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INTRODUCTION

Ultrasound is defined as sound waves characterised by 
frequencies above the range of human hearing, that 
is greater than twenty kilohertz1. Its use in imaging 
has become increasingly commonplace in healthcare, 
with a broad array of diagnostic and therapeutic 
applications across a wide range of medical specialities 
in both resource-rich and resource-poor countries2. In 
view of the growing availability, portability and the 
technological advancement of ultrasound, its utility 
continues to evolve with increasing applications at the 
point of patient care beyond traditional radiological 
as well as obstetric and gynaecological indications. 
Examples of this include the focused scanning of 
particular body systems to serve as an adjunct to clinical 
assessment3. In particular, lung ultrasound (LUS) has 
been suggested to be a valuable imaging modality in 
the current COVID-19 pandemic, precipitated by 
the SARS-CoV-2 virus4. The use of ultrasound has 
also been recommended by the various Royal College 
or Society guidelines in order to facilitate procedures 
such as the placement of central venous catheters or 

chest drains5,6. Further, ultrasound is extensively used 
in the targeted injection of local anaesthetic around 
nerves in regional anaesthesia7.

Our review aims to discuss the basic principles of 
ultrasound, fundamentals of image generation and 
optimisation, artifacts that can be produced, and the 
role of LUS in the current COVID-19 pandemic.

Characteristics of ultrasound

Sound can be defined as longitudinal pressure waves, 
with alternating compression and rarefaction, that are 
propagated through a medium. It is characterised by 
amplitude, frequency, wavelength, and speed (Figure 
1). Amplitude, measured in decibels (dB), is the 
maximum displacement of a point in the wave from 
equilibrium. The frequency (ƒ) of an ultrasound wave 
is the number of cycles, or pressure peaks, occurring 
in one second and is measured in hertz (Hz). Medical 
ultrasound has a frequency of between one to twenty 
megahertz (MHz). Its wavelength (λ), inversely 
proportional to the frequency, is the distance between 
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Abstract

Given that ultrasound use is increasing in healthcare, operators must be familiar with its physics in order to optimise 

the image and interpret potential artifacts. Ultrasound are sound waves at frequencies above the range of human 

hearing, that are transmitted from and received by an ultrasound transducer with piezoelectric properties. As it 

propagates through tissues, some of the ultrasound waves are reflected at tissue boundaries, leading to its detection 

by the ultrasound transducer. These are processed by the ultrasound machine and result in the generation of an 

image.

Various settings can be adjusted to optimise the image, such as the frequency of the transmitted ultrasound wave, 

depth of the focal zone and the gain. Artifacts are presentations on the monitor of the ultrasound machine which 

are added, omitted, or are of improper brightness, location, shape, and size compared with true anatomical features. 

It can result in falsely perceived objects, missing structures or degraded images. The presence or absence of such 

artifacts in lung ultrasound can be valuable in the interpretation of the resulting image. In the setting of COVID-19, 

lung ultrasound has become increasingly useful in evaluating disease progression and providing a point-of-care 

radiological adjunct in clinical decision making.

Key words: acoustic artifacts; acoustic impedance; coronavirus disease; lung ultrasound; pneumonia; severe 

acute respiratory syndrome; COVID-19; spatial resolution; temporal resolution; ultrasonic waves; ultrasonography 

77



the pressure peaks and is measured in metres1. The speed (c) of 
ultrasound is dependent on the physical properties of the medium 
through which it is propagated and is measured in metres per second 
(ms-1). Speed, frequency, and wavelength are related to each other 
in the equation:

c =  ƒ x λ

Ultrasound has a speed of 330, 1450 and 1540 m s-1, respectively, in 
air, fatty tissue and soft tissue. 

Generation of an ultrasound image

In order to generate an image with ultrasound, sound waves are 
transmitted from and received by an ultrasound transducer, the 
latter containing ferroelectric polycrystalline ceramic materials with  
piezoelectric properties such as lead zirconate titanate8. In the reverse 
piezoelectric effect, under the influence of an alternating current, 
the crystalline material of the transducer expands and contracts as 
the polarity of the voltage changes, and the consequent vibrations 
produce the pulse of an ultrasound wave of two or three cycles of the 
desired frequency.

