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Abstract

Purpose of Review Penetrating neck injuries constitute
5-10% of all emergency trauma presentations and are
associated with a relatively high risk of mortality. The most
common significant injury encountered in penetrating neck
trauma is injury to the vasculature of the neck. This article
reviews penetrating cervical vascular injuries, including
initial assessment, immediate, and definitive management
techniques.

Recent Findings Assessment and management of pene-
trating injuries to the neck have traditionally been
approached according to the location of the injury in
relation to anatomic zones of the neck. More recently, due
to advancements in imaging techniques and endovascular
therapies, there is a trend towards non-operative manage-
ment. This has resulted in a decrease in the rate of non-
therapeutic surgeries.

Summary Penetrating traumatic cervical vascular injuries
are potentially life-threatening and require appropriate
clinical assessment to rapidly identify patients who need
immediate surgical intervention. However, patients without
hard signs of vascular injury should undergo imaging, most
commonly in the form of computed tomographic angiog-
raphy. For patients who require operative intervention,
surgical techniques include vessel ligation, direct repair or
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angioplasty, interposition grafts, and damage control pro-
cedures. Endovascular techniques are particularly useful in
the management of vascular injuries of the vertebral artery.

Keywords Penetrating neck injury - Vascular trauma -
Cervical vessel injury - Neck zones - Carotid artery -
Vertebral artery

Introduction

Penetrating neck trauma defined as full thickness breach of
the platysma muscle constitutes 5-10% of all emergency
trauma presentations and is associated with a relatively
high risk of mortality [1, 2¢¢]. Vascular injuries occur in
approximately 25% of all penetrating neck traumas [3].The
general mortality rate linked to penetrating injuries to the
neck is between 3 and 10% with 50% of those deaths
resulting from severe bleeding from vascular injuries [3-5].
The unique complexity of the anatomy of the neck with
vital vascular structures in close proximity with the
aerodigestive tract and neurological system is important
factors leading to the high mortality rate [6, 7]. Particularly
in penetrating injuries to the cranial and the caudal cervical
regions where surgical access to the aforementioned
structures can be very challenging. Globally, the most
common mechanism of injury in penetrating neck trauma is
from stab wounds related to violent assault or self-harm,
followed by low velocity and then high velocity ballistic
traumas [1]. However, in countries with high homicide
rates and poor gun control, the incidence of penetrating
neck injuries from stabbings and ballistic traumas is
equivalent [8¢]. In ballistic trauma, the distinction between
low velocity and high velocity projectiles is important.
Velocity is a major determinant of the kinetic energy of a
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projectile. However, in addition to velocity, the shape,
mass, and the distance to the target are all important factors
in the wounding potential of a missile [9]. In penetrating
injuries to the neck caused by ballistic trauma, this is
particularly important given that vascular injuries related to
cavitation and thermal energy could extend beyond the
immediate trajectory of the missile. Less common causes
of penetrating neck trauma include motor vehicle accidents
and injury from other miscellaneous objects (Fig. 1) [10].

Historical Perspectives

Many of the traditional approaches in the management of
penetrating neck trauma are based on previous military
experience, as with many areas of modern civilian trauma
care. In conflicts predating World War II, the standard
management practice for penetrating injuries of the neck
was expectant. With this approach, reported mortality rates
were quite high, upwards of 10% [11, 12]. Patients died not
only from early exsanguination due to major vascular
injuries, but also from delayed complications related to
infection. During World War II (WWII), however, that
management shifted towards early operative exploration

Fig. 1 Penetrating neck injury in a motorcyclist who was clotheslined
by glass-coated line that was being used to fly a kite
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and intervention in those patients who survived long
enough to reach field hospitals capable of providing sur-
gical care. Outcomes reported in the literature improved,
likely as a result of a combination of more expedient
retrieval of injured patients, access to medical care, and
improvements in surgical techniques in general. In the
decade following WWII, Fogelman and Stewart published
a series of 100 patients with penetrating neck trauma [13].
They reported a substantial difference in mortality rates
between patients undergoing early exploration compared to
delayed or no exploration (6% vs 35%). Based on these
findings, there was a general movement towards mandatory
neck exploration for penetrating trauma.

