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Abstract: Background: Lung ultrasound is increasingly being used by the bedside physicians to 
complement the findings of physical examination. Lung ultrasound is non-invasive, devoid of radia-
tion exposure and can be performed rapidly and repeatedly as needed at bedside. This review aims to 
elucidate the evidence base and the future directions for bedside point-of-care lung ultrasound in criti-
cally ill patients. 

Methods: Research articles, review papers and online contents related to point-of-care ultrasound in 
critically ill patients were reviewed. 

Results: The diagnostic accuracy of lung ultrasound for common conditions like pleural effusion, 
pneumothorax, pulmonary edema and pneumonia is superior to chest radiograph and is comparable to 
chest CT scan. Lung ultrasound is helpful to evaluate the progress of lung pathology and response to 
treatment, over time. Ultrasound guidance for thoracocentesis decreases the complication rates. 

Conclusion: Bedside lung ultrasound in critically ill patients can serve as a tool to diagnose common 
lung pathologies, monitor its course and guide clinical management. 

Keywords: Chest radiograph, clinical management, critically ill, lung ultrasound, point-of-care, radiation exposure. 

1. INTRODUCTION 

Management of critically ill patients in the emergency 
and critical care setting is challenging and imaging tech-
niques are essential for optimizing diagnostic and therapeutic 
procedures in these patients. In the last two decades the use 
of bedside ultrasound techniques for critically ill patient 
management has become popular due to the availability of 
less expensive and more portable ultrasound machines. Point 
of care ultra sound (POCUS) is increasingly being recog-
nized as the superior imaging option in the emergency and 
critical care setting [1-3]. 

Even though the bedside ultrasound utilization in the 
emergency and critical care setting became increasingly 
popular in the last two decades, lung ultrasound (LUS) was 
not widely recognized until very recently. The reason was 
that lung was considered poorly accessible by ultrasound due 
to the presence of pulmonary air within a bony thoracic cage 
resulting in poor transmission of ultrasound beams and pro-
duction of artifacts. Traditionally, bedside chest radiography 
(CXR) and thoracic computed tomography (CT) were used 
as the lung imaging techniques to detect pathologies. Draw-
backs of CXR are technical difficulties leading to limited 
accuracy and exposure of the patient and staff to radiation. 
For CT there is an added need for mobilization of the patient, 
exposure of the patient to higher radiation, difficulty in re-
peatability and high cost [2]. Recently, it has been shown  
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that LUS performs better than CXR and is a reasonable al-
ternative to thoracic CT for diagnosing common lung pa-
thologies (interstitial syndrome, lung consolidation, pleural 
effusion and pneumothorax) in emergency and critical care 
setting (Table 1). The advantages of LUS are that it can be 
done at bedside easily without need of patient mobilization, 
it is noninvasive, does not utilize ionizing radiation and is 
easily reproducible [4]. 

In this review, we focus on basic LUS technique, LUS 
pattern of normal lung, LUS signs and patterns of different 

lung pathologies, use of LUS in management of dyspnoeic 

patient and use of LUS to assist and guide procedures. We 

recommend reviewing the international consensus guidelines 

(2012) to clarify the nomenclature changes, before reading 

original research written since 2012 [1].  

2. TECHNIQUE AND FINDINGS 

The ultrasound machine has different probes with differ-

ent frequencies. The probe for each examination should be 

chosen for the lung region where pathology is suspected. A 
high frequency probe improves the resolution but sacrifices 

the depth of penetration. Hence a high frequency linear vas-

cular probe (frequency range 7.5 - 10MHz) is suitable to 

perform a detailed examination of the chest wall and pleura, 

while the low frequency curvilinear probe (frequency range 

3.5 - 5MHz) is best to examine deeper structures below 

pleura. However, for convenience, many studies suggest a 

single probe for complete LUS examination in emergency 

and critical care setting [1]. Lichtenstein et al. recommends a 
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5MHz micro-convex probe as the ideal single probefor bed-

side LUS [9].  

The sonographic modes used in LUS are real-time B-
mode (brightness mode) and M-mode (time-motion). Real-
time B mode generates cross-sectional, two-dimensional 
images from the reflected ultrasound waves while M-mode 
records motion of the interfaces towards and away from the 
transducer. Doppler (color) technique is not usually required 
for LUS examination, but found to be useful when differen-
tiating lower region lung pathology (like consolidation) from 
nearby organs like liver and spleen. 

