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Ab s t r ac t
Background/Objective: Traumatic pneumothorax is an ominous condition necessitating urgent appropriate action. It is typically detected on 
chest X-rays; however, these may not be able to detect the presence of a subtle pneumothorax, especially in supine position. Lung ultrasound 
is emerging as a promising modality for detecting pneumothorax in trauma patients. The aim of our study was to compare ultrasound with 
supine chest radiography for the detection of pneumothorax in trauma patients.
Materials and Methods: This was a prospective, single-blinded study carried out on 212 adult thoracoabdominal trauma patients who underwent 
ultrasound FAST and supine (AP) chest radiography. During the FAST sonography, ultrasound thorax was done to rule out pneumothorax. Only 
those cases were considered (118) in which the presence or absence of pneumothorax could be confirmed on CT done subsequently or where 
pneumothorax was confirmed by air escape on chest tube placement, wherever indicated, and the results were compared with sonographic 
and chest X-ray findings.
Observation/Results: There were 48 true positives on CT/chest tube insertion. Among these, ultrasound was able to correctly detect 
pneumothorax in 43 patients, while supine chest X-rays correctly identified 33 cases. Sensitivity of ultrasound was 89.6 vs. 68.8% of supine chest 
radiography. Lung ultrasound also had a higher negative predictive value as compared to supine chest X-rays.
Conclusions: Lung ultrasound is more sensitive in detecting traumatic pneumothorax than supine chest X-rays, in addition to having numerous 
other inherent advantages over chest radiography. It should be incorporated in the emergency assessment of thoracic trauma patients to rule 
out pneumothorax.
Clinical significance: Lung sonography is more sensitive in detecting traumatic pneumothorax than supine chest X-rays. No added equipment 
is required, and the procedure can be carried out at the time of doing ultrasound FAST, thus saving precious time in trauma patients.
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In t r o d u c t i o n
Pneumothorax is an ominous condition, which may occur in 
thoracic injuries. It occurs when either or both of visceral and/
or parietal pleura ruptures allowing entry of air into the pleural 
space.1,2 Traumatic pneumothorax may be encountered in either 
penetrating (like stab injury, gunshot wound) or blunt chest trauma 
leading to rib fractures.2,3 Regardless of the cause, its timely and 
accurate detection and immediate management are crucial to 
prevent catastrophic consequences.4

Typically, in thoracic trauma patients, plain chest radiographs 
are done to look for pneumothorax. However, due to associated 
spinal and other injuries, radiographs are obtained in supine 
position (AP—anteroposterior view) in which typical features of 
pneumothorax may not be always clear.5,6 It has been reported in 
the literature that in trauma patients, subtle pneumothorax may 
be missed on initial clinical examination or on radiographs done at 
the time of presentation in up to 30 to 50% of cases.7

Thoracic computed tomography (CT) is the established gold 
standard investigation for the diagnosis of pneumothorax.7,8 
However, its use on routine basis is limited by the fact that it 
involves high amount of exposure to harmful ionizing radiations; 
the patient needs to be transported for CT scanning, which may not 
be feasible in unstable patients. Moreover, it is expensive and may 
not be available in all centers, especially in less developed countries.

Ultrasound of the lung is emerging as a promising modality for 
detecting pneumothorax in critically ill and in trauma patients.9–13 

It has numerous advantages when compared to chest radiography 
and CT scanning, which includes not using ionizing radiations, 
being portable, capable of real-time imaging, and ideally suited 
for repeat examinations. Additionally, it is widely available and is 
not expensive.

We carried out a studyto evaluate and compare ultrasound 
with supine (anteroposterior) chest radiography for the detection 
of pneumothorax in trauma patients.
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Mat e r ia  l s a n d Me t h o d s
This was a prospective, single-blinded study performed over a 
period of 19 months. 

Criteria of Selection and Exclusion Criteria
Patients with thoracic or thoracoabdominal trauma, who underwent 
ultrasound FAST (focused abdominal sonography in trauma)14 and 
supine chest radiography were included in the study). At the time 
of doing FAST ultrasound, sonography of the thorax was performed 
to rule out pneumothorax, and the results were recorded. Supine 
chest radiographs were done, immediately after the ultrasound 
examination, and the X-ray films were read by the attending trauma 
physician/surgeon, who was blinded to the results of the ultrasound 
lung findings. 

Only those cases were considered in which CT scan of the 
thorax was done within 3 hours of the sonographic/radiographic 
evaluation. The presence/absence of pneumothorax on such CT 
scans was taken as the gold standard and used to compare with 
sonographic and radiographic findings. Cases in which the presence 
of pneumothorax could be confirmed by air escape upon chest 
tube placement (wherever done based on clinical urgency) were 
also taken as positive, irrespective of whether CT was subsequently 
done or not.

