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Lung Ultrasound

Lung ultrasonography plays a major role for management of
COVID-19 due to its safety, repeatability, absence of radiation,

low cost and portability.
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Ultrasound demonstrating A-lines
using a sector transducer.

Seashore sign:

M-mode displays the e
seashore sign, which
indicates normal lung

sliding. = ————

M-mode demonstrates a linear, laminar
pattern in the tissue that is superficial
to the pleural line (sea) and a granular
in appearance deep to the pleural line
(sand).
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Stratosphere sign:
Absence of lung sliding
depicting equal areas
above and below the
pleural line on M-mode:
also referred to as
barcode sign.

The absence of motion is documented
as a static pattern of horizontal lines in
the M-mode.

B-lines:
Hyperechoic comet-tail
artifact lines arise from

the pleural line and extend

to the bottom of the
image without fading.
B-lines may present as
singular, multiple or
confluent. The term
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Ultrasound demonstrating multiple
B-lines. These artifacts move
synchronously with lung sliding.

“lung rockets” refers to 1
an artifact that appears :
when there is fluid in
the interstitial space.
g
B-mode displays vertical well-defined,
laser-like, hyperechoic lines that may
obscure the A-lines.
Tissue-like sign: . - ,
Appearance of consoli- f .
dated lung demonstrating /M\ﬂ\

a white air bronchogram
sign.

Large areas of consolidation/
hepatization in the left posterior upper
area with an air bronchogram sign.
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Lung Ultrasound in Patients with Coronavirus COVID-19 Disease -

Introduction

According to the Center for Systems Science and
Engineering (CSSE) at Johns Hopkins University (JHU),

Coronavirus COVID-19 disease increased daily worldwide.

On March 20, 2020 at 8 a.m. European time, there
were 81,199 officially reported confirmed COVID-19
cases in China, 163,324 cases in the rest of the world.
The number of Coronavirus cases increased rapidly in
the United States of America and Europe [1].

The World Health Organization (WHO) announced
a pandemic infection with an unknown species of
coronavirus called SARS-CoV-2 [2].

According to Wujtewicz, spreading mainly through

the droplet route, the virus causes mild symptoms in
the majority of cases, the most common being: fever
(80%), dry cough (56%), fatigue (22%) and muscle pain
(7%); less common symptoms include a sore throat,

a runny nose, diarrhea, hemoptysis and chills [3].

A life-threatening complication of SARS-CoV-2 infection
is an acute respiratory distress syndrome (ARDS),
which occurs more often in older adults, those with
immune disorders and co-morbidities. Severe forms

of the infection, being an indication for treatment in
the intensive care unit (ICU), comprise of acute lung
inflammation, ARDS, sepsis and septic shock [3].

Critically ill patients frequently need thoracic imaging
due to the constant evolution of their clinical conditions
[4]. A key part of monitoring critical patients in the

ICU is thoracic ultrasound, as it allows the intensivist

to examine the lung and pleural space [5-6]. High-
resolution computed tomography (HR-CT) scans remains
the gold standard imaging technique for thoracic

White paper

evaluation, but transportation of patients outside the
ICU is difficult and potentially harmful [7]. HR-CT scans
expose patients to doses of radiation and should be
reserved for specific situations (e.g., the evaluation of
mediastinal pathologies and confirmation of pulmonary
embolism) [8—10]. Bedside chest X-ray (CXR) is still
considered the standard of care for many diagnostic
applications in the ICU. However, this imaging technique
has important methodological limitations and often
yields low accuracy [11]. Furthermore, it is important to
consider radioprotection issues. As lung abnormalities
may develop before clinical manifestations and nucleic
acid detection, experts have recommended early

chest CT for screening suspected patients [12]. The
high contagiousness of SARS-CoV-2 and the risk of
transporting unstable patients with hypoxemia and
hemodynamic failure, make chest CT a limited option
for the patient with suspected or established COVID-19
[12]. Lung ultrasonography (LUS) gives results that are
similar to HR-CT and superior to standard chest CXR for
evaluation of pneumonia and/or ARDS with the added
advantage of ease of use at point of care, repeatability,
absence of radiation exposure, and low cost [12-13].
Cumulative ionizing radiation has known harmful
effects. [14] The use of bedside ultrasound could reduce
standard CXR and HR-CT in the ICU [5-6].

siemens-healthineers.com/ultrasound 3
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Figure 1: Anatomical basics of the superficial chest wall structures and lung using the panoramic view.
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Figure 2: Anatomical basics of the chest wall structures and the internal thoracic artery using the color Doppler examination.
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Figure 3: Dynamic examination of the intercostal muscles. Relaxation of the muscle during expiration.

