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Abstract Carotid artery rupture is fortunately an
uncommon complication of head and neck cancer
treatment. Eleven episodes of carotid artery rupture
following irradiation and major head and neck resection
were identified over a 6-year period. We review our
experience and discuss the predisposing factors that can
cause this complication, important aspects of manage-
ment and outcome. During this 6-year period, 11 epi-
sodes of carotid artery rupture were treated in our unit.
All patients had received prior irradiation (more than
60 Gy) and undergone a major surgical resection or
resections. The average age was 59 years; all patients
had a salivary fistula, local infection and a manifest
‘herald bleed’ just before their major carotid artery
rupture. These patients were resuscitated, taken to the-
atre and the neck explored, with control of the vessel
and debridement of necrotic tissue. Soft tissue coverage
was in the form of a flap. Many of the factors predis-
posing to carotid artery rupture can be ameliorated or
treated early in order to avoid this complication. Early
and aggressive nutritional support together with cor-
rection of haematological abnormalities promote wound
healing and prevent tissue breakdown. The detection
and treatment of infection also reduces fistula formation
and wound compromise. We present our protocol for
the early, aggressive management of these patients with
carotid artery rupture.
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Introduction

Carotid artery rupture as a complication of head and
neck cancer treatment is a catastrophic life-threatening
emergency. It has been reported to occur in 3–5% of
patients who undergo major head and neck resections [2,
9, 17, 20, 21], but may also occur in cases where radio-
therapy was the only treatment modality [7, 17].
Haemorrhage from the common, internal or external
carotid arteries is usually controlled by direct pressure
and arterial ligation. The reported mortality varies from
3 to over 50%, with acute rupture and severe neuro-
logical deficits from 16 to over 50% in those who ini-
tially survive [2, 12]. The purpose of this paper is to
review our experience and our rationale for the early
detection and aggressive treatment of these patients with
pending carotid artery rupture.

Materials and methods

A retrospective review of the medical records during a 6-
year period (June 1996 to December 2002) was under-
taken. We defined a carotid artery rupture as major
acute bleeding whose origin is the carotid artery in the
neck. The terms ‘‘carotid blow-out’’ and ‘‘carotid artery
rupture’’ are used synonymously in the literature. For
the purpose of this paper, we will use the term ‘‘carotid
artery rupture’’ (CAR), which we define as ‘‘an acute
major bleed with major cardiovascular manifestations,
whose origin is the carotid artery in the neck’’. We will
use the term ‘‘herald bleed’’, which almost invariably
occurs as the initial manifestation of carotid artery
rupture, as the artery becomes eroded, leaks and
clots until a major bleed occurs with cardiovascular
manifestations necessitating operative intervention. All
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patients in this group had undergone recent major sur-
gical resections with curative intent. Other patients
receiving only palliative care with carotid artery rupture
during this period where a prior decision had been taken
not to resuscitate were not included in the study. There
were also many patients during this period who devel-
oped postoperative fistulae and had other factors pre-
disposing to a CAR episode who were treated electively
in order to avoid this potential event. Some of these did
have herald bleeds and were taken to theatre immedi-
ately, where appropriate measures were taken to repair
the potential bleeding site.

As soon as CAR is diagnosed the patient is aggres-
sively resuscitated, whilst applying digital pressure to the
origin of the bleed, either internally or externally as
appropriate. This is supplemented by the use of pha-
ryngeal packing with swabs. The patient’s tracheostomy
tube is replaced by an endotracheal tube and the cuff
inflated to prevent soiling of the lower airway with
blood. It is occasionally required to tamponade the
bleeding point.

These patients are resuscitated with fluid (crystalloid,
colloid), blood products (packed cells, platelets and
fresh frozen plasma) and the administration of high
concentration oxygen. Consent is obtained if possible
after discussion with the patient, but otherwise with their
relatives and other health care professionals involved in
their care as to the appropriateness of surgical inter-
vention and the risks involved.

The patient is then transferred to theatre expedi-
tiously and anaesthetised. The site of haemorrhage
continues to be controlled by digital pressure until the
vessels are exposed. In cases of early postoperative

rupture, the wound is reopened by division of sutures
and the carotid vessels exposed along their length. In late
rupture cases the incision is preferably made along the
previous scar near the probable site of bleeding (Fig. 1).

