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ABSTRACT

Background: Routine neck exploration for isolated penetrating neck injuries (PNIs) in hemodynamically stable
patients increases the frequency of unnecessary interventions and complications. Current management protocol
involves the no zone approach which uses physical examination and computerized tomographic angiography (CTA)
to guide treatment. The aim was to assess the validity of the no-zone approach in the management of isolated PNIs in
hemodynamically stable patients.

Methods: This retrospective study included patients with isolated PNIs with soft signs who were hemodynamically
stable. They were classified into patients with negative CTA findings and were managed conservatively and patients
with positive CTA findings suspecting aerodigestive tract injuries (ADTIs) who were submitted to further selective
investigations to confirm or rule out these injuries. Detected injuries were managed accordingly.

Results: This study included 106 PNIs patients who had soft signs and were hemodynamic stable. 37 cases (34.9%)
had negative CTA findings and were managed conservatively. Sixty nine patients (65.1%) had positive CTA findings
and were subjected to subsequent selective investigations and revealed 3 patients with negative endoscopic findings
who passed without need for any surgical intervention. Therefore, 40 (37.7%) patients were saved from surgery with
no missed injuries. Patients with definitive injuries (66 patients) underwent neck exploration and managed
accordingly. No missed injuries were recorded in this study. Complications were detected in 6 cases (5.7%) while
death was recorded in 2 cases (1.9%).

Conclusions: No-zone approach offers a safe management protocol for isolated PNIs in hemodynamically stable
patients. It provides no missed injuries, negligible rates of negative exploration and minimal complications and
mortality.
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INTRODUCTION

PNIs can induce complex damage to vital structures,
vascular, respiratory, digestive and neurological
structures. They accounts for 5-10% of all trauma cases
with high incidence with violence, traffic accidents,
homicidal and suicidal attempts.? Mortality rate reaches
up to 11% with major vascular injuries.®

Neck exploration has been the standard protocol in
management of PNIs to avoid missed injuries.* This
policy has been learned from military surgical practice in
the last century.® Surgeons used to utilize the zone-based
approach to guide investigations and management with
very low rates of missed injuries and high rates of
successful conservative management. Zones of neck
injury were recorded according to Roon and
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Christensen’s modification.® Zone | from the base of the
neck to the cricoid cartilage, zone Il from cricoid
cartilage to the angle of the lower jaw and zone Il area
above the angle of the lower jaw. Although zones of the
neck can offer important guidelines in management of
PNIs, zone-based approach has some disadvantages
especially the poor correlation between the site of neck
wounds and internal  structures  involvement.’
Additionally, sometimes neck injuries may be located at
more than one level which make more confusion and
dilemma in decision making.® Also, zone based approach
may result in high rate of unnecessary explorations with
its possible complications and misuse of resources.
Therefore, recently, the no-zone approach has emerged as
a new strategy depending mainly upon physical
examination and computed tomography angiography
(CTA) in guiding the treatment plan especially for
vascular and aerodigestive injuries with insignificant
missed lesions and negative exploration rates ~1-2%.*

In the presence of hemodynamic instability or hard signs
suggestive of injured vital structures, surgical exploration
is mandatory even without need to imaging investigations
as these injuries are life threatening conditions.”
Hemodynamic stability doesn’t exclude injury to
underlying structures but also, it didn’t indicate urgent
intervention and therefore, it should be thoroughly
investigated and closely monitored.® Hard signs include
hoarseness, gas bubbling, profuse bleeding, expanding
hematomas or hemodynamic instability, while soft signs
include dysphagia, crepitation, stable hematoma,
hemoptysis or hematemesis.%!

The aim of this study was to evaluate the no-zone
approach for the management of isolated PNIs in
hemodynamically stable patients in our locality.

METHODS

This retrospective study had been conducted at Sohag
university hospitals, Sohag, Egypt and carried out on
patients with isolated PNIs with soft signs and were
hemodynamically stable in the period from July 2016 to
December 2020. This study was approved by the
Institutional Review Board (IRB) and Ethics Committee.
As the study was retrospective, the informed consent was
waived. Polytraumatized patients associated with other
body injuries, cervical spine or spinal cord injuries and
PNIs associated with hard signs were excluded from the
study.

Demographic data, hemodynamic status, hematocrit
values, details and manifestations of neck injury were
collected and reviewed. Duplex US and CTA were
performed in all cases while endoscopic assessment,
oesophagoscopy and/or bronchoscopy were performed
selectively. Operative details, negative exploration,
missed injury rates, mortality rates and postoperative
complications were collected and analyzed.

According to the clinical findings and CTA results,
patients were classified into patients with negative CTA
findings and they were closely observed by frequent
physical examination; patients with positive CTA
findings suspecting aerodigestive tract injuries (ADTS)
and they were submitted to further selective
investigations e.g. esophagoscopy or bronchoscopy to
confirm or rule out these injuries.