Basics of lung ultrasound examinations

Thorax and lung sonography (LUS) have gained
importance in daily routine [15-20] which is especially
true in the setting of point-of-care ultrasound (POCUS)
[21] (Figure 1).

The first sonographic examinations of the lung were
performed more than 50 years ago [22-23]. Except for
echocardiography used in cardiology and sonography
used in obstetrics, ultrasound, in general, was a tool for
radiologists, and the lung was not considered suitable
for this imaging technology [24-26]. Since 1991,
intensivists have been using whole-body ultrasound

to search for free fluid, vascular access and lung
ultrasound [27] (Figure 2).

Acute dyspnoea is a common leading symptom in the

ER and ICU. The range of possible differential diagnoses
is wide, so after the patient history and physical and vital
signs are taken, an urgent portable ultrasound should

be performed. Focused lung sonography (LUS) plays

a dominant role in emergency sonography alongside
focused sonography of the abdomen, heart and lung
(Figures 3-4).

Although recommendations exist for elective chest
sonography [28-29] and emergency lung sonography
[15], point of care lung sonography has not yet been
widely used in daily practice [30]. Compared to clinical
examination and chest X-ray (CXR), lung sonography

siemens-healthineers.com/ultrasound 5
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Figure 4: Dynamic examination of the intercostal muscles. Contraction of the muscle during inspiration.

shows excellent diagnostic accuracy in diagnosing
pleural effusion, pneumothorax, pulmonary venous
congestion and consolidation [31-33].

In the diagnosis of lung pathologies, we often use
ultrasound artifacts, arising from the chest wall and
pleural surface, as an interpretation. In order to
understand the relevant normal anatomy, we will
summarize the various patterns one may encounter
when performing lung sonography.

6 siemens-healthineers.com/ultrasound

Healthy lung tissue is composed primarily of air which
explains why it is not routinely visualized. The air in the
lung scatters and impedes the transmission of sound
waves. There is a huge gap between the acoustic
characteristics of soft tissues and the lung. The surface
of the lung is a strong reflector of ultrasound waves
and thus creates several reverberation artifacts. These
artifacts contain valuable information and correlate
with the current lung pathophysiology.
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Figure 5: Ultrasound image demonstrating A-lines using a linear transducer. The A-lines are the bright horizontal lines deep to the pleural

line. A-lines are a classic reverberation artifact.

Artifacts

In lung sonography we essentially interpret artifacts and
use their appearance for diagnostic purposes. There are
two predominant artifactual patterns that a clinician
may observe, and these have been termed “A-lines” and
“B-lines” [34].

A-lines

A-lines are reverberation artifacts caused by oscillating
sound waves. The ultrasound waves are reflected
strongly by this tissue and the air interface and
reverberate [35-36]. The ultrasound waves bounce

back and forth, between the transducer and lung
surface. A-lines are parallel horizontal repetition lines
of the pleura in the ultrasound image. Due to the fact
that this is a classic reverberation artifact, the distance
from the skin to the pleural line equals the distance
from the pleural line to the first A-line, the first A-line
to the second A-line, and so forth (Figures 5-7).

The A-line is created by an intact “dry” lung parenchyma
containing air combined with normal lung sliding.
When sliding lung is absent, it is strongly suggestive

of pneumothorax [37].

siemens-healthineers.com/ultrasound 7
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Figure 6: Ultrasound image demonstrating A-lines using a curved transducer. The A-lines are the bright horizontal lines deep to the pleural

line. A-lines are a classic reverberation artefact. The distance from the skin to the pleural line equals the distance from the pleural line to the
first A-line.
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Figure 7: Ultrasound image demonstrating A-lines using a curved transducer. The A-lines are clearly visible on the M-mode as bright
white lines.
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Comet-tail artifacts

Figure 8: Ultrasound image demonstrating comet-tail artifacts. The artifact originates at the pleura but fades.

