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Background: Penetrating neck injuries account for a significant trauma burden on the provincial healthcare system.
Penetrating neck trauma ranges from obvious aerodigestive and/or vascular injuries with unstable physiology, to stable
patients with subtle injuries which may cause morbid complications in the future if overlooked. The majority of the
hospitals in the province have major inadequacies in terms of radiology staff and equipment, leading to a significant
burden on Inkosi Albert Luthuli Central Hospital (IALCH).

Methods: A retrospective descriptive study was performed using data from the IALCH trauma unit databases, reviewing
patient charts between 1 January 2018 and 31 December 2020. Data retrieved encompassed the age, demographics,
referral hospitals, mechanism of injury, type of injuries, zones, imaging indications and results.

Results: Patients were referred from surrounding hospitals, the majority of which were young males and the lead
mechanism was stab wounds. The vast majority of injuries were found in zone 2 and the majority of patients were referred
exclusively due to proximity of skin injury and positive imaging findings formed the minority.

Conclusion: For patients with soft signs of vascular injury there is room for clinical observation without routine
imaging. Similarly, patients with soft signs of oesophageal injury, such as proximity, dysphagia, dysphonia, odynophagia,
retropharyngeal air on CT and hematemesis may be admitted for observation rather than routinely imaged, provided they

can access surgical care if they fail non-operative management.
Keywords: CT-angiogram, contrast swallow, penetrating neck, outcomes

Introduction

The majority of the hospitals in the KwaZulu-Natal province
have major inadequacies in terms of radiology staffing and
functional equipment, leading to a significant burden on the
quaternary facility Inkosi Albert Luthuli Central Hospital
(IALCH). There is also a huge trauma burden, much of
which requires imaging to include or exclude potential
organ damage.! Many of the referrals to the institution for
penetrating neck injuries reveal normal scans and swallows,
thereby wasting resources and manpower.

The no-zone approach for penetrating neck trauma has
revolutionised and superseded the previous gold standard of
the neck zone approach.? Patients presenting with soft signs
of vascular or trachea-oesophageal injuries are currently
being routinely imaged out of fear of omission of elusive
injuries, which if overlooked, can have ominous potential
consequences for the patient. This has resulted in imposing
an unnecessary workload and pressure on an already
overburdened provincial healthcare system.

This aim of the study was to review presenting symptoms
and signs for penetrating neck injury referrals to IALCH
and comparing these to CT-angiogram (CTA) and contrast
swallow findings with the goal to reduce unnecessary
imaging referrals to IALCH hence decreasing the workload.
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Method

Retrospective descriptive quantitative data was collected
from the trauma unit databases, including electronic patient
records, of all patients treated for penetrating neck injuries
with signs and symptoms of vascular or signs of digestive
tract injuries which were referred to IALCH between 1
January 2018 and 31 December 2020.

Data was gathered from archived electronic patient
records and captured onto a spreadsheet in Microsoft Excel®
(Microsoft corp, Redmund WA). Age, demographic details,
referring hospital, injury mechanisms, zones of the neck
and imaging findings were included as part of the data
gathering process. Statistical analysis was performed with
SPSS 28 (IBM Corp, Armonk NY), reported as medians and
interquartile ranges, or means and standard deviations, as
appropriate. Statistical significance was set two-tailed with
a p-value of < 0.05. Positive and negative predictive values
were calculated for the sensitivity and specificity of the
imaging studies.

Results

Two hundred and eleven referrals were identified from the
review of the charts for imaging requests between January
2018 and December 2020. The total number of patients
referred for both CTA and contrast swallow were 98, the
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Figure 1: Frequency of referrals from base hospitals

total number of patients referred for CTA were 54 and the
total number of patients referred for contrast swallow only
were 59. It is unknown whether the patients sent for contrast
swallow only had normal CT scans done at base.

Based on the analysis of demographics of the population,
9 patients were female (4%) and the remainder 202 (96%)
were male. The median age of patients in the cohort was 30.
The interquartile range (IQR) is equal to 30.72.