Although the neck is a relatively small anatomic region,
there is significant variability in the surgical accessibility of
the important structures, specifically with regard to cervical
vascular trauma. Techniques for exposure of injuries to
thoracocervical region and the base of the skull are more
complicated than for injuries occurring in the mid-anterior
neck. In an effort to guide surgical decision-making,
Monson et al. subdivided the neck into three zones, with
zone 1 located below the medial head of the clavicles, zone
3 extending from the angle of the mandible to the base of
skull, and zone 2 encompassing the central area of the neck
between zones 1 and 3 [14]. Monson’s initial classification
was modified by Roon and Christensen to the more widely
used system today, which specifies the boundary between
zone 1 and 2 as the inferior border of the cricoid cartilage
while the division between zone 2 and 3 remained the angle
of the mandible [15]. As zone 2 is by far the most readily
accessible zone from an operative perspective and the most
likely zone for significant injury, immediate and mandatory
neck exploration for zone 2 penetrating neck injuries
became firmly established surgical dogma. In contrast, for
injuries in zone 1 and 3, there was a trend towards further
imaging with angiography prior to surgical exploration,
both as a means for diagnosis of vascular injuries which
necessitated operative intervention, as well as to aide in
surgical planning.

The practice of routine neck exploration in particular for
zone 2 penetrating neck injuries persisted for several dec-
ades with multiple case series publications. Although the
mortality rate certainly improved from the era of expectant
management predating WWII, it was noted that the rate of
negative or non-therapeutic neck explorations was high, in
the range of 50% in many series [16, 17].

In the 1980s, several authors began to challenge the
practice of routine neck exploration in favor of a more
selective approach, whereby selective imaging or clinical
examination was used to try to limit the number of patients
undergoing non-therapeutic neck explorations. Manage-
ment algorithms of this era still were largely based on the
location of external injury in relation to the zones of the
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neck. For zone 1 and 3 injuries, angiography was the
preferred imaging modality in stable patients, whereas for
patients with zone 2 injuries, the choice of imaging/
investigations was based on clinical examination.

The traditional approach of utilizing the location of
external injury and relating this to the zone of the neck has
been further challenged in recent times for several reasons.
First, multiple studies have raised concern over the ability
to accurately correlate the external site of injury to the
trajectory of the wound and therefore the extent of the
injuries. For example, it is possible that a knife entering
zone 2 aimed inferiorly may cause significant injuries to
vascular structures in zone 1. Second, gunshot wounds
cause significant damage to structures over an area wider
than initially apparent on examination of the entry site,
particularly high velocity missiles. Therefore, assuming
that only a single zone is involved may overly simplify the
assessment and lead to inadequate management.

Additionally, axial imaging, specifically multidetector
computer tomography angiography (CTA), has become
more widely accessible and is increasingly being consid-
ered the imaging investigation of choice for all patients
with penetrating neck injury regardless of the external
location of the wound (Table 1). Multiple studies published
over the last decade support the “no zone approach.”
Those studies demonstrated low rate of missed injuries,
reduction in unnecessary surgical explorations of the neck,
lower cost from more judicious use of invasive imaging
(i.e., angiography), and decreased hospital length of stay
[8, 18ee—22]

A summary of the largest case series published on
penetrating neck injuries is shown in (Table 2).

Initial management of penetrating cervical vascular
injuries

Penetrating neck injuries have a relatively high mortality
rate; therefore, it is important that the initial management
of these patients follow the Advanced Trauma Life Support
Guidelines [28]. Exsanguinating external hemorrhage
should be controlled with external compression if feasible
and early control of the airway should be prioritized in
patients with existing airway compromise or in those where
it is anticipated. Other principles of ATLS resuscitation
should also be followed including appropriate intravenous
access, judicious fluid resuscitation with blood transfusion
if indicated, a complete neurological examination, and a
thorough secondary survey including log roll to ensure no
missed injuries. A chest x-ray should be performed as part
of adjunctive imaging to the primary survey to assess for
hemopneumothorax. Depending on the mechanism of
penetrating trauma plain x-rays of the neck, including a

lateral view, may be considered, primarily to assess for
foreign bodies (bullet or shrapnel).

There is controversy with regard to the need for cervical
spine immobilization in penetrating wounds to the neck. In
isolated penetrating injuries, particularly those caused by
stabbings, there is an exceptionally low likelihood of an
unstable spinal injury [29-31¢]. Furthermore, cervical
collars have been associated with a risk of missed injury
hidden by the collar, a potential delay in transfer associated
with collar application, and ultimately, in a review pub-
lished by Vanderlan et al., an increased risk of death (OR
2.77, 95% CI 1.18-6.49, p < 0.016) [32¢]. Therefore,
c-spine immobilization is not recommended for patients
with penetrating injuries to the neck unless there are focal
neurological deficits or high index of suspicion of spinal
injury based on mechanism in a patient where neurological
assessment is not possible [29].

