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Variant 1: Penetrating neck injury. Clinical soft injury signs.
Radiologic Procedure Rating Comments RRL*
. This procedure is the imaging study of

CTA neck with IV contrast ? choice. See references [2,5,6,8,11-17]. 0O
Use this procedure to screen and prior to

X-ray neck 7 MRI/MRA in gunshot woupds and in ' 2
some stab wounds if there is any question
as to the integrity of the weapon.

US neck 5 See references [4,13-15,22,23]. O

MRA neck without and with IV contrast 5 See references [4,10,13,15,21,26]. O
This procedure is usually used as a follow-

Arteriography neck 5 up test/treatment to a CTA or MRA. See ol
references [2,6,11,20,21].

X-ray biphasic esophagram 5 See references [2,6,8,11,27]. S0

MRA neck without IV contrast 4 Thl.s procgdure may be coqs1dered m O
patients with renal insufficiency.

*Relative

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Radiation Level

Variant 2: Penetrating neck injury. Normal or equivocal CTA. Concern for vascular injury.
Radiologic Procedure Rating Comments RRL*
Arteriography neck 8 See references [2,6,8,20,21]. S0
MRA neck without and with IV contrast 5 See references [4,10,13,15,23]. O
MRA neck without IV contrast 4 O
US neck 4 See references [4,13-15,22,23]. @]
*Relative

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Radiation Level

Variant 3: Penetrating neck injury. Normal or equivocal CTA. Concern for aerodigestive injury.
Radiologic Procedure Rating Comments RRL*
X-ray single contrast esophagram 8 See references [2,6,8,11,27]. S
MRI neck without and with IV contrast 5 See references [4,10,13,15,23,26]. O
MRI neck without IV contrast 5 O
*Relative

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Radiation Level
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Summary of Literature Review

Introduction/Background

In the United States, penetrating neck injuries encompass roughly 1% to 10% of emergency department trauma
cases [1,2], with a mortality rate of up to 10% [1,3]. Classically, penetrating neck injuries are described as those
injuries that penetrate the platysma muscle and are divided into three anatomic zones: zone I extends from the
clavicles and sternal notch to the cricoid cartilage, zone Il extends from the cricoid cartilage to the mandibular
angle, and zone III extends from the mandibular angle to the skull base [1-4]. Injury to any zone of the neck has
the potential to damage multiple densely positioned vital structures because of the associated complex anatomy
[4]. Traditionally, penetrating injuries to zone II were immediately taken for surgical exploration, whereas injuries
to zones I and IIl were evaluated by conventional angiography and other modalities, including computed
tomographic angiography (CTA) [3,5-7]. However, some current literature supports the use of a “no-zone”
approach to the evaluation of penetrating neck injuries [6,7]. Multiple algorithmic approaches are used in
evaluation and treatment of these patients [1,2,8,9]. Vascular injury occurs in up to 25% of patients with
penetrating neck injuries [2,10], with up to 25% of these vascular injuries being arterial in nature [3].

Current approaches to patients with penetrating neck injuries result from clinical evaluation and the findings of
hard versus soft signs. Hard signs of vascular or aerodigestive injury include active hemorrhage, pulsatile or
expanding hematoma, bruit or thrill in the region of the wound, hemodynamic instability, unilateral upper-
extremity pulse deficit, massive hemoptysis or hematemesis, air bubbling in the wound, and airway compromise.
These hard signs of injury are associated with an unstable or a potentially unstable patient and often mandate
immediate operative evaluation and treatment without preoperative imaging. Symptoms related to cerebral
ischemia are also hard signs of penetrating injury, but these patients may be stable enough to benefit from first
performing imaging studies. Imaging of the brain in addition to the head and neck vasculature may be used to
determine optimal surgical, endovascular, or medical therapy. Soft signs of vascular and aerodigestive injury
include nonpulsatile or nonexpanding hematoma, venous oozing, dysphagia, dysphonia, and subcutaneous
emphysema [6,7]. These commonly result in further evaluation, typically with imaging.

Overview of Imaging Modalities

CTA dominates the imaging landscape when it comes to the initial evaluation of patients with penetrating neck
trauma who do not require immediate surgical exploration [2,6,8,11]. In early comparisons with catheter
angiography, CTA demonstrated high sensitivity and specificity [5,11-16]. This held true in a prospective study in
2012 [5] for detecting vascular and aerodigestive injury by CTA, where sensitivity was 100% and specificity was
97.5%. Early adoption of CTA in the initial evaluation of patients with penetrating injuries to the neck led to a
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decrease in overall neck explorations and negative neck explorations as well as the use of catheter angiography
and esophagography [17]. A recent retrospective study [18] reviewed the selective nonoperative management of
patients with clinical hard signs. Of patients with hard signs who were hemodynamically stable and had a stable
airway, 74% who received a CTA were able to avoid surgical neck exploration.