Figure 1 illustrates the distribution of patients referred
from hospitals in and around KwaZulu-Natal. The majority
of patients were referred from R K Khan (RKK) 67 (31.8%),
King Edward (KEH) 29 (13.7%), Port Shepstone (PSH), 21
(9.95%), Prince Mshiyeni Memorial (PMMH) 17 (8.06%),

Table I: Mechanism of injuries sustained and location of zones

Addington (ADH) 16 (7.58%), Stanger 16 (7.58%), GJ
Crookes (GCJ) 14 (6.63%) hospitals and 31 (14.70%)
collectively from the remaining hospitals.

The lead mechanism of injury was stab wound (SW)
injuries with a total of 177 (84%) while gunshot wounds
(GSW) comprised 34 (16%) (Table I). Patients were also
evaluated according to location of neck zone of the skin
injury; zone 2 injuries comprised 107 (51%), while zone 1
were 61 (29%) and zone 3 made up 11 (5%) respectively.
In addition, the data analysis reflected that 32 patients had
injuries in multiple zones (15%).

Table II illustrates that patients with clinical signs and
symptoms of digestive tract injuries accounted for 159 (75%),

Contract swallowing Zones Grand total %
1 2 3 1/2 1/2/3 2/3
GSW 9 22 1 1 1 - 34 16
+ - 6 - - 1 - 7 3
N 5 11 1 - - 18 9
N/A 4 5 - - - - 9 4
Stab 52 85 10 13 1 16 177 84
+ 1 5 4 - 1 11 5
N 35 60 6 8 1 11 121 57
N/A 16 20 4 1 - 4 45 21
Grand total 61 107 1 14 2 16 211 100
CT angio Zones Grand total %
1 2 3 ) 1/2/3 2/3

GSW 9 22 1 1 1 - 34 16
+ - 3 1 - - - 4 2
N 6 13 - 1 1 - 21 10
N/A - 1 - - - - 1 0
N/AB 3 5 - - - - 8 4
Stab 52 85 10 13 1 16 177 84
+ 14 14 2 3 - - 33 16
N 23 45 6 6 - 12 92 44
N/A 6 16 1 2 1 2 28 13
N/AB 9 10 1 2 - 2 24 11
Grand total 61 107 11 14 2 16 211 100

+ — positive findings, N — normal scan, N/A — not applicable, N/A B — not applicable, done at base
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Table II: Test results for vascular & oesophageal injuries

Injury signs Oesophageal injuries %

Positive finding Positive predictive % Negative predictive %

Showed positive signs of injury 159 75 19 12 88
Showed no signs of injury 52 25 0 0 0
Grand total 211 100 18 12 88
Injury signs Vascular injuries % Positive finding Positive predictive % Negative predictive %
Showed positive signs of injury 182 86 37 20 80
Showed no signs of injury 29 14 0 0 0
Grand total 211 100 37 20 80

Table I11I: Predictive values of signs/symptoms of oesophageal injuries

Signs/symptoms of Patients who Patients who Total patients  Negative results  Positive results Positive predictive
Oesophageal injury tested negative tested positive tested % % value % - (PPV)
Proximity 51 2 53 96 4 3.77
Dysphagia 8 0 8 100 0 0.00
Odynophagia 41 6 47 87 13 12.77
Dysphonia 3 0 3 100 0.00
Retropharyngeal air on 7 0 7 100 0.00

CT scan

Prevertebral air on 5 5 10 50 50 50.00
X-ray

Surgical emphysema 21 4 25 84 16 16.00
Saliva and food from 0 2 2 0 100 100.00
wound

Hematemesis 2 0 2 100 0 0.00
Grand total 138 19 157 80 20 20.28

while 52 (25%) had no apparent clinical injury present. Of
the 159 patients who had a clinical suspicion of oesophageal
injury only 19 (12%) were positive. Upon evaluation of the
contrast swallow findings, 19 (12%) had a positive finding,
140 (88%) were normal. Of the 19 positive imaging findings,
7 were secondary to GSW and 12 were from SWs. Table
IT further highlights that the majority of patients presented
with clinical signs and symptoms of vascular injuries (182,
86%), while 29 (14%) had no apparent clinical finding apart
from the neck wound. Upon evaluation of the CTA findings,
37 (20%) had a positive finding, 113 (62%) were normal and
32 (18%) scans done at the base hospitals were normal (the
patients were sent only for the contrast swallow). Of the 37
positive imaging findings, 4 were secondary to GSW and
33 were from SWs. With regards to CTA, zone | and zone
2 injuries were most commonly associated with positive
imaging findings, followed by combined zone 1 and 2, and
then isolated injury to zone 3. Unfortunately, in patients
without signs and symptoms who were only referred for
contrast swallow, it was not always clear if they had a
normal CTA at the base hospital, thereby excluding any
vascular injury.

