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Can ultrasound be of any help in the diagnosis of alveolar-interstitial syndrome? In a prospective
study, we examined 250 consecutive patients in a medical intensive care unit: 121 patients with ra-
diologic alveolar-interstitial syndrome (disseminated to the whole lung, n 

 

5

 

 92; localized, n 

 

5

 

 29)
and 129 patients without radiologic evidence of alveolar-interstitial syndrome. The antero-lateral
chest wall was examined using ultrasound. The ultrasonic feature of multiple comet-tail artifacts fan-
ning out from the lung surface was investigated. This pattern was present all over the lung surface in
86 of 92 patients with diffuse alveolar-interstitial syndrome (sensitivity of 93.4%). It was absent or
confined to the last lateral intercostal space in 120 of 129 patients with normal chest X-ray (specific-
ity of 93.0%). Tomodensitometric correlations showed that the thickened sub-pleural interlobular
septa, as well as ground-glass areas, two lesions present in acute pulmonary edema, were associated
with the presence of the comet-tail artifact. In conclusion, presence of the comet-tail artifact allowed
diagnosis of alveolar-interstitial syndrome. 
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The diagnosis of alveolar-interstitial syndrome is based on
chest X-ray. However, in critical care units, chest X-ray is per-
formed at the bedside and technologic deficiencies may make
this diagnosis difficult. Can ultrasound, a noninvasive, easily
implemented technique, be of any use? Basically, the problem
is that air stops the progression of the ultrasound beam, and
only reverberation artifacts are visible under the lung surface.
The lung is therefore usually considered poorly accessible to
ultrasound. Yet clinical experience and review of the litera-
ture show that lung ultrasound has been previously proposed
for diagnosing pneumothorax (1–4) or alveolar consolidation
(5–8).

On the other hand, ultrasound patterns of the aerated lung
are not well known, and airy artifacts arising from the lung
surface have not been extensively studied. In fact, two op-
posed types of artifacts can clearly be differentiated arising
from the lung surface. One type is a roughly horizontal repeti-
tion artifact. The other is a roughly vertical narrow-based arti-
fact spreading up to the edge of the screen. According to a re-
view of the literature, narrow repetition artifacts are known as
“comet-tail” (9) or “ring-down” (10) artifacts. The comet-tail
artifact was described in 1982 concerning an intra-hepatic
shotgun pellet (9). It had also been noted at the lung surface in
normal or pathologic conditions (9, 11), although no correla-
tion had been made with a pathologic feature. As a conse-
quence, no practical use had been made from this artifact at

the lung level. Besides, in the first study (9), long and short va-
rieties of comet-tail artifacts are presented without distinction.
The artifact described in the present study corresponds to a
long variety of comet-tail artifact, the one that extends to the
edge of the screen.

To our knowledge, the normal or pathologic nature of the
comet-tail artifact at the lung surface has not been established.
Likewise, the horizontal artifact arising from the lung surface
and its potentially normal significance have not been described.
Clinical experience suggests that the comet-tail artifact arising
from the lung-wall interface is very often seen in patients suf-
fering from acute pulmonary edema. The aim of this study was
to investigate whether this artifact was related to the presence
of radiologic alveolar-interstitial syndrome in a series of criti-
cally ill patients. To our knowledge, the relation between the
comet-tail artifact and alveolar-interstitial syndrome has not
yet been dealt with in the literature, except in a preliminary
report (12).

 

METHODS

 

Patients

 

During an 18-mo period, 282 consecutive patients (without pneu-
mothorax) admitted to our intensive care unit were included in a
prospective study. Thirty-two patients were excluded because of in-
conclusive radiography (noninterpretable, poorly defined X-ray, or
patterns difficult to analyze; n 

 

5

 

 29) or a noninterpretable ultrasound
examination (n 

 

5

 

 3). Therefore, 250 patients were included. Mean age
was 58.3 yr (range, 17 to 89 yr). Fifty-three percent were on mechani-
cal ventilation. Patients were divided into two groups. In 121 patients,
a typical alveolar-interstitial syndrome was present on the bedside
chest X-ray. Clinical features related to this alveolar-interstitial syn-
drome were adult respiratory distress syndrome (ARDS) (n 

 

5

 

 31),
pneumonia (n 

 

5

 

 30), acute cardiogenic pulmonary edema (n 

 

5

 

 37),

 

