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ABSTRACT

Objective: to perform an external validation of two clinical decision instruments (DIs) — Chest CT-All and Chest CT-Major — in a cohort of
patients with blunt chest trauma undergoing chest CT scanning at a trauma referral center, and determine if these Dls are safe options
for selective ordering of chest CT scans in patients with blunt chest trauma admitted to emergency units. Methods: cross-sectional study
of patients with blunt chest trauma undergoing chest CT scanning over a period of 11 months. Chest CT reports were cross-checked
with the patients’ electronic medical record data. The sensitivity and specificity of both instruments were calculated. Results: the study
included 764 patients. The Chest CT-All DI showed 100% sensitivity for all injuries and specificity values of 33.6% for injuries of major
clinical significance and 40.4% for any lesion. The Chest CT-Major DI had sensitivity of 100% for injuries of major clinical significance,
which decreased to 98.6% for any lesions, and specificity values of 37.4% for injuries of major clinical significance and 44.6% for all
lesions. Conclusion: both clinical Dls validated in this study showed adequate sensitivity to detect chest injuries on CT and can be safely
used to forego chest CT evaluation in patients without any of the criteria that define each DI. Had the Chest CT-All and Chest CT-Major
DIs been applied in this cohort, the number of CT scans performed would have decreased by 23.1% and 24.6%, respectively, resulting in
cost reduction and avoiding unnecessary radiation exposure.
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INTRODUCTION

he use of computed tomography (CT) imaging in

blunt trauma has increased exponentially in trauma
centers around the world, particularly over the past
two decades'?. The high accuracy of this method in
identifying lesions undetected on clinical examination
has allowed for faster and more efficient management of
the patients®® to the point that secondary investigation
based on whole-body CT (pan scan) has become
common in the evaluation of hemodynamically stable
patients with blunt trauma’®. However, several studies
have indicated that the increased use of CT scanning is
directly related to real and quantifiable risks to the patient
due to exposure to ionizing radiation®'"", in addition to
increasing hospital costs and prolonging patient stay in
emergency units'e.

Asingle chest CT scan exposes the patient to an
amount of radiation similar to that of 117 chest X-rays®.
Estimates suggest that the practice of ordering chest CT
after a normal chest X-ray may induce a new case of
cancer for every 108 chest injuries diagnosed in women
and every 231 chest injuries diagnosed in men'. Also,
1.5-2.0% of all cases of cancer in the United States are
estimated to be related to radiation from CT scanning'.
Therefore, judicious use of CT scanning is crucial.

In a recent study published in PLOS Medicine,
a group of researchers developed and validated two
clinical decision instruments (DIs) — NEXUS Chest CT-
All and NEXUS Chest CT-Major — which rules out, with
high sensitivity, the presence of clinically significant
chest injuries in patients with blunt chest trauma. These
instruments are based on a list of clinical criteria that
must be evaluated during the initial assessment of a
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blunt thoracic trauma victim. If none of the listed criteria
is present, the physician can safely forego CT scanning,
since the possibility of this exam to show a chest injury

is extremely small. The criteria to be evaluated in each
of the decision instruments, according to the original
article, are:

NEXUS Chest CT-All

Chest wall tenderness
Sternum tenderness

Scapular tenderness

Thoracic spine tenderness
Distracting injury

Rapid deceleration mechanism
Abnormality in chest x-ray

NEXUS Chest CT-Major

Chest wall tenderness
Sternum tenderness
Scapular tenderness
Thoracic spine tenderness
Distracting injury
Abnormality in chest x-ray

The first instrument, NEXUS Chest CT-All,
has great sensitivity for all thoracic injuries. The second,
NEXUS Chest CT-Major, has great sensitivity only for
injuries of major clinical significance, accepting a small
margin of error, therefore allowing greater specificity. The
application of these instruments can reduce unnecessary
chest CTs by 25-37% in patients with blunt chest
trauma'2.

The aim of the present study was to perform an
external validation of both NEXUS Chest CT Dls, estimating
the accuracy of the instruments in a cohort of patients
at a trauma referral center. Confirmation of the external
validity and high sensitivity of these instruments will
broaden their evidence-based applicability in emergency
centers worldwide, contributing to a substantial reduction
in requests for CT scans in patients who do not benefit
from this evaluation.