Once the ultrasound pulse has been generated, the transducer 
changes from emitting to receiving mode. Due to its interaction 
with the interfaces present within the medium, a variable proportion 
is reflected back to the ultrasound transducer. This reflected 
ultrasound wave results in the secondary mechanical deformation of 
the crystalline material of the transducer through the piezoelectric 
effect and is transformed into electrical current. In this manner, the 
ultrasound transducer functions as a speaker and a microphone where 
the process of transmission and reception is repeated thousands of 
times per second1.

In the generation of the image on the monitor of the ultrasound 
machine, the amplitude of the reflected ultrasound wave determines 
the brightness of an echo pixel on a grey scale. Structures that 
strongly reflect the ultrasound wave are brighter or hyperechoic and 
those that weakly reflect it are darker or hypoechoic. The horizontal 
position of the echo pixel on the screen is dependent on the position 
of the receiving piezoelectric crystalline material on the ultrasound 
transducer. The vertical position, or depth, of the echo pixel reflects 
the time delay between the emission and the receipt of the ultrasound 

wave. It is this pattern of the brightness and the position of the echo 
pixels that results in the fundamental B-mode image9.

Ultrasound interaction with tissues

As the ultrasound wave propagates through the body, it interacts 
with tissues and, in doing so, is reflected, refracted, and attenuated 
(Figure 2).

Reflection

If an ultrasound wave encounters an interface between two tissues of 
different acoustic impedance, part of the sound energy is reflected, 
and the remainder is transmitted. The acoustic impedance of a tissue 
(Z), measured in Rayls, is defined as a product of its density (ρ) and 
the speed of ultrasound (c) through that particular tissue, and is a 
measure of the tissue’s tendency to resist the passage of an ultrasound 
wave:

Ζ =  ρ x c

Compared to soft tissue, air has a lower acoustic impedance and bone 
has a higher acoustic impedance. Should the mismatch between the 
acoustic impedances of two tissues that form an interface be greater, 
then more of the sound energy is reflected rather than transmitted.

The nature of the reflection of the ultrasound wave can be either 
specular or scattered. In specular reflection, the interface is large 
and smooth, its dimensions larger than the wavelength of the 
ultrasound wave, and the reflector is like a mirror. Its reflectivity 
to the ultrasound transducer is most when the angle of incidence 
of the ultrasound wave is perpendicular to the reflector (Figure 3). 
In scattering, the dimensions of the reflector are smaller than the 
wavelength of the ultrasound wave or the interface is rough and 
irregular, and the ultrasound wave is reflected through a wide range 
of angles. Given this, less of the reflected ultrasound wave is directed 
towards the ultrasound transducer, but several organs such as the 
liver have characteristic scatter signatures that reflect their underlying 
structures10.

Figure 1: Characteristics of an ultrasound wave with lower frequency, 

longer wavelength and larger amplitude (A) and higher frequency, shorter 

wavelength and lower amplitude (B)

Figure 2: Once the ultrasound wave has been emitted from the ultrasound 

transducer, it can interact at interfaces with tissues to undergo specular 

reflection (A), scatter reflection (B), transmission (C) and refraction (D)
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Refraction

Once an ultrasound wave has reached an interface between two 
tissues of different acoustic velocities, the part of the sound energy 
that is transmitted is likely to change its direction of travel or refract, 
unless its angle of incidence is perpendicular. It does this because 
the wavelength rather than the frequency of the ultrasound wave 
is modified to accommodate the differences, however small, in the 
speed of ultrasound through those tissues.

Attenuation

Attenuation refers to the progressive loss of sound energy as the 
ultrasound wave passes through tissue. It is related mainly to the 
conversion of some of the energy into heat by induced oscillatory 
motion of the tissues in a process known as absorption, and is 
increased in the presence of higher frequency ultrasound waves 
and longer ultrasound path lengths (Figure 4). Further, different 
tissues have varying attenuation coefficients and the higher the 
attenuation coefficient, the more attenuated the ultrasound waves are 

by the specified tissue9. Compared to soft tissue, blood has a lower 
attenuation coefficient, and air and bone have higher attenuation 
coefficients.