The data from Table III illustrates that of the total patients
(157) imaged with fluoroscopy, 138 were found to be
normal. The data further breaks down the indication for
requesting the imaging. The main indication for requesting
the imaging was due to proximity of the skin injury,
followed by odynophagia and surgical emphysema. Table
IIT also depicts that of the contrast fluoroscopy, 19 (12%)
were positive for oesophageal injuries. Zone 2 injuries were
most associated with positive imaging finding followed by
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combined zone 1 and 2 and then zone 1 injury. Table III
further analyses the signs/symptoms of patients referred for
contrast swallow to exclude oesophageal injury. Of the 53
patients tested based on proximity, only 2 revealed positive
imaging findings, thereby demonstrating a positive result
of 4%, a negative result of 96% and a positive predictive
value (PPV) of 3.77%. Of the 8 patients tested based on
history of dysphagia, all revealed normal imaging, thereby
demonstrating a negative result of 100% and a PPV of 0.
Of the 47 patients tested based on odynophagia, 6 scans
revealed positive findings, thereby demonstrating a positive
result of 13%, a negative result of 87% and a PPV of 12.77%.
Of the 3 patients tested based on the presence of dysphonia,
none had positive imaging findings, thereby demonstrating
a negative result of 100% and a PPV of 0. Of the 7 patients
tested based on the finding of retropharyngeal air on CT
scan, all 7 revealed normal scans, thereby demonstrating a
negative result of 100% with a PPV of 0. Of the 10 patients
tested based on the finding of prevertebral air on X-ray, 5 had
positive imaging findings thereby demonstrating a positive
result and negative result of 50% respectively with a PPV
of 50%. Of the 25 patients tested based on the presence of
surgical emphysema clinically, 4 revealed positive imaging
findings, thereby demonstrating a positive result of 16%
with a negative result of 86% and a PPV of 16%. Of the
2 patients tested based on the presence of food/saliva in
the neck wound, both scans revealed injuries, thereby
demonstrating a positive result and PPV of 100%. Of the 2
patients tested based on hematemesis, both revealed normal
scans, thereby demonstrating a negative result of 100% and
a PPV of 0. The above findings emphasise the importance of
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Table IV: Results and predictive values of signs/symptoms of vascular injury

Signs/symptoms of Patients who Patients who Total patients Negative results  Positive results  Positive Predictive
vascular injury tested negative tested positive tested % % value % - (PPV)
Proximity 82 14 96 85 15 14.58
Non-expanding hematoma 22 10 32 69 31 31.25
Neurological deficit 4 2 6 67 33 33.33
Bleed at base 4 0 4 100 0 0.00
Expanding hematoma 1 0 1 100 0 0.00
History of bleeding from 0 3 3 0 100 100.00
wound

Foreign body in situ 0 3 3 100 100.00
Bruit/thrill 0 1 1 0 100 100.00
Unexplained hypotension 0 4 4 0 100 100.00
Grand total 113 37 150 47 53 53.24

differentiating between hard and soft signs of oesophageal
injury. What is apparent from the data is that not many
patients with hard signs (airway compromise, massive
hematemesis or bubbling through the wound) were imaged.
Two patients with food and saliva from the wound were
sent for imaging and inevitably revealed positive imaging
findings. Soft signs of oesophageal injury include proximity,
odynophagia, dysphonia, dysphagia, and subcutaneous or
mediastinal air. The PPV calculation was again performed
in accordance with the standard formula, and it was not
possible to calculate negative predictive values (NPVs) due
to data limitations. The majority of the soft signs revealed
a PPV of less than 15%, with the exception of prevertebral
air on X-ray, surgical emphysema and food/saliva in wound.