B-lines

The “comet-tail” ultrasonographic sign was first described
by Ziskin and colleagues in 1982 when an intrahepatic
shotgun pellet was observed to create an artifact like
what is seen in lung comets [38]. B-lines are not to be
confused with normal comet-tail artifacts that originate
at the pleura but fade before reaching the edge of the
screen (Figure 8).

The B-lines are vertical, highly dynamic, hyperechoic
artifacts originating from the pleura or consolidation

areas [37]. These lines indicate accumulation of fluid in
the pulmonary interstitial space (“lung rockets”) or alveoli
("ground glass”). Multiple B-lines are associated with
pulmonary edema of cardiogenic and noncardiogenic

or mixed origin. They occur when sound waves pass
through the superficial soft tissues and cross the pleural
line encountering a mixture of air and water. One or two
B-lines are not too concerning but when they increase in
number or spread out in one zone, they are an indication
of lung interstitial syndrome (Figures 9-10).

siemens-healthineers.com/ultrasound 9



White paper - Lung Ultrasound in Patients with Coronavirus COVID-19 Disease

& a 10L4
+ Sequoia *ABD
TIB:0.27
TIC:0.54
T1S:0.27
MI:0.81
116fps
95%

2D
High
5dB/DRE5

Figure 9: Examination of the lung using a linear transducer. B-lines are discrete vertical hyperechoic reverberation artifacts that arise from the
pleural line and extend to the bottom of the screen without fading. These artifacts move synchronously with lung sliding.
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Figure 10: Examination of the lung using a curved transducer. B-lines are seen arising from the pleural line and extending to the bottom of
the screen without fading.
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Figure 11: Pneumonia examination of the lung with a linear transducer. Ultrasound findings including pleural effusion, pleural thickening
and consolidations with additional accompanying B-line artifacts are seen.

Transducer selection and settings

Lung ultrasonography often relies on analysis of artifacts,
such as A and B-lines, which can be optimized by altering
machine settings; the experienced operator adapts
machine settings for optimal visualization of these
artifacts [39]. Conventional ultrasound systems with

a “real-time B-mode” technique are suitable for
preoperative and postoperative transthoracic ultrasound.
Several ultrasonography probes are used for lung
ultrasound (LUS), and each has specific advantages and
limitations. The choice generally depends on multiple
factors, including patient anatomy, size and age, the
depth and nature of the visualized structures and

the goals of the investigation. Low-frequency convex
transducers are more suitable for Bedside Lung
Ultrasonography (BLUE) because they can be used to
visualize the deep posterior-lateral structures and can
reveal consolidation and pleural effusion [37]. However,

low-penetration, high-frequency and high-definition
linear transducers may be preferable for identifying
pneumothorax and examining the superficial anterior
structures (i.e. pleural line lung sliding) in both children
and thin adults. Phased and microconvex transducers can
be used for a broad range of specific indications. Keep in
mind that low-frequency transducers will provide more
depth penetration but will sacrifice some image quality;
high-frequency transducers will provide better resolution
but will sacrifice depth penetration [37]. In recent years,
however, prospective studies using high-frequency linear,
low-frequency curvilinear and low-frequency sector
transducers have demonstrated that the performance
and interpretation of lung sonography is not transducer-
specific [39]. We use an ultrasound system with a convex
(5-1 MHz), linear (10—-4 MHz) or sector transducer

(8-3 MHz) (Figure 11).

siemens-healthineers.com/ultrasound 1
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Figure 12: COVID-19 pneumonia. Follow-up examination in the ICU using real-time image fusion technique with a curved transducer.
Ultrasound findings including pleural thickening and consolidations of the lung in the side-by-side mode are detected. HR-CT showed ground
glass opacity and reticular shadows under the pleura in the field of the right lung.

The basic ultrasound units should be equipped with
pulsed and color Doppler and M-mode to be able to
evaluate vessels and the vascularization of pathological
findings [40].

In addition to standard B-mode, the diagnostic value of
ultrasound can be improved by using dynamic M-mode.
With M-mode, a single vertical line of the ultrasound
image is selected. The ultrasound signals of this line are
displayed over time in a separate diagram which allows
movements in the tissue to be represented as curves.
Immobile structures appear as horizontal lines. When
M-mode is applied to the lung exam, the system displays
a representation of tissue motion over time [35].

