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Lung ultrasound—a primary survey of
the acutely dyspneic patient
Francis Chun Yue Lee1,2

Abstract

There has been an explosion of knowledge and application of clinical lung ultrasound (LUS) in the last decade. LUS
has important applications in the ambulatory, emergency, and critical care settings and its deployability for
immediate bedside assessment allows many acute lung conditions to be diagnosed and early interventional
decisions made in a matter of minutes. This review detailed the scientific basis of LUS, the examination techniques,
and summarises the current applications in several acute lung conditions. It is to be hoped that clinicians, after
reviewing the evidence within this article, would see LUS as an important first-line modality in the primary
evaluation of an acutely dyspneic patient.
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Background
Lung ultrasound (LUS) is an effective and sensitive tool
compared to the traditional chest auscultation and chest
X-rays [1–3]. Its use as a primary survey tool in the
acutely dyspneic or hypoxemic patient gives an immediate
understanding of the state of the lung and influences
therapeutic decisions. Proper LUS practise requires the
following: the understanding of pathophysiology of acute
lung conditions; the sonographic features they produce;
and the ability to elucidate the LUS signs in the clinical
context of the patient.

Lung ultrasound examination
LUS examination is best performed with a low frequency
transducer (3–5 MHz), such as the commonly available
curvilinear transducer, set to a study depth of about
12–18 cm (depending on body habitus). Microconvex
transducers have the additional advantage of a smaller
footprint for better intercostal imaging and application in
younger patients. High-frequency transducers are helpful

for the search of lung comets and detailed visualisation of
pleural layers and small subpleural lesions. The phased-
array transducer for echocardiographic applications could
be used, but defining near field pathology such as consoli-
dation or atelectasis would be a challenge.
Filters, such as compounding and harmonic imaging,

cancel off artifacts and noise; is unhelpful in LUS; and
should be turned off. The rest of this article will introduce
LUS signs that are identifiable with the first two types of
transducers mentioned above.
The transducer should be applied onto the chest wall in

the longitudinal cranial-caudal plane, straddling across the
intercostal space, with the marker oriented towards the
head. All the images; with the exception of image B in
Fig. 2, which is a transverse study; presented in this article
are studies in the cranial-caudal axis with the left side of
image oriented towards the head.
LUS examination is performed with the patient in the

supine or reclined position, starting with right anterior
chest, followed by the right lateral chest, and ends with a
careful examination of the lower lung and the costophre-
nic recesses (in this article, the term “lung base” will be
used to denote these two areas); this is repeated on the left
side. The posterior lung should also be examined with the
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patient turned or in the sitting position. During LUS exa-
mination, the transducer should be held still for a few
seconds observation, avoiding unnecessary movements.
Care must be taken to keep the probe perpendicular to the
chest wall during scanning. Excessive tilting or angulation
may orientate the ultrasound beam out of the plane of the
lung, producing uninterpretable images; this is especially a
problem at the clavipectoral triangle and axillary area.
There are several approaches to studying, documenting

and communicating LUS findings. At the author’s centre,
each hemithorax is divided into six sectors for study (Fig. 1
and Table 1). Other methods, dividing the chest into sec-
tors or quadrants [4, 5]; using the anatomical lines [6] as a
guide; and marking three key scanning points on the chest
[7] have been proposed.
Regardless of the study convention used, thorough scan-

ning is important. This must include the posterior lung
and the lung bases, as acute disease processes commonly
start in these areas.

Basic lung signs
Pleural line—the starting point
Identification of the pleural line is the first step in LUS. It is
important to start with the transducer positioned in a longi-
tudinal plane (cranio-caudal axis), straddled across the
intercostal space and the ribs. The ribs will serve as a guide
to the correct identification of the pleural line and avoid
confusion with hyperechoic lines cast by tissue planes
(Fig. 2); and for this reason, the transverse oriented study
is not recommended as a start. Without visualising the

pleural line, one cannot be certain that the lung is being
examined. The area below the pleural line and between
the acoustic shadows cast by the ribs is the sonographic
lung field (SLF), the focus of LUS examination.

Lung sliding
The first question in LUS evaluation is whether there is
lung sliding. In the normal lung, where the visceral and
parietal pleural are closely applied and slides with respi-
ration, an artifact known as lung sliding is generated. This
appears as an actual movement, shimmering or flickering
at the pleural line, depending on how the transducer beam
interacts with the pleural line. Lung sliding may be subtle:
at the end of the respiratory cycle; near the apex of the
lung which has much less respiratory excursion; in clinical
situations of hypopnea and bradypnea. The subject should
be asked to take deliberate breaths to overcome this prob-
lem; otherwise, the operator should patiently observe the
pleural line. The key to lung sliding observation is to train
the eyes on the pleural line and not be distracted by other
disturbances such as chest wall movements.

The appearance of lung air on ultrasound
Air has low acoustic impedance to ultrasound. When
ultrasound traverses from tissue to air, the large acoustic
impedance mismatch causes 99 % of the ultrasound to be
reflected, resulting in a hyperechoic image in the SLF
(Fig. 3). In the backdrop of this image, a number of LUS
artifacts have been described and classified using an alpha-
betical system [8, 9]. Four basic artifacts of fundamental

Fig. 1 Scanning sectors (as used at the author’s centre). Zones on the right hemithorax. a R1 right anterior upper zone, R2 right anterior lower
zone, Rs right supraclavicular fossa b R3 right lateral axilla zone, R4 right lateral lower zone c R5 right posterior upper zone R6 right posterior
lower zone. I, II, III, IV first, second, third, fourth ribs, respectively, H horizontal fissure, O oblique fissure, C costophrenic recess, lowest limit of LUS
study where curtain sign is found, *inferior angle of scapula
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Table 1 Detailed descriptions of scanning sectors in LUS

