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Lung ultrasound for detecting pneumothorax in injured children:
preliminary experience at a community-based Level II pediatric
trauma center
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Abstract
Background Ultrasound (US) has been used in the adult trauma population with reported moderate to high sensitivities, but data
are scarce in the pediatric trauma population.
Objective The purpose of this study was to specifically examine the sensitivity and specificity of one lung US methodology
(single-point anterior exam) in the pediatric trauma population when compared to chest radiography or CT.
Materials and methods We conducted a retrospective review of pediatric trauma patients who received lung US as an extension
of the focused assessment with sonography for trauma (FAST) exam.We compared lung US findings with chest radiography and
CT scans.
Results Two hundred twenty-six pediatric trauma patients underwent lung US exam with confirmatory exams; 11
pneumothoraces (4.8%) were observed. Of those 11, 6 were evaluated as false negatives on the lung US. Analyses resulted in
45.5% sensitivity, 98.6% specificity and 96.0% accuracy. Pneumothoraces undetected by lung US were small and apical and
were likely not observed because of their size and location. None of the false negatives required intervention. All true positives
were associated with lung contusions.
Conclusion Pneumothorax is less common in the pediatric than the adult trauma population, and when encountered in children
pneumothorax is often occult and might be associated with lung contusions. Existing evidence supports the usefulness of chest
US in detecting pneumothorax in adults and suggests that it can be translated to injured children. However, our findings suggest
that the sensitivity of lung US as a single-point anterior exam extension of the FASTexammight not be as reliable in the pediatric
trauma population as in adults. Other methodologies using lung US might improve sensitivity.
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Introduction

In the United States, trauma leads to greater mortality than all
other causes combined in children older than 1 year [1].
Mortality from thoracic injuries, which can result from blunt
and penetrating mechanisms, ranges 6–20% [2]. Thoracic in-
juries commonly present as rib fractures, pulmonary contu-
sions and pneumothoraces [3]. Advanced Trauma Life
Support [4] teaches that chest radiography is an important
adjunct following the primary survey of the injured child, to
aid in detection of traumatic pneumothorax, a preventable
cause of death.

Chest radiography, typically performed early in the course
of evaluating trauma patients, is often obtained in an
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anteroposterior manner in the supine patient undergoing initial
assessment and in whom potential spine injury is a concern. It
is rapid, almost universally available, does not require moving
the patient to a diagnostic suite, allows ready assessment of
lungs, pleura, bones, soft tissues and mediastinum, and allows
for venous access lines and tubes. This technique is known to
have high specificity for detecting pneumothorax; however,
sensitivity is variable (58.9% to 98.2%) [5, 6]. Thus the refer-
ence standard for pneumothorax diagnosis has become chest
CT [7, 8] because the small and asymptomatic pneumothorax
can evolve into life-threatening complications, especially in
people requiring positive-pressure ventilation, or those with
limited cardiopulmonary reserve capacity [3]. However, CT
exposes people to more radiation than chest radiography and
requires transport to a diagnostic suite.

Lung ultrasound (US) was first used for detecting pneumo-
thorax in humans in 1987 [9]. This diagnostic test is portable,
non-radiating, repeatable, noninvasive and relatively inexpen-
sive, thus potentially useful in detecting pneumothorax. The
lung US technique typically involves using B-mode with or
without M-mode to evaluate the pleura at the most anti-
dependent portion of the thorax in a supine child, generally
the 2nd–4th intercostal space anteriorly at the midclavicular
line. With breathing, the visceral–parietal interface can be vi-
sualized as a sliding echogenic stripe below the intercostal
space [10]. The presence of sliding pleura essentially excludes
pneumothorax in the region that is scanned [11] (Fig. 1,
Supplementary online material 1 [12]). Because absence of
sliding pleura is highly suggestive but not diagnostic of pneu-
mothorax [12], findings are generally reported in our institu-
tion as presence or absence of sliding pleura (Fig. 2,
Supplementary online material 2).