Patients less than 18 years of age were excluded from the study.

Number of Patients
Of the 212 adult thoracic or thoracoabdominal trauma patients who 
underwent supine chest radiography and ultrasound FAST (and 
hence ultrasound of the lungs), thoracic CT was performed in 169 
cases. However, as we only considered cases in which CT was done 
within 3 hours of the sonographic/radiographic examination, 118 
cases were finally selected (this figure included 11 cases in which 
the presence of pneumothorax was confirmed by air escape on 
chest tube placement).

Ultrasound Thorax Procedure to Detect Pneumothorax
All the sonographic examinations were performed on a SonoSite 
M-Turbo (Bothell, WA, USA) portable ultrasound machine, using 
a 6 to 15 MHz linear probe. Protocol consisted of scanning at four 
different sites in each hemithorax, i.e., second intercostal space 

(along the midclavicular line), fourth intercostal space (along the 
anterior axillary line), sixth intercostal space (along the midaxillary 
line), and sixth intercostal space (along the posterior axillary 
line). Scanning was done with the probe in longitudinal position, 
perpendicular to the skin.

In normal lung, with respiration, a “sliding sign” is seen, which 
is due to the sliding movement of visceral and parietal pleura 
(seen as bright or echogenic line on ultrasound) past each other 
(Fig. 1A; Supplementary Video S1). This corresponds to “seashore” 
sign on activating the M-mode of ultrasound (Fig. 1B).15–17 In case 
of pneumothorax, sliding sign is absent and a “barcode” sign or 
“stratosphere” sign (Fig. 2) is seen on M-mode instead of the normal 
seashore sign, which is due to the presence of air in between the 
two pleural layers.18

The absence of lung sliding sign and seashore sign and presence 
of barcode sign at the same location were diagnosed as the presence 
of pneumothorax on sonographic evaluation. All sonographic 
procedures were done by any of the three radiologists on duty.

Written informed consent was obtained from each patient or 
his/her nearest attendant, who was included in the study.

Statistical Analysis
We used Statistical Package for Social Sciences (SPSS) 16.0 for 
Windows for the statistical analysis of the data obtained. 95% 
confidence interval was considered. Sensitivity, specificity, positive 
and negative predictive values, and likelihood ratios were calculated 
by comparing the results of thoracic sonography and supine chest 
radiographs with the gold standard (CT or air escape on chest tube 
insertion, wherever done).

Ob s e r vat i o n s a n d Re s u lts
The study comprised 118 patients (age range of 18–68 years; mean 
age 46.8  years; M:F:: 74:38) who underwent all the investigative 
procedures, viz. (1) thoracic ultrasound, (2) supine chest radiograph, 
and (3) thoracic CT within 3 hours of the sonographic/radiographic 
evaluation or presence of air escape on chest tube insertion, 
wherever done (due to clinical urgency). 

Out of these 118 selected cases, true positives on CT/chest tube 
insertion were 48 patients (40.68%): 37 positive on CT and 11 having 
air escape on chest tube insertion. Among these, ultrasound was 

Figs. 1A and B: Thoracic ultrasound images (using a 6–15 MHz linear probe) in a normal lung showing (A) the pleural line seen as a bright echogenic 
line (arrow); stars represent the adjoining rib shadows; and (B) M-mode ultrasound image showing the “seashore” sign
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have been used as the initial screening tool for the detection of 
pneumothorax in trauma patients. However, these are not very 
sensitive in correctly identifying cases of subtle pneumothorax; this 
is especially true in case of trauma patients where due to associated 
spinal injuries and other bodily injuries it may not be possible to 
take the radiograph in erect position, which necessitates that the 
radiographs are obtained in supine position (AP—anteroposterior 
view) in which typical features of pneumothorax may not be always 
present.5,6 Kirkpatrick et al.7 in a study on 225 trauma patients 
demonstrated that an AP supine chest radiograph has a sensitivity 
of 20.9% for detecting pneumothorax when compared with results 
on thoracic CT scans.

Ultrasonographic evaluation of the chest has been used 
in emergency and critical care setting since long and is well 
established.15–18 It is now being increasingly used in the evaluation 
of acute respiratory emergencies including but not limited to 
pneumothorax.18 Ultrasound of thorax has been reported in several 
studies as a reliable and much more accurate method in detecting 
traumatic pneumothorax.9–13 It has numerous advantages when 
compared to chest radiography and CT scanning, which includes 
not using ionizing radiations, being portable, capable of real-time 
imaging, and ideally suited for repeat examinations. Additionally, 
it is widely available and is not expensive.

