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Carotid arterial blowout after organ preserving 
chemoradiation therapy in hypopharyngeal cancer
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Chia-Chen Lin, MDa, Chun-Ta Liao, MDa, Tung-Chieh Joseph Chang, MDe, Chung-Kan Tsao, MDf,  
Shiang-Fu Huang, MD, PhDa,g,* 

Abstract 
Laryngeal preserving concurrent chemoradiation has been advocated for hypopharyngeal cancers. The use of radiotherapy (RT) in 
the larynx could lead to increased rates of radionecrosis. In this study, we investigated a rare but disastrous complication, carotid 
blow-out syndrome (CBS), related with the persistent radionecrosis.

Retrospective cohort study.
This retrospective study enrolled hypopharyngeal cancer patients with biopsy-proven pharyngeal and laryngeal chondronecrosis 

(PLCRN), which was rated by the Chandler Grading System. From 2002 to 2018, a total of 346 hypopharygeal cancer patients 
received upfront radiation therapy, 13 PLCRN patients were identified in a rate of 3.8%. All PLRN patients received RT with a mean 
radiation dose of 70.81 ± 0.85 Gy. All patients had Chandler Grade IV at the time of presentation, which was a mean of 15.08 
months (range: 5‐109 months) from the time of cancer diagnosis to PLCRN diagnosis. In 5 of the 13 PLCRN patients developed 
CBS. Three of the CBS originated from superior thyroid artery, one from lingual artery and one from the carotid artery. Three (60%) 
of the 5 CBS patients expired due to loss of airway and hemodynamic instability. Two (40%) were rescued by emergent airway 
secure and emergent angiographic embolization.

Persistent PLCRN could lead to disastrous vascular complications. CBSs were demonstrated to be more frequently originated 
from the branches of carotid artery rather than carotid artery per se. Clinical alert with early airway protection could strive for time 
to do interventions and prevent mortalities.

Abbreviations: CT = chemotherapy, HypoSCC = hypopharyngeal squamous cell carcinoma, IGRT = Image-Guided Radiation 
Therapy, IMAT = Intensity-Modulated ARC Therapy, IMPT = Intensity-Modulated Proton Therapy, IMRT = Intensity-Modulated 
Radiation Therapy, PLCRN = pharyngeal and laryngeal chondronecrosis, RT = radiotherapy, TNM = tumor-node-metastasis 
staging (AJCC 6th ed., 2002), VMAT = Volumetric-Modulated ARC Therapy.

Keywords: carotid artery blow-out syndrome, chemoradiation therapy, hypopharyngeal cancer, radionecrosis

1. Introduction

The hypopharynx is subdivided into 3 anatomical subsites: 
the pyriform sinuses, the posterior pharyngeal wall, and the 
post-cricoid area. Malignancy commonly arises in the pyr-
iform sinuses (65‐85%), less on other sites at 10% to 20% 
for the posterior pharyngeal wall, and 5% to 15% for the 

post-cricoid area.[1,2] As is the case at other sites in the head 
and neck, the overwhelming majority (95%) of hypopharyn-
geal cancers are squamous cell carcinomas.[1] Hypopharyngeal 
squamous cell carcinoma (HypoSCC) is rare, representing only 
about 7% of all cancers of the upper aerodigestive tract.[3] 
It is a biologically aggressive cancer, with a suboptimal five-
year survival at 30%, owing to late presentation of advanced 
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disease, with approximately 80% of patients at stage III or IV 
on presentation.[1,4]

According to guidelines, early stage disease can be treated 
equally effectively with surgery or radiotherapy (RT), while 
advanced stage disease be treated with surgery and RT, with or 
without chemotherapy (CT).[1,5] However, due to its biologically 
aggressive behavior requiring a great extent of oncologic surgery, 
including the removal of the larynx, hypopharynx, and upper cer-
vical esophagus with free-tissue transfer reconstruction, laryngeal 
preserving concurrent chemoradiation has been advocated.[3]

Conversely, higher rates of late toxicities are observed 
owing to the increased use of larynx preservation strategies. 
According to the Radiation Therapy Oncology Group late 
radiation morbidity scoring schema, grading of radiation ther-
apy toxicity to the larynx was grouped into grade 0 to 5.[6] 
Results of a 10-year intergroup trial on the use of concom-
itant chemoradiation in the management of hypopharyngeal 
cancer by RTOG 91-11 showed a cumulative rate of grade 
3 or 5 toxicity ranging from 30.6% to 38%.[7] In the study 
by Katsoulakis et al, out of 100 patients with HypoSCC who 
underwent curative RT at their institution, 5 patients devel-
oped grade 3 laryngeal stenosis and 1 developed grade 4 toxic-
ity, specifically cartilage necrosis, requiring laryngectomy after 
completion of RT.[3]

