIS, and we hope it will be added to national guidelines as a means of treating HIS. 

4. Limitations 

Although no post-revascularization hyperperfusion complications occurred after carotid artery bypass surgery in this case, we 
could not determine whether complications would occur in future cases as this was a study of only one case. There are still issues such 
as the emergence of complications caused by hyperperfusion after bypass surgery that need to be investigated in the future based on 
many case reports. 

5. Conclusion 

The carotid artery bypass surgery is effective in the treatment of HIS due to carotid artery stenosis/occlusion. 
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