Clinical Investigations
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Objectives: Pneumothorax can be missed by bedside radiography, and computed tomography is the current alternative. We
asked whether lung ultrasound could be of any help in this
situation.
Design: Retrospective study.
Setting: The medical intensive care unit of a university-affiliated teaching hospital.
Patients: All patients admitted to the intensive care unit are
routinely scanned with whole-body ultrasound (including screening for pneumothorax) and chest radiography. The study population included 200 consecutive undifferentiated intensive care unit
patients who received a chest computed tomography scan in
addition to ultrasound and chest radiograph. Forty-seven consecutive cases of radioccult pneumothorax were compared with 310
consecutive hemithoraces free from pneumothorax in the intensive care unit.
Interventions: None.
Measurements and Results: Three signs were investigated at
the anterolateral chest wall in supine patients: lung sliding, the A
line sign, and the lung point. A total of 357 hemithoraces were

P

neumothorax is a common
problem seen in patients with
both acute and chronic medical and traumatic conditions.
Its frequency in the intensive care unit
(ICU) is estimated at 6% (1). Chest radiography, a familiar technique (2), is the
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analyzed in this study, 47 with occult pneumothorax and 310
controls. Four of the 47 cases of pneumothorax were excluded
from the final analysis (parietal emphysema) as well as eight of
the 310 controls (large dressings), leaving a final study population
of 345 hemithoraces in 197 patients. Feasibility was 98%. Ultrasound scans in all 43 examinable patients with pneumothorax
showed absent lung sliding, 41 of 43 patients had the A line sign,
and 34 exhibited a lung point. Among 302 analyzable controls, 65
had absent lung sliding, 16 of them showed an A line sign, and
none showed a lung point. For the diagnosis of occult pneumothorax, the abolition of lung sliding alone had a sensitivity of
100% and a specificity of 78%. Absent lung sliding plus the A line
sign had a sensitivity of 95% and a specificity of 94%. The lung
point had a sensitivity of 79% and a specificity of 100%.
Conclusions: For the diagnosis of occult pneumothorax, ultrasound can decrease the need for computed tomography. (Crit
Care Med 2005; 33:1231–1238)
KEY WORDS: pneumothorax; chest ultrasonography; ultrasound
diagnosis; lung; ultrasound diagnosis; respiratory failure; intensive care unit

primary diagnostic modality used to
screen for pneumothorax, but it has imperfect sensitivity for the disease: Misdiagnosis occurs in 30 – 40% of patients
(3–7). Missed pneumothorax can have
dramatic consequences in high-risk patients (8, 9). Half of radioccult cases yield
tension pneumothorax (4). Even a tension pneumothorax can be radioccult
(10), and delay in diagnosis will have deleterious consequences (11). Computed
tomography (CT), the current gold standard, solves this problem but introduces
major drawbacks (transfer of critically ill
patients, delay, irradiation, and cost,
among others), whereas the excessive
search for pneumothorax has similar
drawbacks (12). Hence, an immediately
implemented technique at the bedside
should be of interest in this setting.
Could ultrasound play such a role? Its
potential to examine the lung is classically thought to be limited, since air is
considered an insurmountable obstacle.
The image is thus exclusively composed
of artifacts. However, a growing body of
experience has shown that sonographic

demonstration of the presence or absence
of these artifacts can be used to aid in the
diagnosis of a number of pulmonary diseases, including pleural effusion, alveolar
consolidation, pulmonary edema, and
pneumothorax (13). There is also the potential, based on our own and others’
clinical experience, that ultrasound may
be more accurate than bedside radiography (14 –18).
This study describes the role of ultrasound in the identification of occult
pneumothorax.

