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The efficacy of the “no zone” approach for the assessment
of traumatic neck injury: a case-control study
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Purpose: Recently, several studies have demonstrated symptom-based, non-zonal algorithms for approaching penetrating
neck injuries. The purpose of this study was to confirm the effectiveness of the “no zone” approach in traumatic neck
injuries.

Methods: Medical charts of patients with traumatic neck injuries who presented at the Regional Trauma Center in South
Korea between January 2014 and December 2018 were retrospectively reviewed. Negative final neck findings (FNFs) were
compared with positive FNFs (which include major vascular, aerodigestive, nerve, endocrine gland, cartilage, or hyoid bone
injuries) using multivariate logistic regression analysis including values of the “zone” and/or no zone approach.

Results: Out of 168 trauma patients, 70 patients with a minor injury and 7 patients under the age of 18 years were excluded.
Of the remaining 91 patients, 74 (81.3%) had penetrating neck injuries and 17 (18.7%) had blunt neck injuries. Initial
diagnosis most frequently revealed external wounds in zone Il (84.6%). Twenty (22.0%) and 36 (39.5%) patients had hard
and soft signs, respectively, using the no zone approach. Further, there was a significant difference between the negative
and positive FNFs in patients with hard signs (11.6% vs. 54.5%; P < 0.01, respectively). According to the multivariate
logistic regression analysis, the hard signs were associated with an odds ratio (OR) for FNFs (OR, 18.92; 95% confidence
interval, 3.55-157.60).

Conclusion: Traumatic neck injuries classified as having hard signs based on the no zone approach may be correlated with

internal organ injuries of the neck.
[Ann Surg Treat Res 2020;99(6):352-361]
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INTRODUCTION

Traumatic neck injury comprises approximately 5%-10% of
all traumatic injuries [1]. Despite its low incidence, the number
of mortalities due to neck injury has still been high (10%-15%)
[2-7]. Anatomical features like the trachea, esophagus, great
vessels, and nerves are crowded in small spaces and are
relatively unprotected [8]. Therefore, mandatory exploration is

generally performed in cases of zone 1l injuries, according to the
classification of the anatomical zones of the neck: zone I spans
from the clavicles to the cricoid; zone II spans from the cricoid
to the angle of the mandible; and zone III ranges from the angle
of the mandible to the base of the skull [9]. This approach has
been referred to as the zone-based algorithm and has been
used as a traditional assessment for traumatic neck injuries.
However, routine neck exploration in hemodynamically
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stable patients is reportedly known to result in a high rate of
negative exploration, longer hospital stay, and an increased
rate of complications, such as surgical site infections and sepsis
[10]. Therefore, the management of neck injuries has changed
from a mandatory exploration of all wounds that penetrate
the platysma to a more selective approach based on patient
symptoms. This selective operation is based on the "no zone"
approach in which one determines the treatment method based
on the classification of the symptoms that may have resulted
from damage to the major vascular, digestive, and respiratory
systems. If the patients are hemodynamically unstable or
indicate confirmed hard signs, such as active bleeding or
severe emphysema, surgery or other therapeutic procedures
like angioembolization should be considered without further
examination. In contrast, the decision to perform a surgical
treatment in hemodynamically stable patients is controversial.
The purpose of this study was to evaluate the efficacy of the
no zone approach in traumatic neck injuries. We hypothesized
that hard signs in symptomatic approaches may be useful for
predicting internal organ injuries in the neck and may help
make a more informed decision regarding an operation.

METHODS

Patients and data collection
Between January 2014 and December 2018, we prospectively

enrolled patients with neck injuries who were treated at
the Regional Trauma Center in South Korea and whose data
were recorded in the Korean Trauma Data Bank (KTDB). The
patients’ medical charts and data extracted from the KTDB

Patients with
traumatic neck injury
(n=168)

were analyzed retrospectively. This study was approved by
the Institutional Review Board of Wonju Severance Christian
Hospital (No. CR319118). Since the data were analyzed
anonymously, informed consent was exempted. All patients
who sustained a penetrating or blunt neck injury were included.
Patient characteristics including age, sex, psychiatric history,
mechanism of trauma (penetrating or blunt), systolic blood
pressure (BP), Glasgow Coma Scale (GCS) score, zone of injury
and associated injuries, injury severity score (ISS), hemoglobin
(Hb) level, lactate level, and PT-international normalized ratio
(PT-INR) were measured on arrival at the emergency room
(ER). The patients were classified by clinical presentation.
Operation findings of the neck injury were extracted from the
medical charts and data from the CT scans were reviewed by a
radiologist.