12 siemens-healthineers.com/ultrasound

The advanced ultrasound systems should be equipped
with shear wave elastography imaging, contrast
enhanced ultrasound (CEUS) and image fusion. Most
ultrasound manufacturers use technical processes for
image enhancement, such as Compound Imaging and
Harmonic Imaging. The result of using these modes is
overall better image quality necessary for a conventional
examination, however, disabling these modes will result
in a clearer display of comet-tail artifacts or B-lines [35].

To optimize the visualization of the pleural line, the
focal zone, image depth and overall gain should be
adjusted [14].
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Figure 13: COVID-19 pneumonia. Follow-up examination in the ICU using real-time image fusion technique with a linear transducer. HR-CT
showed large flaps of soft tissues and low-density shadows under the pleura in the posterior segment of upper lobe of the left lung, and a
large air bronchogram sign confirmed by ultrasound using the image fusion technique.

Image fusion

For complicated lung pathologies, real-time ultrasound
image fusion with a HR-CT dataset can be performed
with high-end ultrasound systems. This is especially
useful for ill patients in the ICU, because pathologies
could be monitored directly at the bedside. CT
examinations could be minimized and the risk for
contamination due to less transportation of the patient
will also decrease. When performing ultrasound fusion,
there is additional hardware required that includes a
magnetic field generator and a position sensor. The
position sensor makes it possible to detect the position
of the transducer in the three-dimensional space.

Image fusion is possible with most imaging modalities
including CT. DICOM (digital imaging and communication
in medicine) datasets of HR-CT scans can be coregistered
with the help of the ultrasound system software and can

be viewed in a side-by-side mode or in an overlay mode
in real-time [42] (Figures 12-13).

During image fusion, it is still technically possible to
use all other image modes of the ultrasound system
such as color Doppler and CEUS. Using multiple image
techniques in real-time allows comprehensive imaging
and characterization of the vascularization of lung
pathologies [43]. Fusion imaging could help in the
detection and localization of lung lesions with low
conspicuity on standard B-mode ultrasound. In
abdominal imaging and animal studies, image fusion
is already being used on several organs [44-64].

siemens-healthineers.com/ultrasound 13
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Figure 14: Transducer positions for a lung ultrasound examination in the recumbent/supine patient. The abbreviated examination
covers two BLUE points and the PLAPS (posterolateral alveolar and/or pleural syndrome) points on both sides (for the detailed
description and how to localize BLUE and PLAPS points see [72]).

Examination procedure

Lung ultrasound is used in emergency and intensive
care patients in supine (ventral thorax) and, depending
on the clinic, in a sitting position (dorsal thorax). The
exam should be performed in a systematic manner that
investigates the entire anterolateral and posterior lung
surfaces bilaterally, or when indicated, can be performed
with a patient-focused abbreviated approach. Typically,
the transthoracic scanning window will be used for the
examination of the lung and pleura [36]. The intercostal
spaces serve as scanning windows. The transducer
should be positioned at right angles to the ribs so that
two adjacent ribs are captured. This allows the lung

to slide, i.e. the movement of the pleura visceralis,
reliably identified and from the anterior rib artifact

can be distinguished. By using these techniques,

each intercostal space of upper and lower parts of the

14 siemens-healthineers.com/ultrasound

anterior, lateral, and posterior regions of the left and
right chest wall will be carefully examined [65].

Three “standard” lung points are usually described in
relation to the Bedside Lung Ultrasonography (BLUE)
protocol and include the upper, lower, and posterior-
lateral alveolar pleural syndrome views. However, it is
important to note that the BLUE protocol was developed
for hypoxemic patients to improve the diagnostic tree
quality and avoid false negative results, without undue
modification of the treatment plan [66]. In addition,
three conventional anatomic areas (anterior, lateral, and
posterior) can be identified at each hemithorax by using
the anterior and posterior axillary lines as landmarks
[37]. In Austria, Switzerland and Germany we have
adopted a modified BLUE point protocol for COVID-19
patients to include 6 additional views (Figure 14).
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Figure 15: CT-Topogram of a lung detected a pneumothorax on the right side which was afterwards treated with a Biilau-Drainage.