METHODS

This cross-sectional study was conducted at
Hospital do Trabalhador, a referral center for trauma care
in the city and metropolitan region of Curitiba (Parana).
The protocol of the study was approved by the Ethics
Committee of the institution under the protocol number
07533519.8.0000.5225.

The analysis included all electronic medical
records of patients admitted to the emergency unit of the
hospital who underwent chest CT during an 11-month
period from September 1, 2018, to July 31, 2019.

Two thousand and ninety-one chest CT records
were found during the study period and were cross-

checked with the patients’ electronic medical record
data. Patients were included when having: (1) blunt chest
trauma, (2) age above 18 years, (3) Glasgow Coma Scale
score > 12 on admission, and (4) chest X-ray obtained
before CT scanning. Patients not meeting the inclusion
criteria or whose records were considered to have
insufficient information were excluded. The final analysis
included 764 patients.

The 16-channel Bright Speed GE tomograph
is used at Hospital do Trabalhador. Only official reports
signed by a radiologist were accepted to define the
presence of thoracic injury on CT. In reports with vague
information (e.g., possible pulmonary contusion), a
thoracic injury was considered to be present. The CT
findings included in the analysis were those considered
in the original study that defined both Dls, namely,
pneumothorax, hemothorax, multiple rib fracture, sternal
fracture, pulmonary contusion, thoracic spine fracture,
scapular fracture, great vessel injury, diaphragm rupture,
mediastinal or pericardial hematoma, esophageal injury,
bronchial or tracheal injury, and pneumomediastinum.
These findings were further categorized into injuries
of major or minor clinical significance according to the
management of each case, as defined in the original
study.

The analyzed variables included age, sex, and
CT findings, in addition to the seven criteria that make
up de DIs, namely, (1) presence of abnormality on chest
X-ray performed on admission, (2) rapid deceleration
mechanism associated with the trauma, (3) distracting
injuries, and tenderness on palpation of the (4) chest
wall, (5) sternum, (6) scapula, and (7) thoracic spine.
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The absence of these criteria altogether indicated a likely
absence of injury on chest CT.

Rapid deceleration was defined as any high-
energy trauma involving a deceleration mechanism, for
example, a motor vehicle accident against a partition at
speed above 60 km/h, or a fall from an elevation greater
than six meters. In the absence of accurate information,
deceleration mechanisms described in the medical record
with terms like “high energy” and “high impact” were
considered to be associated with rapid deceleration.
Distracting injuries included any extrathoracic injury
considered (and described in the medical record) by the
physician to be sufficiently relevant to divert attention
and compromise the validity of the clinical examination,
such as long bone fracture and degloved limbs.

Patients with at least one of the seven DI
criteria were considered to have a positive DI screening
result. The patients were further divided into four groups,
as follows:

e True-positive: positive DI screening result
and injury on chest CT.

* True-negative: negative DI screening result
and no injury on chest CT.

* False-positive: positive DI screening result
and no injury on chest CT.

* False-negative: negative DI screening result
and injury on chest CT.

This categorization was performed for both Dls.
The sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) of the DIs were then
calculated based on these data.

Statistical analysis

The data are represented as percentages
and medians (+ standard deviations). The relationship
between the presence of chest injury and each of the
clinical criteria that make up the DlIs was evaluated.
As a measure of effect, the odds ratio (OR) with a
95% confidence interval (Cl) was used. The statistical
significance was evaluated using Pearson’s chi-square test
to control for possible confounding variables, considering
p values < 0.05 as significant.

RESULTS

The study included 764 patients, of whom
77.2% (n=590) were males. The age of the patients
ranged from 18 to 97 years (mean 43.9+17.9 years) (Table
1). The most prevalent mechanisms of trauma were truck
and car accidents (21.7%, n=166), motorcycle accidents
(20%, n=153), and elevated falls (17.7%, n=135) (Table
2).

Table 1. Epidemiological data.

Variable Male Female Total

N (%) 590 (772) 174(22.8) 764 (100)
Mean age 416+159 51.7+21.8 43.9+17.9
(+SD)

SD: standard deviation.