Negative or positive final neck findings: definitions

and outcomes
The major study outcomes were final injury sites and final

internal organ injuries, whereas other outcomes included
primary repair rates (where primary repair is defined as a
simple wound closure without internal organ injury under local
anesthesia), conservative treatment rates (where conservative
treatment is defined as surgical observation without any
therapeutic procedures), hospital length of stay (LOS), length
of intensive care unit (ICU) stay, complications (including
surgical site infection, hepatic failure, acute kidney injury, acute
respiratory failure, pneumonia, and sepsis), and mortality.
Positive final neck findings (FNFs) were defined as internal
organ injuries of the neck that required surgical treatment as

Only contusion

\ 4

(n=67)

Only whiplash syndrome

\ 4

(n=3)

Under 18 years old

Enrolled patients
(n=91)

" (n=7)

No-operation Operation
(n=40) (n=151)
/\ /\ Fig. 1. Flowchart of study
: — . — design. “Internal organ injuries
Negatlv;)a Posmvg Negatl\g)a Posmvbe) confirmed by CT scan. YInternal
finding finding finding finding organ injuries confirmed by an
(n =40) (n=0) (n=29) (n=22)

operation.
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confirmed by CT scan or operation findings, such as major
vascular, aerodigestive, nerve, endocrine gland, cartilage, or
hyoid bone injuries. Absence of such internal organ injuries
was defined as negative FNFs. In this study, we analyzed the
differences between negative and positive FNFs.

The no zone approach with hard signs
Patients were classified as having "hard signs” or "soft signs,”

or being "asymptomatic,” according to the signs and symptoms
they presented. As per several previous studies, hard signs
were defined as the presence of either a shock, active bleeding,
expanding/pulsatile hematoma, focal neurologic deficit, airway
compromise, massive subcutaneous emphysema, air bubbling
through wounds, or severe hematemesis; soft signs included
stable hematomas, minor hemoptysis, hoarseness, dysphagia,
and mild subcutaneous emphysema; and the asymptomatic
group included all patients with no signs of neck injury and
no symptoms related to neck injuries [11-13]. According to
initial physical examination findings, patients who were
hemodynamically unstable and displayed hard signs underwent
surgery, whereas those who were stable were considered for
imaging tests. Moreover, image inspection was considered
for patients with soft signs and asymptomatic patients with
conservative treatment.

Statistical analyses
Continuous variables are presented as mean * standard

deviation or median (range) and were compared using the
Student t-test or the Wilcoxon rank-sum test. Categorical
variables were presented as frequency (percentage) and were
compared using the chi-squared test or Fisher exact test.
Multiple logistic regression analysis was used to identify values
associated with final internal organ injuries of the neck, and
results were presented as odds ratio (OR) with a 95% confidence
interval (CI). A P-value of <0.05 was considered statistically
significant for all analyses and all P-values were two-tailed. All
statistical analyses were performed using SAS software, ver.
0.4 (SAS Institute, Cary, NC, USA) and R software, ver. 3.6 (R
Foundation for statistical computing, Vienna, Austria).

RESULTS

Clinical characteristics
Of the 168 patients with neck injuries, 67 had only contusion

of the neck, 3 had whiplash syndrome, and 7 were under the age
of 18 years; hence, they were all excluded. Finally, 91 patients
(mean age, 483 = 14.7 years; male, 80.2%) were enrolled in the
study (Fig. 1). Of these, 74 (81.3%) had penetrating injuries and
18 (19.8%) experienced trauma from self-inflicted injuries. The
median ISS was 4 (0—75). There were 44 (48.4%) concomitant
injuries including head, chest, abdomen, and extremities.

