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Acute Life-Threatening Hemorrhage in Patients
with Head and Neck Cancer Presenting with
Carotid Blowout Syndrome: Follow-Up Results
after Initial Hemostasis with Covered-Stent
Placement

H. Shah
J.J. Gemmete
N. Chaudhary

A.S. Pandey
S.A. Ansari

BACKGROUND AND PURPOSE: CSP in patients with HNC presenting with CBS can provide immediate
hemostasis to prevent exsanguination. We evaluated the safety and efficacy of CSP to control acute
life-threatening hemorrhage in patients with HNC presenting with CBS.

MATERIALS AND METHODS: We retrospectively reviewed 10 patients (7 men, 3 women; mean age, 59
years) with HNC presenting with acute life-threatening hemorrhage from CBS that was treated with
CSP. We studied patient demographics, presentations, procedures, initial and delayed complications,
and technical and clinical outcomes on follow-up.

RESULTS: All patients achieved immediate hemostasis following CSP. Periprocedural complications
consisted of groin hematomas (n � 2), acute limb ischemia requiring thrombectomy, and an asymp-
tomatic temporal lobe hemorrhage. Imaging and clinical follow-up were available for a mean of 17.7
months (range, 1–60 months). Two patients remained asymptomatic with a patent stent and no
evidence of rebleeding at 17 and 21 months, respectively. Recurrent hemorrhages requiring retreat-
ment were encountered in 3 patients secondary to stent infections (30%) at mean duration of 8
months. Neurologic morbidity resulted from stent thrombosis and stroke at 8 months in a single
patient. Mortality was unrelated to CSP but was a result of palliative hospice care (n � 3) at a mean
of 2 months or natural disease progression (n � 1) with documented patency of the stent at 6 months.

CONCLUSIONS: Acute life-threatening hemorrhage from CBS related to advanced HNC can be safely
and effectively treated with CSP. However, potential delayed ischemic or infectious complications are
common in the exposed or infected neck.

ABBREVIATIONS: ACT � activated clotting time; AP � anteroposterior; ASA � acetylsalicylic acid;
CA � cancer; CBS � carotid blowout syndrome; CCA � common carotid artery; CSP � covered-
stent placement; CTx � chemotherapy; DSA � digital subtraction angiography; FFR � free flap
reconstruction; HNC � head and neck cancer; ICA � internal carotid artery; L � left; LCCA � left
CCA; Lx � laryngectomy; PTFE � polytetrafluoroethylene; Px � pharyngectomy; R � right;
RCCA � right CCA; RICA � right ICA; RND � radial neck dissection; SCC � squamous cell cancer;
SND � select neck dissection; XRT � radiation therapy.

CBS is a life-threatening complication associated with HNC
and its therapy.1,2 The reported incidence of carotid artery

rupture after radial neck dissection is 4.3%.3 Patients with CBS
can have a variety of presentations with the most significant
being acute life-threatening hemorrhage. CBS more fre-
quently occurs in patients with HNC and those with radiation-
induced necrosis, recurrent tumors, wound complications
from neck dissection, or vessel erosion from pharyngocutane-
ous fistulas. Emergency surgical management of CBS is often
technically difficult to perform in a previously irradiated neck
and is associated with a 40% and 60% neurologic morbidity

and mortality rate, respectively.4 Deconstructive techniques,
such as coil embolization and permanent balloon occlusion of
the compromised vessel, have substantially improved the
complication rate of CBS compared with surgical vessel exclu-
sion. Zero percent to 15% of patients with CBS who are man-
aged with permanent balloon occlusion may develop imme-
diate or delayed cerebral ischemia as a consequence of �1
factor, such as an incomplete circle of Willis, thromboembo-
lism arising from an acutely occluded carotid artery, and de-
layed collateral failure.1,4-8

Given these results, there has been an interest in treating
CBS with the deployment of covered stents. Self-expanding
covered stents reconstruct the vessel wall with relatively atrau-
matic deployment, excluding extraluminal vessel pathology
and maintaining intraluminal blood flow to the intracranial
circulation, thus possibly limiting ischemic complications and
immediately controlling the hemorrhage. To date, there re-
main limited data on the use of covered stents for the treat-
ment of CBS in patients with acute life-threatening hemor-
rhage in the setting of HNC, with complication rates ranging
between 0% and 27%.8-12 The purpose of this study was to
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evaluate the safety and efficacy of CSP in achieving immediate
hemostasis in patients with acute life-threatening hemorrhage
in the context of HNC presenting with CBS.

