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Introduction

Pneumothorax (PTX) is an emergency that requires 
urgent management to avoid catastrophic consequences. 
PTX is also an important cause of respiratory failure in 
the emergency department and an annual rate of PTX 
is estimated at 22.7 cases for 100,000 population (1). 
Timely and accurate confirmation or exclusion of PTX 
is of paramount importance in emergency and critical 
care settings. The plain chest X-ray (CXR) is a traditional 
method for the evaluation of PTX. However, CXR is 
shown to have low sensitivity in detecting intrapleural air in 
trauma patients especially in supine position (2,3). Although 
computed tomography (CT) is the gold standard diagnostic 
test for the PTX, it is well limited by its high exposure 
to radiation and sometimes it is unsafe to transport these 
unstable patients. Chest ultrasonography (US) has found its 
way into the emergency and critical care setting for more 
than three decades and it is now gaining momentum in 
the evaluation of acute respiratory emergencies including 
but not limited to PTX. Diagnosis of PTX with US was 
first reported in 1986 by Rantanen (4). Recently numerous 

clinical studies have shown that PTX can be diagnosed by 
US with high sensitivity and specificity (5-8).

Normal findings in chest US

The pleural line is the basic structure that should be 
identified in the image of chest US. The so-called lung 
sliding identified at pleural line of the normal lung shows 
a cyclic movement between the visceral and parietal pleura 
with spontaneous respiration (Figure 1). It is the basic sign 
we need to identify when performing chest US. When 
lung sliding is observed, PTX can be ruled out. Since the 
structure above the pleural line is static during respiration, 
it produces parallel lines that look like waves in M-mode 
(e.g., the horizontal line represents time and static structure 
produces parallel lines). Beneath the pleural line, the cyclic 
movement of lung with respiration produces sand-like 
appearance. Pioneers in chest US termed this a “seashore 
sign” that represents the normal findings in chest US (Figure 2).

Besides the lung sliding, the most common artefacts in 
lung ultrasound are A-line (Figure 3) and B-line (Figure 4). 
The A-line artefact is horizontal artifactual repetitions of 
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the pleura line. A-lines are often presented in normal lung, 
indicating that the lung is well aerated. Otherwise, A-line 
can also be found in PTX when lung sliding is absent.

B-line is the vertical line that is perpendicular to the 
pleural line and its appearance represents fluid accumulation 
in the alveoli. The B-line is also known as comet-tail artefact 
which is formed by repetitive reflections of the ultrasound 
wave arising from the pleural line. B-line is characteristic of 
long and laser-like appearance that never fades at the distal 
image. B-line can be typically found in interstitial syndrome 
and occasionally in dependent regions of normal lung. 
Because PTX can be ruled out by the presence of B-line, it 
is discussed in this section. There is a trick in identification 

of B-line in modern bedside ultrasound machines. Most 
modern machines have the “multi-beam” (MB) function, 
which presents the ability of a probe to get rid of all sorts of 
angled ‘beams’ of sound across the field to try to get around 
echoic interfaces and other obstacles that might interfere 
with the distal image. This MB function helps the probe 
getting rid of artefacts from echoic objects in the near 
field. However, it is not desirable to get rid of artefacts in 
near field because in chest US the B-line is just the artefact 
that we want in the near field. Therefore the MB function 
should be switched off when the purpose is to identify B-line 

Figure 1 Basic structures of lung ultrasound (9). The so-called 
lung sliding identified at pleural line of the normal lung represents 
the cyclic movement between the visceral and parietal pleura with 
spontaneous respiration. Available online: http://www.asvide.com/
articles/672

Figure 2 Seashore sign in normal lung. Since the structure above 
the pleural line is static during respiration, it produces parallel lines 
that look like waves in M-mode. Beneath the pleural line, the cyclic 
movement of lung with respiration produces sand-like appearance.

Figure 3 A-line in normally aerated lung. The A-line artefact is 
horizontal artifactual repetitions of the pleura line. A-lines are 
often presented in normal lung, indicating that the lung is well 
aerated.