Chest Sector Boundaries Anatomical/study significance

Anterior R1 or LI (anterior upper) Upper: clavicle; lower: 4th rib; medial: sternal edge;
lateral: defined by LUS image of lung; beyond this
border are contents of the axilla and clavipectoral
triangle

• Horizontal fissure is in line with the 4th rib; therefore,
this zone contains the upper lobe of the lung

R2 or L2 (anterior lower) Upper: 4th rib; lower: variable, depending on body
habitus and defined by curtain sign in LUS and
appearance of abdominal contents;liver on the
right side, bowel and spleen on the left; medial:
sternal edge; lateral: anterior axillary line

• The 6th rib approximates the inferior most part of the
lung and anterior insertion of diaphragm (not seen in
normal LUS with curtain sign). Beyond the 6th rib is
the potential space: costophrenic recess

• This sector contains mainly the middle lobe; on the left lung,
lingular lobe; with a small portion of the lower lobe on
the lateral side

• The sector on the left hemithorax is very small due to
the position of the heart; no sector in cardiomegaly states

Rs or Ls supraclavicular
fossa

Triangle formed by the clavicle, lower parts of
sternomastoid and trapezius

• Optional study area for the following: first rib; apical
pneumothorax; pulmonary tuberculosis

Lateral R3 or L3 lateral axilla Upper: axilla; lower: the axis of the 4th rib; anterior:
anterior axillary line; posterior: posterior axillary line

• This sector contains primarily the upper lobe of the
lung with a small portion of the lower lobe

R4 or L4 lateral lower Upper: the axis of the 4th rib; lower: variable,
depending on body habitus. Defined by curtain
sign in LUS; anterior: anterior axillary line; posterior:
posterior axillary line

• This sector contains primarily the lower lobe of the lung

Posterior R5 or L5 posterior upper Upper: defined by LUS image of the lung; medial:
thoracic spine; lateral: medial border of scapula;
lower: level of the inferior angle of the scapula

• This sector contains the upper lobe and lower lobe
of the lung in almost equal proportion

R6 or L6 posterior lower Upper: level of the inferior angle of the scapula;
medial: thoracic spine
Lateral: posterior axillary line; lower: defined by
curtain sign in LUS and appearance of abdominal
contents ; liver on the right side; bowel and spleen
on the left

• This sector contains primarily the lower lobe of the lung

Fig. 2 Comparing two scanning planes in LUS. a LUS performed in
the longitudinal or cranio-caudal plane showed ribs (thin arrows) and
their acoustic shadows (S). Just below the level of the ribs is the pleural
line (thick arrow) and the sonographic lung field (SLF). b Subcutaneous
tissue lines (arrowhead) could be mistaken for the pleural line (arrow)
when LUS is performed in a transverse plane, without the guidance of
the rib structure

Fig. 3 Two different appearances of air in LUS. a A hyperehoic
appearance of lung air without A-lines. b LUS appearance with A-lines
(solid arrows). The distance between the A-lines (dashed arrow) is equal
to that between the transducer and the pleural line (dotted arrow).
A-lines, other than that indicating a strong reflector is present, have
no clinical significance
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importance to LUS practise, with distinct mechanism of
genesis, are described below with their corresponding
alphabetic nomenclature.

A-lines (repetition artifacts) When the incident ultra-
sound wave is perfectly perpendicular to a highly reflective
surface, it will be reflected back and forth between the
transducer face and the reflector (c.f. short-paths reverbe-
rations), creating repetition artifacts consisting of a series
of equally spaced horizontal lines [10, 11]. The distance
between each horizontal line is equal to that between
the transducer and the reflector, but the strength of the
images decrease with depth as energy is lost through
repetitive reflections. Examples where repetition artifacts
could be generated include:

� Inner layer of the trachea in airway scanning
� Needle in ultrasound guided procedures
� Trapped air bubble within a condom in

transvaginal or endorectal scanning [10]

The pleural line is a strong reflector creating similar
repetition artifacts. A-lines is a specific name given to
these artifacts found in LUS. The significance of A-lines
is simply that the ultrasound has encountered a strong
reflector and in itself has no clinical meaning.

Lung comets (I-lines) In the right conditions, when
ultrasound waves are trapped within small confines of
tissue or structure, short-paths reverberations [10] could
occur, producing short vertical artifacts that fades with

increasing depth. These are the characteristics of the
comet-tail artifact [12, 13] (Fig. 4). In LUS, the important
type of comet-tail artifacts are the ones that start from the
pleural line and move with lung sliding and this property
indicates their likely origin from peripheral lung intersiti-
tia. They share similarity to B-lines (described below),
albeit being short in length and weak in appearance. They
are commonly referred to as lung comets or simply comet-
tail artifacts (an unrefined term). The closest description of
this artifact in Lichtenstein’s alphabetical nomenclature is
the I-lines [7, 8]. An important point to note is that lung
comets (I-lines) are readily seen with high-frequency linear
transducer but difficult to visualise with low frequency
transducers. The presence of lung comets is a good con-
firmation that the two pleural layers are in contact, which is
useful in excluding a pneumothorax. However, because
lung comets are commonly seen in normal lung, they can-
not be used in lung intersitial disease diagnosis.

Z-lines (reverberation artifacts) These artifacts could
be randomly found in any part of the lungs during LUS
exam and are likely to be caused by short-paths reverbera-
tions between the parietal pleural and the endothoracic
fascia. Because of the extra-pulmonary location, they are
often seen as static vertical artifacts which do not move
with lung sliding. Z-lines do not have any clinical signi-
ficance except that they could easily be misinterpreted as
B-lines (Fig. 4).