Materials and Methods

Methods
We retrospectively reviewed patient medical and imaging records for

demographics, presentations, technical procedures, initial and de-

layed postprocedure complications, technical outcomes (or patency

of the covered stents), and clinical outcomes. The institutional review

boards at the University of Michigan Hospital, Ann Arbor, Michigan,

and the University of Chicago, Chicago, Illinois, approved this study.

Specifically, we acquired data for patient age and sex, clinical pre-

sentations, prior surgical or medical treatments for SCC of the head

and neck, initial site of the hemorrhage, condition of the local wound

or infection, immediate angiographic and clinical results, postproce-

dural and delayed complications, the site and time interval of recur-

rent hemorrhage, follow-up imaging (Doppler sonography/DSA),

and clinical results.

Procedure
Informed consent was obtained from the patient or legal representa-

tive for the use of a covered stent. Nearly all patients had imaging

evaluation with CT angiography for initial diagnosis and preoperative

planning (vascular access, pseudoaneurysm location, area of extrava-

sation, and vessel diameter). All procedures were performed with the

patient under general anesthesia to protect the patent airway, because

all patients had significant hemorrhage at the time of presentation.

Given this clinical scenario, we thought the quickest approach to re-

suscitation and stabilization of the patient hemorrhage was by CSP.

Following induction of general anesthesia, cervical and cerebral DSA

identified or confirmed the site of extravasation, vessel compromise,

or pseudoaneurysm. The patients were emergently loaded with clopi-

dogrel (Plavix), 600 mg, and ASA, 325 mg, via a nasogastric tube. One

patient was loaded with abciximab (ReoPro), 0.25 mg/kg, intrave-

nously due to the absence of orogastric or nasogastric access second-

ary to massive gauze packing in the oral pharynx. All patients were

fully anticoagulated with intravenous heparin to maintain an ACT of

�250 seconds just before deployment of the stent.

Following selective catheterization of the CCA, a 300-cm Amplatz

guidewire (Boston Scientific, Natick, Massachusetts) was advanced

into the ICA/external carotid artery, and the existing sheath was ex-

changed for an 80-cm 9F sheath (Cook, Bloomington, Indiana),

which was advanced into the proximal CCA or brachiocephalic ar-

tery. A self-expandable nitinol stent covered with PTFE (Fluency

stent; Bard Peripheral Vascular, Tempe, Arizona) was deployed

across the area of extravasation or pseudoaneurysm with 1 cm of

coverage proximal and distal to the diseased segment. A proximal

occlusion balloon was not placed if active extravasation was seen.

Confirmation of occlusion of the area of extravasation or pseudoan-

eurysm was confirmed on immediate follow-up angiography. All pa-

tients were continued on ASA, 81 mg, and clopidogrel, 75 mg, for 12

weeks after CSP, followed by ASA, 81 mg, indefinitely.

Results
The patient population included 7 men and 3 women with a
mean age of 59 years (age range, 45–75 years). All patients
presented with a history of head and neck SCC status post-
surgical neck dissections and radiation. Seven patients under-

went a laryngectomy with 5 also requiring free flap reconstruc-
tions. The presentations varied, including neck stoma
bleeding (n � 1), enlarging neck hematomas or pseudoaneu-
rysms (n � 4), wound dehiscence after flap reconstruction
with bleeding (n � 1), and oropharyngeal bleeding (n � 4).
Nine patients presented with bleeding from a carotid artery,
and 1 patient from a brachiocephalic artery pseudoaneurysm
or area of active extravasation (Fig 1). The patients’ clinical
characteristics are summarized in the On-line Table.