Spatial resolution

Spatial resolution can be defined as the ability of the ultrasound 
machine to determine two points as separate entities in space and is 
subcategorised into axial and lateral resolution.

Axial resolution

Axial resolution is the minimum distance that can be differentiated 
between two reflectors located parallel to the direction of the 
ultrasound beam7. It is mathematically equal to half the spatial pulse 
length, that is the product of the number of cycles of the pulse of an 
ultrasound wave and its wavelength (Figure 5). 
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Figure 3: If the reflector is perpendicular to the ultrasound wave, then 

most of the ultrasound wave is reflected to the ultrasound transducer 

(A) and the reflector is well imaged. Should this not be the case with 

a decreased angle of insonation, then much of the ultrasound wave is 

reflected away from the ultrasound transducer (B) and the view of the 

target is not optimal

Figure 5: Illustration of a low frequency ultrasound transducer with long 

spatial pulse length and a consequent low axial resolution (A) and a high 

frequency transducer with short spatial pulse length and a corresponding 

high axial resolution (B)

Figure 6: Illustration of a low frequency ultrasound transducer with a 

short near zone length (A) and a high frequency ultrasound transducer 

with a long near zone length (B). W: width

Figure 4: In the presence of higher frequency ultrasound waves and 

longer ultrasound path lengths, attenuation or energy loss is increased
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If the spatial pulse length is short, as it would be with an ultrasound 
wave of high frequency and hence short wavelength, then the axial 
resolution is high11.

Lateral resolution

Lateral resolution is the minimum distance that can be differentiated 
between two reflectors located perpendicular to the direction of the 
ultrasound beam. At the level of the ultrasound transducer, the width 
of the ultrasound beam is equal to that of the ultrasound transducer 
(Figure 6). 

The ultrasound beam then converges to its narrowest width, that 
is half of the width of the ultrasound transducer, at the near zone 
length. As the ultrasound wave passes beyond the near zone into the 
far zone, the ultrasound beam diverges till its width is once again 
equal to that of the ultrasound transducer at twice the near zone 
length.

If the near zone length is long, as it would be with an ultrasound 
wave of high frequency and thus short wavelength, then the lateral 
resolution is high with shorter distances between adjacent element 
ultrasound beams11. Lateral resolution is highest in the focal zone 
where the ultrasound beam is at its narrowest. Should the ultrasound 
beam be divergent, then the reflector can be overlooked by slipping 
in between these element ultrasound beams.

Doppler ultrasound

In the Doppler effect, the emission or reflection of a wave by a 
moving object will change its frequency as the object moves away 
or towards a stationary listener, the latter in this case an ultrasound 
transducer. If an object moves towards the ultrasound transducer, the 
wavelength of the sound waves travelling towards it are compressed, 
leading to a higher frequency. Should an object move away from the 
ultrasound transducer, the wavelength of the sound waves travelling 
away from it are stretched, resulting in a lower frequency.

It is this change in frequency of the reflected ultrasound wave that 
can be detected by the ultrasound transducer in order to calculate the 
velocity of a moving reflector (v) with the Doppler shift equation10:

depth of penetration. Higher frequencies of ultrasound wave provide 
superior axial resolution of superficial structures but have increased 
attenuation and consequent decreased tissue penetration. Lower 
frequencies of ultrasound wave result in deeper tissue penetration at 
the expense of axial resolution.

In order to limit the effect of attenuation on the quality of the image 
on the monitor, the gain dial on the ultrasound machine can be 
adjusted. Gain is defined as the amplification of the intensity of the 
returning ultrasound wave, and hence the brightness of the echoes, 
across all points in the displayed field.

Given that attenuation is increased in the presence of longer 
ultrasound path lengths, time gain compensation facilitates the 
independent manipulation of the image brightness as a function 
of time and thus at specific depths in the field. It can be set up to 
selectively amplify the more attenuated ultrasound waves returning 
from deeper structures without overamplification of the ultrasound 
waves from more superficial tissues.