Clinical examination of the neck is an important com-
ponent of the initial assessment and should focus on the
identification of hard or soft signs of injury. Some studies
have examined the feasibility of further imaging in
hemodynamically stable patients who sustain penetrating
wounds and present with hard signs [33]. However, the
most accepted approach is immediate surgical intervention,
particularly if the hard signs indicate a vascular injury, i.e.,
shock, pulsatile bleeding or expanding hematoma, and
audible bruit [20, 22, 29]. In patients with active arterial
bleeding, it may be necessary to gain temporary control in
the trauma bay depending on local resources available. In
many cases, direct external compression is feasible and
controls the bleeding. However, for exsanguinating wounds
at the root of the neck or high towards the base of the skull,
direct compression may not be possible. Therefore, a
damage control strategy is required, a useful alternative
technique involves inserting a Foley catheter into the
wound tract to achieve temporary balloon tamponade
[34, 35¢]. Other described techniques for achieving interim
haemostasis involve the direct insertion of haemostatic
sponges into the wound tract [36]. If the balloon tamponade
technique is successful in attaining haemostasis, and the
patient is otherwise stable without other hard signs man-
dating urgent surgery, the trauma surgeon must decide
whether further imaging may be of benefit in guiding the
next steps of management. Computer tomography
angiography is useful to identify vascular injuries that may
be more amenable to endovascular repair than open sur-
gical repair, for example, injuries to the subclavian or
vertebral arteries, or the internal carotid artery close to the
base of skull. Furthermore, following a negative CTA in
this situation, the balloon catheter can remain inflated
in situ for 24-48 h for what is presumed venous bleeding.
Following this time, it is removed in a controlled envi-
ronment (operating room) where a neck exploration is only
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Table 1 Summary table of large case series published on penetrating neck

Author

Publication  Location

year

Number
of
patients

Study
Period

Short description of study

Roon

Golueke

Demetriades

Demetriades

Nason

Bell

Osborn

Thoma

Inaba

Low

(1979) [15]  San Francisco General Hospital,

USA

(1984) [23] Kings County Hospital, NY USA

(1993) [24] Baragwanath Hospital and
University of Witwatersrand,

Johannesburg, SA

1997 [25] LSC & USC Medical centre, LA,

USA

(2001) [1] Health Sciences Centre, Winnipeg,

MB, Canada

(2007) [11] Legacy Emmanuel Hospital and
Health Centre, Portland, Oregan

USA

(2008) [26] Legacy Emmanuel Hospital and
Health Centre, Portland, Oregan

USA

(2008) [27]  Groote Schuur Hospital, Cape

Town, SA

(2012) [19] LSC & USC Medical centre, LA,
USA and R. Adams Cowley
Shock Trauma Centre, Maryland,

USA

(2014) [20] LSC & USC Medical centre, LA,

USA

189

160

335

223

130

65

65

203

453

146

1970—
1977

1977-1982

1989-1991

1993-1995

1979-1997

2000-2005

2000-2005

2004-2005

2009-2011

2008-2011

Retrospective review of patients with PNI
managed with routine neck exploration

154/189 patients underwent neck exploration; rate
of negative exploration—53%

Patients with PNI randomized to routine
exploration vs selective management. 46%
negative exploration rate in routine exploration
group. In selective management group 21%
negative exploration rate. No statistically
significant difference between mortality,
morbidity or length of stay

Prospective observational study reviewing the
reliability of physical examination in PNI to
detect significant injuries requiring surgical
intervention. Findings—66/335 (20%) of
patients had urgent surgical exploration (15%
non-therapeutic). 269/335 patients initially
managed non-operatively with 2/269 patients
needing inpatient OR

Prospective study of patients with PNI assessing
the role of physical examination and accuracy
of imaging (angiography, color doppler
ultrasound)

Retrospective review of patients with PNI.
Findings—78/130 patients had neck exploration
with non- therapeutic neck exploration in 38%.
52/130 patients were observed with 2/52
patients requiring in patient operation

Review of management with 65 patients with PNI.
5 patients direct to OR, 60 patients had CT or
CTA (CTA after 2003). In total 33/65 patients
taken for neck exploration with overall negative
rate of 42%

Same study population as above study with aim to
specifically compare outcomes in group
undergoing CTA (24/65 patients) compared to
no CTA (41/65 patients). Significantly fewer
neck explorations performed in patients with
CTA (6/24) compared to those not undergoing
CTA (27/41). Negative exploration rate
between CTA and non-CTA groups also
significantly different (0% vs 48%)

Prospective observational study to validate the use
of selective non-operative management in PNIL.
Findings—158/203 (78%) of patients managed
without surgical or endovascular intervention.
No clinically significant missed injuries

