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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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n 

 

5

 

 1; and normal X-ray, n 

 

5

 

 6). CT scanning was performed from the
apex to the diaphragm, using an Elscint CT Twin Flash (Elscint Lim-
ited, Haifa, Israel) at a window width of 1,600 HU and level of 

 

2

 

600
HU. Thickness of the sections was 1.5 mm (n 

 

5

 

 5) or 10 mm (n 

 

5

 

 24).
Attention was focused on superficial lung areas reaching the anterior
lung surface.

 

RESULTS

 

Evaluation of the Comet-tail Artifact for Diagnosing
Alveolar-Interstitial Syndrome

 

All but three patients were successfully analyzed using ultra-
sound. The feasibility of the ultrasound study was thus 99%.
The relation between the presence of “the artifact” and radio-
logic alveolar-interstitial syndrome is shown in Table 1. When
considering all patients with diffuse or localized interstitial-
alveolar syndrome, “the artifact” had a sensitivity of 92.5%
and a specificity of 65.1% for diagnosing radiologic alveolar-
interstitial syndrome. When considering “the artifact” confined
laterally to the last intercostal space above the diaphragm as
potentially present in normal patients and therefore not ab-
normal—this location having been observed in 28% of pa-
tients with normal X-rays, including healthy subjects—sensitivity
decreased to 86.7% and specificity increased to 93.0%. When
considering patients with 

 

diffuse

 

 alveolar-interstitial syndrome
(n 

 

5

 

 92) versus those with normal X-rays (n 

 

5

 

 129), i.e., two
diametrically opposed populations, and when considering the
lower lateral space location as normal, “the artifact” extend-
ing beyond this basal location had a sensitivity of 93.4% and a
specificity of 93.0%. When considering patients with localized

alveolar-interstitial syndromes, “the artifact” had a sensitivity
of 79.3% if the last intercostal location was considered patho-
logic and a sensitivity of 65.5% if this location was considered
normal.

Fifteen discordant cases were noted. Six cases with diffuse
alveolar-interstitial syndrome were considered false-negatives,
because the antero-lateral “artifact” was absent (three cases)
or confined to the last intercostal space (three cases): three pa-
tients with ARDS after aspiration pneumonitis, two with bac-
terial ARDS, and one with pneumonia caused by 

 

Pneumocystis
carinii

 

. Nine of 129 patients with normal X-rays were consid-
ered false-positives: “the artifact” was diffuse in three cases (one
patient with air embolism, one with probable fat embolism fol-
lowing total hip replacement, and one with acute renal failure),
lateral in one case (patient with chest pain), anterior in two drug
poisonings, and patchy in three cases (one patient with pulmo-
nary embolism, one with acute asthma, and one with exacer-
bation of chronic respiratory insufficiency).

 

CT and Ultrasonographic Correlations

 

Seventeen patients had alveolar-interstitial syndrome on CT,
15 of them exhibiting diffuse anterolateral “artifacts.” All of
these 15 patients showed dense structures reaching the antero-
lateral lung surface. In 11 of these 15 patients, it was possible
to observe sub-pleural thickened interlobular septa touching
the visceral pleura all over the anterior and lateral surface of
the lung. The average distance between two sub-pleural septa
was about 7 

 

6

 

 1 mm (Figure 2). In four of these 15 patients,
anterior sub-pleural ground-glass areas were visible, appear-

Figure 2. Acute pulmonary edema. (Left panel ) CT. Regularly spaced, thickened interlobular septa are
clearly visible touching the anterior surface of the lung (arrows). Here, an average distance of 7 mm sepa-
rates each septum . (Right panel ) Ultrasound equivalent. “The artifact” was found all over the anterior lung
surface.

