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VIA LUNG ULTRASOUND IN THE ICU

1284 MINERVA ANESTESIOLOGICA November 2012

Figure 1.—Synopsis of lung ultrasound semiotics. Main segmental patterns are illustrated (left column) and described in their dis-
tinctive features (right column). Normal pattern (1A), sonographic interstitial syndrome (>3 B-lines/intercostal space) (1C) and 
pneumothorax (1F) are mutually exclusive artefact-based patterns. Pleural sliding (1A) and lung pulse (1B) are representations of 
visceral pleural motion (in a ventilated and a non ventilated lung area, respectively), and are here shown using M-Mode imaging 
as having a different appearance of artefacts beyond the pleural line. M-Mode provides representation over time of reflected echoes 
from a single scanning line: structures perpendicular to the ultrasound beam are represented by dots at a specific depth and ap-
pear as straight lines when motionless. Effusion (1C) and consolidation (1D) are image-based patterns, and their interpretation is 
more intuitive 3, 9 for a more extensive description. E: effusion; P: lung; L: liver; S: spleen; e: loculated effusion; asterisks indicate 
rib shadows).
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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 
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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.

AM J RESPIR CRIT CARE MED 1997;156:1640–1646.	
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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).

AM J RESPIR CRIT CARE MED 1997;156:1640–1646.	
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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
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), 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
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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).
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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-
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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
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visible arising from the lung surface.
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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
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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).
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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.
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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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 1; and normal X-ray, n 
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 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 
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600
HU. Thickness of the sections was 1.5 mm (n 
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 5) or 10 mm (n 
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 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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B-linjenantalet före och efter 
hemodialys

CHEST 2009; 135:1433–1439

Septisk chock. 
Caltabeloti et al. Critical Care 2014, 18:R91 
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Lungpuls



Lungpuls



Normalfynd 



Pneumothorax
Avsaknad av pleurarörelse och B-lines. A-lines kan förekomma

Intensive Care Med 2000;26:1434 – 1440.
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M-mode

Normal



Alveolo-Interstitiellt syndrom

B-linjer i alla lungfält 
-Pulmonary edema of various     
causes  
–  Interstitial pneumonia or  
pneumonitis  
–  Diffuse parenchymal lung  
disease (pulmonary fibrosis) !
B-linjer ojämnt fördelat 
– Pneumonia and     
pneumonitis  
– Atelectasis 
– Pulmonary contusion  
– Pulmonary infarction  
– Pleural disease  
– Neoplasia  
  

Intensive Care Med (2012) 38:577–591
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SENSITET 
SPECIFICITET

SENSITET 
SPECIFICITET

SENSITET 
SPECIFICITET

PLEURAVÄTSKA 42% 
90%

39%   
85%

92%   
93%  

INFILTRAT (alveolar 
consolidation)

8% 
100%

68% 
95% 

93%    
100%

ÖKAD INTERSTITIELL 
VÄTSKA (alvoelar-
interstitial syndrome)

34% 
90%

60%     
100%   

98%    
88%   
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Pleural ultrasonography versus chest radiography
for the diagnosis of pneumothorax: review of the
literature and meta-analysis
Saadah Alrajab1,5*, Asser M Youssef2,5, Nuri I Akkus3,5 and Gloria Caldito4,5

Abstract

Introduction: Ultrasonography is being increasingly utilized in acute care settings with expanding applications.
Pneumothorax evaluation by ultrasonography is a fast, safe, easy and inexpensive alternative to chest radiographs.
In this review, we provide a comprehensive analysis of the current literature comparing ultrasonography and chest
radiography for the diagnosis of pneumothorax.

Methods: We searched English-language articles in MEDLINE, EMBASE and Cochrane Library dealing with both
ultrasonography and chest radiography for diagnosis of pneumothorax. In eligible studies that met strict inclusion
criteria, we conducted a meta-analysis to evaluate the diagnostic accuracy of pleural ultrasonography in comparison
with chest radiography for the diagnosis of pneumothorax.