LUS includes the viewing of chest wall, pleural space, 
diaphragm and the lung parenchyma. All the intercostal 
spaces provide windows for LUS examination. In a simpli-
fied examination, one particular point per lung region can be 
examined, keeping the probe perpendicular to the ribs in the 
longitudinal plane [10]. The international consensus guide-
lines (2012) have proposed a screening eight-zone LUS ex-
amination [1]. In this protocol, each anterior chest wall sepa-
rates in to two regions; anterior and lateral, by using parast-
ernal line, anterior axillary line and posterior axillary line as 
anatomical landmarks and then each of those regions subdi-
vided in to upper and basal parts, finally making a total eight 
regions (Fig. 1). If pathology is detected on this simple 
screening exam, one can adjust the probe to examine along 
the intercostal space (oblique scan) in the abnormal region to 
further define the extent of pathology. Alternatively, 
Lichtenstein et al. has described three specific locations in 
the chest wall calling them ‘BLUE points’ (upper BLUE 
point, lower BLUE point and PLAPS point), for performance 
of fast LUS in patients with acute respiratory failure [11]. 
These points are used when performing the BLUE (Bedside 
Lung Ultrasonography in an Emergency) protocol [9]. 

The time spent to perform a single LUS examination 
ranges between 2 minutes to 15 minutes with average of 5 
minutes in different studies [6, 7]. It was recorded at 3 min-
utes in the BLUE protocol [11].  

3. NORMAL PATTERN  

As ultrasound waves are not conducted through the air 
filled tissues, ultrasound examination of the normal lung 
does not show the lung parenchyma beyond the pleura. In-
stead artifacts are produced due to the interaction between air 
and fluid filled lung tissue, resulting in specific ultrasound 

patterns. The common lung pathologies cause lung paren-
chymal changes with reduced lung aeration and/or pleural 
surface changes. This alters ultrasound lung pattern from 
normal enabling detection of pathology via LUS. The basis 
of LUS is analysis of a limited number of artifacts resulting 
in particular ultrasound patterns rather than direct visualiza-
tion of the lung parenchyma. 

 

Fig. (1). Eight zone lung ultrasound examination: Each anterior 
chest wall is separated into two regions; anterior and lateral, by 
using parasternal line, anterior axillary line and posterior axillary 
line as anatomical landmarks and then each of those regions are 
subdivided into upper and basal parts (R1-R4). 

In LUS, the probe is usually positioned with its marker 
directed to the head of the patient and perpendicular to the 
ribs in the longitudinal plane. The ribs can be identified by 
their posterior shadow. In between two ribs, about 0.5cm 
below the rib line, the pleural line is seen as the hyper-
echoic, sliding line that moves forward and backward with 
ventilation [2]. The sonographic image visualizing the pleu-
ral line in between two rib shadows in a longitudinal view is 
called the ‘bat sign’ (Fig. 2) [12]. 

The horizontal sliding that can be seen at the pleural line 
is a result of the movement of the visceral pleura against the 
parietal pleura during the respiratory cycle and is called 
‘lung sliding’ [12]. Presence of lung sliding confirms the 
presence of lung parenchyma and also ventilation. The M-
mode view depicting a linear pattern of relatively motionless 
inter-costal tissue above the pleural line and a more granular 
pattern below it is called the ‘seashore sign’ (Fig. 3) and con-
firms the lung sliding [12]. Cardiac movement transmitted to 

Table 1. Performance of LUS and CXR in diagnosing common lung pathologies. 