Chondroradionecrosis (CRN) is a rare and late complication, 
with an incidence of less than 1%, presenting within a year after 
RT, or even several years after initial treatment.[2,8,9] It is one of the 
most serious complications of RT, secondary to an end-stage inflam-
matory reaction of the small vessels, leading to extensive arteritis 
and thrombosis, and ultimately hyaline cartilage degeneration and 
necrosis.[10] CRN leads to an unstable cartilaginous framework 
causing airway problems by altering the size, mobility, and struc-
ture.[8] The management of CRN was widely discussed before.[12]

In this study, we intended to analyze a rare but disastrous 
complication, carotid artery blow-out syndrome (CBS), subse-
quent to CRN after organ preservation therapy for HypoSCCs 
treated with RT and their outcomes. The findings of angiogra-
phy, management in the occurrence of CBS and the outcome 
were analyzed.

2. Patients and methods

2.1. HypoSCC patients

This retrospective case series study enrolled patients diagnosed 
with primary HypoSCC with biopsy-proven pharyngeal and 
laryngeal chondronecrosis (PLCRN) between 2002 and 2018 
at our institution. Basic demographic data such as age, gender, 
and tumor-related features were gathered. In addition, the pre-
operative physical examination, complete blood count, chest 
radiographs, routine blood chemistry, liver ultrasound, computed 
tomography or magnetic resonance imaging scans of the head and 
neck, and whole-body bone scan or positron emission tomogra-
phy were also collected. Duration of follow-up was from the time 
of cancer diagnosis until December 2019 or death. The study was 
approved by the institution review board (IRB: 202001560B0).

2.2. Treatment of HypoSCC

The American Joint Committee on Cancer Staging Manual (2002 
edition) was used to establish the tumor-node-metastasis staging 
(AJCC 6th ed., 2002) (TNM) classification.[13] All patients under-
went RT using conventional fractionation, as well as CT. The CT 
in all of these patients was cisplatin-based regimen.

2.3. Radionecrosis diagnosis and management

All the patients received regular follow-up in the clinic after 
treatment. In the first year after therapy, the patients returned to 

clinic 1 to 2 monthly. Three monthly in the 2nd year, 4-monthly 
in the 3rd year, and longer follow-up after the 3rd year. In the 
clinic, fiberoscopic examinations were done to evaluate the 
tumor status and any signs of infection or necrosis. Imaging 
studies including CT or MRI follow-up were arranged in the 3rd 
month, 6th month after treatment and then annually. The pres-
ence of radionecrosis was determined using biopsy and imaging. 
For any necrosis or non-healing wound in the hypopharynx, 
laryngoscopic biopsy would be performed and further imaging 
studies such as CT or MRI would be arranged. For patients that 
were proved to be PLCRN, a grading would be given (Table 1). 
Treatment included debridement, hyperbaric oxygen therapy, 
salvage laryngectomy, or observation. The bleeding episode and 
management were recorded from the chart and imaging reports.

2.4. Statistical analysis

Statistical analyses were performed by SPSS 18.0 software (SPSS 
Inc., Chicago, IL), P < .05 was considered statistically significant.

3. Results
From 2002 to 2018, a total of 513 oropharyngeal, hypopharyn-
geal and laryngeal cancer patients were recruited. Three hundred 
and thirty-seven (65.7%) received concurrent chemo-radiation 
therapy and 9 (1.8%) received RT alone for organ preserva-
tion. In those received upfront radiation therapy (n = 346), 13 
PLCRN patients managed at our institution were identified 
and given a rate of 3.8% to develop CRN (Table 1). All were 
men with a mean age of 51.31 years (range 35–64 years). Their 
clinical and treatment profiles are summarized in Table 1. Six 
patients underwent Intensity-Modulated ARC Therapy (IMAT) 
with Image-Guided Radiation Therapy (IGRT), 1 underwent 
Volumetric-Modulated ARC Therapy (VMAT) with IGRT, 1 
had Intensity-Modulated Radiation Therapy (IMRT) only, 1 had 
simple RT with IMAT, 1 had IMAT only, 1 underwent Intensity-
Modulated Proton Therapy (IMPT), and 2 were treated at a 
different hospital with unknown RT protocol. The mean total 
radiation dose received was 70.81 ± 0.85 Gy. All but one patient 
who was treated in a different institution underwent CT.