In patients for whom the risk of allergic reaction to iodinated contrast is high or unknown, premedication may be
appropriate per ACR recommendations [19]. If there is a high risk for contrast reaction or if iodinated contrast
cannot be given, unenhanced computed tomography (CT) imaging of the neck may be performed, but with the
understanding the vasculature may be underevaluated.

Catheter angiography has been considered the gold standard for vascular imaging in penetrating neck injury, in
particular when zone I or III is involved, although it has been supplanted by CTA. Catheter angiography still has a
place when there are equivocal findings on CTA or when a vascular access—based treatment approach is
warranted [2,6,8,20,21].

Ultrasound (US) is limited in its use in patients with penetrating neck injury, given the effect of overlying or
adjacent soft-tissue injury. It may be complicated by a cervical collar or overlying skin dressings, provides limited
evaluation of surrounding structures, and is of limited use in zone I and Il injuries [4,13,14,22,23]. Early studies
comparing US and catheter-based angiography demonstrated a sensitivity of 91%, a specificity of 98% to 100%, a
positive predictive value of 100%, and a negative predictive value of 99% for patients with clinical soft signs
imaged by US [24,25].

Magnetic resonance imaging/magnetic resonance angiography (MRI/MRA) are limited in the initial trauma
setting given the length of scanning, potentially critical nature of the patient’s condition, and concern for metallic
foreign bodies [4,13,15,23]. Concern for metallic foreign bodies may be investigated by either CT or radiographs.
MRI or MRA use in evaluation of spinal cord injury, traumatic disk injury, ligamentous injury, and blood within
the spinal canal, however, is quite valuable [10], as is their application in the evaluation of laryngeal cartilaginous
injuries [26].

Fluoroscopic upper gastrointestinal tract examination has its role in the evaluation of penetrating neck injuries but
is typically used as a problem-solving modality [2,6,8]. Barium swallow, preferably with water-soluble contrast,
may miss significant oropharyngeal and hypopharyngeal injuries, although this imaging examination will
typically detect esophageal injuries [27].

As arterial injury occurs in a proportion of patients with penetrating neck injury, one must be cognizant of the
possibility of end-organ injury, particularly to the brain. Although not directly related to imaging of the neck in
penetrating injuries, imaging of the brain and cerebral vasculature may be considered where cervical vascular
injury is determined either by clinical examination, imaging, or surgery.

Discussion of Procedures by Variant

Variant 1: Penetrating neck injury. Clinical soft injury signs.

Radiography

Radiographs are ubiquitous in radiology and in some practices may be employed in the initial evaluation of acute
trauma patients [28]. In the initial evaluation in the trauma bay, radiographs of the neck may demonstrate radio-
opaque foreign bodies, soft-tissue swelling, airway competency, fractures, and subcutaneous emphysema. With
the exception of patients exhibiting clear hard signs necessitating immediate surgical intervention, the initial
radiographs are generally followed by a more detailed CT or CTA evaluation.

CTA

After the clinical determination is made regarding the need for immediate surgical exploration (eg, presence of
hard versus soft signs), CTA is considered the first-line imaging evaluation, replacing catheter angiography as the
preferred modality. Multiple studies have shown CTA to have high sensitivity, in the range of 90% to 100%;
specificity ranging from 98.6% to 100%; a positive predictive value of 92.8% to 100%; and a negative predictive
value of 98% to 100% [5,12,14] for evaluating vascular injury. In addition to identifying vascular injury, CTA
simultaneously identifies extravascular soft-tissue and aerodigestive injuries with a sensitivity of 100% and a
specificity ranging from 93.5% to 97.5% [2,5,6,8,12-14,17,29].

CT esophagography has been described for diagnosing suspected upper-digestive-tract injuries in the trauma
setting. There are limited data on this imaging modality, which can be performed either in conjunction with the
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CTA or as a separate study. In Conradie and Gebremariam’s prospective study [30], CT esophagography
performed in conjunction with CTA yielded a sensitivity of 100% compared with those evaluated with CT
esophagography alone (95%). Specificity varied between 85% and 91% for both studies (CT esophagography
alone or in conjunction with CTA).

Arteriography, MRI, MRA, US, and Esophagram

Although catheter angiography, MRI, MRA, US, and fluoroscopic studies could be used in the initial evaluation
of penetrating neck injury, these are typically relegated to problem solving for specific issues in contemporary
trauma workups.