Sensitivity % Specificity % 
Pathology Review / Meta Analysis Reference Standard 

LUS CXR LUS CXR 

Pneumonia Ye X, et al. 2015 [5] Diagnosis at hospital discharge 95 77 90 91 

Alrajab S, et al. 2013 [6] CT scan of the chest 79 40 98 99 
Pneumothorax 

 Alrajhi K, et al. 2012 [7] 
CT scan of the chest or release 

of air on chest tube insertion 
91 50 98 99 

Pleural effusion 
Yousefifard M, et al. 2016 

[8] 
CT scan of the chest 94 51 98 91 
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the pleura causes vertical rhythmic pulsation on the pleural 
line and is called ‘lung pulse’. In M-mode view, lung pulsa-
tion becomes more visible. In a B-mode view, motionless, 
regularly spaced horizontal lines below the pleural line can 
be seen. Those reverberation artifacts that repeat the pleural 
line are due to the presence of air filled tissues below the 
pleural line, causing multiple rebounds of ultrasound waves 
between pleura and probe. This pattern is most easily re-
membered as ‘A-lines’ (Fig. 4) [2]. A normal ultrasound 
pattern (A-pattern) of the lung is defined by lung sliding with 
horizontal A-linesin B-mode view and presence of seashore 
sign in M-mode view [3, 9]. This normal pattern is correlated 
with pulmonary artery occlusion pressure (PAOP) equal or 
lower than 18 mmHg with 93% specificity and 97% positive 
predictive value [13]. 

 ‘B lines’ are the shining (laser like), well defined, verti-
cal hyper-echoic lines that originate from pleural line, extend 
to the edge of the screen, obliterate most A-lines and move 
synchronously with the lung sliding (Fig. 5) [1, 14]. These 
artifacts arise due to the interaction between fluid filled tis-
sue and air. The presence of 3 B-lines, between two ribs 
(single pleural space) in the dependent regions of the lung is 
considered a normal finding [2, 15] but abnormal elsewhere 
in the lung. It is important to distinguish B-lines from other 
clinically insignificant, ill-defined vertical artifacts (Z-lines, 
I-lines). Lee et al. [16] described I-lines as vertical artifacts 
that arise from the pleural line, move with lung sliding but 
fade away before extending to edge of the screen while Z 
lines are vertical artifacts not related to pleural line, that do 
not move with lung sliding but instead blend with other arti-
facts.The terms lung comets, lung rockets and comet-tail 
artifacts have been used interchangeably in earlier LUS lit-
erature to describe both true B-lines and the other insignifi-
cant vertical artifacts. For this reason, we support the interna-
tional consensus guidelines (2012) in their strict definition 
and exclusive use of the “B lines” [1]. 

 

Fig. (3). Seashore sign. Pleural line is indicated by vertical arrows. 

4. CLINICAL APPLICATIONS 

LUS examination proves useful to diagnose and differen-
tiate lung parenchymal and pleural disorders. In lung pa-

 

Fig. (2). Bat sign. A longitudinal scanning of the intercostal space depicting upper (R1) and lower (R2) ribs and the pleural line (indicated by 
vertical arrow). 
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thologies, fluids gravitate to dependent regions while gas 
rises to the highest region of the chest cavity. Performing a 
thorough LUS examination in selected lung regions accord-
ing to the suspected lung pathology increases the sensitivity 
and specificity of LUS for detecting the lung pathology. 

5. LUNG PARENCHYMAL DISORDERS 

LUS interrogation for lung parenchymal disorders is the 
search for areas that have decreased lung aeration. It has 

been found that loss of aeration in single lung regions quali-
tatively estimated by LUS correlates well with the CT find-
ings [1]. 

5.1. Interstitial Syndrome 

The interstitial syndrome includes a group of either acute 
or chronic diseases of the lung, which cause loss of lung 
aeration. If LUS shows three or more vertical B-lines with 
loss of A-lines in between 2 ribs, it is pathological and indi-

 

Fig. (4). A-lines: indicated by horizontal arrows. 

 

Fig. (5). B-lines: shining (laser like), well defined, vertical hyper-echoic lines originating from pleural line and extending to the edge of the 
screen (indicated by vertical arrows). 
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cates decreased lung aeration, termed interstitial syndrome 
[1, 17]. This ultrasound pattern is called “B pattern” [1] and 
has 93% accuracy compared to CXR and 100% accuracy 
concordance with CT, for the diagnosis of radiological inter-
stitial syndrome [15].  

Interstitial syndrome means that there is interlobular 
septa thickening or ‘ground glass’ appearance on radiologi-
cal imaging. This implies increased extra vascular lung water 
or density in either or both the interstitium and the alveolar 
air spaces. The degree of aeration loss, distribution of paren-
chymal involvement (focal or diffuse) and signs contempo-
raneous with B-lines (pleural involvement, consolidation) 
differ between diseases, making it possible to differentiate 
them with LUS. The number of vertical B-lines in LUS im-
ages has found to correlate with the degree of lung aeration 
loss [15, 18]. It has been postulated that multiple B-lines 7 
mm apart are caused by moderate decrease in lung aeration 
due to thickened interlobular septa, which is characteristic to 
interstitial edema [2, 15, 18]. In contrast, B-lines that are 
3mm or less apart are caused by severe decrease in lung 
aeration due to fluid (transudate) filled alveoli, which corre-
spond to the CT view of ground-glass opacities and are more 
characteristic of alveolar edema [2, 15, 18]. 