Sonographically detecting pneumothorax has been studied
among cohorts of trauma patients [5, 8, 13, 14]; however, each
of these studies excluded patients younger than 18 years.
While US has been used to assess lungs in the pediatric critical
care environment [15], few studies have examined the use of
US in managing pediatric chest trauma with potential for
pneumothorax. Brook et al. [16] and Knudtson et al. [17]
included some pediatric patients in their mixed study samples.

Alternative imaging that decreases exposure to ionizing radi-
ation is increasingly important to the pediatric population [18].
Thus the purpose of this studywas to examine the sensitivity and
specificity of a single-point lung US exam when compared to
chest radiographs and CT scans in a pediatric trauma cohort at a
community-based Level II pediatric trauma center.

Materials and methods

Our institutional review board approved this retrospective
study. We searched the trauma registry and medical records
of pediatric patients who received a lung US exam in conjunc-
tion with focused assessment with sonography for trauma
(FAST) scan [8]. The study sample included children (ages
0–17 years) identified in the trauma registry and treated be-
tweenMay 1, 2016, and Sept. 21, 2017.We excluded children
from analysis if they: (1) did not have a lung US/FASTassess-
ment, (2) did not have complete data in the dataset or (3) did
not have confirmatory chest radiography or CT scans.

Each trauma patient underwent a FAST exam and the US
was extended to a single-point exam of each lung. The US
exams were performed in the trauma bay by US technicians
who had completed standard training, using a 2- to 5-MHz
curved transducer on a GE Logiq E (GE Healthcare, Boston,
MA) US unit preset to abdominal imaging. The imaging depth

Fig. 1 Ultrasound in a 14-year-old boy with sliding pleura. Sagittal lung
ultrasound image shows B-lines (“lung rockets;” arrows), which are
considered comet tail artifact, extending from the pleural edge and
observed in the normal aerated lung. In addition, as shown on
Supplementary online material 1, the pleura is seen sliding below the ribs

Fig. 2 Ultrasound in a 14-year-old boy with bilateral pneumothoraces.
Sagittal lung ultrasound image shows A-lines (arrows), without B-lines.
A-lines are considered reverberation artifact from the pleural surface and
can be observed in the setting of a pneumothorax
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was reduced to 4–6 cm and the gain was adjusted to accentu-
ate the hyperechoic pleural stripe. A single-point chest USwas
performed on each side with the probe placed in an anterior
sagittal position perpendicular to the ribs at the 2nd–3rd inter-
costal space at the mid-clavicular line. The child was prefera-
bly in supine position, although semi-upright position was
acceptable in children who were unable to maintain a supine
position. In those cases, the probe was placed below the clav-
icles. Live interpretation was performed by a radiology resi-
dent or attending physician. The sliding pleura was the only
parameter evaluated and was described in a binary fashion.
Other findings described in the literature such as B-lines, M-
mode, lung point and lung pulse were not evaluated.

Lung US exams with positive findings (absence of pleural
slide) were recorded as “positive” and exams with negative
findings (presence of pleural slide) were recorded as “nega-
tive.” Lung US findings were confirmed as true or false by
chest radiography or CT scans. The size of the pneumothorax
(PTX) was retrospectively calculated by measuring the
interpleural distance using PTX=4.1 + [4.7 x (A+B+C)] [19,
20]. For the purpose of this study, children who did not have
confirmatory follow-up tests were considered as negative per
clinical outcome [8, 21] and evaluated to determine whether
there were demographic and clinical differences from those
who did receive a confirmatory exam; they were excluded
from other analyses.

We summarized descriptive statistics using frequencies
(percentages) and means (standard deviations) where ap-
propriate. Mean comparison was evaluated using an inde-
pendent samples t-test with P<0.05 defined as statistically
significant. We performed statistical analyses using SPSS
for Windows, version 23 (IBM, Armonk, NY). We con-
firmed sensitivity, specificity and accuracy analyses using
MedCalc (MedCalc Software, Ostend, Belgium). We con-
ducted a sub-analysis restricted to children whose
pneumothoraces extended below the clavicle (excluding
those with only apical pneumothoraces that were not in-
terrogated by the US transducer). We calculated positive/
negative likelihood ratios and positive/negative predictive
values using MedCalc Software.

