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Lung Ultrasound in the Critically 11l
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Until recently, the lung was considered “forbidden territory” for ultrasound. With
lung ultrasound, however, the amount of lung consolidation and pleural effusion can
be assessed semiquantitatively. Lung ultrasound consists of the identification of 10
signs, and there are several well-established protocols such as the BLUE (Bedside
Lung Ultrasonography in Emergency) protocol for diagnosing acute respiratory fail-
ure and the FALLS (Fluid Administration Limited by Lung Sonography) protocol
for managing acute circulatory failure. The BLUE protocol is a fast protocol that
defines eight profiles, correlated with six diseases seen in 97% of patients admitted
to the intensive care unit (ICU). With this protocol, it becomes possible to differenti-
ate between pulmonary edema, pulmonary embolism, pneumonia, chronic obstruc-
tive pulmonary disease, asthma, and pneumothorax [1]. The FALLS protocol uses
the potential of lung ultrasound for the early demonstration of fluid overload at an
infra-clinical level [2]. It is used in patients with acute respiratory failure, allowing a
sequential search for obstructive, cardiogenic, hypovolemic, and distributive shock
using simple real-time echocardiography in combination with lung ultrasound, with
the appearance of B lines considered to be the endpoint of fluid therapy. In addition,
ultrasound can help to guide airway management in a patient with acute respiratory
distress who needs to be intubated and mechanically ventilated (PINK protocol). In
a patient with acute respiratory distress who is often ventilated and difficult to trans-
port, computed tomography (CT) is not an easy option, and lung ultrasound can help
to predict difficult airway and proper endotracheal tube size, or to confirm proper
endotracheal tube placement with avoidance of desaturation during CT [3]. In ad-
dition, lung ultrasound can be used to determine the cause of fever distinguishing
pneumonia from atelectasis [4], and to rule out pneumothorax, hypovolemia, pulmo-
nary embolism and pericardial tamponade in cardiac arrest (SESAME protocol) [5].

In the critical care setting, lung ultrasound is increasingly used, as it allows bed-
side visualization of the lungs. Critical care ultrasound is a combination of simple

protocols, with lung ultrasound being a basic application, allowing the assessment
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of urgent diagnoses and therapeutic decisions. Although
chest radiographs (CXR) and CT are mostly used for
daily or prompt evaluation of lung in the ICU, there are
significant drawbacks such as the huge radiation hazard,
need for transportation, and risk of contrast use. On the
other hand, lung ultrasound has advantages of absence of
radiation, bedside availability, good reproducibility, and
cost efficiency [6]. Lung ultrasound has more accuracy
than bedside CXR and roughly the same accuracy as
CT. Ultrasound is far superior for the detection of pneu-
mothorax and pleural effusion compared with CXR and
provides accurate quantitative data regarding the volume
of pleural effusions, lung consolidations, and pneumotho-
rax [7,8]. Although supine portable CXR is notoriously
unreliable in the evaluation of pneumothorax, in the ab-
sence of tube thoracostomy or subcutaneous emphysema,
ultrasound has sensitivity and specificity superior to CXR
for the detection of pneumothorax [9]. Plain CXR is most
sensitive for pleural effusion when the patient is in the
upright or lateral decubitus position, but optimal position-
ing is difficult in the ICU. Ultrasound can detect pleural
effusions with a sensitivity and specificity of 93% when
CT is used as a gold standard [10].

In an article of the Korean Journal of Critical Care
Medicine, Kang et al. [11] reported the usefulness of lung
ultrasound to detect pulmonary complication including
pulmonary edema and pneumonia especially in the sur-
gical ICUs, where pulmonary complications are major
causes of morbidity and mortality. While previous stud-
ies on lung ultrasound were mostly for use in medical
ICUs, the authors demonstrated the usefulness of lung
ultrasound in the surgical ICU. Their indications for lung
ultrasound included hypoxemia, abnormal CXR without
hypoxemia, fever, and difficult weaning. Lung ultrasound
was helpful for diagnosis of pneumonia, atelectasis, pul-
monary edema, or a combination of these diseases. In
addition, lung ultrasound detected lung parenchymal con-
solidation with air bronchogram, pulmonary edema, and
pneumonia even in patients without CXR abnormalities.
In the surgically ill and injured patients, combined with

venous, cardiac, and abdominal examination, ultrasound

investigation of lung can provide an overview of cardiac
performance and intravascular volume and practically
guide management for hemodynamic optimization.

Lung ultrasound can be extended from neonates to
adults, and from medical to surgical and several other
disciplines (anesthesiology, emergency medicine, etc.).
The higher rate of detection of ultrasound, combined with
its ease and increasing accessibility, makes for a powerful
diagnosis in the ICU. Although lung ultrasound requires
acquisition of an ultrasound machine and training of
physicians, it allows a critical care provider to quickly
respond to a majority of critical situations. Therefore,
lung ultrasound could be a reasonable, fully operational,
bedside gold standard in the ICU.
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