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ABSTRACT

Rapid formation and recurrence of aneurysms accompanied by severe arterial stenosis following radiation therapy (RT) for 
nasopharyngeal carcinoma (NPC) is an uncommon clinical phenomenon. We present the case of a 51-year-old man who developed 
subarachnoid hemorrhage years after undergoing RT for NPC. Digital subtraction angiography revealed a ruptured, irregular, wide-
neck aneurysm at the posterior communicating segment of the right internal carotid artery (ICA), along with significant stenosis 
(approximately 80%) at the cervical segment of the same artery. The cervical ICA stenosis was initially treated with stenting, 
followed by LVIS stent-assisted coil embolization of the aneurysm. Over the next four years, the patient developed three entirely 
new ICA aneurysms—one of which arose from within the middle portion of the previously placed LVIS stent (a finding not previously 
reported)—as well as one recurrent aneurysm. This rare case highlights the dynamic nature of RT-induced ICA aneurysm formation 
and recurrence. Lifelong monitoring and individualized endovascular management are crucial. Considering the fragility of irradiated 
tissues, extensive arterial involvement, and increased surgical risk from repeat procedures, endovascular treatment was favored 
over open surgery.
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█   INTRODUCTION

Nasopharyngeal carcinoma (NPC) is predominantly a 
squamous cell carcinoma arising from the columnar 
epithelium of the nasopharynx, with a marked geo-

graphic prevalence in Southeast and East Asia (4). Radiation 
therapy (RT) remains the cornerstone of NPC treatment and 
has significantly improved patient survival (7). However, its po-
tential adverse effects on cerebral vasculature are increasing-
ly recognized. Although RT-induced aneurysms are rare, they 

can lead to aneurysmal subarachnoid hemorrhage (aSAH)—a 
severe and often fatal complication associated with high mor-
bidity and mortality rates (3). Considering these risks, greater 
clinical attention should be directed toward the detection and 
management of RT-related aneurysms.

Intracranial aneurysms following RT for NPC occur at an 
estimated incidence of 47.8 per 100,000 person-years (15). 
However, the sequential development and rupture of multiple 
new and recurrent internal carotid artery (ICA) aneurysms 
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within a relatively short time frame—particularly in the setting 
of severe post-RT ICA stenosis—remains exceedingly rare in 
clinical reports. We present the case of a 51-year-old man with 
a history of RT for NPC who developed three entirely new ICA 
aneurysms and one recurrent aneurysm over a 4-year period. 
Notably, this case represents the first reported instance of 
an aneurysm arising from the mid-segment of an LVIS stent 
coverage zone—a previously undocumented phenomenon 
with important implications for endovascular treatment in 
irradiated vessels. Through detailed angiographic follow-up 
and hemodynamic analysis, this case offers rare insights into 
the progressive nature of radiation-induced vasculopathy. 
Our findings highlight the urgent need for evidence-based 
surveillance strategies and tailored therapeutic approaches for 
managing these complex and evolving vascular complications.

█   CASE REPORT
A 51-year-old man was diagnosed with NPC in 2008, confirmed 
pathologically as undifferentiated carcinoma (Figure 1). He 
underwent chemotherapy and RT, receiving 2 Gy per session 

over 30 sessions, for a total dose of 60 Gy. Following several 
years of radiological, clinical, and oncological surveillance, he 
achieved complete remission. His medical history included 
hypertension, intermittent headaches, and a 10-year history 
of smoking.

First Admission (August 2017): The patient was admitted to 
our hospital with a 3-day history of headache. Neurological 
examination showed nuchal rigidity, with no other abnormal 
findings. Emergency computed tomography (CT) at admis-
sion revealed SAH (Figure 2A), and CT angiography (CTA) re-
vealed approximately 80% eccentric stenosis accompanied 
by a dissecting aneurysm at the cervical segment of the right 
ICA (Figure 2B). Digital subtraction angiography (DSA) further 
identified a ruptured, wide-neck, irregular aneurysm at the 
posterior communicating segment of the right ICA (Figure 2C), 
with no abnormalities in other cerebral vessels. Given the sig-
nificant cervical ICA stenosis that could hinder endovascular 
treatment (EVT), a self-expanding Xact stent (Abbott Vascular, 
Abbott Park, IL, USA) was first deployed in the affected seg-
ment. Subsequently, the ruptured aneurysm was successful-
ly embolized using coils with assistance from an LVIS stent 
(MicroVention, Tustin, CA, USA). Post-procedural angiography 
confirmed complete occlusion of the aneurysm with no resid-
ual neck (Figure 2D, E). The patient recovered well and was 
discharged without any neurological deficits.

