Cancer Management and Research SO

ORIGINAL RESEARCH

Interventional Treatment Strategies for Carotid
Blowout Syndrome After Radiotherapy for
Nasopharyngeal Carcinoma

Zhipeng Lin*, Jiangiao Chen*, Xugong Zou, Jian Zhang, Dabei Huang

Video abstract

.EH. .E

Correspondence: Dabei Huang, Department of Interventional Medicine, Zhongshan People’s Hospital, No. 2 Sunwen ) E'
East Road, Zhongshan, Guangdong Province, 528400, People’s Republic of China, Email huangdb2482@163.com Paint your SmartPhone at the code

above. If you have a QR code reader the
video abstract will appear. Or use:
https://youtu.be/9J3QkBIPNzY

Department of Interventional Medicine, Zhongshan People’s Hospital, Zhongshan, Guangdong Province, 528400,
People’s Republic of China

*These authors contributed equally to this work

Background: Carotid blowout syndrome (CBS) is a life-threatening complication that can occur after

radiotherapy in nasopharyngeal carcinoma (NPC) patients, resulting in catastrophic hemorrhage.

Endovascular treatments, including coil embolization and stent grafting, have become standard options for managing CBS. Recent
studies suggest that individualized approaches based on aneurysm location and vascular condition may further reduce recurrence and
complications. This study aims to evaluate the efficacy, safety, and outcomes of these treatments in NPC patients with CBS.
Methods: A retrospective analysis was conducted on 46 NPC patients who developed CBS following radiotherapy and underwent
endovascular intervention at Zhongshan People’s Hospital between January 2016 and July 2023. Outcomes such as immediate
hemostasis, rebleeding rates, complications, and 1-year survival were analyzed.

Results: Among the 46 patients, 29 received coil embolization and 17 underwent stent grafting. Immediate hemostasis was achieved
in all cases (100%). The 1-year rebleeding rate was 8.6% (4/46), and the overall complication rate was 8.6% (4/46), with cerebral
infarctions being the primary concern. Coil embolization is associated with lower rebleeding rates, while stent grafting preserves
arterial patency better. The 1-year survival rate was 89.1% (41/46).

Conclusion: Endovascular interventions, including coil embolization and stent grafting, are effective in managing CBS in NPC
patients after radiotherapy. Future research should focus on refining patient selection criteria and optimizing long-term outcomes.
Keywords: nasopharyngeal carcinoma, radiotherapy, endovascular treatment, Stent graft, coil embolization, carotid blowout

syndrome

Introduction
Nasopharyngeal carcinoma (NPC) is a prevalent malignancy in Southeast Asia, particularly in Southern China, where
radiotherapy is the cornerstone of curative treatment.! Advances in radiotherapy, including intensity-modulated radio-
therapy (IMRT), have greatly improved survival rates for NPC patients. However, these advancements have also resulted
in an increased incidence of late-stage complications. One such complication is osteoradionecrosis (ORN) of the skull
base, which arises from radiation-induced damage to bone tissue, leading to bone necrosis and exposure.” The exposure
of the skull base, coupled with impaired ciliary function in the nasopharynx due to radiation-induced damage, diminishes
the self-cleansing ability of the nasopharynx, thereby heightening the risk of local infection. These factors, in combina-
tion with direct radiation-induced injury to the carotid artery, contribute to the development of carotid blowout syndrome
(CBS), which is characterized by pseudoaneurysm formation and subsequent rupture.’

CBS is associated with high mortality if not treated promptly due to massive hemorrhage. Conventional treatments,
such as surgical ligation, bypass grafting, or radial artery high-flow bypass, are often challenging because of radiation-
induced tissue changes, increasing the risk of complications.* Endovascular techniques, like coil embolization and stent

grafting, offer less invasive alternatives, providing immediate hemorrhage control with lower complication rates.’
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Recent studies indicate that coil embolization, while effective in achieving hemostasis, may pose risks such as
cerebral infarction due to compromised blood flow. On the other hand, stent grafting, which maintains arterial patency,
has been associated with a higher risk of rebleeding if not properly placed.® Current evidence supports individualized
treatment strategies that take into account the patient’s vascular anatomy, the location of the pseudoaneurysm, and the
extent of collateral circulation.

This study retrospectively assesses the outcomes of endovascular treatments for CBS in NPC patients, providing
a comprehensive analysis of the risks and benefits of both coil embolization and stent grafting. By reviewing the factors
influencing treatment success, this study aims to provide insights to improve future interventional strategies.

