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Air is foe to ultrasound

«Because ultrasound energy

is rapidly dissipated in air,
ultrasound imaging is not useful
for evaluation of the pulmonary parenchyma.»

18th edition, 2011

The Comet-tail Artifact
An Ultrasound Sign of Alveolar-Interstitial Syndrome

DANIEL LICHTENSTEIN, GILBERT MÉZIÈRE, PHILIPPE BIDERMAN, AGNÈS GEPNER, and OLIVIER BARRÉ
nstein,
Mézière, Biderman, et al. : The Comet-tail Artifact
Service de Réanimation Médicale and Service de Radiologie, Hôpital Ambroise-Paré, Boulogne (Paris), and Service de Réanimation
Polyvalente, Centre Hospitalier Général, Saint-Cloud (Paris), France

bation of chronic interstitial lung disease (n 5 6), and miscella(n 5 17). In 129 patients, bedside chest X-ray did not show al-interstitial syndrome.
Cause ofbe
admission
to the
careof alveolar-interstitial syndrome? In a prospective
Can ultrasound
of any help
in intensive
the diagnosis
pulmonary250
embolism
(n 5patients
6), exaceras acute asthma study,
(n 5 10),
we examined
consecutive
in a medical intensive care unit: 121 patients with raof chronic obstructive
pulmonary disease
(COPD)
without to the whole lung, n 5 92; localized, n 5 29)
diologic alveolar-interstitial
syndrome
(disseminated
patients without
radiologic
of alveolar-interstitial syndrome. The antero-lateral
other129
respiratory
insufficiencies
(n 5evidence
5), sepsis
monia (n 5 11), and
chest
wall
was
examined
using
ultrasound.
The
ultrasonic
feature of multiple comet-tail artifacts fanut respiratory failure (n 5 16), neurologic disorder (n 5 21), atning out from the lung surface was investigated. This pattern was present all over the lung surface in
gastrointestinal tract bleeding (n 5 15), and
ed suicide (n 5 21),
86 of 92 patients with diffuse alveolar-interstitial syndrome (sensitivity of 93.4%). It was absent or
laneous (n 5 24).
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
the comet-tail
artifact. at
In conclusion,
presence of the comet-tail artifact allowed
ventional antero-posterior
chest ofX-ray
was performed
the
diagnosis of alveolar-interstitial syndrome. Lichtenstein D, Mézière G, Biderman P, Gepner A,
e, with a VMX portable unit (General Electric, CGR, Monza,
Barré O. The comet-tail artifact: an ultrasound sign of alveolar-interstitial syndrome.

X-ray

and was read by an independent radiologist (O.B.) unaware of
AM J RESPIR CRIT CARE MED 1997;156:1640–1646.
rasound findings. In 121 patients, X-ray showed alveolar or intersyndrome, which was defined by the presence of alveolar opaci-defined shadowing, confluent opacities with air bronchograms)
interstitial
opacities (septal
reticular,
or nodular
Figure
1. Ultrasound.
(Upperlines,
panellinear,
) Typical
comet-tail
artifacts obes);
alveolar-interstitial
syndrome
extended
to
the
whole
lung two
tained
a patient
with acute pulmonary
edema.
Between
Thefrom
diagnosis
of alveolar-interstitial
syndrome
is based
on
the lung level. Besides, in the first study (9), long and short vapatients
and
was
localized
in
29
patients.
In
129
patients,
chest
chest
X-ray.
However,
in
critical
care
units,
chest
X-ray
is
perrieties of comet-tail artifacts are presented without distinction.
ribs (* 5 acoustic shadow of rib), a hyperechogenic line represents
was
free
of
any
alveolar-interstitial
syndrome.
formed
at the
bedside and technologic
deficiencies may make
The artifact described in the present study corresponds to a
the interface between the lung and the chest wall ( arrows). Several

Normal subject

this diagnosis difficult. Can ultrasound, a noninvasive, easily

Acute pulmonary edema

long variety of comet-tail artifact, the one that extends to the

1997

comet-tail artifacts
are fanning
out
from
the lung-wall
interface,
technique,
be of any
use?
Basically,
the problem
edge of the screen.
oundimplemented
is that air
stops
the other
progression
the ultrasound
beam,
and panelTo
separated
from
each
by a of
distance
of 8 mm.
( Lower
) our knowledge, the normal or pathologic nature of the

1641

The

A

ne w engl a nd jour na l

Skin and
subcutaneous
tissue

Rib

of

medicine

review article

the use of point-of-care ultrasonography
for pulCurrent Concepts
monary assessment.