(
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exacerbation of chronic interstitial lung disease (n 

 

5

 

 6), and miscella-
neous (n 

 

5

 

 17). In 129 patients, bedside chest X-ray did not show al-
veolar-interstitial syndrome. Cause of admission to the intensive care
unit was acute asthma (n 

 

5

 

 10), pulmonary embolism (n 

 

5

 

 6), exacer-
bation of chronic obstructive pulmonary disease (COPD) without
pneumonia (n 

 

5

 

 11), other respiratory insufficiencies (n 

 

5

 

 5), sepsis
without respiratory failure (n 

 

5

 

 16), neurologic disorder (n 

 

5

 

 21), at-
tempted suicide (n 

 

5

 

 21), gastrointestinal tract bleeding (n 

 

5

 

 15), and
miscellaneous (n 

 

5

 

 24).

 

Chest X-ray

 

A conventional antero-posterior chest X-ray was performed at the
bedside, with a VMX portable unit (General Electric, CGR, Monza,
Italy), and was read by an independent radiologist (O.B.) unaware of
the ultrasound findings. In 121 patients, X-ray showed alveolar or inter-
stitial syndrome, which was defined by the presence of alveolar opaci-
ties (ill-defined shadowing, confluent opacities with air bronchograms)
and/or interstitial opacities (septal lines, linear, reticular, or nodular
opacities); alveolar-interstitial syndrome extended to the whole lung
in 92 patients and was localized in 29 patients. In 129 patients, chest
X-ray was free of any alveolar-interstitial syndrome.

 

Ultrasound

 

An ADR-4000 portable unit (Advanced Diagnostic Research, Tempe,
AZ), equipped with a 3.0-MHz mechanical transducer for cardiac use,
or a Hitachi Sumi 405 (Hitachi Medical Corporation, Tokyo, Japan)
with a 3.5-MHz cardiac probe, was used by the same investigator
(D.L.) unaware of the radiologic findings. Ultrasonographic examina-
tion and bedside chest X-ray were performed within 2 days after ad-
mission to the intensive care unit. Ultrasound was performed the same
day as chest X-ray. Longitudinal scans of the anterior and lateral chest
wall were taken in the supine position. The anterior chest wall was de-
lineated from the clavicles to the diaphragm and from the sternum to
the anterior axillary line. The lateral chest wall was delineated from
the armpit to the diaphragm and from the anterior to the posterior ax-
illary line. The area under focus was the hyperechogenic interface be-
tween the chest wall and the surface of the lung (or lung-wall inter-
face). The comet-tail artifact arising from the lung-wall interface was
the elementary pattern analyzed. It was defined as a hyperechogenic
narrow-based reverberation type of artifact, spreading like a laser-ray
up to the edge of the screen. The pattern considered pathologic was
the presence of multiple comet-tail artifacts (at least three between
two ribs in one longitudinal scan) fanning out from the lung-wall in-
terface (Figure 1, 

 

upper panel

 

). A distance 

 

<

 

 7 

 

6

 

 1 mm was observ-
able between two comet-tail artifacts. “Multiple comet-tail artifacts
fanning out from the lung-wall interface” will henceforth be referred
to as “the artifact.” When lung consolidation (or pleural effusion) was
directly visible using ultrasound, only the surrounding areas were in-
vestigated. After ultrasonographic examination, the 250 patients were
classified into one of the following categories: (

 

1

 

) A positive test was
defined as the presence of “the artifact” (n 

 

5

 

 157). It was either dis-
seminated or confined laterally to the last intercostal space. Dissemi-
nated “artifact” was diffuse (i.e., all over the anterior and lateral lung
surface, wherever the probe was laid on the chest wall), lateral (i.e.,
visible over the lateral chest wall), anterior, or patchy (i.e., mingling of
pathologic areas with areas free of “artifact,” or fewer than three
comet-tail artifacts per section). “The artifact” confined laterally to
the last intercostal space above the diaphragm, a particular location
previously noticed to be frequent in healthy subjects, was studied on

its own. (

 

2

 

) A negative test was defined as complete absence of “the
artifact” (n 

 

5

 

 93). In these cases, the pattern comprised regularly
spaced, roughly horizontal hyperechogenic lines, spreading from the
lung-wall interface, with the same distance between each horizontal
line (Figure 1, 

 

lower panel

 

). Rare, isolated comet-tail artifacts were
occasionally visible.

