European Journal of Trauma and Emergency Surgery (2021) 47:749-755
https://doi.org/10.1007/500068-020-01459-1

ORIGINAL ARTICLE q

Check for
updates

Extension of the thoracic spine sign as a diagnostic marker for thoracic
trauma

Carlos A.Vargas? - Jaime Quintero'? - Roger Figueroa® - Andrés Castro® - Fredy A. Watts'2

Received: 16 May 2020 / Accepted: 5 August 2020 / Published online: 17 August 2020
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract

Introduction The initial evaluation of patients with thoracic trauma remains a diagnostic challenge for surgery and emer-
gency physicians. Chest sonography plays a key role in the approach for this group of patients, through extended and focused
evaluation with trauma sonography (E-FAST).

Objectives To establish the diagnostic performance of the extension of the thoracic spine sign using chest sonography in
trauma to diagnose hemothorax and compare it with the gold standard test chest computed tomography (CT).

Methods This prospective observational study was conducted over 1 year. Patients who attended the emergency room with
closed or penetrating thoracic or thoraco-abdominal trauma, an indication for a chest CT as part of a diagnostic evaluation
according to institutional protocols, and who previously underwent a chest sonogram to determine the extent of the thoracic
spine sign to diagnose hemothorax. Sonographic results were compared to a radiologist’s interpretation of the chest CT. The
radiologists were blinded to the initial sonogram interpretation.

Results Seventy-six patients were enrolled with an average age of 32 years. They mainly had closed trauma, which accounted
for 77.6% of samples, and 222 chest images were taken. The sensitivity and specificity for this study were 78.7% and 92.6%,
respectively, with a positive predictive value and negative predictive value of 65% and 97.8%, respectively.

Conclusions Extension of the thoracic spine sign allows rapid identification of the presence, and more precisely, the absence
of pleural effusion. This, therefore, allows an appropriate diagnosis and approach in the emergency room in patients with
chest trauma.

Keywords Pleural effusion - Hemothorax - Pleural fluid - Extension of the thoracic spine sign - Thoracic ultrasound - Point-
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Introduction

The initial evaluation of patients with thoracic trauma
remains a diagnostic challenge for surgery and emergency
physicians. The low reliability of clinical history and physi-
cal examination in the context of trauma has led physi-
cians to depend on diagnostic images for decision-making.
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Computed tomography (CT) is a widely used diagnos-
tic tool, but it requires some radiation exposure, and it is
also not a good option for unstable or potentially unstable
patients [1]. However, the frequency of sonographic evalua-
tion has increased over the last decade, and it is an essential
complementary modality in the initial approach for trauma
patients in the emergency department [2].

In 1996 was describe a systematic evaluation of patients
using ultrasound [3, 4]. The Focused Assessment with
Sonography in Trauma (FAST) is a diagnostic tool used in
the trauma service for evaluation of the hypotensive trauma
patient [5]. FAST allows rapid determination of fluid within
the peritoneal cavity or pericardial sac. In the mid-2000s,
the performance of complementary evaluation with chest
ultrasound to detect pneumothorax was demonstrated and
its addition to the traditional FAST examination resulted in
an extended FAST (E-FAST) [6, 7], playing since then, a
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complementary role to the clinical examination and Thorax
radiography in the trauma patient, especially with hemody-
namic instability [8—12].

The initial approach for a patient with chest trauma in
the emergency room is focused on identifying possible life-
threatening intra-thoracic lesions that will require imme-
diate treatment. Examples of these lesions are flail chest,
tension pneumothorax, open pneumothorax, massive pneu-
mothorax, and cardiac tamponade. In 90% of chest trauma
cases, patients do not require urgent surgery management,
and thus, they can be managed with less morbid and inva-
sive procedures such as closed thoracostomy. Based on this
data, ultrasound plays an important role in the diagnostic
approach using E-FAST, which is a fundamental comple-
ment of prompt patient evaluation. It allows fast and accu-
rate decision-making, mainly for classification of unstable
or potentially unstable patients [13—15].