B-lines (ring-down artifacts) The ring-down artifact
(Fig. 4) has been shown to be generated by a bubble-

Fig. 4 Vertical artifacts in LUS. a Lung comet (thin arrows) or I-lines arising from the pleural line (thick arrows) as seen with a high-frequency transducer
at 8.5 MHz. b Static reverberation artifacts or Z-lines (dotted arrows) within the SLF are weak images with no relationship with the pleural line (thick
arrow) and fades with depth. c A strong ring-down artifact or B-line (asterisk) starts from the pleural line (thick arrow) and reaches the depths without
fading. It also swings side to side with lung sliding
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tetrahedron bugle mechanism [11, 14]. When a series of
bubble-tetrahedron (small amount of fluid is trapped be-
tween four microbubbles) are aligned, they form a “bugle”
that is able to oscillate continuously when struck by ultra-
sound, persistently emitting signals back to the transducer.
The resulting effect is a strong vertical artifact consisting
of closely spaced horizontal echoes that “ring-down” the
end of the screen.
The ring-down artifact within the lungs could only arise

from the subpleural interstitia, intralobular interstitia,
interlobular septa, and interlobar fissures where the condi-
tions for forming bubble-tetrahedral complexes are poten-
tially available.
In most part of the normal lung, air predominates and

the parenchyma does not provide sufficient acoustic
windows to generate ring-down artifacts. In contrast, the
lung bases [15] where hydrostatic pressure gives a more
fluid-rich interstitia; at fissures where there is abundance
of connective tissue with pulmonary vasculature, ring-
down artifacts could be seen. These normal ring-down
artifacts are usually thin and transient (changes with
posture), and there should not be more than three within
one SLF or intercostal space.
Disease processes that alter the fluid-air composition

of the interstitia and alveoli provide the environment to
form bubble-tetrahedron bugles and, hence, generate
ring-down artifacts. Ring-down artifacts arising from the
diaphragmatic pleural have also been shown to be useful
in the diagnosis of pulmonary diseases [16], a sign of
interstitial involvement in the lung bases as examined
through the liver window. B-lines is a term used to
describe ring-down artifacts found within the SLF in
LUS. B-lines are technically not comet-tail artifacts
contrary to popular nomenclature.

Basic LUS artifacts: a comparative summary Terms
like comet-tail artifacts, lung comets, and B-lines are often
used loosely and interchangeably in current LUS litera-
ture, creating some confusion and the misunderstanding.
Taking reference from the mechanism of artifact gene-
ration, a comparative summary is made to help readers
understand the nuances (Table 2).

Curtain sign at the lung bases—the end point
As one survey from the upper lung to the lung bases, one
could appreciate that the SLF ends abruptly with a sharply
demarcated edge called the curtain sign (Fig. 5). A normal
curtain sign must have two characteristics. First, it must
be dynamic, i.e., moves to and fro with respiration. Sec-
ond, the unique anatomy of the thorax (and hence the
lung) overlapping the abdomen means that the lateral
diaphragm is always hidden under the curtain. Any devi-
ation from these characteristics causes an abnormal
curtain sign and should alert one that a change in the lung

or pleural anatomy at the lung base has occurred. A care-
ful review of that area is necessary to define the actual
pathology.

A normal lung ultrasound study
A normal LUS study is therefore defined as

� The presence of lung sliding
� Demonstration of the typical appearance of air

in the SLF of the entire lung
� The presence of the normal curtain sign at the

lung bases

Lung ultrasound signs of disease
The lung can be diseased or injured in many ways but
all share some common pathophysiological end points
(Fig. 6). Many of these endpoints involve the alteration
of air contents within the lung tissues leading to the loss
of sonographic picture of air, creates new artifacts, and
opens up acoustic windows for ultrasound access.

Loss of lung sliding
A loss of lung sliding occurs when there is no dynamic
interaction of the parietal and visceral pleural. The
possible causes are summarised in Table 3.
The M-mode is sometimes used to document the nature

of lung sliding (Fig. 7). The M-mode image of the SLF is a
grainy pattern of movement artifacts generated by lung
sliding, in contrast to the extra-pulmonary soft tissues
which presents a quiet and still linear image. This pattern
is known as the “seashore sign” which indicate the pres-
ence of lung sliding. When lung sliding is absent, the
M-mode does not register any disturbance at the pleural
line and therefore gives a quiet trace of SLF. This pattern
is called the “stratosphere” sign. In practise, lung sliding is
best appreciated by careful visualisation of the pleural line
rather than an M-mode study.

Conditions causing pathological B-lines
B-lines in lung diseases (Fig. 8) are caused by patho-
logical thickening of the lung interstitia and septa. They
are sensitive markers of interstitial lung involvement,
appearing way before chest X-rays (CXR) changes but
are non-specific as they could be seen in a myriad of
acute and chronic lung conditions (Table 4). Acute inter-
stitial syndrome [15] is a term used in the BLUE proto-
col [7, 17] to describe LUS findings of predominantly
B-lines in the SLF.

Effusion
LUS was first used for the detection of pleural effusion
[18] and is an important tool in the investigation of
opacities in CXR [19]. Pleural effusion typically gives a
hypoechoic zone in LUS with compressive atelectasis of

Lee Journal of Intensive Care  (2016) 4:57 Page 5 of 13



Table 2 Basic LUS artifacts: a comparative summary

A-lines Lung comets (l-lines) Z-lines B-lines

Artifact generation
mechanism

Repetition:
Long-paths reflections
between transducer
and reflector.

Reverberation: Short-
paths reflections within
tissue structures or materials.

Ring-down: Bubble-tetrahedron
mechanism.

Characteristics Short, repetitive equidistance
horizontal lines. Fades with
increasing depth.

Weak vertical artifacts comprising
of irregularly spaced horizontal
lines. Artifacts are often of variable
length and fades with increasing
depth. This is the typical description
of a comet-tail artifact.