 

Computerized Tomography (CT)

 

In 29 patients, a thoracic CT scan was recorded on the day of ultra-
sound examination (ARDS, n 

 

5

 

 14; acute cardiogenic pulmonary
edema, n 

 

5

 

 3; interstitial lung diseases, n 

 

5

 

 4; COPD, n 

 

5

 

 1; asthma,

Figure 1. Ultrasound. (Upper panel ) Typical comet-tail artifacts ob-
tained from a patient with acute pulmonary edema. Between two
ribs (* 5 acoustic shadow of rib), a hyperechogenic line represents
the interface between the lung and the chest wall (arrows). Several
comet-tail artifacts are fanning out from the lung-wall interface,
separated from each other by a distance of 8 mm . (Lower panel )
Normal subject. The lung-wall interface reverberates at regular in-
tervals, creating parallel, roughly horizontal hyperechogenic lines
(fine arrows).

 

TABLE 1

CORRELATION BETWEEN RADIOLOGIC AND SONOGRAPHIC PATTERNS

 

Artifact Extending
Beyond the Last

Intercostal Space

Artifact Confined
to the Last

Intercostal Space Absence of Artifact Total

D iffuse alveolar-interstitial syndrome 86 3 3 92
Localized alveolar-interstitial syndrome 19 4 6 29
Absence of alveolar-interstitial syndrome 9 36 84 129

Total 114 43 93 250
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Figure 1. Ultrasound. (Upper panel ) Typical comet-tail artifacts ob-
tained from a patient with acute pulmonary edema. Between two
ribs (* 5 acoustic shadow of rib), a hyperechogenic line represents
the interface between the lung and the chest wall (arrows). Several
comet-tail artifacts are fanning out from the lung-wall interface,
separated from each other by a distance of 8 mm . (Lower panel )
Normal subject. The lung-wall interface reverberates at regular in-
tervals, creating parallel, roughly horizontal hyperechogenic lines
(fine arrows).
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Recently, lung ultrasound 
has emerged as a  

new sonographic technique  
to evaluate  

many pulmonary conditions.  
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sion, chest pain, or dyspnea. In patients with 
trauma, this approach is known as FAST (focused 
assessment with sonography for trauma). Point-
of-care ultrasonography allows immediate, dy-
namic, and repeated assessments in these situ-
ations and has the potential for detecting 
conditions such as pneumothorax in which ultra-
sonography was traditionally thought to be un-
helpful. Here we focus on an integrated point-of-
care examination for trauma (FAST), as well as 

the use of point-of-care ultrasonography for pul-
monary assessment.

FAST Examination
FAST was a term coined at an international con-
sensus conference in 1996 to describe an inte-
grated, goal-directed, bedside examination to 
detect fluid, which is likely to be hemorrhage in 
cases of trauma.22 The extended FAST (e-FAST) 
also includes examination of the chest for pneu-
mothorax.23

The e-FAST examination combines five fo-
cused examinations for the detection of: free 
intraperitoneal f luid, free f luid in the pelvis, 
pericardial fluid, pleural effusion, and pneumo-
thorax. Peritoneal fluid is detected using views 
of the hepatorenal space (Morison’s pouch), 
splenorenal space, and retrovesicular spaces. The 
thorax is evaluated for fluid at the flanks and for 
pneumothorax anteriorly. The pericardium may 
be evaluated for effusion, particularly in cases of 
penetrating trauma (see Video 2).

A FAST examination may be completed in 
less than 5 minutes and has been shown to have 
a sensitivity of 73 to 99%, a specificity of 94 to 
98%, and an overall accuracy of 90 to 98% for 
clinically significant intraabdominal injury in 
trauma.24 The use of the FAST examination has 
been shown to reduce the need for CT or diag-
nostic peritoneal lavage and to reduce the time 
to appropriate intervention, resulting in a shorter 
hospital stay, lower costs, and lower overall mor-
tality, although more rigorous study of patient-
centered outcomes is recommended.25,26 A com-
plete or partial FAST examination may also be 
helpful in evaluating patients who do not have 
trauma for ascites, intraperitoneal hemorrhage, 
pleural effusion, pneumothorax, or pericardial 
effusion.

