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4 INJURIES TO THE NECK

Injuries to the neck can be secondary to
both blunt and penetrating trauma.
Occasionally, blunt trauma to the neck
causes injury to the airway, the carotid
artery system, or the vertebral artery sys-
tem. Blunt airway injuries are sometimes
surgical emergencies; the approach to these
injuries is similar to that of penetrating
injuries [see Airway Compromise and
Isolated Laryngotracheal Injuries, below].
Blunt arterial injuries are almost always discovered by angiography
and are usually treated nonoperatively [see Discussion, Screening
Criteria for and Recommended Management of Blunt Cervical
Arterial Injuries, below]. In the rare instance of a patient who under-
goes operative treatment for a blunt injury to carotid or vertebral
arteries, the operative and postoperative principles for penetrating
arterial injuries should be applied [see Injuries to the Carotid
Arteries, Jugular Veins, Pharynx, and Esophagus, below].

Patients with penetrating wounds of the neck can be loosely cat-
egorized into the following six groups according to the location
and nature of the wound:

1. Patients with emergency or impending airway compromise.
2. Patients with an isolated injury to the larynx or trachea.
3. Patients with suspected or known injuries to the carotid arter-

ies, jugular veins, pharynx, or esophagus.
4. Patients with wounds at the base of the neck (particularly when

intrathoracic injury is suspected).
5. Patients with known injury to the vertebral arteries.
6. Patients with obviously superficial wounds of the neck.

Division of patients into these groups, though somewhat arbi-
trary, helps in choosing an incision and determining the initial
operative priorities at exploration.

Airway Compromise

Some patients will present with emer-
gency or impending airway compromise.
The initial priority should be to ensure an
adequate airway. In some patients, this
requires orotracheal intubation. In other
patients, a surgical airway must be created
by means of either cricothyrotomy (in
emergency cases) or tracheotomy (in less
extreme cases). Nasotracheal intubation is
not advisable in most trauma settings.

CRICOTHYROTOMY

In true emergency situations, a cricothyrotomy should be done.
The landmarks of the superior (notched) and inferior borders of
the thyroid and the cricoid cartilage should be palpated. For this
task, it is helpful to stand on the patient’s right side (for a right-

handed surgeon) and to stabilize the cartilaginous framework by
holding the thyroid cartilage in place with the left hand. A trans-
verse incision should be made at the level of the cricothyroid mem-
brane and developed rapidly through the subcutaneous tissue [see
7:1 Life-Threatening Trauma]. As with any transversely oriented inci-
sion of the anterior neck, the anterior jugular veins are at risk for
injury. If such injury occurs, the damaged veins are best controlled
with suture ligation after an airway is obtained. In true emergency
circumstances when the exact site of injury is unknown, a vertical
rather than transverse incision should be used to allow access to as
much of the anterior surface of the airway as possible and to
decrease the chance of injury to the anterior jugular veins.

After the skin and the subcutaneous tissue have been divided, an
incision should be made through the cricothyroid membrane.This
is most rapidly done with a No. 11 knife blade. It is important to
avoid pushing the knife blade too far and causing injury to the pos-
terior wall of the airway or to the posteriorly located hypopharynx
and esophagus. After the incision has been made, the opening
should be enlarged by placing the knife handle in the incision and
twisting it 90º. At this point, an indwelling endotracheal airway
should be placed and secured. In most adults, a No. 6 airway is the
largest that can be inserted; a No. 4 or larger airway is adequate for
initial placement. Any incisional bleeding from the anterior jugular
veins or other vessels should be controlled. Cricothyrotomies
should be converted to tracheotomies within 48 to 72 hours as
long as the patient’s general condition permits [see Discussion,
Conversion of Cricothyrotomy to Tracheotomy, below].

TRACHEOTOMY

In some instances, airway compromise may not be extreme but
a surgical airway may still be necessary for safety or subsequent
management of a laryngeal injury. In such circumstances, a tra-
cheotomy rather than a cricothyrotomy should be done, because
cricothyrotomy is more likely than tracheotomy to make definitive
treatment more difficult.

The initial approach for emergency tracheotomy is similar to
that for cricothyrotomy, the difference being that a so-called collar
incision is made at a point one to two fingerbreadths inferior to the
level of the cricothyroid membrane. The incision should be wide
enough to provide rapid exposure and should extend as far as the
anterior border of the sternocleidomastoid bilaterally. Anteriorly
located injuries at the level of the cricoid or the trachea may
already have a hole in the airway. In such cases, if the need for a
surgical airway is immediate, the wound should be enlarged and
used as a route of access to the airway.

On rare occasions, the injury is in the distal cervical or proximal
intrathoracic trachea. In such circumstances, access to the trachea
may not be possible through a cervical incision alone. Median
sternotomy and lateral retraction of the innominate artery and the
left internal carotid artery allow exposure of the anterior surface of
the trachea at the thoracic inlet. Right thoracotomy provides
access to the more distal intrathoracic trachea.

Assessment and Management of Neck Injuries
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Determine the location and nature of the injury.

Patient has penetrating neck injury

Assess known or suspected injuries
to innominate or right subclavian
artery [see Figure 5] and to left
subclavian artery [see Figure 6].

Wounds to the base of the neck

Assess injuries [see Figure 7].

Known vertebral artery injuries

Achieve vascular control and
debride the wound.

Superficial wounds

Close primarily, without
tracheotomy.

Small injuries to trachea

Ensure an adequate airway by
orotracheal intubation or by creating
a surgical airway.

Airway compromise

Perform tracheotomy and
minimal debridement of
laryngeal structures. Defer
definitive treatment.

Injuries to larynx

Assessment and 
Management
of Neck Injuries

Perform anterior sternocleidomastoid
incision for exposure and exploration
of sites of injury [see Figure 1].

Known or suspected injuries to
carotid arteries, jugular veins,
pharynx, and esophagus

Perform collar incision.

Isolated laryngotracheal injuries

Perform cricothyrotomy.

Emergency airway
compromise

Perform tracheotomy.

Nonemergency or potential
airway compromise

• Anterior injuries: convert to
tracheotomy.

• Lateral and posterior injuries:
close primarily and protect
with tracheotomy.

Large injuries to trachea



Isolated Laryngotracheal Injuries

Most commonly, the presence of an iso-
lated laryngotracheal injury is not recog-
nized preoperatively. On occasion, howev-
er, isolated injuries to the larynx and tra-
chea are recognized preoperatively on the
basis of a suspicious history and the results
of diagnostic studies, such as laryngoscopy
and bronchoscopy.

Injuries to the larynx that result in air-
way compromise should be treated initially with a collar incision
for the creation of a surgical airway [see Airway Compromise,
Tracheotomy, above]; however, definitive treatment should be
deferred. Minimal debridement of laryngeal structures should be
carried out during the initial operative procedure. Injuries to the
larynx should be handled on a semielective basis by otolaryngol-
ogists with expertise in laryngeal repair and reconstruction.
Further investigation of the larynx, including laryngeal x-rays,
laryngoscopy, and computed tomography, may be necessary.

Small injuries of the trachea can be repaired primarily without
tracheotomy. Absorbable 3-0 or 4-0 sutures should be placed
transversely, if possible, and should include tracheal rings above
and below the site of injury. Large anterior defects should be con-
verted to a tracheotomy, whereas defects to the lateral or posteri-
or aspects of the trachea should be closed primarily and protected
with a tracheotomy.Tension can be relieved from a repair by mobi-
lizing the trachea proximally and distally. During this mobilization,
the recurrent laryngeal nerves are subject to injury if the dissection
is carried into the tracheoesophageal groove. Laryngotracheal
injuries do not require routine drainage unless there is an associ-
ated injury to the pharynx or esophagus [see Injuries to the Carotid
Arteries, Jugular Veins, Pharynx, and Esophagus, below].

If a large segment of trachea has been destroyed, primary anas-
tomosis can be accomplished for defects up to five or six tracheal
rings in length.Anastomosis requires mobilization of the intratho-
racic trachea inferiorly and the laryngeal complex superiorly and
is best done electively.1,2

Patients with laryngeal injuries should be watched carefully in
the postoperative period for signs of mediastinitis, which may
result from persistent airway leak or a missed pharyngoesophageal
injury.The chest x-ray should also be checked for pneumomedi-
astinum as a sign of continued airway leakage, particularly in
patients who remain on positive pressure ventilation.

