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Lung imaging in critically ill patients is challenging
because the traditional techniques, such as thoracic
computed tomography (CT) and bedside chest x-ray,
present serial limitations which hamper their utility.
Although thoracic CT is the gold standard for lung
imaging, it is expensive and cannot be performed on a
routine basis. Moreover, the transportation of critically ill
patients to the radiology department and the radiation
exposure both carry significant risks. Also, limitations of
bedside chest x-ray are numerous. Very often in the
intensive care unit (ICU) it is not possible to obtain high
quality films, which impairs the efficacy of conventional
radiology for the identification of important lung pathol-
ogies [1].

Lung ultrasound has emerged in recent years as a
powerful, noninvasive, easily repeatable bedside diag-
nostic tool and therefore it is increasingly used in
critically ill patients [2]. Studies have shown that in these
patients, lung ultrasound has a high diagnostic accuracy in
identifying pneumothorax, consolidation/atelectasis,

interstitial syndromes (i.e., pulmonary edema of cardio-
genic or noncardiogenic origin), pleural effusion, and, on
the appropriate clinical grounds, it may help in the
diagnosis of pneumonia [3–6]. Nowadays, lung ultra-
sound may be considered an alternative to thoracic CT
when identifying pathological conditions commonly
encountered in critically ill patients (Fig. 1) [4]. As a
result, lung ultrasound is likely to have a significant
impact on clinical decision making and therapeutic
management of these patients [7]. Lung ultrasound may
also be used to assess and monitor lung aeration, which is
of particular importance in patients with acute respiratory
distress syndrome [8, 9]. This application may guide the
titration of positive end-expiratory airway pressure
(PEEP) and may serve as a safeguard against excessive
fluid loading in critically ill patients [10]. Finally, it has
been shown that ultrasound may be used to measure the
thickening fraction of the diaphragm during tidal breath-
ing, which is useful as a noninvasive estimation of the
work of breathing in critically ill patients [11].

Despite the proven diagnostic ability of lung ultra-
sound and its influence on decision making and
therapeutic management, there are significant barriers to
the widespread use of this pragmatic, noninvasive bedside
tool. The fact that the interpretation of lung ultrasound
findings is heavily dependent on operator experience
represents one important limitation. Indeed, most of the
studies showing high diagnostic accuracy of lung ultra-
sound have been performed by experts in the field, and
this may limit the generalization of results in all ICUs.
Thus, validation of new educational protocols is manda-
tory to spread the proper use of lung ultrasound in
critically ill patients.

Recently, a consensus of experts introduced the
examination of the lung as one of the required elements to
achieve competence in general critical care ultrasound
[12]. Although the technical and cognitive elements
required for competence in lung ultrasound have been
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described in a statement issued by two critical care
societies, detailed educational protocols to achieve this
competence have not been fixed [13]. Conversely, several
training programs have been reported for teaching basic
critical care echocardiography. Among these, a 12-h
training program that has been recently described and
adequately validated may serve as a guide for future
similar educational projects [14]. The program is tailored
for noncardiologist residents without any experience of
ultrasound, and includes blending didactics, interactive
cases, and tutored hands-on sessions [14].

Along these lines, the study by Begot et al. [15] pub-
lished recently in Intensive Care Medicine is more than
welcome. Using ultrasonography, these investigators
applied a 3-h, focused training program for resident
novices in ultrasound aimed at identification and quanti-
fication of unloculated pleural effusions in critically ill
patients. The training program was simple and well
described, and included 1 h of didactics with a special
emphasis directed towards the identification of pitfalls,
30 min of illustrative cases, and 90 min of tutored hands-
on practice in at least five critically ill patients. The

competence of the residents after the program was eval-
uated in 147 critically ill patients (78 % of whom were
mechanically ventilated). Overall, there was a good to
excellent diagnostic agreement between trainees and
experts, and a concordant semiquantitative assessment of
unloculated pleural effusion. When compared to experi-
enced operators, residents had only 9 false negatives and
20 false positive results. Not surprisingly, the diagnostic
agreement increased on increasing the size of pleural
effusions. It is noteworthy that no case of intra-abdominal
or pericardial effusion was erroneously identified as
pleural effusion, a misdiagnosis that may have devastat-
ing consequences for the patient. Notwithstanding that
patients with inadequate acoustic window or loculated
pleural effusions were excluded, this study sets the
framework for the development of further training pro-
grams, aimed at achieving competence in lung ultrasound.
Validated training ultrasound programs for the identifi-
cation of other lung pathological entities, more complex
than unloculated pleural effusion, are urgently needed.
We believe that this step represents the most important
weapon in our arsenal to break the barriers that currently