The site of the bleeding is carefully identified, al-
though this dissection is complicated by the need to keep
constant pressure on the vessels to reduce bleeding. The
anatomy is also almost invariably distorted by granu-
lation tissue and inflammatory oedema resulting from
the fistula and wound infection.

Careful dissection of the common carotid proximal to
the bleeding site is necessary to control the bleeding, as
well as dissection of the vessels distal to the bleed. In one
case this necessitated immediate transfer of the patient
to the adjacent Royal Brompton Hospital for an ante-
rior thoraco-cervical approach to allow exposure and
control of the brachiocephalic artery [10]. In this case,
the artery was reconstructed with a Gore-tex graft. The
patient is alive and well 6 years later.

Where bleeding is coming from the internal carotid
artery or the bifurcation, vertical rather than transverse
ligatures or sutures are placed in an attempt to reduce
the likelihood of compromising cerebral blood flow.
Where necessary, the carotid vessel is ligated or resected.
After control of the bleeding has been achieved, swabs
are taken for microbiology and the wound is thoroughly
debrided and irrigated before the salivary fistula is ex-
cised and repaired with soft tissue cover, usually with
unirradiated muscle or myocutaneous flaps.

Postoperatively, patients are managed on the inten-
sive care unit until stabilised. We would recommend that
an emergency surgical kit is present on the ward to deal
with these emergencies, containing radio-opaque swabs,

Fig. 1 Intra-operative
photographs of the right side of
the neck of a patient with
carotid artery rupture, showing
digital pressure applied on the
bleeding point to achieve
haemorrhage control while the
previous incision is reopened.
Blood is evident both externally
and around the mouth
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large bore cannulae, cuffed flexible tracheostomy tubes
and basic surgical instruments.

Results

During this 6-year period there were 11 episodes of CAR
in eight patients treated in our unit. The mean age of
patients was 59 years. All patients had received prior
irradiation (more than 60 Gy) and undergone one or
more major surgical resections. We will refer to this
surgical intervention later in the text as their ‘‘previous
surgical procedure’’.

Most patients had bleeds 2 1/2 weeks (mean
19±17 days, range 1–60 days) after their previous sur-
gical procedure. They all presented with herald bleeds
(median time 2 h, mean 3.8 h, range 1/2–10 h) before
their major arterial bleed. The herald bleed varied from
fresh blood-stained sputum, a sero-sanguinous discharge
from the skin or stoma or frank pulsatile haemorrhage.
Patients bled either on the ward (three episodes), at
home (four episodes), whilst abroad or en route to the
hospital (four episodes) and were transferred to the head
and neck unit for treatment.

The immediate pre-bleed haemoglobin of all subjects
was low (mean 9±1 g/dl, median 9.6 g/dl, range 6.5–
11.3 g/dl), perhaps reflecting their undetected chronic
herald bleeds and poor nutritional status (all patients
had a low pre-bleed albumin, mean 18±4 g/l, median
17 g/l, range 14–27 g/l) (Table 1).

In order to assess the significance of these laboratory
findings, we used as a control group a contemporary
cohort of patients (28 patients) treated in our unit,
matched for pathology, extent of resection and radio-
therapy with the CAR group. We collected the labora-
tory data immediately before discharge from hospital
(mean, 21 days from operation), an interval which cor-
responds to the mean postoperative day at which the
CAR group bled. The mean postoperative haemoglobin

and albumin levels of the control group were compared
with the immediate pre-bleed levels of the carotid artery
rupture group.

The patients in the control group had a mean post-
operative haemoglobin level of 13.5±1.83 g/dl and a
mean albumin level of 37.0±8.42 g/l. The CAR group
had significantly lower (P<0.01) pre-bleed haemoglobin
and albumin levels.

Pre-bleed salivary fistulae were present in all patients
in the CAR group (eight episodes high in the
neck—levels II, III; three episodes low/para-stomal/lat-
eral neck—levels IV, V. This group also had a raised
white cell count (mean 14.1±4·109/l, median 14.1·109/l,
range 11.2–21.8·109/l) with microbiological evidence of
chronic infection (pseudomonas, enterococci, anaer-
obes) and were on active treatment with antibiotics
(Table 1).

The following infusion volumes were required:
packed cells (mean 9.3 units, median 10 units, range 1–
24 units), platelets (mean 2.3 mega-units, median 2
mega-units, range 0–4 mega-units) and fresh frozen
plasma (mean 5 units, median 5 units, range 0–7 units).
Patients were treated postoperatively on the intensive
care unit (median stay 2 days, range 1–5 days).