Methods

Inormal Information

The study was conducted in accordance with the Declaration of Helsinki and other ethical principles for medical research
involving human subjects. This retrospective study was conducted at Zhongshan People’s Hospital and included 46 NPC
patients who developed CBS following radiotherapy. All patients underwent endovascular intervention between
January 2016 and July 2023. Our previous study (PMID:39229254) provided a foundational understanding of interven-
tional approaches to CBS, focusing on a smaller patient cohort and conventional treatment techniques.’

Building on this prior work, the current study aims to advance the field by: 1. Expanding the Patient Cohort: This
study includes a larger and more comprehensive cohort, allowing for more robust statistical analysis and a deeper
understanding of treatment outcomes. 2. Introducing Novel Techniques: The use of the Willis intracranial covered stent is
a key innovation not covered in our previous research. This advanced technique has shown promise in improving the
safety and efficacy of interventions for CBS. 3. Highlighting a Unique Clinical Case: A particularly rare and complex
case of bilateral internal carotid artery involvement is reported, providing valuable insights into the management of such
challenging scenarios. 4. Providing Updated Outcomes: By including the latest clinical data and interventional advance-
ments, this study contributes updated insights into the management of CBS in NPC patients.

The study was approved by the hospital’s ethics committee and was conducted in accordance with the ethical
principles outlined in the Declaration of Helsinki. Written informed consent was obtained from all patients. Primary
outcomes measured included immediate hemostasis, rebleeding rates, complications (such as cerebral infarction), and
l-year survival.

Inclusion criteria: (1) Patients with a histologically confirmed diagnosis of NPC and a history of radiotherapy.
(2) CBS diagnosis confirmed via imaging, including digital subtraction angiography (DSA) or enhanced computed
tomography (CT). (3) Significant hemorrhage (nasal bleeding >300mL or recurrent bleeding unresponsive to con-
servative treatments)

Exclusion criteria: (1) Carotid artery rupture due to causes unrelated to radiotherapy. (2) Patients with severe
comorbidities (eg, severe heart, lung, or kidney dysfunction) that would increase the procedural risk.

Preoperative Preparation

Prior to the intervention, it is essential to conduct comprehensive laboratory evaluations, which include a complete blood
count, liver and renal function tests, cardiac function evaluations, coagulation profiles, and enhanced computed
tomography (CT) of the carotid arteries. Additionally, measures such as nasal packing, aggressive fluid resuscitation,
and blood transfusions should be implemented to address hemorrhagic shock.

Endovascular Treatment Protocol

All procedures were carried out in an interventional radiology room, using the Seldinger technique for vascular access
via the femoral artery. Once vascular access was successfully established, selective angiography was performed on the
carotid arteries to accurately pinpoint the site of rupture. Based on the angiographic findings, one of two intervention

strategies was implemented.
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Coil Embolization

Coil embolization should be applied to patients with sufficient collateral circulation. Detachable coils are systematically
placed to effectively occlude the pseudoaneurysm. Before proceeding with the embolization, a balloon occlusion test is
conducted to assess the adequacy of collateral circulation, ensuring that surrounding tissues receive sufficient blood flow
throughout the procedure.

Stent Grafting
For patients with straightforward vascular anatomy but poor collateral circulation, a covered stent was positioned across
the pseudoaneurysm. This technique facilitates the sealing of the ruptured artery while maintaining blood flow and
significantly mitigating the risk of ischemic complications in scenarios with inadequate collateral circulation. After
successful hemostasis, patients receiving stent implantation were started on an antiplatelet regimen on postoperative day
three. The regimen included a daily dose of 75 mg clopidogrel and 100 mg aspirin, continued for at least six months.
Routine coagulation assessments were conducted, with medication dosage adjusted as needed. In the event of nasophar-
yngeal bleeding, it was crucial to discontinue antiplatelet therapy immediately to prevent further complications.

For patients who exhibit a positive balloon occlusion test and are deemed unsuitable for stent placement, the available
treatment options include: 1. Conservative medical management; 2. Ligation of the common carotid/internal carotid
artery; 3. Coil embolization of the internal carotid artery.

Evaluation of Efficacy

(1) Immediate Hemostasis: Defined as cessation of bleeding within 24 hours of the procedure. (2) Rebleeding Rate:
Recurrence of hemorrhage was tracked within one year of the initial intervention. (3) Complications: Procedure-related
complications, including cerebral infarction and neurological deficits, were documented. (4) Survival Rate: The overall
survival rate was evaluated one year post-procedure.