Pulmonary Ultrasonography
The use of ultrasound to detect pneumothorax 
was first described in a horse in 1986, and then 
in humans shortly afterward.27 In a normal lung, 
the visceral and parietal pleura are closely associ-
ated, and ultrasound shows shimmering or sliding 
at the pleural interface during respiration (Fig. 3, 
and Video 3). The absence of sliding indicates a 
pneumothorax. A small pneumothorax may be 
missed with the use of ultrasonography, and pa-
tients with blebs or scarring may have false 
positive findings.28 However, for assessing pa-
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Figure 3. Ultrasound Images of the Pleural Line 
in a Healthy Patient and in a Patient with Alveolar 
 Interstitial Syndrome.

In Panel A, a high-frequency linear probe is placed  
with the indicator toward the patient’s head (screen 
left), in the midclavicular line at approximately the third 
intercostal space. At the posterior edge of the rib, a hy-
perechoic (bright) pleural line is seen, which is the inter-
face between the visceral and parietal pleura. In a mov-
ing image of a normal lung, shimmering or “sliding” 
would be seen at the pleural line, indicating that the 
visceral pleura is closely associated with the parie tal 
pleura. An “A line” (a normal reverberation artifact) is 
also seen. In Panel B, a phased-array sector probe is 
placed at the same anatomical location on a different 
patient. This sector image is much deeper, but it shows 
the same structures, as well as pathological “B lines,” 
artifacts that extend to the bottom of the screen (“lung 
rockets”). This patient had alveolar interstitial syndrome 
from congestive heart failure. (See also Video 3.)
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Ultrasonography is a safe and effective form of imaging that 
has been used by physicians for more than half a century to aid in diagnosis 
and guide procedures. Over the past two decades, ultrasound equipment 

has become more compact, higher quality, and less expensive, which has facilitated 
the growth of point-of-care ultrasonography — that is, ultrasonography performed 
and interpreted by the clinician at the bedside. In 2004, a conference on compact 
ultrasonography hosted by the American Institute of Ultrasound in Medicine (AIUM) 
concluded that “the concept of an ‘ultrasound stethoscope’ is rapidly moving from 
the theoretical to reality.” This conference included representatives from 19 medical 
organizations; in November 2010, the AIUM hosted a similar forum attended by 45 
organizations.1-3 Some medical schools are now beginning to provide their students 
with hand-carried ultrasound equipment for use during clinical rotations.4

Although ionizing radiation from computed tomographic (CT) scanning is in-
creasingly recognized as a potentially major cause of cancer, ultrasonography has 
been used in obstetrics for decades, with no epidemiologic evidence of harmful ef-
fects at normal diagnostic levels.5,6 However, ultrasonography is a user-dependent 
technology, and as usage spreads, there is a need to ensure competence, define the 
benefits of appropriate use, and limit unnecessary imaging and its consequenc-
es.7-10 This article provides an overview of the history and current status of compact, 
point-of-care ultrasonography, with examples and discussion of its use.

His t or y of Ultr asonogr a ph y a nd the Basic Technol ogy

Medical ultrasonography was developed from principles of sonar pioneered in 
World War I,11 and the first sonographic images of a human skull were published 
in 1947.12 The first ultrasound images of abdominal disease were published in 
1958,13 and ultrasonography was widely adopted in radiology, cardiology, and ob-
stetrics over the next several decades. Although clinicians from other specialties 
occasionally reported using ultrasonography, point-of-care ultrasonography did not 
really begin to progress until the 1990s, when more compact and affordable ma-
chines were developed. The early portable machines were hampered by poor image 
quality, but in 2010, many point-of-care units can nearly match the imaging quality 
of the larger machines.

Ultrasound is defined as a frequency above that which humans can hear, or 
more than 20,000 Hz (20 kHz). Therapeutic ultrasound, designed to create heat 
using mechanical sound waves, is typically lower in frequency than diagnostic 
ultrasound and is not discussed in this article. The frequency of diagnostic ultra-
sound is in the millions of Hertz (MHz). Lower-frequency ultrasound has better 
penetration, but at lower resolution. Higher-frequency ultrasound provides better 
images, but it does not visualize deep structures well. A typical transabdominal or 
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How I do it: Lung ultrasound
Luna Gargani1* and Giovanni Volpicelli2