In trauma, the extension of the thoracic spine sign on
a chest ultrasound can be an indirect sign of hemothorax.
This sign is the image that is transmitted by the sonographic
waves for visualization of the vertebral bodies in the chest
cavity near the superior part of the diaphragm in the pres-
ence of pleural liquid. This sign is not normally seen because
of wave reflection that is caused by air that is present in
healthy lungs [16]. In patients with lung occupation, the ver-
tebral bodies are visualized from the abdomen to the chest
cavity because the transmission of sonographic waves is
better in the presence of liquid, which, in this case, allows
us to rapidly identify the presence of liquid or blood in the
pleural space. Therefore, the extension of the thoracic spine
sign allows a prompt and accurate diagnostic approach and
clinical decision-making in the trauma scenario.

The aim of this study is to evaluate the diagnostic perfor-
mance of extension of the thoracic spine sign in chest trauma
in identifying hemothorax by comparing it to the chest CT
(which is the gold standard diagnostic tool).

Materials and methods

This prospective observational study was performed from
June 1, 2018 to April 4, 2019 at the emergency depart-
ment of University Hospital Fundacién Valle del Lili, Cali,
Colombia. The service has a total capacity for 103 patients
who are distributed in different sections, as follows: obser-
vation, hospitalization, advanced monitoring, and minor
observation. This also includes a triage system that com-
prises nursing professionals, general physicians, emergency
physicians, and internal medicine physicians.
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Patients

Eligible patients included those over 17-years-old with
thoracic or thoraco-abdominal trauma, either closed or
penetrating, with an indication for a chest CT according to
institutional protocols. Patients with previous pulmonary
surgery or pleurodesis, closed thoracostomy in the initial
evaluation before images, previous pneumonia diagnosis in
the past 15 days, unable to lie down or lie at less than 45°,
or other trauma other than chest trauma were excluded from
the study. Each patient had two different records: one for
each hemithorax.

Among the 139 records, 111 where included, and they
belonged to 76 patients. Twenty-eight records were excluded
for different reasons (Fig. 1). Each image had a duplicate
record, and the date and time that the image was taken and
the ultrasound operator’s name were checked.

An ultrasound image was made for each patient for each
hemithorax. A comparison of the ultrasound image and chest
CT corresponding to each hemithorax was performed. In
addition, the result of both images (left and right hemitho-
rax) as a single report and the chest CT were compared in a
global way. For this last point, we take as present the sign of
the spine if any of the two images of a patient’s hemithorax
was evidenced on ultrasound.

Chest sonography

Chest sonography was taken using Ultrasound Equipment
Fujifilm Sonosite Edge II® (FUJIFILM Medical Systems
Sonosite, Inc. Bothell, WA, 98021, USA), equipment with
a Phased Array low frequency (1-5 MHz) transducer in the
abdominal mode and a conventional bidimensional image.
Images were taken with the patient in the supine decubi-
tus position or laying at an incline of less than 45°. The
transducer was placed in the cephalic direction. Pulmonary
zones three and four and the hepatorenal and splenorenal
views were evaluated in all patients. Once the diaphragm
was located, the presence of pleural effusion was evaluated
according to the presence of the extension of the thoracic
spine sign (visualization of the thoracic spine vertebral bod-
ies over the diaphragm) (Fig. 2).

Chest computed tomography

Patients who had an indication for chest CT as part of the
initial evaluation based on the institutional protocol were
included. Volumetric images were taken from the cranial
base to the diaphragm, including the superior abdomen, and
in some cases, if it was indicated, the pubic symphysis was
included. If a contrast medium was needed, we used iodized
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media (iopromide) that was infused at a rate of 45 mL/s
twice, with angiographic reconstruction using post-process
MIP and VRT algorithms, which acquired only arterial
and venous data. Images were interpreted in real time by
an experimented radiologist who was blinded to the initial
ultrasound results.

Data collection

Those who performed the ultrasounds were classified into
two groups according to their formation degree, as follows:
the team of specialists included emergency physicians and
internists. This group had over 1 year of training in critical
patient ultrasound. The other team was made up of internal
medicine or emergency medicine residents who had less

than 6 months of experience in the ultrasound technique.
We called ecographists to take the images.