Statistical Analysis
Meanztstandard deviation were used as descriptive statistics, the number and percentages were used for categorical data.

Results

This retrospective analysis included 46 patients diagnosed with CBS following radiotherapy for NPC. Of the initial 55
patients, 9 were excluded as their families opted out of treatment following intraoperative angiography. The final cohort
consisted of 38 males (82.6%) and 8 females (17.4%), with a mean age of 59.3 £ 9.7 years (range: 3774 years). The
mean interval between radiotherapy and CBS was 7.7+3.2 years (range: 2—15 years). All patients had received intensity-
modulated radiation therapy (IMRT) for nasopharyngeal carcinoma (NPC), with the total radiation dose to the primary
tumor ranging from 68 to 72 Gy, delivered over 30 to 34 fractions. Furthermore, 17 of these patients underwent a second
course of radiation therapy (re-irradiation) with doses between 45 and 60 Gy. A total of 17 patients received concomitant
chemotherapy: 8 patients received chemotherapy combined with radiotherapy during initial treatment, while 9 patients
received chemotherapy after tumor recurrence. In cases of CBS, 7 cases were located in the common carotid artery, 27
cases in the C1 segment (cervical segment) of the internal carotid artery, 9 cases in the C2 segment (petrous segment) of
the internal carotid artery, 2 cases in the C3 segment (lacerum segment) of the internal carotid artery, and 1 case in the C4
segment (cavernous segment) of the internal carotid artery (Table 1).

The patient presented with otorrhagia (n = 5) and epistaxis (n = 45). DSA angiography confirmed the presence of
internal carotid artery pseudoaneurysms in 46 patients, of which 9 had pseudoaneurysms with contrast extravasation
along the carotid sheaths. The lesions were located on the right side in 20 patients and on the left side in 26 patients. No
external carotid arterial anomalies were detected in any of the patients. 17 patients underwent stent implantation, and
Figure 1 illustrates the perioperative situation of a CBS patient who received carotid artery stenting. 29 patients
underwent coil embolization, and Figure 2 illustrates the perioperative situation of a CBS patient who received carotid
artery coil embolization.
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Table | Baseline Characteristics of CBS Patients

Variable Value
Total Number of Patients 46

Male 38 (82.6%)
Female 8 (17.4%)
Mean Age (years) 59397
Age Range (years) 37-74

Mean Time Between Radiotherapy and CBS (years) | 7.7 + 3.2

Time Range Between Radiotherapy and CBS (years) | 2—-15

Initial Treatment (IMRT) 46 (100%)
Reirradiation 17 (37.0%)
Radiation Dose (Gy) — Primary Tumor 68-72
Radiation Dose (Gy) — Reirradiation 45-60

Location of CBS

Common Carotid Artery 7 (15.2%)
Internal Carotid Artery (Cl) 27 (58.7%)
Internal Carotid Artery (C2) 9 (19.6%)
Internal Carotid Artery (C3) 2 (4.3%)
Internal Carotid Artery (C4) 1 (2.2%)
Side of CBS

Right Side 20 (43.5%)
Left Side 26 (56.5%)

Concomitant Chemotherapy

Chemotherapy with Initial Radiotherapy 8 (17.4%)

Chemotherapy after Tumor Recurrence 9 (19.6%)

1. Immediate Hemostasis: Immediate hemostasis was achieved in all patients (100%) following either coil emboliza-
tion or stent grafting. 2. Rebleeding Rate: The 1-year rebleeding rate was 8.6% (4/46). Three patients in the stent-grafting
group and one in the coil embolization group experienced rebleeding and required further intervention. 3. Complications:
Four patients 8.6% (4/46) developed procedure-related complications. Two patients who underwent internal carotid coil
occlusion developed massive cerebral infarctions (Figure 3). One of these patients died, while the other survived with no
severe neurological symptoms. Two patients who underwent carotid artery coil embolization developed mild neurolo-
gical symptoms, but these resolved within one week. Follow-up brain MRI showed no signs of acute cerebral infarction.
4. Survival Rate: The overall 1-year survival rate was 89.1% (41/46). Three patients died within the year from causes
unrelated to the endovascular procedure. Two patients who were treated with stents died due to rebleeding. 19 patients
underwent secondary nasal surgery, which involved the removal of necrotic tissue and flap reconstruction of the
nasopharyngeal region (Table 2).
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Figure | (A) Emergency CT angiography shows a pseudoaneurysm of the left internal carotid artery (transverse section); (B) Pseudoaneurysm of the left internal carotid
artery (coronal section); (C) Pseudoaneurysm of the left internal carotid artery (sagittal section); (D) CT three-dimensional reconstruction showing the left internal carotid
artery pseudoaneurysm; (E) Carotid angiography shows a pseudoaneurysm of the left internal carotid artery (frontal position); (F) Carotid angiography shows
a pseudoaneurysm of the left internal carotid artery (lateral position); (G) Angiography after implantation of the WILLIS intracranial covered stent shows disappearance
of the left internal carotid artery pseudoaneurysm;H. Lateral position displays the stent.