Abstract

In the last 15 years, a new imaging application of sonography has emerged in the clinical arena: lung ultrasound
(LUS). From its traditional assessment of pleural effusions and masses, LUS has moved towards the revolutionary
approach of imaging the pulmonary parenchyma, mainly as a point-of-care technique. Although limited by the
presence of air, LUS has proved to be useful in the evaluation of many different acute and chronic conditions, from
cardiogenic pulmonary edema to acute lung injury, from pneumothorax to pneumonia, from interstitial lung
disease to pulmonary infarctions and contusions. It is especially valuable since it is a relatively easy-to-learn application
of ultrasound, less technically demanding than other sonographic examinations. It is quick to perform, portable,
repeatable, non-ionizing, independent from specific acoustic windows, and therefore suitable for a meaningful
evaluation in many different settings, both inpatient and outpatient, in both acute and chronic conditions.
In the next few years, point-of-care LUS is likely to become increasingly important in many different clinical settings,
from the emergency department to the intensive care unit, from cardiology to pulmonology and nephrology wards.

Keywords: Lung ultrasound, B-lines, Point-of-care ultrasound, Chest sonography

What is lung ultrasound?
Assessment of the lung has always been considered off-
limits for ultrasound, since it is standard textbook know-
ledge that «because ultrasound energy is rapidly dissipated
by air, ultrasound imaging is not useful for the evaluation
of the pulmonary parenchyma» [1]. The concept that ul-
trasound cannot be employed for evaluating the lung is
linked to the presence of air, which determines a high
acoustic mismatch with the surrounding tissues, causing a
complete reflection of the ultrasound beam, preventing
the creation of direct imaging of the pulmonary paren-
chyma [2]. In a normally aerated lung, the only detectable
structure is the pleura, visualized as a hyperechoic hori-
zontal line. It is debated whether this line represents an
artefact due to a reflection phenomenon at the interface
between alveolar air and the soft tissues of the thoracic
wall, or it images the real pleura. The pleural line moves
synchronously with respiration [3]: this dynamic horizon-
tal movement is called lung sliding. In addition, there are
some hyperechoic, horizontal lines arising at regular inter-
vals from the pleural line: the A-lines. When combined
with lung sliding, these reverberation artefacts represent a

sign of normal or excessive content of air in the alveolar
spaces (Figure 1, Additional file 1). When the air content
decreases and lung density increases due to the presence
in the lung of exudate, transudate, collagen, blood, etc. the
acoustic mismatch between the lung and the surrounding
tissues is lowered, and the ultrasound beam can be partly
reflected at deeper zones and repeatedly. This phenome-
non creates some vertical reverberation artefacts known
as B-lines (Figure 2, Additional file 2). B-lines belong to
the family of the comet-tail artifacts, well known in the
setting of abdominal ultrasound [4]. B-lines have also been
addressed as comet-tail artifacts or ultrasound lung co-
mets before an expert agreement on nomenclature was
obtained [3]. B-lines are defined as discrete laser-like verti-
cal hyperechoic reverberation artifacts that arise from the
pleural line, extend to the bottom of the screen without
fading, and move synchronously with lung sliding [3].
Multiple B-lines are considered the sonographic sign of
lung interstitial syndrome, and their number increases
along with decreasing air content and increase in lung
density [5,6]. When the air content further decreases, such
as in lung consolidations, the acoustic window on the lung
becomes completely open, and the lung may be directly
visualized as a solid parenchyma, like the liver or the
spleen (Figure 3). Consolidation of the lung may be the
result of an infectious process, an infarction due to
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1Institute of Clinical Physiology, National Research Council, Via Moruzzi, 1,
56124 Pisa, Italy
Full list of author information is available at the end of the article
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Semeiotics 

•  Lung sliding 

•  Lung point 

•  A-lines 
 
•  B-lines 

•  Consolidations 

•  Pleural effusion 
 
 



Lung sliding 
It is the depiction of a regular rhythmic movement  

synchronized with respiration,  
that occurs between the parietal and visceral pleura. 
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Lung sliding: M-mode 

The seashore sign 



Abolished lung sliding 



Abolished lung sliding 



ing both lungs from gas exchanges. Anyone can note that
the oxygen saturation begins to decrease a dozen of sec-
onds after apnea. It is presumed that if this apnea were
maintained long enough (a rather theoretical situation),
the lungs would eventually lose volume and appear con-
solidated on radiography.

