
�讲座�
Interventional radiology for vascular injuries

of the neck and face

Salvator e J . A . Sclaf ani , M . D.

Prof essor of Radiology , Surgery and Emergency Medicine State University

of N ew York Health Science Center at Brooklyn

Address correspon dence to:

Salvatore J. A. Sclafani, M . D.

Director of Radiology, Kings County Hospital Center

451 Clarkson Avenue

Brooklyn, New York USA

T elephone 718 245 4447

E�mail: SJASMD@AOL. COM

� � an Vascular injuries in the face and neck are a�
mong the most complicated situations to confront the

intervent ional radiolog ist . The diagnost ic workups

can be very complicated, time�consum ing and highly

v ariable because of the large number of anatomical

st ructures contained w ithin the conf ines of the platys�
ma muscle. The complicat ions associated w ith missed

injuries or inappropriate therapies may be life�threat�
ening . The vasculature of the brain is vulnerable; dis�
ruptions of the aerodigest ive systems provide a source

of infect ions by virulent organisms.

Airw ay management is central to the successful

management of these patients. Liberal use of endot ra�
cheal intubat ion is recommended. It is alw ays safer to

have an airw ay before t ransport ing the pat ient to the

Invasive Radiolog y suite rather than be forced to do it

in the radiology department. Ex ternal bleeding must

be stopped before imaging can be considered. Neuro�
logical damage is a common sequelae of neck trauma.

M ost arteriograms and radiolog ical interventions

for cervicofacial injuries are performed in patients w ho

have sustained penet rat ing t rauma from knives, gun�
shots and accidental perforat ions. Blunt injuries usu�
ally do not present such a diff iculty for the t raumatol�
ogist because bleeding is self�limit ing . How ever mas�
sive facial injuries, especially those of the midface

LeFort type f ractures, may cause epistax is. T his is

of ten controlled by packing of the wounds. If persis�
tent bleeding occurs, angiog raphy is of ten indicated to

control the bleeding. An uncommon blunt vascular

trauma is carotid�cavernous f istulas associated with

basal skull fractures. Another injury somet imes seen

by radiologists is a stretch injury of the vertebral

artery or internal carotid artery caused by hyperexten�
sion of the neck. This injury usually results in int imal

damage rather than complete transect ion of the ves�
sel. However, w hen transect ion occurs, intervent ion�
al radiology provides an alternative t reatment to con�
t rol hemorrhage.

Imaging strategy
The indications for angiog raphy in neck trauma

are determined by the clinical presentat ion and degree

of hemodynamic stability and the Zone of the penetra�
t ion. Zone I is defined as the low er neck at the tho�
racic inlet. It extends from the level of the cricoid

cartilage to the thoracic inlet. Zone II is the mid neck

and extends from the cricoid cartilage to the edge of

the mandible. Zone III is the high neck and extends

f rom the edge of the mandible to the skull base.

Zone I penet rat ions w arrant arteriography only when

the pat ient is hemodynam ically stabilized. All such

studies should be performed urgent ly because decom�
pression of an arterial injury into the pleura or medi�
ast inum can result in immediate ex sanguinat ion. Pe�
netrat ions of Zone II can undergo operative explo�
rat ion w ithout arteriog raphy if there are  hard signs!
of vascular injury such as expanding hematoma, ex�
ternal blood loss or central neurological deficit because

of the rapidity and safety of exploration of the carot id

sheath. Zone II I w ounds, including those with  hard
signs! of vascular injury, are usually best managed by

angiography because of the dif ficult ies in obtaining

operat ive adequate exposure and vascular cont rol.

Clinical differentiation of the various causes of bleed�
ing in Zone III and the face, including the internal

carot id artery, the external carot id artery and its

branches or the vertebral artery, can be very dif ficult

for the t raumatologist . Operat ive control of these

bleeding sites may take a long t ime and also be rela�
t ively inef fective. Internal carot id or external carot id
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ligation can have disast rous consequences.

Zone I injuries can of ten be completed by tho�
racic aortog raphy which w ill visualize the origins of

the brachiocephalic arteries, as w ell as other potential

injuries at the base of the neck, such as the vertebral,

internal mammary and other branches of the subcla�
vian arteries. Aortography may be suff icient for low er

penet rat ions of Zone II but most higher injuries above

the cricoid cart ilage require select ive carot id and ver�
tebral catheterizat ion. Zone I II injuries alw ays require

select ive catheterization because these wounds are al�
ways diff icult to visualize.