Initial angiographic and clinical outcomes were successful
in all 10 patients with deployment of 11 covered stents. Place-
ment of a self-expandable PTFE-covered stent provided im-
mediate hemostasis and reconstruction of the vessel wall, con-
firmed with postprocedural angiography in all cases. One
patient required covered stents placed across each carotid bi-
furcation with tumor encasement. On angiography, the pseu-
doaneurysm or area of active extravasation was seen in the
CCA (n � 6), CCA bifurcation (n � 4), and right brachioce-
phalic artery (n � 1). Placement of a covered stent (diameter,
7–10 mm; length, 40 – 60 mm) was sufficient to achieve imme-
diate hemostasis without the need for adjunctive techniques
such as coil embolization of larger pseudoaneuryms.

Periprocedural complications were limited to groin hema-
tomas (n � 2), acute limb ischemia in a patient with severe
peripheral vascular disease treated successfully with a right
common femoral artery cut-down and thrombectomy, and an
asymptomatic 2-cm right temporal lobe intraparenchymal
hemorrhage related to an intravenous bolus of abciximab.
There were no vessel dissections, pseudoaneurysm ruptures,
or thromboembolic or ischemic complications.

Imaging and clinical follow-up were available for a mean
17.7 months (range, 1– 60 months). There was no procedure-
related mortality, but overall mortality included 3 patients
who were placed in palliative care and died in hospice at a
mean duration of 2 months. Additionally, 1 patient died from
natural HNC progression with documented patency of the
stent at 6 months and no recurrent bleeding. Two patients
have remained asymptomatic with a patent stent and no evi-
dence of repeat hemorrhage at 17 and 21 months, respectively.

There was no immediate procedure-related morbidity
for a mean duration of 9.7 months. However, delayed com-
plications and morbidity occurred in 4 of 10 patients (40%)
related to either recurrent bleeding secondary to stent in-
fection (n � 3) or stent thrombosis and stroke. Stent infec-
tion was associated with the development of a persistent
carotid-pharyngocutaneous fistula in a single patient. A
second patient had multiple cerebral abscesses from an in-
fected stent, which were likely septic emboli (Fig 2). These
were successfully treated with long-term antibiotics. The
interval between the initial endovascular procedure and re-
current bleeding ranged from 3 to 15 months (mean, 8
months). Retreatment involved surgical removal of the in-
fected covered stent in all 3 patients to eliminate the infec-
tive source. One patient presenting with a repeat CBS re-
quired a balloon test occlusion study and subsequent
endovascular carotid sacrifice. In contrast, the 2 remaining
patients underwent successful surgical bypass with a right
carotid-subclavian bypass graft and a carotid interposition
graft by using an explanted right superficial femoral artery.
The manifestations of the recurrent bleeding episodes were
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similar to those of the initial CBS presentations (On-line
Table).

Discussion
CBS is a dreaded iatrogenic complication of HNC treatment.
Since the syndrome was first described in 1962, several surgical
and endovascular treatment options have been attempted.13

Before the advent of endovascular treatment modalities, CBS
could be treated only with surgical ligation or surgical bypass
of the carotid artery. However, open surgical techniques in the
setting of HNC were associated with high mortality and major
neurologic morbidity rates of 40% and 60%, respectively.4 En-
dovascular management of acute CBS by balloon occlusion of
the carotid artery was first introduced in 1984.14 This treat-
ment gained popularity because of the elegance and relative
ease of the approach, especially in a hostile post-surgical or
irradiated neck. Moreover, management with permanent bal-
loon occlusion resulted in significantly lower morbidity and
mortality rates than the surgical approach.1,4,6 Despite this
advancement, there is a rate of 0%–15% of cerebral ischemic
complications with permanent balloon occlusion of the ICA
or CCA.1,4-8

The ischemic complications from vessel-deconstruction
strategies subsequently led to the use of endovascular stents as
a possible option. Many initial reports suggested that endovas-
cular stents could not only reconstruct the arterial wall but
also maintain vessel patency and decrease ischemic complica-
tions. Macdonald et al15 first reported a case of CBS managed

successfully with CSP in an emergent presentation. Lesley et
al11 published a series of 16 CBS cases treated with endovascu-
lar stents, including 2 covered stents, resulting in no deaths,
and 1 transient ischemic event. Kim et al12 described a series of
4 CBS cases treated successfully with CSP without associated
neurologic morbidity or mortality. In fact, these reports are
similar to our findings because we noted no initial mortality or
neurologic ischemic complications after CSP in our popula-
tion. It follows that covered stents may represent an excellent
treatment technique for the acute management of CBS, espe-
cially in patients who are at a high risk for stroke as a result of
poor intracranial collaterals or an incomplete circle of Willis.