The overall morbidity during the first 6 months of
follow-up was 27%. The major complications included
cerebrovascular accident (CVA) and carotid sinus dys-
function manifested as uncontrolled blood pressure and
dysrhythmias. In our series two patients re-bled and
required further surgery. They both had extensive
residual aggressive radio-resistant disease that was ulti-
mately fatal. Over 90% of patients were alive at 1 month
after the intervention and over 62% at 6 months
(Table 2). One death was secondary to a massive CVA,
which occurred 3 days after the successful treatment of
a second bleed, where there were no immediate post-
operative cerebral defects. The cerebral perfusion,
however, was obviously compromised and ultimately
proved fatal.

The external carotid artery was the most common site
of bleeding (six episodes), usually in the area of the
linguo-facial trunk, where ligation was not associated
with major morbidity. When the origin of bleeding was
the common carotid artery (three episodes) or internal
carotid artery (two episodes), ligation was associated
with 60% major morbidity (CVA or autonomic blood
pressure dysfunction). In one case, the bleeding was
from the anastomosis site of a previously employed free
jejunal flap that had been anastomosed at another hos-
pital to the common carotid artery. Another patient who
developed a tracheo-carotid fistula was treated by seg-
mental carotid resection and Gore-Tex interpositional

Table 1 Pre-morbid features of our carotid artery rupture group

Mean±SD

Age (years) 59±5
Sex 3 F:5 M
Previous irradiation >60 Gy (%) 100
Previous major surgery (%) 100
Time from last operation (days) 19.1±17
‘‘Herald bleed’’ (%) 100
Duration of ‘‘herald’’
before rupture (h)

3.8±3

Pre-bleed Hb g/100 ml 9±1
Pre-bleed albumin g/l 18±4
Salivary fistula (%) 100
Pre-bleed WCC ·109/l 14.1±4
Local infection (%) 100
Organism(s) 4 Pseudomonas, 2 Klebessiella,

3 Staphylococcus Aureus,
1 Entrococci, 1 Anaerobe,
1 Candida

Table 2 Outcome of our carotid artery rupture group

1-month survival (%) 91
6-month survival (%) 62.5
Morbidity (%), CVA/autonomic disturbance 27
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grafting and soft tissue placement between the graft and
trachea. The common carotid artery was ligated or re-
sected in two cases. Soft tissue coverage was affected
using a variety of flaps (five pectoralis major, four la-
tissimus dorsi, one buccal flap and one free latissimus
dorsi) (Table 3). In cases of common carotid artery
ligation or resection, preservation of the external carotid
artery may allow satisfactory internal artery perfusion
from reverse flow from the external carotid via the car-
otid bifurcation.

Discussion

Wound healing is compromised of poor tissue oxygen-
ation, infection, preoperative irradiation, pharyngo-
cutaneous fistula, foreign bodies, chronic malnutrition,
therapeutic anti-metabolites and immunocompromise
[2, 23]. All these factors are frequently present in patients
with squamous cell carcinoma of the head and neck.

Major postoperative complications (pharyngo-cuta-
neous fistula, tumour recurrence, infection and local flap
failure) almost always precede and are the most common
contributing factors to wound breakdown, necrosis and
fistulae formation and carotid artery exposure with
eventual artery rupture [3, 11, 23] (Fig. 2).

Infection plays an extremely important role in pre-
disposing to arterial rupture. In the neck, infection may
be manifested either by disrupted skin flaps or by a
pharyngo-cutaneous fistula [12]. All our patients had
infection surrounding the arteries at exploration.

In most reported cases, fistula formation with
incomplete wound healing or ulceration of regional tu-
mours is responsible for major bleeding [4, 5, 6]. Vessels
that are exposed to a direct salivary stream will undergo
desiccation and digestion of their surfaces by salivary
enzymes. This combined with local wound infection
and/or tumour recurrence place the arterial wall at risk
of weakening and potential rupture, even before the
deleterious effects of radiotherapy are considered.