Cases with positive CTA findings confirmed by selective
investigations were subjected to surgical management.
Surgery was initiated by ensuring a patent airway
followed by management of the detected injured
structure.  Surgical repair was performed for
laryngotracheal injuries including skeletal injuries or
accompanying soft tissue injuries. Non-displaced
fractures of the laryngeal skeleton were managed
conservatively.

Management of vascular injuries was started by attempts
of bleeding control by proximal and distal clamping of
injured vessels. In attempting repair of associated arterial
injuries, unfractionated heparin (5000 IU) was
administered intraoperatively and continued
postoperatively by low molecular weight heparin 40 U
once daily. Both proximal and distal ends of the injured
vessels were cleared from blood clots and flushed with
heparinized saline. Saphenous vein graft was used when
there was an indication for patch or interposition graft.
Repaired vessels were covered with muscles and soft
tissues to protect the vascular repair from potential
infection and guard against vessel blow-out. Vessel
ligation was an option in certain conditions of vascular
injuries e.g. multiple injuries of external carotid artery
(ECA), internal jugular vein (1JV), external jugular vein
(EJV) and other minor vessels.

Pharyngeal injuries were repaired with polydioxanone
sutures and a transposed sternomastoid muscle flap was
mobilized over the repair. Simple esophageal injuries
were managed by direct suture repair and drainage, while
extensive injuries underwent debridement and drainage
with a planned delayed repair.

Recorded complications in this study were classified into
vascular, respiratory, pharyng-oesophageal complications
and infections. All patients were followed up
postoperatively during the hospital stay, once weekly in
the first month and then monthly until 6 months.

Study outcomes

Rates of missed injury, negative exploration,
complications and mortality were the study outcomes.

Statistical analysis

Statistical analysis was done by SPSS program.
Quantitative data was expressed as meanszSD while
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qualitative data were expressed as numbers and
percentage.

RESULTS

Revising patients files on the accident and emergency
unit had revealed that there were 350 patients presented
with PNIs during the period between July 2016 and
December 2020. Two hundreds and four patients were
polytraumatized and were excluded from the study. Forty

patients were presented PNIs with hemodynamic
instability and were subjected to immediate neck
exploration and were also excluded. The remaining 106
patients had PNIs with soft signs and were hemodynamic
stable. Those patients were enrolled in this study (Figure
1). They were 90 males (84.9%) and 16 females (15.1%).
Their ages ranged between 12 and 69 years with a mean
of 38+13.2 years. The etiology of injury was road traffic
accident in 63 cases (59.4%), assault in 27 cases (25.5%),
occupational in 13 cases (12.3%) and deliberate self-harm
in 3 cases (2.8%) (Table 1).

Hemodynamically stable PNIs with soft signs
( 106 patients )
CT angiography
Positive CTA findings Negative CTA findings
(69 patients ) (37 patieaty
Selective investigations
\l
Oesophagoscopy Bronchoscopy Close observation
(21 patienty) (48 patient) (37 patients)
Positive fudigs | | Positive fnding: Negative findings | | Negative findng:
(20 patienty (46 patienty ( one patient) (2 patients)
\ / \
Follow up
Exploration (40 patient)
(66 patients)

Figure 1: Algorithm for management of PNIs.
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Table 1: Demographic data and patients criteria

(n=106).
Variables N (%
Age groups (in years)
10-20 3(2.8)
21-30 15 (14.2)
31-40 34 (32.1)
41-50 28 (26.4)
51-60 18 (17)
61-70 8(7.5)
Gender
Male 90 (84.9)
Female 16 (15.1)
Etiology of injury
Road traffic accident 63 (59.4)
Criminal assault 27 (25.5)
Occupational 13 (12.3)
Deliberate self-harm 3(2.8)

Table 2: Classification of neck injuries according to
neck zones (n=106).

Neck zones N (% |

Zone | 21 (19.8)
Zone 1l 64 (60.4)
Zone 11 14 (13.2)
Combined 7 (6.6)

Zone Il was the most commonly injured area (60.4%)
followed by zone | (19.8%) and zone Il (13.2%). Seven
patients (6.6%) had multiple or extensive neck injuries
and could not be described as a single zone (Table 2).

Thirty-seven cases (34.9%) had negative CTA findings
and were managed conservatively by close monitoring.
There were no recorded missed injuries requiring
subsequent neck exploration among all patients
undergoing conservative treatment.

Sixty nine patients (65.1%) had positive CTA findings.
Those patients were subjected to subsequent selective
investigations based on the findings in CTA,;
oesophagoscopy in 21 patients and bronchoscopy in 48
patients.  Oesophagoscopy was confirmative for
esophageal injuries in 20 patients and was negative in one
patient while bronchoscopy proved laryngeo-tracheal
injuries in 46 patients and was negative in 2 patients.
Patients with negative endoscopic findings (3 patients)
were managed thoroughly by close follow up to identify
any missed injuries. Those patients passed smoothly
without need for any surgical intervention.

