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Abstract

Penetrating injuries to the neck pose a unique challenge to clinicians due to the proximity of multiple significant
anatomical structures with little protective soft tissue coverage. Injuries to this area, whilst low in incidence, are poten-
tially devastating. Respiratory, vascular, gastro-oesophageal and neurological structures may all be involved, either in
isolation or combination. These injuries are particularly difficult to manage in the resource poor, often austere and/
or remote, pre-hospital environment. A systematic scoping review of the literature was conducted to evaluate the
current available research pertaining to managing this injury profile, prior to the patient arriving in the emergency
department. The available research is discussed in sections based on the commonly used trauma management acro-
nym ‘cABCD’ (catastrophic haemorrhage, Airway, Breathing, Circulation, Disability) to facilitate a systematic approach
and clinical evaluation familiar to clinicians. Based on the available reviewed evidence, we have proposed a manage-
ment algorithm for this cohort of patients. From this we plan to instigate a Delphi process to develop a consensus
statement on the pre-hospital management of this challenging presentation.
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Background
Penetrating neck injury (PNI) is defined as any trauma
to the neck that violates the platysma muscle layer. Pen-
etrating injuries to the neck pose a unique challenge to
clinicians, especially within the resource-limited pre-
hospital environment. Optimal management within this
immediate time critical setting is paramount to good
clinical outcomes. Previous studies have suggested these
injuries account for up to 1% of all trauma patients with
an associated mortality ranging from 3 to 6% [1].

The majority of recent research has focused on the
management of these injuries on arrival to the emergency
department. From this, recommendations and guidance
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have been implemented to guide decision-making
regarding surgical exploration and the use of computed
tomographic angiography [2].

At the time of writing, there exists currently no consen-
sus statement or agreed guidelines regarding the pre-hos-
pital management of penetrating neck injuries that these
authors are aware of. The aim of this review is therefore
to evaluate current practice and collate the current evi-
dence for the management of PNIs before the patient
reaches the emergency department. These management
principles may then be used to establish a standard of
care for use by the pre-hospital clinical team attending to
the patient, within both their scope of practice and their
current service guidelines.
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Anatomy

The neck is a region of complex anatomy, with many vital
structures located in very close proximity. These struc-
tures include airway, vascular, neurological, musculo-
skeletal and gastrointestinal components. For clinical
evaluation, the anterior neck is divided in to three dis-
tinct zones. The most commonly accepted classification
of these zones is by Roon and Christiansen [3]:

« Zone 1: Extending from the clavicles to the cricoid
cartilage.

+ Zone 2: Extending from the inferior margin of the
cricoid cartilage to the angle of the mandible.

+ Zone 3: Extending from the angle of the mandible to
the base of the skull.

This classification refers to the anterior triangles of the
neck, defined by the anterior border of the sternocleido-
mastoid muscle, the anterior midline and the mandible.
Within this region is where the majority of the crucial
structures are located (Table 1). It is important to note,
however, that the zone in which an external wound is
located does not necessarily correlate to which internal
structures are injured; this is a function of both entry
location and vector of travel [4]. Recent studies suggest
zone 2 is the most commonly injured (38—67%), followed
by zone 3 (16—19%), and zone 1 (13-18%) [5-8].

Method

This review did not meet the criteria for prospective
registration with PROSPERO and was thus not regis-
tered. However, the scoping systematic review meth-
odology was followed throughout. PubMed was used
to search the MEDLINE database. Ovid was used to
search the Cochrane database of systematic reviews
and Embase. All databases were interrogated for any
combination of the terms ‘stab, ‘stabbing, ‘penetrating,
‘neck; ‘cervical, ‘pre-hospital, ‘prehospital’ and ‘imme-
diate’ These searches resulted in 278 and 239 results
respectively. All primary research and review articles
written in English language and published between
1/1/2000 and 31/12/2020 were evaluated. Exclusion
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criteria were papers not written in English language,
those pertaining to blunt trauma, case reports, let-
ters to the editor, opinion papers and papers not
directly reporting, or reporting as part of a review,
novel experimental data. The remaining papers were
then screened for relevance to pre-hospital practice,
reviewing each study’s location, setting, timing, num-
ber of included patients and intervention. A total of 20
articles were identified from the initial database search
including nine systematic reviews and 11 original
research papers. The reference lists of these included
studies and relevant reviews were then screened in the
same manner for further relevant publications not cap-
tured in our initial search. This elicited a further seven
original research papers, to make a total of 27 papers
included in the review. The primary research papers
from both the initial database search along with the
secondary reference search are displayed in Table 2.
The search strategy is displayed in the PRISMA dia-
gram (Fig. 1).

