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Abstract: Carotid blowout syndrome (CBS) is a rare yet life-threatening complication that occurs after
radiation therapy (RT). This study aimed to determine the incidence of CBS in patients with head and
neck cancer (HNC) undergoing contemporary RT and to explore potential discrepancies in the risk
of CBS between nasopharyngeal cancer (NPC) and non-NPC patients. A total of 1084 patients with
HNC who underwent RT between 2013 and 2023 were included in the study. All patients were under
regular follow-ups at the radio-oncology department, and underwent annual contrast-enhanced
computed tomography and/or magnetic resonance imaging for cancer recurrence surveillance.
Experienced neuroradiologists and vascular neurologists reviewed the recruited patients’ images.
Patients were further referred to the neurology department for radiation vasculopathy evaluation.
The primary outcome of this study was CBS. Patients were categorized into NPC and non-NPC
groups and survival analysis was employed to compare the CBS risk between the two groups. A
review of the literature on CBS incidence was also conducted. Among the enrolled patients, the
incidence of CBS in the HNC, NPC, and non-NPC groups was 0.8%, 0.9%, and 0.7%, respectively.
Kaplan–Meier analysis revealed no significant difference between the NPC and non-NPC groups
(p = 0.34). Combining the findings for our cohort with those of previous studies revealed that the
cumulative incidence of CBS in patients with HNC is 5% (95% CI = 3–7%) after both surgery and
RT, 4% (95% CI = 2–6%) after surgery alone, and 5% (95% CI = 3–7%) after RT alone. Our findings
indicate a low incidence of CBS in patients with HNC undergoing contemporary RT. Patients with
NPC may have a CBS risk close to that of non-NPC patients. However, the low incidence of CBS
could be a potentially cause of selection bias and underestimation bias.

Keywords: carotid blowout syndrome; head and neck cancer; nasopharyngeal carcinoma;
pseudoaneurysm; radiation therapy
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1. Introduction

Head and neck cancer (HNC) is the seventh most common cancer worldwide, causing
approximately 325,000 annual fatalities [1]. Radiation therapy (RT) is a crucial component
of HNC treatment. Although the survival rates for HNC have considerably improved, man-
aging the long-term complications related to RT for HNC has presented a new challenge.
Carotid blowout syndrome (CBS) is a rare, yet life-threatening complication that occurs
after RT. CBS is categorized into three types: (1) threatened CBS, involving exposure of the
carotid artery due to wound breakdown or neoplastic invasion, leading to a risk of rupture
if the artery is not promptly covered with healthy tissue; (2) impending, involving intermit-
tent hemorrhage often originating from a ruptured carotid artery with a pseudoaneurysm;
and (3) acute CBS, involving a severe and uncontrollable hemorrhage requiring immediate
intervention that is beyond the management scope of surgical packing [2]. The mortality
rate following a massive hemorrhage in acute CBS was reported to be as high as 75% [3].

Studies on CBS have predominantly employed case–control or cross-sectional designs.
In the limited cohort studies that have been conducted, the incidence rate of CBS in
patients with HNC following both surgical procedures and RT has been reported to range
from 2.9% to 4.3% [4–8]. Notably, for individuals undergoing reirradiation (re-RT) due to
recurrent HNC, the CBS incidence varies from 2.6% to 10% [9–21], with a median interval
of 7.5 months between CBS occurrence and re-RT [2]. However, these findings were
predominantly derived from the data related to HNC patients undergoing conventional RT.
In addition, most of these studies were published before 2010. Advances in RT technology
have gradually led to the radiation doses to normal tissues being reduced [22,23]. However,
studies investigating whether contemporary RT is associated with a decrease in the risk of
CBS are scarce. Addressing this question is crucial for patients and clinicians with respect
to decision-making regarding the choice of RT method as well as that regarding follow-up
plans after RT. Few studies have compared the incidence rate between different forms of
HNC, although some have reported that patients with NPC may be more vulnerable to
CBS development than those without. Patients with NPC may receive different treatment
protocols, RT methods, and radiation field exposures when compared to non-NPC HNC
patients [8,24]. However, the risk of CBS between NPC and non-NPC HNC patients remain
uncertain. In this study, we reviewed the serial head and neck images of HNC patients
who received contemporary RT methods including intensity modulation radiotherapy
(IMRT), volume modulated modulation radiotherapy (VMAT), or intensity nodulation
proton therapy (PBT) during their long-term follow-ups to determine the current incidence
of CBS and compare the risk of CBS between different HNC types.