Table 1. Clinical characteristic and patients outcomes (n = 91)

Variable Data
Characteristic
Age (yr) 48.3 £ 14.7
Male sex 73 (80.2)
Penetrating injury 74 (81.3)
Blunt injury 17 (18.7)
Self-inflicted injury 18 (19.8)
Injury severity score 4 (0-75)
Accompanying injury” 44 (48.4)
GCS score 13.2+3.8
Systolic BP (mmHg) 125.2 +45.2
Hemoglobin (g/dL) 13.4+24
Lactate (mmol/L) 3.8+3.4
PT-INR 1.09 £0.27
“Zone” approach
¥ 7(7.7)
" 64 (70.3)
n” 7(7.7)
Multiple zones 13 (14.3)
“No zone” approach
Hard signs 20 (22.0)
Soft signs 36 (39.6)
Asymptomatic 35 (38.5)
Outcome
CT scan” 65 (71.4)
Operation® 51 (56.0)
Primary repair” 25 (27.5)
Conservative treatment? 15 (16.5)
Internal organ injury"” 22 (24.2)
Injury sites’
Artery 6 (6.6)
Vein 13 (14.3)
Airway 3(3.3)
Esophagus 1(1.1)
Nerve 2(2.2)
Endocrine glandj) 2(2.2)
Thyroidal cartilage 3 (3.3)
Hyoid bone 1(1.1)
Superficial injury” 34 (37.4)
Muscle 35 (38.5)
Multiple sites 7(7.7)
Hospital LOS (day) 7 (1-1,107)
ICU LOS (day) 0 (0-40)
Complication 2(2.2)
Mortality 5(5.5)

Values are presented as number (%), mean + standard deviation, or
median (range).

GCS, Glasgow coma scale; BP, blood pressure; INR, international
normalized ratio; LOS, length of stay; ICU, intensive care unit.
“Injury of head, chest, abdomen, and extremities. "Injury isolated to
the zone. “Zone Il was included in all cases. “Neck contrast CT or
neck angiography CT. “Surgery performed under general anesthesia.
"Simple wound closure without internal organ injury under local
anesthesia. ®Surgical observation without any therapeutic
procedures. "Injury to need surgical treatment confirmed by CT
scan or operation. "Variable duplicated. "Thyroid gland or
submandibular gland. “Non-invasion of the platysma muscle.
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Upon arrival at the ER, the mean values for the GCS score,
systolic BP, Hb, lactate level, and PT-INR were 13.2 + 3.8, 125.2
+ 452 mmHg, 13.4 = 24 g/dL, 3.8 = 3.4 mmol/L, and 1.09
+ 0.27, respectively. Based on the "zone” approach, the most
common zone of injury was zone I (84.6%) including patients of
multiple zones (in all multiple zone cases, zone Il was included).
According to the no zone approach, 20 (22.0%), 36 (39.6%), and
35 patients (38.5%) were classified as hard signs, soft signs, and
asymptomatic, respectively. CT scans were performed in 65
patients (71.4%), and emergency surgery was performed under
general anesthesia in 51 patients (56.0) (Table 1).

Patient outcomes
Twenty-five patients (27.5%) underwent primary repair,

15 (16.5%) received conservative treatments, and 22 (24.2%)
experienced internal organ injuries. The final injury sites were
confirmed via the CT scans or surgical findings and classified
as superficial (non-invasion of the platysma muscle), major
vascular (artery or vein), aerodigestive (trachea or esophagus),
nerve (cervical nerve), endocrine gland (thyroid gland or
submandibular gland), cartilage or hyoid bone, muscle (muscle
of neck including the platysma muscle without internal organ
injury), or multiple injuries. The most common injury sites were
muscle (38.5%) and superficial injuries (37.4%), whereas multiple
injuries occurred in only 7 cases (7.7%). The median hospital
LOS was 7 days (1-1,107 days) and the median ICU LOS was 0
days (0—40 days). Complications occurred in 2 patients (2.2%)
and 5 patients (55%) died (Table 1).