Basic lung exam

By using lung ultrasound, the following clinical
indications should be excluded or confirmed. Pleural
effusion, pulmonary edemalinterstitial syndrome,
atelectasis, pneumonia and pneumothorax [67].

The diagnosis of peripheral pulmonary embolisms is
possible, but it is usually very time-consuming, because
the complete lung must be systematically examined.
Ultrasound guided thoracentesis allows for direct
visualization of the drain placement and additional
follow-up as clinically necessary.

Pneumothorax

Lung ultrasound is a sensitive and specific technique
for identifying pneumothorax, including the occult

form, and for guiding chest drainage as an emergency
life-saving procedure. The diagnosis of pneumothorax
traditionally has been based on chest radiography.
Although up to 50% of cases can only be detected using
HR-CT, that is not the case using plain chest radiography
because of anterior air collection [68]. In this setting,
lung ultrasound provides much better accuracy for

the early detection of pneumothorax. A large
meta-analysis study revealed that lung ultrasound
provided better sensitivity than plain chest radiography
(91% v 50%) with similar specificity for pneumothorax
(98% v 99%) [37, 69-70] (Figures 15-16).

siemens-healthineers.com/ultrasound 15
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Figure 16: Follow-up examination of the same patient two days later in the ICU. In M-mode (a.), the absence of motion is documented as a
static pattern of horizontal lines (“stratosphere sign”). In comparison to the M-mode (b.), the seashore sign is clearly visible.
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Figure 17: COVID-19 pneumonia. Follow-up examination in the ICU using a curved transducer. Ultrasound findings including pleural
thickening and irregularity. Additionally, consolidations of the lung with B-lines are detected.
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Figure 18: COVID-19 pneumonia. Follow-up examination in the ICU using a sector transducer. Ultrasound findings including pleural
thickening and irregularity. Additionally, consolidations of the lung with B-lines are detected.

Pneumonia

Pneumonic infiltrates can be visualized by ultrasound if
they are close to the pleura. Central lung pneumonia
could not be detected. In critically ill patients, pneumonia
usually spreads to the periphery, so that it can be easily
detected by lung ultrasound [30, 66] (Figures 17-18).

B-line artifacts are often seen in the areas adjacent to the
consolidation, likely as an expression of inflammatory
perilesional edema. Pleural line abnormalities and pleural
effusions were consistently associated with areas of
confluent B-line artifacts and/or lung consolidation

[39, 71].

Sonographically, in pneumonia, the lungs typically
exhibit two key ultrasound signs, B-lines and consolida-

tion [72-73]. The pneumonic infiltrate presents itself
as low-echo structures with irregular borders and
inhomogeneous echo texture [74].

Reissig et al. conducted a prospective, multi-center
study on the accuracy of lung ultrasound in the diagnosis
and follow-up of community-acquired pneumonia [75].
In 362 patients in 14 centers, lung ultrasound had a
sensitivity of 93.4% and a specificity of 97.7% for
pneumonia compared to the reference of final clinical
diagnosis. Breath-dependent motion of infiltrates was
seen in 97.6% of the cases, an air bronchogram in
86.7%, blurred margins in 76.5% and a basal pleural
effusion in 54.4% [72, 75]. Meta-analyses confirmed
that pneumonia can be diagnosed using lung ultrasound
[16, 76] (Figure 19).
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Figure 19: COVID-19 pneumonia. Follow-up examination in the ICU using a curved transducer. Ultrasound findings showed large areas of
consolidation in the left posterior upper area and an air bronchogram sign.

Atelectasis

Lung atelectasis is common after cardiac surgery, with a
reported incidence of up to 88% [77]. The lung sliding
sign may be absent in these cases because the alveoli are
not ventilated, which is associated with decreased lung
volume and an upward displacement of the diaphragm
dome [37] (Figure 20).

The echogenicity of a complete atelectasis of the lungs
looks very similar to liver tissue [72]. Ultrasound could

detect small hyperechoic areas in the bronchioles which
present a trapped partially air-filled area [35].

Pleural effusion

The sonographic examination of pleural effusions has
already been established as a routine method since the
sixties [30]. The most sensitive method for detecting
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pleural effusion is transthoracic ultrasound [78-79].
With the transducer in sagittal position to the ribs,
pleural effusion appears in a quadrangular space defined
by the pleural line (chest wall), the shadows of the ribs
and the lung line (visceral pleura) — also called “quad
sign” [72] (Figures 21-22).