Injuries to the Carotid Arteries,
Jugular Veins, Pharynx, and
Esophagus

Probably the most common situation in
penetrating cervical trauma is the patient
with underlying structural injuries, the pre-
cise location and nature of which are
unknown. An anterior sternocleidomastoid
incision provides good access to most of
the vital structures in the neck and can be
done relatively rapidly.

STERNOCLEIDOMASTOID INCISION

If the location of underlying neck injuries is either unknown or
confirmed by preoperative studies to be in the carotid arteries, the
jugular veins, the pharynx, or the esophagus, an incision along the
anterior border of the sternocleidomastoid muscle should be used
[see Figure 1]. The sternocleidomastoid incision is particularly

important in patients with a true emergency condition, such as
external bleeding, a focal neurologic deficit, coma, or an expand-
ing neck hematoma.When bilateral exploration is necessary, sep-
arate sternocleidomastoid incisions should be done.

An anterior sternocleidomastoid incision has several important
advantages [see Figure 2]. For example, it can be lengthened to
provide more extensive proximal or distal exposure. If a superior
extension to below the earlobe is necessary, the incision should be
curved posteriorly to avoid injury to the marginal mandibular
branch of the facial nerve. Another advantage of the sternocleido-
mastoid incision is that it provides exposure of the carotid sheath,
the pharynx, and the cervical esophagus.

Operative Technique

The patient is placed in the supine position, with the head
turned away from the side of exploration and the neck extended.
In this regard, it is helpful to clear the cervical spine before oper-
ation if possible. If both sides of the neck are to be explored, the
head is left in the midposition, facing up.The entire neck and the
appropriate side of the face and head are prepared.The anterior
chest is also included in the preparation in case a median ster-
notomy is necessary for proximal control [see Exploration and
Exposure, Arteries and Veins, below].The patient is draped so that
the lateral neck is left as the primary field while the chest is kept
easily accessible.The lateral chin and the tip of the earlobe are also
kept in the field to provide landmarks. If the possibility exists that
the injury is to the distal subclavian artery or the axillary artery,
the patient’s arm should be draped in a way that allows it to be
manipulated.

The skin incision is carried through the dermis and the platys-
ma. After the platysma is divided in the direction of the incision,
the investing fascia overlying the anterior border of the sternoclei-
domastoid muscle is incised, and the muscle is retracted laterally
and posteriorly to expose the carotid sheath. It is often necessary
to divide a venous branch that connects the external jugular vein
posterolaterally to the anterior jugular vein anteromedially. This
vein lies in a plane immediately deep to the platysma.

Exploration and Exposure

When possible, proximal and distal control should be obtained
before exploration of a carotid artery injury. In practice, obtaining
proximal control before entering a perivascular hematoma is all
that is absolutely necessary. If necessary, distal bleeding can be
controlled with digital pressure while the dissection of the injured
vessel is completed. Although it is often difficult to obtain control
before addressing the area of injury, proximal and distal control of
the vessel should be obtained at some point before any attempts at
definitive repair. For injuries near the carotid bifurcation, it is nec-
essary to control the common, internal, and external carotid arter-
ies, as well as the proximal branches of the external carotid artery.

Arteries and veins The initial exploration should attempt
to rule out arterial or venous injury, unless an overt airway injury
is present and requires immediate attention [see Airway Compro-
mise, above]. The location of the carotid artery can then be con-
firmed by the presence of a pulse. It is often necessary to retract
the jugular vein posterolaterally to provide adequate arterial expo-
sure [see Figure 3]. During dissection of the carotid sheath and
retraction of the jugular vein, care must be taken to keep from
injuring the associated vagus nerve. Jugular vein retraction is facil-
itated by division of the facial vein, which is superficial to the
carotid bifurcation.The severed ends of the facial vein should be
suture-ligated to ensure that the ties will not come off with
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increased intravenous pressure in the postoperative period—for
example, secondary to a cough or a Valsalva maneuver.

Exposure of the proximal common carotid artery at the base of
the neck is easier after division of the omohyoid muscle at the point
where its superior and inferior bellies are joined. Division of the
omohyoid muscle results in minimal functional deficit postopera-
tively. For proximal control of the common carotid artery, it may be
necessary to enter the chest via median sternotomy. To minimize
blood loss, the decision to do a sternotomy should be made with-
out undue delay. Control of the proximal right common carotid
artery via this route is relatively easy and is accomplished by first
obtaining control of the innominate artery and then dissecting dis-
tally. Proximal control of the left common carotid artery via medi-
an sternotomy is more difficult, because its origin from the aortic
arch is more posterior than the origin of the innominate artery.

Exposure of the distal internal carotid artery can be very diffi-
cult, particularly if there is an injury in that location. As dissection
is carried distally on the internal carotid artery, a number of
important structures should be identified and protected [see Figure
4]. The hypoglossal nerve is usually encountered within several
centimeters of the carotid bifurcation and should be dissected free
of the internal carotid and retracted upward.This is facilitated by
division of the occipital artery, which crosses superficial to the
hypoglossal nerve on its course from the external carotid artery
toward the occiput. It is also helpful to divide the ansa cervicalis
branches that run inferiorly from the hypoglossal nerve to supply
the muscles of the neck. Injury to the hypoglossal nerve results in
impaired motor function of the tongue and can lead to dysarthria

Known or suspected injuries to carotid arteries,
jugular veins, pharynx, and esophagus

Perform anterior sternocleidomastoid incision for
exposure and exploration of sites of injury.

Carotid artery injuries

Internal carotid
artery

Minimal or no 
back-bleeding 
is present

Ligate artery.

Unstable patient 
with severe other 
injuries

Ligate vein.

Stable patient 
with minimal 
other injuries

Back-bleeding 
is present

Repair vein 
surgically.

Small injuries

Repair vein.

Simple injuries 
or complex 
injuries in a 
stable patient 
with no other 
severe injuries

Repair artery. 

Pharyngoesophageal 
injuries

Repair injuries and 
drain for approximately 
1 wk. Institute antibiotic 
therapy for oral flora
(several postoperative 
doses).

Complex injuries 
or injuries in a 
highly unstable 
patient with other 
severe injuries

Ligate artery.

Stable patient 
with minimal 
other injuries

Repair artery.

Patient in 
extremis with
severe other 
injuries

Ligate artery.

Common carotid and
external carotid arteries

Large 
injuries

Jugular vein injuries

Figure 1 Algorithm outlines operative
management of known or suspected injuries
to the carotid arteries, jugular veins, phar-
ynx, and esophagus.

Facial 
Nerve

Incision

External 
Carotid 
Artery 

Sternocleidomastoid 
Muscle

Figure 2 In general, exposure of structures in the anterior areas
of the neck is best done through an incision oriented along the
anterior border of the sternocleidomastoid muscle.
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and dysphagia. Injury to or sectioning of the ansa cervicalis caus-
es little or no morbidity.

Further distal exposure of the internal carotid artery may require
unilateral mandibular subluxation or division of the ascending
ramus of the mandible.3 Such maneuvers are somewhat easier
when the patient is nasotracheally intubated.They increase the size
of the small area immediately behind the condyle and allow easier
division of the stylohyoid ligament and the styloglossus and sty-
lopharyngeus muscles. These three structures can be divided
together adjacent to their common origin at the styloid process. If
this is done, care should be taken to preserve the facial nerve, which
lies superficial to these muscles and must be dissected free of the
muscles before they are divided.The underlying glossopharyngeal
nerve, which lies deep to these muscles and superficial to the inter-
nal carotid artery, should also be protected by dissecting it free of
the muscles before their division. Injury to the facial nerve results
in loss of function of the muscles of facial expression. If the glos-
sopharyngeal nerve is injured, loss of motor and sensory supply to
parts of the tongue and pharynx increases the risk of aspiration.

Once the muscles originating from the styloid process have been
divided, the styloid process itself can be resected to gain a further
short distance of distal exposure. In very rare instances, it may
prove useful to remove portions of the mastoid bone to provide
even more distal exposure of the internal carotid artery as it enters
the carotid canal.This can generally be accomplished via a cervi-
cal incision. For more distal lesions, it is necessary to place a pos-
terolateral scalp incision, reflect a medially based scalp flap, and
divide the ipsilateral external auditory canal.This approach results
in better exposure of the mastoid process and allows exposure of

the intrapetrous portion of the internal carotid after removal of the
overlying bone of the mastoid with a high-speed bone drill.