Therefore, 40 (37.7%) patients, 37 patients with negative
CTA findings as well as 3 patients with negative
endoscopic findings were saved from surgical exploration
with its morbidity and possible complications.

Patients with definitive injuries (66 patients) underwent
neck exploration and revealed laryngotracheal injuries in
33 cases (31.1%), pharyngeal injuries in 8 cases (7.5%)
and esophageal injuries in 11 cases (10.4%). Combined
injuries with associated vascular injuries in 13 cases
(12.3%). Negative exploration was recorded in one
patient (0.9%) (Table 3).

Table 3: Management strategy (n=106).

Modality of treatment N (%

Conservation 40 (37.7)
Surgical management 66 (62.3)
Laryngeotracheal injuries 33(31.1)

Pharyngeal injuries 8 (7.5)
Esophageal injuries 11 (10.4)
Combined injuries 13 (12.3)

Table 4: Details of vascular injuries.

Details of vascular injuries N (%

Type of injured vessel

Acrterial injuries 2(1.9)
Venous injuries 7 (6.6)
Combined 4 (3.8)
Type of injury

Incomplete transection 6 (5.7)
Complete transection 4 (3.8)
Thrombosed vessel 3(2.8)
Methods of vascular management

Primary repair 4 (3.8)
Venous patch repair 1(0.9)
Interposition vein graft 1(0.9)
Vessel ligation 7 (6.6)

Table 5: Complications.

Complications N (%

Vascular complications 1(0.9)
Respiratory complications 1(0.9)
Pharyngoesophageal complications 2 (1.9)
Infections 3(2.8)

Table 6: Study outcomes.

Value
Study outcomes N (%)

Missed injury rate 0 (0)
Negative exploration rate 1(0.9)
Mortality rate 2 (1.9)

Associated vascular injuries were arterial injuries in 2
patients (1.9%), venous injuries in 7 patients (6.6%) and
combined arterial and venous injuries in 4 patients
(3.8%). ECA or one of its branches (4 cases) in addition
to DV (2 cases) were the commonly injured vessels.
However, multiple perforations to the common carotid
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artery (CCA) were detected in 2 cases and the other
venous injuries were detected in EJV and small venous
branches. Primary repair was performed in 4 cases, 3.8%
(2 cases of ECA and 2 cases of 1JV). CCA injuries were
managed by vein patch in one case (0.9%), and
interposition vein graft in the other case (0.9%). Ligation
of injured vessels was performed in 7 patients (6.6%)
(Table 4).

Complications were detected in 6 cases (5.7%). Vascular
complications were detected in one case in the form of
carotid blow out caused by secondary infection. This
patient couldn’t be saved and died. Respiratory
complications were reported in another case in the form
of tracheal stenosis and this patient was referred to
cardiothoracic surgery. Pharynge-oesophageal
complications occurred in 2 patients in the form of
pharyngo-cutaneous fistula, one healed spontaneously
after conservative treatment within three weeks while the
other was managed surgically. Infections were reported in
3 cases, one was severe deep neck infection complicated
by carotid blow out and death, the other was superficial
wound infection and was treated medically and the 3rd
one was descending mediastinitis that not responding to
surgical treatment and died because of multiple organ
failure. Mortality rate was recorded in 2 cases (1.9%),
mediastinitis in one case and carotid blow out in the other
(Table 5).

DISCUSSION

PNIs were common presentation in emergency and
causality unit. The management was debatable between
mandatory exploration and conservative approach. This
challenge came from the algorithm of zone-based
management suggesting mandatory exploration in both
hemodynamically stable or unstable patients especially
with zone Il injuries while vascular investigations were
required in stable zone I and Il injuries. This concern
achieved 65% success rate.’? Investigators found that
patients with soft signs couldn’t need operative
management with negative predictive value of 100%.*
Therefore, the conservative measures in stable patients
regardless the zone seemed to be a considerable
approach. On the contrary, the eastern guidelines
confirmed that selective non-operative treatment is
equally justified and safe compared with mandatory
exploration in patients with soft signs and
hemodynamically stable even in zone Il injuries.*®

It was evident that urgent neck exploration was
mandatory in hemodynamically unstable patients with
positive hard signs regardless its negative exploration rate
that may reach up to 10-27%.%* Zone-based approach had
many disadvantages, high negative exploration rates,
poor correlation between the location of external neck
wound and internal injured structures and also, patients
with multiple or transcervical injuries occasionally can’t
be classified into a definite zone.”