Results

Initial assessment

Initial findings on clinical examination are traditionally
grouped in to ‘hard’ and ‘soft’ signs of injury (Table 3) [2].
Hard signs suggest major airway, vascular or digestive
tract injury. These include airway compromise, air bub-
bling in the wound, active bleeding, an expanding or pul-
satile haematoma, shock and neurologic deficit.

Hard signs occur in less than 10% of patients with PNI.
However they are highly specific for serious injury, with a
positive predictive value of almost 90% for a vascular or
aerodigestive tract injury [5].

Catastrophic haemorrhage

Uncontrolled haemorrhage is a major cause of morbid-
ity and mortality in trauma and a large proportion of this
mortality occurs in the pre-hospital setting [9]. Neck
wounds are amongst those classed as junctional wounds
to which tourniquets cannot be applied. Simple gauze
dressings and the application of direct pressure were
traditionally the mainstay of treatment. More recently

Table 1 Anatomic contents of the anterior zones of the neck. Adapted from Hanlon and Adams [26]

Zone Contents

1 Major vasculature of superior mediastinum, subclavian vessels, common carotid
artery, internal jugular vein, trachea, lung apex, oesophagus, vagus, recurrent
laryngeal and phrenic nerves

2 Common, internal and external carotid arteries, jugular veins, trachea, larynx, phar-

ynx, oesophagus, vagus, recurrent laryngeal and phrenic nerves

3 Internal and external carotid arteries, jugular veins, oropharynx, cranial nerves 9-12
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Table 2 Primary research articles identified through the search strategy
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Year

Study title

Author

Study type

Level of
evidence

Patient number

Military/civilian

Catastrophic haemorrhage

2015

2016

2015

Celox-coated gauze for the treatment of
civilian penetrating trauma: a randomised
clinical trial

A multi-institutional study of haemostatic
gauze and tourniquets in rural civilian
trauma

Prehospital use of hemostatic dressings by
the Israel Defense Forces Medical Corps: a
case series of 122 patients

Airway, breathing and ventilation

2010

2000

2009

2020

2014

A meta-analysis of prehospital airway con-
trol techniques part II: alternative airway
devices and cricothyrotomy success rates

Emergency airway management in pen-
etrating neck injury

Airway Management of Two Patients with
Penetrating Neck Trauma

Neck Injuries—Israel defense forces
20 years'experience

Prehospital and en route cricothyrotomy
performed in the combat setting: a pro-
spective, multicentre, observational study

Circulation

2006

2016

2019

2013

Emergency department resuscitative thora-

cotomy for non-torso injuries

The iTClamp in the management of pre-
hospital haemorrhage

Management of life-threatening haemor-
rhage from maxillofacial firearm injuries
using Foley catheter balloon tamponade

The iTClamp controls junctional bleeding in

a lethal swine exsanguination model

Disability prevention

2010

2009

2011

2009

2000

2009

Spine immobilisation in penetrating
trauma: more harm than good?

Increased risk of death with cervical spine
immobilisation in penetrating cervical
trauma

Unstable cervical spine fracture after
penetrating neck injury: a rare entity in an
analysis of 1069 patients

Neurologic sequelae of penetrating cervi-
cal trauma

Prehospital stabilization of the cervical
spine for penetrating injuries of the neck—
is it necessary?