Results: We reviewed 601 articles and selected 25 original research articles for detailed review. Only 13 articles met
all of our inclusion criteria and were included in the final analysis. One study used lung sliding sign alone, 12
studies used lung sliding and comet tail signs, and 6 studies searched for lung point in addition to the other two
signs. Ultrasonography had a pooled sensitivity of 78.6% (95% CI, 68.1 to 98.1) and a specificity of 98.4%
(95% CI, 97.3 to 99.5). Chest radiography had a pooled sensitivity of 39.8% (95% CI, 29.4 to 50.3) and a specificity of
99.3% (95% CI, 98.4 to 100). Our meta-regression and subgroup analyses indicate that consecutive sampling of
patients compared to convenience sampling provided higher sensitivity results for both ultrasonography and chest
radiography. Consecutive versus nonconsecutive sampling and trauma versus nontrauma settings were significant
sources of heterogeneity. In addition, subgroup analysis showed significant variations related to operator and type
of probe used.

Conclusions: Our study indicates that ultrasonography is more accurate than chest radiography for detection of
pneumothorax. The results support the previous investigations in this field, add new valuable information obtained
from subgroup analysis, and provide accurate estimates for the performance parameters of both bedside
ultrasonography and chest radiography for pneumothorax evaluation.

Introduction
Chest ultrasonography (US) is gaining more attention in
critical care and emergency medicine literature. US has
been used recently for evaluation of pneumothorax
and other lung pathologies. Several early trials [1-3] by
Litchenstein et al. established the diagnostic signs of

pneumothorax on US and showed a strong superiority
in favor of US over chest radiography (CXR). Despite
those and other cumulating original research evidence
favoring ultrasonography, US remained underused. In
fact, the most recent British thoracic society guidelines
on pleural procedures and thoracic ultrasound stated
that “The utility of thoracic ultrasound for diagnosing
a pneumothorax is limited in hospital practice due to the
ready availability of chest x-rays and conflicting data from
published reports” [4]. During the years 2011 and 2012,
an increasing number of original research publications
compared US with CXR for pneumothorax evaluation,

* Correspondence: salrajab@hotmail.com
1Department of Pulmonary, Critical Care and Sleep medicine, 1501 Kings
Highway, Shreveport, LA 71103, USA
5Louisiana State University Health Sciences Center-Shreveport, 1501 Kings
Highway, Shreveport, LA 71103, USA
Full list of author information is available at the end of the article

© 2013 Alrajab et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Alrajab et al. Critical Care 2013, 17:R208
http://ccforum.com/content/17/5/R208
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82.2% (95% CI, 68.8 to 95.5), whereas those using a con-
vex array probe had a pooled sensitivity of 76% (95% CI,
59.8 to 92.3). Operator (radiologist versus others) was
not a significant variable in our analysis. However, emer-
gency physician-performed US had better sensitivity than
nonemergency physicians-performed US (82.3% versus
72.8%). (Additional file 1 contains statistical tables for both
CXR and US subanalyses).
In the discussion sections of the reviewed articles [11-23],

few conditions were reported to cause false-positive results
on US, including pleural adhesions, bullous emphysema,
and main-stem intubation on the contralateral side. Sub-
cutaneous emphysema and pleural calcifications were also
reported to impede the US waves.
Ultrasonography time, when assessed [12,14,18,20,21],

ranged between <2 minutes and 15 minutes. In all stud-
ies that evaluated test-performance time, except one
[21], US time was significantly shorter than CXR time
(mean, <5 minutes versus 10 to 15 minutes).

Discussion
In the past 3 years, at least nine published original prospect-
ive research articles addressed the diagnostic accuracy of
pleural ultrasonography for the diagnosis of pneumothorax,
reflecting the growing interest in this valuable test as an al-
ternative to CXR. Six of those articles [11-16] met our inclu-
sion and quality criteria and, for the first time, were
included in a meta-analysis. The pooled sensitivity of US in
our study is the lowest of the previous two analyses [5,6]
(78.6% versus 88% [5] and 90.9% [6]). The DOR reported by
a previous meta-analysis [5] is 3.3 times higher than our re-
sult (993 with 95% CI, 333 to 2,957) indicating a threefold
overestimation of the accuracy of the test and attesting
to Lijmer’s previous estimates [7]. Both reported sensitivity
and DOR are significantly different from those obtained in
previous analyses, as shown from the reported confidence
intervals.
We believe that our study provides better estimates of

the test parameters because of the inclusion of a large

Figure 2 Forest plot for sensitivity, specificity of CXR for the detection of pneumothorax. Inconsistency (I2) describes the percentage
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df = degree of freedom = number of studies-1.
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Lung ultrasound more accurately rules out the 
diagnosis of pneumothorax than supine anterior 
chest radiography. 
Intensive Care Med (2012) 38:577–591