Variant 2: Penetrating neck injury. Normal or equivocal CTA. Concern for vascular injury.

Arteriography

Catheter angiography was traditionally used in the evaluation of zones I and III but now is considered primarily in
the evaluation of patients with a normal or equivocal CTA with a concerning penetrating foreign body trajectory
[6,8] or when endovascular therapy is to be performed [1]. Catheter angiography may be performed in follow-up
to equivocal CTA examinations, especially when a clinically significant vascular injury cannot be reliably
excluded. A limitation of CTA is the potential for streak artifact from retained metallic foreign bodies; in this
instance, digital subtraction catheter angiography may be more sensitive and appropriate for vascular evaluation
[20,21].

US

Studies in the 1990s demonstrated a high sensitivity and specificity, as well as positive and negative predictive
values, of US in patients with penetrating injuries to the neck [24,25,31]. In considering the strengths of US
evaluation versus the limitations as discussed, in only very specific circumstances may US provide additional
diagnostic insight. For overall structural and functional assessment in the initial evaluation period, arteriography
remains the preferred modality.

MRA

MRA may be feasible in the clinically stable patient for the evaluation of vascular injuries, although limitations
such as potential retained foreign bodies and length of the examination may preclude its use [4,13,15,23]. In select
and appropriate patients, MRI techniques, including 2-D and 3-D time-of-flight, contrast-enhanced time-resolved,
and phase-contrast techniques, are available to evaluate the neck vasculature [32]. The 2-D and 3-D time-of-flight
techniques do not require contrast for their technique.

Variant 3: Penetrating neck injury. Normal or equivocal CTA. Concern for aerodigestive injury.

Barium Swallow

Various algorithms are present in practice for the use of esophagrams in the evaluation of aerodigestive injury in
the patient with penetrating neck injury. These algorithms vary depending on factors such as whether or not the
patient is symptomatic, the degree of clinical concern, the outcome of the initial CT or CTA, and the mechanism
of injury [2,6,8,11]. Ahmed et al [27] argue that contrast fluoroscopic studies should not be used in the evaluation
of oropharyngeal and hypopharyngeal injuries given that water-soluble and thin barium examinations missed 13
of 13 injuries in this area, compared with video endoscopy performed at the bedside. Water-soluble contrast is
preferred, because there is the risk of extraluminal contrast extravasation. Panendoscopy with laryngoscopy,
bronchoscopy, and esophagoscopy (flexible and rigid) is the gold standard to rule out oropharyngeal,
hypopharyngeal, laryngotracheal, and esophageal injuries.

MRI

Overall, CT or CTA is preferred when evaluating for acute osseous and soft-tissue cervical injuries. MRI, in
particular fat-suppressed T2-weighted imaging, is more sensitive for assessing potential cartilaginous and fibrous
injuries but is relegated to specific problem-solving cases and is not routinely performed [26]. Standard MRI
sequences to include short tau inversion recovery and T2, as well as gadolinium-enhanced T1 with fat saturation,
may help further define the extent of injury of the soft tissues.

Summary of Recommendations

e In patients with penetrating neck injuries with clinical soft injury signs and in patients with hard signs of
injury who do not require immediate surgical exploration, CTA of the neck is the preferred imaging procedure
to evaluate the extent of injury.
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e When there remains clinical concern for vascular injury despite a normal or equivocal CTA of the neck,
catheter-based arteriography is useful for further evaluation. The benefit of arteriography is the ability to
perform, in tandem, an endovascular procedure if needed.

e If there remains a concern for aerodigestive injury despite a normal or equivocal CTA of the neck, an x-ray
single contrast esophagram may be considered, but it should be used in conjunction with direct
visualization techniques.

Summary of Evidence

Of the 33 references cited in the ACR Appropriateness Criteria® Penetrating Neck Injury document, 6 are
categorized as therapeutic references. Additionally, 27 references are categorized as diagnostic references
including 1 well-designed study, 2 good-quality studies, and 8 quality studies that may have design limitations.
There are 22 references that may not be useful as primary evidence.

The 33 references cited in the ACR Appropriateness Criteria® Penetrating Neck Injury document were published
from 1995 to 2017.

Although there are references that report on studies with design limitations, 3 well-designed or good-quality
studies provide good evidence.