Learning the lessons from conflict: pre-
hospital cervical spine stabilisation follow-
ing ballistic neck trauma

Hatamabadi et al

Leonard et al

Shina et al

Hubble et al

Mandavia et al
Bhattacharya et al
Tsur et al

Barnard et al

Sheppard et al
Tanetal

Jose et al

Fillips et al

Haut et al

Vanderlan et al

Lustenberger et al

Vanderlan et al

Barkana et al

Ramasamy et al

RCT

Case series

Case series

Meta-analysis

Case series
Case series
Case series

Prospective case series

Case series
Case series

Case series

Cohort study

Case control

Case control

Case series

Case series

Case series

Case series

3a

2b

3b

3b

160

40

122

512

82

41

34

27

20 animal swine model

45,284

188

1069

196

44

90

Civilian

Civilian

Military

Civilian

Civilian
Civilian
Military

Military

Civilian
Civilian

Military

N/A

Civilian

Civilian

Civilian

Civilian

Military

Military

RCT Randomised control trial

however, haemostatic dressings have been developed.
These contain agents which enhance blood clotting and

promote haemostasis, and have been shown to achieve  [10].

haemostasis in the prehospital environment in between
67 and 100% of cases, with a median success rate of 90.5%
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Records identified
through Embase
search
n= 239

Records identified
through Medline
search
n=278

Excluded based on
inclusion and
exclusion criteria
v n= 303
Papers reviewed
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Excluded based on
relevance to pre-
hospital management
A 4 of PNI
n=195
papers included
n=20

Identified through
secondary screening

n=7

Structured literature Primary research
reviews articles
n=9 n=18

Fig. 1 PRISMA diagram of search strategy

Table 3 Hard and soft signs of injury in penetrating neck injury.
Adapted from Sperry et al. [2]

Hard signs Soft signs (non-exhaustive)

Massive subcutaneous emphy-
sema/ air bubbling through the
wound

Proximity of the wound to the
carotid artery or jugular vein

Airway compromise Non-expanding haematoma

Expanding or pulsatile haematoma  Change in voice and/or hoarseness
Active bleeding
Shock

Haematemesis/haemoptysis

Dysphagia

Upper extremity pulse deficit
Palpable crepitus

Neurologic deficit

Multiple haemostatic dressings are available includ-
ing QuickClot® Combat Gauze™, favoured by the US
military, and Celox™-coated gauze, favoured in the UK.
These two are proven to be significantly more likely to
arrest haemorrhage than standard gauze alone, being
effective in more than 88% of cases and have no associ-
ated adverse events [10-14].

In practical terms all products suggest the same use
in the context of penetrating neck injuries. The gauze
should be packed tightly into the neck wound as able.
The remainder of the gauze can then be used over the
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top of the PNI. Direct pressure should be applied for a
minimum of 3 minutes. Following this, a further dress-
ing should be applied over the top of the haemostatic
gauze to maintain pressure as able. The gauze should
not be removed until the patient is in a place of safety. In
PNI, once the immediately life-threatening catastrophic
haemorrhage has been controlled, ongoing direct pres-
sure to the neck must be used in balance against the risk
of causing cerebral ischaemia from reduced blood flow.

Airway control and ventilation

Airway management in PNI is potentially challenging.
The airway may be complicated by the injury itself, the
presence of blood or secretions, or may be secondarily
distorted by soft tissue swelling or haematoma forma-
tion. The bleeding upper airway poses many challenges
including preoxygenation and denitrogenation being less
efficient, hypovolemia with impending or established cir-
culatory collapse and also human factors including the
clinical care team being overwhelmed by stress [15].

Due to the range of potential presentations, there is
no consensus on airway management in PNI. As such,
decisions on airway control should be taken on a patient-
by-patient basis. Indications for intubation include air-
way compromise/injury, apnoea or respiratory failure,
hypoxia and a reduced level of consciousness [16]. Early
recognition of any of these indications is crucial in both
the pre-hospital setting and in PNI, especially when these
two factors are in combination.