A physician was assigned as an investigation assistant
to evaluate which patients in the emergency room fulfilled
the inclusion criteria, and the ecographist was then asked
to take the image without divulging information about the
patient’s diagnosis, clinical history, or laboratory test. The
images were interpreted in real time by ecographists, who
also included the study variables in the database. All ultra-
sounds were taken before the CT scan.

The sonographic finding for the extension of the thoracic
spine sign were quantified. These patients all had one chest
CT, which is the gold standard, to evaluate the presence
of pleural effusion, according to the institutional protocol.
The findings were then compared to the sonogram images.
Pleural effusion was defined as the presence of hemothorax
or free liquid in the pleural space.

Statistical analysis

The sample size was calculated for diagnostic studies using
paired groups [17], which estimated that 76 patients were
needed to obtain a power of 80% with a significance level
of 95%.

The discrete curative variables were expressed as the
median and interquartile range (IR), and qualitative vari-
ables were expressed as the frequency and percentage. The
precision and/or performance of each sonographic sign
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was obtained by comparing it to the chest CT results as
the gold standard, including results for sensitivity, speci-
ficity, positive predictive value (PPV), negative predic-
tive value (NPV), positive likelihood ratio (LR +), and
negative LR (LR —). This study was approved by the bio-
medical investigation ethics committee at the institution at
which the study was performed. According to resolution
8430 of 1993 of the Colombian Ministry of Health, the
descriptive studies are of lower risk than the minimum,
taking into account that no interventions or modification
of biological or physiological variables will be carried out.
Therefore, the ethics committee was not asked to exempt
informed consent.

Results

One hundred eleven records were included in the final
analysis, which corresponds to 222 chest images. The age
range was between 18 and 82 years, with a mean age of
32 years (IR, 25.50). Closed chest injury was the most
common type of trauma (77%) (Table 1).

There were 13 patients with hemothorax in the right
lung and 20 with hemothorax in the left lung who were
diagnosed with chest CT; of these patients, 11 patients
with hemothorax in the right lung and 15 with hemotho-
rax in the left lung were diagnosed via sonographic study.
The combined sensitivity and specificity for extension the
thoracic spine sign were 78.7% [95% confidence interval
(CI) 62.25-89.32] and 92.6% (95% CI 87, 95-95.54),
respectively. The predictive values and the LRs were as
follows: PPV, 65% (95% CI 49.51, 77.87); NPV, 97.8%
(95% C192.27-98.12); LR +, 10.6 (95% CI1 9.061-12.49);
and LR —, 0.2 (95% CI 0.173-0.3034) (Tables 2, 3 and
4). Additionally, 89 of the 98 negative cases were cor-
rectly diagnosed in the right lung and 86 of the 91 true
negatives were diagnosed in the left lung, based on the
absence of the extension of the thoracic spine sign on chest
ultrasound.

Table 1 Demographics characteristics

Variables All patients
Total n (%) 76 (100)
Age (median/IR) 32.5 (25-50)
Sex, n (%)
Male 60 (79)
Female 16 (21)
Diagnosis, n (%)
Open thoracic trauma 17 (22.4)
Closed chest injury 59 (77.6)
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Table 2 2x2 Contingency Pleural effusion

tables -
Yes Not Total
Left hemithorax
The extension of the thoracic
spine sign
Present 15 5 20
Nofound 5 86 91
Total 20 91 111
Right hemithorax
The extension of the thoracic
spine sign
Present 11 9 20
Nofound 2 89 91
Total 13 98 111
Both hemithorax
The extension of the thoracic
spine sign
Present 22 10 32
Nofound 5 74 79
Total 27 84 111
Discussion

Based on the results mentioned above, the diagnostic
performance of the extension of the thoracic spine sign
as a marker of hemothorax in a trauma context was high
enough to be considered an accurate approach and suf-
ficient for decision-making for managing trauma patients,
highlighting a LR + of 10.6 (95% CI 9.061-12.49) and a
NPV of 96.15% (95% C1 92.27-98.12).