The presence of multiple, diffuse bilateral B-lines indi-
cate diffuse lung disease such as pulmonary edema (of vari-
ous causes), interstitial pneumonia, pneumonitis or pulmo-
nary fibrosis [1]. The presence of localised B-lines in other-
wise normal lung indicate interstitial syndrome caused by 
focal lung disease (pneumonia, pneumonitis, atelectasis, 
pulmonary contusion, radiation fibrosis, pulmonary infarc-
tion or neoplasm) [1].  

Lung ultrasonography has been found more accurate than 
CXR, to diagnose and rule out interstitial syndrome [1, 15, 
18, 19]. 

5.2. Lung Consolidation 

When the air in the alveoli is completely replaced by 
fluid or inflammatory exudate and/or cellular infiltrates, it is 
called lung consolidation. Loss of aeration now favors ultra-
sound transmission through the lung tissues. Sub-pleural 
(non lobar) consolidation ultrasonically appears as poorly 
defined, wedge shaped hypoechoic structures [18, 20] and 
the deeply seated irregular shredded boundary between con-
solidated and aerated lung is called shred sign [21]. Lobar 
consolidation appears ultrasonically as a solid organ pattern 
(image similar to liver/spleen) and called tissue-like sign [18, 
20]. Together both shred sign and tissue-like sign have 
proved 90% sensitive and 98% specific for diagnosing alveo-
lar consolidation [21]. Although LUS does not rule out con-
solidation that does not reach the pleura [1], lung consolida-
tion arising at any site is found to influence the pleura in 
98% of the cases [21], proving its ability to indicate most 
consolidations. Lung ultrasonography has been found more 
accurate than CXR, to diagnose and rule out lung consolida-
tion [1, 5].  

Ultrasound consolidation is a common end point of many 
pathological conditions, including pneumonia, atelectasis 
(compressive/obstructive), lung contusion, lung tumor infil-
tration and pulmonary embolism [1]. When air filled bronchi 

appear as linear hyperechoic artifacts, within the hypoechoic 
structure (consolidation), this pattern is named ‘air-
bronchograms’ (Fig. 6) [22]. When an air-bronchogram be-
comes dynamic (movement >1mm during inspiration), it 
suggests pneumonia and if static it indicates atelectasis [23]. 
It has been shown that the dynamic air-bronchogram has 
good specificity (94%), but poor sensitivity (61%) to differ-
entiate pneumonia from atelectasis [23]. In addition, the 
bronchogram appears as multiple bright dots or branching 
linear structures in the region of consolidation, whereas it 
appears as crowded, parallel running bright line in the region 
of atelectasis [24]. In mechanically ventilated patients, it has 
been found that LUS is more accurate than CXR in diagnos-
ing and distinguishing different types of consolidations [1, 
18]. The vascular pattern within the consolidation, as as-
sessed by color Doppler ultrasound has been found useful in 
differentiating different pathologies causing consolidation 
[25].  

5.3. Acute Respiratory Distress Syndrome (ARDS) 

LUS features of ARDS are non-homogenous distribution 
of B-lines, pleural line abnormalities (irregular thickened 
fragmented), anterior sub pleural consolidation and absence 
or reduction of lung sliding with spared areas of normal pa-
renchyma [1]. Early in the course of the disease, these find-
ings tend to demonstrate a gravitational preponderance that 
changes with position change [26]. The distribution of pa-
thology is also notably more patchy than the changes seen in 
chronic fibrosing lung conditions [27]. 

5.4. Pulmonary Fibrosis 

LUS features of pulmonary fibrosis depend on the con-
nective tissue disorder with which they are associated. Al-
though quoted characteristics mimic those seen in the more 
acute Respiratory Distress Syndrome (ARDS) there is more 
tendency for contiguous, symmetrical pathology, unless the 
predisposing injury was ARDS itself [28]. The context of 
patient presentation helps to differentiate chronic fibrosing 
conditions from ARDS. 