Strong narrow vertical artifact
comprising of tightly spaced short
horizontal lines. Artifact starts from
point of origin to the end of the
ultrasound screen. Does not fade with
increasing depth. This is the typical
description of a ring-down artifact.

Artifact generation
mechanism in LUS

Ultrasound encounters the
pleural line (strong reflector).

Created in the lung interstitial
or in the? Interpleural layer.

Originate from an
extra-pulmonary location
probably between the
parietal pleural and the
endothoracic fascia.

Created by “thickened” lung interstitia
and interlobular structures near lung
surface parenchyma.

Additional characteristics
in LUS

Found within SLF. Weak vertical artifact readily
found within SLF with
high-frequency transducers.
Similarity to B-lines:
• l-lines arise from the pleural line.
• Move with lung sliding/respiration.
Unlike B-lines:
• Short, often <2 cm.

Found within SLF
• Does not appear to be
related to the pleural line.

• Static: does not move with
lung sliding or respiration.

• Blend with other background
artifacts.

Found within SLF.
• B-lines arise from the pleural
line.

• Move with lung sliding/respiration,
like search lights.

• Dominant over other \background
artifacts (e.g., A-lines, Z-lines).

Significance Signifies ultrasound
interaction with a highly
reflective surface. No
diagnostic significance.

Signifies that the pleural layers
are in contact. Important in
pneumothorax diagnosis. As
they are commonly found in
the normal lung. Cannot be
used for diagnosis of lung
interstitial diseases.

No clinical significance.
The uninitiated may
mistake these for B-lines.

When more than 3 per SLF, may
signify an interstitial disease process.
Important in LUS diagnosis.

Mimics in LUS Linear foreign body in
subcutaneous area.

• Pockets of air in the subcutaneous
tissue may give rise to reverberation
artifacts, crossing the pleura lines
and into the SLF. These are also
called E-Lines or “emphysema lines” [8].

• Foreign body in subcutaneous area.

• Subcutaneous emphysema
could generate this artifact,
originating from the
subcutaneous area, instead
of the SLF.

• Linear foreign body in
subcutaneous area.

Pockets of air in the subcutaneous
tissue may give rise to ring-down
artifacts, crossing the pleura lines
and into the SLF. These are also
called E-lines in Lichtenstein's
publications [7, 8].

Other common names
(better terms in italics)

Reverberation artifact. Comet-tails, lung comets Comet-tails, lung comets Comet-tails, lung comets

As could be seen from this matrix, many lung conditions share similar LUS signs. It is the knowledge of extent, combination, and distribution of the lung signs that will help achieve a more accurate diagnosis.
Legends: bilateral—seen in both left and right lung; symmetrical—distribution pattern in left and right lungs are similar; patchy—uneven distribution within one lung where one part of the lung is involved while
others spared; focal—localised to one area of the lung, one lobe or one lung; normal (for pleural line)—thin and smooth appearance; uneven—pleural line of varying thickness
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the lung, making the visceral pleura visible (called the lung
line, not pleural line). The separation of the two pleural
layers also means that lung sliding is lost. The earliest LUS
indication of pleural effusion is the abnormal curtain sign
at the lung bases (Fig. 5). It may be possible to predict the

cause of the effusion by the presence of other LUS
features (Table 5), but these are non-specific signs.
LUS can ensure the safety of a thoracocentesis by defi-

ning the level of diaphragm and determining the appro-
priate size of effusion for safe aspiration [20]. Another

Fig. 6 Pathological processes of lung disease and injury. This summarises some of the common endpoints of the pathological processes of lung
disease and injury. The endpoints result in discernible features (yellow boxes) in LUS

Fig. 5 Curtain sign. a Chest X-ray illustrates the extent (dotted line) to which the lower parts of the lung (open arrow) cover the abdomen. b LUS shows
the pleural line (solid arrow) ends abruptly with an edge (thin arrow) forming an acoustic shadow, the “curtain sign,” which slides over the liver (L) with
respiration. The lateral diaphragm is always hidden by the curtain and not seen in normal LUS. c An example of an abnormal curtain sign: a small
effusion (E) causing an incomplete “curtain” sign (thin arrow) and exposing the lateral diaphragm (dotted arrow)
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important application is the investigation of the lung
underlying the effusion [19].

Consolidation
In consolidation (Fig. 9), the air in the alveoli is replaced
by fluid, inflammatory exudates, and cellular infiltrates.
This process removes the acoustic impedance posed by air
and thus allows visualisation of the affected lung paren-
chyma itself. Early small consolidations appear as sub-
pleural defects and gradually enlarge to assume a wedge-
shaped appearance as more lung parenchyma is involved.
The interface of the consolidation with the unaffected
aerated lung creates an irregular hyperechoic border called
the shred sign. A fully formed consolidation appears solid,
“liver-like,” and very often with pockets of trapped air
(air-alveologram) and highlighting air-filled bronchioles
(air bronchogram) [21]. In consolidation, the bronchioles
are often patent and communicate with the large airways.

This gives rise to an air bronchogram sign that changes
with respiration, called dynamic air bronchogram [22].
Hypoechoic tubes known as fluid bronchogram have also
been observed. The discovery of hypoechoic regions
within the consolidation may signify lung necrosis and the
formation of an abscess. Consolidations involving the base
of the lung, in addition, cause abnormal curtain sign.
Consolidation is a common endpoint of many disease

processes such as pneumonia, atelectasis, infarction, and
tumour infiltration; correlation with the clinical informa-
tion of the patient is necessary to arrive at a diagnosis.