In the emergency room, hemothorax is usually diag-
nosed by physical examination and chest x-ray. Although
physical examination in the context of trauma in the emer-
gency room has limited sensitivity and specificity [18].
Physical findings, such as hemodynamic instability, chest
wall instability, hematoma, subcutaneous emphysema, and
reduced respiratory sounds are easily detectable in initial
care, which will allow prompt decision making (closed
thoracotomy) even before a chest X-ray or E-FAST. The
chest X-ray plays an irreplaceable role together with the
clinical examination in the initial evaluation and manage-
ment for the early detection of a series of life-threatening
conditions (tension pneumothorax, pulmonary contusion,
massive hemothorax, thoracic aortic rupture, among oth-
ers). However, it can detect a relatively large effusion
requiring at least 175 ml of fluid to show obliteration of
the costophrenic angles on a vertical X-ray image [18].
Therefore, other diagnostic methods that are more accurate
and reliable and that cost less are required to treat patients
with chest trauma, in these cases E-FAST has a comple-
mentary function and the extension of the thoracic spine
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Table 3 Sensitivity, NPV, and LR — for left, right, and both lungs
Diagnostic ~ Left Right Both
Mark
arket Sn (95% CI) NPV (95% LR—-(95% Sn(95%CI) NPV (95% LR-(95% Sn(95%CI) NPV (95% LR-(95%
CDh CDh CI) CI) CI) CD
Value 75 (53.13—- 9451 0.26 (0.17-  84.62 97.8 (92.34- 0.16 (0.06- 78.79 96.15 0.22 (0.17-
88.81) (87.78- 0.39) (57.76- 99.4) 0.45) (62.25- (92.27- 0.30)
97.63) 95.67) 89.32) 98.12)
Data were expressed as a percentage when applicable
Sn sensitivity, LR likelihood ratio, NPV negative predictive value
Table 4 Specificity, PPV, and LR + for left, right and both lungs
Diagnostic ~ Left Right Both
Mark
arket Sp(95% CI) PPV (95% LR+(95% Sp(95%CI) PPV (95% LR+(95% Sp(95%CI) PPV (95% LR+(95%
CD CI) CDh CI) CDh CI
Value 94.51 75 (53.13—  13.65(8.83— 90.82 55(34.21- 921 (7.17- 92.59 65 (49.51-  10.6 (9.06—
(87.78- 88.81) 21.1) (83.46— 74.18) 11.83) (87.95— 77.87) 12.49)
97.63) 95.09) 95.54)

Data were expressed as a percentage when applicable

Sp specificity, LR likelihood ratio, PPV positive predictive value

sign as a diagnostic marker can be a complement within
the initial approach ultrasound protocol.

Normally the thoracic spine cannot be visualized above
the diaphragm because lung air scatters ultrasound waves. In
patients who have pleural occupation with liquid (blood), the
spine can be visualized from the abdomen through the tho-
racic cavity. In the emergency room, patients with thoracic
or thoraco-abdominal trauma (either closed or open) require
a fast and reliable diagnostic method, which allows quick
and accurate decisions to be made. Thus, evaluation of the
extension of the thoracic spine sign will help to determine
the presence of pleural effusion and, therefore, hemothorax
in these patients, creating a practical and quick diagnostic
protocol for the emergency room.

In 2004, Brooks et al. [19] evaluated chest ultrasonogra-
phy as an extension of the FAST protocol compared to other
diagnostic methods that were established at the time (chest
X-ray, CT scan, thoracostomy, thoracotomy) in patients with
chest trauma. They found a sensitivity and specificity for
ultrasound of 92% and 100%, respectively, and a PPV and
NPV of 100% and 92%, respectively for detecting hemotho-
rax after trauma. They concluded that chest ultrasonography
in the emergency context allows prompt and precise diag-
nosis of hemothorax and is, thus, a valuable key to increase
the precision of clinical evaluation in these patients. These
findings relate to our study, although the values we obtained
were lower; this difference may be explained because in our
study, images were taken by different observers with differ-
ent degrees of experience.