Pharynx and esophagus The oropharynx, hypopharynx,
and cervical esophagus are exposed via the same anterior ster-
nocleidomastoid incision used for arterial and venous injuries. If
the patient has a known right-side injury, the incision should be
made in the right neck. If the injury is on the patient’s left side or
if the exact site of injury is unknown, the exposure should be made
from the left because the cervical esophagus is located slightly to
the left of the midline. After the initial incision, the contents of the
carotid sheath are retracted laterally to expose the lateral aspects
of the pharynx and the esophagus.This maneuver is made easier
if the anesthesiologist places a large colored esophageal dilator
through the mouth.The dilator makes identification of the other-
wise flat esophagus easier, and the colored tubing of the dilator can
sometimes be seen through defects in the esophageal wall.4

Sometimes, a pharyngoesophageal injury is suspected but can-
not be confirmed preoperatively. In such cases—especially when
the injury is more than 1 or 2 hours old—salivary amylase may be
present in the wound, giving the surgeon’s gloves a greasy feel.The
presence of salivary amylase can be a valuable clue to the existence
of an otherwise unknown occult injury.

CAROTID ARTERY INJURIES

During dissection of the external carotid artery, the branches
should be identified. They can be ligated if necessary but should
be preserved if possible (this usually depends on whether they can
be temporarily occluded with vessel loops, a looped suture, or

Internal 
Jugular Vein

Facial Vein 
(Ligated)

Omohyoid 
Muscle

Carotid 
Bifurcation

Figure 3 After a plane along the anterior border of the sternocleidomastoid muscle has been
developed, dissection is carried down to the level of the carotid sheath. Suture ligation of the
facial vein facilitates this dissection. Lateral retraction of the internal jugular vein improves
exposure of the carotid bifurcation.
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clips). During dissection around the common and internal carotid
arteries, care should be taken to avoid cutting or clamping the pos-
terolaterally located vagus nerve; the recurrent laryngeal nerve
runs with the vagus nerve at this level, and damage to the laryn-
geal nerve can lead to paralysis of the ipsilateral vocal cord.

For wounds of the distal internal carotid artery, distal control
may be a problem, particularly in the presence of vigorous ongo-
ing bleeding, in which case a 3 to 5 French Fogarty balloon
catheter should be placed through the area of injury or through a
proximal arteriotomy. The catheter should be advanced distally,
and the balloon should be inflated to provide a dry field for arte-
rial repair. Repair can be done around the catheter; the balloon is
deflated near the conclusion of the repair, and the catheter is
removed before the final several sutures are tied.

If associated injuries allow, a 5,000 to 10,000 unit bolus of
heparin should be given before any of the arteries in the neck are
occluded. Because they have no branches, the common and inter-
nal carotid arteries can be safely mobilized for some distance from
the injury to ensure a tension-free repair.

Management of common or external carotid artery injuries is
governed by the extent of injury and the overall status of the pa-
tient. Small, simple injuries should be repaired. Complex injuries
should be repaired in stable patients and ligated in patients with
severe hemodynamic instability or major associated injuries.

Initial management of injuries to the internal carotid artery
depends on a determination of the amount of back-bleeding from
the artery distal to the site of injury.5,6 If back-bleeding is minimal
or absent, the artery should be ligated. If significant back-bleeding
is present, the overall status of the patient and the nature of the

associated injuries should be taken into account [see Discussion,
Repair versus Ligation of Carotid Arteries, below]. If the patient is
hemodynamically stable and has minimal or moderate associated
injuries, the internal carotid artery should be repaired. If the
patient is hemodynamically unstable or has devastating associated
injuries, the internal carotid artery should be ligated even when
back-bleeding is present.

If a carotid artery injury involves minimal loss of vascular wall,
primary repair is straightforward and can be done with either a
continuous or an interrupted technique; interrupted sutures will
not purse-string the vessel. In younger patients who are still grow-
ing, interrupted sutures should be used to prevent later stenosis.
As in elective vascular surgery, nonabsorbable sutures should be
used; the carotid arteries generally require a 5-0, 6-0, or 7-0
monofilament suture, depending on the location of the injury and
the type of suture material employed.

Defects longer than 1 to 2 cm should not be repaired primari-
ly, because this will place excessive tension on the repair. For large
defects limited to one surface of the vessel, a patch repair should
be done. Either a venous patch or a synthetic patch can be used;
when available, a venous patch is preferred for better long-term
patency and to avoid placing a foreign body in a potentially con-
taminated wound. Saphenous vein from the groin is preferable for
patches because of its durability; a saphenous vein from the ankle
is easiest to harvest when time is of the essence.Although the jugu-
lar vein is in the operative field and can be easily harvested, it is
better not to interfere with venous outflow in a neck in which the
arterial inflow is to undergo repair; in addition, the jugular vein is
very thin and difficult to handle.

Ansa Cervicalis

External Carotid Artery

Superior Laryngeal Nerve 
(Branch of Nerve X)

Carotid Sinus Nerve 
(Branch of Nerve IX)

Hypoglossal Nerve (XII)

Vagus Nerve (X)

Sympathetic Trunk

Internal Jugular Vein

Accessory Nerve (XI)         

Occipital Artery

Sternocleidomastoid 
Muscle

Posterior Belly of 
Digastric Muscle

Facial Nerve

Styloid Process

Internal Carotid Artery

Glossopharyngeal Nerve (IX) 

Stylohyoid 
Muscle

Figure 4 During distal dissection of the internal and external carotid arteries, a number of
important structures are encountered, including the hypoglossal nerve and the occipital artery.
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For repairs near the carotid bifurcation, an alternative to venous
patches and synthetic patches is the use of the proximal external
carotid artery. This approach is especially appropriate when the
origin of the external carotid artery is itself involved in the area of
injury. If the injury is to the proximal internal carotid artery and
the origin of the external carotid artery is free of injury, it is better
to leave the external carotid artery patent and to use a venous
patch or a synthetic patch instead; if the repair fails, the external
carotid artery provides collateral distribution to the internal
carotid artery via the ophthalmic artery.

Repair of circumferential loss of the common or internal carotid
arteries is difficult. In this circumstance, if the defect is too long for
primary anastomosis and the patient’s general and neurologic con-
dition permits, an interposition graft is indicated. As with patch
grafts, though either venous or synthetic material can be used,
saphenous vein from the groin is generally the donor material of first
choice because of its strength.The saphenous vein from the groin is
also well suited for reconstruction of the common carotid artery.

Completion angiography should be done after interposition
graft placements and complex repairs of the common or internal
carotid arteries. In general, patients with carotid artery injuries
should be admitted postoperatively to an intensive care unit. ICU
observation need not be prolonged but should be continued for at
least 12 to 24 hours postoperatively. In the early postoperative
period, the patient should be observed for bleeding or for the
development of a neck hematoma; large postoperative hematomas
may compromise the airway. If a tense hematoma develops post-
operatively, the neck should be reexplored. Acute changes in the
neurologic examination are a potential sign of thrombosis or
embolism from the site of injury and should prompt further inves-
tigation or reexploration.

Labile blood pressure—particularly in patients with extensive
dissection around the carotid bifurcation—is another potential
postoperative problem. It is related to manipulation of the carotid
body, and control may require pharmacologic intervention. Labile
blood pressure is usually self-limiting and disappears over the first
1 to 3 days after operation, but it is another reason why patients
with carotid artery repairs should be monitored initially in the
ICU.

Antibiotics should be administered to cover common skin flora
and should generally be continued only for one or two postopera-
tive doses.

JUGULAR VEIN INJURIES

Any of the veins in the neck can be ligated when necessary. An
exception to this rule is the rare instance when both internal jugu-
lar veins have been injured, in which case an attempt should be
made to repair one of the veins, if possible. Even in such cases,
however, bilateral internal jugular ligation, if necessary, is usually
tolerated. It is particularly important to use suture ligatures rather
than simple ligatures on the cut ends of the internal jugular vein.

If the injury to the internal jugular is simple, the vein should be
repaired. Large jugular vein injuries should be repaired only if the
patient’s general condition and associated injuries allow; if the
patient is hemodynamically unstable or has severe associated
injuries, large jugular vein injuries should be treated with ligation.