Point-of-Care Ultrasonography
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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.
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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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Fig. 4 Pneumothorax. Left Real-time. Lung sliding or pathological comet-tail artifacts are absent. In real time the pleural line appears completely motionless. Right Time motion. This mode objectifies the complete disappearance of lung sliding, without any

Action

Mechanical effects

Immediate consequences

Delayed consequences

Lung sliding abolished: causes
Right selective intubation with
complete left main bronchus obstruction

Left lung excluded

Impairment of gas exchanges,
abolition of left lung expansion
with ultrasound “lung pulse”

Complete atelectasis resulting in
radiological opacity

Voluntary apnea

Both lungs excluded

Immediate impairment of gas
exchanges, bilateral “lung pulse”

Not applicable

ing both lungs from gas exchanges. Anyone can note that
the oxygen saturation begins to decrease a dozen of seconds 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 consolidated on radiography.
Once this basic distinction made, it can now be considered that the “lung pulse” is actually a sign of complete “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 considered definitely pathological when permanently found
in a ventilated patient.
Briefly, the term “atelectasis”, in its etymological
meaning, corresponds to a physiopathological and not radiological state, is immediate, and can be shortly created
on demand.

• Pneumothorax

• Mainstem intubation

• High-frequency ventilation
• Massive atelectasis
• Pleural adherences

Potential relevance of the “lung pulse”

• Severe
In the fibrosis
present study the “lung pulse” applied only to patients 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 patients [5, 7]. However, atelectasis is a possible component of the lung disorders. One can imagine a potential
use of the “lung pulse” in this setting. Helping to distinguish patients with conserved from those with impaired

• Cardiopulmonary arrest

Fig. 4 Pneumothorax. Left Real-time. Lung sliding or pathological comet-tail artifacts are absent. In real time the pleural line appears completely motionless. Right Time motion. This mode objectifies the complete disappearance of lung sliding, without any
visible “lung pulse”

to selective intubation in patients with major lung disorders can be detected, but the absence of left “lung pulse”
must be checked before intubation.
Other potential applications are in the immediate detection 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 noninflating lung is equivalent to showing the lung itself.
The “lung pulse” can therefore be a valuable sign in ruling 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-

Semeiotics
• Lung sliding
• Lung point
• A-lines
• B-lines
• Consolidations
• Pleural effusion

Lung point
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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Basic semiotics
• Lung sliding
• Lung point
• A-lines
• B-lines
• Consolidations
• Pleural effusion

A-lines
• Horizontal reverberation of the pleural line
• Normal finding
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Basic semiotics
• Lung sliding
• Lung pulse
• A-lines
• B-lines
• Consolidations
• Pleural effusion

B-lines: definition
Discrete laser-like vertical hyperechoic reverberation artifacts,
that arise from the pleural line.
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B-lines: definition
B-lines are the sonographic sign of the interstitial syndrome
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B-lines: a non-specific sign of interstitial syndrome
Cardiogenic
pulmonary
oedema

Transudate

Non-cardiogenic
pulmonary oedema

Essudate

Interstitial
pneumonia
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Pulmonary
fibrosis

Collagen

B-lines: clinical applications
- Heart failure
• Diagnosis
• Monitoring and therapy titration
• Prognosis

- Dialysis
- ALI/ARDS
- Interstitial lung disease
- Eclampsia, other

Z-lines
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Z-lines and B-lines

How to quantify B-lines?
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How to quantify B-lines?

About 100% = 10 B-lines

About 50% = 5 B-lines
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Pleural effusion

Which probe?
Convex, microconvex

Linear probe

Cardiac probe

Universal probes

Pneumothorax,
pleural and sub-pleural alterations,
small consolidations

Interstitial syndrome,
pleural effusion,
large consolidations

Where to put the probe?
Heart failure

Pleural effusion

Pneumothorax

Consolidation

Dependent zones

Costophrenic angles

Anti-dependent zones

Painful zone

How to put the probe?

re 4 Longitudinal and oblique approach to lung ultrasound.

A Flemish bat sign

Methods
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