Complications and mortalities
Two of the 91 patients had complications; both patients

had penetrating injuries of zone II and cerebral infarctions as
complications. One patient sustained an intraoperative left
common carotid artery injury resulting in an infarction of the
left anterior cerebral artery, whereas the other patient sustained
an intraoperative left common carotid artery and jugular
vein injury, which resulted in an infarction of the left middle
cerebral artery received thrombectomy. Among the 20 patients

who had hard signs, 13 patients experienced a shock, 1 had a
blunt injury, and all the other had a penetrating injury; in total,
there were 5 mortalities. Dislocation of the cervical vertebrae
was observed in the case of the patient with blunt injury; the
patient died post cardiac arrest upon arrival at the ER. Out of
the 4 patients, an emergency operation was performed in 2
patients, while another 2 patients died of an cardiac arrest that
occurred during the visit to the hospital without operation.
Also, they died of massive bleeding caused by a carotid artery
or jugular vein injury. Patients with an arrest at the hospital
had major vessel injury highly suspected, although unable to
perform the operation.

Zone | or lll with hard signs and zone Il without
hard signs

For zone 1 or zone III cases, only 3 patients displayed hard
signs, all of whom underwent operation; 1 patient had positive
FNFs (subclavian artery injury). In the zone II cases, 51 patients
had soft signs or were asymptomatic. In the multiple zones
cases, 9 patients had soft signs or were asymptomatic. Of all
the 60 patients in zone II (including 1 in multiple zones without
hard sign), 31 underwent operation and 9 were diagnosed with
positive FNFs. Eleven of the other 29 patients who did not
undergo operation were confirmed with negative FNFs by CT
scans and discharged without complications after conservative
treatment.

When we performed the log-linear analysis with FNFs, hard
sign, and zone, there was a statistically significant correlation
between FNFs and hard sign compared to between FNFs and
zone (y°, 16.02; P < 0.001). Furthermore, Fisher exact test
separately constructed in zone II showed that hard signs were
highly correlated with the possibility of FNFs (OR, 10.4; P <
0.010) (Table 2).

Analysis of the final neck findings of total number

of patients
When we compared the negative FNFs and positive FNFs,

the median ISS of the positive FNFs was higher than that of

Table 2. Comparison between the “zone” approach and “no zone” approach

Fisher exact test

Zone FNF Hard signs Not hard signs Total
Odds ratio P-value
Zone 1I” Positive 11 9 20 10.4 0.010
Negative 6 51 57
Not zone Il Positive 1 1 2 5 0.400
Negative 2 10 12
Total 20 71 91

Values are presented as number.
FNF, final neck finding.
“All multiple zone cases were included.
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Variable Negative FNF (n = 69)

Age (yr) 48.35+15.2
Male sex 56 (81.2)
Penetrating injury 53 (76.8)
Blunt injury 16 (23.2)
Self-inflicted injury 11 (15.9)
Injury severity score 2 (0-75)
Accompanying injury” 32 (46.4)
GCS score 13.3+3.8
Systolic BP (mmHg) 1241 +43.3
Hemoglobin (g/dL) 13.8+2.3
Lactate (mmol/L) 3.8x3.2
PT-INR 1.09 +£0.28
“Zone” approach

" 5(7.2)

I 49 (71.0)

n” 7 (10.1)

Multiple zones® 8(11.6)
“No zone” approach

Hard signs 8(11.6)

Soft signs 26 (37.7)

Asymptomatic 35 (50.7)
CT scan” 50 (72.5)
Operation® 29 (42.0)
Conservative treatment’ 15 (21.7)
Hospital LOS (day) 5(1-1,107)
ICU LOS (day) 0 (0 - 40)
Complication 0 (0)
Mortality 3 (4.3)

Positive FNF (n = 22) P-value
48.2 £13.1 0.963
17 (77.3) 0.761%
21 (95.5) 0.062¢
1(4.5) 0.062¢
7 (38.9) 0.128
9 (1-34) 0.002"
12 (54.5) 0.626
13.0+ 4.0 0.747
128.7 £51.9 0.679
123 +25 0.010
3.8+3.9 0.962
1.08 £ 0.24 0.893
2 (9.1) 0.674¢
15 (68.2) >0.999
0(9.1) 0.189¢
5(22.7) 0.291%
12 (54.5) <0.001
10 (45.5) 0.618
0 (0) <0.001
15 (68.2) 0.788
22 (100.0) <0.001¢
0 (0) <0.018%
11.5 (2-68) 0.790
3 (0-12) 0.219
2 (9.1) 0.056¢
2 (9.1) 0.591¢

Values are presented as mean =+ standard deviation, number (%), or median (range).
FNF, final neck finding; GCS, Glasgow coma scale; BP, blood pressure; INR, international normalized ratio; LOS, length of stay; ICU,

intensive care unit.