Wherever possible, spontaneous ventilation should be
maintained in the acute adult airway trauma patient [17].
However, in the time critical agitated patient, the first
attempted intervention should be a Rapid Sequence Intu-
bation (RSI), but with certain proposed modifications.
These include, where possible, avoidance of both cricoid
pressure and intermittent positive pressure ventilation
via a facemask or supraglottic airway device.

Rapid sequence intubation

Airway management options are more limited in the pre-
hospital environment than in the emergency department
due to resource limitations, and research is lacking; how-
ever, extrapolation of the available emergency depart-
ment evidence may reassure pre-hospital clinicians.
Mandavia et al. [18] retrospectively analysed all emer-
gency department intubations at a level 1 trauma center
over a 3-year period. In this time 748 patients with PNI
were evaluated, of which 11% required emergency airway
control. Of these 67.2% were intubated through RSI with
direct laryngoscopy with a 100% success rate. This find-
ing is in keeping with a previous retrospective review of
107 patients with PNI which demonstrated no difference
in success rate when advanced airway techniques, such as
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awake fibreoptic intubation, were used compared to RSI
and direct laryngoscopy [19].

This has led a recent review to conclude RSI to be the
preferred method of intubation for patients with PNI [1].
The available in-hospital data suggests a strong likelihood
of success with emergency intubation through RSI and
direct laryngoscopy in PNI. Therefore, despite the added
difficulties in performing a pre-hospital RSI, clinicians
should not be deterred from gaining immediate airway
control when there is an immediate need to do so.

The use of video laryngoscopy (VL) is becoming more
widespread both within the hospital and pre-hospital
environment, expedited by the need for changes in
practice in response to COVID19. The potential ben-
efits of video laryngoscopy were summarised in a recent
Cochrane review as, ‘Video laryngoscopes may reduce
the number of failed intubations, particularly among
patients presenting with a difficult airway’ [20]. No evi-
dence was available comparing video with direct laryngo-
scopy (DL) in relation to pre-hospital PNI management.
Therefore, these reported benefits must be balanced
against potential PNI specific difficulties, such as blood
obscuring the VL image, until such subspecialty research
has been undertaken, and guidelines produced at a local
level to reflect this. A recent prospective observational
study into the use of VL by the helicopter emergency
medical service (HEMS) bases of the Swiss Air Res-
cue over the course of one year demonstrated an over-
all 87.6% first pass success (FPS) rate including 84.8% in
trauma [21]. Of note in this study, performing airway
management indoors or inside an ambulance resulted in
a significantly higher FPS of 91.1% compared to outdoor
locations. This increased success when not outside may
be specific to VL however as it mitigates glare that can
reduce clarity on the VL image. This choice of location
inside/ in an ambulance must also be balanced against
the numerous benefits of having 360 degree access
to a patient when they are not located in an enclosed
environment.

As with all procedures, operator choice and familiarity
is imperative. In light of the lack of any strong evidence
in favour of one particular method of gaining airway con-
trol, this personal preference and familiarity should con-
tinue to guide RSI technique choice.

Front of neck access

Should intubation be unsuccessful however, in a ‘cannot
intubate cannot ventilate scenario; Front of Neck Access
(FONA) would likely be attempted. Again, the evidence
for this in the pre-hospital PNI population is positive. A
large prospective observational study based at combat
hospitals in Iraq and Afghanistan identified 34 patients
out of a total of 1927 who received a pre-hospital or
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in-transfer cricothyrotomy, an incidence of 1.76%. 83%
of these patients had significant head, face and neck inju-
ries. This incidence likely reflects the differences in sup-
port, resources and transfer durations between military
and civilian systems. Cricothyrotomy was successful in
28 cases (82%) [22]. Of note in this paper all FONA was
performed by non-physicians, reiterating that operator
familiarity, competency, training and experience is more
important than clinical background. This 82% success
rate is slightly lower than the 90.5% reported in a pre-
vious meta-analysis [23], likely due to the more serious
injury profile, and by extension anatomical disruption,
in the military patient cohort. In comparison, a review
of the last 20 years of experience of London HEMS dem-
onstrated a much lower incidence of only 0.19% (72 of
37,725 patients) with a 97% success rate [24]. Of interest,
penetrating trauma (stabbing of gunshot wound) at any
anatomical location, accounted for only 8 (10.3%) cases of
scalpel cricothyroidotomy over this 20-year case review.