G

Figure 2 (A) and (B) Emergency CT examination showed uneven density of soft tissues in the nasopharynx with visible gas, and infection in the nasopharynx was considered
(located at the lower edge of cervical vertebra 1); (C) A pseudoaneurysm was seen in the left internal carotid arteriogram (frontal position); (D) A pseudoaneurysm was
seen in the left internal carotid arteriogram (lateral position); (E) Three-dimensional reconstruction showed a pseudoaneurysm in the left internal carotid artery; (F)
Occlusion of the right internal carotid artery (frontal position); (G) Occlusion of the right internal carotid artery (lateral position); (H) Right vertebral arteriogram; (I) Left
vertebral arteriography shows well-compensated blood flow in both cerebral hemispheres (lateral position); (J) Left vertebral arteriography shows well-compensated blood
flow in both cerebral hemispheres (frontal position); (K) During the balloon occlusion test, left vertebral arteriography shows well-compensated blood flow in both cerebral
hemispheres (lateral position); (L) Embolization of the left internal carotid artery using coil; (M) Postoperative left vertebral arteriography shows well-compensated blood
flow in both cerebral hemispheres (lateral position); (N) Postoperative left vertebral arteriography shows well-compensated blood flow in both cerebral hemispheres
(frontal position).
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Figure 3 (A) Left internal carotid artery pseudoaneurysm ruptured; (B) The balloon occlusion test indicates well compensation; (C and D). Right internal carotid
angiography after coil embolization of the left internal carotid artery showed that the left internal carotid artery remained well compensated; (E and F). Three days after
endovascular treatment, the patient developed acute cerebral infarction in the frontotemporal lobe, occipital lobe, and left basal ganglia. (G and H). CT changes after the
patient underwent a decompressive craniectomy.

Both treatment modalities achieved high immediate hemostasis rates. Coil embolization was associated with a lower
rebleeding rate, while stent grafting offered better preservation of arterial patency. However, coil embolization had
a slightly higher complication rate, with more patients experiencing cerebral infarction.

Discussion

CBS is a rare but life-threatening complication that may develop in patients with NPC who have received radiotheralpy.8
CBS typically presents as rupture or impending rupture of the carotid artery or its branches, often presenting in severe
hemorrhage. The pathogenesis of CBS is strongly associated with radiation-induced vascular injury, leading to progres-
sive damage to the blood vessels. Radiotherapy can induce endothelial cell injury, fibrosis, and weakening of the arterial
wall, ultimately contributing to the formation of pseudoancurysms or direct vascular rupture.

Regarding the potential impact of chemotherapy on the risk of CBS, current literature is limited. Some studies suggest
that chemotherapy drugs, especially platinum-based agents like cisplatin and taxanes, have direct vascular toxic effects.
These drugs can damage the vascular endothelium, increasing blood vessel fragility, which may contribute to pseudoa-
neurysm formation or rupture. Additionally, chemotherapy may exacerbate vascular damage caused by radiotherapy,
further compromising carotid artery integrity. However, the exact role of chemotherapy in CBS remains unclear, and
further studies are needed to elucidate this relationship.

Table 2 Comparison of Treatment Outcomes for CBS

Outcome Measure Coil Embolization | Stent Grafting | Overall
(n=29) (n=17) (n=46)
Immediate Hemostasis (%) 29 (100%) 17 (100%) 46 (100%)
|-Year Rebleeding Rate (%) | (3.4%) 3 (17.6%) 4 (8.6%)
Complications (%) 4 (13.8%) 0 (0) 4 (8.6%)
Cerebral Infarction (%) 2 (6.9%) 0 (0) 2 (4.3%)
|-Year Survival Rate (%) 26 (89.7%) 15 (88.2%) 41 (89.1%)
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In this study, we retrospectively evaluated the efficacy and clinical outcomes of endovascular treatments for CBS in
NPC patients. Our analysis focused on two primary therapeutic interventions: coil embolization and stent grafting.’ Coil
embolization involves the insertion of coils into the affected artery to induce clotting and seal the pseudoaneurysm,
effectively stopping the bleeding. This approach, while often successful, can lead to arterial occlusion, which compro-
mise blood flow and increase the risk of ischemic complications, such as stroke.