Relative Radiation Level Information

Potential adverse health effects associated with radiation exposure are an important factor to consider when
selecting the appropriate imaging procedure. Because there is a wide range of radiation exposures associated with
different diagnostic procedures, a relative radiation level (RRL) indication has been included for each imaging
examination. The RRLs are based on effective dose, which is a radiation dose quantity that is used to estimate
population total radiation risk associated with an imaging procedure. Patients in the pediatric age group are at
inherently higher risk from exposure, both because of organ sensitivity and longer life expectancy (relevant to the
long latency that appears to accompany radiation exposure). For these reasons, the RRL dose estimate ranges for
pediatric examinations are lower as compared to those specified for adults (see Table below). Additional
information regarding radiation dose assessment for imaging examinations can be found in the ACR
Appropriateness Criteria® Radiation Dose Assessment Introduction document [33].

Relative Radiation Level Designations
Relative Radiation Level* Adult Effective Dose Estimate Pediatric Effective Dose Estimate
Range Range
@) 0 mSv 0 mSv
@ <0.1 mSv <0.03 mSv
Vol 0.1-1 mSv 0.03-0.3 mSv
Vol o) 1-10 mSv 0.3-3 mSv
DSDY 10-30 mSv 3-10 mSv
DSDS® 30-100 mSv 10-30 mSv
*RRL assignments for some of the examinations cannot be made, because the actual patient doses in these procedures vary
as a function of a number of factors (eg, region of the body exposed to ionizing radiation, the imaging guidance that is
used). The RRLs for these examinations are designated as “Varies”.

Supporting Documents
For additional information on the Appropriateness Criteria methodology and other supporting documents go to
WWww.acr.org/ac.

References

1. O'Brien PJ, Cox MW. A modern approach to cervical vascular trauma. Perspect Vasc Surg Endovasc Ther.
2011;23(2):90-97.

2. Saito N, Hito R, Burke PA, Sakai O. Imaging of penetrating injuries of the head and neck:current practice at a
level I trauma center in the United States. Keio J Med. 2014;63(2):23-33.

ACR Appropriateness Criteria”™ 5 Penetrating Neck Injury


https://www.acr.org/-/media/ACR/Files/Appropriateness-Criteria/RadiationDoseAssessmentIntro.pdf
https://www.acr.org/Clinical-Resources/ACR-Appropriateness-Criteria

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Steenburg SD, Sliker CW, Shanmuganathan K, Siegel EL. Imaging evaluation of penetrating neck injuries.
Radiographics. 2010;30(4):869-886.

Bagheri SC, Khan HA, Bell RB. Penetrating neck injuries. Oral Maxillofac Surg Clin North Am.
2008;20(3):393-414.

Inaba K, Branco BC, Menaker J, et al. Evaluation of multidetector computed tomography for penetrating neck
injury: a prospective multicenter study. J Trauma Acute Care Surg. 2012;72(3):576-583; discussion 583-574;
quiz 803-574.

Shiroff AM, Gale SC, Martin ND, et al. Penetrating neck trauma: a review of management strategies and
discussion of the 'No Zone' approach. Am Surg. 2013;79(1):23-29.

Low GM, Inaba K, Chouliaras K, et al. The use of the anatomic 'zones' of the neck in the assessment of
penetrating neck injury. Am Surg. 2014;80(10):970-974.

Sperry JL, Moore EE, Coimbra R, et al. Western Trauma Association critical decisions in trauma: penetrating
neck trauma. J Trauma Acute Care Surg. 2013;75(6):936-940.

Brennan J, Lopez M, Gibbons MD, et al. Penetrating neck trauma in Operation Iraqi Freedom. Otolaryngol
Head Neck Surg. 2011;144(2):180-185.

Stallmeyer MJ, Morales RE, Flanders AE. Imaging of traumatic neurovascular injury. Radiol Clin North Am.
2006;44(1):13-39, vii.

Burgess CA, Dale OT, Almeyda R, Corbridge RJ. An evidence based review of the assessment and
management of penetrating neck trauma. Clin Otolaryngol. 2012;37(1):44-52.

Brywczynski JJ, Barrett TW, Lyon JA, Cotton BA. Management of penetrating neck injury in the emergency
department: a structured literature review. Emerg Med J. 2008;25(11):711-715.

Munera F, Cohn S, Rivas LA. Penetrating injuries of the neck: use of helical computed tomographic
angiography. J Trauma. 2005;58(2):413-418.

Patterson BO, Holt PJ, Cleanthis M, Tai N, Carrell T, Loosemore TM. Imaging vascular trauma. Br J Surg.
2012;99(4):494-505.

Munera F, Danton G, Rivas LA, Henry RP, Ferrari MG. Multidetector row computed tomography in the
management of penetrating neck injuries. Semin Ultrasound CT MR. 2009;30(3):195-204.