Table 2. Trauma mechanisms.

Trauma Mechanisms N %
Motor vehicle accident - car 166 21.7
Motor vehicle accident - motorcycle 153 20
Elevated fall 135 17.7
Same level fall 110 14.4
Physical agression 9% 12.6
Pedestrian accident 48 6.3
Others 56 7.3

Chest CT images showed injuries of major
clinical significance in 20 patients (2.6%) and injuries of
minor clinical significance in 125 (16.4%) of them. The
most frequent injuries included fracture of two or more
ribs (n=119), hemothorax (n=43), pulmonary contusion
(n=37), and pneumothorax (n=36) (Tables 3 and 4).

The Chest CT-All DI showed sensitivity and NPV
rates of 100% for injuries of major clinical significance
and any injury since none of the 764 patients in the
study had a false-negative result. The specificity of this
instrument was 33.6% for lesions of major clinical
significance and 40.4% for all lesions. The low specificity
reflects a large number of false-positive results (n=369).

The Chest CT-Major DI also had sensitivity
and NPV rates of 100% for injuries of major clinical
significance, but for injuries of minor or major clinical
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significance, the sensitivity decreased to 98.6% and the
NPV decreased to 99.3.%. This DI yielded two false-
negative results. The first was in a 44-year-old man and
the second was in a 50-year-old man. Both presented
pulmonary contusion on imaging evaluation. The first
was released on the first day after receiving care, and the
second remained hospitalized for 2 days for observation.
The specificity of this instrument was 37.4% for lesions
of major clinical significance and 44.6% for all lesions.

Table 3. Injuries of major clinical significance..

Injury N %
Pneumothorax: received CTD 15 429
Hemothorax: received CTD 8 229
Fracture of two or more ribs: required

o : 4 11.4
surgical intervention
Sternal fracture: required surgical
) . 1 2.9
Intervention
Thoracic spine fracture: required surgical ’ 57

intervention

Great vessel injury 3 8.6
Mediastinal or pericardial hematoma: 5 5 7
required CTD '
CTD: chest tube drainage.
Table 4. Injuries of minor clinical significance.
Injury N %
Pneumothorax: no CTD required, but
remained under observation for more 21 8.8
than 24 hours
Hemothorax: no CTD required, but
remained under observation for more 35 146
than 24 hours
Fracture of two or more ribs: no surgical
. ) . 115 48.1
intervention required
Sternal fracture: no surgical intervention

. 15 6.3
required
Pulmonary contusion: remained under 37 155
observation for more than 24 hours '
Thoracic spine fracture: no surgical
. . ; 6 2.5
intervention required
Scapular fracture: no surgical intervention

. 8 3.3
required
Mediastinal or pericardial hematoma: no 1 04
CTD required ’
Tracheal injury: no surgical intervention 1 04

required
CTD: chest tube drainage.

Patients in the true-negative group met no
criteria at the initial clinical examination and would
not otherwise have been evaluated with chest CT.
The percentage of true-negative results represents an
estimate of the reduction in chest CT scans if the Dls
were applied. This estimate considered only patients
who underwent selective chest CT (n=329, 43%) and
excludes those who underwent full-body CT scanning.
In this cohort, the number of chest CT scans requested
would have reduced by 23.1% with the Chest CT-All
DI and by 24.6%, with the Chest CT-Major DI, which
had greater specificity (Table 5).

Each of the seven criteria that compose the
DIs was also analyzed against the presence of the
evaluated chest injuries (Table 6). Statistically significant
(p<0.05) associations were identified for abnormal
chest X-ray and tenderness on palpation of the chest
wall, sternum, and scapula. The odds of chest injury
were, respectively, 144, 6, 2, and 15 times higher in
patients meeting these criteria compared with those
not meeting these criteria.

DISCUSSION

The relevance of CT scanning in the diagnosis
of trauma injuries is well established*®. However, the
high radiation levels associated with this imaging method
divide opinions about the need to recommend CT for all
victims of blunt trauma®'.

Dls are important tools in clinical practice’'4.
Based on objective and easily assessable clinical criteria,
Dls help decide the best therapeutic approach. A well-
known example is the CURB-65 score, which recommends
hospitalization for patients with community-acquired
pneumonia based on five criteria'.

