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Take-home message: Lung
ultrasonography score performed at
admission for blunt trauma allows an
accurate quantification of lung contusion.
A score greater than 6 is predictive of the
development of ARDS within 72 h.
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ORIGINAL

Early lung ultrasonography predicts
the occurrence of acute respiratory distress
syndrome in blunt trauma patients

Abstract Purpose: Extent of lung
contusion on initial computed
tomography (CT) scan predicts the
occurrence of acute respiratory dis-
tress syndrome (ARDS) in blunt chest
trauma patients. We hypothesized
that lung ultrasonography (LUS) on
admission could also predict sub-
sequent ARDS. Methods: Forty-five
blunt trauma patients were prospec-
tively studied. Clinical examination,
chest radiography, and LUS were
performed on arrival at the emer-
gency room. Lung contusion extent
was quantified using a LUS score and
compared to CT scan measurements.
The ability of the LUS score to pre-
dict ARDS was tested using the area
under the receiver operating charac-
teristic curve (AUC-ROC). The
diagnostic accuracy of LUS was
compared to that of combined clinical
examination and chest radiography
for pneumothorax, lung contusion,
and hemothorax, with thoracic CT
scan as reference. Results: Lung
contusion extent assessed by LUS on
admission was predictive of the
occurrence of ARDS within 72 h
(AUC-ROC = 0.78 [95 % CI

Introduction

Lung contusion is the most frequent thoracic injury in
blunt chest trauma and it is associated with increased
morbidity and mortality [1]. Direct damage of the lung
tissue causes both local and systemic inflammatory

0.64-0.92]). The extent of lung con-
tusion on LUS correlated well with
CT scan measurements (Spearman’s
coefficient = 0.82). A LUS score of 6
out of 16 was the best threshold to
predict ARDS, with a 58 % [95 % CI
36-77] sensitivity and a 96 % [95 %
CI 76-100] specificity. The diagnos-
tic accuracy of LUS was higher than
that of combined clinical examination
and chest radiography: (AUC-ROC)
0.81 [95 % CI 0.50-1.00] vs. 0.74
[0.48-1.00] (p = 0.24) for pneumo-
thorax, 0.88 [0.76—1.00] vs. 0.69
[0.47-0.92] (p < 0.05) for lung con-
tusion, and 0.84 [0.59-1.00] vs. 0.73
[0.51-0.94] (p < 0.05) for hemotho-
rax. Conclusions: LUS on
admission identifies patients at risk of
developing ARDS after blunt trauma.
In addition, LUS allows rapid and
accurate diagnosis of common trau-
matic thoracic injuries.

Keywords Lung ultrasonography -
Chest trauma - Lung contusion -
Acute respiratory distress syndrome

responses that can lead to acute respiratory distress syn-
drome (ARDS) and multiple organ failure [2, 3]. The

initial size of the lung contusion seems to play a key role
in these mechanisms. Several CT scan studies have shown
that initial lung contusion volume is predictive of the
development of subsequent ARDS [4-7]. However, CT
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scan measurement of lung contusion volume requires
3-dimensional modelling that is not readily available. In
addition, severely injured patients may have hemody-
namic instability preventing transport to the CT suite. In
this context, bedside ultrasonography appears to be the
most appropriate diagnostic tool [8—11]. Recently, lung
ultrasonography (LUS) has been proposed to evaluate
common traumatic lung injuries and seems to be accurate
[12]. However, the ability of LUS to assess the extent of
lung contusion and its prognostic value have been poorly
studied until now. To our knowledge, only the study by
Rocco and colleagues addressed this issue in a small
cohort [13]. They found a good correlation between LUS
and thoracic CT scan for the initial extent of lung con-
tusion, but did not assess its prognostic value.

We hypothesized that early assessment of lung con-
tusion extent using LUS can predict the occurrence of
ARDS in blunt trauma patients. We conducted a pro-
spective observational study to evaluate the ability of
LUS performed on admission of trauma patients to predict
subsequent ARDS (primary outcome). In addition, we
compared the performance of LUS with that of combined
clinical examination and chest radiography (CXR) for
diagnosing pneumothorax, lung contusion, and hemotho-
rax (secondary outcomes).

Materials and methods

Patients

This prospective observational cohort study was conducted
from May 2010 to July 2011 in the emergency room of the
University Hospital of Angers, a level 1 trauma center. The
institutional ethics committee approved the design of the
study and waived requirement for informed consent from
the patient (registration 2010/05).