2. Material and Methods
2.1. Patient Recruitment and Data

In 2022, we initiated an am-bidirectional cohort study within our hospital (Clini-
calTrials.gov identifier No.: NCT06111430). The study population comprised patients
from our radio-oncology department who were either prospectively or retrospectively
enrolled. A non-probability convenient sampling approach was employed for patient
recruitment. Given the well-known risk of vasculopathy as a serious complication after
RT, most patients readily consented to participate in this study after being thoroughly
informed of its purpose. In the prospective cohort, we continually followed the patients
after enrollment. In the retrospective cohort, we collected the clinical data of patients before
the Ethics Institutional Review Board adoption date. The median retrospective period,
calculated from the last RT date to the date of their enrollment in this study, was 35 months,
whereas the median prospective follow-up duration after the date of enrollment in this
study was 12 months. The first part of this cohort study focused on investigating the
risk of CBS following contemporary RT; therefore, we included patients receiving IMRT,
VMAT, and PBT only. We excluded patients received RT before 31 December 2012 because
IMRT/VMAT and PBT were the major RT methods for HNC patients in our institution since
2013. Additionally, patients with missing RT information were excluded (Figure 1). The
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study protocol was approved by the Ethics and Institutional Review Board of our hospital
(202101981B0, 202200464B0, and 202400107B0), and all eligible patients provided written
informed consent. This study followed the Strengthening the Reporting of Observational
Studies in Epidemiology reporting guidelines.
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We systematically reviewed the demographic information and common risk factors
for vascular disease of the recruited patients. These risk factors included dyslipidemia,
hypertension, diabetes mellitus, and cigarette smoking [25]. Additionally, we collected
laboratory data, including those on baseline glycated hemoglobin, low-density lipoprotein
cholesterol, and serum creatinine levels. Furthermore, we obtained information regarding
the types and stages of HNC, the total accumulated dose of RT, and the timing of the last
RT fraction.

2.2. Grouping

The patients in this study were categorized into two groups based on cancer type: the
NPC group and the non-NPC group. The non-NPC group comprised patients with oral
cavity, oropharyngeal, laryngeal, or hypopharyngeal cancers (Figure 1).

2.3. Methods of RT

The treatment plans for PBT, IMRT, and VMAT were generated using the Eclipse
planning system (version 13.7; Varian Medical Systems, Palo Alto, CA, USA). For PBT,
worst-case robust optimization was used for clinical target volume coverage without
planning target volume expansion but with set-up error and uncertainty in proton therapy
planning. The planning target volume in IMRT/VMAT was expanded by 3–5 mm around
the clinical target. The same dose constraints and optimization algorithm were applied for
PBT and IMRT/VMAT. The relative biological equivalent value for PBT was assumed to be
1.1. The prescription comprised a dose of 6000–6600 cGy delivered in 30–33 fractions for
postoperative radiotherapy and 6996 cGy delivered in 33 fractions for primary radiotherapy
over 6–7 weeks (5 fractions per week). Simultaneous treatment of all target volumes was
performed. Any total treatment time that exceeded the scheduled duration by more than
5 days was considered a major violation [26].

2.4. Follow-Up and Outcomes

The patients underwent regular follow-ups at the Department of Radiation Oncology
at least once every 6 months. As part of their surveillance for cancer recurrence, head
and neck computed tomography (CT) and/or magnetic resonance imaging (MRI) scans
were conducted at 3 months after RT then then every 6 to 12 months if the last image
reached clinical remission. For head and neck CT scans, a multidetector CT scanner was
employed, enabling multiplanar reformation to generate thin-slice images (thickness, 3 mm)
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in the axial, coronal, and sagittal directions. MRI examinations of the head and neck were
performed using a 1.5- or 3.0-Tesla MR scanner equipped with a standard head and neck
coil. The MRI scans included precontrast T1-weighted images, T2-weighted fat-saturated
images, and postcontrast T1-weighted fat-saturated images in the axial, coronal, and sagittal
planes. The section thickness was 5 mm with a 2.5 mm intersection gap in the axial plane
and 4 mm with a 1 mm gap in the sagittal and coronal planes. In instances where concerns
arose regarding whether an image revealed CBS or a pseudoaneurysm, additional imaging
modalities, such as CT angiography, MR angiography, and digital subtraction angiography,
were arranged to provide a more in-depth assessment.

The primary outcome of this study was the occurrence of any form of CBS induced
by RT. The arteries with bleeding and rupture directly invaded by the tumor were not
included. The secondary outcomes were pseudoaneurysm and mortality. The outcomes
were confirmed by an experienced neuroradiologist and two vascular neurologists through
a thorough review of the images of the patients included in this study.