Atelectasis
Atelectasis or pulmonary collapse is defined as the absent
of air in parts or whole of the lung. It can be divided into
compressive atelectasis caused by a large effusion and
obstructive atelectasis caused by lower airway obstruction.
In compressive atelectasis, the underlying lung is not
consolidated and therefore will change in shape with
respiration, demonstrating jellyfish sign and sinusoid sign
(Table 5). LUS is an accurate tool for the diagnosis of
obstructive atelectasis [23]. The early appearance of atelec-
tasis is a homogenous liver-like lesion (Fig. 10) with loss
of lung sliding. Any air trapped within the atelectasis
could form a static air bronchogram. The junction
between atelectasis and the aerated lung may show
the shred sign. Overtime, the atelectatic segment may
evolve to assume the appearance of a consolidation
but the dynamic air bronchogram could help distin-
guish the two entities [22]. Potential use of LUS in the

Fig. 7 M-mode studies of lung sliding. a A proper M-mode study begins with the cursor (vertical line) centred over the SLF. The pleural line (thick
arrow) separates the extra-pulmonary soft tissues (ST) and the SLF. b The M-mode showing “seashore” sign, where the quiet ST tracing (“sea”) is
separated by the pleura line (thick arrow) from the noisy SLF tracing (“sandy shore”), caused by lung sliding. At regular intervals, the lung pulse
(thin arrows) is seen. c M-mode showing “stratosphere” sign. The SLF tracing is “quiet” as there is no activity (lung sliding) at pleural line. There
is also no lung pulse in this image

Table 3 Causes of loss of lung sliding

Pleural separation Pleural adhesions Non-ventilation

Pneumothorax
Pleural effusion
Pleural diseases

Artifact mimics
Subcutaneous
emphysema
Tissue planes

Inflammatory adhesions
• Pneumonia
• Acute lung injury
Pleurodesis
Pleural fibrosis
• Interstitial lung
disease

• Fibrotic lung disease
Pleural diseases

Apnea
Severe hyperinflation
• Asthma
• Chronic obstructive
pulmonary disease
(COPD)

Non-ventilated patient
• cEndotracheal tube
complications

• One-lung intubation
Atelectasis
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monitoring and management of atelectasis in the intensive
care unit has been demonstrated [24].

The lung ultrasound primary survey of the acutely
dyspneic patient
A LUS primary survey refers to using the ultrasound as
the initial assessment tool for a breathless patient in lieu
of the traditional stethoscope or CXR. This approach
requires a thorough study of the accessible lung surfaces
to determine:

� Morphology (types of lung signs)
� Distribution of the lung signs

A good understanding of the pathophysiology and time
course of pulmonary diseases will help the clinician anti-
cipate the type of signs that could be expected during
LUS. These signs must in turn be interpreted with the
clinical findings and investigations such as lab tests, blood
gases.
The lung signs matrix (Table 6) summarises the com-

bination of LUS findings that could be found in various
acute lung conditions.
A LUS workflow in acute lung disease diagnosis called

the BLUE protocol [7, 17] could also be used. This protocol
was validated in a study population with single diagnoses

Table 4 Conditions producing pathological B-lines

Fluid

Cardiogenic pulmonary edema

Fluid overload states

Inflammatory

Acute lung injury/pneumonitis

Acute respiratory distress syndrome

Pneumonia

Fibrosis

Pulmonary fibrosis

Chronic interstitial lung disease

Trauma

Pulmonary contusion

Blast lung

Fig. 8 Examples of conditions with B-lines. a Pneumonia with several LUS features: B-lines (asterisk) of uneven spacing, a small consolidation (arrow),
and small effusion (dotted arrow). b Cardiogenic pulmonary edema with many evenly spaced B-lines (asterisk) banded together into a thick sheet. Note
the smooth and thin pleural line (thin arrow). c ARDS with dense B-lines involving two intercostal spaces (1, 2). Note that an area in 1 (arrow) is spared,
indicating the patchy distribution of the disease process. The pleura is thickened and uneven (dotted arrow)

Table 5 Other signs described in pleural effusion [8, 37, 38]

Signs Cause Significance

Quad sign Pleural effusion Shape of effusion collection

Spine sign Large effusion Large effusion allowing
visualisation of the spine

Plankton sign Blood, fibrin Hemothorax, exudate

Air-fluid level Air Air within effusion

Jellyfish sign Compressive
atelectasis

No consolidation of
underlying lung

Sinusoid sign Jellyfish sign in
M-mode

No consolidation of
underlying lung

Suspended
microbubble sign

Air within lung
abscess

Distinguish lung abscess
from empyema
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with confounding cases (rare; more than one diagnoses; no
diagnoses) excluded, and the authors acknowledged the
limitations of the protocol in separating disease entities that
share similar lung signs. The aspects not covered by the
BLUE protocol were explained in detail in a subsequent
publication [25].

Pneumothorax
Pneumothorax is the signature condition with loss of
lung sliding. In a dyspneic patient with a previously
normal lung, the loss of lung sliding is predictably due

to pneumothorax and the presence of lung sliding rules
out pneumothorax with a >99 % sensitivity [26, 27].
Distinguishing pneumothorax from situations involving

a relatively aerated lung (such as non-ventilation, pleuro-
desis) is often a challenge. One scenario that illustrates the
non-specificity of loss of lung sliding; in an intubated asth-
matic patient with worsening hypoxemia, the finding of loss
of lung sliding in one lung could be attributed to either a
pneumothorax or non-ventilation of the lung (e.g., slipped
endotracheal tube). Conditions such as pleural effusion,
consolidation, and atelectasis are easily distinguishable from
pneumothorax because there are other ultrasound features
to support the respective diagnoses.
In difficult situations, additional lung signs are needed,

all with aim of determining whether the two pleural
layers are in contact:

B-lines Since B-lines originate from the lung interstitia,
the demonstration of B-lines signifies that the lung is
fully inflated and the visceral pleura being in contact
with the parietal pleura. A pneumothorax, no matter
how small, will obscure any existing B-lines. The pitfalls
of using B-lines as evidence are:

� They are rare in healthy lungs (without parenchymal
disease), especially the upper lung, where a
pneumothorax usually manifests

� There are also uncommon situations where B-lines
are seen with a pneumothorax: adhesions of parts
of the lung in a loculated pneumothorax [28],
pneumothorax in lung fibrosis and failed
pleurodesis

Lung comets (I-lines) As explained earlier, I-lines share
the same origin and some characteristics as B-lines but are

Fig. 9 Features of consolidation. a Small consolidations appearing as subpleural defects (arrow). Ring-down artifacts or B-lines are also present
(asterisks) b Wedge-shaped hypoechoic consolidations with trapped air within (thin arrow) and shred sign (thick arrow). A normal looking pleural
line (open arrow head) and a thickened uneven pleural line (arrowhead) are shown. c A larger consolidation showing shred sign (thick arrow) and
air bronchogram (thin arrow). Because this occurs at the lung base, the diaphragm (dotted arrow) is shown and hence the curtain sign is loss.
d A lobar consolidation at the lung base showing air bronchogram (thin arrow), diaphragm (dotted arrow), and spine sign (arrowhead)

Fig. 10 Atelectasis. Hypoechoic homogenous lesion at the lung
base with air bronchogram (thin arrow) and shred sign (thick arrow).
The diaphragm (dotted arrow) is seen as the curtain sign is lost
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Table 6 The lung signs matrix

Diagnosis Lung signs distribution Lung sliding Pleural line B-lines Effusion Consolidation

Acute pulmonary oedema/
fluid overload states

Bilateral/symmetrical Present Normal Bilateral/symmetrical Often present No

Acute respiratory distress
syndrome

Bilateral/asymmetrical/patchy Present/may be absent
in severe states

Thickened/uneven Patchy distribution May be found Yes

Bacterial pneumonia Usually unilateral/focal/patchy Present/may be absent
in severe states

Thickened/uneven Focal May be found/empyema Yes

Viral/atypical pneumonia Bilateral/asymmetrical/patchy Present/may be absent
in severe states

Thickened/uneven Patchy distribution May be found Yes

Acute interstitial lung disease Bilateral/asymmetrical/patchy Present/may be absent
in severe states

Thickened/uneven Patchy distribution May be found Yes

Pneumothorax Focal/starts with upper lung Absent Normal No No No

COPD exacerbation/asthma – Present Normal No No No

Acute pulmonary infarction Focal Present/may be absent Normal/may be thickened No May be found Yes—at late stage

Atelectasis Focal Absent Normal No May be found Yes—at late stage
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generated through a different mechanism. They are readily
seen in healthy lungs (without parenchymal disease) with a
high-frequency transducer and their presence means the
pleural layers are in contact. The main pitfall of the search
for I-lines is that they are often not visible with a low
frequency transducer.

Lung pulse Lung pulse (Fig. 7) is an artifact seen in
M-mode studies of the lung. It is due to cardiac pulsations
conducted to the chest wall, which register a disturbance
to the transducer. Logically, the lung pulse is not seen
when the pleural layers are separated in a pneumothorax.
Two pitfalls of lung pulse as a supporting sign are:

� The lung pulse is sometimes not seen in a normal
lung because of patient factors, such as body habitus

� A very small pneumothorax may still allow the
transmission of vibrations through the pleural cavity
air to the transducer, registering a lung pulse

Lung point The lung point is the junction between the
pneumothorax and the normal lung. In B-mode LUS,
one part of the pleural line demonstrates lung sliding
and the other does not. The lung point also represents
the extent of the pneumothorax discoverable by ultra-
sound. In M-mode, there is an alternating seashore sign
with stratosphere sign. However, this M-mode feature is
also seen in patients with bradypnea where there are
long intervals without respiratory movements; therefore,
finding and visualising the lung point in B-mode is still a
better approach.
Pitfalls of lung point are:

� A large pneumothorax involving the entire lung
does not have a lung point

� It is difficult to find a lung point in a person with
pneumothorax on top of a pre-exisiting condition
of pleural adhesion (e.g., fibrotic lung disease,
failed pleurodesis)

Acute respiratory distress syndrome vs acute cardiogenic
pulmonary edema
Acute lung injury often goes through the stages of inters-
titial involvement, thus generating B-lines, to the stage of
alveolar infiltration and, hence, consolidations. The severe
end point is the clinical state of acute respiratory distress
syndrome (ARDS). This could be distinguished from acute
cardiogenic pulmonary edema (ACPE) by observing a few
differing characteristics [29]. The distribution of ARDS
changes are often patchy with one area of the lung more
involved than another. The pleural line may be thickened
and uneven as a result of inflammatory exudate and effu-
sion often occurs.

ACPE produces bilateral symmetrical B-lines that starts
in the lower parts of the lung and progressively involve
the upper lung as the severity increases. When fluid floods
the alveoli, an air-fluid foam mixture is created, which
generates even more B-lines. In severe cases, the multiple
B-lines coalesce into a thick white sheet. B-lines in ACPE
is quantifiable to determine disease severity and could be
used to guide therapy [30, 31]. The commonly found
pleural effusion indicates the progressive development of
heart failure days to weeks prior to the ACPE episode but
cannot be used to determine ACPE severity. Pleural thick-
ening and consolidations are not features of ACPE [29].

