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ABSTRACT 

Purpose: The study of Willis covered stent implantation on life-threatening hemorrhage from Radiation Internal Carotid 

Blowout Syndrome (RICBS) in patients with Nasopharyngeal Cancer (NPC) was evaluated in our hospital. Materials and 

Methods: Five NPC patients (3 male and 2 female patients) received Willis covered stent implantation from April 2011 to 

March 2017, in which radiation induced hemorrhage occurred in Internal Carotid Artery (ICA) was included in this study. The 

median age in the patient cohort was 56 (47-63). All patients were previously treated with radiotherapy (4 received IMRT and 

1receivedheavy-ion RT). The median time was four years before the ICA ruptures after irradiation. The RICBS involved the C2 

segment of the ICA in three patients and C3 in two patients. Results: All five patients’ ICA bleeding stopped immediately after 

the operation of Willis covered stent implantation. Follow-up mean time is 10 months. One patient died of suffocation (nasal 

hematorrhea) 2 weeks after the operation, in which the skull base is involved from recurrent lesions and associated 

dysphagia. One patient had rehaemorrhagia a week after the operation. One patient died of other accident 15 months after the 

operation. No adverse effects such as stroke and ischemia were found in all five patients during the follow-up period. 

Conclusion: The Willis covered stent implantation can immediately stop the bleeding caused by RICBS to save lives 

immediately. It is an effective and practical method to treat RICBS in NPC patients or other head and neck cancers patients, 

especially for the radiation-induced vascular events. 

Keywords: Willis Covered Stent Implantation, Radiation Internal Carotid Blowout Syndrome, Nasopharyngeal Carcinoma, Head 

and Neck Cancer 

Introduction 

Radiation internal carotid blowout syndrome (RICBS) is usually unexpected and fatal in head and 

neck cancer patients. One of the most severe complications is rupture of major vessels, first reported by 
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Thomas and Forbus in 1959. Mortality rates for RICBS have been reported as high as 60%, with 

neurologic morbidity approaching 40% (Chaloupka et al., 1996). The rate of RICBS in patients receiving 

salvage head and neck re-irradiation was 2.6%, and the mortality rate was 76% in the McDonald’s study 

(McDonald et al., 2012). Although the exact mechanism of irradiation-induced vascular pathogenesis is 

not well established, irradiation is known as the main reason for obliteration of the vasa vasorum, 

premature atherosclerosis, adventitial fibrosis, and weakening of the arterial wall (Okamura et al., 2002). 

Irradiation also causes fragmentation of the elastic fibers of the tunica media, subendothelial 

vascularization and edema (Okamura et al., 2002).  

Historically, the RICBS was generally treated with surgical ligation or interventional balloon 

embolization. Surgery ligation is one of the choices for ICA bleeding as the mortality was 40%-60% 

(Razack and Sako, 1982) and is potentially associated with post-operation ischemia symptoms. Even 

though it is characterized by a lower morbidity and mortality rates than surgical procedures, 

embolization of ICA still presented an unsatisfactory rate of 15-20% rate of developing immediate 

or delayed cerebral ischemia (Pampana et al., 2011) or diplopia, etc. (Low and Goh, 2003). A possible 

explanation for this complication involves an incomplete circle of Willis. Hasan (Hasan et al., 2015) 

suggested that a carotid artery stent graft should be implanted in the early phase before carotid artery 

hemorrhage.  

The Willis covered stent used in our study was developed jointly by our institute and the 

MicroPort Medical Company. It has been widely used in the cervical artery pseudo-aneurysm, recurrent 

or primary cystic aneurysm, traumatic aneurysm, and traumatic cervical arterial sinus fistula (Li et al., 

2007; Li et al., 2008; Wang et al., 2008; Li et al., 2010a; Zhu et al., 2010; Li et al., 2010b; Tan et al., 2011; 

Wang et al., 2011a; Wang et al., 2011b). The mechanism of the Willis covered stent involves repairing and 

rebuilding of the tumor-carrying blood vessels, immediately isolating and blocking the lesions, and 

keeping the tumor artery open to restore the blood flow of lesions to the normal state. Here we report the 

application value of the Willis covered stent implantation for radiation ICA bleeding in NPC patients in 

our study. 