2.5. Statistical Analysis

All data were retrospectively analyzed using R version 4.3.1 (Beagle Scouts).
Kolmogorov–Smirnov tests were used to test continuous variables. Categorical vari-

ables, such as the presence of dyslipidemia, hypertension, diabetes mellitus, alcohol drink-
ing, and cigarette smoking, were analyzed using the chi-square test, whereas continuous
variables, including baseline glycated hemoglobin, low-density lipoprotein cholesterol, and
serum creatinine levels, were assessed using the two-sample t-test (age) or Mann–Whitney
test (radiation dose, following duration). Furthermore, the risk of CBS was compared
between the NPC and non-NPC groups by using Kaplan–Meier analysis. Additionally, the
number of patients with an advanced cancer stage was compared between the NPC and
non-NPC groups through Kaplan–Meier analysis. A p value of <0.05 was considered to
indicate significance.

To integrate and compare our study results with previously published data, a compre-
hensive literature review was conducted through PubMed and Medline. The keywords
used for the literature search were “(head OR neck OR cervical*) AND (carotid blowout
syndrome OR carotid pseudoaneurysm) AND (radiation* OR irradiation* OR radiother-
apy*) AND stenosis”. The cumulative incidence of CBS, along with its corresponding 95%
CI, was calculated and combined using a random-effects model in a meta-analysis. The
I2 statistic was employed to evaluate the degree of heterogeneity. An I2 value of >50%
indicated substantial heterogeneity. A forest plot was employed to visually represent the
effect size observed in each study and the aggregated estimates.

3. Result

A total of 1306 patients were initially screened from the present am-directional co-
hort study. Of these patients, 221 had undergone RT before 31 December 2012 and were
excluded. Additionally, one patient with missing RT information was excluded. Finally,
1084 patients with HNC were recruited (Figure 1). Among them, 450 (42%) were cate-
gorized into the NPC group, and 634 (58%) were categorized into the non-NPC group.
In the non-NPC group, 448 (70.7%) had oral cancer, 98 (15.5%) had hypopharyngeal
cancer, 62 (9.8%) had laryngeal cancer, and 26 (4%) had other types of HNC. The NPC
group was younger (59 vs. 51; p < 0.001), had a lower male predominance (88% vs. 80%;
p < 0.001), received a higher radiation dose (6600 vs. 6996 cGy; p < 0.001) as well as a higher
frequency of chemotherapy (89% vs. 94%; p = 0.004), but had lower frequencies of current
cigarette smoking (16% vs. 7%; p < 0.001) and undergoing surgical treatment (39% vs. 1.6%;
p < 0.001). The frequency of re-RT was similar between the NPC and non-NPC groups
(4.4% vs. 6.8%; p = 0.105). Additionally, no significant differences were observed between
the two groups in terms of hypertension, diabetes mellitus, dyslipidemia, frequency of
re-RT, and follow-up duration (Table 1).
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Table 1. Baseline characteristic of patients in NPC and non-NPC groups.

Total,
n = 1084

Non-NPC,
n = 634

NPC,
n = 450 p-Value

Gender, male (%) 915 (84%) 555 (88%) 360 (80%) <0.001
Age, years 56 (48, 63) 59 (51, 65) 51 (43, 59) <0.001

Diabetes mellitus (%) 123 (11%) 76 (12%) 47 (10%) 0.430
Hypertension (%) 198 (18%) 127 (20%) 71 (16%) 0.074
Dyslipidemia (%) 150 (14%) 90 (14%) 60 (13%) 0.685

Smoking <0.001
Never 619 (57%) 306 (48%) 313 (70%)

Current 137 (13%) 102 (16%) 35 (7%)
Former 328 (30%) 226 (36%) 102 (23%)

Cancer type <0.001
NPC 450(41.5%) 0 450(100%)

Oral cancer 448(41.3%) 448(70.7%) 0
Hypopharyngeal cancer 98(9%) 98(15.5%) 0

Laryngeal cancer 62(5.7%) 62(9.8%) 0
Others 26(2.5%) 26(4%) 0

Proton therapy (%) 241 (22%) 82 (13%) 159 (35%) <0.001
Reirradiation (%) 63 (5.8%) 43 (6.8%) 20 (4.4%) 0.105

Radiation dose (Mean ±
standard deviation, Centi-gray) 6996 ± 749 6600 ± 692 6996 ± 785 <0.001

Chemotherapy 992 (92%) 567 (89%) 425 (94%) 0.004
Surgery (%) 271 (25%) 246 (39%) 7 (1.6%) <0.001

Follow-up duration, month 52.3 (30.3, 80) 52 (29.8, 80.5) 52.5 (30.75, 79.3) 0.711
n (%); Median (IQR). Abbreviations: NPC, nasopharyngeal carcinoma.