The focus or focal zone, indicated on the monitor of the ultrasound 
machine and representing the narrowest part of the ultrasound 
beam, can be positioned at the depth of the area of interest to 
increase lateral resolution. Several focal zones can be implemented to 
maintain lateral resolution with increased depth, but at the expense 
of temporal resolution as the ultrasound transducer must emit and 
process the ultrasound wave directed at each focal length12.

If a target structure is of a different acoustic impedance to the 
surrounding tissue, then a greater proportion of the ultrasound 
wave is reflected at this interface and the target structure can 
be differentiated more easily. The position and direction of the 
ultrasound beam is important. In Doppler ultrasound, blood flow is 
best imaged if the ultrasound beam is aligned in its direction. Blood 
flow is not visualised should the blood vessels be perpendicular to the 
ultrasound beam13.

Artifacts

Artifacts are presentations on the monitor of the ultrasound machine 
that are added or omitted or are of improper brightness, location, 
shape, and size compared with the true anatomical features. In some 
contexts, artifacts can be beneficial. LUS, in particular, relies on the 
interpretation of artifacts generated in the context of a predominantly 
aerated lung14. In other scenarios, artifacts can cause confusion and 
error.

Acoustic artifacts

Acoustic artifacts are normally due to incorrect assumptions occurring 
in the processing by the instrumentation. It can result in either 
falsely perceived objects and missing structures, or degraded images. 
Examples of the former include overgain and undergain artifacts, 
acoustic enhancement and shadowing. Examples of the latter are 
secondary to reverberation, ensuing as a result of the ultrasound wave 
reflecting repeatedly between two specular reflectors.

Dropout shadows occur with loss of contact between the faceplate 
of the ultrasound transducer and the skin of the patient. It can 
be corrected with adequate conductive gel and optimal contact 
and positioning of the ultrasound transducer13. In overgain and 

www.wfsahq.org/resources/update-in-anaesthesia

where θ is the Doppler angle, in other words the angle of insonation 
between the direction of travel of the measured object and the 
direction of the ultrasound wave; c is the speed of sound in the 
medium; f

d
 is the Doppler frequency shift, that is the difference 

between the emitted and the detected frequencies; and f
0
 is the 

emitted frequency.

Blood flow can be measured indirectly with the Doppler shift 
equation and information related to such moving reflectors can be 
superimposed onto a B-mode image with colour Doppler.

Practical implications

Choosing the most appropriate frequency of the transmitted 
ultrasound wave is a compromise between the axial resolution and the 
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undergain artifacts, too high and low a gain, respectively, can 
obscure a structure or make a structure appear absent (Figure 7). 
In acoustic enhancement, a structure such as a blood vessel with a 
low attenuation coefficient weakly attenuates the ultrasound wave 
and the region immediately deep to it produces stronger echoes, 
falsely enhancing compared to surrounding structures (Figure 8). In 
acoustic shadowing, a structure, such as bone, with a high acoustic 
impedance and attenuation coefficient strongly absorbs or reflects 
the ultrasound wave and the region immediately deep to it produces 
weaker echoes. In the context of LUS, this is of particular relevance 
given the presence of aerated lung and ribs. Reverberation artifacts 
can occur in various settings. Needle visualisation for the insertion 
of vascular access catheters or regional anaesthesia may lead to needle 
reverberation artifact, where portions of the ultrasound wave undergo 
a varying number of reflections within the lumen of the needle. This 
results in the staggered return of the trapped ultrasound wave to the 
ultrasound transducer and the occurrence of multiple linear and 
hyperechoic lines deep and parallel to the reflecting surface (Figure 
9)13. In the context of LUS, A-lines represent reverberation artifacts 
as well14, and are discussed in more detail below.

Anatomic artifacts

Anatomic artifacts are tissues which resemble the target structures, 
such as blood vessels, lymph nodes, nerve and tendons13.