5.5. Atelectasis 

Atelectasis of pulmonary collapse means complete loss 
of aeration in part or whole lung. A large effusion causes 
compressive atelectasis while lower airway obstruction 
causes obstructive atelectasis. Early atelectasis shows con-
solidation with tissue-like sign and loss of lung sliding while 
air trapped within atelectasis may form static air-broncho-
grams [16]. Several studies have proposed other signs to 
diagnose atelectasis. They include a change in imaging loca-
tion of the heart, abolition of diaphragm dynamic movement, 
change in imaging location of the diaphragm (elevated by 
2cm) and the presence of a small (<250ml) pleural effusion 
[28-30]. 

5.6. Pulmonary Embolism (PE) 

An area of pulmonary infarction due to the pulmonary 
embolism shows on ultrasound images as a peripheral (pleu-
rally based), triangular/wedge or rounded, hypo-echoic, ho-
mogenous lesion [30]. Associated pleural effusion adjacent 
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to the infarcted area may be seen and has been used as addi-
tional criteria to diagnose PE [31]. With time the infarcted 
area will be infiltrated by inflammatory cells and will appear 
as consolidation. A study has compared LUS with CT angi-
ography in 69 patients with clinical suspicion of PE, of 
whom 44 had documented PE. They found sensitivity and 
specificity for LUS were 80% and 92% and for spiral CT 
were 82% and 100% respectively for diagnosing PE [32]. A 
meta-analysis that analyzed 7 studies has found that LUS has 
overall 87% sensitivity and 82% specificity for diagnosing 
PE [31]. Improved specificity (99%) but same sensitivity 
(81%) was seen in the BLUE protocol when LUS combines 
with venous ultrasonographyto diagnose PE, after excluding 
other causes of acute severe respiratory failure [9]. With the 
current data LUS can considered as an alternative-imaging 
test to exclude PE in low risk patients, when CTPA is contra-
indicated or unavailable. 

5.7. Pediatric Lung Ultrasound 

Due to its safety and portability, lung ultrasound has been 
studied in neonatology and pediatrics. In neonatal and pedi-
atric lung ultrasound most signs remain the same but the 
clinical relevance is altered by the different disease spectrum 
[1]. Detailed reiteration of specific test characteristics is be-
yond the purview of this predominantly adult paper, but two 
important areas are mentioned, pneumonias in children and 
neonatal respiratory distress. 

As with adult pneumonia, pediatric pneumonia is mani-
fest with consolidations and air bronchograms [33, 34]. 
These are thought to be indicative of bacterial infection, 
while localized B lines, confluent B lines and pleural line 
abnormalities are considered suggestive of viral respiratory 
illness [35, 36]. Further research is needed to ascertain the 
clinical relevance of subpleural consolidations less than 1cm 
in diameter, which are rarely visible on chest x-ray [36]. 

The 2012 consensus guidelines recommended that in 
children with a clinical suspicion of pneumonia, a positive 
lung scan obviated the need for chest x-ray. Subsequent 

work supports this stance [36-38]. One pediatric meta-
analysis has estimated very strong test characteristics for 
lung ultrasound in pneumonia diagnosis, exceeding the adult 
estimates [37], however the authors point out the heterogene-
ity of contributing studies. A recent RCT supports the safety 
and feasibility of lung ultrasound as a method to decrease 
chest x-ray use [36]. 

Neonatal respiratory distress syndromes manifest with 
pleural line abnormalities, confluent B lines, consolidations 
and effusions, while the ‘double lung point’ indicates the 
more benign transient tachypnea of the newborn [1, 39]. 

In neonatology literature, the ‘double lung point’ sign 
was described in 2007 by Copetti et al, as a means of dis-
criminating transient tachypnea of the newborn from more 
sinister respiratory distress syndromes [40]. Double Lung 
Point was described on a longitudinal view where a distinct 
transition point can be displayed demarcating grey aerated 
intercostal spaces from those with dependent confluent B 
lines. One small and one large study have since reiterated its 
validity [39, 41].  

Some confusion has arisen, in that three recently pub-
lished case studies have used the term ‘Double Lung Point’ 
to describe a very different phenomenon, identifying small 
areas of free pleural air [42-44]. The consensus guidelines of 
2012 cite the Copetti et al’s paper and laud his finding with-
out ratifying the nomenclature [1, 40]. It would be wise to 
avoid the term ‘double lung point’ until consensus is 
reached. 