During the follow-up period, nine patients developed CBS, with six of these patients
also exhibiting pseudoaneurysm. The overall incidence rate of CBS was 0.8% among the
patients with HNC, with no significant difference in the incidence rate observed between
the NPC and non-NPC groups (0.7% vs. 0.9%; p = 0.743). Additionally, the patients in
the NPC group did not exhibit a higher proportion of pseudoaneurysm (0.7% vs. 0.5%,
p = 0.697) or mortality (0% vs. 0.3%, p = 0.514) compared with the non-NPC group (Table 2).
Subsequent survival analysis revealed no significant differences between the two groups
(Figure 2). Of the two patients with CBS who died, one succumbed directly to CBS, whereas
the other died due to infection after the CBS event (Table S1).

Table 2. Primary and secondary outcomes of this study.

Characteristic Total,
n = 1084

Non-NPC,
n = 634

NPC,
n = 450 p-Value

Primary outcome
Carotid blowout syndrome 9 (0.8%) 6 (0.9%) 3 (0.7%) 0.743

Secondary outcomes
Pseudoaneurysm 6 (0.6%) 3 (0.5%) 3(0.7%) 0.697

Mortality 2 (0.2%) 2 (0.3%) 0 (0%) 0.514
Abbreviation: NPC: nasopharyngeal carcinoma.

The incidence of CBS in the patients undergoing a combination of surgical treat-
ment and re-RT has ranged from 3% to 8.4% in previous studies (Figures 3A and 4A and
Tables S2 and S3). Our meta-analysis, including the results of previous studies and our
results, revealed a significantly higher risk of CBS in patients with HNC who have under-
gone both surgery and re-RT (Figure 3A), surgery with or without RT (Figure 3B), and
re-RT alone (Figure 3C). The cumulative incidence of CBS was discovered to be 5% (95%
CI = 3–7%), 4% (95% CI = 2–6%), and 5% (95% CI = 3–7%), respectively, in patients with
HNC undergoing both surgery and re-RT, surgery with or without RT, and re-RT alone.
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Figure 3. Cumulative incidence of CBS in patients with HNC after various treatments. The cumulative
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patients with HNC undergoing both surgery and reirradiation therapy (A), surgery with or without
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and (B) re-irradiation therapy based on findings from previous studies [4–21].

4. Discussion

Our cohort study revealed that the current incidence of CBS after RT is 0.8%, which is
lower than that reported in previous studies [27–30]. Given the potential lethality of CBS
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and the perioperative cerebral ischemic rates observed in 4% to 14% of surviving patients
after CBS [27–30], detailed discussions during the shared decision-making process and
vascular screening for early CBS detection after RT may be required. Therefore, whether
patients undergoing contemporary RT are associated with similar risks of CBS development
should be addressed.

The incidence rate of CBS in previous studies varied from 3% to 8.4% for patients
undergoing both RT and surgical treatment. Most of these studies were retrospective
and had small patient cohorts. The largest and latest retrospective study by Jacobi et al.,
involving 1072 patients with HNC who received RT between 2001 and 2011, reported a
CBS incidence of 3% [8]. Our study predominantly enrolled patients who received RT after
2013 and discovered a lower incidence of CBS than that reported in Jacobi et al., which may
be explained by advances in RT technology leading to a lower required radiation dose [22].
Notably, our study had a lower proportion of cases involving re-RT (5.8%) than that in
a previous study (42.4%) [7]. The low frequency of re-RT in our study population may
explain the lower CBS incidence in our data. Additionally, the definition of CBS in Jacobi
et al. specifically included acute and life-threatening bleeding, and they did not investigate
the frequency of pseudoaneurysm and impending CBS. The incidence of CBS in our study
could be lowered to 0.2% after excluding pseudoaneurysm and impending CBS events.
Our results contribute valuable information, filling a gap in the literature and providing
noteworthy information for clinicians and patients.

A study reported a mortality rate of up to 40% in cases of CBS [31]. By contrast, the
present study revealed a low mortality rate in patients with CBS (11.1%). This disparity
indicates that early identification and intervention for pseudoaneurysm and impending
CBS may contribute to a reduction in the occurrence of life-threatening events. Therefore,
identifying high-risk groups susceptible to CBS development after RT is essential. The
treatment methods, radiation doses, cancer staging, and radiation fields of patients with
and without NPC with HNC considerably differ. Chemoradiation is the primary treatment
for NPC [32], whereas surgery combined with chemoradiation is crucial for non-NPC HNC
patients [33]; a study indicated that surgery and higher radiation doses to the neck may lead
to damage in the carotid arteries [8]. A previous study showed that some chemotherapeutic
agents, such as cisplatin and 5-Fluorouracil, may cause damage to endothelial cells and
may induce local thrombosis [34]. A few reports disclosed inconclusive roles of oncological
drugs in aneurysm growth [35,36]. However, our data were insufficient to demonstrate the
casual relationship between chemotherapy and CBS occurrence. Despite the differences in
the treatment for NPC and non-NPC cases, our study revealed a similar CBS incidence rate
between the NPC and non-NPC groups.