METHODS
This was a retrospective study extending
from 1993 to 2003 (part-time observation) and
evaluating 200 consecutive patients from
medical and surgical ICUs. All patients underwent routine screening sonography for pneumothorax followed by CT scanning. CT was
the gold standard, as it made definite diagnosis or gave definite proof of the absence of
pneumothorax.
Our ICUs are equipped with ultrasound
devices. All patients are routinely imaged with
both chest radiographs and whole-body ultra-
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Table 1. Indication of the computed tomography (CT) scans
In the study group
Routine in chest trauma, n ⫽ 21
Clinical suspicion in patients with worsening of clinical status, n ⫽ 10
Nonspecific radiographic changes, n ⫽ 13
Unexpected finding in CT required for other reasons, n ⫽ 3
In the control group
Suspicion of pneumothorax, n ⫽ 28
Investigation of acute respiratory distress syndrome, search for pulmonary embolism, assessment
of pleural effusion, and other, n ⫽ 127

sound including the lungs (19). The role of
lung ultrasound is to identify life-threatening
processes such as alveolar consolidation, interstitial syndrome, and pleural effusion in
addition to pneumothorax. A routine thoracic
study lasts 1 min per lung.
Patients included in this study were those
patients without pneumothorax on chest radiographs, who underwent an ultrasound
screening examination in addition to a chest
CT showing either occult pneumothorax
(pneumothorax group) or absence of pneumothorax (control group). Chest CTs were obtained at the discretion of the treating physician for a wide range of suspected diagnoses
regardless of the ultrasound results (Table 1).
Patients were eligible if they had a chest ultrasound, supine radiography, and CT scan all
obtained within 120 mins.
The pneumothorax group included 47
cases of occult pneumothorax in 45 patients
(two bilateral cases). The analysis of the contralateral lung was not considered, as a patient
could not be included in both the study and
control groups.
Pneumothoraces that were visible on radiography (approximately 300 cases seen during
this period) were excluded, as they did not
raise diagnostic problems.
The pneumothorax group was compared
with a control group of consecutive patients
without radiologic pneumothorax, who for
various reasons underwent CT that confirmed
the absence of pneumothorax. The control
group included 310 lungs in 155 ICU patients.
Table 1 lists the indications for CT in both
groups.
Bedside radiographs along the anteroposterior axis were taken with a VMX portable
unit (General Electric, Monza, Italy). Study
patients were in the supine position, except
four half-sitting patients. CT scans were performed from apex to diaphragm with a CT
Twin Flash (Elscint Limited, Haifa, Israel) at a
window width of 1600 HU, level of ⫺600 HU,
and 10-mm sections. Radiographs and CTs
were always interpreted by radiologists unaware of the ultrasound results. The specific
radiographic or scanographic sign was displacement by air of visceral pleural from parietal pleura (3). Occult pneumothorax was defined as absence of specific signs like visible
pleural line or deep sulcus sign.
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Ultrasound Technique. Intensivists specifically trained in general ultrasound and unaware of radiologic or CT findings used a Hitachi Sumi 405 (Hitachi Medical, Tokyo,
Japan) with a 5-MHz microconvex probe without Doppler.
The ultrasound technique has recently
been detailed (13). The anterior chest wall was
delineated by the sternum, the cupola, the
anterior axillary line, and the clavicula. The
anterior chest wall was divided into four quadrants. The lateral chest wall was delineated by
the anterior and posterior axillary lines (Fig.
1). Patients were analyzed at the bedside, in
the supine position in 43 cases of pneumothorax and 143 controls and in the half-sitting
position in four cases of pneumothorax and 12
controls. The probe was gently applied tangentially to the chest wall and used to scan the
intercostal spaces longitudinally. The probe
was positioned on each of the four quadrants
of the anterior area. The probe was first placed
at the most superior aspect of the thorax with
respect to gravity, in other words, the lower
part of the anterior chest wall in supine patients or the upper part in half-sitting patients.
The stages of the investigation were previously detailed (20). Briefly, stage 1 examined
the anterior wall (area 1) in supine patients,
and stage 2 examined areas 1 (anterior) and 2
(lateral) in supine patients. Stage 3 included
the external part of the posterior wall, an area
of clinical relevance and accessible without
moving supine patients when using a short
probe. Stage 4 was a whole-thorax exploration,
including the supraclavicular areas and the
posterior chest wall by mobilizing the patient
laterally or into a seated position. Investigation of stage 1 (i.e., analysis of lung sliding and
A/B lines) took ⬍1 min.
Normal Lung: Basic Terminology. The
signs arise at the pleural line, which should be
described before dynamic (lung sliding) and
static (artifacts) analysis. In a longitudinal
view, location of the ribs allows accurate detection of the pleural line (Fig. 2). The succession of the upper rib, pleural line, and lower
rib outlines a characteristic pattern, the bat
sign. The bat sign must be recognized to correctly identify the pleural line and avoid errors
in case of parietal emphysema (discussed subsequently).
Lung sliding (video clip 1) is a to-and-fro
movement visible at the pleural line caused by