Fig. 1 Left multiple detector computed tomography after intra-
venous contrast material revealed bilateral consolidations with air
bronchogram (arrows), associated with pleural effusions. Right

lung-ultrasound longitudinal scan at the lower lateral regions. The
main ultrasound features included bilateral consolidations with air
bronchogram (arrows) and pleural effusions
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prevent the widespread application of lung ultrasound in
the ICUs for critically ill patients. There is accumulated
evidence in the literature supporting the pivotal role of
lung ultrasound in the management of critically ill
patients, and experts in this field are not available around
the clock in ICUs. It is time to establish a validated

educational program dedicated to ICU residents that
covers the basics of lung ultrasound. Let’s move forward!

Conflicts of interest On behalf of all authors, the corresponding
author states that there is no conflict of interest.

References

1. Henschke CI, Yankelevitz DF, Wand A,
Davis SD, Shiau M (1996) Accuracy
and efficacy of chest radiography in the
intensive care unit. Radiol Clin North
Am 34:21–31

2. Volpicelli G, Elbarbary M, Lichtenstein
DA et al (2012) International evidence
based recommendations for point-of-
care lung ultrasound. Intensive Care
Med 38:577–591

3. Lichtenstein D, Goldstein I, Mourgeon
E, Cluzel P, Grenier P, Rouby JJ (2004)
Comparative diagnostic performances
of auscultation, chest radiography, and
lung ultrasonography in acute
respiratory distress syndrome.
Anesthesiology 100:9–15

4. Xirouchaki N, Magkanas E, Vaporidi
K, Kondili E, Plataki M, Patrianakos A,
Akoumianaki E, Georgopoulos D
(2011) Lung ultrasound in critically ill
patients: comparison with bedside chest
radiography. Intensive Care Med
37:1488–1493

5. Volpicelli G (2011) Sonographic
diagnosis of pneumothorax. Intensive
Care Med 37(2):224–232

6. Bouhemad B, Liu ZH, Arbelot C,
Zhang M, Ferarri F, Le-Guen M, Girard
M, Lu Q, Rouby JJ (2010) Ultrasound
assessment of antibiotic-induced
pulmonary reaeration in ventilator-

associated pneumonia. Crit Care Med
38:84–92

7. Xirouchaki N, Kondili E, Prinianakis G,
Malliotakis P, Georgopoulos D (2014)
Impact of lung ultrasound on clinical
decision making in critically ill patients.
Intensive Care Med 40:57–65

8. Caltabeloti F, Monsel A, Arbelot C,
Brisson H, Lu Q, Gu WJ, Zhou GJ,
Auler JO, Rouby JJ (2014) Early fluid
loading in acute respiratory distress
syndrome with septic shock deteriorates
lung aeration without impairing arterial
oxygenation: a lung ultrasound
observational study. Crit Care
18(3):R91

9. Bouhemad B, Brisson H, Le-Guen M,
Arbelot C, Lu Q, Rouby JJ (2011)
Bedside ultrasound assessment of
positive end-expiratory pressure-
induced lung recruitment. Am J Respir
Crit Care Med 183(3):341–347

10. Volpicelli G, Skurzak S, Boero E,
Carpinteri G, Tengattini M, Stefanone
V, Luberto L, Anile A, Cerutti E,
Radeschi G, Frascisco MF (2014) Lung
ultrasound predicts well extravascular
lung water but is of limited usefulness
in the prediction of wedge pressure.
Anesthesiology 121:320–327

11. Vivier E, Mekontso DA, Dimassi S,
Vargas F, Lyazidi A, Thille AW,

Brochard L (2012) Diaphragm
ultrasonography to estimate the work of
breathing during non-invasive
ventilation. Intensive Care Med
38(5):796–803

12. Expert roundtable on ultrasound in ICU
(2011) International expert statement on
training standards for critical care
echocardiography. Intensive Care Med
37(7):1077–1083

13. Mayo P, Beaulieu Y, Doelken P et al
(2009) Statement on competence in
critical care ultrasonography. Chest
135(4):1050–1060
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