Materials and Methods 

The Willis Covered Stent 

The Willis covered stent was developed by our institute and the MicroPort Medical Company. It is 

specifically designed for use in the intracranial vasculature and consists of 3 parts: a bare stent, an 

expandable polytetrafluoroethylene (ePTFE) membrane, and a balloon catheter. Li (Patentee) introduced 
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the structure and application of the Willis covered stent in some other diseases (Li et al., 2007; Li et al., 

2008; Wang et al., 2008; Li et al., 2010a; Zhu et al., 2010; Li et al., 2010b; Tan et al., 2011; Wang et al., 

2011a; Wang et al., 2011b). 

Patients 

Five patients (3 male and 2 female patients) with NPC from April 2011 to March 2017 received 

Willis covered stent implantation, in which the hemorrhage occurred in ICA caused by radiation therapy 

was involved in this study. The median age of the patients is 57 (47-63). All patients have previously 

received radiotherapy [4 received IMRT, and 1 received heavy-ion RT]. The median time was performed 4 

years (1-8years) before the ICA ruptures after irradiation. All patients with continuous nasal bleeding 

were confirmed by Digital Subtraction Angiography (DSA). The RICBS involved the C2 segment of the ICA 

in 3 patients and C3 in 2 patients. Three patients had nasal packing before receiving Willis covered stent 

implantation but failed, while others did not receive any pretreatment. Once the ICA bleeding was 

confirmed, all patients received Willis covered stent implantation as emergency treatment. All the patient 

characteristics are presented in Table 1. Patients received Willis covered stent implantation under local 

anesthesia. The ICA bleeding is shown in figures (Fig. 1a, Fig. 2a, Fig. 3a, Fig. 4a, Fig. 5a), and the vascular 

3D reconstruction of patient 5 was shown in Fig 6. All patients signed the written informed consent form. 

Table 1: The information of all patients. 

Patient Sex Age 
(Years) 

Affected 
Artery 

Bouthillier 
segmentation 
method 

Basic 
Disease 

Radiotherapy 
type 

Angiographic 
Features 

Pretreatment Survival 

1 M 57 R-ICA  C2: Petrous 
segment 

NPC  
7 years 

IMRT PSA NO Died 

2 F 63 R-ICA  C2: Petrous 
segment 

NPC  
1 years 

IMRT PSA NP Died 

3 M 52 L-ICA C3: Lacerum 
segment 

NPC  
2 years 

IMRT PSA NO Alive 

4 F 63 L-ICA C2: Petrous 
segment 

NPC  
4 years 

IMRT PSA NP Alive 

5 M 47 R-ICA C3: Lacerum 
segment 

NPC  
8 years 

Heavy ion RT PSA NP Alive 

Appendix: M: Male; F: Female; R-ICA: Right Internal Carotid Artery; L-ICA: Left Internal Carotid Artery; NPC: Nasopharyngeal 
Carcinoma; PSA: Pseudoaneurysm; NP: Nasal Packing; CS: Covered Stents 

Results 

After the covered stent operation, all 5 patients’ ICA bleeding immediately stopped. DSA 

examination of these 5 patients after operation showed a hemostatic effect of the Willis covered stent 

implantation (Fig. 1b, Fig. 2b, Fig. 3b, Fig. 4b, Fig. 5b).  

The average follow-up time was 7.5 months (0.5-18 months). Patient 1 died 15 months after the 

operation. Patient 2 died of suffocation (nasal hematorrhea) 2 weeks after the operation with skull base 
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invaded by recurrent lesion and associated dysphagia (posterior cranial nerves symptoms). Patient 5 

showed a rehaemorrhagia invasion by tumor a week after operation. No adverse effects such as stroke 

and ischemia were found in all five patients during the follow-up period. 

 

Figure 1: 1a. Before Willis covered stent implantation (white arrow shows the bleeding site) 1b. After Willis covered stent 

implantation. 