Figure 4 B-line is the vertical line that is perpendicular to the 
pleural line and its appearance represents fluid accumulation in the 
alveoli. Typical B-line can be best viewed with multi-beam function 
switched off (B), and it appears to be multiple lines emitting from a 
single point when MB is switched on (A).

Video 1. Basic structures of lung ultrasound
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(Figure 4B). If MB is on, the B-line appears to be multiple 
lines emitting from a single point (Figure 4A).

Diagnosis of PTX

PTX is typically confirmed by the presence of the following 
ultrasonographic findings: a stratosphere sign, abolished 
lung sliding or lung pulsing, the absence of B lines, and 
the presence of lung point. Lung point can be found at 
the boundary where normal lung sliding and PTX coexist, 
and it is a specific sign of PTX (see more descriptions and 
videos below). Pathophysiologically, PTX is the detachment 
of visceral and parietal pleura by entrapped air in the pleural 
space. All ultrasonographic signs should be comprehended 
with the understanding of this pathological process of PTX.

A hallmark sign that can be found in PTX is the 
stratosphere sign (Figure 5). In the pleural line the lung 
sliding is abolished and the sand-like appearance beneath 
the pleural line is replaced by parallel lines which is termed 
stratosphere or barcode sign. However, this finding can 
also be identified in conditions in which there is no relative 
movement between visceral and parietal pleura, such as 
apnea and pleuritis. PTX abolishes B-line, which is very 
sensitive that the presence of B-line can help to rule out 
PTX in scanned regions. Lung sliding has the same value 
in determining PTX that PTX can be 100% ruled out by 
the presence of lung sliding (10). In conditions with less 
movement between visceral and parietal pleura, lung pulse 
can be employed to rule out PTX. Lung pulse is produced 
by transmission of cardiac pulse to pleural line, given that 
the visceral and parietal pleura contact with each other 

(Figure 6). Volpicelli et al. gives important value to the 
lung pulse sign by stating that “even in the absence of lung 
sliding and B lines, visualization of a lung pulse rules out 
pneumothorax” (12). This is important because in clinical 
emergency, the ruling out of PTX can immediately direct 
clinicians to other culprits of a drop in oxygenation or 
respiratory distress. One useful method to determine PTX 
is to examine the contralateral side of suspected lung region. 
Figure 7 shows healthy lung with evident lung sliding, while 
Figure 8 shows the absence of lung sliding and pulsing, 
replaced by multiple A-lines. These two video clips were 
obtained from both lungs of the same patient in the third 
intercostal space at mid-clavicular line.

Lung point is thought to be a 100% specific sign for 

Figure 5 Barcode or stratosphere sign typically found in patients 
with pneumothorax. In the pleural line the lung sliding is abolished 
and the sand-like appearance beneath the pleural line is replaced 
by parallel lines which is termed stratosphere or barcode sign.

Figure 6 The presence of lung pulse to exclude pneumothorax (11). 
Lung pulse is produced by transmission of cardiac pulse to pleural 
line, given that the visceral and parietal pleura contact with each 
other. Available online: http://www.asvide.com/articles/673

Figure 7 Lung sliding is present in healthy lung (obtained from 
left chest in the third intercostal space at mid-clavicular line) (13). 
Available online: http://www.asvide.com/articles/674

Video 2. The presence of lung pulse to 
exclude pneumothorax
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Video 3. Lung sliding is present in healthy 
lung (obtained from left chest in the third 
intercostal space at mid-clavicular line)
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PTX, though the sensitivity is less satisfactory by the fact 
that lung-point cannot be found in every patient with 
PTX (15). Typically, lung-point is identified at the junction 
where visceral and parietal pleura contact with each other 
(Figure 9). In B-mode ultrasound, the stratosphere and 
seashore patterns alternate with each other. However, there 
is a tricky sign that may confuse beginners in determining 

the presence of lung point. In our previous work we 
identified this sign for the first time but it is thought to be 
universe in normal lung. We termed it the physiological 
lung point (17). This sign distinguished from the true 
lung point in that there is no barcode sign in the abnormal 
region. Instead, the cardiac pulse can be identified in this 
region. We proposed that physiological lung point could 
be identified at the junction of lung pleura and mediastinal 
soft tissue. “Pseudo-lung point” is another sign that should 
be distinguished from true lung point. The sign can be 
found in lung contusions, and again there is no stratosphere 
pattern (18).