It is not always necessary to encircle the jugular vein complete-
ly both proximal and distal to the site of injury; pressure with a fin-
ger or a sponge stick sometimes suffices to control bleeding while
simple lateral venorrhaphy is done. In the case of more elaborate
repairs, it is better either to encircle and occlude the proximal and
distal vein or to place a side-biting vascular clamp for control dur-
ing repair. Nonabsorbable 4-0 or 5-0 sutures should be used.

PHARYNGOESOPHAGEAL INJURIES

Injuries to the pharynx and the esophagus may be repaired in
either one or two layers with either 3-0 or 4-0 absorbable sutures.
Attempts should be made to repair nearly all injuries, even when
they are severe or their discovery is delayed. In extreme cases of
very large injuries or very delayed operative intervention, it may be
necessary simply to drain the neck widely and turn the injury into
a cervical esophagostomy. Esophageal diversion with distal esoph-
ageal ligation is rarely necessary in patients with isolated cervical
esophageal injuries, except when the injury is very low in the neck
or in the thoracic esophagus.

Pharyngoesophageal injuries should be drained; either closed or
Penrose drainage can be used. The drains should be left in place
for approximately 1 week, at which time a radiographic contrast
study should be obtained to determine whether the repair is com-
petent. If the contrast study is negative for extravasation and the
patient’s general status permits, feeding can begin. If the feedings
are well tolerated, the drains can be removed.

Patients with pharyngoesophageal injuries should receive sever-
al postoperative doses of antibiotics appropriate for oral flora. If
the repair is inadequate or breaks down, the resultant fistula often
heals with nonoperative management, provided that drainage is
adequate. A high index of suspicion for mediastinitis should be
maintained; the prevertebral space provides a ready route of access
from the pharynx and the cervical esophagus into the medi-
astinum. Missed or inadequately drained injuries may result in
profound infection and a septic response.

Wounds at the Base of the Neck

Patients with wounds at the base of the
neck should be identified early—particu-
larly when an intrathoracic injury is sus-
pected—so that the appropriate incision
and operative approach can be undertaken.

A median sternotomy should be done
for unstable patients with injuries at the
base of the right neck or patients in whom
the superior mediastinum is the most like-
ly site of injury and the most likely arterial injuries are to either the
innominate artery or the right subclavian artery [see Figure 5].
Exposure of injuries to the proximal left subclavian artery is
extremely difficult via sternotomy because of the artery’s posteri-
or location; in patients with such injuries, a left thoracotomy is
needed [see Figure 6]. If it appears likely that a left thoracotomy will
be necessary, it is helpful to bump up the patient’s left hip and
shoulder to position the left chest 20° to 30° anteriorly.The head
is turned to the right, and the left arm is prepared as far as the
elbow and draped so as to allow it free movement. Moving the arm
is helpful when proximal exposure and control are obtained
through the chest and distal exposure and control are obtained
through a supraclavicular incision. It also allows improved expo-
sure of the axillary artery if necessary.

In stable patients with angiographically diagnosed injuries to
either subclavian artery, a supraclavicular approach alone can be
used, thereby eliminating the need for initial entry into the chest.
Because proximal control may not be feasible via this limited inci-
sion, the patient should still be positioned, prepared, and draped
so that sternotomy or thoracotomy is possible. If the injury is on
the right side of the neck and proximal control is not possible, a
median sternotomy should be done. If the injury is on the left side
of the neck and proximal control is not possible, a left thoracoto-
my should be performed.
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If a median sternotomy has been done for exposure of an
innominate artery or right subclavian artery injury, it may prove
necessary to extend the incision into the right neck to obtain ade-
quate distal control and exposure. Either a right supraclavicular or
an anterior sternocleidomastoid extension can be used. Although
both are easily accomplished, the anterior sternocleidomastoid
extension is the more versatile of the two. If a left thoracotomy is
done for proximal control and exposure of the left subclavian
artery, the distal subclavian artery should be exposed via a left
supraclavicular incision. Improved exposure of the left subclavian
artery at the thoracic outlet can be obtained either by resecting the
medial one third to one half of the left clavicle or by making a so-
called trapdoor incision.The trapdoor incision consists of a supe-
rior sternotomy and connection of the medial aspects of the thora-
cotomy and supraclavicular incisions. We find the trapdoor
approach limited and cumbersome and strongly prefer clavicular
resection. Medial clavicular resection is accomplished by encircling
the midclavicle in the subperiosteal plane via the supraclavicular
incision. A Gigli wire saw is passed around the clavicle, and the
clavicle is divided. The medial aspect of the divided bone is then
grasped with a bone hook or a Kocher clamp, and the dissection is

carried medially in the subperiosteal plane to the sternoclavicular
joint, which is disarticulated.7 If necessary, this dissection and
resection can be accomplished in a matter of a few minutes.

After adequate exposure and control of innominate or subcla-
vian artery injuries have been obtained, further management is
determined by the nature of the injury and the status of the
patient. Small injuries should always be repaired. Large injuries
are not often seen, because they are usually incompatible with sur-
vival to a point where medical attention is available. Nonetheless,
such injuries do occur, and their management is influenced by the
status of the patient. Attempts at repair should be made for most
such injuries, but in highly unstable patients, the artery should be
ligated. However, arterial ligation is sometimes associated with
severe morbidity and should therefore be avoided if possible.

The wall of the subclavian artery is thin, and extra care should
be taken in dissecting around it. Primary repair should be done
with either interrupted or continuous nonabsorbable 4-0 or 5-0
sutures, laterally placed. Because of its location and the large num-
ber of branches, the subclavian artery is difficult to mobilize exten-
sively. None of the branches are vital, however, and all can be
divided as necessary to gain mobility. The origin of the vertebral

Perform median sternotomy, extending 
incision as needed.

Proximal control is not possible

Assess patient’s hemodynamic stability.

Known or suspected injuries to
innominate or right subclavian artery  

Perform median sternotomy, extending
incision as needed.

Unstable patient with proximal injury

Perform right supraclavicular incision.

Stable patient with distal injury

Repair artery.

Small injury, patient 
stabilizes

Proximal control 
is possible

Large injury

Ligate artery.

Highly unstable patient

Repair artery.

Stable patient

Large injury

Repair artery. 

Patient remains 
stable

Repair artery. 

Patient remains 
stable

Ligate artery.

Patient becomes 
highly unstable and 
injury is devastating

Repair artery. 

Patient remains 
stable

Ligate artery.

Patient becomes
highly unstable

Figure 5 Algorithm outlines operative manage-
ment of wounds to the base of the neck causing
known or suspected injuries to the innominate
artery or the right subclavian artery.
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artery should be preserved if possible, because in rare instances,
ligation of the artery can lead to cerebral ischemia. Even with divi-
sion of arterial branches, only short segments of the subclavian
artery can be removed without the need for an interposition graft
to prevent an anastomosis under tension. The saphenous vein is
usually too small to be used as a graft, even when it is harvested
from the groin. Accordingly, a synthetic graft is usually the better
choice. Infections in this location are rare, even when the graft is
placed in a contaminated field.8

Complex injuries of the innominate and subclavian veins should
be treated with suture ligation, particularly when the patient has
severe associated injuries. Simple injuries can be treated with later-
al venorrhaphy. Depending on the circumstances, formal control
of the proximal and distal vein can first be obtained, or pressure
can be applied proximally and distally to provide for a bloodless
field during repair. Another alternative for control of bleeding dur-
ing venous repair is the use of a side-biting vascular clamp.

Some patients with injuries to the subclavian artery or the sub-
clavian vein require dissection of the supraclavicular area. The su-
praclavicular fat pad contains a large number of lymph nodes and
lymphatic channels, and dissection of the fat pad can result in con-
siderable weeping of lymphatic fluid; these wounds should therefore
be drained. Either a closed or an open drain can be used, and the
drain should be brought out through a separate stab wound near
the incision. After a left-side procedure, persistent milky drainage
via either drains or the wound suggests injury to the thoracic duct
and may necessitate repeat operative intervention if it persists.

Elevation or paralysis of the hemidiaphragm ipsilateral to the

side of dissection can indicate injury to the phrenic nerve, which
courses in the field of dissection on the anterior surface of the
anterior scalene muscle.