Table IV illustrates that of the total patients imaged with
CTA (150), 113 were found to be normal. The indication
for requesting the imaging is further broken down in Table
IV. The main indication for requesting the imaging was
proximity of the skin injury, followed by non-expanding
hematomas, with suspected neurological deficit or an
alleged bleed at base, and a single expanding hematoma also
included as indications for imaging. Of the 96 patients tested
based on proximity, 14 revealed positive imaging findings,
thereby demonstrating a positive result of 15%, a negative
result of 85% and a PPV of 14.58%. Of the 32 patients tested
based on a non-expanding hematoma, 10 revealed positive
imaging findings, thereby demonstrating a positive result of
31%, a negative result of 69% and a PPV of 31.25%. Of
the 6 patients tested based on a neurological deficit, only 2
revealed positive findings, thereby demonstrating a positive
result of 33%, a negative result of 67% and a PPV 0f 33.33%.
Of the 4 patients tested based on history of a bleed at base,
none had positive imaging findings, thereby demonstrating
a negative result of 100% and PPV of 0. The 1 patient tested
based on an expanding hematoma, had negative imaging
finding, thereby demonstrating a negative result of 100%
and a PPV of 0. Of the 3 patients tested based on history
of active bleeding, from wounds requiring bleeding-control,
all 3 had positive imaging findings, thereby demonstrating a
positive result and a PPV of 100%. Of the 3 patients tested
based on having a foreign body impaled in the neck, all 3
revealed positive imaging findings, thereby demonstrating
a positive result and PPV of 100%. The one patient that had
a bruit and a thrill had a positive imaging finding, thereby
demonstrating a positive result and PPV of 100%. Of the
4 patients tested on basis of unexplained hypotension, all
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4 revealed positive imaging findings, demonstrating 100%
positive result and a PPV of 100%. The above findings
highlight the importance in differentiating between hard and
soft signs, all the patients with hard signs (active bleeding
from wound, shock/unexplained hypotension and bruit/
thrill) harboured an underlying vascular injury. The CTA for
the patient with the sign of an expanding hematoma strangely
demonstrated a normal study;, it is therefore assumed to have
resulted from an uncontrolled muscle bleeder, as usually an
expanding, pulsatile hematoma is accompanied by a vascular
injury. Soft vascular signs include proximity, non-expanding
hematomas, history of a bleed at base and focal neurological
deficit. The majority of the patients who presented with soft
signs demonstrated negative imaging results. NVPs could
not be calculated due to testing limitations as a retrospective
study was conducted with pre-existing data and the fact
that “TN” (true negatives) in the NPV formula could not
be derived. In terms of predictive values, important to note,
all signs/symptoms except proximity demonstrated a PPV of
more than 15%.

Discussion

This study demonstrated that penetrating SWs to the young
male population dominated the cohort, with a large number
of the patients who were imaged revealing normal scan
and swallow results. How this can translate to reducing the
imaging burden is, however, less clear.

Two separate studies conducted in the United States of
America and England, respectively, exhibited comparable
results in terms of demographics and mechanism.>* The
study from England included 214 patients mostly young
males, with penetrating SWs forming the predominant
mechanism of injury.?> The US study by Isaza-Restrepo et
al.* with 207 patients, revealed similar findings in terms of
male predominance and penetrating stab injuries.*

Similarly, most of the patients referred for imaging to
IALCH for penetrating neck injuries were male (96%)
and the mean age of patients was 30, which highlights that
trauma is rife among younger male patients in our setting.
SWs dominated the mechanism of injury in this cohort.
Numerous patients were referred from surrounding tertiary
hospitals due to either non-functional or non-existing CT
scans and non-existing fluoroscopy machines. Patients
with signs and symptoms of either vascular and digestive
tract injuries accounted for 86% and 75% respectively,
highlighting the reason for referral. The remainder of the
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patients imaged, who had no signs and symptoms, were
soft referrals due to proximity only. The CTA findings and
the contrast swallow findings revealed a positive finding in
20% and 12% respectively. Evidently only 1/5 of patients
with signs and symptoms of vascular injuries had positive
image findings and 1/6 of those with signs and symptoms
suggestive of digestive tract injuries had positive findings
on imaging.

