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Abstract: Carotid blowout syndrome (CBS) refers to rupture of the carotid artery and is an 

uncommon complication of head and neck cancer that can be rapidly fatal without prompt 

diagnosis and intervention. CBS develops when a damaged arterial wall cannot sustain its 

integrity against the patient’s blood pressure, mainly in patients who have undergone surgical 

procedures and radiotherapy due to cancer of the head and neck, or have been reirradiated for 

a recurrent or second primary tumor in the neck. Among patients irradiated prior to surgery, 

CBS is usually a result of wound breakdown, pharyngocutaneous fistula and infection. This 

complication has often been fatal in the past, but at the present time, early diagnosis and modern 

technology applied to its management have decreased morbidity and mortality rates. In addition 

to analysis of the causes and consequences of CBS, the purpose of this paper is to critically 

review methods for early diagnosis of this complication and establish individualized treatment 

based on endovascular procedures for each patient.

Keywords: carotid blowout, head and neck cancer, reirradiation, surgery, covered stents, 

embolization

Introduction
Carotid blowout syndrome (CBS) is an uncommon but dreaded complication that 

occurs in patients treated for head and neck cancer. CBS is the result of necrosis of the 

arterial wall, which can occur following resection of head and neck cancer patients, 

after reirradiation for a recurrent or second primary tumor, by direct tumor invasion 

of the carotid artery wall or by a combination of these factors.

CBS may be categorized into three types that may involve the common carotid 

artery (CCA) and the internal carotid artery (ICA). Threatened (type I) CBS is 

characterized by carotid artery exposure found on examination or imaging (ie, 

air surrounding the vessel, adjacent abscess or tumor associated with a fistula) or 

by areas of arterial wall disruption found on vascular imaging studies. Impending 

blowouts (type II) are bleeding episodes (“sentinel bleeding”) that can be resolved 

temporarily with pressure and wound packing. Carotid system hemorrhage (type III) 

is rapidly fatal, especially when it occurs outside the hospital setting. Bleeding can 

occur through skin or mucosa, possibly causing airway compromise. Identification 

of the early stages and prevention of type III CBS is crucial because patients with 

CBS who undergo therapy before the development of major hemorrhage have been 

shown to have a lower complication rate and better survival than do those who wait 

until major hemorrhage develops.1
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In addition to study of the causes and the mortality/mor-

bidity of CBS, the purpose of this paper is to review the new 

methods of diagnosis of CBS at an early stage and to establish 

individualized treatments such as endovascular repair of the 

carotid artery with covered stents or endovascular occlusion 

according to the characteristics of each patient.

CBS after head and neck surgery
incidence
Rupture of the carotid artery in a patient who has undergone 

major oncologic head and neck surgery is occasionally the 

unfortunate conclusion of a series of postoperative complica-

tions. The overall incidence of CBS in major oncological sur-

gery of head and neck ranges between 3% and 4.5%.2–7 When 

patients who have previously been irradiated are analyzed 

separately; the CBS rate increases to 4.5%–21.1%,8–14 while 

in radiotherapy naive patients, the CBS rate is only 0%–2.4% 

(Table 1).8–15 Planned preoperative radiotherapy at moderate 

doses (<45 Gy) minimally increases the incidence of CBS, 

as reported in historical series (2.7%–3%).16,17 According 

to Macdonald et al, in patients with head and neck cancers, 

previous irradiation increases the risk of CBS by 7.6-fold.18 

In general, prior radiotherapy has been administered in 

80%–90% of patients with CBS.2,3,5,6,12,19,20

Carotid rupture occurs predominantly in the CCA near the 

bifurcation (60%–70% of the cases) and in a much smaller 

proportion in the ICA.20–22 Carotid rupture usually occurs 

10–40 days after surgery. In some patients, the hemorrhage 

may be delayed more than 2–3 months after resection.19,23 

The rupture site often occurs in a segment of arteriosclerotic 

change with stenosis.24 Bilateral, CBS is extremely rare, 

and encountered in only 2% of a cohort of 140 patients who 

experienced CBS.20

Liang et al reported that 68% of patients were present 

with acute hemorrhage, 24% with impending bleed and 8% 

with threatened bleed.22 Similar results were observed in 

the Powitzky et al series of 140 cases, which reported inci-

dences of 60%, 53% and 23%, respectively, with some of the 

patients with CBS type 1 and 2 subsequently progressing to 

CBS type 3.20

Predisposing factors for CBS
Previous radiotherapy with curative intent is the main pre-