Second Admission (February 2019): Eighteen months later, 
the patient was readmitted to our hospital due to impaired 
consciousness. Immediate brain CT revealed SAH (Figure 
3A). DSA detected a newly formed, wide-neck, irregular 
ruptured aneurysm located at the choroidal segment of the 
left ICA (Figure 3B, C). This aneurysm had not been present 
on the initial DSA, and the previously treated aneurysm 
remained stable, with no signs of recurrence or neck remnant. 
No additional aneurysms were identified. Considering the 
successful outcome of the prior EVT, the patient’s family opted 
for the same therapeutic approach. Under general anesthesia, 
the newly ruptured aneurysm was embolized using coils with 
the assistance of an LVIS stent. Post-procedure DSA showed 
a small residual neck (Figure 3D, E). The patient made a full 
recovery and was discharged without neurological deficits or 
complications.

Figure 1: Histopathological examination confirmed undifferentiat-
ed nasopharyngeal carcinoma, visualized using Hematoxylin and 
Eosin stain, ×40 magnification.

Figure 2: Images of the first procedure (August 2017). A) Brain CT revealed subarachnoid hemorrhage. B) CTA revealed approximately 
80% eccentric stenosis with a dissecting aneurysm at the cervical segment of the right internal carotid artery. C) DSA revealed a 
ruptured, wide-neck, irregular aneurysm at the posterior communicating segment of the right ICA. D, E) Immediate post-procedural 
angiography confirmed complete occlusion with no residual neck.
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Third Admission (March 2019): Only 1 month after the second 
procedure, the patient experienced a third episode of aSAH, 
presenting with a Hunt–Hess grade of 3 and a Glasgow Coma 
Scale score of 9 upon admission. Emergency brain CT revealed 
SAH accompanied by hydrocephalus (Figure 4A). Subsequent 
DSA showed that the previously treated aneurysm at the 
choroidal segment of the left ICA remained stable, with no 
signs of recurrence (Figure 4B). However, a newly developed 
pseudoaneurysm was identified at the choroidal segment of 
the right ICA, which had not been present in prior imaging 
(Figure 4C). No additional aneurysms were detected. Following 
multidisciplinary consultation and consensus on treatment 
strategy, the new aneurysm was embolized using LVIS stent-
assisted coils, and external ventricular drainage of the right 
lateral ventricle was performed. Immediate and 20-day follow-
up DSA confirmed complete occlusion of the aneurysm with 
no residual neck (Figure 4D, E). Although recovery was slow, 
the patient was eventually discharged with limited functional 
independence but able to manage basic self-care.

Fourth Admission (January 2021): Over time, the patient’s neu-
rological deficits related to hydrocephalus gradually improved. 
However, he was readmitted to our institution with complaints 
of intermittent headaches lasting 4 days. Emergency brain CT 
showed no evidence of SAH but revealed mild hydrocepha-
lus (Figure 5A). Considering his complex medical history, a 
routine DSA was performed. The angiography confirmed no 
recurrence of the previously treated aneurysms at the poste-

rior communicating and choroidal segments of the right ICA 
(Figure 5B). Remarkably, however, the coils from the second 
treated aneurysm had shifted from their original position at the 
choroidal segment of the left ICA (Figure 5C). Furthermore, a 
third new aneurysm had developed at the posterior communi-
cating segment of the left ICA (Figure 5D, E). Due to the wide-
necked and irregular morphology of the new aneurysm, along 
with fragility of the parent vessel, the patient was pretreated 
with daily aspirin (100 mg) and clopidogrel (75 mg) for ap-
proximately 1 week before the procedure. Subsequently, both 
aneurysms were successfully treated with LVIS stent-assisted 
coil embolization (Figure 5F, G). No new neurological deficits 
were observed during the perioperative period, and the pa-
tient was discharged uneventfully. Ongoing neuroimaging and 
clinical monitoring have been maintained diligently.