These figures highlight that the majority of patients
referred for imaging potentially do not actually warrant
imaging and even those that have signs and symptoms of
injuries, mostly have no injuries. Their signs and symptoms
could be attributed to other variables, such as soft tissue
trauma, swelling, neuropraxia, anxiety, etc. In our review,
the vast majority of the negative CTA findings were referred
based on proximity and non-expanding hematomas, both
soft signs, and with regards to the fluoroscopy, the majority
were referred due to proximity, odynophagia and surgical
emphysema. Upon determining the PPV for both signs
and symptoms of vascular and oesophageal injury, it was
shown that proximity had a PPV of less than 15% in both
imaging groups, suggesting the need for more conservatism
in resource-limited settings if this is the only additional
clinical marker. Similarly, vascular injury proximity
without other soft signs has a very low predictive rate for
significant injury, even with the presence of a small or non-
expanding haematoma. In addition, other symptoms such
as dysphagia, dysphonia, odynophagia, retropharyngeal air
on CT and hematemesis had a similar low PPV, suggesting
again observation, or the use of other evaluation modalities
available at the local hospital (e.g. endoscopy) to avoid
unnecessary transfers and treatment delays. On the contrary
prevertebral air on lateral neck X-ray, the presence of surgical
emphysema and suspected salivary or food leak were highly
predictive of injury, with the former suggesting the need
for imaging while the last of the three should dictate the
need for empiric surgical or other therapeutic intervention,
without further imaging. This begs the question of whether
these patients should rather be monitored and re-examined
prior to being imaged urgently or at least be reviewed by
a consultant surgeon. A similar study that was conducted
by Isaza-Restrepo et al.* mirrored the findings of our study.
Their study also validated that it was safe to exclude vascular
and digestive tract injuries in patients who had no signs or
symptoms (only wound proximity) thus emphasising the
importance of clinical examination in these patients.*

As mentioned earlier, the validation of the no-zone
approach has assisted in triaging patients. Patients with hard
signs of vascular or aerodigestive injuries warrant urgent
operative intervention, either as an emergency or after
image-guided approaches.>® However, controversy exists
when assessing and managing patients without significant
symptoms or soft signs. Appropriate and timely treatment
of these patients with subtle signs can affect outcomes and
quality of life. Delayed identification of vascular injuries
such as pseudoaneurysms and arteriovenous fistulac may
hold unfavourable long-term effects on patients, hence
failing to identify them heralds potentially dire consequences
and even death. In a recent literature review by Ntola et
al..,® the importance of thorough clinical examination and
appropriate imaging options were highlighted for vascular
trauma patients. Doppler ultrasound (DUS) may be beneficial
in patients with zone 2 injuries, as it is not only is readily
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available, more cost-effective and easier to perform, but also
does not expose patients to contrast or ionising radiation.
However, DUS is operator dependent and is limited by bony
structures, dressings and large hematomas, limiting its use in
zone 1 and 3 injuries.® Regarding penetrating neck trauma,
their review is synchronous with international views,
regarding CTA as a gold standard for injuries in all zones
with soft signs as it has a high sensitivity, specificity and
a high negative predictive value of 97-100%. They further
advised that CTA be performed in neck injuries that have
penetrated the neck fascia regardless of zone, in keeping
with the no-zone concept.®

Digestive tractinjuries or perforations carry ahigh mortality
rate. In terms of penetrating injuries to the oesophagus, it has
been shown that clinical findings are unreliable, identifying
just 80% of injuries.” In a study conducted by Nel et al.? in
2007, it was found that odynophagia, concerning as it may
be, was not a reliable clinical sign of oesophageal injury.
Currently water-soluble fluoroscopy is the gold standard
investigation used to exclude oesophageal injuries and has
been shown to be safe and accurate as shown by Nel et al.?
However, considering that IALCH is one of only 2 hospitals
in the province that offers this service, it is not surprising
that the hospital is inundated with referrals, thus warranting
a review of the referral criteria and suggesting proximity
alone is insufficient reason to do a swallow-study.

This highlights the potential role of computed tomography
in excluding oesophageal injuries. Studies show that CT
oesophagography has high sensitivity and NPV when ruling
out oesophageal perforations, especially in critically ill
patients who are not able to swallow the contrast on demand.
The fact that CT oesophagography can be readily performed
with a CTA is reassuring in terms of reducing the number of
patients being referred for fluoroscopy, however this requires
a well-defined protocol and well-trained radiology staff.%!!!
In the past, injuries to the hypopharynx and some cervical
oesophageal injuries were managed operatively, especially
if there is communication to the skin. However, local studies
by Madiba et al.'? in 2003 and subsequently by Madsen et
al.’® from Pietermartizburg showed that in selected cases
non-operative management could be safe and effective.