Early encouraging reports were mixed, with a series of
complications associated with the use of covered stents. War-
ren et al9 reported 3 patients with CBS who were initially man-
aged successfully with CSP, but on follow-up, 2 of these stents
had extruded, leading to stent thrombosis in 1 patient and
stroke in another. Simental et al10 similarly reported on de-
layed complications of stroke and stent thrombosis in 2 cases
of CBS treated with CSP. Chang et al16 described a delayed case
of brain abscess formation as a result of septic emboli from an
infected self-expandable covered stent used for CBS. Chang et
al17 also reported their experience in 24 patients with CBS who
underwent endovascular therapy. Initial complications were
encountered in 4 patients (36.4%) who underwent recon-
structive management and in 1 patient (7.7%) who underwent
deconstructive management (P � .142). Rebleeding occurred
in 5 patients (45.5%) in the reconstructive management group

Fig 1. A 51-year-old woman with glottic and hypopharyngeal cancer who presented with hemoptysis (On-line Table). A, Axial contrast-enhanced CT scan of the neck shows extravasation
from the RCCA (arrow) with surrounding air. B, AP RCCA angiogram shows the area of extravasation (arrow). C, AP roadmap of the RCCA shows placement of a covered stent (long arrows)
across the area of extravasation (short arrow). D, AP RCCA angiogram after covered stent (long arrows) placement shows no evidence of extravasation (short arrow).
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and in 3 patients (23.1%) in the deconstructive management
group (P � .659)

In our series, 3 patients (30%) had delayed complications
of stent infections requiring stent extraction after endovascu-
lar carotid sacrifice or surgical bypass. In these cases, the stent
may have become chronically infected after being deployed in
an area of infective necrosis, serving as a nidus of infection and
facilitating the formation of thrombi or septic emboli in the
carotid artery. In fact, 1 patient developed multiple cerebral
abscesses.18 Stent infection complications could not be en-
tirely eliminated despite systematic prescription of postproce-
dural antibiotics.

We routinely initiate intravenous broad-spectrum antibi-
otics for 7–10 days postprocedure with adequate bacterial cov-
erage native to the skin and oropharynx. Next, we place the
patient on long-term antibiotic coverage with oral clindamy-
cin, especially if there is the possibility of a chronically infected
neck or dehiscent wound. Covered stents are prone to a high
incidence of infection when deployed in an open environ-
ment, either communicating with the skin superficially or the
deep aerodigestive tract. Most interesting, all 3 infected cov-
ered stents in our series exhibited communication with the
aerodigestive tract and presented with recurrent hemorrhages.
Pyun et al19 showed a recurrent bleeding rate in 6 of 7 patients
treated with CSP within a short timeframe from 3 to 44 days.
They postulated that the recurrent bleeding rate was most
likely due to underlying infection or injury to the vasa vaso-
rum after radiation therapy.

Recurrent hemorrhage is a feared complication of CSP and
may be directly related to infection of the stent. Recurrence
rates of 33%– 86% have been quoted in prior studies.11,17,19,20

In comparison, our rebleeding rate was (3/10) 30%. The re-
current hemorrhage rate in our series was slightly lower than
that in other studies and may be due to our extended use of
long-term antibiotics. All recurrences were managed success-
fully with either endovascular carotid sacrifice or surgical by-
pass followed by surgical debridement and stent extraction.
Patients treated with endovascular covered stents must be cau-
tioned on the possibility of rebleeding and followed closely for
signs of recurrent CBS

We advocate CSP in the acute emergent setting of a patient
with inadequate collateral circulation presenting with CBS.
This is a straightforward procedure in experienced hands and
can achieve immediate cessation of the hemorrhage with min-
imal risk of stroke. Primary vessel sacrifice in the acute emer-
gent setting is still an excellent option in patients with good
collateral circulation. It is possible to get control of the bleed-
ing on the table with a temporary balloon before proceeding
with permanent vessel sacrifice without the procedure being
excessively time-consuming. Realistically, the number is too
low in any of these series individually or in summation to form
definitive conclusions about the risk of disabling neurologic
events with 1 procedure versus the other, except in cases of
inadequate collateral circulation, in which case CSP has an
obvious advantage.