Lung ultrasound should be used in clinical settings when 
pneumothorax is in the differential diagnosis 
Intensive Care Med (2012) 38:577–591

– Presence of lung point(s)  
– Absence of lung sliding  
– Absence of B-lines  
– Absence of lung pulse 
!
Intensive Care Med (2012) 38:577–591
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Overall meta-analysis
Overall pooled sensitivity and specificity (Figure 2) for the
diagnosis of pneumonia were 94% (95% CI, 92% to 96%;
p < 0.001) and 96% (95% CI, 94% to 97%; p < 0.001),
respectively. The area under the ROC curve was 0.98 (95%
CI, 0.98 to 0.99) (Figure 3). Overall pooled positive and
negative LRs were 16.8 (95% CI, 7.7 to 37.0; Cochran Q-
statistic = 42.0; p < 0.001) and 0.07 (95% CI, 0.05 to 0.10;
Cochran Q-statistic = 9.9, p = 0.36), respectively (Figure 2).

Subgroup analysis by diagnostic imaging criteria
In studies (n = 5) that used the combination of chest
imaging and clinical criteria for the diagnosis of pneumonia
as the gold-standard, LUS had a pooled sensitivity of 95%
(95% CI, 93% to 97%) and a pooled specificity of 94%
(95% CI, 92% to 96%) [21,22,31,34,36]. In studies (n = 3)
that used chest CT scan only as the gold-standard, LUS had
a pooled sensitivity of 94% (95% CI, 90% to 97%) and a
pooled specificity of 99% (95% CI, 97% to 100%) [32,33,38].
In studies (n = 5) that used chest imaging alone as the gold-
standard, LUS had a pooled sensitivity of 95% (95% CI, 92%
to 97%) and pooled specificity of 97% (95% CI, 95% to 98%)
[32,33,35,37,38].
A total of 5 studies contributed sufficient information to

compare LUS against chest CT scan as the gold standard in
individual patients [21,22,32,33,38]. In this subset of 671
patients across the five studies, we found that LUS had a
sensitivity of 93% (95% CI, 90% to 96) and specificity of
98% (95% CI, 96% to 99%). Five studies reported diagnostic
accuracy for consolidation pneumonia only [22,31-33,38],
and in these studies LUS had a pooled sensitivity of 94%
(95% CI, 92% to 96%) and pooled specificity of 98% (95%
CI, 97% to 99%). An analysis of diagnostic accuracy of LUS
for interstitial pneumonia was not possible as no study
evaluated interstitial pneumonia alone.

Subgroup analysis by patient type and physician training
In studies (n = 4) that evaluated critically-ill patients in the
ICU, LUS had a pooled sensitivity of 93% (95% CI, 89% to
95%) and pooled specificity of 97% (95% CI, 95% to 98%)
[32-34,38]. In studies (n = 6) that evaluated patients admit-
ted to EDs or medical wards, LUS had a pooled sensitivity
of 95% (95% CI, 93% to 97%) and pooled specificity of
94% (95% CI, 91% to 97%) [21,22,31,35-37]. In studies
(n = 7) in which there was a self-report of expert-level
sonographers, LUS had a pooled sensitivity of 94%
(95% CI, 92% to 96%) and pooled specificity of 97% (95%
CI, 96% to 98%) [21,22,31,32,34-36]. In studies that used
ED physicians or general practitioners (n = 2), LUS had a
pooled sensitivity of 93% (95% CI, 85% to 97%) and pooled
specificity of 92% (95% CI, 84% to 96%) [33,37].