Another important consideration predisposing to
poor wound healing is the long-term presence of mobile
foreign bodies (tracheostomy and nasogastric tubes)
potentially causing irritation and a chronic inflamma-
tory response. These foreign bodies may cause continued
postoperative irritation and pressure, in the case of
cuffed tracheostomy tubes, to compromised tissue
occasionally leading to tissue necrosis and fistula for-
mation. After head and neck surgery with radical neck

dissection and tracheostomy, the common carotid artery
lies unprotected under the skin. When a hemithyroi-
dectomy has also been carried out the carotid artery lies
very close to the skin and the tracheal stoma [13]. This is
well illustrated in the case where prolonged postopera-
tive ventilation resulted in erosion of the wall of the
trachea from the cuffed tracheostomy tube into the
adjacent brachiocephalic artery, which necessitated
immediate thoraco-cervical exposure to facilitate closure
of the arterial fistula into the trachea by repair and
reconstruction of the artery with a Gore-Tex arterial
graft.

The use of nasogastric feeding following total laryn-
gectomy is well documented as providing a detrimental
conduit for gastric acid juice and gram-negative bacteria
into the reconstructed pharynx, predisposing to fistula
formation at the site of the pharyngeal reconstruction.
The nasogastric tube, which passes through the cardio-
oesophageal sphincter into the stomach, results in a very
effective siphoning effect, while the patient is recumbent
in the postoperative period, to allow these agents to pass
retrogradely up the oesophagus into the pharynx, pre-
disposing to pharyngocutaneous fistulae and reflux into
the neck. The use of immediate tracheo-oesophageal
puncture voice reconstruction techniques allows inser-
tion of a Foley catheter from the trachea into the
oesophagus without transgressing the cardio-oesopha-
geal sphincter, and in these patients, there is a significant
reduction in postoperative fistulae [18].

Radical neck dissection exposing the carotid artery
considerably compromises the nutrition of the artery,
independent of irradiation, because the artery derives
80% of its blood supply from its adventia, which is often
injured during the dissection especially in node stripping
[3]. Carotid artery stripping of nodal metastasis is re-
ported to be associated with up to 25% rupture rates in

Table 3 Site of bleed and reconstruction of our carotid artery
rupture group

Site of bleed 6 external carotid artery
(Lingo-facial trunk), 3 common
carotid artery,
2 internal carotid artery

Tissue coverage 5 Pectoralis major, 4 Latissimus dorsi,
1 buccal flap, 1 free Latissimus dorsi

Fig. 2 Preoperative clinical photograph showing the previous
surgical scar, radiotherapy-induced changes of the skin, salivary
fistula and recurrent disease in a patient who postoperatively
developed carotid artery rupture
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non-irradiated patients [8]. This is because simple strip-
ping has been associated with residual disease in the
arterial wall in up to 42% of cases [6].

Radiation injury can result in clinically significant
arterial disease of large arteries, including occlusive
disease. Injury to the vasa vasorum after irradiation may
account for an increased incidence of rupture of the
carotid vessels [12].

However, because of the slowly progressive occlusive
effects of irradiation and other pre-morbid factors, e.g.,
peripheral vascular disease, in older patients the affected
carotid artery may not have been contributing signifi-
cantly to cerebral perfusion at the time of rupture,
allowing a collateral circulation to develop. Hence,
ligation in this population is associated with lower than
expected neurological sequelae that would be observed
in a healthier cohort. This is further supported by the
fact that neurological sequelae were more likely to occur
in the younger patients with CAR [7].

Radiation also affects the tissue surrounding the ar-
tery and may predispose to a vicious cycle of fistula
formation, infection and tissue necrosis. Local and
general factors such as infection, residual tumour with
invasion of the arterial wall, loss of the adventia with
thinning of the arterial wall and the immune status of
patients further affect the tolerance of the carotid artery
to radiation [1, 9]. Given the long latency periods and
the increasing populations of cancer survivors, the
magnitude of this clinical problem has yet to be realised.

Although the long-term prognosis for patients who
have had CAR may be quite guarded, certain measures
can enhance the quality of the patients remaining life-
time by reducing morbidity and probability of re-bleed
[17]. Signs of imminent rupture include oozing from the
tumour mass, skin necrosis, an exposed artery, haem-
optysis, haematemesis and frank bleeding [23]. These
herald bleeds must raise one’s clinical suspicion suffi-
ciently to obtain a ‘lead time’ during which appropriate
investigations and management can be instituted.