The mean duration of HypoSCC diagnosis to laryngeal CRN 
diagnosis was 15.08 months, the shortest being 5 months, and 
the longest at 109 months. Majority was found to have CRN 
at the pyriform sinus, while a few had thyroid cartilage, or pos-
terior pharyngeal wall involvement (Fig.  1). One patient was 
found to have thyroid cartilage CRN on work-up for carotid 
artery blow-out. All had Chandler grade IV laryngeal CRN. 
Management of laryngeal CRN was done using debridement 
(n = 4), salvage total laryngectomy (n = 2), hyperbaric oxygen 
(HBO) (n = 1), and observation (n = 3). Ten out of 13 patients 
improved after CRN management.

In 5 of the patients diagnosed of PLCRN, CBS episodes 
occurred during their follow-up period (Fig. 2). All the patients 
returned to hospital from the emergency department due to 
persistent hemoptysis. Emergent intubation was performed in 
3 patients and emergent trachestomy was done in the other 
2 patients. All the patients received emergent angiography to 
detect the bleeding site. Two of which developed a month after 
biopsy, and 1 developed after debridement, 1 patient developed 
tumor recurrence a month after laryngeal CRN diagnosis on 
repeat biopsy and 1 patient developed 109 months after CCRT.

The sites of bleeding were from superior thyroid artery pseu-
doaneurysm (n = 2), superior thyroid artery bleeding (n = 1), lin-
gual artery pseudoaneurysm (n = 1) and external carotid artery 
rupture (n = 1). In two patients, the bleedings were successfully 
embolized by coil. In the rest of 3 patients, the hemodynamic 
was unstable and not able to receive vascular embolic proce-
dures and expired. The overall mortality rate for PLCRN related 
CBS was 60%.
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4. Discussion
In 1972, Lederman outlined four main post-irradiation com-
plications of laryngeal cancer: laryngeal edema necessitat-
ing tracheostomy, skin damage, perichondritis, and cartilage 
necrosis.[14] Laryngeal CRN is an uncommon, but serious 
complication of RT. This is brought upon by alterations in the 
peri-laryngeal and laryngeal tissues, subsequently leading to 
tissue hypoxia, devascularization, inflammation, tissue fibrosis, 
and eventually, tissue necrosis.[15] Reported factors predispos-
ing to laryngeal CRN are: dose and technique of RT; portals 
of RT; frequency of RT; pretreatment tumor invasion; trauma 
before or after RT including previous surgical interventions; 
and infection.[2,16] Furthermore, the incidence if this complica-
tion is probably related to the total dose, which is observed at 
total RT dose of 70 Gy or more, field size and duration of ther-
apy.[8,11] Organ-preserving protocols are currently advocated 
in treating advanced hypopharyngeal cancer, and this confers 
to the increased utilization of combination RT and CT, with 
increased incidence of complications following therapy as a 
consequence.[8,11]

Patients may present with cutaneous erythema, weight loss, 
dysphagia, odynophagia, hoarseness, aspiration, airway obstruc-
tion, fetor, and fistula.[2] On CT, highly suggestive, but nonspecific 
clues to laryngeal CRN are sloughing of the arytenoid cartilage, 
fragmentation and collapse of the thyroid cartilage, and/or the 
presence of gas bubbles around the cartilage.[8,12] Post-radiation 
injury to the vascular and lymphatic channels may continue for 
months, even years after treatment.[2] This may explain the wide 
range of time for laryngeal ORN to develop in our series, which is 
5 to 109 months following laryngeal CRN diagnosis.

Hyperbaric oxygen therapy improves tissue hypoxia by increas-
ing oxygen partial pressure in radiation-induced obliterative 
endarteritis, stimulating fibroblast proliferation and capillary 
growth.[10,19] Therefore, this therapy has been suggested for late 
stage CRN, particularly grade IV patients, by most clinical stud-
ies as a means to avoid salvage laryngectomy.[2,18,19] In some cases, 
when frank necrosis has already compromised laryngeal function, 
a salvage total laryngectomy may be warranted, even in the absence 
of histologic proof of cancer.[2,11] The rationale for this decision is 
that a delay in diagnosis in a permanently crippled larynx portends 
a catastrophic outcome of further necrosis, infection, and in cases 
of true recurrence, further progression of malignancy,[11] as in the 
case of our 2 salvage total laryngectomy patients.