Lung ultrasound and COVID-19

LUS has demonstrated itself to be a valuable point-of-care diagnostic 
modality in the assessment, monitoring and the management of 
patients with pulmonary manifestations due to COVID-194,15,16. It 
has the capacity to identify parenchymal and pleural disease with high 
sensitivities17, even if pulmonary pathology owing to COVID-19 
does not have specific pathognomonic findings on ultrasound18.

How to perform lung ultrasound

LUS is best performed through the intercostal space as the acoustic 
window. Given the high acoustic impedance and attenuation 
coefficient of air compared to soft tissue such as the pleura, the ratio 
of air and fluid in the lung underlying the pleura determines whether 
the image on the monitor of the ultrasound machine characterises 
only artifacts, as is the case in normal aerated lung, or is a direct 
depiction of tissue, as is the case in abnormally fluid-filled lung.

If available, the microconvex probe that has an ultrasound frequency 
of 3–5 MHz is optimal for LUS. Other ultrasound probes, however, 
are more widely available, and these include the linear, curvilinear 
and phased array ones. The linear ultrasound transducer enables a 
better definition of the subpleural space yet is limited by a narrow 
sector width and poor tissue penetration due to its high frequency, 
and the phased array probe has a smaller footprint that gives rise 

Figure 7: Ultrasound image of the infraclavicular fossa with the correct gain setting (A) compared to too high (B) or too low (C) gain. AA: axillary artery; 

AV: axillary vein; LC: lateral cord of brachial plexus; PC: posterior cord of brachial plexus; PMI: pectoralis minor muscle; PMJ: pectoralis major muscle

Figure 8: Ultrasound image of the axillary fossa demonstrating acoustic enhancement of the structure immediately deep to the axillary artery (A) and 

of the supraclavicular fossa showing acoustic shadowing deep to the first rib (B). AA: axillary artery; AE: acoustic enhancement; AS: acoustic shadowing; 

BP: brachial plexus; R: rib; SA: subclavian artery
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to improved access to the intercostal space, albeit with poorer 
image resolution. The curvilinear probe has a significant footprint 
and therefore can decrease dexterity across the narrow intercostal 
windows. Fundamentally, the choice of ultrasound probe is 
dependent on local availability as well as operator experience and 
preference. Importantly, many modern ultrasound machines have a 
built in lung preset that will deactivate compound and harmonic 
imaging, improving the appreciation of lung sliding and B-lines. 
Should this not be available as a preset, then the settings can be 
adjusted manually. Further, the presence of lung sliding can be made 
more obvious by adjusting the focal zone to the level of the pleural 
line and reducing gain.

In the scanning scheme we recommend, a six-point technique on each 
side of the chest represents an efficient and pragmatic approach to the 
evaluation of the distribution and the pattern of disease19 (Figure 10). 
The ultrasound transducer should be positioned perpendicular to the 
skin in order to image the hyperechoic pleural line and its associated 
lung sliding, where the visceral and parietal pleura slide over one 
another with respiration, and the related shimmer in the subpleural 
space. A-lines are reverberation artifacts arising from the repeated 
reflection of the ultrasound wave between the pleural line and the 
ultrasound transducer, and are seen as horizontal lines below the 
level of the pleura, with the distance between them corresponding to 
that between the pleura and the ultrasound transducer (Figure 11A). 
They indicate the presence of air, but do not differentiate between 
alveolar air and pleural air, and hence are present in both well aerated 
lungs and pneumothoraces. Unlike well aerated lungs, however, lung 
sliding is not present in pneumothoraces. Longitudinal orientation 
of the ultrasound transducer leads to the visualisation of the pleural 
line between the acoustic shadows of the neighbouring ribs, resulting 
in a bat-like image (Figure 11B), while transverse orientation of the 
ultrasound transducer obviates this unfavourable influence of the 
ribs on the generated image. Each scanning zone should be scanned 
for at least the duration of one respiratory cycle or 5–6 seconds.

Sonographic signs in COVID-19

COVID-19 pneumonia is atypical for acute respiratory distress 
syndrome (ARDS) and manifests with a moderate degree of 
deaeration and an increase in extravascular lung water20. Its main 

Figure 9: Ultrasound image of the transverse processes and overlying 

musculature. The needle can be visualised in long axis with underlying 

needle reverberation artifact. TP: transverse process

Figure 10: Ultrasound image of the transverse processes and overlying 

musculature. The needle can be visualised in long axis with underlying 

needle reverberation artifact. TP: transverse process

Figure 11a and b: Illustration of the normal sonographic findings on 

lung ultrasound with the ultrasound probe in the transverse orientation. 