Figure 3. Acute pulmonary edema. (Left panel ) CT. At this level, ground-glass areas can be observed in the
left lung (arrows). Note posterior consolidations. (Right panel ) Ultrasound equivalent. Closely spaced comet-
tail artifacts are visible.
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ing as nondependent areas of density between 

 

2

 

500 and 

 

2

 

100
HU (Figure 3). In two ARDS patients with absence of ante-
rior “artifact,” CT analysis showed an anterior area free of
sub-pleural thickened interlobular septa and of ground-glass
areas. There were massive alveolar consolidations of the de-
pendent areas. In four patients with interstitial syndrome, CT
revealed the presence of sub-pleural thickened interlobular
septa regularly spaced all over the lung surface (Figure 4). All
exhibited massive antero-lateral “artifacts.”

In six patients with normal X-ray and in two patients with
COPD or asthma (all of them free of “artifact”), no anterior
dense structure was visible (Figure 5). One patient with febrile
chest pain and normal X-ray but with lateral “artifact” showed
alveolar consolidation of the left lower lobe with a lateral in-
terstitial pattern. In one healthy subject with “the artifact”
confined to the last intercostal space, sub-pleural thickened in-
terlobular septa were visible on the last sections, in the area
where the inferior lung strip is jammed between the liver (or
spleen) and the chest wall (Figure 6).

 

DISCUSSION

 

Significance of the Comet-tail Artifact

 

The comet-tail artifact appears when there is a marked differ-
ence in acoustic impedance between an object and its surround-
ings (9). The reflection of the beam creates a phenomenon of
resonance. The time lag between successive reverberations is
interpreted as a distance, resulting in a center that behaves like
a persistent source, generating a series of very closely spaced

pseudo-interfaces (13). The beam seems to be “trapped” in a
closed system, resulting in endless to-and-fro echoing (Figure
7). These interfaces yield, on the screen, a narrow-based laser-
like ray extending to the edge of the screen (up to at least 20 cm
in our experience). On the figures displayed here, the width of
the comet-tail artifact regularly increases with the depth, to a
value of about 1 cm.

At the surface of the lung, the prominent element is air. Its
acoustic impedance is 0.0004 

 

3

 

 10

 

5

 

 gp/cm

 

2

 

 ? 

 

s (14), which is
very different from that of bone (7 

 

3

 

 10

 

5

 

 gp/cm

 

2

 

 ?

 

 s), paren-
chyma (1.65 

 

3

 

 10

 

5

 

 gp/cm

 

2

 

 ? 

 

s), and water (1.48 

 

3

 

 10

 

5

 

 gp/cm

 

2

 

 ? 

 

s).
Bony tissues are not expected to be found at the surface of the
lung. Knowing that a normal lung contains much air and little
water, the comet-tail artifact described in the present study
has the following characteristics: it is related to a small water-
rich structure, below the resolution of the ultrasound beam
(which is about 1 mm), surrounded by air (resulting in a high
impedance gradient). It is absent under normal conditions and
present in alveolar-interstitial syndromes. This element has to
be present at and all over the surface of the lung, and each ele-
ment is separated from each other by an average distance of
7 mm. In addition, it is frequently found in the last intercostal
space in normal subjects.

Sub-pleural interlobular septa thickened by edema per-
fectly combine all of these properties. This hypothesis was
confirmed by CT correlations. When focusing only on the lung
surface, no dense structure was visible in normal subjects. Ves-
sels ceased to be visible before reaching the surface, and inter-
lobular septa were not visible. Normal interstitial tissue is not

Figure 4. D iffuse interstitial fibrosis. (Left panel ) CT. Thickened interlobular septa can be observed reach-
ing the whole surface of the lung. The average distance between two septa was calculated to be 6.5 mm
by dividing the projected perimeter of the entire visceral pleura at this level (94.5 cm) by the total number
of visible sub-pleural septa (n 5 144). (Right panel ) Ultrasound equivalent. These four comet-tail artifacts
are separated from each other by a distance of 7 mm .