Radiation effects to larger vessels have also been reported. 
Progressive fibrosis, thrombosis and obliteration of the vasa-va-
sorum, and weakening of the arterial walls may be observed 
in histologic examinations of carotid arteries, placing them 
at risk for rupture from nearby cartilaginous or osseous frag-
ments.[2,21] This predisposes laryngeal CRN patients to CBS, 
which was observed in 5 (38.5%) of our cases, and 3 (60%) 
patients expired. In a study by McCready et al, a total radiation 
dose of 40 Gy in 10 days may induce damage to the vasa-va-
sorum and may contribute to rupture of the great arteries in 
dogs.[22] The incidence of CBS in patients with head and neck 
cancers who underwent surgical procedures ranged from 2.9% 
to 4.3%, while for patients with recurrent head and neck can-
cers who received irradiation, it varied from 2.6% to 10%.[21] 
A systematic review done by McDonald et al revealed a CBS 
mortality rate as high as 76%, with no statistical difference 
between patients treated with or without concurrent CT, or 
between patients treated with or without salvage surgery before 
irradiation.[23]

Notably, in 5 patients with CBS in our study, angiography 
demonstrated the bleeding in 3 patients originated from supe-
rior thyroid artery and 1 from the lingual artery. Necrotic bony 
fragments in the laryngeal framework such as thyroid cartilage 
and hyoid bone were in proximity to the branches of external 
carotid artery. Superior thyroid artery and lingual artery rather 
than carotid artery were more vulnerable to the vascular injury in T

a
b

le
 1

 

S
um

m
ar

y 
o

f 
p

at
ie

nt
s 

w
it

h 
ch

o
nd

ro
ra

d
io

ne
cr

o
si

s 
o

f 
th

e 
la

ry
nx

.

No
. 

Ag
e/

Se
x 

Hy
po

SC
C 

TN
M

 s
ta

ge
 

RT
 ty

pe
 

Do
se

 (G
y)

 
CT

 
Ti

m
ea  

CR
N 

si
te

 
Gr

ad
eb  

CR
N 

m
an

ag
em

en
t 

Ou
tc

om
e 

Ot
he

rs
 

1
35

/M
cT

4a
N0

M
0

US
US

US
6

Py
rif

or
m

 s
in

us
IV

De
br

id
em

en
t

CB
S,

 e
xp

ire
d

Ex
pi

re
d 

du
e 

to
 b

le
ed

in
g 

lin
gu

al
 a

rte
ry

 p
se

ud
o-

an
eu

ry
sm

2
41

/M
cT

4a
N0

M
0

US
72

Ye
s

6
Py

rif
or

m
 s

in
us

 a
nd

 th
yr

oi
d 

ca
rti

la
ge

IV
De

br
id

em
en

t
Im

pr
ov

ed
 

3
56

/M
cT

3N
2b

M
0

IM
AT

 +
 IG

RT
72

Ye
s

5
US

IV
Sa

lva
ge

 la
ry

ng
ec

to
m

y
Im

pr
ov

ed
De

ve
lo

pe
d 

se
co

nd
 p

rim
ar

y 
or

al
 c

an
ce

r
4

41
/M

cT
4a

N2
bM

0
IM

AT
 +

 IG
RT

72
Ye

s
10

9
Th

yr
oi

d 
ca

rti
la

ge
IV

Sa
lva

ge
 la

ry
ng

ec
to

m
y

CB
S,

 im
pr

ov
ed

CB
S 

pr
io

r t
o 

sa
lva

ge
 la

ry
ng

ec
to

m
y;