After confirmation of the presence of PTX, the next 
important issue is to quantification of the volume of PTX. 
The latter is important in that it may determine whether 
conservative or surgical procedure needs to be instituted. 
Volpicelli et al. found that the location of lung point can 
reliably classify PTX size as compared to CXR (19). In 
animal models of PTX, Oveland et al. demonstrated that 
chest US can accurately assess the progression of PTX 
during mechanical ventilation (20). In a case study reported 
by our group, we identified a double lung point sign in an 
infant and the PTX was further confirmed by chest CT 
scan (21). The PTX can be managed with conservative 
method. To the best of our knowledge, there are three 
cases of double lung point having been reported and one 
common feature of them is that all of the patients were 
managed by conservative method due to small size of PTX 
(22-24). As a result, we propose that the identification of 
PTX with double lung point indicate limited volume of 
PTX. If the patient presents severe respiratory compromise, 
other potential causes should be thoroughly sought for.

Diagnostic accuracy of chest US

Due to its wide availability in emergency and critical care 
setting, US has been investigated in numerous studies for 
its diagnostic accuracy in the determination of PTX 
(25-31). Recently, two independent study groups conducted 
systematic reviews of these articles (32,33). Ebrahimi et al.’s 
study included 28 studies and showed that the pooled 
sensitivity and specificity of chest US were 0.87 (95% CI: 
0.81-0.92) and 0.99 (95% CI: 0.98-0.99), respectively (33). 
Additionally, they performed meta-regression and the result 
showed that the diagnostic accuracy of US in diagnosing 
PTX performed by the emergency physician was higher 
than by non-emergency physician. Higher pooled sensitivity 
(0.90; 95% CI: 0.83-0.98) was found in non-trauma 

Figure 9 Lung point identified at the junction where visceral and 
parietal pleura contact with each other (16). On the left side at the 
pleural line there is no lung sliding and the underlying field is filled 
with A-lines. On the right side there is evident lung sliding with 
b lines (it appears like lasers emitting from one point with multi-
beam function switched on). Available online: http://www.asvide.
com/articles/676

Figure 8 The clip shows the absence of lung sliding and pulsing, 
replaced by multiple A-lines (obtained from right chest in the third 
intercostal space at mid-clavicular line) (14). Lung sliding should 
be distinguished from respiratory effort causing movement of the 
chest wall as shown in this video clip. Note there is no relative 
movement between visceral and parietal pleura. Available online: 
http://www.asvide.com/articles/675

Video 4. The clip shows the absence of lung 
sliding and pulsing, replaced by multiple 
A-lines (obtained from right chest in the 

third intercostal space at mid-clavicular line)
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Video 5. Lung point identified at the 
junction where visceral and parietal pleura 

contact with each other
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setting, but lower specificity (0.97; 95% CI: 0.95-0.99) 
was reported in non-trauma setting. Alrajab et al.’s study 
included only 13 original research articles, probably due 
to more strict selection criteria (32). Their study showed 
that US had a pooled sensitivity of 78.6% (95% CI: 68.1-
98.1) and a specificity of 98.4% (95% CI: 97.3-99.5). They 
also performed meta-regression and subgroup analyses to 
investigate heterogeneity, which indicated that consecutive 
sampling of patients provided higher sensitivity results than 
convenience sampling.

Conclusions

US represents a novel approach for the evaluation of 
PTX, with advantages of timeliness, high accuracy and 
high reliability. The US skills should be incorporated into 
the standard training programs of physicians working 
at emergency and critical care settings. Because lung 
ultrasound is relatively new, there are many areas of active 
research. For example, new signs continue to be reported 
and defined. The technique to quantification of PTX size is 
still under investigation. Furthermore, the diagnosis of PTX 
under special conditions such as mechanical ventilation 
and patients with large pulmonary bullae are being 
reported (34). Atypical signs such as “physiological lung 
point” and “pseudo-lung point” should be noted and 
carefully distinguished from true lung point.
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