Figure 1. Basic landmarks of the chest wall used
in lung ultrasound. The anterior wall, which includes four or five intercostal spaces, can be
divided into four quadrants. The anterior axillary
line (LAA) forms a boundary between the anterior
and lateral areas. Stage 2 investigation covers
these areas in a supine subject. LAP, posterior
axillary line.

Figure 2. Pleural line. Real-time (two-dimensional) mode. Longitudinal view of an intercostal
space of the chest wall. A centimeter scale is
shown on the top of the image. On both sides, the
upper and lower ribs of the intercostal space are
recognized by their acoustic shadow. One must
imagine the wings of a flying bat. The bat sign
locates the pleural line. A roughly horizontal
hyperechoic line is visible 0.5 cm above the rib
line: the pleural line (large arrows). Several other
horizontal lines are again visible in this view.
Only one arises at a distance from the pleural
line, which is the critical distance between the
probe head and the pleural line: This repetition
artifact is called A line (fine arrows), a basic sign
of the normal lung.

the inspiratory excursion of the lung toward
the abdomen and homogeneously displayed
below (16, 17). Lung sliding can be objectified
using the time-motion mode, which highlights a clear distinction between a wave-like
pattern located above the pleural line and a
sand-like pattern below, called the seashore
sign (Fig. 3 and video clip 2). Lung sliding can
be observed in ventilated as well as in healthy
subjects, regardless of age or body habitus. At
the apex, it may be imperceptible, but the
slightest movement is significant (all-ornothing rule). Dynamic noise filters (often fitted by default) mask lung sliding and must not
be used.
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Figure 3. Lung sliding. Left, real-time mode.
Right, time-motion mode. The time-motion
mode objectifies lung sliding: Over the pleural
line (arrows), the motionless parietal tissues
yield horizontal lines. Below the pleural line,
lung sliding generates a homogeneous granular
pattern. This pattern, which is reminiscent of a
shore (the seashore sign), rules out pneumothorax.

Artifacts arising from the lung-wall interface were recently classified (13). Ultrasound
lung terminology critically depends on the
description of these artifacts. Two main artifacts can be described and were called A and B
lines. Only one of these can be observed at one
point of the lung. The A line is a roughly
horizontal artifact. It refers to a brightly echogenic line between the rib shadows when the
probe is positioned longitudinally (Fig. 2). The
B line, roughly vertical, is a comet-tail artifact
that has five mandatory features: It arises from
the pleural line, is well-defined (laser-beamlike), spreads to the edge of the screen without
fading (i.e., up to 17 cm with a probe reaching
17 cm), erases A lines, and moves with lung
sliding (Fig. 4). Several simultaneously visible
B lines are labeled lung rockets (Fig. 4). The
significance of ultrasound B lines was recently
highlighted. Multiple B lines indicate interstitial syndrome (21). They are generated by
pathologic conditions and not by frequency,
geometry of the probe, or adjustment of the
machine (21). B lines 7 mm apart indicate
thickened interlobular septa, an equivalent of
Kerley’s B lines (22). B lines that are 3 mm
apart correlate with ground-glass areas (21). B
lines can be isolated and without precise
pathologic meaning. As B lines are generated
by the visceral and not the parietal pleura, it is
expected that they are no longer visible in the
case of pneumothorax (17).
Another kind of comet-tail artifact must be
described. It arises from the pleural line and is
vertical like the B line but has four distinctive
features: It is ill-defined, vanishes after a few
centimeters (2–5 cm), does not erase the A
lines, and is independent of lung sliding.
These contrasting details avoid confusion with
B lines. Observed in normal subjects as well as
in cases of pneumothorax, this artifact, which
is called the Z line, in our experience seems
devoid of pathologic meaning (Fig. 5).
A last type of comet-tail artifact should be
described, as it arises from superficial collections of parietal emphysema, which usually
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Figure 4. B lines. Four or five comet-tail artifacts
are visible fanning out from the pleural line,
vertically oriented, well-defined, laser-beam-like,
erasing A lines, and spreading up to the edge of
the screen without fading, that is, ultrasound B
lines. Several B lines visible in a single view are
suggestive of a rocket at liftoff, hence the label
“lung rockets.” B lines rule out pneumothorax at
the place they are observed and, at the same time,
indicate interstitial syndrome.