Known Vertebral Artery Injuries

On occasion, patients who present with
penetrating cervical wounds and are
hemodynamically and neurologically sta-
ble are demonstrated on angiographic
workup to have an injury to the vertebral
artery. In rarer instances, the location of an
injury in the posterior triangle of the neck
and the presence of ongoing hemorrhage
may also indicate the high likelihood of an
injury to the distal vertebral artery [see Figure 7].

Most vertebral artery injuries occur in stable patients and are
discovered on angiography. Because operative attempts at ligation
are associated with blood loss that can be problematic, an alterna-
tive approach utilizing angiographic embolization has been devel-
oped.9 In most cases of injury to the distal vertebral artery, the
angiographic approach is preferred if available [see Discussion,
Angiographic Embolization of Distal Vertebral Artery Injuries,
below]. If angiographic expertise is not available and the patient is
stable enough for transfer, it is preferable to send the patient to a
center with angiographic embolization capability if at all possible.
In urgent circumstances, an angiographic approach is not practi-
cal, and a direct surgical approach is necessary.10

Assess patient’s hemodynamic 
stability.

Perform left thoracotomy,
extending incision and resecting 
clavicle as needed.

Ligate artery.Repair artery. 
Ligate artery. Repair artery. 

Repair artery. Ligate artery.

Patient becomes
highly unstable and
injury is devastating

Patient remains 
stable and injury 
is small

Patient becomes 
highly unstable

Patient remains 
stable

Proximal control is not possible

Patient stabilizes

Proximal control is possible

Highly unstable patient

Known or suspected injuries to left
subclavian artery

Perform left supraclavicular 
incision.Perform left thoracotomy,

extending incision and resecting 
clavicle as needed.

Stable patient with distal injuryUnstable patient with proximal 
injury

Figure 6 Algorithm outlines operative management of wounds to the base of the neck causing
known or suspected injuries to the left subclavian artery.
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EXPOSURE AND EXPLORATION

In the rare case of a patient who presents with active, severe
bleeding and in whom the most likely source of bleeding is the dis-
tal vertebral artery, surgical exposure of the vertebral artery is nec-
essary. Such exposure is reviewed more fully elsewhere.11 Initial
exposure should be obtained via an anterior sternocleidomastoid
incision [see Injuries to the Carotid Arteries, Jugular Veins,
Pharynx, and Esophagus, above]. This approach can be used for
exposure of both the proximal and the distal vertebral artery.The
incision is developed down to the level of the carotid sheath.The
lateral margin of the internal jugular vein is developed sharply, and
the internal jugular vein and the other contents of the sheath are
retracted medially. After retraction of the carotid sheath, the plane
just superficial to the prevertebral muscles is encountered. The
ganglia of the cervical sympathetic chain are located here and
should be protected, though this is not always possible in emer-
gency circumstances. The anterior longitudinal ligament, located
deep in the medial aspect of the wound, is incised longitudinally.
The ligament, the underlying periosteum, and the overlying
longus colli and longissimus capitis are mobilized anterolaterally
with a periosteal elevator [see Figure 8].The elevation is carried lat-
erally along the lateral margin of the bodies of the cervical verte-
brae and along the anterior aspect of the transverse processes of
the cervical vertebrae.To avoid injury to the laterally and posteri-
orly placed cervical nerve roots, the dissection should not be
extended laterally beyond the tips of the transverse processes.

After the anterior aspects of the transverse processes of the cer-
vical vertebrae have been exposed, they can be removed with a
small rongeur.This should be done distal to the area of injury only;
proximal ligation of the vertebral artery can be done in its more
easily exposed proximal portion. Although the vertebral artery is
also accessible in the spaces between the transverse processes,
there are a number of venous branches in these regions, and it is
therefore safer to approach the artery within the confines of the
bony foramina.

The third and most distal portion of the vertebral artery is most
easily approached between the atlas and the axis.The segment of
the artery between the transverse processes of these two vertebrae
is longer and more exposed than the segments between the other
cervical vertebrae and is therefore, in theory, somewhat easier to
expose. In practice, rapid exposure of this portion of the vertebral
artery is very difficult, particularly in an actively bleeding patient.
As with exposures to the second portion of the vertebral artery,
lesions requiring this exposure are best treated with angiographic
embolization. If angiographic expertise is available, it may prove
wisest to pack the wound as a temporizing measure and then take
the patient for embolization. If angiographic embolization is not
an option, a surgical approach may be necessary.

The standard anterior sternocleidomastoid incision is used but
is carried superiorly with a curved extension to a point just below
the tip of the ear. Once the plane is developed along the anterior
border, the sternocleidomastoid muscle is divided near its origin
at the mastoid process. The spinal accessory nerve, which enters
the sternocleidomastoid 2 to 3 cm below the tip of the mastoid, is
dissected free of the muscle and mobilized anteriorly. After divi-
sion of the sternocleidomastoid muscle and anterior retraction of
the spinal accessory nerve, the transverse process of the atlas is pal-
pable and the prevertebral fascia is visible in the depths of the
wound. The fascia is incised in a line with the spinal accessory
nerve, and the laterally placed levator scapulae and splenius cervi-
cis are divided as close to the transverse process of the atlas as pos-
sible [see Figure 9].The anterior ramus of the nerve root of C2 is
closely associated with the anterior edge of the levator scapulae
and should be protected. After division of the levator scapulae and
the splenius cervicis, the distal vertebral artery is visible in the
medial aspect of the wound.Venous branches associated with the

Perform supraclavicular
incision and ligate 
artery.

Known vertebral artery injuries

Distal lesion

Angiographically
diagnosed lesion

Active, severe
bleeding

Perform anterior
sternocleidomastoid 
incision. Achieve 
proximal control via 
ligation and distal 
control via ligation or 
embolectomy catheter.

Isolated proximal lesion

Perform anterior
sternocleidomastoid incision.
Achieve proximal control via
ligation and distal control via
ligation or embolectomy
catheter.

Angiographic embolization
is unavailable

Angiographic embolization
is available

Embolize artery.

Figure 7 Algorithm outlines management of known injuries to the
vertebral artery, which are most often discovered by angiography.

Vertebral Veins

Left Vertebral 
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C3 Spinal Nerve

C1 Transverse 
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Anterior 
Paraspinous 
Muscles

Anterior 
Longitudinal 
Ligament

Figure 8 Throughout most of their course, the vertebral artery
and the vertebral veins are surrounded by the transverse process-
es of the cervical vertebrae. Exposure of this portion of the verte-
bral artery is best done with anterior and lateral mobilization of
the longus colli and the longissimus capitis.
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vertebral artery are most likely to be located near the transverse
processes; therefore, ligation should be preferentially directed to
the middle of the interspace between the transverse processes.

Exposure of the proximal vertebral artery at the base of the neck
can also be achieved via an incision along the anterior border of
the sternocleidomastoid muscle. Initial exposure is identical to
that used for exposure of the carotid arteries [see Injuries to the
Carotid Arteries, Jugular Veins, Pharynx, and Esophagus, above].
At the level of the carotid sheath, however, dissection is carried lat-
eral to the internal jugular vein, which is retracted medially to
expose the supraclavicular fat pad. The proximal vertebral artery
can then be controlled after dissection deep to the fat pad, as
described for the supraclavicular approach to isolated proximal
vertebral artery injuries (see below).

TREATMENT

As opposed to injuries of the carotid arteries, in which either
repair or ligation is an option, injuries to the vertebral arteries
should always be treated with interruption of flow by surgical or
other means. Proximal ligation should usually be done at the ori-
gin of the vertebral artery because the approach to the artery at
this point is easier than the approaches to the more distal seg-
ments.The artery should be suture-ligated as close to its origin as
possible so as not to create a thrombogenic blind pouch off the
subclavian artery. Distal ligation can be accomplished by first
exposing the artery (see above) and then ligating with ligatures,
suture ligatures, or surgical clips. The use of clips minimizes dis-
section around the artery, which, in turn, decreases the likelihood
of further injury to surrounding veins.