Results

We identified 750 pediatric trauma patients in the trauma reg-
istry during the study time period. Three hundred thirty-six
(44.8%) of patients were excluded because they did not have
lung US/FAST exam, leaving 414 eligible for the study. Of
those, 11 (2.6%) children were excluded for missing/
incomplete data. Of the remaining 403 study patients, 177
(44%) children whose lung US findings were not confirmed
with either a chest radiograph or a CT scan were excluded
from sensitivity, specificity and accuracy analyses (clinical

observation only group). These children had statistically sig-
nificantly lower Injury Severity Scores, lower incidence of
motor vehicle collisions, and lower hospital and intensive care
lengths of stay than those with confirmatory exams. The re-
maining 226 (56%) were included in the sensitivity and spec-
ificity analysis. Patient flow is illustrated in Fig. 3. The mean
age was 9.4 years (standard deviation [SD] = 5.8 years) and
over half (59.7%) were boys. Patient demographics are listed
in Table 1 [22].

Table 2 displays the clinical characteristics of the study
population. The mean Injury Severity Score for the total study
population was 6.8 (SD=7.4); however those who had follow-
up confirmatory tests had a statistically significant higher
Injury Severity Score (8.3) than those who were observed
(4.9). The median Glasgow Coma Scale for the total study
population was 15, the same as each sub-group— those with
confirmatory tests (15) and those who were observed (15).
The mean length of stay for both hospital and intensive care
unit was statistically higher for children who received confir-
matory tests than those who were just observed clinically.

We calculated sensitivity, specificity and accuracy analyses
(Table 3) for only those who had confirmatory tests (chest
radiograph or CT scan; n=226). Sensitivity was low (using
only single-point evaluation) in this population, with the lung
US only identifying 45% of the pneumothoraces. Specificity
and accuracy were high: 98.6% and 96.0%, respectively.
When the two apical pneumothorax patients were removed
from analysis, sensitivity was only improved to 55%. Those
children whose lung US were negative (sliding pleura noted)
and observed with no confirmatory imaging were discharged
without adverse event. For 15 children who received a CT
scan, the determination results were 1 true positive, 11 true
negatives and 3 false negatives for 25% sensitivity, 100%
specificity and 80% accuracy.

Table 4 describes the characteristics of the children with
confirmed pneumothoraces. There were 11 confirmed
pneumothoraces out of the entire pediatric trauma population
in the study timeframe (1.5%; 11/750). The pneumothorax sizes
ranged 5–18% overall. The average size of the pneumothorax
of the true positives was 11% vs. 8% for false negatives.
Half of false-negative exams demonstrated apical
pneumothoraces above the level of the clavicle, whereas
all true-positive exams demonstrated loss of the visceral–
parietal apposition along the mid-anterior chest. All of the
true positives, but none of the false negatives, had pulmo-
nary contusions. None of the false negatives required inter-
vention. Three children were readmitted within 30 days. Of
those, two were deemed true negatives confirmed with
chest radiographs. One child with a false-negative finding
was readmitted within 30 days with a retained hemothorax.
There was no difference in the body mass index between
the true-positive group (21.8 kg/m2, SD=6.5 kg/m2) and the
false-negative group (21.8 kg/m2, SD=2.7 kg/m2).
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Discussion

Chest US has been gaining popularity because of reports
of superior sensitivity compared to the chest radiograph
and ultrasonography’s desirable safety profile. Despite the
growing body of evidence supporting its use in adults, the
use of US for detecting pneumothoraces in the pediatric
trauma population is not as well evidenced. Thus we con-
ducted this single-institution retrospective analysis of one
technique (single-point exam extended from FAST exam)
in using lung US in the pediatric trauma population. Our
findings suggest that pneumothorax in the pediatric trau-
ma population is uncommon (1.5%) and associated with
chest injury (evidenced by lung contusions in the true
positives). Further, the findings of this single-point exam
study demonstrated lower sensitivity of lung US than pre-
viously published findings.