Pneumonia
LUS is a sensitive tool to pick up changes associated
with pneumonia (c.f. CXR). The signs are, however, non-
specific and should be interpreted in the context of the
clinical findings of a patient.
Most pneumonias begin with interstitial involvement

and progress to alveolar infiltration with red cells and
serous infiltrates (congestion), followed by deposition of
fibrin rich fluid (red hepatisation) and infiltration with
inflammatory cells (grey hepatisation). The corresponding
LUS signs are B-lines, hypoechoic subpleural defects, and
consolidation. Parapneumonic effusions are sometimes
present. Fulminant pneumonias may progress to abscess
formation.
Acute interstitial pneumonias tend to present with

predominantly B-lines in LUS [32], which are unevenly
distributed throughout the lungs. Small consolidations
and subpleural lesions are common, but there are reports
of interstitial pneumonias without these, which is helpful
in determining the aetiology [33].

Acutely dyspneic patient with normal lung ultrasound
Acute asthma and exacerbation of chronic obstructive
pulmonary disease (COPD) are reactive airway diseases
and do not produce pathophysiologic changes to the lung
parenchyma and pleural per se, hence, giving a normal
LUS picture. Rarely, in very severe states of air-trapping
and lung hyperinflation, pulmonary excursion is severely
restricted leading to loss of lung sliding. LUS in asthma
and COPD is helpful to exclude other concomitant
causes of breathlessness, such as pneumonia and heart
failure [34].

Pulmonary embolism and pulmonary infarction
LUS has shown that pulmonary involvement is common in
pulmonary embolism (PE), contrary to common beliefs. PE
often produces changes that could be regarded as early
infarction [35]. In the initial stage, the alveoli are infiltrated
by red blood cells replacing air. Infarctions are typically
wedge-shaped subpleural lesions that are homogenously
hypoechoic with absent LUS features of air. There may be a
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linear hyperechoic region within the lesion resembling an
air bronchogram. An associated pleural effusion adjacent to
the infarction is often seen. An infarction at the lung base
gives loss of curtain sign. Over time, the infarcted area will
be infiltrated by inflammatory cells and assumes a conso-
lidation appearance. Pulmonary infarctions are most often
found in the posterior and lower half of the lung, and LUS
has a high sensitivity and diagnostic accuracy for the con-
firmation of pulmonary infarction [36]. The further workup
on these patients require risk-profiling (e.g., Well’s criteria),
D-Dimer test, DVT scan, or CT Pulmonary angiogram.

Conclusions
This review illustrates the fact that many acute lung condi-
tions could be diagnosed readily with LUS. LUS offers us
the precision that traditional physical examination of the
lung and the chest X-ray could not provide and the ability
to make important therapeutic decisions early. Practitioners
of LUS should therefore be conversant with the technique
and be ready to apply it in primary survey of a dyspneic
patient.

Acknowledgements
Special thanks to Dr. Hong Chuen Toh, Dr. Sanjay Patel, and Dr. Michael Liu
for the preparation of images used in this article.

Funding
In the course of this work, I received no funding, remuneration,
or sponsorship from any company, individuals, or organisations.

Availability of data and materials
This is a review paper. It does not contain any softwares, database, or raw
data. It does not contain any data collected from humans or animals.

Competing interests
The authors declare that they have no competing interests.

Received: 3 April 2016 Accepted: 10 August 2016

References
1. Lichtenstein D, Goldstein I, Mourgeon E, Cluzel P, Grenier P, Rouby JJ.

Comparative diagnostic performances of auscultation, chest radiography
and lung ultrasonography in acute respiratory distress syndrome.
Anesthesiology. 2004;100:9–15.

2. Bourcier JE, Paquet J, Seinger M, Gallard E, Redonnet JP, Cheddadi F, et al.
Performance comparison of lung ultrasound and chest x-ray for the
diagnosis of pneumonia in the ED. Am J Emerg Med. 2014;32:115–8.

3. Pivetta E, Goffi A, Tizzani M, Porrino G, Ferreri E, Volpicelli G, et al. Lung
ultrasound-implemented diagnosis of acute decompensated heart failure
in the ED: A SIMEU multicentre study. Chest. 2015;148(1):202–10.

4. Vopicelli G, Mussa A, Garofalo G, Cardinale L, Casoli G, Perotto F, et al.
Bedside lung ultrasound in the assessment of alveolar-interstitial syndrome.
Am J Emerg Med. 2006;24:689–96.

5. Milliner BHA, Tsung JW. An evidence-based lung ultrasound scanning protocol
for diagnosing pediatric pneumonia. Ann Emerg Med. 2015;66(4):S107.

6. Sonja B. Indications, technical prerequisites and investigation procedure. In:
Mathis G, editor. Chest sonography. Berlin Heidelberg: Springer-Verlag; 2011.

7. Lichtenstein D, Mezière GA. The BLUE-points: three standardized points
used in the BLUE-protocol for ultrasound assessment of the lung in acute
respiratory failure. Crit Ultrasound J. 2011;3:109–10.

8. Lichtenstein D. Whole body ultrasonography in the critically ill. Berlin
Heidelberg: Springer-Verlag; 2010.

9. Lichtenstein D. General ultrasound in the critically ill. Berlin Heidelberg:
Springer-Verlag; 2005.

10. Scanlan KA. Sonographic artifacts and their origins. AJR. 1991;156:1267–72.
11. Louvet A, Bourgeois J. Lung ring-down artefact as a sign of pulmonary

alveolar-interstitial disease. Vet Radiol Ultrasound. 2008;49(4):374–7.
12. Ziskin MC, Thickman DI, Goldenberg NJ, Lapayowker MS, Becker JM.

The comet tail artifact. J Ultrasound Med. 1982;1(1):1–7.
13. Thickman TI, Ziskin MC, Goldenberg NJ, Linder BE. Clinical manifestations of

the comet tail artifact. J Ultrasound Med. 1983;2:225–30.
14. Avruch L, Cooperberg PL. The ring-down artifact. J Ultrasound Med.

1985;4(1):21–8.
15. Lichtenstein D, Mézière G, Biderman P, Gepner A, Barré O. The comet-tail

artifact. An ultrasound sign of alveolar-interstitial syndrome. Am J Respir
Crit Care Med. 1997;156:1640–6.