In emergency circumstances, a useful technique is to approach
the proximal artery surgically at the base of the neck and pass a
thrombectomy catheter distally to the site of injury [see Figure 10].
First, the proximal vertebral artery is exposed and ligated at its ori-
gin. Next, the thrombectomy catheter is passed distally via an arte-
riotomy. The catheter balloon is then inflated, and the wound is
checked to determine whether bleeding has been controlled. If
bleeding has been controlled, the distal end of the catheter is left in
place, and the proximal end is brought out through the wound.
The catheter is left in situ for approximately 48 hours, at which
time the balloon is deflated and the wound is again checked for
bleeding. If there is no bleeding for 4 to 6 hours, the catheter can
be withdrawn. Use of a thrombectomy catheter can also serve as a
bridge to angiographic embolization. If the thrombectomy catheter
technique is unsuccessful, a direct surgical approach to the second
or third portion of the artery is necessary. A potential disadvantage
of a surgical approach, however, is that proximal ligation of the ver-
tebral artery precludes angiographic embolization except via the
contralateral vertebral artery. Embolization via the contralateral
vertebral artery is extremely difficult and may result in ischemia or
uncontrolled embolization.

If the injury is shown by preoperative angiography to be con-
fined to the first portion of the vertebral artery, both proximal and
distal ligation may be possible via a supraclavicular incision [see
Figure 11]. The patient is positioned with the head turned away
from the side of the injury, and the chest and ipsilateral neck are
prepared and draped. Preparation and draping include the chest
so that a left thoracotomy can be done later if necessary for prox-
imal control of the left subclavian artery. In such cases, it is help-
ful to bump the patient up on the left so that an anterolateral tho-
racotomy incision can be carried further posteriorly.

The supraclavicular incision is made approximately one finger-
breadth superior to the clavicle and is extended medially to the

Accessory
Nerve (XI)

Vertebral Artery

Splenius Cervicis

Levator Scapulae

C1 
Transverse 
Process

Figure 9 Exposure of the distal vertebral artery is done via an
incision along the anterior border of the sternocleidomastoid
muscle. The sternocleidomastoid muscle is then divided near its
origin at the mastoid process. The spinal accessory nerve is
mobilized anteriorly. The vertebral artery is accessible after divi-
sion of the levator scapulae and the splenius cervicis.

Catheter 
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Vertebral Artery 
(Ligated)
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Figure 10 Bleeding from vertebral artery injuries located with-
in the transverse process of the cervical vertebrae can sometimes
be controlled by exposing the proximal vertebral artery at the
base of the neck, passing a thrombectomy catheter distally, and
inflating the balloon at the site of injury.
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midpoint of the sternocleidomastoid insertion and laterally to the
juncture of the middle and lateral thirds of the clavicle.The skin, the
subcutaneous tissue, and the platysma are incised. The external
jugular vein, if in the operating field, is suture-ligated.The clavicu-
lar head of the sternocleidomastoid muscle is encountered next,
and its lateral aspect is divided with the electrocautery at its inser-
tion on the clavicle. The muscle is then retracted superiorly and
medially. In the plane deep to the sternocleidomastoid muscle, the
omohyoid muscle is divided in its middle tendinous portion with
the electrocautery.

At a level just deep to the sternocleidomastoid and omohyoid
muscles, the carotid sheath is encountered in the medial aspect of
the wound. The lateral border of the internal jugular vein is dis-
sected free of adjacent tissue and retracted medially. If the opera-
tion is on the left, the thoracic duct may be found in the medial
portion of the wound. The thoracic duct is easily injured with
retraction and should be divided and ligated if it is in the way.

Just lateral to the internal jugular vein at the same depth is the
supraclavicular fat pad, which is dissected from the supraclavicu-
lar fossa in which it lies. Exposure is further enhanced by dissec-
tion and division of the anterior scalene muscle. The phrenic
nerve, which is closely applied to the anterior surface of the ante-
rior scalene muscle, is dissected free of the underlying muscle and
retracted out of the field with a vessel loop. The anterior scalene
muscle is then divided with the electrocautery. During dissection
of the supraclavicular fat pad, it may be necessary to divide
branches of the thyrocervical and costocervical trunks. The most
prominent of these branches is the inferior thyroid artery, which
stems from the thyrocervical trunk and courses medially toward
the thyroid.

After the supraclavicular fat pad has been dissected, the prox-
imal portion of the vertebral artery is reached.The vertebral vein,
which usually lies slightly superficial and medial to the vertebral
artery, is divided and suture-ligated to provide better exposure.
Care should be taken not to retract the vertebral vein too vigor-
ously before suture ligation so that this vessel is not avulsed from
the subclavian vein. At the depth of the vertebral artery, the
white, cordlike elements of the brachial plexus are often visible in
the superolateral aspect of the wound. If possible, traction should
not be placed on the brachial plexus, and use of the electro-
cautery around the plexus should be minimized. After exposure,
the proximal vertebral artery is ligated both proximal and distal
to the site of injury. No attempts at repairing the injury should be
made.

The use of angiographic embolization, the preferred treatment
of angiographically diagnosed injuries of the distal vertebral
artery, depends on the availability of equipment for and expertise
with the procedure [see Discussion, Angiographic Embolization
of Distal Vertebral Artery Injuries, below]. Stable patients who
have angiographically documented injuries to the distal vertebral
artery should be transferred to the closest center with cerebral
embolization capability. If angiographic embolization is not avail-
able, exposure and ligation should be carried out as described
(see above).

In cases where angiographic embolization of the vertebral artery
has been employed, a postprocedure angiogram should be done
several days to weeks after the procedure to ensure that the artery
remains occluded and that no arteriovenous fistula has developed
between the injured vertebral artery and the surrounding venous
plexus. Duplex scanning has also been used to a limited extent for
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Figure 11 The proximal vertebral artery can be approached via a supraclavicular incision. Dissection
of the supraclavicular fat pad reveals the underlying vertebral artery where it diverges from the subcla-
vian artery. During dissection, care should be taken to avoid injuring the phrenic nerve.
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follow-up screening. It can serve as an alter-
native to angiography, but its sensitivity rel-
ative to that of angiography remains to be
established.

Superficial Wounds

Some wounds are obviously superficial
on initial physical examination. Most com-

monly, these wounds are slash wounds caused by a knife or other
sharp object rather than true stab wounds. Rapid exposure and
vascular control are sometimes easily accomplished through these
wounds. In such circumstances, the surgical procedure consists of
debridement of the neck wound, and deep dissection is not nec-
essary. If greater access and control are needed to rule out further
injuries or for definitive repair, a standard anterior sternocleido-
mastoid incision should be done [see Injuries to the Carotid
Arteries, Jugular Veins, Pharynx, and Esophagus, above].

Discussion

Screening Criteria for and Recommended Management of
Blunt Cervical Arterial Injuries

Blunt injuries to cervical arteries, though relatively rare, can be
difficult to diagnose and can lead to devastating complications
(e.g., stroke and bleeding). Most such injuries result from stretch-
ing of the vessels as a consequence of hyperextension of the neck.
Motor vehicle collision is the most common mechanism of this
sort of stretch injury; chiropractic manipulation and rhythmic flex-
ion and extension of the neck (“head banging”) are less common
mechanisms.12,13 Injury may also be caused by direct trauma to
the artery or by fracture fragments. Arterial stretching leads to
endothelial tearing with subsequent intimal flaps, dissections, or
emboli.

The true incidence of blunt cervical vascular injury is unknown.
Figures as high as 1.55% of all blunt trauma patients have been
reported,14,15 as have figures an order of magnitude lower. Because
many patients with pathologic changes on screening tests are
asymptomatic before diagnosis and remain asymptomatic after
diagnosis, the reported incidences are likely to depend heavily on
the screening criteria used.16-21

Many recommendations have been made regarding screening
criteria for blunt cervical arterial injuries. Performing four-vessel
cervical angiography on all blunt trauma patients would identify
nearly all cervical arterial injuries, but the logistical considerations,
expense, and potential risks associated with this approach make it
unfeasible. When aggressive screening with broad criteria is
employed, approximately 3% to 5% of blunt trauma patients
undergo workup and approximately 30% of the workups reveal an
injury.14 Even with early and aggressive screening, about a quarter
of patients exhibit neurologic signs and symptoms before
workup.16

Some of the published screening criteria are uncommon and
thus, if present, are probably reasonable triggers for diagnostic imag-
ing studies. Such uncommon criteria include arterial bleeding from
the ears, nose, or mouth; an expanding cervical hematoma; a cervi-
cal bruit in a patient younger than 50 years; evidence of cerebral
infarction on CT scanning;Horner syndrome;and basilar skull frac-
ture involving the carotid canal. Other published screening criteria
are somewhat more difficult to apply, being either quite common or
highly subjective. These more difficult criteria include neurologic
symptoms not explained by CT findings; an injury mechanism con-
sistent with severe cervical hyperextension, hyperrotation, or hyper-
flexion, especially if associated with a displaced facial fracture or
complex mandible fracture; closed head injury consistent with dif-
fuse axonal injury of the brain; a near-hanging resulting in cerebral
anoxia; seat-belt abrasion or other soft tissue injury to the anterior
neck; and cervical vertebral body fracture or distraction injury (iso-
lated spinous process fracture excluded).22,23