Table 1 Study sample demographics (n=226)

Mean (SD) Frequency (%)

Gender, male 135 (59.7)

Age, years (range 0–17) 10.08 (5.6)

Age groups [22]

Infant (0–12 months) 9 (4.0)

Toddler (1–2 years) 23 (10.2)

Early childhood (2–5 years) 29 (12.8)

Middle childhood (6–11 years) 53 (23.5)

Early adolescence (12–18 years) 112 (49.6)

Weight, pounds (range 6–300) 97.1 (56.9)

Height, inches (range 17–77) 55.3 (13.9)

BMI, kg/m2 (range 9–39) 20.0 (5.1)

BMI body mass index, SD standard deviation

Fig. 3 Flowchart of pediatric
trauma patients. CT computed
tomography, CXR chest
radiography
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The superior sensitivity of lung US over chest radiography
in the detection of traumatic pneumothorax has been demon-
strated in prospective studies [5, 8, 22, 23], with reported
sensitivities ranging from 58.9% to 98.2%. Published
evidence-based guidelines give recommendations for using
lung US for ruling in the diagnosis of pneumothorax and for
ruling it out, compared to the use of supine anterior chest
radiography [24]. A recent systematic review and meta-
analysis suggested that chest sonography is useful for detect-
ing pneumothorax in injured adults [25]; however, none of
these prospective studies [5, 8, 26] involved children younger
than 16 years. Knudtson et al. [17] studied patients from
6 months to 94 years of age and observed a sensitivity of
92.3% in lung US for detecting pneumothorax when com-
pared to chest radiograph; however none of the children youn-
ger than 17 years received chest CT (J. Knudtson, personal
communication), thus it is possible the actual sensitivity of
lung US could be lower in their study when compared to the
gold standard of chest CT. Brook et al. [16] prospectively
studied lung US in trauma patients ranging from 6 months to
88 years. While their study also demonstrated the superior
sensitivity of lung US over chest radiography, when compared
to the gold standard of chest CT the sensitivity of lung USwas
47%. In both of these studies, the pediatric experience is

Table 2 Clinical characteristics (n=226)

Mean (SD) Frequency (%)

Injury severity score (range 1–43) 8.3 (8.6)

Mechanism of injury — blunt

Motor vehicle collision 112 (50.5)

Fall 39 (17.6)

Other 62 (27.9)

Mechanism of injury — penetrating

Stab wound 2 (0.9)

Firearm 5 (2.3)

Other 2 (0.9)

Pneumothoraces observed 11 (4.8)

Length of stay, days

Hospital 2.9 (3.8)

Intensive care unit 1.5 (3.1)

Deaths 10 (4.4)

4 patients had unknown mechanisms of injury

SD standard deviation

Table 3 Sensitivity and
specificity assessments With chest radiograph/CT

(n=226)

With chest radiograph/CT

(pneumothorax below claviclea)

(n=224)

Chest radiograph 211 (93.4) 210 (93.8)

CT scans 15 (6.5) 15 (6.6)

Both chest radiograph and CT scan 5 (2.2) 4 (1.8)

True positive 5 (2.2) 5 (2.2)

False positive 3 (1.3) 3 (1.3)

True negative 212 (93.8) 212 (94.6)

False negative 6 (2.7) 4 (1.8)

Value (confidence interval)b Value (confidence interval)

Sensitivity 45.5% (16.8–76.6%) 55.6% (21.2–86.3%)

Specificity 98.6% (96.0–99.7%) 98.6% (96.0–99.7%)

Positive likelihood ratio 32.6 (8.9–119.2) 39.8 (11.2–141.3)

Negative likelihood ratio 0.6 (0.3–1.0) 0.5 (0.2–0.9)

Disease prevalencec 4.9% (2.5–8.5%) 4.0% (1.9–7.5%)

Positive predictive value 62.5% (31.3–85.9%) 62.5% (32.0–85.5%)

Negative predictive value 97.3% (95.4–98.4%) 98.2% (96.2–99.1%)

Accuracy 96.0% (92.6–98.2%) 96.9% (93.7–98.7%)