In the scenario that definite airway control cannot be
achieved through the above two routes, another option
reported in the literature, and one to consider if appli-
cable, is to use a bougie to facilitate intubation directly
through a tracheal laceration/puncture [25].

Ventilation

Once a definitive airway has been obtained and venti-
lation commenced, it is important to be mindful of the
chest complications of both the initial trauma and posi-
tive pressure ventilation. This is particularly important in
zone 1 injuries with a caudal vector of penetration. Hae-
mothorax and pneumothorax are reported as important
causes of respiratory failure in PNI [26] and in an Israeli
military report of neck injuries over a 20-year period, 2%
of isolated neck injuries required chest decompression
[27].

In conclusion, should definitive airway control be
required, and clinicians present with the available skill
set to perform an RS, this should be conducted based
on the operators familiarity and preference with a given
technique.

Circulation
As with all trauma patients, initial circulatory resuscita-
tion comprises ongoing haemorrhage control, haemo-
static volume resuscitation and measures to prevent
trauma coagulopathy. Haemostatic resuscitation and mit-
igation of trauma coagulopathy are beyond the scope of
this review. Instead, we will focus on haemorrhage con-
trol measures specific to PNL

The role of haemostatic dressings has already been
evaluated. These can be augmented if required with
other devices, one of which is the iTClamp® (Innovative
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Trauma Care, San Antonio, TX, USA). This is a tempo-
rary wound closure device that can be applied to con-
trol haemorrhage from open wounds in compressible
zones [28]. A case series of 10 patients, 50% of whom had
mixed arterial and venous bleeding, showed 90% con-
trol of bleeding using this device. This was increased to
100% when the device and haemostatic gauze were used
in combination [29]. This case series, along with its dem-
onstration of effectiveness in over 245 field applications,
has led to the iTClamp® being recommended as a pri-
mary intervention for haemorrhage control in PNI by the
American committee on Tactical Combat-Casualty Care
[30].

Foley catheters can also be used to manage haemor-
rhage in PNI. A small military case series demonstrated
11 patients in whom a Foley catheter was used to con-
trol haemorrhage with a 91% success rate [31]. The
authors report that a volume of 10 ml is usually suffi-
cient to arrest bleeding without affecting the surrounding
microcirculation.

In PNI resulting in traumatic cardiac arrest, current
guidelines from the Western Trauma Association indi-
cate that patients with PNI, less than 5 min of CPR and
profound refractory shock should undergo a resuscitative
thoracotomy (RT) [32]. This RT is to evaluate and arrest/
mitigate ongoing sources of haemorrhage where possible.
It would also allow, if indicated, aortic cross-clamping
to increase cardiac pre-load and by extension cerebral
and cardiac perfusion. A single trauma center in the US
reports 27 patients undergoing RT for non-torso injuries
over a 26-year period. Three of these 27 patients (11%)
survived to leave hospital of which 2 of the 3 had sus-
tained a PNI [33].

In summary, alongside local haemostatic volume
resuscitation and haemorrhage control guidelines, junc-
tional injury specific measures should also be considered
including adjuncts such as the iTClamp® or a Foley cath-
eter. Resuscitative thoracotomy should also be consid-
ered if indicated.

Disability prevention
Nervous system injuries occur in only approximately 7%
of cases of PNI [34] and this drops further to 1.5% when
looking at stab wounds only [35]. These authors further
concluded that unstable cervical spine injuries in PNI are
very rare but are associated with severe focal neurologi-
cal deficit or altered mental status. This sits alongside a
previous retrospective review from the same time period
that associated cervical spine immobilisation with an
increased risk of death in PNI [36].