Figure 5. Normal lung. (Left panel ) CT. No dense structure is visible against the surface. (Right panel ) Ul-
trasound equivalent. Two or three regular horizontal reverberations of the lung-wall interface are visible.
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visible using CT, even at high resolution (15). In alveolar-inter-
stitial syndromes, sub-pleural thickened interlobular septa were
found most of the time in patients exhibiting “the artifact.” The
distance between two septa at the lung surface (about 7 mm)
perfectly correlated with the average distance found between
two comet-tail artifacts. Another type of lesion was associated
with “the artifact”: ground-glass areas, which were often visi-
ble, associated or not with visible sub-pleural thickened inter-
lobular septa. In ground-glass areas, the comet-tail artifacts
seemed to be more numerous (Figure 3, 

 

right panel

 

), although
we have not yet prospectively investigated this particular fea-
ture. In chronic interstitial diseases, thickened interlobular septa
were clearly visible touching the whole lung surface (Figure 4).
Lastly, CT correlations showed that sub-pleural thickened
septa can be visible in the diaphragmatic sections in healthy
subjects. In 27.9% of patients with normal radiographs, “the
artifact” was confined to the last intercostal space. Fine trans-
verse lines can be observed on X-rays just above the diaphragm
in 18% of healthy subjects (16). The relative similarity of these
percentages is noteworthy (the difference may simply reflect a
slight superiority of ultrasound in detecting these lines).

Thickened septa visible on the chest radiograph in pulmo-
nary edema are known as “Kerley lines” (17). They are rarely
visible on a bedside chest X-ray in emergency situations. In
the present study, “the artifact” appeared as a sonographic
equivalent of Kerley lines. It should be outlined that alveolar
consolidation can be visualized using ultrasound (5) inasmuch
as there is contact with the surface of the lung. The image is
distinct from “the artifact”: it is a real image and not an arti-
fact (Figure 8).

How can ultrasound detect a pathologic feature without re-
ally “visualizing” it? The sub-pleural end of a thickened sep-
tum is too thin to be visualized by the ultrasound beam (spa-
tial resolution of about 1 mm), but it should be thick enough
to “disturb” the beam and create a difference in acoustic im-
pedance with the surrounding air. As for the ground-glass areas,
one possible hypothesis is that a close mingling of sub-millimet-
ric air-filled and liquid-filled areas may create the impedance
gradient.

 

Review of Discordant Cases

 

In some patients, bedside chest X-ray displayed features that
ultrasound did not detect and vice versa. Six of 92 patients
with diffuse alveolar-interstitial syndrome (6.5%) exhibited
absence or paucity of “artifact.” Two of these six patients un-
derwent CT, which revealed the coexistence of dependent in-
jured areas with nondependent aerated areas. This distribu-
tion has been observed in patients with ARDS (18, 19). As the

Figure 6. Normal lung. (Left panel ) CT section at the level of the hepatic dome. Note visible sub-pleural
interlobular septa in this area (arrows). (Right panel ) Ultrasound equivalent. Three comet-tail artifacts are
visible arising from the lung surface.

Figure 7. Schematic explanation of the formation of the comet-tail
artifact. The path of the sound beam is shown as a function of
time in order to avoid superimpositions. When the beam meets
the sub-pleural end of the thickened septum , it reflects indefinitely
at a speed of 1,450 m/s, resulting in an artifact composed of all
the m icro-reflections. Each reflection of the beam is displayed on
the screen behind the previous reflection. A distance of about 1 mm
separates each reflection.

Figure 8. Alveolar consolidation (ultrasound) in a patient with ARDS.
Tissular echostructure with punctiform hyperechogenic elements
corresponding to the air bronchograms (A 5 thoracic aorta; S 5
spleen; * 5 acoustic shadow of rib).
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presence of pneumothorax would obviously hinder analysis of
the lung, care was taken to check the sonographic presence of
“lung sliding” in each of these patients, thus ruling out infra-
radiologic pneumothorax (4). Nine of 129 patients without ra-
diologic alveolar-interstitial syndrome (6.9%) gave “the arti-
fact.” In this group, a number of infra-radiologic interstitial
syndromes may have been included. The radiologic detection
of interstitial syndrome is often questionable and subjective,
particularly when using a bedside chest film (20). In one pa-
tient with probable fat embolism, a radiologic alveolar-inter-
stitial syndrome appeared on the third day. These data may
only suggest that in this patient, sonographic signs preceded
radiologic signs.