Discussion
We found that LUS had a high sensitivity (94%) and specifi-
city (96%) for the diagnosis of pneumonia in adults. When
we limited our analysis to studies and to an individual
patient-level analysis that used chest CT scan alone as the
gold standard [21,22,32,33,38], we found a consistently high
diagnostic accuracy. LUS performed well both as a rule-in
and rule-out test for pneumonia in adults admitted to EDs
and medical wards. Even in patients with acute dyspnea,
where the differential diagnosis can be broad, LUS had
good discrimination. Our meta-analysis supports that LUS,
when conducted by highly-skilled sonographers, performs
well for the diagnosis of pneumonia. General practitioners
and ED physicians should be encouraged to learn LUS for
the diagnosis of pneumonia since it is appears to be an
established diagnostic tool in the hands of experienced
physicians.
Our results differ from that of a contemporary meta-

analysis of LUS for the diagnosis of pneumonia that found
a sensitivity of 97% and specificity of 94% [39]. There are at
least two differences between the meta-analysis conducted
by Hu et al. and ours. First, Hu et al. included studies in
both children (n = 5) and adults (n = 4) whereas we limited
our analysis to adults only. Studies dealing with different
kinds of patient populations may need to be considered
separately because they have different gold standards. For
example, LUS may perform better in children, which may
help explain why Hu et al. found a higher sensitivity than
we did [23,24]. Second, Hu et al. included a fewer number
of studies in adults [21,22,35,36]. Specifically, they did not
consider two studies of adult patients admitted to EDs or
medical wards [31,37] and four studies among critically-ill
adults [32-34,38].
Our meta-analyses identified a clear advantage of LUS

over standard imaging for pneumonia. Specifically, LUS
can be performed in less than 13 minutes. This is sub-
stantially shorter than the timeframe required for a CXR
or chest CT scan [13,25]. However, there are several

Figure 3 Summary receiver operating characteristics of lung
ultrasound for pneumonia. The values sensitivity and 1-specificity
for each study are represented with a square. 95% confidence intervals
for sensitivity (vertical lines) and 1-specificity (horizontal lines) are also
shown. Each study is represented by a separate color.
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PLAPS was always associated. In 12 cases, anterior-
predominant B  1  lines in one lung coexisted with 
predominant A lines in the contralateral lung; 
PLAPS was seen in 11 cases. In 18 cases, anterior 
consolidations were observed; lung sliding was abol-
ished in 9 of them; PLAPS was associated in 16 
cases. In 34 cases, an anterior-predominant A pat-
tern with lung sliding was associated with PLAPS. 
Lung sliding was abolished in 28 cases. Three pa-
tients had a normal examination.    

 Ultrasound Accuracy 

 We retained characteristic combinations of signs 
that produced specifi cities  .    90% ( Tables 3 ,  4 ). We 
suggest a practical nomenclature that avoids repeti-
tive descriptions ( Fig 6 ). The  A profi le  designates 
anterior predominant bilateral A lines associated 
with lung sliding (with possible focalized B lines). 

 The A’ profi le  is an A profi le with abolished lung 
sliding and without lung point. The  B profi le  desig-
nates anterior-predominant bilateral B  1  lines asso-
ciated with lung sliding (with possible focalized A 
lines).  The B’ profi le  is a B profi le with abolished 
lung sliding.  The A/B profi le  designates anterior-
predominant B  1  lines on one side, predominant A 
lines on the other.  The C profi le  designates anterior 
alveolar consolidation(s).  PLAPS profi le  is described 
in the Appendix.  The normal profi le  associates the A 
profi le without PLAPS (regardless of posterior A or 
B lines) [online document 1].                   

 Ultrasound Accuracy Rates 

 For pulmonary edema, the B profi le had 95% 
specifi city and 97% sensitivity. For COPD and 
asthma (considered together for purposes of simplic-
ity), the normal profi le had a 97% specifi city and a 

 Table 3   —Combined Results *   

  Diagnoses A Profi le Plus PLAPS
Normal Profi le, and A’ 
Profi le Without PLAPS B Profi le B’ Profi le C Profi le A/B Profi le Lung Point  

  Pulmonary edema 2 0 62 1 0 0 0 0 
 COPD or asthma 4 75 1 3 0 1 0 0 
 Pulmonary embolism 10 8 10 9 0 0 1 º 0 0 
 Pneumothorax 0 1 0 0 0 0 8 
 Pneumonia 35 3 6 9 18 12 0  

   *  Exponents indicate No. of cases with venous thrombosis (datum without exponent means negative venous exploration). To simplify this Table, 
COPD and asthma are considered together; three columns in  Table 2  were combined because analysis showed no loss in performance. One 
patient with pneumonia and the A’ profi le plus PLAPS was inserted in the A profi le plus PLAPS column. The term  lung point  implies abolished 
anterior sliding associated with anterior A lines.   