Prospective multi-centre study to evaluate use of
CTA in the initial screening exam in patients
with PNI. Findings—CTA had 100% sensitivity
and 97.5% specificity in detecting all clinically
significant neck injuries in PNI

Study designed specifically to correlate location of
external PNI with internal injuries sustained.
Overall 25% of patients had internal injuries
identified, and these did not correlated with the
site of external PNI
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Table 1 continued

Author Publication Location Number  Study Short description of study
year of Period
patients
Prichayudh  (2015) [21] King Chalalongkorn Memorial 86 2003-2013 Retrospective review to evaluate outcomes of
Hospital, Thailand selective management approaches in PNI.
Overall 52% of patients managed non-
operatively with low rate of negative
explorations (3/41) and no missed injuries
Ibraheem (2018) [18] Banner University Medical Centre, 337 2008-2015 Retrospective review assessing whether physical
Tuscon, AZ, USA examination can guide CTA use in PNI
Borsetto (2019) [6] Queen Elizabeth Hospital, 67 2012-2018 Retrospective review aimed to assess diagnostic

Birmingham, UK

accuracy of CTA for vascular injuries in

patients with clinically stable PNI. Findings—
combined use of direct radiological signs with
clinical signs 97.7% specific for vascular injury

PNI penetrating neck injuries

Table 2 Hard and soft signs of vascular injury and signs of aerodigestive tract injury in penetrating neck injuries

Hard signs of vascular injury

Soft signs of vascular injury

Signs of aerodigestive injury

Shock not responsive to intravenous fluid resuscitation
Expanding/pulsatile hematoma

Active major bleeding

Massive hemoptysis or hematemesis

Thrill/bruit

Absent or diminished peripheral pulse

Hematoma (non-expanding)
Venous bleeding

Minor hematemesis

Subcutaneous emphysema
Dysphagia
Dysphonia/hoarseness
Odynophagia

Stridor

Air bubbling through wound*

*Air bubbling through neck wound is considered to be a hard sign necessitating urgent surgical exploration

performed in the event of bleeding post-catheter removal
[34].

Immediate operation is, for the most part, not required in
patients with penetrating neck injuries without hard signs.
Moreover, for patients with soft signs of vascular injury,
including non-expanding hematoma, venous bleeding or
oozing, history of prehospital bleeding only, or upper
extremity peripheral pulse discrepancy, the imaging
investigation of choice is CTA, regardless of the level of
the external wounds, no zone approach. Patients with
penetrating neck injuries with neither hard nor soft signs
may undergo observation only depending on local proto-
cols and resource availability. However, given accessibility
to CTA and the low risk and cost associated with this
imaging modality, many trauma centres follow protocols
that include CTA for all patients with penetrating neck
injuries with platysma violation [8]. This is supported by
the fact that clinical examination alone is not that reliable.

General Principles for Operative Management
of Cervical Vascular Injuries Due to Penetrating
Neck Trauma

The patient should be positioned supine on the operating
table with both the anterior chest and bilateral groins
prepped in case of the need for either a median sternotomy
or harvesting of saphenous vein. The most commonly
described incision for access to the major vessels of the
neck is through an ipsilateral oblique incision placed
adjacent to the anterior border of the sternocleidomastoid
(SCM) muscle. This incision, if necessary, can be extended
from the clavicle to the mastoid process, with the proximal
aspect curved slightly posteriorly above the upper third of
the SCM in order to avoid the marginal mandibular branch
of the facial nerve. The incision may also be extended to
the anterior chest if a median sternotomy is required. In the
case of bilateral neck injury, a second separate incision
anterior to the contralateral SCM provides adequate access
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or a collar incision, which is often the preferred approach
depending on the nature of the penetrating injury.

Once the skin, subcutaneous tissue, and platysma have
been incised, the anterior border of SCM is identified, and
the fascia anterior to the muscle is opened. Subsequently,
the common facial vein should be identified and ligated at
its confluence with the internal jugular vein. The common
facial vein is a useful landmark for identification of the
bifurcation of the common carotid artery.

Carotid Artery Injuries

At least one quarter of penetrating neck injury patients,
taken urgently to operating room with hard signs of a
vascular injury, will have injuries to the common carotid
artery (CCA), external carotid artery (ECA), or the internal
carotid artery (ICA) [18, 20].