The effusion volume (V) in milliliters could be measured
with the simplified formula. The formula contains
maximum effusion height (ME [cm]) and the measure-
ment of the basal diaphragm-lung distance (DL [cm])
[80].

(V [ml] = (ME [cm] + DL [cm]) x 70)

It measures only a rough estimate of the effusion
volumes, since the variable geometric shape during
respiration. With larger pleural effusions, it is often
possible to develop compression atelectasis.
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Figure 23: COVID-19 pneumonia. Follow-up examination in the ICU using a curved transducer (5-1 MHz). Ultrasound findings including
pleural thickening and irregularity. Additionally, consolidations of the lung with B-lines are detected.
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Figure 24: COVID-19 pneumonia. Follow-up examination in the ICU using a curved transducer (5-1 MHz) and the image fusion technique.
Ultrasound findings showed large areas of consolidation and an air bronchogram sign.

Summary of Coronavirus COVID-19
examination and follow-up

In comparison to pneumonia caused by influenza virus,
the COVID-19 virus is characterized by rapid transmission
with a high infection and high lethality rate [81-83].

In comparison between non-COVID-19 pneumonia and
COVID-19 pneumonia, COVID-19 pneumonia is more
likely to have a peripheral distribution [84] (Figure 23).

In addition to HR-CT scan and X-ray of the lung,
ultrasound can also be used for the diagnosis and
follow-up of the disease [85].

By using a curved transducer (5-1 MHz), the morphology
and changes of subpleural lesions are clearly displayed.
Due to the option to use even the low-frequency of the
transducer, changes of air and water contents in consoli-
dated peri-pulmonary tissues and an air bronchogram
sign can be depicted (Figure 24).

The blood supply and lesion progression in peri-
pulmonary consolidation can be monitored by using
the color or power Doppler technique [86].

Currently, ultrasound of the lung is limited in the
diagnosis and treatment of central lung diseases due
to the attenuation of sound waves by normal lung and
bone tissues. The diagnosis of lung pathologies relies
on the artifacts of peri-pulmonary lesions [87-88].

The artifacts exist because of an abnormal ratio of air
and water contents in alveoli and interstitial tissues. In
order to improve the diagnostic ultrasound lung tool,
the use of an abdominal curved array probe (5-1 MHz)
seems to be helpful. Typical for the COVID-19 disease
are the thickening of the pleural line with pleural

line irregularity. The pleural line could be unsmooth,
discontinuous and interrupted [85, 89] (Figures 25-26).
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Figure 25: COVID-19 pneumonia. Follow-up examination in the ICU using a linear (12-3 MHz) transducer. Ultrasound findings including

pleural thickening and irregularity are seen.

The appearance of B-lines artifacts could vary from focal,
to multifocal and confluent pattern. The consolidations
could vary in different patterns, including multifocal
small subpleural consolidations up to non-translobar and
translobar with occasional air bronchograms [5]. Pleural
effusions are uncommon in coronavirus COVID-19
disease. An indirect sign for recovering is the appearance
of A-lines during the recovery phase [85] (Figure 27).

In summary, in our experience, we consider that lung
ultrasound will have a major utility for the management
of COVID-19 pneumonia in the ICU due to its safety,
repeatability, low cost and point of care use. HR-CT may
be reserved in the follow-up if lung ultrasound is not
able to answer the clinical question. In our personal
experience lung ultrasound could be used for rapid
assessment of the severity of SARS-CoV-2 pneumonia,
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to track the evolution of disease during follow-up and
to monitor lung recruitment maneuvers. Additional
ultrasound can track the response to prone position and
the management of extracorporeal membrane therapy
[85]. With increased use of bedside ultrasound in the
ICU, patients can be protected from unnecessary
radiation and therapy delays. The transport of high-risk
patients to X-ray examinations can be avoided.

A special thanks to my colleague for her support:

Ines Schroeder, MD
Department of Anesthesiology,
University Hospital, LMU Munich, Munich, Germany
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Ultrasound findings detected pleural thickening and an additional small pleural effusion.
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appearance of A-lines during the recovery phase.
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