 Table 4   —Accuracy of the Ultrasound Profi les *   

  Disease Ultrasound Signs Used Sensitivity, % Specifi city, %
Positive Predictive 

Value, %
Negative Predictive 

Value, %  

  Cardiogenic pulmonary 
edema

Diffuse bilateral anterior B  1  lines 
 associated with lung sliding (B profi le)

97 (62/64) 95 (187/196) 87 (62/71) 99 (187/189) 

 COPD or asthma Predominant anterior A lines without 
  PLAPS and with lung sliding (normal 

profi le), or with absent lung sliding 
without lung point

89 (74/83) 97 (172/177) 93 (74/79) 95 (172/181) 

 Pulmonary embolism Predominant anterior bilateral A lines 
 plus venous thrombosis

81 (17/21) 99 (238/239) 94 (17/18) 98 (238/242) 

 Pneumothorax Absent anterior lung sliding, absent 
 anterior B lines and present lung point

88 (8/9) 100 (251/251) 100 (8/8) 99 (251/252) 

 Pneumonia Diffuse bilateral anterior B  1  lines 
  associated with abolished lung sliding 

(B’ profi le)

11 (9/83) 100 (177/177) 100 (9/9) 70 (177/251) 

 Predominant anterior B  1  lines on one 
  side, predominant anterior A lines on 

the other (A/B profi le)

14.5 (12/83) 100 (177/177) 100 (12/12) 71.5 (177/248) 

 Anterior alveolar consolidation (C profi le) 21.5 (18/83) 99 (175/177) 90 (18/20) 73 (175/240) 
 A profi le plus PLAPS 42 (35/83) 96 (170/177) 83 (35/42) 78 (170/218) 
 A profi le plus PLAPS, B’, A/B or C profi le 89 (74/83) 94 (167/177) 88 (74/84) 95 (167/176)  

   *  Data in parenthesis indicate No. of patients (total).   

Downloaded From: http://journal.publications.chestnet.org/ on 10/13/2014

Pneumothorax 88%, KOL/astma 89%, Kardiellt lungödem 97% 
samt pneumoni 89%

SENS

Pneumothorax 100%, KOL/astma 97%, Kardiellt lungödem 95% 
samt pneumoni 94%

SPEC
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Impact of lung ultrasound on clinical 
decision making in critically ill patients
• 189 mekaniskt ventilerade patienter. 
• Lungultraljud ordinerades av ansvarig 

läkare vid behov tex 
pnemothoraxmisstanke, försämrad 
blodgas,etc 

• Hos 188 hittades patologi, varav hos 
flertalet sågs bilateralt posteriort 
konsolidering, interstitiellt syndrom samt 
pleuravätska.
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The Use of Point-of-Care Bedside Lung Ultrasound
Significantly Reduces the Number of Radiographs and
Computed Tomography Scans in Critically Ill Patients
Adriano Peris, MD,* Lorenzo Tutino, MD,* Giovanni Zagli, MD,* Stefano Batacchi, MD,*
Giovanni Cianchi, MD,* Rosario Spina, MD,* Manuela Bonizzoli, MD,* Luisa Migliaccio, MD,*
Lucia Perretta, MD,* Marco Bartolini, MD,† Kevin Ban, MD,‡ and Martin Balik, MD, PhD§