prevent visualization of the pleural line. It
spreads up without fading to the edge of the
screen but rises above the pleural line (17).
This comet-tail is called the E line, E for
emphysema. In this case, the pleural line is
not visible (Fig. 6). Lung ultrasound examination should therefore be considered not feasible when the bat sign is not identified.
Pneumothorax: Ultrasound Terminology.
Dynamic (16, 18) and static (17) signs of pneumothorax were considered. A dynamic sign
was the abolition of lung sliding (video clip 3),
which was objectified in time-motion mode.
In time-motion mode, the complete absence
of dynamics resulted in superimposing strictly
horizontal lines, referred to as the stratosphere sign (Fig. 7, video clip 4). Another
dynamic sign was the lung point (Figs. 8 and
9, video clip 5), an inspiratory-synchronized
change from lung patterns (lung sliding
and/or B lines) to pneumothorax patterns (no
lung sliding nor B line) at a critical location
on the chest wall (18). The lung point is an
all-or-nothing sign.
The A line is an important artifact observed
in normal lungs, certain diseased lungs, and
also pneumothorax. Both pneumothorax and
lung tissue contain air, which acts as a static
barrier to ultrasound and is responsible for the
generation of A lines. In normal and diseased
lungs, A lines can be seen in association with
artifacts generated from lung parenchyma,
specifically B lines and lung sliding. B lines
indicate a diseased lung; they also mean visibility of this lung, that is, absence of interposed air. For the purpose of this study, the
presence of A lines alone without the slightest
B line was considered pathologic and was referred to as the A line sign.
When neither horizontal nor vertical artifacts were observed, not an unusual situation,
the pattern, which was called O lines (or nonA/non-B lines), was by default likened to A

Figure 5. Z lines. Three comet-tail artifacts (arrows) arise from the pleural line. Compared with
Figure 4, they are ill-defined, they quickly vanish,
after ⬍4 cm, and they do not erase the A line.
These comet-tails are not B lines. They were
labeled Z lines. This patient has pneumothorax.
Normal subjects usually exhibit such artifacts.

lines (see Fig. 10). Slight movements of the
probe often result in A lines.
Figure 10 classifies these artifacts.
As this study was not invasive or timeconsuming, was free from charge, and did not
include randomization, and because ultrasound findings did not alter the therapeutic
procedures, approval by an institutional committee on human research and informed consent were not required.

RESULTS
Patients Characteristics. The pneumothorax group included 32 men and 13
women. Mean age was 44 yrs, range
17– 84 yrs, SD 19. Twenty eight cases occurred during mechanical ventilation.
Radiography showed indirect signs in 16
cases (parietal emphysema in four, depressed diaphragm in six, basilar hyperlucency in five, and lung herniation on
the contralateral side in one). Radiography was uninformative in 31 cases. Pneumothorax was traumatic in 23 cases, was
iatrogenic in ten (venous catheter, thoracentesis, protected brushing, fibroscopy,
biopsy), complicated mechanical ventilation in seven, complicated lung disease in
three, and was spontaneous in four. Of 47
cases of occult pneumothorax, 16 required a chest tube, and eight had ventilation adaptation (low volume, zero endexpiratory pressure). The control group
included 106 men and 49 women. Mean
age was 57 yrs, range 20 – 86 yrs, SD 16; 96
patients were ventilated.
Main Results. Of the 47 cases of pneumothorax in 45 patients, four were excluded from the final analysis because of
parietal emphysema. Among 310 lungs in
155 patients in the control group, two
1233