In order to predict the absence of chest injury
on chest CT imaging based on clinical criteria, Rodriguez
et al.” developed and validated the DIs Chest CT-All and
Chest CT-Major. These decision instruments identify,
with high sensitivity, patients with blunt chest trauma
without clinically relevant chest injury, thus safely
foregoing chest CT scanning in these patients'.

In the present study, we performed an external
validation of these two Dls, applying them retrospectively
to patients admitted to a referral trauma hospital in a
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large city in Southern Brazil. In a cohort of 764 patients,
the sensitivity of both Dls for this population was higher

than the one reported in the original study describing
both instruments.

Table 5. Performance of clinical decision instruments in the present external validation studly.

Reduction in CT

| Hivi 0, fict [o] o) o]
DI Injury Sensitivity (%) Specificity (%) ~ NPV (%) PPV (%) exams* (%)
Injuries of
Chest CT-All major clinical 100 336 100 3.9 23.1
significance
Any injury 100 40.4 100 28.2
Injuries of
Ch‘?St cr- major clinical 100 37.4 100 4.1 24.06
Major R
significance
Any injury 98.6 44.6 99.3 294

DI: clinical decision instrument; NPV: negative predictive value; PPV: positive predictive value; CT: computed tomography. * Estimated reduction for

selective chest CT scans.

Table 6. Odds ratio (OR) between clinical criteria and the presence of chest injury.

Criterion OR (95%) ClI P
Sudden deceleration 0.8 0.43-1.42 0.41
Abnormal chest X-ray 143.5 50.9 - 404.2 <0.0001
Distracting injury 0.8 0.44-1.42 0.43
Tenderness on chest wall palpation 5.9 3.77 -9.23 <0.0001
Tenderness on sternal palpation 2.5 1.38-4.35 0.002
Tenderness on scapular palpation 15.2 4.13 - 56.01 <0.0001
Tenderness on thoracic spine palpation 2.2 0.97-5.03 0.056

OR: odds ratio; Cl: confidence interval.

For the Chest CT-All DI, the sensitivity was
100% for all injuries compared with 99.2% for injures
of major clinical significance and 95.4% for any
injury in the original study. For Chest CT-Major, we
found sensitivity of 100% for lesions of major clinical
significance and 98.6% for any lesion compared with
99.2% and 90.7%, respectively, in the original study.

Patients not meeting any of these Dls clinical
criteria but presenting chest injury on CT imaging were
considered to have a false-negative screening result. The
main concern with the application of these Dls lies with
these patients since their injuries would not have been
diagnosed based on these instruments alone. However,
we found only two false-negative results in our study. The
first was a 44-year-old man with pulmonary contusion
without chest tenderness who was released on the
first day after receiving initial care. The second was a
50-year-old man, also with pulmonary contusion, who

was hospitalized for observation as a result of worsening
clinical condition with pain on inspiration. This patient
was released two days later without intervention. The
detection of pulmonary contusion by CT scan did not
change the management or prognosis of these patients,
so CT scanning could have been foregone in these cases.
The Chest CT-All DI had a high sensitivity
for all lesions, while the Chest CT-Major DI had higher
specificity, further reducing the use of CT at the cost of
a small rate of false-negative results (0.3%). Since the
management of both patients with false-negative results
was unaffected by the imaging test, we considered the
Chest CT-Major DI to be preferable since its ability to
reduce ordering of chest CT is considerably higher.
Rapid deceleration is known to be associated
with thoracic aortic rupture’®. A possible concern when
choosing Chest CT-Major over Chest CT-All is that the
criterion of the deceleration mechanism is absent in the
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former. The present study had three cases of aortic
rupture, one of which was not associated with a
deceleration mechanism. In all three cases, the patients
presented another criterion — one had an abnormal
chest X-ray, another had tenderness on thoracic
spine palpation, and the third had a femoral fracture.
Therefore, the absence of the criterion deceleration
mechanism did not affect the DI results.