Control of hemorrhage and arteriove�
nous fistulas of specific vascular in�
juries

Brachiocephalic vessels:
T here is pract ically no role for embolizat in of the

subclavian artery , the innominate artery or the com�
mon carotid arteries because these vessels are not ex�
pendable and efforts to repair them should be made in

almost all circumstances. The intervent ional tech�
niques applicable in these vessels are covered stents

and temporary balloon occlusion. T emporary balloon

occlusion techniques may allow preoperat ive vascular

cont rol prior to operat ive repair. Covered stents are

currently invest igat ional but offer advantages such as

avoidance of sternotomy for the management of these

large vessels. T he branches of the subclavian artery,

such as the vertebral artery, the costocervical t runk

and the thyrocervical t runk are expendable because of

a rich collateral netw ork; embolotherapy should be

considered the primary method of hemostasis.

Embolizat ion is the treatment of choice for most

transmural injuries of the vertebral artery. The vessel

is expendable because of dual supply of the basilar

artery occurs in about 93% of patients. M oreover,

ligation is usually the t reatment during operative

management. The ability to provide the same end re�
sult w ithout the blood loss, w ithout the surgical risks

to adjacent structures are good reasons to attempt

non�operat ive therapy.

Internal carotid artery
Injuries of the internal carot id artery are among

the most challeng ing w ounds facing t raumatolog ist ,

v ascular surg eons and intervent ional radiologists.

Death rates greater than 20% have been reported.

There are few vascular injuries w hich are more dra�
matic in presentat ion. M assive hemorrhage from the

ear, the mouth, the nose or throat may be present on

admission. Aspirat ion of blood may cause respiratory

compromise. Total control of external hemorrhage

may be impossible. Packing of nose, neck or throat

may be necessary to slow hemorrhage suff icient ly to

allow arteriog raphy. Direct operative control w ithout

the availability or opportunity for mapping and diag�
nost ic arteriog raphy is highly undesirable. T he sur�
geon often f inds it dif ficult to ident ify the source of

hemorrhage and to different iate internal carot id,

jugular and external carotid hemorrhage.

Operat ive exploration, cont rol of hemorrhage

and restorat ion of prograde cerebral arterial flow,

w ith some exceptions, are the opt imum treatment of

most internal carot id arterial injuries. However this is

usually not possible because of associated injuries, the

inaccessible locat ion of the w ound, or because the pa�
t ient has been in prolonged coma. Two methods of

radiological intervent ion, including transcatheter ar�
terial coil embolizat ion and temporary balloon occlu�
sion, are rout inely used in the management of these

injuries. Embolization of the injured ICA is appropri�
ate in several circumstances: 1. if the location of the

injury is considered by the t rauma surgeon to be inac�
cessible to operative repair; 2. transection of the in�
ternal carot id artery above the angle of the mandible

w ith poorly controlled bleeding or arteriovenous fistu�
la f rom the proximal vessel and no prograde int racra�
nial flow; 3. prolonged coma; 4. thrombosis of the

ICA which has propagated into the petrous and cav�
ernous portions of the carot id. The decision to coil

embolize a pat ient who has an non�occlusive ICA in�
jury is more dif ficult . The ideal t reatment is restora�
t ion of f low�not the termination of flow. Many of the

injuries w hich are not accessible should be observed

before resort ing to embolizat ion. If follow�up imaging

show s deteriorat ion in the ang iographic appearance,

coil occlusion should be considered only after provoca�
t ive test ing by temporary balloon occlusion demon�
strates that the pat ient can tolerate embolization. T he

technique is as follow s:

The patient is kept alert and aw ake during the

procedure. Ang iography of both carotid arteries and

the vertebral artery are performed to determ ine the

completeness of the Circle of Willis. The pat ient is

ant icoagulated w ith heparin. Then an occlusion bal�
loon catheter is placed in the internal carot id artery
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and inf lated to occlude f low to the brain. The balloon

is lef t inf lated for 30 minutes and the pat ient is con�
stantly assessed for neurological def icit s such as

slurred speech, weakness or diminshed sensat ion. If

neurological problems occur, the balloon is immedi�
ately deflated: the pat ient has failed testing. Neuro�
logical deficits usually resolve immediately after return

of blood f low . If no def icit s occur, the vessel is oc�
cluded permanently by coils in the internal carotid

artery. This author has used steel coils exclusively for

embolizat ion of the ICA. Embolization should be per�
formed after arrest ing prograde flow by temporary

balloon occlusion. Coils can be delivered coaxially

through the end hole of an inflated balloon catheter

w ith less risk of clot embolizat ion during coiling.