disposing factor for the development of CBS after salvage 

Table 1 Postsurgical CBS

Study No. of 
patients

Previous  
RT

No. of  
CBS

Mortality Stroke Survival  
>1 months

McCoy and Barsocchini6 93 3 (75%) 4 (4.3%) 1 (25%) 0 0
Joseph and Shumrick8 46 No 0
Joseph and Shumrick8 57 Yes 12 (21.1%) 8 (66.6%) 2 2
Ketcham and Hoye5 574 16 (84%) 19 (3%) 3 (15.8%) – 16
Curutchet et al9 123 No 3 (2.4%) 1 (33.3%) 0 2
Curutchet et al9 78 Yes 11 (14.1%) 4 (36.4%) 5 2
Yim et al10 48 No 0
Yim et al10 84 Yes 4 (4.8%) – – –
Martinez et al4 365 – 11 (3%) 7 (63.6%) – 4
Shumrick3 333 10 (77%) 13 (3.8%) 8 (61.5%) 3 2
Stell11 210 No 0
Stell11 70 Yes 9 (13%) 7 (77.8%) 1 1
Leikensohn et al2 393 18 (90%) 20 (4.5%) 5 (25%) 5 10
Maran et al12 227 No 3 (1.1%) 3 (100%) 0 0
Maran et al12 167 Yes 14 (8.4%) 14 (100%) 0 0
Herranz et al15 471 No 3 (0.6%) 1 (33.3%) 0 1
Marchetta et al13 81 No 0
Marchetta et al13 83 Yes 6 (7%) 2 (33.3%) 0 4
Krause et al17 193 RT 

preoperatory
5 (3%) 1 (20%) 0 4

Sarkar et al14 152 No 1 (0.7%) 0 1 1
Sarkar et al14 90 Yes 4 (4.4%) 3 (75%) 0 1
Lu et al7 3,504 – 45a (1.3%) 11 (24.4%) – 34 (76%)
Chen et al25 301 No 1 (0.3%) – – –
Chen et al25 2,289 Yes 101 (4.4%) 34 (33.3%) 13 68

Note: aOnly acute CBS.
Abbreviation: CBS, carotid blowout syndrome.
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surgery. According to Chen et al, patients who received 

a total radiation dose >70 Gy to the neck incurred a near 

14-fold increased risk of developing CBS.25 In a series of 

63 patients treated at the Memorial Sloan-Kettering Cancer 

Center (MSKCC) NY, USA between 1961 and 1974 with 

postoperative CBS, only seven patients had no history of 

previous radiation therapy. This confirms that radiotherapy is 

the main predisposing factor for the development of CBS.19 

The adventitial layer has been shown to provide about 80% 

of the blood supply to the remaining walls of the carotid 

artery. Free radicals produced by radiation cause thrombosis 

and obliteration of the adventitial vasa vasorum, adventitial 

fibrosis, premature atherosclerosis and weakening of the 

arterial wall. The carotid artery ruptures because its wall is 

damaged by ischemia, as it receives most of its blood supply 

from the adventitia. The weakness of the arterial wall can 

lead to the formation of pseudoaneurysms that have been 

reported even 2–20 years after radical neck dissection and 

irradiation.26 Some patients may incur spontaneous radiation-

induced necrosis of the arterial wall.

Neck dissection with stripping of the carotid sheath may 

also compromise the nutrition of the carotid artery. Radical 

neck dissection renders the carotid artery more vulnerable 

to rupture due to the lack of supporting healthy tissues. This 

could explain an eightfold increased risk of developing 

carotid blowout in patients who had a radical neck dissec-

tion when compared with those who did not undergo neck 

dissection.25

Bacterial infections may also induce vasa vasorum throm-

bosis and arterial wall injury, creating an increased sensitivity 

to the effects of inflammatory mediators in contaminated 

wounds. In addition, surgical site infection inevitably causes 

tissue necrosis and pharyngocutaneous fistula formation.25 

In patients with a fistula, direct contact of the arterial wall 

with saliva is of particular concern because of its tryptic 

enzyme activity. If the carotid artery is exposed to salivary 

flow, it may be subjected to desiccation and digestion of its 

wall by salivary enzymes. In the aforementioned Powitzky 

et al series, 38% of patients who developed CBS had infec-

tion, 40% had a fistula and 55% had soft tissue necrosis.20 

In the MSKCC series, 61.9% of the 63 patients developed 

substantial necrosis of cervical skin flaps, and 63.5% had 

fistula.19 Only five patients had neither of these complica-

tions diagnosed before hemorrhage but had either undetected 

wound sepsis or mucosal defects under intact skin.19

The comparative effects of loss of adventitia and vasa 

vasorum, desiccation, fistula and infection have been studied 

experimentally in dogs.27 If the adventitia was preserved, 

while simultaneously leaving the vessel exposed in an open 

wound, there were no carotid ruptures despite the existence of 

a fistula, infection or desiccation; the adventitia was covered 

with granulation tissue. When the adventitia was resected, 

infection was the most important factor for arterial rupture, 

leading to inflammation and gradual erosion of the arterial 

wall. In the absence of adventitia, desiccation and fistula 

played a less important role than infection in the develop-

ment of CBS.