Reports have identified risk factors for CBS other than the form of HNC, including
re-RT, biopsy-proven pharyngeal/laryngeal chondronecrosis [22], and 360◦ involvement of
the suspect artery by the tumor [37]. The meta-analysis in the current study revealed that
the incidence of CBS after re-RT ranges from 1% to 23%, with an overall incidence of 5%.
Cannavale et al. reviewed 24 patients with CBS who underwent CT angiography before
CBS occurrence. They revealed that 360◦ involvement of the target vessel and advanced
T stage increased the risk of CBS [37]. Feng et al. retrospectively reviewed 72 patients
with HNC who received CT angiography before surgery and reported that 22 (30.6%)
later developed CBS. They identified three independent risk factors, namely radical neck
dissection, the carotid artery being surrounded by the tumor, and the carotid artery being
invaded by the tumor without a clear boundary [38]. In the present study, of the nine
patients who developed CBS, none had received re-RT, six had biopsy-proven pharyngeal
and laryngeal chondronecrosis, and four had 360◦ involvement of the suspect artery by the
tumor. However, the incidence of CBS was too low and may not be suitable for multivariate
analyses. Additionally, our data did not reveal any influence of advanced cancer staging
on CBS occurrence in either the NPC or the non-NPC group (Figure S1). Furthermore, the
association between RT methods and CBS occurrence remains unclear. In the current study,
the number of patients who received therapy was considerably lower and the follow-up
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period was considerably shorter for PBT than those for IMRT/VMAT. Furthermore, most
patients who received PBT had NPC. Therefore, the current study was unable to draw
conclusions regarding the influence of the RT method on CBS occurrence.

This study has several limitations. First, given the low incidence of CBS in our study,
a larger sample size and a longer follow-up may be required in future studies to illustrate
the differences more clearly in CBS risks among various RT methods and cancer types.
Second, a study revealed that a radiation dose of over 70 Gy to the carotid artery could
increase the risk of CBS [39]. However, we did not record the radiation dose to the carotid
artery for the included patients, and therefore, we could not make assumptions regarding
the relationship between radiation dose and CBS risk. Third, this was a single-institution
study. The proportion of male NPC patients could be higher than previous studies [40].
Although our hospital is one of the largest HNC treatment centers and is the first medical
center equipped to perform PBT in Taiwan. The generalizability of our conclusions to other
populations may therefore be limited. Fourth, because not every patient in our institution
was referred for enrollment in this study after RT, individuals who were lost to follow-up or
died due to CBS may not be included in our data set. This potential selection bias may have
led to an underestimation of the incidence of CBS in this study. Fifth, vascular status was
evaluated through CT or MRI protocols designed for cancer follow-up, which may have
affected the diagnosis of pseudoaneurysm. Although CT angiography was only arranged
for some patients, this may have confounded the outcome assessment in this study. Despite
these limitations, our study has several strengths. First, HNC is prevalent in the East
Asian population, which may enhance the importance and generalizability of our study
findings [41]. Second, our study represents one of the largest cohort studies addressing
contemporary RT methods. The results may help mitigate concerns regarding the high CBS
incidence in the current era.

5. Conclusions

Our cohort study revealed a lower incidence of CBS in patients with HNC under-
going contemporary RT than that reported in previous studies. Although the treatment
approaches for NPC and non-NPC patients differ, our study revealed a similar risk of CBS
between patients with these two cancer types. However, the low incidence of CBS could be
a potentially cause of selection bias and underestimation bias. A multicenter prospective
study is warranted to address several uncertainties regarding this risk.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/diagnostics14121222/s1, Figure S1: Survival analysis of CBS free
rate between advanced and low cancer stages in NPC (A) and non-NPC (B) groups after radiation
therapy. Table S1: Characteristics of nine patients with CBS. Table S2: Summary of studies on
CBS in patients with HNC after surgery and radiation therapy. Table S3: Summary of previous
studies regarding CBS in HNC patients after reirradiation therapy. References [4–21] are cited in the
Supplementary Materials.
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