When thrombosis has occurred, proximal emboliza�
t ion alone is recommended. Preoperat ive temporary

balloon occlusion should be considered when active

bleeding is ident ified on arteriography f rom a portion

of the ICA that is believed by the surgeon to be acces�
sible to repair. Balloon angioplasty can also be used

when int imal f laps have formed after injury to the

ICA. These may heal spontaneously but may also re�
sult in pseudoaneurysm, embolizat ion or occlusion.

T he augmentat ion of angioplasty by the placement of

an expandable stent can be considered. Covered stents

are a new and invest igat ional technique which can

heal the injury w hile maintaining f low . It may be�
come the procedure of choice in the future. However,

only a few cases have been reported to date. Emboli

are a major contributor to the poor outcome in some

pat ients w ith ICA injury. The recent favorable re�
ports of the use of thromboly tic agents in the t reat�
ment of st rokes suggests that this technique may have

considerable value in modifying the outcome of some

pat ients w ith ICA injuries. It may be possible to lyse

these emboli and reverse the neurological def icits of

this injury and improve the survival rate.

Carot id cavernous arteriovenous f istula ( CCF )

are direct high flow communicat ions between the cav�
ernous port ion of the internal carot id artery and the

cavernous sinus. T hey are often the result of blunt

trauma and may be associated w ith severe facial frac�
tures, Pulsating tinnitus, headaches, ex ophthalmus,

proptosis and chemosis are the major complaints. The

treatment of choice for these lesions is transcatheter

depolyment of detachable balloons or coils w ithin the

cavernous sinus in a w ay that allow internal carotid

arterial flow to be maintained. Balloon placement

w ithin the cavernous sinus f rom a transarterial route

is successful in most pat ients. In the remainder of pa�
t ients a t ransvenous approach to the superior orbital

vein via the inferior pet rosal vein can be used to gain

access into the cavernous sinus.

External carotid artery
External carot id artery ( ECA ) trauma is often

associated with internal carot id arterial injuries but

may also be an isolated w ound. T he clinical presenta�
t ions are similar to and as varied as ICA injury. Physi�
cal findings do not correlate w ith the presence and ex�
tend of damage. The close prox imity to the jugular

vein and the numerous venous st ructures draining the

neck and face also predisposes to arteriovenous fistu�
lae. The ECA is expendable in most young trauma

patients and ECA injury is best managed by emboliza�
t ion as this w ill obviate the need for explorat ion in

many pat ients and avoid addit ional blood loss of

operat ive repair. Because the ECA is a large conduit

vessel, it should be t reated like other large vessel in�
juries by isolat ion of the damaged segment. Prox imal

and distal embolizat ion w ith coils are necessary as the

ex tensive collateral network in the face w ill allow

hemorrhage to recur if only the prox imal end of the

vessel is occluded.

Although the branches of the external carot id

artery are small vessels, they can bleed profusely or

develop large hematomas. Shock or exsanguinating

hemorrhage from the mouth, nose, orbits and scalp

may occur. Selective external carotid catheterizat ion

is necessary to delineate adequately injuries to these

vessels.

Injuries to the superior thyroid artery can be

treated by embolizat ion provided select ive catheteriza�
t ion and a solid f irm engagement of the orifice of this

vessel can be accomplished. Dislodgment may result

in int racranial embolizat ion. Microcatheterizat ion

may be w arranted to obtain good purchase w ithin the

vessel.