Recurrent CBS
Recurrent CBS is defined as either a repeated episode of self-

limited or uncontrollable bleeding that occurs in the same 

arterial segment or territory that previously had been treated, 

a few hours or days after completion of therapy for a previous 

episode of CBS, or bleeding from a newly exposed portion 

of the carotid system occurring any time after therapy for a 

previous episode of CBS was completed. The first category 

could be considered as treatment failure, whereas the sec-

ond one could be classified as progressive disease. Patients 

belonging to the latter group develop independent episodes 

of hemorrhagic recurrences. It was observed that 65% of the 

recurrent events were attributable to progressive disease, and 

the rest treatment failures from a previously treated arterial 

pseudoaneurysm.28 Liang et al estimated that recurrent bleed-

ing risk at 30 days and 6 months are 24% and 34%, respec-

tively.22 According to Chaloupka et al, recurrent episodes 

of CBS could be attributed to one or more of the following 

putative etiologic factors: 1) surgical wound dehiscence, 2) 

musculocutaneous flap necrosis, 3) radiation-induced arte-

riopathy and 4) tumor invasion of a major arterial segment 

or tumor re-growth and invasion. Recurrent CBS assigned to 

progressive disease could be categorized into bleeding from 

vasculature that was either ipsilateral or contralateral to the 

first episode of CBS.28

Prevention of CBS
In patients undergoing salvage surgery, protection of the 

carotid artery with local muscular flaps (sternocleidomastoid 

or levator scapulae muscles) has not been associated with a 

significant reduction in CBS compared with no protection,16 

probably because these tissues are poorly vascularized. How-

ever, other authors have reported this maneuver as having a 

positive effect.29 More recently, in heavily irradiated patients, 

many surgeons consider the option of covering the operative 

area with distant myocutaneous or fasciocutaneous flaps 

with good blood supply. Cordova et al compared 96 patients 

with head and neck cancer treated with salvage surgery (ie, 
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 radical neck dissection and microsurgical reconstruction of 

the tumor site) after radiotherapy failure, with 21 prospec-

tively recruited patients in whom an anterolateral thigh and 

vastus lateralis muscle flap was used to simultaneously recon-

struct the tumor site and a sternocleidomastoid muscle flap 

employed to fill dead space and protect the carotid artery.30 

The rate of complications was higher in the historical group: 

CBS occurred in 4.1% and orocutaneous fistulas in 11.5% of 

patients; 5.2% of patients required major salvage surgery for 

a wound complication. In the prospective cohort, no CBS or 

orocutaneous fistula occurred and no major salvage surgical 

procedures were needed.

CBS after reirradiation of a 
recurrent tumor
incidence
In patients previously treated with radiation therapy to the 

neck, reirradiation may be a feasible option for selected 

patients who have no other curative surgical treatment options 

available. Depending on the location and extent of the tumor, 

reirradiation may be accomplished with conventionally frac-

tionated external beam radiotherapy, intensity-modulated 

radiation therapy, intraoperative radiotherapy, stereotactic 

radiosurgery (SRS), hypofractionated stereotactic radio-

therapy (hSRT) or brachytherapy.