Meghoo CA, Dennis JW, Tuman C, Fang R. Diagnosis and management of evacuated casualties with cervical
vascular injuries resulting from combat-related explosive blasts. J Vasc Surg. 2012;55(5):1329-1336;
discussion 1336-1327.

Woo K, Magner DP, Wilson MT, Margulies DR. CT angiography in penetrating neck trauma reduces the
need for operative neck exploration. Am Surg. 2005;71(9):754-758.

Schroll R, Fontenot T, Lipcsey M, et al. Role of computed tomography angiography in the management of
Zone II penetrating neck trauma in patients with clinical hard signs. J Trauma Acute Care Surg.
2015;79(6):943-950; discussion 950.

American College of Radiology. Manual on Contrast Media. Available at: http://www.acr.org/Quality-
Safety/Resources/Contrast-Manual. Accessed March 1, 2017.

Cox MW, Whittaker DR, Martinez C, Fox CJ, Feuerstein IM, Gillespie DL. Traumatic pseudoaneurysms of
the head and neck: early endovascular intervention. J Vasc Surg. 2007;46(6):1227-1233.

Greer LT, Kuehn RB, Gillespie DL, et al. Contemporary management of combat-related vertebral artery
injuries. J Trauma Acute Care Surg. 2013;74(3):818-824.

Fox CJ, Gillespie DL, Weber MA, et al. Delayed evaluation of combat-related penetrating neck trauma. J
Vasc Surg. 2006;44(1):86-93.

Schroeder JW, Baskaran V, Aygun N. Imaging of traumatic arterial injuries in the neck with an emphasis on
CTA. Emerg Radiol. 2010;17(2):109-122.

Demetriades D, Theodorou D, Cornwell E, et al. Evaluation of penetrating injuries of the neck: prospective
study of 223 patients. World J Surg. 1997;21(1):41-47; discussion 47-48.

Demetriades D, Theodorou D, Cornwell E, 3rd, et al. Penetrating injuries of the neck in patients in stable
condition. Physical examination, angiography, or color flow Doppler imaging. Arch Surg. 1995;130(9):971-
975.

Becker M, Leuchter I, Platon A, Becker CD, Dulguerov P, Varoquaux A. Imaging of laryngeal trauma. Eur J
Radiol. 2014;83(1):142-154.

Ahmed N, Massier C, Tassie J, Whalen J, Chung R. Diagnosis of penetrating injuries of the pharynx and
esophagus in the severely injured patient. J Trauma. 2009;67(1):152-154.

ACR Appropriateness Criteria”™ 6 Penetrating Neck Injury



28.

29.

30.

31.

32.

33.

American College of Surgeons. Advanced Trauma Live Support (ATLS) for Doctors Student Course Manual.
9th ed. Chicago, IL: American College of Surgeons; 2012.

Bodanapally UK, Shanmuganathan K, Dreizin D, et al. Penetrating aerodigestive injuries in the neck: a
proposed CT-aided modified selective management algorithm. Eur Radiol. 2016;26(7):2409-2417.

Conradie WJ, Gebremariam FA. Can computed tomography esophagography reliably diagnose traumatic
penetrating upper digestive tract injuries? Clin Imaging. 2015;39(6):1039-1045.

Montalvo BM, LeBlang SD, Nunez DB, Jr., et al. Color Doppler sonography in penetrating injuries of the
neck. AJNR Am J Neuroradiol. 1996;17(5):943-951.

American College of Radiology. ACR—ASNR-SNIS-SPR Practice Parameter for the Performance of
Cervicocerebral Magnetic Resonance Angiography (MRA). Available at:
http://www.acr.org/~/media/ ACR/Documents/PGTS/guidelines/Cervicocerebral MRA.pdf. Accessed March
1,2017.

American College of Radiology. ACR Appropriateness Criteria® Radiation Dose Assessment Introduction.
Available at: http://www.acr.org/~/media/ACR/Documents/AppCriteria/RadiationDoseAssessmentIntro.pdf.
Accessed March 1, 2017.

The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for determining appropriate imaging examinations for
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in making decisions regarding radiologic imaging and treatment. Generally, the complexity and severity of a patient’s clinical condition should dictate the
selection of appropriate imaging procedures or treatments. Only those examinations generally used for evaluation of the patient’s condition are ranked.
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classified as investigational by the FDA have not been considered in developing these criteria; however, study of new equipment and applications should
be encouraged. The ultimate decision regarding the appropriateness of any specific radiologic examination or treatment must be made by the referring
physician and radiologist in light of all the circumstances presented in an individual examination.
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