In our hospital, severe trauma patients are referred to
trained anesthesiologists in an emergency room located
near the CT suite and the emergency operating theater
(four operating rooms available 24/7). Patients with
multiple blunt trauma were enrolled in the study if one of
the physicians trained in LUS (i.e., with an experience of
more than 30 LUS in trauma patients) was present.
Demographic data, physiological parameters, and arterial
blood gas measurements on admission were collected.
Therapeutic decisions were left to the discretion of the
physician in charge of the patient (different from the one
who performed LUS).

Clinical examination and chest radiography

On arrival at the emergency room, the physician in charge
of the patient performed a clinical examination, including

bilateral inspection and auscultation of the chest. CXR
was performed at the same time with a mobile x-ray
machine (AMX-4, GE Healthcare, Waukesha, WI, USA).
According to the clinical examination and CXR findings,
the physician assessed the diagnosis probability of pneu-
mothorax, lung contusion, and hemothorax for each lung
using a four-point scale: 0 = sure of the absence of a
lesion, 1 = doubt about the absence of a lesion,
2 = probable presence of a lesion, and 3 = sure of the
presence of a lesion. A score of 2 or more was considered
as a positive diagnosis [12].

Lung ultrasonography

LUS was performed after completion of clinical exami-
nation by an anesthesiologist trained for LUS blinded to
the clinical examination and CXR results. An M-turbo
ultrasonograph with a 5-1 MHz probe (SonoSite, Bothell,
WA, USA) was used. The chest wall was divided into
eight areas, with the patient in the supine position
(Fig. 1). In each of these areas, sonographic signs of
pneumothorax, lung contusion, and hemothorax were
investigated [8, 14]. The diagnostic criteria used are those
of the international recommendations for LUS [8].
Briefly, pneumothorax was diagnosed in the presence of
lung point(s) or absence of lung sliding together with
absence of B lines and absence of lung pulse. Lung
contusion was diagnosed by the presence of focal B lines
(Fig. le in the Electronic supplementary material, ESM)
and/or lung consolidation, and hemothorax was diagnosed
as a dependent dark zone free of echo. The LUS operator
recorded the diagnostic probability of each of these
lesions using the same four-point scale as for the com-
bination of clinical examination and CXR. LUS results
could be given to the physician in charge if the patient had
abnormal vital signs and required immediate treatment.
To assess the extent of lung contusion, we defined a LUS

Areas from | to 4 on right wall chest and S to 8 on left wall chest.
PSL. Parasternal Line: AAL. Anterior Axillary Line: PAL,
Posterior Axillary Line.

Fig. 1 Areas evaluated by lung ultrasonography on emergency
room. Chest wall was separated into four quadrants on each side,
according to the anterior axillary line (AAL) and the medio-thoracic
line. Areas /-4 on the right chest wall and areas 5-8 on the left
chest wall. PSL parasternal line, PAL posterior axillary line
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score in each area: 0 = no contusion in the area,
1 = contusion in a part of the area, 2 = contusion in the
whole area. By adding the scores of each of the eight
areas, we obtained a total score ranging from 0 to 16 per
patient.

Thoracic CT scan

Thoracic acquisition was performed from the apex of the
chest to the diaphragm using a 64-detector scanner
(Optima CT660, GE Healthcare, Waukesha, WI, USA).
Contiguous 1-mm-thick transverse views at lung window
settings were systematically reconstructed and analyzed
by a radiologist blinded to the results of other investiga-
tions (i.e., combination of clinical examination and CXR,
and LUS). The time between admission to the emergency
room and CT scan completion was recorded. Patients who
underwent thoracic CT scan before being transferred to
our hospital were included if the time between the CT
scan and the admission was less than 120 min. In these
cases, only the physician in charge of the patient knew the
results of the previous CT scan, and two other physicians
performed the combination of clinical examination and
CXR, and LUS. Lung contusion on CT scan was descri-
bed as apical-medial, apical-lateral, medial-basal, and/or
lateral-basal in each lung. The following score was
applied in each of these areas: 0 = no contusion in the
area, | = contusion in a part of the area, 2 = contusion in
the whole area. We obtained a CT scan score for the
extent of lung contusion ranging from 0 to 16 per patient.
The size of pneumothorax was classified as minuscule,
anterior, or anterolateral, according to the classification
described by Wolfman and colleagues [15]. The size of
hemothorax was measured on the basis of the equation
described by Hazlinger and colleagues [16]. All these
trauma patients had a whole body CT scan together with
this thoracic CT scan.