Figure 6. E lines. These comet-tails, which spread
up to the edge of the screen without fading, do
not arise from the pleural line (the rib shadow,
which is part of the bat sign, is not visible).
Superficial air layers, coming from a parietal emphysema.

Figure 7. Pneumothorax. Left, real-time. There is
abolition of lung sliding (which cannot be visualized in this frozen image) associated with exclusive A lines (same pattern as in a normal
subject). This static pattern can be called the A
line sign. Right, time-motion. Below the pleural
line, the normal granular pattern (see Figure 3)
is replaced by horizontal lines, which objectify
abolition of lung sliding. The pattern is reminiscent of squadrons of flying fortresses in the
stratosphere, hence the term “stratosphere sign.”
Note that this pattern is not yet specific to pneumothorax.

Figure 8. Lung point. Patient with pneumothorax. The time-motion mode (right) clearly objectifies the precise moment (arrow) when the collapsed lung is (left of the arrow) or is not (at the
right) in contact with the chest wall. The lung
point designates this sudden replacement of the
normal granular pattern by a horizontal pattern,
at a defined location. The lung point is a specific
sign of pneumothorax.

1234

Figure 9. Theoretical explanation of the lung point. Left, at expiration, the pneumothorax has a defined
volume. A probe placed at a point slightly anterior to the lung level will display a pneumothorax
pattern. Right, at inspiration, we must imagine that the lung volume slightly increases, therefore
increasing the surface of the lung in contact with the wall. The probe remaining at the same location
will immediately display fleeting lung patterns.

cases could not be investigated because of
large dressings and six had nonaerated
anterior patterns. The final analysis considered 43 analyzable cases of pneumothorax and 302 analyzable hemithoraces
in the control group. Ultrasound feasibility was 98%. Each examination lasted ⬍2
mins.
The first step was the analysis of lung
sliding. All 43 cases of pneumothorax
showed no anterior lung sliding. Of 302
controls, anterior lung sliding was
present in 237 and absent in 65. For the
diagnosis of occult pneumothorax, the
absence of lung sliding had a sensitivity
of 100%, a specificity of 78%, a negative
predictive value of 100%, and a positive
predictive value of 40%.
The second step involved looking at
whether the presence of the A line sign
would further improve the specificity of
an absent lung sliding. The A line sign
was observed in 41 of 43 cases of pneumothorax and in 114 of 302 controls (this
sign alone had a sensitivity of 95%, a
specificity of 62%, a negative predictive
value of 98%, and a positive predictive
value of 26%). In two cases, anterior B
lines were observed. The controls were
subdivided into four conditions: lung
sliding with the A line sign (n ⫽ 98), lung
sliding without the A line sign (n ⫽ 139),
no lung sliding without the A line sign (n
⫽ 49), and no lung sliding with the A line
sign (n ⫽ 16). When the condition “no
lung sliding with the A line sign” was
compared with the three other conditions
combined, 41 of 43 cases of occult pneumothorax vs. 16 of 302 controls had this
combination, which had a sensitivity of
95%, a specificity of 94%, a negative predictive value of 99%, and a positive predictive value of 71% for the diagnosis of
occult pneumothorax.