Generally, the incidence of CBS in reirradiated recurrent 

tumors of the head and neck ranges between 0% and 17% 

(Table 2).31–52 After conventionally fractionated reirradiation 

using less sophisticated RT techniques, associated or not 

associated with chemotherapy, bleeding rates of 0%–7% were 

reported,31–35,39–57 whereas in intensity-modulated radiation 

therapy series bleeding rates were lower, 0%–2.4%.38 How-

ever, several SRS and hSRT series have reported higher rates 

(0%–17%) of bleeding (Table 2).48–52 Notably, only patients 

with tumor invasion of >180° of the carotid circumference 

develop CBS. CBS is caused not only by the high dose of 

radiation but also by the weakening of the arterial wall by 

direct tumor invasion with inflammatory process.51,58

In a systematic review, McDonald et al reported a total of 

41 patients with CBS among 1,554 patients receiving reirradia-

tion with external beam radiotherapy, constituting a crude rate 

of 2.6%.53 The median time to CBS was 7.5 months, ranging 

from 0 months (acute CBS, occurring during reirradiation) to 

54 months from the start of reirradiation.53 A similar median 

interval between reirradiation with hSRT and CBS onset (5 

months) has been reported.50 In patients treated with continu-

ous course RT at 1.8–2 Gy per daily fractions or 1.2 Gy per 

twice daily fractions, the rate of CBS was 1.3%, compared with 

4.5% in patients treated with 1.5 Gy twice daily on alternating 

weeks or with delayed accelerated hyperfractionation.53

Table 2 Salvage reirradiaton and CBS

Study No. of patients RT technique No. of CBS Mortality Survival >1 months

Dawson et al31 40 3D-CRT 1 (2.5%) 0 1
Kasperts et al32 39 3D-CRT 0   
Tanvetyanon et al33 103 various ± Ch 1 (1%) 1 0
Rate et al34 47 iORT 1 (2.1%) 1 0
Stevens et al35 100 eBRT ± brachy 4 (4%) 4 0
Duprez et al36 84 iMRT 2 (2.4%) 2 0
Lee et al37 105 iMRT ± Ch 0   
Sulman et al38 74 iMRT ± Ch 0   
watkins et al39 39 Ch/Rt 2 (5.1%) 1 1
De Crevoisier et al40 169 Ch/Rt 5 (2.9%) 5 0
Salama et al41 115 Ch/Rt 6 (5.2%) 5 1
Janot et al42 60 Ch/Rt 1 (1.7%) 1 0
Kramer et al43 38 Ch/Rt 1 (2.7%) 1 0
Langer et al44 83 Ch/Rt 2 (2.4%) 2 0
Spencer et al45 79 Ch/Rt 2 (2.5%) 2 0
Hehr et al46 27 Ch/Rt 2 (7%) 2 0
iseli et al47 87 Ch/Rt 5 (5.7%) 1 3
Lartigau et al48 56 SBRT 1 (1.8%) 1 0
Cengiz et al49 46 SBRT 8 (17%) 7 1
Yamazaki et al50 381 SBRT 32 (8%) 22 10
Yazici et al51 75 SBRT 11 (14.7%) 8 3
vargo et al52 48 SBRT 0

Abbreviations: 3D-CRT, three-dimensional conformal radiotherapy; CBS, Carotid blowout syndrome; Ch/Rt, chemoradiotherapy; eBRT, external beam radiotherapy; 
iMRT, intensity-modulated radiotherapy; iORT, intraoperative radiotherapy; SBRT, stereotactic body radiotherapy.
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Generally, the median cumulative dose of the two radio-

therapy courses varies from 110 to 130 Gy.31,32,35,37,40,54–56 

Cumulative doses >130 Gy show a higher rate of CBS and 

other acute and delayed toxic effects than lower doses. Thus, 

Salama et al have reported that the median repeated radiation 

dose for the six patients who experienced carotid hemorrhage 

was 74 Gy, and the median lifetime dose of radiation was 

139 Gy.41 Similar results have been reported by Duprez et 

al, which indicates that the cumulative dose of most of the 

patients who develop a CBS is ~140 Gy.36

Sequential bilateral acute CBS is a rare condition 

described by Liu et al in seven patients (2.5% of 285 CBS 

patients) long after reirradiation for head and neck cancer.57 

The first bleeding episode occurred at a mean interval of 

12.4±4.5 years (range, 7–19 years) after the second course of 

radiotherapy. In all seven patients, at the time of the first CBS, 

the contralateral carotid arteries were normal or stenotic on 

angiography: the contralateral CBS occurred within 3 months 

after the first CCA/ICA episode. One patient experienced a 

third episode of bleeding from a branch of the external carotid 

artery (ECA) 6.8 years later.

Predisposing factors for CBS
Radiation-induced necrosis frequently precedes bleeding, 

and it is sometimes difficult to differentiate recurrence with 

or without infection from radionecrosis without recurrence. 

Patients can develop a pharyngocutaneous fistula as a result 

of rapid tumor shrinkage, and fatal hemorrhage can occur 

from a compromised artery eroded by residual tumor close 

to the fistula.46

The role of surgery prior to reirradiation in the develop-

ment of a CBS has been studied, but its effect does not seem 

relevant. Thus, among 917 patients treated without salvage 

surgery before reirradiation, the CBS rate was 3.3%, whereas 

in 294 patients who received salvage surgery before reir-

radiation, the CBS rate was 2%.53 Similar results have been 

reported by Iseli et al.47 Other studies have not reported sta-

tistically significant differences in the rate of CBS between 

patients treated with or without concurrent chemotherapy.53

As stated, hSRT and SRS are accompanied by a higher 

rate of CBS, which is most probably related to the increased 

biological efficacy of higher radiation doses per fraction. 

Bleeding is not statistically significantly related to tumor 

volume, response to treatment, sex or time elapsed between 

hSRT and previous radiotherapy. Several studies have shown 

that only patients with tumor encasement of >180° of the 

carotid circumference are likely to develop CBS.49,51,58Direct 

infiltration of the carotid wall by neighboring tumor with 

accompanied inflammatory reaction is responsible for a 

higher irradiation dose to carotid artery while at the same 

time weakening the wall of carotid artery. However, it has 

been observed that the irradiation fractionation schedule may 

not influence the development of CBS. Thus, in patients who 

were treated daily, the incidence of CBS was 16%, whereas 

12.5% of patients who were treated every other day devel-

oped a CBS.51 In this series, CBS did not occur in any of the 

patients with a maximum carotid artery radiation dose <34 

Gy (delivered in 3–6 fractions, median 5 fractions).