In our study, we attempted to compare ultrasound with 
supine (anteroposterior) chest radiography for the detection 
of pneumothorax in trauma patients. Our study demonstrated 
that the lung ultrasound was a better imaging modality for the 
detection of traumatic pneumothorax as compared to supine chest 
radiographs, being more sensitive. This finding is in agreement with 
other such studies comparing the two modalities (lung ultrasound 
vs. chest radiography). This is especially true in cases of small 
pneumothoraces, which may be missed on radiographs.

Nagarsheth and Kurek10 in 2011 carried out a prospective 
study on 79 trauma patients comparing thoracic ultrasound 
with chest radiograph and CT scan in the detection of traumatic 
pneumothorax. The study comprised of 22 confirmed cases of 
pneumothorax on CT scans. They reported sensitivity of 81.8% 
for thoracic ultrasound and only 31.8% for chest radiograph. The 
specificity was 100% for both thoracic ultrasound and chest X-ray.

Wilkerson and Stone11 carried out a review of trials conducted 
between 1965 and 2009 comparing sensitivity of bedside US and 
AP chest radiographs in identifying pneumothorax after blunt 
trauma. They reported the sensitivity of thoracic ultrasound that 
ranged from 86 to 98%, which was more than that of supine chest 
X-rays that ranged between 28 and 75%. However, both had similar 
specificities ranging between 97 and 100% for ultrasound and 100% 
for chest radiograph.

able to correctly detect pneumothorax in 43 patients. However, only 
33 patients were correctly identified on supine chest radiographs.

Tables 1A and 1B depict the results of our study.
Overall, the sensitivity to detect pneumothorax in trauma 

patients was much higher in lung ultrasound as compared to 
chest radiographs (89.58 vs. 68.75%). The negative predictive 
value of ultrasound was also more than that of supine chest X-ray. 
Table 2 shows the sensitivities, specificities, positive predictive 
values (PPVs), negative predictive values (NPVs), and likelihood 
ratios for US and supine chest radiography.

Each site was scanned for about 10 to 15  seconds, thus 
completing the sonographic examination of entire thorax in about 
2 minutes.

Di s c u s s i o n
Pneumothorax is commonly associated with trauma to thoracic 
and/or thoracoabdominal regions. Its timely detection and 
management are important to prevent subsequent morbidity and 
mortality in such patients. Traditionally, plain chest radiographs 

Fig. 2: Thoracic ultrasound image (using a 6–15 MHz linear probe) in 
the presence of pneumothorax showing the “stratosphere” or “barcode” 
sign on M-mode ultrasound

Table 2: Results of various statistical parameters calculated in the study

USG CXR
Sensitivity 89.58% 68.75%
Specificity 95.59% 97.14%
PPV 89.58% 94.29%
NPV 95.59% 81.92%
LR+ 20.31 24.04
LR- 0.11 0.32

PPV, positive predictive value; NPV, negative predictive value; LR+, positive 
likelihood ratio; LR–, negative likelihood ratio

Table 1A: Lung ultrasound and CT cross-tabulation data

CT

TotalY* N
USG Y 43 5 48

N 5 65 70
Total 48 70 118

*Includes 11 cases with air escape on chest tube insertion; USG, ultrasound 
thorax; CT, computed tomography

Table1B: Supine chest X-ray and CT cross-tabulation data

CT

TotalY* N
CXR Y 33 2 35

N 15 68 83
Total 48 70 118

*Includes 11 cases with air escape on chest tube insertion; USG, ultrasound 
thorax; CT, computed tomography
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Another limitation of our study was that we did not quantify 
the extent of pneumothorax or grade it according to severity 
(mild/moderate/massive), which would have increased its value in 
comparing the two modalities. 

Co n c lu s i o n
Lung sonography is more sensitive in detecting traumatic 
pneumothorax than supine chest X-rays. No added equipment 
is required, and the procedure can be carried out at the time 
of doing ultrasound FAST, thus saving precious time in trauma 
patients. Moreover, unlike radiography, no ionizing radiations 
are used in sonography. Keeping in view these observations, the 
authors conclude that lung ultrasound should be incorporated in 
the emergency assessment of thoracic trauma patients to confirm 
the presence or absence of pneumothorax, especially when erect 
radiographs cannot be obtained due to associated spinal and 
other injuries. 

Compliance with Ethical Standards
Statement of human and animal rights: All procedures performed 
instudies involving human participants were in accordance with the 
1964 Helsinki Declaration and its later amendments or comparable 
ethicalstandards.

Written informed consent was obtained from each patient or 
his/her nearest attendant, who was included in the study.
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Supplementary Video S1: Video showing the sliding sign, seen in normal lung due to the sliding movement of visceral and parietal pleura (seen 
as bright or echogenic line on ultrasound) past each other
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