Once this basic distinction made, it can now be con-
sidered that the “lung pulse” is actually a sign of com-
plete “atelectasis,” in the same manner as lung sliding is
a sign of normal lung inflation. By exerting voluntary
apnea (or making selective intubation) a “lung pulse”
immediately replaces lung sliding. The “lung pulse,”
which can briefly appear in voluntary apnea, can be con-
sidered definitely pathological when permanently found
in a ventilated patient.

Briefly, the term “atelectasis”, in its etymological
meaning, corresponds to a physiopathological and not ra-
diological state, is immediate, and can be shortly created
on demand.

Potential relevance of the “lung pulse”

In the present study the “lung pulse” applied only to pa-
tients without previous lung disorders. This should be
considered as a first step. Now that a correlation has
been highlighted between selective intubation and a
“lung pulse,” the next step will be to study the potential
of ultrasound in acute respiratory failure such as ARDS
and massive pneumonia. Absent lung sliding replaced by
a “lung pulse” is a very frequent finding in ARDS pa-
tients [5, 7]. However, atelectasis is a possible compo-
nent of the lung disorders. One can imagine a potential
use of the “lung pulse” in this setting. Helping to distin-
guish patients with conserved from those with impaired
lung inflation, this sign may provide bedside information
on ventilatory mechanics in ARDS. Patients with major
thoracic disorders, but also lung sliding associated with
absence of “lung pulse,” should be considered as having
preserved lung inflation. Ultrasound alveolar consolida-
tion with a conserved lung sliding should not correspond
to a complete atelectasis. Patients with white lungs on
radiography due to cardiogenic pulmonary edema usual-
ly have conserved lung sliding without a “lung pulse”
while patients with lesional edema often have abolished
lung sliding and a “lung pulse.” Complete atelectasis due

to selective intubation in patients with major lung disor-
ders can be detected, but the absence of left “lung pulse”
must be checked before intubation.

Other potential applications are in the immediate de-
tection of selective intubation in prehospital medicine
and that of main bronchial obstruction due to inhaled
foreign body. A serendipitous relevance of the “lung
pulse” regards pneumothorax diagnosis. Showing a non-
inflating lung is equivalent to showing the lung itself.
The “lung pulse” can therefore be a valuable sign in rul-
ing out pneumothorax. We have observed no case of
“lung pulse” in patients with pneumothorax (Fig. 4). The
location of the heart in the lower anterior area is a fortu-
itous condition. All these possibilities (investigating lung
compliance, distinguishing cardiogenic from lesional
edema, ruling out pneumothorax) will be assessed in fur-
ther reports.

Three types of dynamic behavior of the pleural line
can be described: (a) lung sliding, the normal pattern
(see Fig. 1), (b) absent lung sliding resulting in complete
akinesia, a pattern suggestive of pneumothorax (see
Fig. 4), and (c) absent lung sliding with a “lung pulse,” a
pattern indicating impaired lung inflation (see Fig. 3).
Note that, radioscopy apart, ultrasound appears to be the
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Fig. 4 Pneumothorax. Left Real-time. Lung sliding or pathologi-
cal comet-tail artifacts are absent. In real time the pleural line ap-
pears completely motionless. Right Time motion. This mode ob-
jectifies the complete disappearance of lung sliding, without any
visible “lung pulse”

Table 2 The “lung pulse”: synopsis

Action Mechanical effects Immediate consequences Delayed consequences

Right selective intubation with Left lung excluded Impairment of gas exchanges, Complete atelectasis resulting in
complete left main bronchus obstruction abolition of left lung expansion radiological opacity

with ultrasound “lung pulse”

Voluntary apnea Both lungs excluded Immediate impairment of gas Not applicable
exchanges, bilateral “lung pulse”

The barcode sign 
Abolished lung sliding 



Lung sliding abolished: causes 

•  Pneumothorax 
 
•  Mainstem intubation 
 
•  High-frequency ventilation 
 
•  Massive atelectasis 
 
•  Pleural adherences 
 
•  Severe fibrosis 
 
•  Cardiopulmonary arrest 
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Potential relevance of the “lung pulse”

In the present study the “lung pulse” applied only to pa-
tients without previous lung disorders. This should be
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been highlighted between selective intubation and a
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thoracic disorders, but also lung sliding associated with
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while patients with lesional edema often have abolished
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ders can be detected, but the absence of left “lung pulse”
must be checked before intubation.