16. Lim JH, Lee KS, Kim TS, Chung MP. Ring-down artifacts posterior to the
right hemidiaphragm on abdominal sonography: sign of pulmonary
parenchymal abnormalities. J Ultrasound Med. 1999;18:403–10.

17. Lichtenstein DA, Mézière G. Relevance of lung ultrasound in the diagnosis
of acute respiratory failure: the BLUE Protocol. Chest. 2008;134:117–25.

18. Joyner Jr CR, Herman RJ, Reid JM. Reflected ultrasound in the detection
and localisation of pleural effusion. JAMA. 1967;200(5):399–402.

19. Yu CJ, Yang PC, Wu HD, Chang DB, Kuo SH, Luh KT. Ultrasound study in
unilateral hemithorax opacification. Image comparison with computed
tomography. Am Rev Respir Dis. 1993;147(2):430–4.

20. Lichtenstein D, Hulot JS, Rabiller A, Tostivint I, Mézière G. Feasibility and
safety of ultrasound assisted thoracentesis in mechanically ventilated
patients. Intensive Care Med. 1999;25:955–8.

21. Weinberg B, Diakoumakis EE, Kass EG, Sefie B, Zvi ZB. The air bronchogram:
sonographic demonstration. Am J Roentgenol. 1986;147(3):593–5.

22. Lichenstein D, Mézière G, Seitz J. The dynamic air bronchogram. Chest.
2009;135:1421–5.

23. Acosta CM, Maidana GA, Jacovitti D, Agustin B, Cerveda S, Rae E. Accuracy
of transthoracic lung ultrasound for diagnosing anaesthesia-induced
atelectasis in children. Anesthesiology. 2014;120:1370–9.

24. Yang JX, Zhang M, Liu ZH, Ba L, Gan JX, Xu SW. Detection of lung
atelectasis/consolidation by ultrasound in multiple trauma patients with
mechanism ventilation. Crit Ultrasound J. 2009;1:13–6.

25. Lichtenstein D. Lung ultrasound in the critically ill. Cham: Springer; 2016.
26. Dulchavsky SA, Schwartz KL, Kirkpatrick AW, Billica RD, Williams DR, Diebel

LN, et al. Prospective evaluation of thoracic ultrasound in the detection of
pneumothorax. J Trauma. 2001;50:201–5.

27. Blavais M, Lyon M, Duggard S. A prospective comparison of supine chest
radiography and bedside ultrasound for the diagnosis of traumatic
pneumothorax. Acad Emerg Med. 2005;12:844–9.

28. Volpicelli G, Boero E, Stefanone V, Storti E. Unusual new signs of
pneumothorax at lung ultrasound. Crit Ultrasound J. 2013;5:10.

29. Copetti R, Soldati G, Copetti P. Chest sonography: a useful tool to
differentiate acute cardiogenic pulmonary edema from acute respiratory
distress syndrome. Cardiovasc Ultrasound. 2008;6:16.

30. Jambrik Z, Monti S, Coppola V, Agricola E, Mottola G, Miniati M, et al.
Usefulness of ultrasound lung comets as a nonradiologic sign of
extravascular lung water. Am J Cardiol. 2004;93:1265–70.

31. Agricola E, Bove T, Oppizzi M, Marino G, Zangrillo A, Margonato A, et al.
Ultrasound comet tail images: a marker of pulmonary edema. Chest.
2005;127:1690–5.

32. Giudice VL, Bruni A, Corcioni E, Corcioni B. Ultrasound in the evaluation
of interstitial pneumonia. J Ultrasound. 2008;11(1):30–8.

33. Japiassu A, Bozza F. Lung ultrasound can differentiate pneumocystis jiroveci
versus other etiologies among critically ill AIDS patients with pneumonia.
Crit Care. 2012;16(Supp1):86.

34. Volpicelli G, et al. Usefulness of lung ultrasound in the bedside distinction
between pulmonary edema and exacerbation of COPD. Emerg Radiol.
2008;15(3):145–51.

35. Mathis G, Metzler J, Fussenegger D, Sutterlutti G, Fuerstein M, Fritzsche H.
Sonographic observation of pulmonary infarction and early infarctions by
pulmonary embolism. Eur Heart J. 1993;14:804–8.

36. Comert SS, Caglayan B, Arturk U, Fidan A, Kirai N, Parmaksiz E, et al.
The role of thoracic ultrasonography in the diagnosis of pulmonary
embolism. Ann Thorac Med. 2013;8(2):99–104.

37. Targhetta R, Bourgeois JM, Chavagneux R, et al. Ultrasound approach to
diagnosing hydropneumothorax. Chest. 1992;101(4):931–4.

38. Lin FC, Chou CW, Chang SC. Differentiating pyopneumothorax and peripheral
lung abscess: chest ultrasonography. Am J Med Sci. 2004;327(6):330–5.

Lee Journal of Intensive Care  (2016) 4:57 Page 13 of 13


	Abstract
	Background
	Lung ultrasound examination
	Basic lung signs
	Pleural line—the starting point
	Lung sliding
	The appearance of lung air on ultrasound
	Curtain sign at the lung bases—the end point
	A normal lung ultrasound study

	Lung ultrasound signs of disease
	Loss of lung sliding
	Conditions causing pathological B-lines
	Effusion
	Consolidation
	Atelectasis

	The lung ultrasound primary survey of the acutely dyspneic patient
	Pneumothorax
	Acute respiratory distress syndrome vs acute cardiogenic pulmonary edema
	Pneumonia

	Acutely dyspneic patient with normal lung ultrasound
	Pulmonary embolism and pulmonary infarction

	Conclusions
	Acknowledgements
	Funding
	Availability of data and materials
	Competing interests
	References