The results of the present study support the
use of the Chest CT-All and Chest CT-Major Dls for a
safe, evidence-based selection of patients with blunt
chest trauma who do not benefit from advanced
imaging, reinforcing the importance of the application
of these Dls in emergency units worldwide. In addition
to exempting the patient from the risks of exposure to
ionizing radiation by avoiding CT scanning, these Dls
could potentially spare substantial resources, given the
high cost of advanced imaging. Had both DIs Chest CT-
All and Chest CT-Major been applied to the patients
evaluated in this study, the number of chest CT scans
would have reduced by 23.1% and 24.6%, respectively.

Some precautions inherent to these tools must
be taken when using them. Once the patient presents
any of the criteria, the decision instrument will no longer
be useful, since the possibility of the patient presenting
a thoracic injury is low, given the low specificity of the
criteria. In addition, they can be used only in patients
over 18 years of age, and a Glasgow Coma Scale > 12
upon admission, which limits their applicability.

An important bias of this study is that some

RESUMDO

victims of blunt chest trauma are immediately submitted
to tomography, without first undergoing a conventional
radiography. One of the criteria of the decision
instruments is the presence of an abnormality in chest
x-ray. These patients were, therefore, excluded from the
study. The main limitation of this article, however, is
that it is a retrospective study. A prospective evaluation
would bring more reliable data to the real applicability
of the decision instruments. This, however, does not
invalidate the results found here. The external validity
determined in this study should encourage the use of
NEXUS protocols in other trauma centres.

The seven criteria that make up these decision
tools are simple, objective, and greatly relevant in the
initial assessment of trauma patients. The estimated OR
showed that patients with an abnormal chest X-ray are
144 times more likely to have chest injuries compared with
those with a normal chest X-ray. Tenderness on palpation
of the chest wall, sternum, and scapula also showed a
significant relationship with the presence of chest injury
on CT, and patients with palpation tenderness on one
of these sites are 2 to 15 times more likely to have chest
injury on CT. The remaining criteria had no significant
relationship with the presence of chest injury on CT.

The initial clinical examination is crucial for the
prognosis of trauma victims'. In the age of technology
and progressively complex and expensive diagnostic
examinations, one must not forget the basic principles of
medicine. A CT scan should not replace a careful clinical
examination.

Objetivo: realizar validacdo externa de dois instrumentos de decisdo clinica (IDCs) — TC de térax-All e TC de térax-Major — em uma
coorte de pacientes com trauma toracico fechado submetidos a tomografia computadorizada de térax em centro de referéncia
para trauma, e determinar se esses IDCs sdo op¢bes seqguras para solicitacdo seletiva de tomografias computadorizadas de torax
em pacientes com trauma toracico fechado admitidos em unidades de emergéncia. Métodos: estudo retrospectivo transversal de
pacientes com trauma toracico fechado submetidos a tomografia computadorizada de térax, por periodo de 11 meses. Os laudos
da TC de térax foram cruzados com os dados do prontuario eletrénico dos pacientes. A sensibilidade e especificidade de ambos os
instrumentos foram calculadas. Resultados: o estudo incluiu 764 pacientes. O IDC TC de térax-All apresentou sensibilidade de 100%
para todas as lesdes e especificidades de 33,6% para lesdes de maior significado clinico e 40,4% para qualquer lesdo. O IDC TC de
torax Major teve sensibilidade de 100% para lesées de maior significado clinico, que diminuiu para 98,6% para quaisquer lesées, e
especificidades de 37,4% para lesées de maior significado clinico e 44,6% para todas as lesdes. Conclusdo: ambos os instrumentos
de decisao clinica validados neste estudo mostraram sensibilidade adequada para detectar lesées toracicas na TC e podem ser usados
com sequranca para dispensar a avaliagdo da TC de térax em pacientes sem nenhum dos critérios que definem o IDC. Se os IDCs TC
de torax-All e TC de térax Major de tdrax tivessem sido aplicados nesta coorte, o nimero de tomografias realizadas teria diminuido
em 23,1% e 24,6%, respectivamente, resultando em reducdo de custos e evitando exposicao desnecessaria a radiacao.

Palavras chave: Tomografia. Torax. Lesées Tordcicas. Feridas Nao Penetrantes. Sensibilidade e Especificidade.
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