CT computed tomography
a Sub-analysis included only patients with pneumothoraces below clavicle
b Value (confidence intervals) calculated with online calculator at: https://www.medcalc.org/calc/diagnostic_test.
php
cDisease prevalence does not include entire population, only those with lung ultrasound
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difficult to tease out. A 2011 review of pediatric critical care
sonography recognized the potential role of lung US in pedi-
atric trauma [27], as did a large prospective study of pediatric
occult pneumothorax in 2014 [3]. Marin et al. [15] recently
reviewed the evidence undergirding point-of-care US.
Extrapolating mostly from adult literature concerning US
use in critical care in addition to neonatal intensive care unit
studies of sonographic pneumothorax detection [28, 29], these
authors formulated curricula and guidelines for reporting the
implementation of US in pediatric emergency medicine. Even
more recently, the American College of Emergency
Physicians guidelines advocated use of lung US for pneumo-
thorax detection in injured children [30].

It seems important to recognize that existing evidence in-
dicates that lung US is employed for the exclusion of signifi-
cant or large pneumothorax in the supine trauma patient be-
cause of its consistently high specificity [31]. Exclusion of
pneumothorax only requires one sonographic finding: detec-
tion of pleural slide [24, 31]. Conversely, lack of pleural slid-
ing alone does not establish the diagnosis of pneumothorax;
rather, all the sonographic signs entailed in the full lung US
exam are required: absent lung sliding, detection of B-lines
(“lung rockets”), lung pulse and lung point [32]. The small
pneumothorax not seen on initial supine chest radiography,
known as the occult pneumothorax, remains an entity of un-
certain clinical significance [33], especially in the pediatric

patient [3]. However, the potential for deterioration of even
the small pneumothorax makes detecting these desirable, de-
spite our findings and those of others [3], suggesting that
observation for the asymptomatic patient appears to be safe.
The apical or trace pneumothorax is more readily detectable
by CT scan compared to lung US, so a false-negative US for
pneumothorax can be expected to result when occult pneumo-
thorax is present because the US probe only reflects condi-
tions at the site directly underneath the probe; this could be
especially true in the focused lung US single-point examina-
tions, as performed in this study.

Most of our false-negative results were from trace
pneumothoraces: two were apical to probe placement; two were
small and medial to the location of probe placement (Figs. 2 and
4). The remaining two were small to moderate in size, and these
were located lateral to where the probe was placed. False nega-
tives might also be a limitation of exam methodology (single
probe placement per institutional protocol), which has been noted
in other studies [13, 17] (Figs. 5 and 6, Supplementary online
material 3). It has been suggested that a more comprehensive
exam could yield increased sensitivity [11]. Toward this end, a
two-stage lung US scan might achieve this. The initial sono-
graphic assessment would serve to rapidly rule out large pneu-
mothorax during the primary survey; clinical conditions permit-
ting, the subsequent detailed secondary survey would include an
increased number of chest areas surveilled [34].

Table 4 Review of identified pneumothoraces (n=11)

Age BMI MOI AIS
chest

Chest
radiograph

CTscan Location of
pneumothorax

Size (percentage) of
pneumothorax

Previous therapeutic
decompressiona

Discharge

True positives (positive lung ultrasound)

15 32.9 MVC 3 Negativeb Positive Right anterior 8% No Alive

16 19.5 MVC 3 Positive No CT Left 8% Yes (needle) Alive

9 15.7 Ag equip 5 Positive No CT Left 18% No Alive

17 20.2 Self-harm 3 Positive No CT Left 10% Yes (needle) Alive

14 20.7 ATV 3 Positive No CT Bilateral N/Ac Yes (needle) Dead

False negatives (negative lung ultrasound)