In this review, the low yield of positive results leaves a few
questions, that, if answered could lead to less unnecessary
scans and reduced burden on our overburdened health
system. A high index of suspicion with retropharyngeal
air on postero-anterior and lateral neck x-rays in addition
to symptoms warrants further imaging. Injury to the
oesophagus has shown to be uncommon in penetrating
neck trauma based on its anatomical location and protection
by surrounding structures with its incidence being as low
as 5%. Then, would it be safe to discharge patients who
present with no signs or symptoms of oesophageal injuries?
Patients presenting with signs and symptoms of digestive
tract injuries who do not meet criteria for urgent exploration
should be imaged with fluoroscopy using iso-oncotic water-
soluble contrast if there is a high index of suspicion. This
was shown to be accurate and safer than barium contrast
in the large study by Nel et al.® in 2008. In centres with
no fluoroscopy, CT-oesophagography is a formidable
alternative. Upper endoscopies could also be used to exclude
larger perforations and patients with significant symptoms
and no obvious injuries seen on endoscopy may then be
referred for fluoroscopy if doubt still exists.
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Physical examination has again shown to be unreliable
in predicting vascular injuries. GSW were shown to more
likely cause a vascular injury. However, it has been shown
by Madsen et al.'* that patients asymptomatic for vascular
injuries secondary to SWs to the neck do not warrant
imaging. Unfortunately, the same cannot apply for GSW,
stable patients should be imaged especially if symptomatic
due to transmitted shockwaves that damages the sensitive
vascular endothelium. Unstable patients with hard signs
warrant urgent exploration as mentioned previously; stable
ones may benefit from image-directed intervention. On the
other hand, patients with soft signs require imaging in the
form of a doppler ultrasound or CTA. Penetrating injuries
to zone II were the most common zone affected and resulted
most of the injuries. Colour flow Duplex DUS has been
shown to provide excellent results in terms of diagnosis in
hemodynamically stable patients with zone 2 injuries, with
a low rate of morbidity, as well as being cost effective.!® In
clinically stable patients with zone 1 and 3 injuries, DUS
has limitations as a result of surrounding bony structures
and CTA is warranted in patients with a high index of
suspicion. In clinically stable zone 1 injuries, it has been
proposed that routine angiography is not advocated for all
injuries. Hardcastle et al.'¢ identified strongly suggestive
signs in addition to the conventional hard signs of vascular
injury which could be used to delineate patients that require
angiography.

Limitations

This is a single-centre retrospective study and only includes
patients from IALCH with a penetrating neck injury
identified at the base facility, referred for either swallow or
CTA. The short study duration of 3 years may have excluded
some patients with positive imaging. The data may not be
generalisable to other provinces where more liberal access
to imaging is available or where more facilities have surgical
cover after-hours. Finally, small numbers of certain signs or
symptoms added difficulty for calculation of subset PPV. In
mitigation of these limitations this study is based on data
collected prospectively in an electronic patient record using
templates for data capture to reduce missing variables.

Conclusion

Penetrating neck trauma is a major trauma burden in
KwaZulu-Natal, due to GSW and stabbings. The injuries
range from life-threatening acute injuries to subtle,
asymptomatic injuries which could be easily overlooked.
However, the majority of patients without hard signs or
instability who are being referred for imaging yield a
normal imaging result. For patients with only soft signs of
vascular injury, such as proximity, there is room for clinical
observation without routine imaging to simply exclude
injury, given the resource-limited setting. Similarly, patients
with soft signs of oesophageal injury, such as proximity,
dysphagia, dysphonia, odynophagia, retropharyngeal air on
CT and hematemesis, may be admitted and observed, rather
than offered routine imaging, where such imaging would
require transfer to IALCH, provided they can access surgical
care if they fail non-operative management. It is evident
from the data that stricter referral criteria, protocols and
clinical acumen are required to triage patients who actually
warrant imaging, especially if imaging would change the
course of management.
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