The third step involved searching for a
lung point. Of 43 cases of occult pneumothorax, a lung point was present in 34
and absent in nine. Of 302 controls, especially in the 16 cases with absent lung
sliding associated with the A line sign
(i.e., a profile suggestive of pneumothorax), none displayed a lung point. For the
diagnosis of occult pneumothorax, the
lung point had a sensitivity of 79%, a
specificity of 100%, a negative predictive
value of 97%, and a positive predictive
value of 100%.
Tables 2 and 3 detail these results.
Table 4 shows that ultrasound accuracy is
a function of the number of signs considered.
Additional Results. Findings consistent with pneumothorax were most often
seen in the anterior chest wall (41 of 43
patients) with variable extension superiorly and inferiorly. Among 39 patients
with pneumothorax studied in the supine
position, the area involved was the entire
anterior wall in 23 cases and the lower
half in 15. In one posterior location, there
were anterior B lines with abolished lung
sliding. In one case of apical pneumothorax, B lines were present at the anterior
area, with abolished lung sliding.
A correlation was made between the
lung point location and the need for chest
tube insertion, suggesting substantial
volume. Among 34 cases exhibiting a
lung point, two of 24 patients showing
anterior locations (8%) required tube insertion vs. nine of ten patients showing
lateral locations (90%).
Z lines were observed in the pathologic area in 36 of 43 cases of pneumothorax and in 242 of 302 controls (i.e.,
84% and 80%, respectively). This result
seems to confirm that Z lines are parasite
Crit Care Med 2005 Vol. 33, No. 6

artifacts that do not provide diagnostic
information.

DISCUSSION

Figure 10. Suggested classification of thoracic artifacts.

Table 2. Overall results
Occult Pneumothorax
Group

Pneumothorax-Free
Group

43 of 43
41 of 43
34 of 43

65 of 302
16 of 302
0 of 302

Step 1—abolished lung sliding
Step 2—abolished lung sliding ⫹ the A line sign
Step 3—no lung sliding ⫹ the A line sign ⫹
lung point

Table 3. Absent lung sliding plus A line sign
Occult Pneumothorax Group

Pneumothorax-Free Group

A Line Sign

B Lines

A Line Sign

B Lines

0
41

0
2

98
16

139
49

Lung sliding present
Lung sliding absent
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As an air-filled structure, the lung is
an organ for which ultrasound traditionally had a limited diagnostic value. In
fact, lung ultrasound is hardly supposed
to exist (23). Yet the use of basic signs
makes immediate management of lifethreatening conditions possible (13). Accessible with simple units, lung ultrasound could have been developed from
the advent of real-time ultrasound. Our
first observations were made using 1978
technology (ADR-4000). In addition, the
small size of these devices made them
fully suitable for the ICU and the emergency department.
In the literature, we discover, surprisingly, that horses have already benefited
from ultrasound— because the movement of the lung toward the chest wall is
visible (24). Human studies followed, but
their impact was minimal. In fact, to our
knowledge, studies have suffered from
various shortcomings.
Sistrom et al. (25) looked at the sensitivity of lung sliding and comet-tails in
13 patients with radiologic pneumothorax occurring after chest biopsy, using
7-MHz linear probes in units handled by
sonologists (i.e., nonphysicians) subsequently supervised by radiologists. This
study demonstrated moderate accuracy of
ultrasound with 73% sensitivity, 68%
specificity, 89% negative predictive value,
and 40% positive predictive value. How
can such results be explained? First, ultrasound gives its best, in our opinion,
when used by only one and same operator. If the operator is the physician in
charge to the patient, the results will be
obviously optimized. No description is
made of A lines, seashore sign, stratosphere sign, and lung point, and the comet-tail terminology is not specified (no
distinction B/Z lines). The linear probes
render transversal scans mandatory,
which is not logical: Lung sliding is a
craniocaudal movement. The 7-MHz
probes usually explore ⱕ5– 6 cm. Consequently, distinction of B/Z lines as well as
detection of deep disorders (pleural effusion, consolidation) is hazardous,
whereas our 5-MHz probe explores not
only the lung surface but also the whole
body (26). The use of dynamic noise filter
is not specified (see Methods). Last, CT
was not used, an oversight when searching for occult pneumothorax; studies that
1235

Table 4. Accuracy of ultrasound as a function of the number of signs used

Lung sliding (LS) abolished
LS abolished ⫹ A line sign
LS abolished ⫹ A line sign ⫹ lung point