Four-vessel angiography remains the gold standard for imaging
the cervical vasculature. Duplex ultrasonography has not proved
sensitive enough for diagnosis of blunt cervical arterial injury, in
large part because so many of the lesions are located high in the
neck, where accurate ultrasonography is difficult.18 Magnetic res-
onance angiography (MRA) also lacks the sensitivity needed to
screen trauma patients for blunt cervical arterial injury. MRA
imaging relies on signal subtraction related to flow and thus may
miss lesions such as pseudoaneurysms, in which flow is dimin-
ished. CT angiography has been applied with increasing frequen-
cy in attempts to make this diagnosis, with mixed results. Helical
CT scanners capable of fewer than 16 slices per rotation probably
lack the sensitivity to make a reliable diagnosis, but small series
using more sophisticated CT scanners have reported promising
results.24 Large series evaluating current CT angiography technol-
ogy are lacking at present. CT angiography is particularly attrac-
tive in that it is noninvasive, it can be performed relatively rapidly,
and it can be done in the course of CT scanning of the head and
other parts of the body. Improvements in CT technology and
increased use of CT instead of angiography for screening may
make widespread radiographic screening for blunt carotid injury
much simpler and easier.

Biffl and associates developed a grading scale for blunt cervical
arterial injury based on the arteriographic appearance of the
lesion.25 On this scale, grade I and II lesions show less than 25%
and greater than 25% luminal narrowing, respectively; grade III
lesions are pseudoaneurysms; grade IV lesions demonstrate
thrombosis; and grade V lesions are transections with extravasa-
tion. Grade I to III lesions may progress to a higher grade. Follow-
up imaging should be performed 7 to 10 days after diagnosis.

Treatment of blunt cervical arterial injury depends on the loca-
tion and grade of the lesion. Grade I injuries, regardless of loca-
tion, are best treated with anticoagulation.25 The intimal defect
leaves the patient at risk for thromboembolism, and anticoag-
ulation protects against subsequent stroke. Grade II lesions ex-
tending to a location that is inaccessible to traditional surgical ap-
proaches should also be treated with anticoagulation. Carotid
artery pseudoaneurysms (grade III lesions) located at the base of
the skull (the usual location) should be treated initially with anti-
coagulation, then followed up with delayed imaging studies to
check for enlargement. Pseudoaneurysms that are enlarged should
probably be treated with stenting, though to date, experience with
stenting at this location for this indication has been relatively lim-
ited. Stenting may also be indicated for lesions that progress and
threaten to limit flow despite full anticoagulation, as well as for
high grade V lesions.26 Good results have been obtained with anti-
coagulation in patients with grade IV injuries.25 Accessible grade
II to V lesions, though rare, should be repaired operatively by



means of traditional surgical approaches.
Blunt vertebral artery injuries should be treated nonoperatively

for the most part, and the threshold for employing transcatheter
embolization should be low. As with carotid artery injuries, small
lesions can be treated with anticoagulation. Larger and more dis-
tal lesions should be treated with occlusion of the artery by means
of interventional radiologic techniques.

The best choice of anticoagulation remains unclear. There is
some indication that the use of heparin positively affects patient
outcome, but the evidence is not particularly strong.19,21 The par-
tial thromboplastin time (PTT) should be monitored and main-
tained within an arbitrary range of 40 to 60 seconds. Patients with
a contraindication to heparin therapy (e.g., an intracranial lesion
at risk for hemorrhage) can be managed with aspirin. Patients
managed with heparin and those managed with aspirin have sim-
ilar stroke rates; however, the number of patients treated with
either drug in published reports is relatively small, and the evi-
dence that anticoagulation of any kind makes a difference is rela-
tively sparse. The safety and efficacy of other antiplatelet treat-
ments are unknown. The optimal duration of treatment is
unknown as well, though it appears that 3 to 6 months is adequate
in most cases.21 Therapy may be discontinued when repeat imag-
ing shows that the injury has resolved.

Zones of the Neck and Mandatory versus Selective Neck
Exploration for Penetrating Cervical Injuries

One approach to managing penetrating cervical injuries is to
categorize them on the basis of their location in the neck. In this
schema, the neck is divided into three distinct zones [see Figure
12], and management is determined by the zone in which the
patient happens to have wounds in the skin.The idea is that hemo-
dynamically stable patients without any obvious sign of vascular
injury (e.g., pulsatile bleeding from the wound, an expanding
hematoma, a bruit, or a neurologic deficit) who have wounds to
the base of the neck or the upper neck (zones I and III) may have
injuries that are problematic with respect to proximal or distal vas-
cular control and thus may require incisions other than the stan-
dard sternocleidomastoid approach. Accordingly, these patients
undergo imaging studies and endoscopy to rule out injuries to the
vasculature or the aerodigestive tract. If the study results are neg-
ative for injuries that call for operative repair, the patients are sim-
ply observed. Patients with zone II injuries, on the other hand, pre-
sumably have underlying injuries to either the vasculature or the
aerodigestive tract that are easily accessible via a sternocleidomas-
toid incision; such patients therefore undergo neck exploration if
the wound has violated the platysma.

The concept of mandatory exploration of patients with zone II
injuries, though time honored, has a number of problems.
Division of the neck into three distinct areas results in extremely
small zones I and III, and even zone II, in the middle of the neck,
is not very long in most patients. As a result, determining that a
given wound is clearly in only one of the zones is often very diffi-
cult. Description of a wound as being on the border of zones I and
II or on the border of zones II and III is a common and confusing
occurrence. Moreover, the location of the skin wound is not a reli-
able guide to the locations of injuries to underlying structures.This
is most obviously true of gunshot wounds, in which the path of the
missile is clearly as important as the location of the skin wound. It
is also true of knife wounds: a blade that enters the skin in zone II
can easily injure structures in zones I or III, depending on the
direction in which the knife was thrust after it entered the skin.

A more logical approach to the initial management of penetrat-

ing neck trauma starts by determining the depth of the wound. If
the wound did not violate the platysma, injury to major underly-
ing structures can be ruled out. If the wound clearly violated the
platysma or its depth cannot be determined, further investigation
is warranted. If the patient has any obvious signs of underlying vas-
cular injury, the neck should be explored via the standard ster-
nocleidomastoid incision, and the exploration should be expand-
ed as necessary to obtain proximal or distal control. If the patient
is stable and has no obvious signs of underlying vascular injury, a
nonoperative workup should be obtained regardless of the location
of the skin wound.

Conventional angiography is the gold standard for ruling out
vascular injury, but it is somewhat invasive and can be time con-
suming and resource intensive. As experience with CT in this set-
ting accumulates, this modality is becoming an increasingly valu-
able imaging adjunct.27,28 CT can be quite helpful in determining
the course that a knife or bullet takes within the neck and detect-
ing the presence of vascular or aerodigestive injury. If CT defines
a knife or bullet tract that is clearly remote from major vascular or
aerodigestive structures, no further workup is needed. If CT clear-
ly shows an injury that should be repaired, exploration of the 
neck is indicated. If CT can neither establish nor rule out the pres-
ence of vascular or aerodigestive injury, further directed imaging
or endoscopic studies should be done. This selective approach
reduces the rate of negative neck explorations and decreases the
need for invasive, lengthy, and expensive diagnostic modalities.

Repair versus Ligation of Carotid Arteries

Simple injuries to the external carotid artery should be repaired,
whereas complex injuries should be ligated.

Injuries to the common carotid artery and the internal carotid
artery are more problematic. If the injury is simple and there is no
suggestion that flow in the vessel has been interrupted, repair
should always be undertaken. An example of such an injury is a
simple stab wound of part of the circumference of the artery with
an associated pseudoaneurysm and good distal flow. In this cir-
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Figure 12 Depicted is the traditional division of the neck into
three separate zones. This division has been used as a basis for
decision-making with respect to penetrating cervical injuries.



cumstance, lateral repair can be done quickly and easily with a
short cross-clamp time. After proximal and distal control of the
vessel is obtained, a check should be made for back-bleeding. If
the back-bleeding from the distal circulation is brisk, as it usually
is, repair can be done safely.