Outcomes

The occurrence of ARDS within the first 72 h after
admission, the number of ventilator-free days (VFDs) by
day 28, the ICU length of stay, and the in-hospital mor-
tality were recorded. ARDS was defined according to the
recent Berlin recommendation [17, 18]. We defined three
cumulative categories of ARDS: severe (PaO,/FiO, < 100
mmHg), severe to moderate (PaO,/FiO, < 200 mmHg),
and severe to mild (PaO,/FiO, < 300 mmHg).

Statistical analysis

Categorical variables were expressed as frequency and
percentage; continuous data were presented as mean and

standard deviation or median and interquartile range as
appropriate. The predictive value of lung contusion extent
assessed by early LUS and the development of ARDS
within the 72 h after admission was tested using area
under the receiver operating characteristic curve (AUC-
ROC). The Youden index was used to calculate the best
threshold value for predicting ARDS onset [19]. Quanti-
fication of lung contusion by LUS score was compared to
that of CT scan using Spearman rank correlation analysis.
Correlation was considered clinically relevant when the
coefficient was 0.8 or greater. The diagnostic accuracy of
the combination of clinical examination and CXR was
compared to that of LUS for pneumothorax, lung contu-
sion, and hemothorax, using CT scan as the reference and
was expressed as sensitivity, specificity, likelihood ratios,
and AUC-ROC. We compared the AUC of the different
diagnostic tools using a test for dependent receiver
operating characteristic curves (same sample); other
comparisons were done using Wilcoxon or Fisher exact
tests, as appropriated. Statistical analysis was performed
using XLSTAT 2012 (Addinsoft). Statistical significance
was defined as p < 0.05.

Results

Patients

During the study period, 219 patients were admitted to
our emergency room for multiple blunt trauma. Among
them, 50 patients had both a LUS performed on admission
by one of the operators trained in LUS and a whole body
CT scan. Five patients were not included, four because of
an excessive delay between admission and CT scan
(performed in another hospital), and one because they
were less than 15 years old (Fig. 2 for flow chart).
Table 1 shows the overall characteristics of the 45
patients included. The median [IQR] of the abbreviated
injury scale for chest was 4 [3, 4]. LUS was successfully
performed in all patients in less than 10 min. The median
time between admission to the emergency room and
thoracic CT scan was 39 [27-67] min.

Prediction of ARDS

Among the 41 patients alive at 72 h, 19 (46 %) developed
an ARDS, including five severe, nine moderate, and five
mild, according to the Berlin classification [17, 18]. The
LUS score on admission was predictive of the occurrence
of severe ARDS (AUC = 0.86 [0.77-0.96]), severe to
moderate ARDS (AUC = 0.77 [0.61-0.92]), and severe
to mild ARDS (AUC = 0.78 [0.64-0.92]). These results
are reported on Fig. 3. A LUS score of 6 was identified as
the best threshold value for predicting severe ARDS:
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Table 1 Overall patient characteristics

Patients characteristic n =45
Demographics
Age, years 35+ 16
Male, n (%) 32 (71)
Distribution of injuries
Head trauma, n (%) 18 (40)
Chest trauma, n (%) 40 (89)
Abdominal trauma, n (%) 21 47)
Spinal fractures, n (%) 13 (29)
Extremity bone fractures, n (%) 16 (36)
Physiologic parameters on admission
SBP, mmHg (mean + SD) 122 4+ 30
Heart rate, beats/min (mean £ SD) 93 £+ 25
Lactates, mmol/L (mean £ SD) 23+ 13
Injury severity measures on admission
GCS 11+4
ISS 34 [25-48]
AIS, chest 4 [3-4]
Patients requiring catecholamines 11 24)
Patients requiring blood transfusions 21 47)
Patients requiring mechanical ventilation 22 (49)
Outcomes
Ventilator-free days by day 28, days 21 £7
Length of ICU stay, days 2.5 [1-8.5]
Patients developing ARDS 20 (44)
Severe 5
Moderate 10
Mild 5
Death 8 (18)

Data are expressed as mean £ SD, median [IQR] or n (%)

SBP systolic blood pressure, ISS injury severity score, ALS abbre-
viated injury scale, /CU intensive care unit, ARDS acute respiratory
distress syndrome

Fig. 2 Flow chart of the study

sensitivity (Se) 80 %, specificity (Sp) 78 %, positive
predictive value (PPV) 33 %, negative predictive value
(NPV) 97 %; severe to moderate ARDS: Se 64 %, Sp
89 %, PPV 75 %, NPV 83 %; and severe to mild ARDS:
Se 58 %, Sp 96 %, PPV 92 %, NPV 72 %. The extent of
lung contusion assessed by LUS score on admission
correlated with thoracic CT scan measurements, as shown
by a Spearman’s coefficient of 0.82 (Fig. 2e, ESM).