 

Technical Aspects and Clinical Relevance of
Lung Ultrasound

 

Unlike other regions (heart, intra-abdominal organs), the sur-
face of the lung can be easily visualized using ultrasound. “The
artifact” was quickly detected. Small surface probes of 3.0 and
3.5 MHz were quite suitable for this application, but 2.5-, 5-,
and 7.5-MHz probes were equally effective. A simple portable
unit (without Doppler) was sufficient. Last but not least, the
skill needed to recognize “the artifact” was easily learned. Our
findings can be simply summarized: the normal lung pattern is
characterized by roughly horizontal, parallel lines. Alveolar-
interstitial syndrome yields roughly vertical, parallel lines. The
disposition of the airy artifacts is thus diametrically opposed in
these two conditions. In our daily practice, when describing
“multiple comet-tail artifacts fanning out from the lung-wall
interface in a frozen image,” we use a practical and eloquent
term: “lung rockets.”

In the present study, acute pulmonary edema as well as
chronic interstitial diseases led to “the artifact.” Both mild and
severe pulmonary edema resulted in diffuse “artifacts.” This
may turn into an advantage if further data could prove that
“the artifact” is detectable at a very early stage of pulmonary
edema. Alveolar edema is always preceded by interstitial edema,
a constant feature of pulmonary edema (21) whose radiologic
diagnosis is difficult at the bedside. Ground-glass areas may cor-
respond to the interstitial edema described in the early stage of
ARDS (22). If the presence of “the artifact” confined laterally
to the last intercostal space is considered normal, a localized al-
veolar-interstitial syndrome may be overlooked. In these cases,
posterior investigation should reveal the associated alveolar syn-
drome. Acoustic barriers such as pneumothorax, parietal em-
physema, parietal shotgun pellets, pleural calcifications, chest
tubes, or thoracic dressings are obvious obstacles to lung ultra-
sound study.

Has sonographic recognition of alveolar-interstitial syn-
drome any clinical relevance? Probably not when the clinical
diagnosis is evident or when a high-quality chest X-ray is quickly
obtained. Likewise, sonographic recognition of interstitial dis-
ease will be of limited interest for the radiologist, who has good
quality chest X-rays and an easy assess to CT. By contrast, the
intensivist must make daily therapeutic decisions on the basis
of a bedside chest X-ray, the only reasonable tool in routine
practice, which is known to be often technically deficient (23).
As detection of an alveolar-interstitial syndrome is a crucial
step in the diagnostic procedure in a dyspneic patient, this new
application of ultrasound will afford basic information, at least
equivalent to bedside X-ray. Other applications will be consid-
ered in further reports. About all, “the artifact” may provide
vital information when a pneumothorax is suspected. It may
be valuable for differentiating cardiogenic pulmonary edema
from decompensated COPD. Finally, it may also prove useful
when a radiograph is not available (pre-hospital emergencies),

not readily available (extreme emergencies in the intensive
care unit), or undesirable (pregnancy). The use of ultrasound
in dyspneic patients is one of several techniques that may lead
to ultrasound being considered as a “visual stethoscope” (24).

 

Conclusions

 

The lung is often considered poorly accessible to ultrasound.
In the present study, analysis of the comet-tail artifact allowed
us to detect alveolar-interstitial syndromes, at the bedside. CT
data showed that ultrasound was able to detect two patterns
present at the lung surface: the thickening of the sub-pleural
interlobular septa and the ground-glass areas. The simplicity
and high feasibility of ultrasound make it an attractive and
easy-to-use diagnostic tool at the bedside for the intensivist.
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