Finally, Yamazaki et al have developed a CBS index for 

classifying the risk groups and for estimation of the CBS 

risk before reirradiation.58 The CBS index was constructed 

by summation of different risk factors as follows: carotid 

encasement >180°, presence of ulceration and lymph node 

area irradiation. Risk factor groups 0–2 were associated with 

CBS-free survival rates of 100%, 95% and 84% at 12 months, 

respectively, whereas the risk group 3 had a CBS-free survival 

rate of 25% at 6 months.

Recently, some cases of CBS have been reported in 

patients treated with primary chemoradiotherapy without 

prior irradiation who did not have the usual predisposing 

factors.59 In those cases, a residual non-tumorous ulceration 

was present along the lateral wall of the hypopharynx and the 

ulceration reached the vascular axis, precipitating CBS. Thus, 

residual non-tumorous ulceration of the lateral wall of the 

hypopharynx after chemoradiotherapy should be considered 

with the utmost caution.

Mortality and morbidity
Carotid rupture in the setting of reirradiation in nearly all 

instances results in death of the patient because of massive 

hemorrhages in the pharynx or elsewhere which cannot be 

treated expeditiously in an emergency unit. In a systematic 

review by McDonald et al, 29 of 38 CBS (76%) were fatal.53 

Yamazaki et al have reported that almost all CBS-related 

deaths occurred within 1 month after CBS onset.50 Survival 

rates at 1 month and 1 year after CBS were 34% and 31%, 

respectively. Older age, skin invasion and signs of necrosis/

infection were all identified as statistically significant risk 

factors after CBS.

Management of CBS
Ligature of the CCA or iCA
Emergency open surgical ligations of the CCA or ICA with-

out testing the collateral cerebral circulation are associated 

with a higher neurological complication rate when compared 

with patients receiving endovascular procedures first.7 Cur-
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rently, emergency open surgery is not preferred due to poor 

outcome and is usually complicated by local wound infection, 

flap necrosis, hemodynamic instability, profound hypoten-

sion, global cerebral ischemia and consumptive coagulopathy 

secondary to extreme blood loss.60 Surgical management of 

CBS is usually difficult because the procedures must often 

be performed in previously irradiated or infected fields. 

Recently, the need to ligate the CCA/ICA by open surgical 

approach has been reported in 7%–32% of patients with 

CBS.20,22,25 Selection criteria for carotid ligature include 

patients with recently performed radical neck dissection 

and extensive areas of skin and soft tissue necrosis when 

the CBS occurs, whereas patients with no recent or open 

wound in the neck are preferably treated with endovascular 

procedures.25

Mortality and morbidity
Since the 1960s, most reports of recently performed liga-

ture of the carotid artery have shown relatively high rates 

of mortality and neurological morbidity. The mortality 

rates of postsurgical CBS reported in the literature ranged 

from 15% to 100%, with an average rate of around 50% 

(Table 1).2–6,8,9,11–15,17,19,25,61

In a series of 77 patients with CBS, Razack et al 

reported that 54% (42/77) of patients died of hemorrhage 

or neurological deficits before leaving the hospital; 30% 

(23/77) died due to tumor progression after a survival of 

12–18 months; 9% (7/77) survived without deficits between 

3 and 5 years and died from tumor recurrence and only 

6.5% (5/77) survived more than 5 years without sequelae 

or evidence of tumor.21

In historical series, ~10%–20% of patients had permanent 

neurological sequelae, and only 30%–40% of the patients who 

suffered a CBS had no sequelae (Table 1).2,3,6,8,9,11–15,17,19,61,62

Blood pressure must be addressed aggressively and with 

proper resuscitation. The risk of morbidity associated with 

ligation increases significantly in the setting of hypotension, 

which is the most important predictor of a poor outcome in 

the acute treatment of CBS.63 Moore et al have shown in a 

series with 151 cases of CCA/ICA ligations, that 31 of 47 

patients (65.9%) who were hypotensive at the time of liga-

tion exhibited a neurological deficit, and 27 of them (57.4%) 

died.64 Among 104 not hypotensive patients, 28 exhibited per-

manent neurological injury (26.9%) and 17 (16.3%) died.64 

Neurological sequelae can be delayed, occurring more than 

8 hours after ligation, and their prevention with low-dose 

heparin has been advocated.2

Prognostic factors
Lu et al analyzed 45 patients who suffered from acute CBS, 

defined as acute and profuse hemorrhage, not self-limiting, 

over the carotid trunk.7 Successful management of acute CBS 

was defined as survival of the patient after the episode of 

more than 72 hours. Patients underwent open surgical ligation 

if radical neck dissection had been performed recently and 

wound healing was not complete. Open surgical treatment 

had a higher mortality rate than endovascular therapy. The 

mortality rates of endovascular therapy and surgical ligation 

were 10%, and 28.6%, respectively.7

Among the baseline characteristics, the site of the primary 

tumor, origin of bleeding, method of intervention and time 

to intervention were factors that most significantly differed 

between surviving and non-surviving patients. After 24 

hours of CBS onset, a Glasgow Coma Scale score, the use 

of inotropic agents and neutrophil-to-lymphocyte ratio were 

found to significantly predict the outcome. Hemodynamic 

status was an important prognostic factor because it resulted 

in prolonged hypovolemic shock and severe vasoconstriction. 