Main clinical outcomes

Overall mortality was 18 % (Table 1). PaO,/FiO, ratios
and tidal volumes on admission were not significantly
different whether patients developed an ARDS or not
(Table le, ESM). Patients with ARDS experienced sig-
nificant longer ICU length of stay (median [IQR] 13
[5-17] vs. 1 [1, 2] days, p < 0.05), and higher mortality
rate: 21 vs. 0 % (p < 0.05) (Table le, ESM).

Diagnostic accuracies for all thoracic injuries

Among the 90 lungs examined, CT scan revealed 30
pneumothorax, 60 lung contusions, and 25 hemothorax.
The occurrence of these lesions was similar between right
and left chest walls (respectively, 17 vs. 13 pneumotho-
rax, p = 0.37; 30 vs. 30 lung contusions; 11 vs. 14
hemothorax, p = 0.48), which allowed us to analyze lung
fields as separate entities. The AUC-ROC of LUS was
significantly higher than the AUC-ROC of combined CE

Admission for multiple blunt trauma,
n=219 patients

LUS performed,
n=50 patients

Exclusions:

- 4 patients: admission-CT scan time >120 min
- 1 patient: <15 years

26 patients with pneumothorax

CT scan analysis,
n=45 patients (including

2 isolated chest trauma

38 patients with lung contusion

and 43 multiple trauma)

Exclusions:

- 4 early deaths (including 1 patient with ARDS)

41 patients alive at 72 hours

19 patients with hemothorax
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Fig. 3 ROC curves for the diagnosis of ARDS occurrence within
72 h, according to LUS score. ARDS acute respiratory distress
syndrome, AUC-ROC area under the receiver operating character-
istic curve. Cumulative categories of ARDS: severe (PaO,/FiO,
< 100 mmHg), severe to moderate (PaO,/FiO, < 200 mmHg),
severe to mild (PaO,/FiO, < 300 mmHg)

and CXR for lung contusion (p < 0.05) and hemothorax
(p < 0.05) diagnosis (Table 2e, ESM; and Fig. 4). We
found no significant difference between the two diag-
nostic modalities for pneumothorax diagnosis (p = 0.24).
Twelve patients required chest drainage: three for
hemothorax, four for pneumothoraces, and five for com-
bined hemo- and pneumothoraces. All these lesions were
identified by LUS.

Discussion

The present study showed that early LUS accurately
predicts the occurrence of ARDS in blunt trauma patients.
Lung contusion extent assessed by LUS at the bedside
correlated well with CT scan findings. In addition, we
found LUS superior to the combined CE and CXR for
diagnosing lung contusion and hemothorax at the bedside.

As standard chest radiography underestimates lung
contusion extension at the initial phase of trauma [13,
20], thoracic CT scan is the reference method [4-7].
However, lung contusion volume measurement by CT
scan requires a specific computer-based algorithm
allowing 3-dimensional modelling that is not routinely
available in the emergency setting. Furthermore, severe
trauma frequently causes circulatory failure in the initial
phase that contraindicates the achievement of an early
CT scan. In this context, LUS appears to be an attractive
alternative [11], since it is feasible at the bedside with a
good accuracy for diagnosing lung contusion [8, 12, 13,

21]. We confirmed here that LUS is accurate in
assessing the extension of lung contusion. In addition, to
our knowledge, this is the first study showing that LUS
performed on admission can predict the occurrence of
subsequent ARDS. We found that a LUS score of 6 or
more out of 16 was predictive of ARDS. Whereas the
specificity of this score was good, its sensitivity was
relatively weak for predicting severe to moderate and
severe to mild ARDS, respectively 64 and 58 %. There
is thus a risk of “false positive” prediction. However,
this can only benefit the patient by increasing doctor
vigilance. This threshold corresponds to a volume of
lung contusion greater than 30 % of the total lung vol-
ume. This result is consistent with the recent CT scan
study by Becher et al. [4], finding a threshold of 24 % as
a predictor of ARDS. This LUS score has a high posi-
tive likelihood ratio for the development of subsequent
ARDS, and may thus have prognostic implications.
Indeed, patients developing ARDS experienced longer
duration of mechanical ventilation and ICU stay, and
above all higher mortality. ARDS is indeed a frequent
and devastating complication after severe blunt trauma
[1]. As growing evidence supports the use of protective
ventilation to prevent ARDS onset [22, 23], its early
prediction becomes an important issue.