Once hemostasis is achieved, a balloon test occlusion fol-

Fig 2. A 65-year-old man with laryngeal cancer who presented with bright red blood from the tracheostomy site (On-line Table). A, 3D surface-rendering angiogram of the RCCA shows
a small pseudoaneurysm (arrow). B, AP RCCA angiogram shows placement of a covered stent (long arrows) across the pseudoaneurysm. C, Three-month follow-up RCCA angiogram shows
the development of a pseudoaneurysm (thick arrow) at the distal end of the covered stent (long arrows). D, After coil occlusion of the RCCA and RICA, a right brachiocephalic arteriogram
shows occlusion of the RCCA (thick arrow) with coils within the RCCA (long arrow).
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lowed by vessel sacrifice can be performed in a more con-
trolled setting if infection develops in the region of the covered
stent. The potential of infection in these patients is high due to
associated open or dehiscent wounds and/or communication
with the aerodigestive tract. Therefore, we suggest following
these patients every 3– 6 months with CT angiography of the
neck or sonography to look for fluid or evidence of a pseudo-
aneurysm developing around the stent. In contrast, after per-
manent vessel sacrifice, there is very minimal risk of infection
with recurrent delayed CBS.

To prevent thromboembolic complications related to stent
placement, we routinely load patients with clopidogrel, 600
mg, and ASA, 325 mg, through a nasogastric tube just before
the procedure. Furthermore, aggressive heparin anticoagula-
tion is used during the procedure with repetitive ACT moni-
toring. Patients remain on clopidogrel, 75 mg, and ASA, 81
mg, daily postprocedure for at least 12 weeks. Following doc-
umentation of stent patency by Doppler sonography, the pa-
tient is placed on ASA, 81 mg daily, for life. It is possible that
our relatively low rate of ischemic complications resulted from
a strict adherence to the use of dual antiplatelet therapy. In our
study, only 1 patient could not be administered the dual anti-
platelet regimen, and a loading intravenous dose of a glyco-
protein IIb/IIIa inhibitor was substituted during stent place-
ment. Unfortunately, this patient had an asymptomatic 2-cm
left temporal lobe intracranial hemorrhage, and antiplatelet
agents (clopidogrel and ASA) were not initiated until 2 days
postprocedure. The same patient had stent thrombosis and
stroke at 8 months postprocedure, very likely coincidental. To
prevent thromboembolic complications, we believe extended
oral antiplatelet agents are mandatory, despite a possible in-
creased risk of hemorrhagic complications. Parallel antiplate-
let protocols have eloquently shown efficacy in the carotid and
coronary stent literature.21

Several limitations of our study are readily apparent. The
retrospective analysis invariably produces internal bias, and
the relatively small number of patients makes generalization to
a large cohort of similar patients very difficult. Unfortunately,
the pathology is so rare that any single institution cannot re-
cruit enough patients for the statistical power that multicenter
registries or meta-analyses may provide. All patients were
treated with the same manufactured covered stent (Bard Flu-
ency); therefore, a comparison regarding the type of covered
stent graft that may be advantageous for the treatment of CBS
is impossible. Furthermore, the importance of postprocedure
management with dual antiplatelet regimens is assumed from
the non-covered stent literature. The time required for PTFE
endothelialization, its thrombogenicity, and for antiplatelets
to prevent thromboembolic complications is largely
unknown.

Conclusions
CBS related to advanced HNC can be safely and effectively
managed with CSP in the acute emergent setting. However,

potential delayed ischemic or infectious complications are
common in the exposed or infected neck. After hemostasis is
obtained, a temporary balloon occlusion test with possible de-
constructive management should be considered if infection
develops in the covered stent. Close follow-up and extended
use of antiplatelet agents and broad-spectrum antibiotics may
prevent some acute and chronic complications associated with
CSP.
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