The presence of an extension of the thoracic spine sign
depends on how much liquid is present in the chest cavity
and the angle at which the ultrasound study is performed.
Therefore, the sign is less sensitive than the presence of free
liquid in the cavity, but it is a finding that has diagnostic and
therapeutic value in the emergency room [20].

Our findings using only one sonographic sign are con-
sistent with those of historical records, demonstrating the
strong diagnostic performance in detecting hemothorax,
and having a high probability that hemothorax is not present
when the sign is absent (96.15%). Although our sensitivity
was slightly less than that of previous studies, it still shows
that the sonographic sign has a strong diagnostic perfor-
mance for diagnosing pleural effusion [16, 19, 21-24]. We
also showed the diagnostic performance by determining the
probability of having positive or negative results in patients
with or without hemothorax, and we obtaining an LR + of
10.6 (95% CI 9.061-12.49) and an LR —of 0.22 (95% CI
0.173-0.3034), thus confirming a high precision and diag-
nostic performance.

The proportion of false negatives in our study ranged
around 21.2%, this can be explained by carrying out the
examination at a very early stage after the injury, where not
enough free pleural fluid has accumulated yet. However, we
consider that it was the result of a low hemothorax volume
at the time of the examination and therefore a false negative
“not relevant” or hemodynamically not significant, with no
effect on the modification of patient care priorities and/or the
taking additional medical behaviors. In addition, limitations
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in the quality of ultrasound images in subcutaneous emphy-
sema, hematoma, and rib fractures should be considered.

Although a chest CT is the gold standard for diagnosing
hemothorax, the time that is required to move the patient
to the radiology unit and the time that is required to com-
plete the CT limit its use in diagnosing and determining
the prognosis of critical or potentially critical patients. The
diagnostic performance of ultrasound allows a fast and
precise approach, and it can even detect a small amount of
pleural effusion, facilitating an accurate approach and man-
agement in the emergency department where time plays a
major role, especially in unstable patients. This is relevant
in initial trauma management, allowing characterization and
stratification of the surgical intervention as urgent or emer-
gent [25].

Future studies should evaluate the inter-observer agree-
ment in observers with different degrees of experience in
identifying the extension of the thoracic spine sign using a
chest ultrasound in trauma patients. We considered the idea
that the extension of the thoracic spine sign would be able to
be clearly identified by observers without sufficient training
and experience.

This study had some limitations. It took place at only one
institution with thoraco-abdominal trauma rate was higher
than other local institutions, which could limit comparison
with other institutions with a lower trauma rate. It also was
not possible to measure the reliability of the study independ-
ent of the ecographists’ experience. Measuring the ecogra-
phists’ experience was not possible because we could not
guarantee that the ultrasound was performed for each patient
by the two same physicians.

Another limitation was the small sample size and, there-
fore, the confidence intervals are wide. Another limitation
relates to the number of ultrasounds that were performed by
physicians within the past 6 months compared to ultrasounds
that were performed by those with more than 1 year of expe-
rience. This could have affected the sensitivity.

In the statistical analysis, the agreement between resi-
dents and specialists was not assessed for the following rea-
sons: first, only 24 patients were evaluated by two different
ecographists, which is a small sample size to show a signifi-
cant result. Second, in each group, the same ecographists
were not involved, and this could generate variability when
the findings were interpreted because in some cases. The
second group of ecographists only had 2 weeks of training
in performing an ultrasound examination on critical patients.

In conclusion, the extension of the thoracic spine sign
allows prompt identification of the presence, and more
specifically, the absence of occupying liquid in the pleu-
ral space. This allows an appropriate diagnostic approach
and prompt and accurate decision-making in the emer-
gency room in patients with thoracic or thoraco-abdominal
trauma. Therefore, the possibility of adding the extension
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of the thoracic spine sign to the E-FAST protocol within the
initial approach should be considered as a complementary
diagnostic marker.
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