“Injury of head, chest, abdomen, and extremities. "Injury isolated to the zone. “Zone Il was included in all cases. “Neck contrast CT
or neck angiography CT. “Surgery performed under general anesthesia. "Surgical observation without any therapeutic procedures.

¥Fisher exact test. "Wilcoxon rank-sum test.

the negative FNFs group (2 vs. 9, P = 0.002). Further, patients
with negative FNFs had a higher mean Hb level (13.8 + 23 g/
dL vs. 123 = 25 g/dL, P = 0.010). The positive FNFs group had
a higher number of patients with hard signs (11.6% vs. 54.5%, P
< 0.001) than the negative FNFs group and no asymptomatic
patients (35 vs. 0, P < 0.001). Furthermore, the rate of operation
in the positive FNFs group was higher than that in the negative
FNFs group (42.0% vs. 100.0%, P < 0.001), whereas the rate
of conservative treatment in negative FNFs was higher than
that in positive the FNFs group (21.7% vs. 0.0%, P < 0.018).
There were no significant differences in age, sex, mechanism
of injury, accompanying injury, GCS score, systolic BP, lactate
levels, PT-INR, zone of injury, soft signs, CT scan, hospital LOS,
ICU LOS, complications, and mortality between the 2 groups
(Table 3).

We constructed a multiple logistic regression model for
FNFs for the total number of patients. Age, sex, systolic BP,

and PT-INR were the variables that played the least role as a
compounding factor in the analysis. ISS and Hb were selected
because there were significant differences in these variables
between the negative and positive FNFs groups. The zone
approach and no zone approach variables were included in the
analysis because they were values to be confirmed. According to
this analysis, the presence of hard signs was highly correlated
with the possibility of the FNFs (OR, 18.92; 95% CI, 3.55-157.60;
P = 0.002) (Table 4). A receiver operating characteristic (ROC)
curve of multivariate logistic regression analysis for the FNFs,
with the use of the variables included in predicting FNFs,
showed an area under the curve (AUC) of 0.846 (Fig. 2A).

Analysis of the final neck findings of patients who

underwent neck exploration
We compared the negative and positive FNFs in the subgroup

of patients receiving operation (defined as the exploration
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Table 4. Univariate and multivariate logistic regression analysis for negative and positive FNFs in total patient

Univariate Multivariate
Variable
OR (95% ClI) P-value OR (95% ClI) P-value

Age (yr) 0.99 (0.95-1.02) 0.488 0.95 (0.89-1.01) 0.094
Sex

Female Ref Ref

Male 1.65 (0.43-5.98 0.445 0.78 (0.09-5.36) 0.805
Injury severity score 1.01 (0.97-1.06 0.594 0.99 (0.91-1.07) 0.882
Systolic BP 1.00 (0.99-1.02 0.466 1.02 (1.00-1.05) 0.041
Hemoglobin 0.81 (0.64-1.00 0.055 0.51 (0.29-0.79) 0.006
PT-INR 0.63 (0.06-1.22 0.630 0.10 (0.00-1.03) 0.247
“Zone” approach

I or NI¥ Ref Ref

I or multiple” 1.50 (0.31-10.90) 0.639 2.67 (0.31-36.14) 0.405
“No zone” approach

Soft signs or asymptomatic Ref Ref

Hard signs 7.05 (2.23-24.31) 0.001 18.92 (3.55-157.60) 0.002

Hosmer and Lemeshow goodness of fit test 0.6863

Compounding factor: age, sex, systolic BP, and PT-INR. Significant differences between the negative and positive FNFs: injury severity
score and hemoglobin. Values to confirm: “zone” approach and “no zone” approach.
FNF, final neck finding; OR, odds ratio; Cl, confidence interval; BP, blood pressure; INR, international normalized ratio.

“Injury isolated to the zone. "Zone Il was included in all cases.