LS abolished
LS abolished ⫹ A line sign
LS abolished ⫹ A line sign ⫹ lung point

fail to use CT as a gold standard should be
interpreted cautiously. These flaws are
also seen in other studies (27, 28).
The study by Rowan et al. (14) is more
interesting, because CT was used. This is
a wise attitude as outlined long ago (16).
In this study including 11 cases of pneumothorax with seven occult cases, in
which the authors investigated lung sliding and comet-tail artifacts with a 7-MHz
linear probe, the sensitivity and negative
predictive value were 100%, specificity
was 94%, and positive predictive value
was 92%. These data are encouraging,
even if limitations of the previous studies
are found: small sample, non-ICU patients, operators not clinicians, incomplete description of the comet-tails (making confusion possible between B and Z
lines), time-motion-mode signs and lung
point not used, suboptimal probe, and
filter use not specified. On the other
hand, this study could assess the value of
bedside radiography, which had a sensitivity of 36%.
If signs such as A/B/Z lines, seashore,
stratosphere, and lung point are considered, linear high-frequency probes are
avoided, dynamic noise filters are rejected, ultrasound is handled by the physicians in charge of the patients, and CT
is used as a gold standard, the performance of ultrasound cannot be but be
optimized. When all these points were
taken into consideration, sensitivity and
negative predictive value of abolished
lung sliding for every analyzable kind of
pneumothorax were 100%, specificity
was 91%, and positive predictive value
was 87% (16). The A line sign had a
sensitivity and negative predictive value
of 100%, a specificity of 60%, and a positive predictive value of 42% for complete
pneumothorax (17). The lung point had a
sensitivity of 66% and a specificity of
100% for every kind of pneumothorax
(18).
1236

Pneumothorax

Control Group

43 of 43
41 of 43
34 of 43

65 of 302
16 of 302
0 of 302

Sensitivity, %

Specificity, %

100
95
79

78
94
100

The limitations of lung ultrasound
should be considered. It may be of limited
use in those critically ill patients with
parietal emphysema or pleural calcifications, because acoustic artifacts resulting
from these conditions may limit visualization of the pleural interface. Emphysematous bullae are not a limitation, because they do not alter lung sliding
(study in progress). Septated pneumothoraces are rare and usually of little clinical
relevance. Note that this implies pleural
adhesions, a condition that abolishes
lung sliding (study in progress). Posterior
or apical pneumothorax can give anterior
B lines. Cases of pneumothorax with anterior B lines perfectly illustrate the fact
that B lines rule out pneumothorax at the
location where they are observed. Obviously, the sensitivity rate of 95% in this
study would have been improved if the
supraclavicular area had been included,
but mastery of this area requires particular skill.
Statistical issues can be highlighted.
Most patients admitted to our ICU do not
undergo CT. If lung ultrasound is normal, pneumothoraces may be missed.
These potential cases are assumed to be
rare: 3 days of follow-up did not reveal
signs at least on serial radiographs, a logical finding considering the excellent
negative predictive value of ultrasound.
On the other hand, positive lung ultrasound in patients without pneumothorax
means false-positive cases. If we consider
the group of patients scheduled for CT in
this study as representative of standard
ICU patients, it is noteworthy that in
these patients without pneumothorax, no
false-positive results were found. This
group is certainly biased, as severe lung
disorders are conditions at high risk for
pneumothorax, but this bias impairs ultrasound performance: Abolition of lung
sliding without pneumothorax is fre-