 

Figure 2: 2a. Before Willis covered stent implantation (white arrow shows the bleeding site) 2b. After Willis covered stent 

implantation.  

 

Figure 3: 3a. Before Willis covered stent implantation (white arrow shows the bleeding site) 3b. After Willis covered stent 

implantation.  
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Figure 4: 4a. Before Willis covered stent implantation (white arrow shows the bleeding site) 4b. After Willis covered stent 

implantation. 

 

Figure 5: 5a. Before Willis covered stent implantation (white arrow shows the bleeding site) 5b. After Willis covered stent 

implantation. 

 

Figure 6: The vascular 3-D reconstruction of patient 5. 
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Discussion 

The morbidity of NPC is 71% of new cases in East Asia and Southeast Asia (Chua et al., 2016). 

Radiotherapy is considered the preferred radical treatment for NPC and other head and neck cancers. 

One of the most severe complications is the rupture in major vessels, first reported by Thomas and 

Forbus in 1959. Mortality rates for RICBS have been reported as high as 60%, with neurologic morbidity 

approaching 40% (Chaloupka et al., 1996). The rate of RICBS in patients who received salvage head and 

neck re-irradiation was 2.6% and the mortality rate was 76% in the McDonald’s study (McDonald et al., 

2012). The risk of radiotherapy related carotid artery events were analyzed again by Sari (S. Yuce Sari et 

al., 2016) and Okoye (Okoye et al., 2016) at the 58th American Society for Radiation Oncology (ASTRO) 

conference in 2016. It is reported that the rate of RICBS was 14% and additional 9 patients (n=132) have 

succumbed to this complication in Sari’s (S. Yuce Sari et al., 2016) study. RICBS in patients with NPC and 

other head and neck cancers has existed as an unresolved problem for half a century in the field of 

radiotherapy. Based on Chaloupka’s (Chaloupka et al., 1996) study, the cause of carotid artery bleeding 

included tumor invasion, chemotherapy drugs, radiation injury etc. Although the exact mechanism of 

irradiation-induced vascular pathogenesis is not well established, irradiation is known as the main reason 

for the obliteration of the vasa vasorum, premature atherosclerosis, adventitial fibrosis, and weakening of 

the arterial wall (Okamura et al., 2002). Radiation also causes fragmentation of the elastic fibers of the 

tunica media, subendothelial vascularization and edema (Okamura et al., 2002). Therefore, rupture of 

irradiated vessels tends to occur in larger arteries that contain the above-mentioned structures and 

carotid arteries under high blood pressure in the head and neck. 

Fletcher indicated that RICBS tended to occur within the first 6 months after therapy (Fletcher 

and Klein, 1964). However, Okamura et al report two cases of carotid artery rupture with radiation 

treatment performed 1 year and 17 years ago.  

The current treatment for RICBS included surgery ligation and endovascular treatment. Surgery 

ligation is one of the choices for ICA bleeding because the mortality is 40%-60% (Razack and Sako, 1982) 

and is potentially associated with post-operation ischemia symptoms. Moreover, tumor invasion or 

radiation-related anatomic changes increased the difficulty of operation. Endovascular treatment 

includes balloon or coil embolization, covered stent implantation etc. (Pampana et al., 2011; Low and Goh, 

2003; He et al., 2013; Jong et al., 2019). Balloon embolization for carotid artery bleeding was first 

reported by Osguthorpe (Osguthorpe and Hungerford, 1984) in 1984, and it demonstrated better clinical 

effects than surgical ligation, as reported by Chaloupka (Chaloupka et al., 1996) in a larger study in 1984. 