Fifth Admission (November 2021): During the most recent 
follow-up in November 2021, DSA revealed a recurrence of the 
aneurysm at the choroidal segment of the left ICA (Figure 6A), 
likely associated with a small neck remnant from the previously 
treated lesion. To address this, an additional LVIS stent was 
deployed within the existing stent to reinforce coverage of the 
aneurysm neck, without performing coil embolization (Figure 
6B). Immediate post-procedural DSA demonstrated intra-
aneurysmal contrast stagnation (Figure 6C). The patient was 
discharged without any new neurological deficits. A summary 
of the patient’s clinical course is provided in Table I.

Figure 3: Images of the second procedure (February 2019). A) Brain CT revealed subarachnoid hemorrhage. B, C) DSA and three-
dimensional DSA identified a wide-neck, ruptured, irregular aneurysm at the choroidal segment of the left ICA. D, E) Post-procedure 
angiography performed immediately revealed a small neck remnant.

Figure 4: Images of the third procedure (March 2019). A) Brain CT indicated subarachnoid hemorrhage coupled with hydrocephalus. B) 
DSA revealed that the coils of the second treated aneurysm at the choroidal segment of the left ICA were in position. C) DSA revealed 
that the first treated aneurysm at the posterior communicating segment of the right ICA was stable(white arrow) and identified a newly 
developed pseudoaneurysm at the choroidal segment of the right ICA(black arrow). D, E) The postoperative DSA revealed complete 
occlusion of the aneurysm at the choroidal segment of the right ICA.
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lar pathways, where ionizing radiation stimulates NF-κB and 
matrix metalloproteinases (MMPs), facilitating aneurysm de-
velopment and rupture (6,8,10,13); impaired adventitial repair 
due to RT-induced fibroblast dysfunction (11); and hemody-
namic stress, wherein altered shear forces exacerbate struc-
tural vessel fragility (9). The average latency between cancer 

█   DISCUSSION
RT induces complex vascular injury through multiple inter-
related mechanisms. These include endothelial dysfunction 
and chronic inflammation, which promote atherosclerosis and 
compromise vessel wall integrity (14); activation of molecu-

Figure 5: Images of the fourth procedure (January 2021). A) Brain CT revealed no sign of subarachnoid hemorrhage, but mild 
hydrocephalus. B) DSA revealed that the first (white arrow) and third (black arrow) treated aneurysms, respectively, at the posterior 
communicating and choroidal segments of the right ICA, were stable. C) DSA demonstrated that the coils of the second treated 
aneurysm at the choroidal segment of the left ICA were shifted from the previous position (shifting from the black arrow to the white 
arrow). D, E) DSA and 3D-DSA revealed a newly developed aneurysm at the posterior communicating segment of the left ICA. F, G) 
Postoperative DSA revealed complete occlusion of the aneurysms at the posterior communicating and choroidal segments of the left 
ICA.

Figure 6: Images of the fifth procedure (November 2021). A) DSA indicated the recurrence of the aneurysm (black arrow) at the choroidal 
segment of the left ICA (the second treated aneurysm). B) DSA revealed that the LVIS stent was deployed to cover the aneurysm neck 
without coil embolization. C) The immediate postoperative DSA showed intra-aneurysmal contrast stasis (white arrow).
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effective contrast stasis through flow diversion. This case 
yields several clinical insights: patients with NPC who have a 
history of smoking, hypertension, and received radiation dos-
es exceeding 60 Gy should undergo lifelong vascular surveil-
lance. We recommend follow-up DSA at 6, 12, and 24 months 
post-EVT. Regarding treatment approach, stent-assisted coil-
ing remains a valid first-line option for primary aneurysms, 
whereas flow diverters may offer a superior alternative for re-
current lesions, particularly to prevent coil migration.