 u
nd

er
w

en
t c

oi
lin

g
5

46
/M

cT
4a

N2
bM

0
VM

AT
 +

 IG
RT

72
Ye

s
8

Py
rif

or
m

 s
in

us
IV

HB
O

Im
pr

ov
ed

 
6

60
/M

cT
4a

N2
cM

0
IM

RT
72

Ye
s

8
Py

rif
or

m
 s

in
us

IV
Ob

se
rv

at
io

n
Im

pr
ov

ed
Sp

in
e 

m
et

as
ta

si
s

7
58

/M
cT

4a
N0

M
0

IM
AT

 +
 IG

RT
69

.9
6

Ye
s

5
Py

rif
or

m
 s

in
us

IV
De

br
id

em
en

t
Im

pr
ov

ed
 

8
60

/M
cT

4a
N2

bM
1

Si
m

pl
e 

RT
 +

 IM
AT

69
.9

6
Ye

s
7

Po
st

er
io

r p
ha

ry
ng

ea
l w

al
l a

nd
 th

yr
oi

d 
ca

rti
la

ge
IV

Ob
se

rv
at

io
n

Im
pr

ov
ed

De
ve

lo
pe

d 
re

cu
rre

nc
e

9
54

/M
cT

2N
2b

M
0

IM
AT

 +
 IG

RT
69

.9
6

Ye
s

9
Po

st
er

io
r p

ha
ry

ng
ea

l w
al

l
IV

Ob
se

rv
at

io
n

CB
S

Ex
pi

re
d

10
55

/M
cT

4b
N1

M
0

IM
AT

 +
 IG

RT
69

.9
6

Ye
s

8
Py

rif
or

m
 s

in
us

IV
Ob

se
rv

at
io

n
Im

pr
ov

ed
 

11
64

/M
cT

3N
2c

M
0

IM
AT

 +
 IG

RT
70

Ye
s

8
US

IV
De

br
id

em
en

t
CB

S
Em

bo
liz

at
io

n 
an

d 
im

pr
ov

ed
12

37
/M

cT
4b

N2
cM

0
IM

AT
69

.9
6

Ye
s

10
US

IV
US

CB
S

Ex
pi

re
d

13
60

/M
cT

3N
1M

0
IM

PT
69

.9
6

Ye
s

7
Py

rif
or

m
 s

in
us

IV
Ob

se
rv

at
io

n
Im

pr
ov

ed
 

CT
 =

 c
he

m
ot

he
ra

py
, C

BS
 =

 c
ar

ot
id

 b
lo

w
-o

ut
 s

yn
dr

om
e,

 C
RN

 =
 c

ho
nd

ro
ne

cr
os

is
, H

BO
 =

 h
yp

er
ba

ric
 o

xy
ge

n,
 H

yp
oS

CC
 =

 h
yp

op
ha

ry
ng

ea
l s

qu
am

ou
s 

ce
ll 

ca
rc

in
om

a,
 IG

RT
 =

 Im
ag

e-
Gu

id
ed

 R
ad

ia
tio

n 
Th

er
ap

y, 
IM

AT
 =

 In
te

ns
ity

-M
od

ul
at

ed
 A

RC
 T

he
ra

py
, I

M
PT

 =
 In

te
ns

ity
-M

od
ul

at
ed

 
Pr

ot
on

 T
he

ra
py

, I
M

RT
 =

 In
te

ns
ity

-M
od

ul
at

ed
 R

ad
ia

tio
n 

Th
er

ap
y, 

US
 =

 u
ns

pe
ci

fie
d.

a T
im

e 
(m

on
th

s)
 b

et
w

ee
n 

Hy
po

SC
C 

di
ag

no
si

s 
an

d 
CR

N 
di

ag
no

si
s.

b C
ha

nd
le

r g
ra

di
ng

 s
ys

te
m

 fo
r l

ar
yn

ge
al

 ra
di

at
io

n 
ch

an
ge

s
11

.



4

Padua et al. • Medicine (2022) 101:45 Medicine

patients with chondronecrosis. The chronic inflammation, infec-
tion and irritation of vessels would further weaken the vascular 
walls. They would result in the formation of pseudoaneurysm 
and subsequently cause bleeding. Once bleeding occurs, large 
amount of blood clots accumulated in the oropharynx or hypo-
pharynx in a short period of time. Parapharyngeal soft tissue in 
CRN patients was necrotic and not able to provide any com-
pression for the bleeding. Airway compromise developed rap-
idly and compromised patients’ airway. From our experiences, 
when patients developed chrondronecrosis after CCRT, airway 
protection, tracheostomy, was strongly suggested. Angiography 
may be arranged and even selective embolization of branches of 
external artery could prevent the occurrence of disastrous event.

5. Conclusion

For hypopharyngeal cancers, primary CCRT was well adopted in the 
treatment for organ preservation. Radiation necrosis occasionally 

occurred after CCRT in a frequency of 3.8%. Persistently cartilag-
inous and nearby soft tissue necrosis could stimulate the formation 
of pseudoaneurysm in carotid artery and its branches and cause 
vascular rupture. CBS after the vascular rupture carries a 60% 
mortality rate. Repeated debridement and closely follow-up can 
identify high risk patients for CBS earlier. Tracheostomy for the 
protection of airway, and angiography with embolization could 
probably prevent the disastrous complication of CBS.
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