6. PLEURAL DISORDERS 

6.1. Pleural Effusion  

Ultrasonically pleural effusion can be identified by using 
a low frequency transducer, which shows hypoechoic or an-
echoic, homogeneous collection in the dependent part of the 
thoracic cavity above the diaphragm (Fig. 7) [2]. The deep 
boundary of the collection is usually regular, roughly parallel 

 

Fig. (6). Air bronchogram. 
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to the pleural line; and is called the lung line (visceral 
pleura). The ultrasonic quad sign appears when the lung line 
and pleural line make a quadrilateral shape when combined 
with the adjacent two rib shadows [9, 14]. The M mode ex-
amination of this reveals the sinusoid sign, which occurs due 
to shifting of lung line towards the pleural line during each 
inspiration (Fig. 8) [14, 18]. In a study LUS diagnosed pleu-
ral effusion with 93% sensitivity and 97% specificity [18, 
45] and another proved sinusoid sign has 97% specificity for 

diagnosing pleural effusion [46]. LUS was found to diagnose 
pleural effusion more accurately than CXR [1, 8]. 

If the lung tissue adjacent to the pleural effusion remains 
aerated, it can be seen as a bright line and if the effusion 
compresses the adjacent lung tissue, it can be seen consoli-
dated [2]. It is necessary to identify spleen or liver and the 
diaphragm when assessing the pleural effusion. Spleen and 
liver can be distinguished from the pleural effusion by using 

 

Fig. (7). Pleural effusion: anechoic collection (marked by asterisk) above the diaphragm (marked by horizontal arrow). 

 

Fig. (8). Sinusoid sign: The lung line moves towards pleural line during inspiration (I) and away from pleural line during expiration (E). 
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the color Doppler, which shows intra-splenic and intra-
hepatic blood vessels originating caudally within the image. 

6.2. Pneumothorax 

The absence of lung sliding - as would be seen when air 
separates the visceral pleura from the parietal is demon-
strated on M-mode ultrasonography as a linear pattern in the 
tissue superficial to the pleural line and a similar linear pat-
tern deep to the pleural line. This is known as ‘stratosphere 
sign’ or ‘barcode sign’ (Fig. 9). Absence of lung sliding has 
95% sensitivity, 100% negative predictive value and 87% 
positive predictive value in a general population [47]. Lung 
bullae, pleurodesis and other reasons for absent ventilation 
(cardiopulmonary arrest, apnea, esophageal intubation, one 
lung ventilation, etc) have been found to cause false positive 
diagnosis [1]. Hence the positive predictive value falls to 
56% in the critically ill [48] and to 27% in patients with 
acute respiratory failure [9]. Presence of A-lines with ab-
sence of B-lines and abolished lung sliding is highly sugges-
tive of pneumothorax, but can be due to pleurodesis or em-
physematous bullae [49].  

In the M-mode view, the point where the normal lung 
pattern (seashore sign) replaces the pneumothorax pattern 
(stratosphere sign) with inspiration is called ‘lung point’ 
(Fig. 10) [48]. It occurs due to the inspiratory increase of 
parietal contact of the pleura and indicates that absence of 
lung sliding is not due to machine error [14]. It has 79% sen-
sitivity for occult pneumothorax but excellent specificity 
[12]. The region of lung where the lung point found indicates 
the pneumothorax volume; moderate, if anterior; massive, if 
posterior or absent. 

In emergency situations, it is strongly recommended that 
bedside LUS be performed rapidly by the physician in 
charge, as it is more efficient than bedside CXR for diagnos-

ing pneumothorax [6, 7, 12] and also it is superior to CXR to 
rule out pneumothorax [1, 6, 7]. The time spent for diagnos-
ing pneumothorax is shown to be reduced by using LUS 
compared to CXR, averaging 2.3 minutes for LUS and 19.9 
minutes for CXR [50]. LUS as the part of the E-FAST (ex-
tended focused assessment with sonography in trauma) has 
detected up to 92% -100% of all pneumothoraces [51]. A 
meta-analysis shows that high frequency linear probe has 
performed better than the curvilinear probe in detecting 
pneumothorax [6]. 