Sensitivity

4 AUC: 0.846

0 0.2 0.4 0.6 0.8 1.0
1-Specificity

1.0 7

Sensitivity
o =)
o 0

o
~
1

o
N
1

4 AUC: 0.864

0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Fig. 2. A receiver operating characteristic curve and area under the curve (AUC) of multivariate logistic regression analysis for
the final neck findings in total patients (A) and exploration group (B).

group) for removing a selection bias. In this exploration group,
patients with negative FNFs had a higher Hb level than those
with positive FNFs (13.8 = 23 g/dL vs. 133 = 24 g/dL, P =
0.027). Further, there was a significant difference between
patients with hard signs and those who were asymptomatic
(17.2% vs. 54.5%, P = 0.007; 27.6% vs. 0.0%, P = 0.007,
respectively). However, there were no significant differences in
age, sex, mechanism of injury, ISS, accompanying injury, GCS
score, systolic BP, lactate, PT-INR, a zone of injury, soft signs,
CT scan, hospital LOS, ICU LOS, complication, and mortality
between the positive and negative FNFs patients in this

exploration group (Table 5). We constructed a multiple logistic
regression model for FNFs in the exploration group. Age, sex,
ISS, and systolic BP were the variables that played the least
role as a compounding factor in the analysis. Hb was selected
because there were significant differences in the Hb levels
between the negative and positive FNFs in exploration group
analysis. The zone approach and no zone approach variables
were included in the analysis because they were values to be
confirmed. According to analysis in the exploration group,
the presence of the hard signs was highly correlated with the
possibility of the FNFs in the exploration group (OR, 11.19; 95%
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Table 5. Comparison between negative and positive FNFs in the exploration group

Variable Negative FNF (n = 29)

Age (yr) 51.1+11.1
Male sex 28 (96.6)
Penetrating injury 4(82.8)
Blunt injury 5(17.2)
Self-inflicted injury 5(17. 2)
Injury severity score 5(1-33)
Accompanying injury” 15 (51.7)
GCS score 13.2+3.8
Systolic BP (mmHg) 123.7 +42.4
Hemoglobin (g/dL) 13.8+2.3
Lactate (mmol/L) 3.8+3.2
PT-INR 1.08 + 0.31
“Zone” approach

" 3(10.3)

I 24 (82.8)

n” 13.4)

Multiple zones® 13.4)
“No zone” approach

Hard signs 5(17.2)

Soft signs 16 (55.2)

Asymptomatic 8 (27.6)
CT scan” 25 (86.2)
Hospital LOS (day) 9 (2-111)
ICU LOS (day) 3 (0-40)
Complication 0 (0)
Mortality 0(0)

Positive FNF (n = 22) P-value
48.2 £13.1 0.387

17 (77.3) 0.073°

1 (95.5) 0.218°

1 (4.5) 0.218°

7 (31.8) 0.320°

9 (1-34) 0.121"

2 (54.5) >0.999
13.0 +4.0 0.794
128.7 £51.9 0.704
13.3+2.4 0.027
3.8+3.8 0.962
1.08 + 0.24 0.975

2(9.1) >0.999°

15 (68.2) 0.320°

0 (0) >0.999°

5(22.7) 0.073°

12 (54.5) 0.007°
10 (45.5) 0.577

0 (0) 0.007¢

15 (68.2) 0.173¢
11.5 (2-68) 0.956
3 (0-12) 0.696

2 (9.1) 0.181¢

2 (9.1) 0.181¢

Values are presented as mean =+ standard deviation, number (%), or median (range).

FNF, final neck finding; GCS, Glasgow coma scale; BP, blood pressure; INR, international normalized ratio; LOS, length of stay; ICU,

intensive care unit.

“Injury of head, chest, abdomen, and extremities. "Injury isolated to the zone. “Zone Il was included in all cases.
or neck angiography CT.

“Fisher exact test. "Wilcoxon rank-sum test.