The collected data of this series was matched with other
studies where there was a high incidence of air way
injury in 33 cases (31.1%) followed by pharyngo-
esophageal (17.9%) respectively.” Injuries of the
esophagus were less common because of its deep location
in the neck and its protection by the surrounding
structures.

CTA was performed as the main diagnostic tool in all
cases with soft signs of neck injuries. The common CTA
findings suggestive of ADTIs were deep surgical
emphysema, paratracheal air, tracheal wall discontinuity,
tracheal rings fracture or deformity.’® Joanna et al
discussed the role of CT angiography in detection of
ADTIs and concluded that CTA was very helpful in
esophageal and tracheal injuries with sensitivity up to
97.4% and appreciated the CTA as mainstay imaging
modality following trauma evaluation.!® CTA provided
other advantages with high sensitivity and specificity in
detection of wvascular, other soft tissue injuries.
Additionally, it can offer data on the injury trajectory.?’
However, CTA can’t be relied upon in suspicion of
esophageal injuries and therefore, flexible esophagoscopy
should be performed. Flexible esophagoscopy had high
sensitivity rate close to 100%.®* Andre et al had
concluded in his series that absence of deep surgical
emphysema in the deep neck fascial planes excludes
surgically significant ADTIs but its presence was
nonspecific and warrants further investigation.® This
concept was respected in this series where
oesophagoscopy was performed in 21 patients and
bronchoscopy in 48 patients due to suspected CTA
findings. Oesophagoscopy was confirmative in 20
patients (95.2%) and was negative in one patient (4.8%)
while bronchoscopy proved laryngeo-tracheal injuries in
46 patients (95.8%) and was negative in 2 patients
(4.2%).

In this series no zone approach was prescribed for
management of PNIs with soft signs and therefore,
surgical intervention was tailored according to the
expected injuries. In this series, surgical intervention was
done in 66/106cases (62.3%) while 40/106 cases (37.7%)
had saved from surgical intervention and its
consequences regarding morbidity and mortality. Siau et
al and others had reported that no zone approach was
seen to be safe with few negative explorations and
minimal missed injury.#® No missed injuries were
recorded in this study. Similarly, Thoma et al followed
the same algorithm in management of their patients based
on clinical examination and CTA and reported no missed
injuries.?

Vascular injuries should be managed immediately after
ensuring patent airway and before starting management
of any other associated injuries. Vascular injuries were
detected in 13 cases (12.3%). Venous injuries were
detected in seven cases (6.6%). The commonest form was
incomplete transection (5.7%). The commonly used
techniques were simple repair, vein patch or interposition
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grafts. Ligation of injured vessel was performed in 7
patients (6.6%) due to multiple vascular injuries
associated with neck injuries to save time. Toit et al
reported that vessel ligation is an acceptable procedure in
severe bleeding or presence of hypovolemic shock.?
Saito et al reported nearly similar incidences of vascular
injuries.?®

Repair of vascular injuries requires proximal and distal
control for the injured blood vessel. However, in certain
circumstances such as very high cranial or very low
caudal vascular injury, vessel control was challenging
and sometimes difficult that may require access
mandibulotomy or sternotomy. Fortunately, we didn’t
confront such cases. Hundersmarck et al reported that
performance of hybrid technique; open surgery combined
with endovascular interventions, using covered stent and
found it more beneficial !

Pharyngeal repairs were performed in 8 patients (7.5%),
while esophageal repairs were done in 11 patients
(10.4%). These injuries were clinically suspected and
precisely detected by CTA findings of deep surgical
emphysema and confirmed by oesophagoscopy. When
pharyngeal or esophageal injuries were detected, surgical
repair must be performed early as these injuries may be
complicated by mediastinitis, neck abscess or empyema
due to leakage of their contents.?

Complications were noticed in 6 cases (5.7%). Infections
were the commonest complications (3 cases, 2.8%).
Vascular complications included secondary post-
operative hemorrhage caused by carotid blow-out and
was reported in one case. Respiratory complication was
encountered in one case in the form of tracheal stenosis.
Pharyngo-cutaneous fistula was reported in 2 cases; one
healed spontaneously after conservative treatment within
three weeks while the other was managed surgically.
Mortality rate in this series was 2 patients (1.9%).

Agreeing with this management protocol; no-zone
approach, it was found that 40 patients (37.7%) had been
escaped from unnecessary neck exploration with its
known morbidity and mortality. Those patients passed
smoothly in postoperative period during follow up with
no missed injuries. Therefore, PNIs in stable
hemodynamic patients shouldn’t be routinely explored
but also, they should be thoroughly investigated by CTA
and selective investigations and closely monitored.

CONCLUSION

No-zone approach offers a safe management protocol for
isolated PNIs in hemodynamically stable patients. It
provides no missed injuries, negligible rates of negative
exploration and minimal complications and mortality.
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