Recently Volpicelli et al. described new ultrasonic signs 
that have been seen in complex pneumothorax [52]. When 
small amounts of pleural air are trapped, the outside edges 
are seen as two lung points on the opposite sides of the scan. 
This pattern has also been called “double lung point sign” 
[42-44]. The sonographic pattern of absent lung sliding with 
presence of B-lines and/or lung pulse with presence of lung 
point is introduced as diagnostic of septate pneumothorax. 
The sonographic pattern created by the air-fluid interface in 
hydro-pneumothorax combines both pleural effusion and 
pneumothorax patterns. The apposition of these patterns is 
called the hydro-point. 

7. EVALUATE PATIENT PRESENTING WITH 
ACUTE RESPIRATORY FAILURE (ARF) 

Lichtenstein et al has proposed BLUE protocol for diag-
nosing the main pathologies causing ARF (pulmonary 
edema, pneumothorax, pulmonary consolidation and pleural 
effusion), using rapid lung and venous ultrasound [9]. Three 
blue points bilaterally were proposed for a quick screening 
examination of the lung, taking about 3 minutes to perform 
[11]. It was shown to diagnose the main causes of ARF in 
97% of patients admitted to ETU with an overall 90.5% ac-
curacy, considering final diagnosis by ICU team as the refer-

 

Fig. (9). Barcode sign. 
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ence standard [9]. RADIUS (Rapid Assessment of Dyspnea 
with Ultrasound) protocol also proposed LUS use in ARF to 
detect common lung pathologies [53]. RADIUS begins with 
cardiac evaluation followed by pulmonary evaluation, 
whereas the BLUE protocol commences with lung then pre-
cedes either to venous or cardiac views. 

8. THERAPEUTIC INTERVENTIONS 

8.1. Assessing Progress of the Disease and Response to 
Specific Treatment 

As previously described, change in LUS images from A-
pattern (A-profile) to B-pattern (B-profile) indicates a de-
crease in lung aeration while number of B-lines are corre-
lated with the severity. Using this basic premise, studies have 
proved the capacity of LUS to assess disease progression and 
response to treatment. B-line evaluation has proven a good 
prognostic indicator of outcome or mortality in acute de-
compensated heart failure and left sided heart failure [1]. 

Lichtenstein et al., in FALLS (Fluid Administration Lim-
ited by Lung ultra Sonography) protocol, proposed the use of 
LUS to guide fluid therapy in managing acute circulatory 
failure [17]. The team has shown the correlation between an 
A-profile [or equivalents (A/B-profile)] and a low pulmonary 
artery occlusion pressure (PAOP), while B lines appear when 
the PAOP reaches an 18-mmHg value [13]. This assumes 
unimpaired endothelial integrity. Here the patients with LUS 
A-pattern (A-profile or equivalent) are called FALLS re-
sponders and will benefit from fluid administration. LUS 
diagnosis of interstitial syndrome (change from A-pattern to 
B-pattern), due to fluid therapy is introduced as an early, 

clinically silent indicator (FALLS-end point) of volume re-
pletion [17].  

Bouhemad et al. has observed that repeated LUS could 
accurately estimate the lung re-aeration (using ultrasound re-
aeration score) in positive end-expiratory pressure (PEEP) 

induced lung recruitment [54] and in ventilator induced 
pneumonia (VAP) treated with antimicrobial therapy [55] 
when compared to chest CT.  

8.2. Guiding Procedures  

LUS has been shown to enhance the percutaneous aspira-
tion of pleural effusion for therapeutic or diagnostic purposes 
[18, 45]. It has been proved that when comparing the US 
criteria with the clinical criteria for selection of puncture site 
for thoracentesis, US reduced complications by 15% to 19% 
[56, 57]. A meta-analysis of 24 studies (from 1966 to 2009) 
found that overall risk of pneumothorax following thoracen-
tesis was 6.0% (in individual studies it varied from 0% to 
19%) but there was a significant reduction in incidence, 

when the procedure was guided by US (odds ratio 0.3) [58]. 
An article reviewing 23 studies (from 1978 to 2010) has 
shown that incidence of pneumothorax with thoracentesis 
ranged from 4.3% to 30% when the procedure was done 
without US guidance and reduced to 0% to 9.1% when US 
was used [59]. A study done in 2012 found a similar reduced 
incidence of pneumothorax following US guided thoracente-
sis (2.26% in US guided group and 3.09% in those not re-
ceiving US guidance). There was also a reduction in hospital 
stay and average cost of hospitalization in the US guided 
group [57]. 