This condition also induces multiorgan failure and general 

tissue ischemia.7 Multivariate logistic regression analyses 

revealed that bleeding from CCA was an independent factor 

for long-term survival.

indications for endovascular procedures
Endovascular management with occlusion of the CCA/ICA 

has substantially improved outcomes when it is correctly 

indicated.7,57,82 However, this procedure can induce delayed 

cerebral ischemic complications resulting from an incomplete 

circle of Willis, thromboembolism arising from an acutely 

occluded carotid artery and/or delayed collateral failure. As 

an alternative, CBS can be managed by reconstructing the 

damaged artery with covered stents.

Thus, the indications for endovascular repair with covered 

stents are mostly for patients at risk of permanent carotid 

occlusion, such as incomplete circle of Willis, contralateral 

carotid severe stenosis or total occlusion, intolerance to a 

balloon occlusion test (BOT) or emergency status of the 

patient precluding an occlusion test. Even in patients with an 

open wound in the neck and fistula, in some circumstances, 

endovascular procedures are preferable.

Endovascular methods are well suited for the management 

of CBS of any etiology: salvage surgery in heavily irradiated 

patients, rupture after reirradiation for recurrent tumor or 

bleeding caused by direct carotid invasion of persistent or 

recurrent tumor. Palliative treatment of the latter has become 
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the most frequent indication for endovascular techniques in 

some series.7,65,66

Embolization procedures have become the most fre-

quently used endovascular method for management of CBS. 

Using the database of the Nationwide Inpatient Sample from 

the period 2003–2011, 1,218 patients underwent endovascu-

lar treatment for CBS in the USA. Of these, 1,080 patients 

(88.6%) underwent embolization procedures and 138 patients 

(11.4%) underwent carotid stenting.67 Powitzky et al analyzed 

140 patients with CBS reported in the literature.20 Over 90% 

of initial and recurrent cases of CBS reported were treated 

with endovascular embolization (56%) or stenting (36%). 

Ligation (7%) was rarely used for the primary management 

of CBS.

Diagnostic angiography
For patients who are hemodynamically stable, high-resolution 

digital subtraction angiography is performed using the 

transfemoral arterial approach to obtain a complete neu-

roangiogram of the supra-aortic arteries in order to identify 

the lesions.1,68,69

Arterial wall irregularity, luminal stenosis, pseudoaneu-

rysm formation, arterial wall rupture and contrast leak are 

the main angiographic findings in patients with CBS.1,68,70

Chang et al classified the severity of the vascular injury,1 

graded from 1 to 4, according to the following findings: grade 

1 is defined as no angiographic vascular disruption; grade 2 

indicates a focal irregularity of the diseased carotid artery; 

grade 3 is defined as a pseudoaneurysm of the injured carotid 

artery and grade 4 indicates active extravasation from the 

ruptured artery.1,69

evaluation of tolerance to carotid 
occlusion
The BOT identifies patients at risk of immediate ischemia 

from occlusion, but its sensitivity is controversial.71 A BOT 

may be performed in threatened CBS where a reconstructive 

approach of the CCA and/or ICA is not an option and the 

patient is hemodynamically stable and not bleeding profusely. 

A non-detachable balloon is positioned into the abnormal 

artery just proximal to the lesion and the balloon is carefully 

inflated. The neurological examination is repeated every 3–5 

minutes for a total test time of 20–30 minutes, after which the 

balloon is deflated. If the patient tolerates the test, permanent 

occlusion of the CCA or ICA can be considered.

However, in acute cases where patients have unstable 

vital signs or impaired consciousness, BOT is usually not 

possible.28,68,69 Then an angiogram of the contralateral carotid 

artery and the posterior circulation is required to check if the 

circle of Willis is complete and whether there is adequate 

collateral flow.68

endovascular occlusion
The indications for endovascular occlusion are lesions involv-

ing the trunk of the ECA and also CCA or ICA lesions in 

patients in whom a BOT demonstrated that the vessel can be 

occluded without significant risk of brain ischemia.71 Endo-

vascular occlusion includes permanent balloon occlusion, 

vascular plugs and embolization. Therapeutic permanent 

balloon occlusion can be performed in cases of pseudoan-

eurysm formation or extravasation, but is rarely used today.68

The Amplatzer Vascular Plug is a self-expanding cylindri-

cal device of nitinol wire mesh.72 It is delivered through a 

guide catheter into the diseased vessel proximal to the lesion. 

It adjusts to the shape of the vessel resulting in vessel occlu-

sion. Amplatzer Vascular Plug can be used as an alternative 

device for fast occlusion of extracranial carotids, especially 

in hemodynamically unstable patients and in large vessel 

occlusions.