The consistent use of endovascular treatment in this case was 
guided by three primary factors: First, irradiated tissues are 
prone to poor wound healing and carry an increased risk of 
surgical complications, such as carotid blowout (1,2). Second, 
the stepwise development of aneurysms across multiple seg-
ments of the ICA—from cervical to intracranial—would neces-
sitate overly extensive and invasive surgical exposure. Third, 
repeated open surgeries would impose significant cumulative 
morbidity, especially given the patient’s radiation-induced 
tissue fibrosis (2). These considerations support the current 
clinical consensus, which favors endovascular intervention 
over open surgery for radiation-induced vasculopathy when 
anatomically feasible.

█   CONCLUSION
This case underscores the dynamic and recurrent nature of 
RT-induced internal carotid artery aneurysms. Despite achiev-
ing “complete” initial treatment, rigorous and ongoing angio-
graphic monitoring is essential for early detection of de novo 
or recurrent lesions. In irradiated vasculature, endovascular 
strategies should shift from solely focusing on aneurysm oc-
clusion to prioritizing vessel preservation and long-term vas-
cular integrity.
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diagnosis and intracranial aneurysm formation has been re-
ported as 4.3 ± 3.1 years (15). However, this case is excep-
tionally rare—demonstrating the sequential formation of three 
entirely new aneurysms and one recurrence within just 4 years. 
In this patient, the compounding effects of hypertension and 
smoking-related atherosclerosis likely intensified RT-induced 
vascular damage. Although the primary NPC was localized in 
the nasopharynx, standard radiation fields often encompass 
the skull base and proximal intracranial arteries due to po-
tential tumor spread along neural pathways. The dose-depen-
dent relationship between RT and intracranial aneurysms is 
well documented: 1) the carotid siphon receives substantial 
scatter radiation during NPC treatment (typically 60–70 Gy 
to the primary tumor site) (15); 2) histological analyses have 
revealed similar features of radiation vasculopathy—such as 
vasa vasorum obliteration and medial necrosis—in both cervi-
cal and intracranial carotid segments (2); and 3) hemodynamic 
compensation for proximal stenosis, as seen in this patient’s 
80% cervical ICA narrowing, increases stress on distal arterial 
walls, thereby accelerating aneurysm formation in irradiated 
but non-stenotic intracranial regions (5).

Typically, LVIS stent-assisted coil embolization for small an-
eurysms carries a low recurrence rate, reported at 7.4% (12), 
and there have been no prior reports of new aneurysm forma-
tion within the stent-covered segments. Remarkably, this case 
represents the first documented instance of a de novo aneu-
rysm arising from the mid-portion of an LVIS stent’s coverage 
area (Figure 5D, E)—a novel and clinically significant event 
with important implications for endovascular device selection 
in radiation-compromised vasculature. In the context of post-
RT vasculopathy, even unruptured aneurysms may warrant a 
lower threshold for intervention, though the choice between 
EVT and surgery must be individualized. Moreover, DSA re-
vealed coil displacement in the previously treated aneurysm, 
likely due to inflammation-induced endothelial instability. Tak-
ing into account the patient’s medical history, family prefer-
ences, and financial considerations, LVIS stent-assisted coil 
embolization was successfully performed for both aneurysms. 
However, during the most recent procedure (November 2021), 
the recurrent aneurysm was treated with an LVIS stent alone 
—without coils—to cover the aneurysm neck (Figure 6B), con-
sidering the risks of coil migration and potential compromise 
of the choroidal artery. Postoperative DSA showed contrast 
stagnation within the aneurysm sac (Figure 6C), suggesting 
effective flow diversion. In such complex cases, flow diverters 
may also serve as a viable alternative.

In summary, while LVIS stent-assisted coiling provided imme-
diate aneurysm occlusion in RT-induced cases, its long-term 
durability was limited (Figure 6A, Figure 3D-E, and Figure 5G), 
and coil migration was observed at irradiated sites, likely due 
to ongoing inflammation and vascular remodeling (Figure 5C). 
Therefore, an adaptive treatment strategy was employed: for 
the recurrent aneurysm (Figure 6A-C), standalone LVIS stent 
placement—without coiling—was used to prioritize parent 
vessel reconstruction over direct aneurysm filling, achieving 
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