On the other hand, stent grafting is a technique that uses a covered stent to reinforce the damaged arterial wall,
maintaining the patency of the vessel while excluding the pseudoaneurysm from circulation. Stent grafting aims to
preserve arterial integrity and mitigate the risk of ischemic complications. However, the risk of rebleeding and stent-
related complications, such as infection or stent migration, remains a concern.'®

At the 1-year follow-up, the overall rebleeding rate was 8.6%. Stent grafting was associated with a slightly higher
rebleeding rate, which is likely due to stent migration or endoleaks, a known complication of stent grafts.'' On the other
hand, coil embolization, though associated with a lower rebleeding rate, was linked to a higher incidence of cerebral
infarction due to the occlusion of major arteries. Two patients in our study developed cerebral infarctions following coil
embolization.

Recent studies have shown that while stent grafts preserve arterial patency, they carry a risk of long-term complica-
tions, such as rebleeding and stent thrombosis, particularly in patients with ongoing tumor invasion or infection.
Additionally, coil embolization, though effective in controlling bleeding, compromises blood flow to the brain, increasing
the risk of ischemic complications, particularly in patients with poor collateral circulation. Given the distinct mechanisms
of action and clinical indications for these two techniques, they are not typically used in combination. Future studies
should focus on optimizing patient selection for each treatment modality and exploring ways to minimize complications.

The 1-year survival rate in our study was 89.1%. While the primary cause of mortality was not directly related to the
endovascular interventions, it is important to note that the overall prognosis of patients with CBS remains poor due to the
advanced stage of their underlying cancer and the cumulative effects of radiotherapy.'* The results of our study highlight
the importance of early diagnosis and timely intervention, as delayed treatment can significantly worsen outcomes.

This study underscores the importance of individualized treatment strategies in the management of CBS in NPC
patients. While both coil embolization and stent grafting are effective in achieving immediate hemostasis, the choice of
treatment should be guided by patient-specific factors, including vascular anatomy, collateral circulation, and overall
health status. In the future, a more refined approach that incorporates advanced imaging techniques and risk stratification
models may help reduce complications and improve long-term outcomes for CBS patients.

In patients exhibiting unstable arterial flow and significant hypotension, the carotid compression test may be utilized
as an alternative to the balloon occlusion test. The primary benefit of this approach is the reduced duration of the testing
process; however, this may result in an elevated risk of neurological dysfunction following carotid artery embolization.
For those who test positive on the balloon occlusion test but are not candidates for stent placement, subsequent
management strategies may include conservative internal management, coil embolization of the internal carotid artery,
or carotid artery ligation.'>" !>

In cases of hemodynamically unstable internal carotid artery rupture with substantial hemorrhage, the efficacy of
conservative medical management is often limited. Many of these individuals may have previously undergone con-
servative treatment prior to interventional procedures, generally yielding suboptimal outcomes. Given its high surgical
trauma and complexity, carotid ligation is infrequently employed. Therefore, following thorough discussions with the
patient, attempting coil occlusion of the affected internal carotid artery may be prudent. This approach aims to sustain
hemodynamic stability during and after the procedure while minimizing the incidence of hypotension and the likelihood
of neurological complications.'®

This retrospective study has several limitations: 1. All patients underwent only Computed Tomography Angiography
(CTA) of the cranial vasculature post-endovascular intervention, with no conventional angiographic evaluations per-
formed; 2. The study exclusively included emergency cases of ruptured internal carotid artery pseudoaneurysms, with
participants presenting hemodynamic instability, potentially compromising the accuracy of the balloon occlusion test; 3.

Throughout the study’s duration, a variety of covered stent devices were utilized.
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Conclusion

This retrospective analysis indicates that endovascular intervention serves as a robust and relatively safe alternative for
managing CBS in patients with NPC following radiotherapy. The findings underscore significant survival advantages
while also identifying opportunities for enhancing clinical practices to minimize complications.

Abbreviations
NPC, nasopharyngeal carcinoma; IMRT, intensity-modulated radiotherapy; CBS, carotid blowout syndrome; DSA,
digital subtraction angiography; CT, computed tomography; CTA, computed tomography angiography.
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