We found that LUS was superior to combined clin-
ical examination and CXR for diagnosing lung contusion
and hemothorax on admission of blunt trauma patients.
These results are consistent with several previous studies
[12, 13, 20, 24]. However, the sensitivity of LUS for
diagnosing pneumothorax and hemothorax we found was
weak. The first explanation for these quite low sensi-
tivities is the high incidence of very small lesions in our
study. Fourteen (33 %) pneumothorax were classified as
“minuscule” and 10 (53 %) hemothorax were less than
100 mL. In comparison, none of the pneumothorax
identified by CT scan on the study by Zhang and col-
leagues was minuscule, and only 5 (20 %) were in
Soldati and colleagues’ study [20, 25]. Previous studies
on hemothorax did not specify the percentage of small
hemothorax on CT scan [13, 24]. Contrary to previous
studies investigating only one type of lung lesion [20,
21, 24, 25], we chose not to exclude patients with
subcutaneous emphysema, multiple trauma, or patients
under mechanical ventilation. The presence of subcuta-
neous emphysema and/or pneumothorax could have
prevented the diagnosis of underlying lesions. Hyacinthe
and colleagues, who included consecutive patients
without any selection, as in our study, also reported
weak sensitivities for pneumothorax and hemothorax
diagnosis [12]. Finally, it should be noted that all the
pneumothorax and hemothorax requiring chest drainage
in our study were diagnosed by LUS. Thus, the infor-
mation provided by LUS seems sufficient to support
appropriate clinical decision-making, as previously
reported [9, 26].
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Fig. 4 ROC curves of each diagnostic method for common lung injuries. AUC-ROC area under the receiver operating characteristic
curve, CE clinical examination, CXR chest radiograph, LUS lung ultrasonography

Our study has methodological weaknesses. We did not
assess interoperator variability because it was not feasible
to mobilize two operators trained in LUS at the same
time, in addition to the physician in charge of the patient.
However, the study by Lichtenstein and colleagues
reported low interoperator variability of LUS in intensive
care patients [26]. We did not measure the delay between
LUS and CT scan, but median CT scan delays from
admission were quite low (39 [27-67] min), so that the
delay between LUS and CT scan should be less than
90 min as requested in a previous study [12]. We did not
use specific 3-dimensional modelling software for the
measurement of lung contusion volume on CT scan, as it
was not available in our hospital at the time of the study.
Regarding the LUS examination, we made some
assumptions: we assume that the findings on LUS repre-
sent lung contusion, but there are many causes of B lines;
we also assume that pleural effusions were related to
hemothorax, without sampling all of them. However,
these assumptions are the same with the CT scan findings.
Finally, we did not assess the posterior regions of the
lungs, because trauma patients have to remain supine. We
could thus have underestimated the volume of lung con-
tusion by LUS examination.

In our view, these results could have clinical impli-
cations. LUS seems to provide relevant data. LUS could
thus be added to the Extended Focused Assessment with
Sonography for Trauma (EFAST) [27], not only for lung
contusion diagnosis but also for the diagnosis of
hemothorax and pneumothorax. The development of
web-based assessment tools for the EFAST could help in
this way [22, 27]. In addition, the early detection of

blunt trauma patients at risk of ARDS could indicate
closer surveillance of these patients. The impact of an
early intervention such as protective ventilation in these
patients could also be assessed. Indeed, the retrospective
study by Ciesla and colleagues had already suggested
that protective ventilation could contribute to the
reduction of post-traumatic ARDS [22]. Recent data
supports the generalization of this strategy prophylacti-
cally to almost all mechanical ventilated patients in
intensive care [23].

Conclusion

Lung contusion extent assessed by LUS on admission
identifies patients at risk of developing ARDS within 72 h
after a severe blunt trauma when their LUS score is higher
than 6. LUS is a rapid and accurate tool for diagnosing
main traumatic lung injuries at the bedside. These results
argue for systematic assessment of lung contusion extent
by LUS in the initial phase of blunt trauma, as part of the
EFAST.
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