Embolization can be performed through cross occlusion. 

It consists of deployment of embolic materials (micropar-

ticles, microcoils, injected acrylic adhesive or detachable bal-

loon) through a micro/catheter from distal to the pathological 

lesion to its proximal extent. Another method of emboliza-

tion is through proximal occlusion. It is used in cases where 

associated focal carotid stenosis or tortuosity prevents the 

microcatheter from crossing the lesion; thus, the embolic 

materials are placed in the CA proximal to the lesions.1

endovascular repair with covered stents
Autogenous venous or arterial reconstructions have been 

proposed for the treatment of patients with invasion of the 

carotid system, but the urgent nature of the situation and the 

expected postoperative complications make it non-viable.1,68

Covered stents have been proposed to reduce the neuro-

logical morbidity associated with carotid occlusion, particu-

larly in patients who cannot tolerate carotid artery sacrifice 

due to an incomplete circle of Willis.69,73,74

The first commercially available Food and Drug Adminis-

tration approved device was the Boston Scientific Wallgraft. 

This self-expanding device is made of woven stainless steel 

with porous Dacron covering but this porosity makes it 

unsuitable for use in an acute bleeding situations such as 

CBS.75 Polytetrafluoroethylene-covered nitinol stent grafts 

(ie, Gore Viabahn and Bard Fluency) are the most frequently 

used devices today.69,75 They are delivered to traverse the 
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 damaged part of the artery to reconstruct the vascular wall. 

They are very flexible and have good conformability, achiev-

ing successful exclusion of the pseudoaneurysm with cessa-

tion of bleeding. Balloon angioplasty of the stent, to increase 

its diameter, may be necessary to ensure tight apposition of 

the graft to the carotid artery.

Patients undergoing reconstructive techniques of CBS 

require close clinical follow-up with interval computed 

tomographic angiography or duplex sonography to assess 

the patency of the stent grafts. Distal marginal stenosis is 

a common cause of stent graft occlusion, and inadequate 

coverage of the ongoing pathological lesion by the stent 

graft is a cause of re-bleeding that only early diagnosis can 

avoid. Another limitation of reconstructive techniques is the 

presence of infection and/or fistula. In case of infection, the 

rate of failure of reconstructive techniques is very high.1,71,86

Because any stent placed in the carotid artery serves as a 

nidus for platelet aggregation and formation of thrombus, a 

dual antiplatelet regimen with aspirin (324 mg) and clopido-

grel (75 mg) is recommended following stent placement dur-

ing the first month. Later, this regimen is changed to aspirin 

(100 mg) for life-long use, although it may be unsuitable in 

patients with significant re-hemorrhage risk (Figure 1).1,74

Complications of endovascular 
management
Endovascular repair of CBS with covered stents in patients who 

have risk factors for neurological sequelae after embolization 

has reduced the rate of cerebrovascular accidents (Table 3). 

Stroke is still a frequent cause of death after CBS. Endovascu-

lar embolization of CBS is indeed associated with a cerebral 

ischemic insult in 8%–14% of the patients22,69,76 and even 

though patients at high risk of neurological sequelae are cur-

rently treated with covered stents, a cerebral infarction was still 

reported after such intervention in 15%–30% of patients.1,60,70

In the aforementioned review of the literature, Powitzky 

et al reported a higher risk of CBS recurrence with stent 

placement (44%) compared with embolization therapy (10%) 

or surgical ligation (25%).20 A systematic review by Bond 

et al of 559 patients with CBS, including the ECA, revealed a 

rebleeding rate of 27% among all patients – 17% for patients 

treated with coils, and 34% for patients treated with covered 

stents.77 Other authors have also observed significantly lower 

rebleeding rates with embolization (11%–21%) compared 

with covered stents (25%–85%) (Table 3).1,22,28,69,70,73,78–86 

Short- and long-term rebleeding after stent placement can 

occur from the stented carotid artery as a result of either 

Figure 1 Management algorithm for CBS.
Abbreviations: CBS, carotid blowout syndrome; CCA, common carotid artery; eCA, external carotid artery; iCA, internal carotid artery; CTA, computed tomographic 
angiography; CvA, cerebrovascular accident; iR, interventional radiology.
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persistent endoluminal leakage or involvement of the carotid 