quently observed in severe lung disorders.
Is the need to refer to several signs a
limitation? Ultrasound must not amount
to abolition of lung sliding alone. In critically ill patients, lung sliding is impaired
in 21% (in this study) to 40% of cases (if
only acute respiratory distress syndrome
or extensive pneumonia is considered,
study in progress). Not taking these notions into account may have deleterious
consequences. Failure to see lung sliding
may be the result of technical deficiencies: inappropriate technique or probe
frequency, dynamic noise filters, and so
on. The loss of lung compliance, a disorder seen in atelectasis, pleural symphysis,
or fibrosis, yields abolition of lung sliding. This explains why other signs are
warranted (the A line sign and the lung
point). Critically ill patients without
pneumothorax but with abolished lung
sliding usually display B lines.
In this new field, potentially important
in the ICU in mechanically ventilated patients and pneumothorax risk, where decisions are usually based on clinical and
simple radiologic grounds, more research
is advocated by some (29, 30). Chan (30)
considers that the mention of comet-tail
artifacts in the academic literature is confusing. Standardization of the various
kinds of artifacts should obviously solve
the problem.
A number of attractive advantages of
ultrasound are highlighted in this study.
High Feasibility. Unlike other organs,
the lung can almost always be visualized.
High Sensitivity. Ultrasound proved to
be more sensitive than radiography. The
lung point was easy to detect especially in
the case of minimal pneumothorax. Note
that bedside radiography, recently assessed in acute respiratory distress syndrome patients for other disorders (pleural effusion, consolidation, interstitial
syndrome), cannot be considered a reliable tool (31).
Rapidity. Lung sliding or its absence,
A lines, B lines, or lung point can be
recognized immediately, a critical advantage in extreme emergencies.
Ability to Predict the Extent of Pneumothorax. This potential is reputed to be
unreliable (14, 25, 29, 30). In this study,
a lateral lung point location was correlated with the need to insert chest tubes
(study in progress).
Simple Technique. A protocol limited
to the anterolateral chest wall is sufficient. This highly accessible area is involved in all complete pneumothoraces
Crit Care Med 2005 Vol. 33, No. 6

F

or the diagnosis of
occult pneumothorax, ultrasound

can decrease the need for
computed tomography.

tion. The possibility of immediately obtaining basic information, at the bedside,
on this vital organ can make ultrasound a
genuine visual stethoscope (39). Lung ultrasound can reduce the need for CT in
diagnosing occult pneumothorax.
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Figure 11. Decision tree.

(16 –18). CT analysis of occult pneumothorax in supine patients shows that the
anterior area is involved in almost all
cases (32).
Short Learning Curve. Correctly
trained physicians quickly master the
signs (33). A training program in emergency ultrasound is available in our institution—www.ceurf.net. Teams begin to
use this potential in emergency (34) and
routine situations (35). For the time being, ultrasound should not suddenly replace radiography or CT. These basic
tools must be used until full mastery of
ultrasound is acquired.
Simple Logistics. Unsophisticated devices without Doppler are suitable, and
1978 technology is sufficient. The use of
several probes increases costs and generates problems of asepsis. Note that bulky
echocardiographic units and probe frequencies ⬍3 MHz will not be adequate.
See also our comments regarding linear
7-MHz probes.
Wide-Ranging Applications. B lines
distinguish interstitial from noninterstitial disorders, a finding of clinical relevance in dyspneic patients (36, 37).
Whole-body analysis can be achieved in
the ICU, the emergency room, and, using
ultraportable units, prehospital medicine
(38).
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Noninvasive Method. Ultrasound will
limit irradiation and costs. Ultrasound
will be used in routine practice (insertion
of subclavian venous catheter, draining of
pneumothorax) or when irradiation must
be avoided (in pregnant women and infants).
Our decision tree (Fig. 11) prompts us
to search for lung sliding. Pneumothorax
is immediately suspected in stage 1. If the
A line sign is present, the next step is to
search laterally for a lung point (stage 1
or 2). A lung point calls for immediate
drainage if clinically requested. If the
lung point is absent, no conclusion
should be drawn and a traditional approach (i.e., bedside radiography or
transfer to CT, time permitting) should
be used. No lung sliding with the A line
sign is highly suggestive of but not specific to pneumothorax (sensitivity 95%,
specificity 94%). Additional signs will be
dealt with in future reports.

CONCLUSIONS
Lung sliding rules out pneumothorax,
lung rockets rule out pneumothorax, and
lung point rules in pneumothorax. Although usually considered a hindrance,
the ultrasound artifacts generated by the
lung can lead to an accurate interpreta-
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