 

Fig. (10). Lung point: the point where normal lung pattern (Seashore sign) replaces the pneumothorax pattern (Barcode sign) during inspira-
tion (indicated by vertical arrows). 
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LUS has proved helpful in deciding when to drain pneu-
mothorax, lateral lung points found to correlate with 90% of 
need for drainage, while anterior lung point for 8% [12]. 
Ultrasound guidance is evidently useful for percutaneous 
aspiration or biopsy of pleural or lung lesions [21] and inser-
tion of inter-costal catheters [60]. 

8.3. Prediction of Post-extubation Failure 

Soummer et al. introduced standardized evaluation of 
lung aeration with lung ultrasound score using the presence 
of B-lines and consolidation to calculate the score [61]. He 
observed that greater loss of lung aeration (higher lung ultra-
sound score) was seen in patients who failed a spontaneous 
breathing trial and also in patients who developed post-
extubation respiratory distress.  

9. TRAINING AND LEARNING CURVE 

Ultrasound examination is becoming the best imaging 
technique in the critical care and emergency settings, but it 
requires formal training aiming for necessary knowledge and 
skills. If one performs and audits several ultrasound exami-
nations on a daily basis, the learning curve for acquiring 
skills for diagnosing alveolar interstitial syndrome, lung con-
solidation and pleural effusion is short (less than 6 weeks) [1, 
2]. Accurate diagnosis of pneumothorax has a longer learn-
ing curve [1, 2].  

10. LIMITATIONS 

The LUS cannot yet be used to distinguish pathological 
conditions with increased lung air content. Emphysema, al-
veolar over-distention from mechanical ventilation or lesions 
located deep in the lung are poorly differentiated from nor-
mal lung because they have aerated lung between probe and 
lesion. 

Almost all critically ill patients need to be examined in 
the supine position therefore there is difficulty in examining 
posterior lung regions. Even when the patient is rolled, the 
dorsal segments of upper lobes of the lungs are difficult to 
examine as they are obscured by the bony scapula [62]. 

LUS is patient dependent. It is difficult to perform lung 
ultrasound in obese patients due to the thickness of soft tis-
sue between probe and region of interest [2]. The presence of 
subcutaneous emphysema or large thoracic dressing also 
disturbs the lung ultrasound examination [2].  

Another limitation of ultrasound in ICU is its propensity 
for the probe to act as a vector for resistant pathogens even 
when used only on intact skin [63-68]. To overcome this, the 
machine and the probes should undergo repeated decontami-
nation processes. To facilitate this process the keyboard of 
the machine should be made water resistant, but this feature 
is not always available in compact ultrasound machines. 
Some manufacturers provide plastic covers for the keyboard 
and screen. Sterile transducer covers should always be used 
for procedures. 

11. FUTURE DIRECTIONS 

It has been found that LUS combined with echocardi-
ography (thoracic ultrasonography - TUS) has significantly 

better performance than LUS alone in the diagnosis of ARF 
[69]. Also it has been found that diagnosing common lung 
pathologies with LUS has lower specificity than sensitivity 
[1]. More studies are needed to evaluate LUS, to broaden the 
evidence base for diagnostic and therapeutic imaging tech-
niques in the ICU. A scientific assessment of learning curves 
should be done in unselected physicians.  

CONCLUSION 

LUS has proved accurate for diagnosis of alveolar-

interstitial syndrome [9, 15], consolidation [21], pleural effu-

sion [2, 18, 70] and pneumothorax [12, 45, 47] with greater 

sensitivity and better specificity. Also LUS has proven its 

value in rapid recognition of the major causes of acute respi-
ratory failure in >90% cases studied [9, 70] and for diagnos-

ing circulatory failure [17]. Generally, ICU patients, for the 

diagnosis of most common lung pathologies, ultrasonogra-

phy is considered a better imaging technique than CXR and 

an alternative imaging technique to thoracic CT. LUS de-

creases the number of CXR and thoracic CT ordered by 

ICUs that utilize ultrasound, ultimately reducing the cost of 

patient care in ICU [18]. 

If the clinician with the full clinical knowledge of the pa-

tient is able to perform the ultrasound at the bedside, it will 
help the clinician come to the final diagnosis of the patient’s 

pathology more rapidly and to plan the treatment more effec-

tively. 

LUS serves as a tool to diagnose lung pathology, monitor 
its course and guide clinical management. 
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