The principles of management for carotid artery injury
are based on adequate exposure of the injured vessel and
establishing proximal and distal control prior to attempted
repair. The decision as to which repair is most appropriate
is based on characteristics of injury as well as the overall
injury burden to the patient. This is often relatively
straightforward for injuries that are located within zone 2
of the neck. For injuries to the CCA in zone 1, it may be
necessary to perform a median sternotomy to gain proximal
control of the vessel within the anterior mediastinum [37].
Several techniques have been described for injuries high in
the neck, where distal control of the ICA is challenging to
achieve. These include division of the posterior belly of
digastric muscle, subluxation of the mandible, or per-
forming a mandibulotomy. Although ligation of the carotid
artery is described in the literature as a rapid means to
control bleeding in dire situations, the carotid artery should
be repaired or reconstructed whenever possible [38]. Albeit
somewhat controversial, this includes patients in whom
there is a pre-existing neurological deficit. In this setting,
repair of the artery results in better neurologic outcome and
lower mortality compared to simply ligating the artery
[39].

Small lacerations to the carotid artery can be repaired
with sutures, provided the repair does not narrow the lumen
of the vessel. If primary sutured repair is not feasible, a
patch angioplasty can be performed. The patch is com-
monly obtained from saphenous vein, although non-autol-
ogous tissue can also be considered [35]. For more
extensive vascular injuries, including complete or near
complete transection of the artery, or if there has been loss
of a segment of arterial wall as is more commonly seen in
firearm-related injuries, it may be necessary to use an
interposition graft with reversed saphenous vein or a syn-
thetic polytetrafluorethylene (PTFE) graft. In the case of
major injury to ICA close to the bifurcation, one described
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option is replacement of the proximal injured ICA with the
ECA [40]. In this case, the ECA is dissected free over the
necessary length and its branches ligated prior to dividing
the ECA and oversewing the distal stump. The injured ICA
is suture-ligated close to the bifurcation and the proximal
ECA is then anastomosed to the distal ICA.

The use of carotid artery shunts has also been described
in the literature, both as a damage control technique, where
they have been left in place successfully for up to 48 h, and
as a means for maintaining cerebral perfusion during vas-
cular repair [41].

Endovascular approaches to carotid artery injuries are
also well described, predominantly for the management of
injuries to the proximal CCA as well as the ICA in zone 3,
in patients who present without hard signs of vascular
injury [42]. Such endovascular techniques include stenting,
embolization for pseudoaneurysm and arteriovenous fistula
and balloon occlusion [43].

Vertebral Artery Injury

Vertebral artery injury from penetrating neck trauma is
much less common than injuries to the carotid arteries as
the vertebral arteries are mostly protected within the bony
canal of the transverse foramina of the cervical vertebrae.
However, this anatomical location also means that surgical
access to the distal cervical vertebral arteries can be very
challenging. Therefore, active bleeding frequently con-
trolled with temporary measures, followed by definitive
treatment via endovascular approach and embolization
[39]. Temporary hemorrhage control includes balloon
tamponade with a Fogarty catheter or direct compression
with bone wax or gauze packing [35].

For patients who present with exsanguinating hemor-
rhage from the base of the neck necessitating immediate
neck exploration, the recommended approach to control
proximal vertebral artery bleeding is ligation of the artery
via a supraclavicular incision [35, 40]. Unilateral ligation
of the vertebral artery is generally tolerated due to collat-
eral supply from the posterior circulation and Circle of
Willis. Brain stem ischemia secondary to unilateral verte-
bral artery ligation is relatively rare [35, 39]. However, in a
large South African series of over 100 patients with ver-
tebral artery injuries, predominantly from penetrating
trauma, outcomes were better in patients managed with
arteriography and embolization compared to those who
were managed with surgery first, without subsequent
embolization [44].
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Venous Injury

Injury to the internal jugular vein (IJV) is one of the most
common cervical vascular injuries in penetrating neck
trauma. The incidence of IJV injuries in penetrating trauma
to zone 2 of the neck is 20%. However, due to the low
pressure nature of the venous system, not all venous inju-
ries require operative repair, and in many cases, patients
who have an isolated venous injury suspected on CTA do
not undergo neck exploration for surgical repair. If an
injury to the IJV is identified intraoperatively, primary
suture repair is recommended. If this approach is not pos-
sible, the usual accepted management is ligation of the
vein. However, in patients with bilateral IJ'V injuries, it is
advisable to repair one side whenever possible to avoid
postoperative increase in intracranial pressure and facial
oedema [35]. Any vascular injuries to the anterior or
external jugular veins should be managed by ligation of
these vessels.

Conclusion

Penetrating vascular injuries in the neck are potentially
life-threatening. Patients without hard signs of injury
should undergo imaging, most commonly CTA. Endovas-
cular approach could be the definitive solution in some
cases. For those patients who require operative interven-
tion, there are multiple approaches including damage
control procedures to temporize bleeding.
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