BACKGROUND: Chest radiography has been reported to have low diagnostic accuracy in critically
ill intensive care unit (ICU) patients, and chest computed tomography (CT) scans require patients
to be transported out of the ICU, putting them at risk of adverse events. In this study we
assessed the efficacy of routine bedside lung ultrasound (LUS) in the evaluation of pleural
effusions (PE) in the ICU.
METHODS: Three hundred seventy-six patients admitted to the ICU for major trauma (46.3%),
medical pathology (41.5%), and postsurgical complications (12.2%) (May 2008 to April 2009)
were included in this study. Patients were placed into either the control group (group C) or the
study group (group S), on the basis of the introduction of routine LUS performed by a single group
of intensivists in 1 tertiary care ICU. To reduce provider bias, the physicians conducting the LUS
were not aware of the study. Collected data included patient demographics, clinical course, and
number of chest radiographs and CT scans performed. As a secondary goal, we assessed the
reliability of Balik’s formula in PE estimation.
RESULTS: No significant differences were found between the 2 groups with regard to their
demographics and ICU clinical course. Group S had a significant reduction in the total number of
chest radiographs obtained (!26%; P " 0.001) and CT scans (!47%; P " 0.001) in comparison
with the comparison group C. A 6-month follow-up analysis of the ICU LUS protocol revealed a
time-dependent decrease in the number of radiological examinations requested for patients with
PE. Lastly, PE volume estimation using the LUS and Balik’s formula correlates well with the
effective volume drained (r # 0.65; P " 0.0001).
CONCLUSIONS: Routine use of LUS in the ICU setting can be associated with a reduction of the
number of chest radiographs and CT scans performed. (Anesth Analg 2010;111:687–92)

Critically ill patients admitted to the intensive care
unit (ICU) frequently have limited mobility as a
result of their underlying pathology or the invasive

devices used for monitoring. Mobilization of ICU patients
has long been recognized as a critical issue with high risk
for potential complications and adverse events.1,2 Signifi-
cant hemodynamic and respiratory complications may
occur during transport to the radiology department in as
many as 40%–50% of critically ill ventilated patients.3 In
trauma patients, the execution of a control computed
tomography (CT) scan within the first 12 hours after
admission to the ICU contributes to a change in clinical
management in "30% of cases, but still exposes the patient
to significant transportation-related morbidity.4 The poten-
tially harmful effects of radiation or contrast dye exposure
should also be taken into consideration.5,6

To increase patient safety and to reduce the time re-
quired for obtaining results, one should limit the use of

chest radiographs and CT scans in ICU patients, and
alternative diagnostic studies should be considered. Daily
bedside lung ultrasound (LUS) has been shown to lack
clinical usefulness because it does not reveal new or
unexpected abnormalities in $90% of cases.7 In addition,
the elimination of daily routine chest radiographs in the
ICU has not been associated with significant changes in
patient mortality or the rate of readmission.8,9 LUS offers
numerous advantages both for patients and for caregivers:
it is quick and easy to perform, harmless to the patient, and
does not require patient transport. Whereas LUS may not
necessarily reveal new diagnoses in patients, it can be used
to provide an ongoing assessment of pleural fluid volume
and may assist in the insertion of thoracic drainage tubes.
Despite its many advantages, Nicolaou et al. found that
bedside ultrasonography is still underutilized in the ICU
setting.10

The aim of our investigation was to assess the impact of
LUS evaluation on the quality of patient care in the ICU and
on the number of other chest radiological examinations
performed (chest radiographs and CT scans). As a second-
ary goal, we examined the usefulness of LUS in the
estimation of pleural effusion before drainage.

METHODS
Patient Selection and Data Collection
This observational controlled study was performed in a
10-bed medical, surgical, and trauma ICU in a tertiary care
referral center. Data on 376 patients with an ICU length of
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”A significant reduction in the total number of chest radiographs 
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VIA LUNG ULTRASOUND IN THE ICU
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Figure 2.—Simplified report form for lung ultrasound in the ICU. With simple check-boxing and minimal typing, it allows for rapid 
reporting of diagnostic, screening, monitoring and procedure-guidance examinations. Visual representation of different explored 
regions (2 anterior, 2 lateral, 2 posterior, according to anatomical landmarks set by axillary lines) and number-coded rating of find-
ings provide instantaneous perception of the overall lung ultrasound representation. Calculation of a lung ultrasound (LUS) score 
allows semi-quantification of the state of aeration of the entire lung. Additional free-text description and presumptive diagnosis 
complete the report. The examamination can be conducted in a simplified manner (inspection at a single representative point per 
region), as comprehensive investigation (each intercostal space entirely inspected, with the worst finding per region considered for 
rating), or even as a focused, single-region examination (for example, just dorsal, to quantify a known effusion). For the purpose of 
correct interpretation, detailed history, clinical conditions, and ventilation are reported. Storage code for retrieval of images from 
an archive is indicated.
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