


Name of Journal: World Journal of Clinical Cases
Manuscript NO: 37093
Manuscript Type: Case Report
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Abstract
Occlusion of the common carotid artery (CCA) is rare. CCA occlusion (CCAO) can present as drowsiness and right hemiplegia related to emboli after total arch replacement. Although we selected a follow-up at first because color duplex sonography showed retrograde flow from the left external carotid artery to the internal carotid artery, this patient had epilepsy and single-photon emission computed tomography (SPECT) acquired quantitative results of actual brain perfusion and showed insufficient collateral blood flow. To improve brain perfusion, we performed a bypass of the left subclavian artery to left CCA bypass. Postoperatively, the patient did not have epilepsy and drowsiness. Also, right hemiplegia improved enough for him to walk with support. SPECT showed increased left cerebral flow (the asymmetry ratio was 71% to 81%). Evaluation of the carotid artery with color duplex sonography alone was insufficient when CCAO showed retrograde or collateral flow. We should have performed quantitative evaluation with SPECT at the same time.
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Core tip: Common carotid artery occlusion (CCAO) can include neurologic symptoms caused by low cerebral perfusion; however, blood flow in the internal carotid artery and external carotid artery is maintained by collateral circulation in most cases. In the former, we can noninvasively estimate the presence and intensity of collateral flow by single-photon emission computed tomography. In the latter, color flow duplex examination detects the patency of the distal vessels. Patients with CCAO should undergo estimation of the patency of their distal CCA and cerebral perfusion at the same time. Surgical management requires safe and effective strategies for symptomatic CCAO.
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INTRODUCTION
Occlusion of the common carotid artery (CCA) is rare. It occurs in 2%-4% of patients undergoing angiography for symptomatic cerebrovascular disease[1]. The natural history of the disease is unknown; therefore, certain parameters such as distal vessel patency and the presence of symptoms may affect treatment decisions[1].
CCA occlusion (CCAO) can include neurologic symptoms caused by low cerebral perfusion or emboli from the carotid stump; however, blood flow in the internal carotid artery (ICA) and external carotid artery (ECA) is maintained by collateral circulation in most cases[2]. In the former, we can noninvasively estimate the presence and intensity of collateral flow in patients with cerebrovascular disease by arterial spin-labeling magnetic resonance imaging or single-photon emission computed tomography (SPECT)[3,4]. In the latter, color flow duplex examination detects emboli and the patency of the distal vessels. Recognizing the patency of the distal vessels is important because it may allow for effective surgical revascularization when treating CCAO[5]. 
We report the importance of carotid artery flow and actual brain perfusion evaluated simultaneously in a patient with CCAO who underwent total arch replacement (TAR).

CASE REPORT
An 80-year-old man with hypertension who reported abdominal distention underwent computed tomography (CT), which detected a cystic thoracic aneurysm of the arch by chance. We performed TAR (Triplex 26 mm with 4 branches + Triplex 8 mm) with a frozen elephant trunk (J-graft 33 mm × 6 mm). At 3 h after surgery, right hemiplegia was present and CT showed that the left basal ganglia had a low-density area. On day 1, enhanced CT showed occlusion of the left CCA from the anastomotic site to near the bifurcation of the ECA and ICA (Figure 1A). On day 4, color duplex sonography showed occlusion of the left CCA related to emboli and retrograde flow from the left ECA to the ICA; the flow of the ICA decreased compared to that of the ECA (Figure 1B). Despite gradual improvement of his neurological symptoms, he had epilepsy on day 9. When we performed SPECT, his left cerebral flow was low (Figure 1C). In addition, color duplex sonography showed a floating thrombus of the distal CCA (Figure 2). To increase the left cerebral flow and remove the thrombus related to stroke, he underwent bypass of the left subclavian artery to the left CCA (FUSION Vascular Graft 6 mm; Maquet Cardiovascular, Wayne, NJ). The distal anastomosis maintained bifurcation flow of the ECA and ICA (Figure 3A). Because the occluded part of the CCA was organized, we could only partially remove the floating thrombus. Postoperatively, the patient did not have epilepsy and right hemiplegia improved enough for him to walk with support. Color duplex sonography showed increased ICA flow (Figure 3B) and SPECT showed increased left cerebral flow (Figure 3C). The patient was transferred to another hospital 55 d after the first surgery to undergo rehabilitation.