9Neck contrast CT

Table 6. Univariate and multivariate logistic regression analysis for negative and positive FNFs in the exploration group

Univariate
Variable
OR (95% Cl)

Age 0.98 (0.94-1.03)
Sex

Female Ref

Male 7.50 (1.08-150.96)
Injury severity score 1.04 (0.96-1.12)
Systolic blood pressure 1.00 (0.99-1.02)

(

Hemoglobin 0.77 (0.58-0.98)
“Zone” approach
I or 11" Ref

I1” or multiple”

1.81 (0.32-14.14)

“No zone” approach

Soft signs or asymptotic

Hard signs

Compounding factor: age, sex, injury severity score, and systolic blood pressure. Significant differences between the negative and

Ref
5.33 (1.51-21.32)
Hosmer and Lemeshow goodness of fit test

P-value

0.518

0.078
0.348
0.567
0.047

0.520

0.012

Multivariate
OR (95% Cl)
3.95 (0.34-97.93)

Ref
0.99 (0.88-1.10)
0.96 (0.89-1.02)
1.02 (1.00-1.05)
0.66 (0.42-0.96)
Ref
2.43 (0.23-34.80)

Ref
11.19 (2.12-90.55)
0.7188

positive FNFs: hemoglobin. Values to confirm: “zone” approach and “no zone” approach.

FNF, final neck finding; OR, odds ratio; Cl, confidence interval.
“Injury isolated to the zone. "Zone Il was included in all cases.

P-value

0.301

0.878
0.217
0.048
0.043

0.474

0.010
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Cl, 2.12-9055; P = 0.010) (Table 6). A ROC curve of multivariate
logistic regression analysis for the FNFs in the exploration
group, with the use of the variables included in predicting
FNFs, showed an AUC of 0.864 (Fig. 2B).

DISCUSSION

Historically, the traditional zone approach was applied
for assessment of traumatic neck injuries [14]. According
to this approach, mandatory exploration was performed
and a surgical approach was found to be relatively easy for
anatomical zone II injuries. However, zones I and III were
relatively difficult to access surgically; therefore, if the patient's
vitality was stable, sufficient examinations were performed
and an operation conducted upon injury confirmation [9].
Nevertheless, advances in the technology of CT scans have
shown that these examinations can be completed and images
obtained without any mandatory exploration to identify
internal neck injuries [11,12,15]. Therefore, when patients arrive
at the hospital, depending on their symptoms and vitality,
they may be examined, undergo an operation immediately,
or undergo conservative treatments. The clinical significance
of the no zone approach, which is based on symptoms, has
been reported recently [16,17]. According to Nowicki et al. [18],
the no zone approach to penetrating neck injury evaluation
and management is contemporary and goes against the grain
of anatomical zones management. Furthermore, evidence is
accumulating to suggest that the no zone approach is superior
over traditional zone approaches to penetrating neck trauma,
especially with respect to reduced negative neck explorations.
Our results further confirm the significance of the symptomatic
approach in assessment and management of traumatic neck

Table 7. Diagnostic statistics of FNFs from several methods

injuries. When comparing negative FNFs to positive FNFs, there
was no singularity in the zone approach in the total number of
patients examined or in the exploration group, and there was
a significant difference in the presence of hard signs with the
no zone approach in both groups. In the multiple regression
analysis, hard signs were an independent predictive factor for
internal organ injuries of the neck while zone of injury was not.

We observed no differences in clinical characteristics
including injury site, rate of hard sign, and mortality, as in
previous studies. However, the number of operation and CT
scan trials differed for each study. Hundersmarck et al. [17]
reported that operation was performed in 54% of total patients,
CT scan was 72.1%, and positive FNFs was 53.5%. Ibraheem
et al. [11] described different results wherein the operation
rate was 30.2%, CT scan rate was 00.1%, and positive FNFs
rate was 59.8%. In this study, 51 patients (56.0%) underwent
an emergency surgical operation and 65 patients (71.4%)
underwent CT scan, and internal organ injuries of the neck
occurred in 22 patients (24.2%). Our results show that there
were more unnecessary operations than in previous studies,
despite similar CT scans rate, This result is thought to be due to
lack of understanding of the no zone approach and absence of
guidelines in our institution.