However, the evaluation of Willis’ circle is necessary before ligation or embolization treatment. Even 

though it has a lower morbidity and mortality rates than surgical procedures, embolization of ICA still 
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has an unsatisfactory rate of 15-20% in developing immediate or delayed cerebral ischemia 

(Pampana et al., 2011) or diplopia etc. (Low and Goh, 2003). A possible explanation for this complication 

could be the incomplete circle of Willis. Therefore, the circle of Willis should be evaluated by angiography 

before the embolization. The use of covered stents, if possible, minimized the risk of ischemic stroke. By 

stopping the bleeding and keeping the arterials blood supply, the covered stent implantation could be a 

good choice for RICBS patients who had underdeveloped circle or patients who has not received the 

evaluation of Willis’ circle. Implant carotid artery stent graft should be performed in the early phase 

before the proposal of carotid artery hemorrhage by Hasan (Hasan et al., 2015). However, he did not offer 

further discussion for existed carotid artery bleeding. The Willis covered stent used in our study was 

developed jointly by our institute and the MicroPort Medical Company. It has been widely used in the 

cervical artery pseudo-aneurysm, recurrent or primary cystic aneurysm, traumatic aneurysm and 

traumatic cervical arterial sinus fistula (Li et al., 2007; Li et al., 2008; Wang et al., 2008; Li et al., 2010a; 

Zhu et al., 2010; Li et al., 2010b; Tan et al., 2011; Wang et al., 2011a; Wang et al., 2011b). Its mechanism 

involves repairing and rebuilding of the tumor-carrying blood vessels, immediately isolating and blocking 

the lesions, and keeping the tumor artery open to restore the blood flow in tumor sites back to the normal 

state (Li et al., 2007; Li et al., 2008; Wang et al., 2008; Li et al., 2010a; Zhu et al., 2010; Li et al., 2010b; Tan 

et al., 2011; Wang et al., 2011a; Wang et al., 2011b). Willis covered stent implantation might be a 

treatment choice of RICBS and good efficacy was achieved with this method. The Willis covered stent 

implantation achieved good efficacy for radiation ICA bleeding in patients with NPC in our study. In all 

five of our patients, one single stent was implanted, rather than multiple overlapping stents. The use of 

extra-long stents in the internal carotid artery has been reported in the literature (Rehman et al., 2017). 

However, Willis covered stent implantation associated complications such as thrombosis (Liu et al., 

2021). Some studies reported unfavorable long-term outcomes after deployment of a foreign body, such 

as a covered stent, in the field of ongoing contamination and neoplastic disease (Warren et al., 2002; 

Simental et al., 2003). In our study, one patient died of tumor invasion after Willis covered stent 

implantation. No other adverse effects such as stroke and ischemia were found in patients. Moreover, 

stents cannot be successfully implanted in all patients. Stent implantation was treated as the first choice 

but failed because of moderate lumen stenosis and the emergent massive bleeding in the procedure 

caused by weak vascular structure, at this moment ICA occlusion can be a choice (Dong et al., 2016). Choi 

suggested that the protection of ICA during IMRT could decrease the risk of atherosclerosis, and IMRT is 

still the priority treatment for recurrent head and neck cancer (Choi et al., 2016). Generally, the radiation 

dose of ICA is higher than 66Gy in primary definitive radiotherapy for NPC, which was confined to gross 

tumor volume. Moreover, the re-irradiation (>50Gy) is also recommended for the recurrence or 

metastasis. Sari, et al. (2016) has recently reported that patients whose maximum carotid dose was more 
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than 33Gy and with carotid circumference who received more than 30 Gy was >180° would be at risk of 

rupture by re-irradiation with stereotactic radiation therapy in recurrent head and neck cancers (S. Yuce 

Sari et al., 2016). It is used for patients (Wu et al., 2016) who had recurrence after receiving 50Gy heavy-

ion radiotherapy, and was diagnosed with bleeding of pseudoaneurysm in ICA after two years. As the 

most advanced radiotherapy technology, heavy ion radiotherapy may not completely avoid RICBS. We 

hope that there will be future clinical trials on the mechanism of radiation arterial injury and the 

implantation of Willis stent-graft to reduce radiation-related vascular complications and provide 

evidence for the practical treatment of RICBS. 

There are some shortcomings in our study. For example, the follow-up time was short, and no 

longer follow-up was performed. We hope to conduct large-sample, prospective studies in the future. 

Conclusions 

The Willis covered stent implantation can immediately stop the bleeding caused by RICBS to save 

patient’s life. It is an effective and practical method to treat RICBS in NPC patients or other head and neck 

cancer patients, especially in the radiation-induced vascular events. 
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