DISCUSSION
Clinical features of ICA occlusion have been established; however, those of CCAO have not been established because it is rare. Using carotid sonography for 5400 patients with carotid arterial disease, the frequency of CCA occlusion was found to be 0.24% and that of ICA occlusion was found to be 2.5%[6]. Currently, studies regarding CCAO are available, but its management has not been established. We performed therapy based on CCAO without postoperative information because there is no coherent report of complications after TAR and there is no recommended method of treatment.
The natural history of CCAO is limited and may be associated with stroke, transient ischemic attack, or chronic cerebral ischemia. Cerebral dysfunction with ischemia may be connected to cytokines, prostanoids, and nitric oxide release[7]. In addition, the majority (92.7%) of patients treated were symptomatic[1]. Although most patients with patent bifurcation presented with amaurosis fugax and vertigo attacks, no patients with patent distal vessels and well-functioning intracranial collaterals had a major stroke. They had what was defined as a combination of a disturbance in consciousness and at least two neurological signs (conjugate deviation, homonymous hemianopia, aphasia, and hemiplegia)[5]. In our case, hemiplegia was caused by a major stroke, which was associated with plaque of the shaggy aorta perioperatively. Plaque occluded in the CCA was organized, and part of the thrombus in the organized plaque was floating postoperatively. Although we selected a follow-up at first because there is retrograde flow from the ECA to the ICA, we had to remove the floating emboli because it created a risk for worsening symptoms.
Recently, Parthenis et al[8] categorized CCAO into five types: Type Ia, which involves patent distal vessels (from the ECA to the ICA); type Ib, which involves patent distal vessels (from the ICA to the ECA); type II, which involves a patent ECA only; type III, which involves a patent ICA; and type IV, which involves an occluded ICA and ECA. In this study, most cases could be categorized as type Ia or type IV[8]. Perfusion of the ipsilateral cerebral hemisphere is provided by the collateral circulation: the ipsilateral ECA in retrograde, the ipsilateral subclavian artery, the contralateral ECA, and the circle of Willis intracranially[8,9]. Angiography is often performed to diagnose these types. However, we were not able to obtain detailed information such as collateral filling and flow[1]. Color duplex sonography is a sensitive method for estimating the dynamic pattern of collateral flow to reconstitute a patent carotid bifurcation and is the hallmark for detecting a patent ICA despite CCAO[5,10]. In our case, retrograde flow was maintained in the ECA and in the ICA. However, SPECT, which was used to perform the quantitative evaluation of actual brain perfusion, showed collateral blood flow insufficiency. Even if collateral flow is maintained, patients with neurological symptoms need to undergo quantitative evaluation of perfusion in the brain because there may be insufficiency[1]. 
Indications for surgical treatments are ipsilateral transient ischemic attack, recent nondisabling hemispheric stroke, and transient nonhemispheric cerebral symptoms or prophylactic revascularization before major surgical interventions[11]. The aim of surgical treatment is to therapeutically improve brain circulation and functionality in patients with cerebral insufficiency due to CCAO. Klonaris et al[1] reported that all patients undergoing surgery for transient nonhemispheric symptoms due to circulatory insufficiency experienced resolution of their symptoms after the procedure. Although we observed improved neurological symptoms without SPECT, we should aggressively estimate and treat low cerebral flow when it is related to neurological symptoms. Successful revascularization is dependent on precisely determining the presence and adequacy of collateral blood flow, thereby establishing patency of the distal CCA and acquiring quantitative evaluation results of actual brain perfusion[5]. 
In addition to accomplishing a successful procedure, it was necessary to not allow the floating emboli into the intracranial vessels. In this case, the distal CCA clamp during the bypass procedure was effective for preventing stroke and maintaining intracranial flow perioperatively. 
In conclusion, patients with CCAO who continue to have neurological symptoms should be assessed both the blood flow and the brain perfusion.

ARTICLE HIGHLIGHTS
Case characteristics
An 80-year-old man with a cystic thoracic aneurysm of the arch was performed total arch replacement.

Clinical diagnosis
Drowsiness and right hemiplegia related to emboli after total arch replacement.

Differential diagnosis
Embolism, thrombosis, aorta dissection, infection.

Imaging diagnosis
Single-photon emission computed tomography showed the left cerebral flow was low.

Treatment
The authors performed bypass of the left subclavian artery to the left common carotid artery (CCA).

Related reports
Martin RS 3rd reported indications for surgical treatments for CCA occlusion.

Experience and lessons
Patients with CCA occlusion who continue to have neurological symptoms should be assessed both the blood flow and the brain perfusion.
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Figure 1 Enhanced computed tomography, color duplex sonography and single-photon emission computed tomography findings before bypass. A: Enhanced computed tomography findings. The yellow line indicates an occluded common carotid artery after total arch replacement; B: Color duplex sonography findings. There is retrograde flow from the external carotid artery (ECA) to the internal carotid artery (ICA). Before bypass, peak systolic velocity values for the ECA and ICA were 100 cm/s and 30 cm/s, respectively; C: Single-photon emission computed tomography findings. Before bypass, the cerebral blood flow was 29.66/20.92 mL/min per 100 g. The asymmetry ratio was 71%.
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Figure 2 Color duplex sonography findings. There is a floating thrombus of the distal common carotid artery.
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Figure 3 The findings of enhanced computed tomography, color duplex sonography and single-photon emission computed tomography after bypass. A: Enhanced computed tomography findings. After the bypass procedure, the inflow is through the subclavian artery and the outflow is through the distal common carotid artery. Bifurcation of the external carotid artery and internal carotid artery is patent; B: Color duplex sonography findings. After bypass, the peak systolic velocity of the internal carotid artery was 60 cm/s; C: Single-photon emission computed tomography findings. After bypass, the cerebral blood flow was 38.39/31.04 mL/min per 100 g. The asymmetry ratio was 81%.
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