Other potential applications are in the immediate de-
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and that of main bronchial obstruction due to inhaled
foreign body. A serendipitous relevance of the “lung
pulse” regards pneumothorax diagnosis. Showing a non-
inflating lung is equivalent to showing the lung itself.
The “lung pulse” can therefore be a valuable sign in rul-
ing out pneumothorax. We have observed no case of
“lung pulse” in patients with pneumothorax (Fig. 4). The
location of the heart in the lower anterior area is a fortu-
itous condition. All these possibilities (investigating lung
compliance, distinguishing cardiogenic from lesional
edema, ruling out pneumothorax) will be assessed in fur-
ther reports.

Three types of dynamic behavior of the pleural line
can be described: (a) lung sliding, the normal pattern
(see Fig. 1), (b) absent lung sliding resulting in complete
akinesia, a pattern suggestive of pneumothorax (see
Fig. 4), and (c) absent lung sliding with a “lung pulse,” a
pattern indicating impaired lung inflation (see Fig. 3).
Note that, radioscopy apart, ultrasound appears to be the
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Fig. 4 Pneumothorax. Left Real-time. Lung sliding or pathologi-
cal comet-tail artifacts are absent. In real time the pleural line ap-
pears completely motionless. Right Time motion. This mode ob-
jectifies the complete disappearance of lung sliding, without any
visible “lung pulse”
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Action Mechanical effects Immediate consequences Delayed consequences

Right selective intubation with Left lung excluded Impairment of gas exchanges, Complete atelectasis resulting in
complete left main bronchus obstruction abolition of left lung expansion radiological opacity
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Lung point 
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The physical location where abolished lung sliding  
transitions into an area of sliding,  

which represents the physical limit of pneumothorax  
as mapped on the chest wall  

. 
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A-lines 
•  Horizontal reverberation of the pleural line 
•  Normal finding 
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Discrete laser-like vertical hyperechoic reverberation artifacts, 
that arise from the pleural line. 

B-lines: definition 
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B-lines are the sonographic sign of the interstitial syndrome 

B-lines: definition 
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B-lines: a non-specific sign of interstitial syndrome 



 - Heart failure 
•  Diagnosis 
•  Monitoring and therapy titration 

•  Prognosis  
 

 - Dialysis 
 

 - ALI/ARDS 
 

 - Interstitial lung disease 
 

 - Eclampsia, other 

B-lines: clinical applications 
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Z-lines and B-lines 



1 2 3 

7 4 5 

How to quantify B-lines? 



How to quantify B-lines? 

About 100% = 10 B-lines About 50% = 5 B-lines 
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Which probe? 

Convex, microconvex 
 
 
 
 
 
Linear probe 
 
 
 
 
 
Cardiac probe 

Universal probes 
 
 
 
 

Pneumothorax,  
pleural and sub-pleural alterations,  

small consolidations 
 
 
 
 

Interstitial syndrome,  
pleural effusion, 

large consolidations  
 
 
 
 

Painful zone 



Where to put the probe? 

Heart failure 
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Pneumothorax 
 
 
 
 
Consolidation 

Dependent zones 
 
 
 
 

Costophrenic angles 
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the main principles of what is today known as “point-of-
care ultrasound”. Maximum effectiveness of the method is
obtained through a clinically-driven and focused assess-
ment. If properly driven and correctly interpreted, some
sonographic signs become highly accurate for diagnosing
specific pulmonary conditions. For example, in a stable
patient with acute spontaneous pleuritic pain, ultrasound

examination will start from the painful chest area [13], fo-
cusing on signs of focal pleural and parenchymal abnor-
mality. If the pain is caused by a pulmonary condition
with involvement of the parietal pleura, this will be easily
detected by LUS. Indeed, LUS is a surface imaging tech-
nique, highly sensitive in detecting pleural abnormalities.
The clinical suspicion and pre-test probability will guide

Figure 4 Longitudinal and oblique approach to lung ultrasound.

Figure 5 Longitudinal and oblique lung scanning. A. Longitudinal lung scanning: the upper rib, the pleural line and the lower rib draw an
image that resembles a bat. B. Oblique lung scanning: the pleural line is not interrupted by the ribs, and appears as a horizontal line.

Gargani and Volpicelli Cardiovascular Ultrasound 2014, 12:25 Page 3 of 10
http://www.cardiovascularultrasound.com/content/12/1/25
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