The results of FNFs were confirmed by operation findings
and CT scans. However, the rate of precisely diagnosing neck
injury using CT scan is relatively low, and additional imaging
tests may be required for accurate diagnosis [11,12,18]. Moreover,
the final diagnosis is often confirmed through operation. Our
study showed that whereas in the zone approach, 5 patients
of zone I, 39 patients of zone 11, 1 patient of zone 111, and 6
patients of multiple zones were operated on; in the no zone
approach, 17 patients with hard signs, 26 with soft signs, and

Variable Negative FNFs (n = 69)  Positive FNFs (n = 22)  Sensitivity ~ Specificity ~ Accuracy F-score
“Zone” approach
¥ or HI” 12 2 0.91 0.17 0.35 0.40
11V or multiple” 57 20
“No zone” approach
Soft signs or asymptomatic 61 10 0.55 0.88 0.80 0.57
Hard signs 8 12
Operation®
No 40 0 1.00 0.58 0.68 0.60
Yes 29 22
CT scan”
No 19 7 0.68 0.28 0.37 0.34
Yes 50 15

Values are presented as number.
FNFs, final neck findings.

“Injury isolated to the zone. "Zone Il was included in all cases. “Surgery performed under general anesthesia and 51 of total patients.

“Neck contrast CT or neck angiography CT and 65 of total patients.
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8 asymptomatic patients were operated on. CT scan can be
helpful in patients with neck injury in previous studies, though
this is still controversial [2,11,12,15]. In our study, upon analysis
of the diagnostic statistics of the zone and no zone approach,
we found that rather than CT scans for FNFs, operation had
the highest sensitivity; in addition, the no zone approach had a
higher specificity and accuracy (Table 7).

In addition to CT scans, there are many other imaging tests
for accurate diagnosis of neck injuries, including laryngoscopy,
bronchoscopy, endoscopy, esophagography, and angiography.
However, there is a lot of controversy over the cost and side
effects compared to the accuracy of the diagnosis [3,11,12,18].
Our institution does not routinely conduct any additional
imaging tests outside of CT scans and those conducted depend
on the judgment of the standing trauma surgeon. In our
study, an angiography was conducted on only one of the 91
patients and it revealed a zone 1I blunt injury. Angiography was
conducted because the patient’s CT scan revealed a suspected
intima injury of the right common carotid artery; and the
angiography did reveal a common carotid artery dissection.
In addition, a laryngoscopy was performed in 4 patients, of
whom 3 patients had blunt injury, 1 patient had a penetrating
injury, and all the patients had a zone II injury. All the patients
had oral bleeding findings. Although, when laryngoscopy
was implemented for airway injury, no definite injury was
found, and hence, conservative management was performed.
Bronchoscopy was performed in only one patient with multiple
penetrating injuries in zone I and 1I; trachea injury was
confirmed and the patient underwent operation.

Most of the existing studies of neck trauma are on
penetrating injuries, and very few are on blunt injuries [3,4].
In our study, there were a total of 17 blunt injury patients.
Among them, 4 patients had a hard sign and 6 underwent
operation. One of the 4 patients who had a hard sign visited
the hospital with their neck bent and died due to cardiac arrest
upon arrival at the ER. The remaining 3 were zone II injuries
that were operated on because of airway obstruction findings
resulting from a hematoma and neck swelling. Of these 3,
only 1 had positive FNFs (hyoid bone fracture) and the other 2
had negative FNFs. Meanwhile, 3 of the remaining 13 patients
without a hard sign had zone II injuries with negative FNFs and

underwent operation for a blunt mechanism accompanied by a
neck laceration.

This study has some limitations. First, the study design was
a retrospective analysis, and the number of patients enrolled
was small. Most of the previous studies have analyzed only
patients with penetrating injuries. However, in our study, we
included patients with blunt injuries as well [19-21] due to the
small number of patients, enrolled in our study. We do realize
that patients with blunt injuries may need to be analyzed
separately. However, their symptoms were not ambiguous, and
3 of the 17 patients were accompanied by a neck laceration. Six
of the 17 patients underwent operation and simple contusion
and whiplash syndrome due to blunt injury were excluded.
Thus, although our study was conducted including patients
with blunt injury, further research and discussion regarding
only blunt injury are needed. Future studies need to focus on
multi-institutional studies with a large number of patients to
accurately investigate the applicability of the no zone approach
and compare it with the zone approach and consider blunt
injury with the same approach.

In conclusion, traumatic neck injury with hard signs,
according to the no zone approach, may correlate with internal
organ injuries of the neck. Therefore, the no zone approach can
make it easier to determine whether exploration of the neck
should be considered.
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