If an injury to the common carotid artery or the internal carotid
artery has interrupted flow in the vessel, repair creates a theoreti-
cal disadvantage. Interruption of flow may lead to focal brain
ischemia and partial disruption of the blood-brain barrier. Sudden
restoration of blood flow may cause hemorrhage in the area of the
ischemia and worsen the extent of brain injury; an anemic, or
white, infarct of the brain may be converted to a hemorrhagic, or
red, infarct.Whether this pathophysiology is important after trau-
matic injury is unclear and controversial.

Deciding whether to repair or ligate when flow has been inter-
rupted is often difficult.5,6 One approach is to base the decision on
the patient’s preoperative neurologic status. If there is no neuro-
logic deficit, it is presumed that there are no areas of brain
ischemia and that repair is safe. Conversely, a focal neurologic
deficit is presumed to be related to ischemia, and in such cases,
the risk of worsening the patient’s neurologic status with restora-
tion of blood flow is increased. Even though this approach is ratio-
nal, it is not applicable in cases in which a detailed neurologic
examination before surgery is not possible. Furthermore, this
approach may be applicable only to patients in coma or with
severe neurologic deficits. There are indications that milder neu-
rologic deficits respond favorably to revascularization.

Yet another approach is to gauge the appropriateness of repair
according to the nature of the injury itself. In this approach, large,
complicated injuries requiring involved and lengthy procedures
for repair are ligated, whereas simple injuries requiring only sim-
ple and quick repairs are repaired. Similarly, repair is not indicat-
ed in patients with severe or multiple associated injuries.There is
also a difference between the management of injuries of the com-
mon carotid artery and management of injuries of the internal
carotid artery. Common carotid injuries are more accessible and
easier to repair, and repair is generally associated with a good out-
come. Continued antegrade flow in the internal carotid artery is
more likely after injury to the common carotid artery than after
injury to the internal carotid artery because of the possibility of
collateral flow via the external carotid artery.

A reasonable way to deal with repair dilemmas is to make the
decision on the basis of distal back-bleeding. Interruption of blood
flow to the brain is tolerated only for a short time, and restoration
of flow is unlikely to be accomplished quickly enough to improve
outcome. It is therefore logical to base the decision about revas-
cularization on the state of back-bleeding from the internal carotid
artery. If back-bleeding is brisk, the patient is presumed to have
good collateral flow, and the chances that there is an area of
ischemia are low. Repair rather than ligation is safe in such cir-
cumstances. If internal carotid artery back-bleeding is minimal or
absent, an ischemic infarct is more likely and restitution of arteri-
al inflow is more dangerous. A corollary to this reasoning is that if
back-bleeding is poor, a clot distal to the area of injury may be pres-
ent, and return of flow with repair may dislodge the clot distally.

Nonoperative Management and Stenting of Carotid Artery
Injuries

Some minimal penetrating injuries to the vasculature of the
extremities (e.g., small pseudoaneurysms and endothelial injuries)
need not be repaired if they do not compromise distal flow, and
they usually heal over time without sequelae. It has been hypothe-

sized that minimal injuries to the carotid vasculature can be
approached in a similar fashion.The consequences of distal embo-
lization or pseudoaneurysm rupture in the carotid circulation make
such an approach somewhat risky.29,30 Increasing experience with
nonoperative management of minor blunt injuries to the cerebral
vasculature supports the relative safety of this approach, particu-
larly if the patient can safely undergo anticoagulation to prevent
subsequent thromboembolic complications.31 Experience with
nonoperative management of penetrating injuries is more limited,
however. Penetrating mechanisms are more likely than blunt
mechanisms to involve a full-thickness injury to the vessel, and the
presence of a full-thickness injury makes anticoagulation riskier.
Furthermore, the apparent degree of vessel injury from penetrat-
ing trauma on angiography is often significantly less than the actu-
al degree of injury as seen at exploration. Nonoperative manage-
ment is currently supported for minor blunt injuries, ideally in con-
junction with anticoagulation. Until more experience with nonop-
erative management of penetrating injuries is reported in the liter-
ature, accessible penetrating injuries should be repaired surgically.

There is increasing support for treatment of carotid artery
injuries with intraluminal stenting.32-34This approach is now com-
monly used for aneurysms of the thoracic and abdominal aorta, as
well as for more distal peripheral vascular lesions. On rare occa-
sions, it has also been applied to the management of traumatic
injuries to the thoracic aorta and selected injuries to the peripher-
al and visceral vasculature. Not surprisingly, stenting has also been
used for the management of carotid artery injuries, particularly
injuries to the distal internal carotid artery that are not easily
approached surgically. Overall, stents are most frequently used in
situations where arterial lesions are not surgically accessible or
when anticoagulation is contraindicated. The technical success
rates have been good in these settings, and there is accumulating
(albeit still limited) evidence to suggest that stents in the carotid
circulation remain patent for prolonged periods and are not asso-
ciated with a high thromboembolic complication rate.25,35-38 Large
pseudoaneurysms in inaccessible areas of the distal carotid circu-
lation usually do not heal with time and, when persistent, may rea-
sonably be treated with stenting.25

Angiographic Embolization of Distal Vertebral Artery
Injuries

Most patients with vertebral artery injuries are stable and expe-
rience no external bleeding, and the injury is discovered by
angiography. A number of such lesions have been successfully
treated with angiographic embolization. Given the difficulties of
surgical exposure, lesions of the distal vertebral artery should be
treated angiographically when the patient’s general condition per-
mits and when the necessary expertise is available. If the patient is
bleeding profusely, such an approach is not possible and a rapid
surgical approach is indicated, with ligation of the proximal verte-
bral artery and an attempt at thrombectomy catheter control or
packing of the wound until an angiographic approach can be
attempted. If this is unsuccessful, the lesion should be approached
directly [see Known Vertebral Artery Injuries, above].

If a patient with a distal vertebral artery lesion is stable—par-
ticularly when the lesion is otherwise silent and has been detected
angiographically—an attempt should be made at angiographic
embolization if the necessary expertise is available. If the patient is
stable, transfer to the nearest center with cerebral angiographic
embolization capability is appropriate. Embolization is done via
the ipsilateral proximal vertebral artery. Detachable balloons or
coils can be used.
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Conversion of Cricothyrotomy to Tracheotomy

Cricothyrotomy is typically reserved for life-threatening airway
compromise when the need for a rapid surgical airway is para-
mount [see Airway Compromise, above, and 6:1 Trauma Resusci-
tation]. Tracheotomy is preferred if time and a lesser degree of
urgency permit. Similarly, in the postoperative period, tracheotomy
is preferred to cricothyrotomy.The traditional view, initially prom-
ulgated by Chevalier Jackson in 1921, is that cricothyrotomy is
more likely than tracheotomy to result in airway stricture or dam-
age to more proximal structures in the larynx. On the basis of this
rationale, cricothyrotomies are converted to tracheotomies on a
semielective basis within 24 to 48 hours of admission if the patient’s
general condition permits.39,40

The evidence supporting a policy of routine conversion is
mixed. Several series document a low but increased incidence of
complications to the larynx and trachea from prolonged mainte-
nance of cricothyrotomies. Even though the incidence is low, the
complications can be severe and may necessitate extensive recon-

structive procedures. Conversely, studies of cardiac patients under-
going routine cricothyrotomy do not demonstrate a significant
increase in the incidence of airway complications. Cricothyrotomy
is sometimes favored over tracheotomy in these patients because of
concerns about the proximity of tracheotomy wounds to the
patient’s sternotomy incision.The results of studies of routine car-
diac patients may be different from results of studies showing an
increase in complications after cricothyrotomy, in that the cardiac
patients were intubated for shorter periods.

There have been no studies documenting a high incidence of
complications in trauma patients who have undergone emergency
cricothyrotomy and have remained intubated via the cricothyroto-
my for longer than 2 or 3 days. Because complications are poten-
tially so devastating, however, emergency cricothyrotomies should
be converted to tracheotomies within 1 to 2 days after admission
in stable patients. In a stable patient, the risks of conversion are
minimal, and conversion is justified to avoid the possibility of
future complications.
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