More recently Haut et al. [37] retrospectively ana-
lysed data from more than 45,000 patients with isolated
penetrating trauma. The odds ratio for death in patients
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undergoing spinal stabilisation was 2.06 (95% CI 1.35—
3.13) compared to those that did not. The NNT with
spinal stabilisation to potentially benefit 1 patient was
1032, whereas the NNH was 66.

In ballistics injuries, including explosions and gun-
shot wounds, in a series of 90 British military casu-
alties, only 1.8% of survivors to a surgical facility
had sustained an unstable cervical spine injury that
required surgical stabilisation [38].

Furthermore, a retrospective review of battlefield
casualties including 44 cases of PNI in Israeli soldiers
concluded that c-spine collars had the potential to hide
signs of life-threatening conditions, including tracheal
deviation, subcutaneous emphysema, large expanding
haematoma, and diminished or absent carotid pulses
[39].

The above evidence has led to the conclusion of a
strong recommendation against the intervention of
spinal stabilisation in patients with isolated penetrat-
ing injuries, in a recent update on spinal stabilisation in
adult trauma patients [40].

Along with judicious use of c-spine immobilisation
for patients with hard neurological signs, neuropro-
tective measures should be considered to prevent any
secondary neurological injury. This includes, where
possible, prevention of hypoxia, hypercapnia and
hypotension.

Limitations of this review
This review has looked at an area of current practice
within which, patient numbers are relatively small,
but who can have significant morbidity and mortal-
ity. This is also an area of practice split between both
civilian and military environments, within which prac-
tice, resources, and geography can be different. Finally,
there is also a relative lack of evidence from pre-hos-
pital practice due to a combination of its emergency
nature, austere environment, challenges in performing
prospective high-quality trials, especially for interven-
tions such as these, and the relatively recent emergence
of pre-hospital emergency medicine as a specialty in
itself. The combination of the above necessitates the
use of more low-level evidence, predominantly case-
series, and evidence extrapolated from alternative
populations, to guide the recommendations made in
this review. Given that pre-hospital practice recom-
mendations are sometimes extrapolated from in-hos-
pital research papers, a search focusing on pre-hospital
papers only could also be deemed a limitation.

This review also only evaluated those papers written in
English language. As such there is also the potential that
other relevant research may have been omitted.
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Discussion

PNI is a relatively rare yet clinically challenging presen-
tation faced by the pre-hospital clinical team. Evidence
in this field is mainly comprised of case series. We iden-
tified only one meta-analysis and one randomized con-
trolled trial. It is unlikely that a prospective randomised
controlled trial will be preformed in this area, therefore
an expert consensus statement on best practice, derived
from the best available evidence, should be used to
guide clinical practice. The use of a shared structured
mental model including some nuanced additions as dis-
cussed in this review, may allow for rapid assessment
and management prior to transfer to definitive care at
a trauma centre. We have extrapolated from the results
of this literature review, a proposed management
algorithm for use in the pre-hospital environment,
when managing PNI (Fig. 2). Interventions commonly
employed in the pre-hospital setting, such as RSI for
definitive airway control, should continue to be used, as
should basic haemorrhage control interventions includ-
ing direct pressure with haemostatic gauze. Cervical
spine immobilisation should be avoided in all cases of
PNI unless there is evidence of severe focal neurologi-
cal deficit or altered mental status.

Future research in this field should now seek to differ-
entiate best practice within this model in more detail,
using studies to provide a higher level of evidence than
that which is currently available. This may include
direct vs. video laryngoscopy in PNI, or between dif-
ferent types of haemostatic gauze and other immediate
haemorrhage control interventions. The effects of these
interventions on preventing secondary brain injury
should also be evaluated.

Conclusion

Penetrating neck injury is a rare presentation yet one
which is clinically challenging and has high patient
mortality and morbidity. This review leads to a pro-
posed algorithm for the pre-hospital management of
penetrating neck injuries, based on current available
evidence. On this algorithm we hope to base an onward
Delphi process to agree a consensus statement to guide
the management of PNI in the civilian population.
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