16 26.2 Pedestrian/MV 2 Positive No CT Right apical 6% No Alive

16 18.7 Horse 2 Positive No CT Right anterior 9% No Alive

11 22.7 Pedestrian/MV 3 Negative Positive Right apical 5% No Dead

10 20.8 ATV 3 No CXR Positive Right 11% No Alive

16 19.4 MVC 2 Positive No CT Right 10% No Alive

13 23.2 Handgun 2 No CXR Positive Left 7% No Alived

None of the false negatives required an intervention

Ag equip agriculture equipment, AIS abbreviated injury score, ATV all-terrain vehicle, BMI body mass index, CT computed tomography, CXR chest
radiograph,MOI mechanism of injury, MV motor vehicle, MVC motor vehicle collision
a Decompression initiated prior to arrival at our facility
b Chest radiograph at outlying facility
c Not available; unable to calculate
d Patient was readmitted within 30 days with a retained hemothorax
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Pitfalls for lung US detection of pneumothorax in trauma
are known. Failure to detect lung sliding can result from inap-
propriate technique, probe choice or dynamic filter settings
[31]. Contusions can present with a lack of pleural slide [5,
16]; interestingly, all of our true-positive lung US exams had
lung contusions present. Subcutaneous emphysema [17, 35]
and contraction of chest muscles during spontaneous respira-
tions [36] can interfere with analysis of pleural lines, as can
mainstem intubation [37], which is common among pediatric
patients [38] and seems to occur more commonly in smaller
patients [39].

There is also variability in the performance of the examination
for pneumothorax, the practitioner, and choice of US probe type
and frequency. Examining the two studies involving injured

children, Knudtson et al. [17] employed a 2.5- to 4-MHz
phased-array probe to examine one site on the anterior chest. In
contrast, Brook et al. [16] used a 3.5-MHz sector array to inter-
rogate two sites per hemithorax. An overview of trauma ultraso-
nography recommends a 10-MHz probe [40]. In their review of
the literature, Alrajab et al. [41] documented the variability found
in published studies with regard to operator, US signs sought,
and probe type used. It is interesting to note that the US operator
in most of the studies in their meta-analysis were bedside
clinicians.

Our study has several limitations. US technicians were at
varying levels of experience. Radiologists interpreting compara-
tive exams were not necessarily unaware of US findings. This
was an initial experience in evaluating lung US in injured chil-
dren for our trauma program, which is appropriate for evaluating
institutional practices for quality assurance. Further, the incidence
of occult pneumothorax in our population was lower than that
found in the literature [3].

Currently, no established guidelines for the use of lung US
in the detection of pediatric traumatic pneumothorax exist,
despite its promotion [3, 15, 27] and reported adoption [16,
17]. Future study of the current practice of pediatric trauma
centers involving lung US for pneumothorax is needed to
address the deficits in the literature (such as multi-point exams
or differences between ultrasound technicians and bedside
clinicians). Other unanswered questions are the curriculum
and training required, and whether US should be used in a
standardized fashion in pediatric trauma and placed in the
hands of bedside clinicians — which in the United States
increasingly include advanced practice practitioners — and
even pre-hospital personnel.

Fig. 5 False-negative lung ultrasound in a 16-year-old girl. The pleural
line was sliding, as demonstrated in Online supplementary material 3.
Sagittal ultrasound image shows lines that represent an artifact of
normal lung parenchema (arrows). The corresponding CT (Fig. 6),
however, demonstrated a tiny apical pneumothorax

Fig. 4 Bilateral pneumothoraces with associated pulmonary contusion
(arrows) in a 14-year-old boy. a Axial CT image of the upper chest
shows a small right pneumothorax with preserved pleural contact,
illustrating a potential pitfall when using single-point lung US
evaluation (arrowheads). b Axial CT image of the lower chest reveals
the pleura is displaced, demonstrating absence of pleural sliding in the US
(arrowheads). In this case the lung ultrasound was positive
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Conclusion

Pneumothorax is uncommon in the pediatric trauma popula-
tion and when encountered, is often occult. It can be associat-
ed with lung contusions. Chest US has been increasingly dem-
onstrated to be useful in detecting pneumothorax in injured
adults and has been suggested as an appropriate strategy for
injured children, but without clear guidelines. This study eval-
uated one methodology of incorporating lung ultrasound, a
single-point exam anteriorly positioned as an extension of
the focused assessment with sonography for trauma exam,
for the detection of pneumothoraces. Our findings suggest that
the sensitivity of lung US, via this methodology, is not as
reliable in the pediatric trauma population as it is in adults.

Future research should examine effectiveness of differing
methodologies of lung US for the de tec t ion of
pneumothoraces in the injured pediatric population.
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