The pleural line is identified as a hyperechoic horizontal line, superficial to 

which are the intercostal muscles and subcutaneous tissue and deep to 

which is the subpleural space. A-lines can be seen deep to the pleural line 

as horizontal and parallel reverberation artifacts. R: rib
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sonographic findings demonstrated on LUS are illustrated in Figure 
12. In the progression from the mild to the more severe forms of 
COVID-19 pneumonia, the ratio of air to fluid continues to decrease 
and incremental deaeration occurs15.

In sonographic interstitial syndrome, where oedema is present in the 
interstitium, the juxtaposition of alveolar air and septal thickening 
causes artifacts known as B-lines to appear, reflecting the partial loss 
of aeration of the lung. They are displayed as discrete and vertical 
hyperechoic lines that arise from the pleural line and extend to 
the depths of the image, move synchronously with lung sliding, 
and replace A-lines. It is not uncommon to see one or two B-lines 
between the acoustic shadows of two neighbouring ribs in the lung 
bases of older patients, although three or more B-lines are suggestive 
of underlying pathology. In mild COVID-19 pneumonia, B-lines 
may not be found in all lung scanning zones as the disease is often 
multifocal (Figure 12A & 12B). Should the severity of the COVID-19 
pneumonia be at least moderate, then the B-lines increase in number, 
become more closely spaced and eventually coalesce (Figure 12C & 
12D). In sonographic alveolar syndrome, consolidation is imaged as 
an ill-defined and poorly echogenic focus below the pleural line with 
the presence of B-lines at the margins, or as hepatisation of the lung 
where it resembles the liver in echogenicity owing to its high fluid 
content. If the severity of COVID-19 pneumonia is severe, then the 
sonographic changes are principally found in the posterobasal region 

(Figure 12E). In addition to these particular sonographic signs, LUS 
can identify: first, the extent of extravascular lung water, indicated by 
the presence of B-lines which, in combination with echocardiographic 
assessment of the left ventricular function and doppler evaluation of 
the inferior vena cava, hepatic vein, portal vein, and/or renal vein 
for venous congestion, may help guide fluid management strategies; 
second, despite being uncommon in COVID-19 pneumonia, 
anechoic pleural effusions are often found in critically ill patients 
and, if present, other diagnoses should be considered; and third, 
the presence of pneumothorax as a complication of mechanical 
ventilation.

COVID-19 pneumonia is heterogenous in its presentation, but 
commonly there is a gradual transition from the initial predominance 
of a multifocal ground-glass appearance to a more dense and diffuse 
consolidation as the disease progresses21. Two phenotypes have 
been recognised at the severe end of the clinical spectrum20. In the 
L type, the predominant phenotype, hypoxia is common and lung 
compliance is normal. On LUS, B-lines can be seen. In the H type, 
which resembles ARDS, lung recruitment with prone positioning 
and increased positive end-expiratory pressure is beneficial. On 
LUS, consolidation is visualised. Of importance, the management 
strategies applicable to the L type of COVID-19 pneumonia are not 
effective for the H type and can indeed lead to harm20.

Figure 12a and b: In mild COVID-19 pneumonia, with the ultrasound 

probe in the transverse orientation, the pleural line is irregular and 

thickened. More than two B-lines are present between the ribs, and 

are seen as hyperechoic, non-fading and vertical comet tail-like lines 

extending from the pleural line to the bottom of the screen. They move in 

synchronisation with respiration and obliterate A-lines. R: rib

Figure 12c and d: In moderate COVID-19 pneumonia, with the 

ultrasound probe in the transverse orientation, multiple irregular and 

thickened pleural lines are seen, reflecting subpleural thickening. The 

subpleural alterations represent consolidation. B-lines are confluent and 

diffuse, resulting in a curtain-like pattern covering more than 50% of the 

width of the screen. R: rib
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The utility of lung ultrasound for COVID-19