L ingual artery injuries may bleed profusely and

aspiration may complicate the situat ion. Lingual ede�
ma may also compromise the airway and should be

carefully observed during arteriography. Emergency

suturing of the lacerat ion may control hemorrhage and

this should be attempted before arteriography when

technically feasible. In some cases manual compres�
sion of the tongue w ill slow the bleeding suff icient ly

to allow arteriography to proceed. Part iculate em�
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bolizat ion is w arranted for most of these pat ients. Mi�
crocatheter techniques are recommended as they pro�
vide an added margin of safety by allowing more distal

catheterizat ion which spares the normal vasculature of

the tongue and limits the area of ischemia and infarc�
t ion.

Facial artery bleeding often results in large but

superf icial hematomas of the cheek, lower orbit and

mandible. Peripheral branch injuries are best treated

by flow directed pledget embolizat ion w hile lacera�
t ions of the prox imal port ions of the vessel are best

treated by prox imal and distal large vessel occlusion

w ith coils. Transections can be problemat ic, especial�
ly if associated with distal arteriovenous fistula. This

vessel is quite tortuous and catheterizat ion of the dis�
tal end of the severed vessel from the proximal seg�
ment may be difficult or impossible. Observation and

follow up arteriography may be a reasonable technique

when distal occlusion is impossible. The distal end of

the vessel may spontaneously occlude. When AVF is

present, the distal vessel w ill hypertrophy. It may

become palpable and amenable to percutaneous

catheterizat ion and embolizat ion.

T he ascending pharyngeal artery is a small, slen�
der vessel w hich orig inates near the orig in of the ECA

and ex tends to the base of the skull. When it is in�
jured, it commonly thromboses. Significant bleeding

is rarely a problem. It is an expendable vessel w hich

could be treated by particulate embolizat ion with

gelfoam .

T he occipital artery contributes g reat ly to the

vascularity of the scalp and supplies neck muscles, the

ear, the dura and cranial nerves. The close prox imity

of the artery to the numerous venous st ructures in the

scalp predispose to the development of arteriovenous

fistulas. The occipital vessel is an expendable vessel

and the t reatment of choice is transcatheter emboliza�
t ion. Prox imal and distal isolation of the injured seg�
ment are usually necessary as the rich vasculature of

the scalp allows collateral filling of the vessel from

vertebral artery branches to the muscles of the back of

the neck, the ascending cervical branch of the thyro�
cervical trunk, the contralateral ex ternal occipital

artery and the superficial temporal and the posterior

auricular arteries. Small part iculate embolization is

the preferred technique for small branch injuries be�
cause they can be flow directed into the periphery

w hen the catheter cannot be placed close to the arteri�
al injury . AVF require proximal and distal co il occlu�
sion.

The internal maxillary artery is expendable and

can be embolized when injury is diagnosed. Particu�
late embolization w ith gelfoam pledgets of 1- 2 mm

cubes w ill be directed by flow to the bleeding terminal

vessels. Larg e vessel occlusion w ith co ils is rarely nec�
essary .

Injury to the superf icial temporal artery is similar

to that to the occipital artery. The t reatment of these

injuries is init ially surg ical with suture closure of the

scalp lacerat ion and lig at ion of bleeders. This may be

suf ficient to arrest hemorrhage. How ever, arteriove�
nous fistulas and false aneurysms may be obscured by

the scalp hematoma. Moreover, if ligatures are not

placed prox imal and distal to the injury , AVF may

persist through collateral circulat ion. The rich vascu�
larity of the scalp makes t reatment of chronic AVF of

the scalp very challenging. T he STA is normally very

tortuous and this may be amplified by the increased

blood f low asociated w ith chronic AVF. T he numer�
ous connections to other branches of the STA as w ell

as branches of the occipital artery and the facial artery

make proximal occlusion virtually useless w ith rapid

recruitment of other vessels if the proximal inf low

from the STA is occluded. Percutaneous puncture of

the fistula often facilitates closure of these fistulas.

Coils or balloons are the embolic materials of choice in

these cases. Occlusion of the damaged arteries as they

enter the fistula is the goal of the t reatment , although

embolization of the false aneurysm w ithout emboliza�
t ion of the arteries feeding the AVF has been de�
scribed.

In summary lntervent ional radiology plays a crit�
ical role in the management of t raumat ic hemorrhage

in the neck and face. It has become the primary

method of controlling bleeding from many of these in�
juries. Close cooperat ive teamwork w ith the trauma�
tologist is vital to the successful applicat ion of em�
bolization for these pat ients.
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