The importance of haemodynamic stabilisation prior
to being submitted to surgery [23] and maintaining
adequate blood pressure peri-operatively cannot be
overemphasized. The incidence of cerebral complica-
tions has been shown to be 87% when hypotension is
present at the time of ligation compared to 28% in
normotensive patients [14]. The issue of whether to re-
sect and reconstruct or ligate the artery is compounded
in the emergency setting of CAR. Life-threatening
arterial disruption secondary to radiation arteriopathy
usually requires concomitant exposure of the source of
bacterial contamination, and ligation may be the best
choice to prevent recurrent haemorrhage [7]. Apart from
the inherent difficulty in operating in an infected, ne-
crotic wound surrounded by fibrotic irradiated tissue,
reconstruction in this operative field would be predis-
posed to rupture of the inter-positional graft or pseudo-
aneurysm formation [23]. However, when recurrent
disease is present on the carotid, resection of the vessel
may offer the only surgical potential for cure or pallia-

tion, especially if afterloading brachytherapy is not
considered for the post-irradiated surgical salvage pa-
tient [16]. A review of the literature tends to give the
impression that autogenous tissue grafts are an interim
measure whilst more definitive treatments are sought [5].

Further reported [14, 15, 16] investigations (angiog-
raphy, electro-encephalography and plethysmography)
are usually not feasible in the emergency situation.
Where imaging, peri-operative findings and histology at
first resection suggest that neurological complications
are more likely to happen, then pre-emptory investiga-
tions can be carried out. However, in the emergent sit-
uation preoperative diagnostic procedures aimed at
evaluating either the involvement of the carotid artery
by tumour or the adequacy of collateral flow may lead to
unacceptable delay and decompensation.

It is suggested that balloon occlusion serves to con-
trol bleeding as well as provides information on the state
of the cerebral circulation. However, intolerance to
balloon occlusion in an awake patient or the angio-
graphic demonstration of inadequate collateral flow is
taken as an indication for arterial reconstruction [19].

Recently, endovascular embolisation has been suc-
cessfully employed as an alternative to surgical ligation
[15]. Whether endovascular embolisation or stenting
would be applicable in all cases is an unresolved issue,
especially when considered in light of our series where at
operation infected and necrotic tissue would be debrided
as well as any salivary fistulae excised and the defect
repaired and covered with healthy tissue. An endovas-
cular approach would not allow the treatment of the
underlying causes of the arterial bleed nor allow the
opportunity for adjunctive surgical therapy, e.g., inser-
tion of afterloading catheters for later brachytherapy to
residual tumour if necessary [21].

Despite these concerns acute carotid haemorrhage
has been successfully managed with directed placement
of endovascular stents, but the long-term sequelae of
placing these foreign bodies in a field with ongoing
contamination make this a temporary rather than a
permanent measure for use, while more definitive op-
tions are pursued [22].

Once the affected carotid artery has been controlled,
infected and necrotic tissue debrided and the fistulae, if
present, repaired, the question of arterial cover, soft
tissue interposition and wound site reconstruction must
be considered.

Dermal and facial grafts do not have an independent
blood supply and are thus unreliable in infected and
contaminated wounds and have limited use in carotid
coverage. Local tissue flaps are usually available, but
may not provide enough healthy tissue to solve the
problem of tissue coverage reliably in post-irradiated
patients. The myocutaneous flaps are the optimum
solution with their independent vascular pedicles, heal-
thy tissues and local availability. They provide the best
environment for wound healing, arterial protection and
diversion of the salivary stream. The fistula if not closed
should be controlled by diverting the salivary stream
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over the external surface of the flap and off the formally
exposed carotid artery. The pectoralis major, deltopec-
toral, latissimus dorsi and trapezius flaps can all be
considered if available. The donor defect may be closed
primarily or by skin grafting [11]. The flaps may be used
with adjunctive brachytherapy or external beam radio-
therapy by providing fresh un-irradiated skin cover
reducing the chances of skin necrosis and further carotid
exposure.

Conclusion

Review of the clinical features of CAR patients tends to
suggest that they are a complex group of patients who
have undergone previous irradiation, major resection
and reconstruction. They have evidence of impaired
wound healing, often in the presence of fistulae, active
infection and persistent malignant disease. We advocate
close observation of the parameters detailed in the pa-
per, with the aim of predicting an impending rupture
and taking the necessary pre-emptive action. Early and
aggressive nutritional support together with correction
of haematological abnormalities promotes wound heal-
ing and prevents tissue breakdown. Once CAR has oc-
curred we recommend early, aggressive surgical
treatment (Table 4).
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