Like other modalities for the investigation of COVID-19 
pneumonia, our knowledge and understanding in respect to the use 
of LUS continues to evolve4. Its fundamental applications to this 
new disease include its risk stratification, early evaluation of the 
severity, monitoring of the progression of COVID-19 pneumonia, 
and the identification of concomitant pathology that might influence 
management. LUS is hence a valuable technique for enabling clinical 
decision making and informing the selection of the appropriate 
treatment strategy. It is not, however, diagnostic of COVID-19 
itself18, although pleural line and subpleural abnormalities have been 
associated with a high probability of its presence relative to other 
causes16. Recently, Volpicelli et al. quantified the diagnostic accuracy 
of LUS against the reference standard of reverse transcription 
polymerase chain reaction (RT-PCR). LUS studies on the included 
patients were classified as either intermediate probability, for 
example with unilateral B-lines, or high probability, for instance with 
bilateral confluent B-lines and subpleural consolidations. If either 
intermediate or high probability findings on LUS were incorporated 
to rule in COVID-19, sensitivity was 90% but specificity was 
only 53%. If solely high probability findings on LUS were used, 
sensitivity decreased to 60% but specificity increased to 89%. Such 
results suggest that there is in fact a spectrum of sonographic signs in 
COVID-19, and that the selected threshold for diagnosis can have a 
significant impact on test characteristics22.

The strengths of LUS in the context of COVID-19 pneumonia 
are its portable and point-of-care nature, facilitating rapid and safe 
examination with immediate results and without the need to transfer 
the patient outside of the clinical care environment to the radiology 
suite. LUS is a sensitive investigation for the early detection of pleural 
and interstitial pathology and has a high negative predictive value23. 
Crucially, its findings correlate well with computed tomography and, 
in fact, pleural line thickening and B-lines on ultrasound correspond 
to the ground glass appearances seen on the latter24. Moreover, the 
findings from LUS findings correlate with histopathological findings, 
B-lines and subpleural consolidation correspond to diffuse alveolar 

Figure 12e: In severe COVID-19 pneumonia, with the ultrasound 

probe in the transverse orientation, deaeration is more marked with 

compressed and consolidated lung, changes which are more prominent 

in the posterobasal zone. Lung tissue hepatisation can be seen, where the 

macroscopic pathological alteration of lung tissue is such that it resembles 

liver tissue

lung damage, while pleural line thickening and dense consolidation 
correlate with more severe fibroproliferative disease25.

The limitations and pitfalls of LUS, however, should be taken into 
consideration. First, the diagnostic accuracy and the interpretation 
of the nuances of LUS are dependent upon sufficient experience 
and training of the ultrasonographer. Second, the distribution of 
the lung disease secondary to COVID-19 is non-homogenous and 
topographical, accentuating the need to scan all six zones of the chest, 
reducing the risk of failing to diagnose pathology which is patchy 
in nature. Third, it may be difficult to obtain ultrasound images 
of the posterolateral aspects of the lungs in supine and critically ill 
patients, particularly those of whom are mechanically ventilated. 
Fourth, conditions such as obesity and subcutaneous emphysema 
and dressings applied to the chest interfere with the transmission 
of ultrasound. Last, in view of the potential for interaction between 
the lungs and the heart, it is important to perform cardiac and 
diaphragmatic ultrasound in order to complete a comprehensive 
review with ultrasound.

CONCLUSION

In conclusion, in order to optimise ultrasound imaging and interpret 
ultrasound related artifacts, an understanding of the physics of 
ultrasound is valuable. The operator has the ability to control the 
appearance and the quality of the image on the monitor of the 
ultrasound machine by changing the characteristics of the ultrasound 
wave that is being emitted and manipulating how the returning 
ultrasound wave is processed. Further, ultrasound for lung scanning is 
starting to reveal its utility as a valuable point-of-care investigation in 
evaluating the progression of COVID-19 pneumonia and providing 
a radiological adjunct similar to computed tomography in clinical 
decision making.
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