artery with tumor either proximal or distal to the stent, as well 

as due to erosion of the arterial wall by the stent. Existence 

of an uncontrolled ongoing infection at the stent site is an 

important factor associated with recurrent CBS.79 Hakime 

et al reported that 6 of 20 patients with recurrent CBS had 

no identifiable source of bleeding on previous angiography 

but demonstrated a threatened carotid axis on computed 

tomography.73 In these cases, precise targeted therapy could 

not be performed, excluding the bleeding lesion. As stated 

by Huvos et al, radiation therapy, infection and tumor recur-

rence give rise to vessel modifications with weakening of 

the arterial wall extending several centimeters.87 Consider-

able variability in intervals between episodes of recurrent 

CBS have been observed, ranging from 1 day to 6 years.28 

Chaloupka et al differentiate recurrent events attributable 

to progressive disease from those attributable to treatment 

failures.28  Whatever the cause may be, most can be success-

fully managed by additional stent grafts, coil embolization 

or excising the diseased segment and replacing it with a vein 

graft , with a mortality rate in the range of 10%–30%.28,60

Incomplete stent apposition to the inner wall of the 

carotid bulb leaves a potential gap for an endoleak, which 

could lead to potentially life-threatening rebleeding in acute 

CBS.60 Endoluminal leakage has been seen in 27%–92% of 

patients with covered stents.

Other complications, both in the stent and emboliza-

tion patients, include septic thrombosis with multiple brain 

abscesses, neck abscess formation and extrusion of the stent 

or the coils for embolization.1,69,70,88

Outcomes of endovascular procedures
Patients suffering from CBS are in advanced stages of head 

and neck cancer, have often had recurrent disease, received 

Table 3 Treatment and outcomes of CBS

Study No. of  
patients

Treatment Compl stent Compl embol Mortality  
<1 months

Survival >1  
year

Stent Emb Rbl Stroke Rbl Stroke

Chang et al85 8 8 0 4 1 – – 3 3
Liu et al57 13 2 11 1 1 1 1 3 2
Chen et al25 24 0 24 – – 11 6 8 –
Shah et al86 10 10 0 3 1 – – 3 2
Powitzky et al20 7 1 6 0 0 0 1 2 0
Chen et al89 18 1 17 0 0 2 3 – –
Luo et al24 14 0 14 – – 0 1 0 11
Gaynor et al83 15 15 0 4 0 – – 1 9
Miller et al78 5 5 0 4 0 – – 0 1
Lee et al82 25 0 25 – – 4 – 4 –
Chaloupka et al68 14 0 14 – – 2 0 2 –
Chang et al69 56 18 38 7 3 5 6 – –
Manzoor et al76 9 2 7 1 0 0 1 – –
Zussman et al84 6 0 6 – – 1 0 2 0
Chen et al60 13 13 0 4 0 – – 5 2
Chang et al1 24 11 13 5 1 3 1 4 6
Patsalides et al71 8 5 3 1 0 0 1 2 2
Lesley et al80 9 9 0 3 0 – – 1 3
Morrissey et al65 12 0 12 – – 0 1 – –
Roh et al66 11 5 6 2 1 2 2 2 2
Sorial et al81 4 4 0 1 0 – – 2 0
wan et al88 14 4 10 2 1 1 1 4 5
Zhao et al70 15 10 5 4 3 1 0 – 3
Hakime et al73 20 20 0 5 0 – – 5 4
Liang et al22 25 11 14 3 1 3 2 12 13
Pyun et al79 7 7 0 6 0 – – 5 0
Lu et al7 30 3 27 0 1 6 2 – –
Hoppe et al75 13 13 0 3 0 – – 2 4
Total 429 177

41%
252
59%

63
36%

14
8%

42
17%

29
12%

72
17%

72
17%

Abbreviations: CBS, carotid blowout syndrome; Compl stent, complications stent; Compl embol, complications embolization; emb, embolization; Rbl, rebleeding.
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different aggressive treatments and generally show high levels 

of comorbidity. All of this implies an adverse prognosis. There-

fore, the most common cause of mortality for patients who 

have survived CBS is disease progression rather than related 

complications, the long-term progression-free survival of 

CBS patients being similar to those of patients without CBS.7

In a survey of 1,218 patients who underwent endovascular 

treatment for CBS, Brinjikji et al have reported an overall in-hos-

pital mortality rate of 8.2% for patients receiving endovascular 

treatment for CBS, with no differences for patients undergoing 

endovascular embolization (8.0%) or carotid stenting (10.1%).67 

The reported mean time from initial CBS to death has ranged 

from 4 to 12 months,1,66,87 with no differences between patients 

managed with embolization or stenting.1 Finally, <10% of 

patients exceed 3 years of survival after CBS.66,70,75,87,89

Conclusion
CBS following head and neck surgery is less frequent than in the 

past because reconstructive techniques using well-vascularized 

flaps are now standard, but carries important consequences in 

terms of mortality and morbidity. It usually occurs in patients 

with advanced or recurrent tumors that have required aggressive 

treatment. The most important risk factor for CBS after surgery 

is previous irradiation of the neck, and in cases of reirradiation 

involvement of the carotid artery by tumor.

Endovascular techniques are now the standard of care, 

but in cases of acute bleeding in the presence of fistula and 

advanced necrosis surgical ligation may be necessary.

In patients who survive a CBS event, the prognosis usu-

ally depends on the course of the malignancy.
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