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Background & Aims: Coronavirus disease 2019 (COVID-19) is a global health problem, presenting with symptoms ranging from
mild nonspecific symptoms to serious pneumonia. Early screening techniques are essential in the diagnosis and assessment of disease
progression. This consensus was designed to clarify the role of lung ultrasonography versus other imaging modalities in the COVID-
19 pandemic.

Methods: A multidisciplinary team consisting of experts from different specialties (ie, pulmonary diseases, infectious diseases,
intensive care unit and emergency medicine, radiology, and public health) who deal with patients with COVID-19 from different
geographical areas was classified into task groups to review the literatures from different databases and generate 10 statements. The
final consensus statements were based on expert physically panelists’ discussion held in Cairo July 2021 followed by electric voting
for each statement.

29 <

Results: The statements were electronically voted to be either “agree,” “not agree,” or “neutral.” For a statement to be accepted to the
consensus, it should have 80% agreement.

Conclusion: Lung ultrasonography is a rapid and useful tool, which can be performed at bedside and overcomes computed
tomography limitations, for screening and monitoring patients with COVID-19 with an accepted accuracy rate.
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Introduction

The coronavirus disease 2019 (COVID-19) is a pandemic caused by a novel coronavirus species named severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). Its clinical manifestations range from nonspecific symptoms, such as
fever, nausea, and dry cough, to serious pneumonia.' Available evidence has recommended early therapy given its
association with better and faster recovery.” This highlights the importance of early screening techniques hindering in the
progression of the disease.

Unfortunately, real-time polymerase chain reaction (RT-PCR) has some limitations. First, it produces false-negative
results when the viral load in the specimen is low, resulting in a low detection. Second, it cannot reflect disease incidence
or forecast disease progression. Third, there is a reagent stock shortage, and new reagents require intensive research and
development. Fourth, it is a time-consuming procedure. Because of these limitations, researchers suggest using computed
tomography (CT) as the primary method for diagnosing COVID-19. Furthermore, patients clinically suspected to have
COVID-19 with positive CT results but unfavorable PCR results, the patient should be isolated and managed as
a positive case as soon as possible.” However, the number of cases may exceed the capability of the radiological
department. Moreover, patients may be too ill to be moved, or the lack of staff and personal protective equipment (PPE)
may preclude this possibility. Furthermore, equipment washing may cause delays in releasing test results. Finally, in
resource-constrained environments, traditional radiology might not be available. Lung ultrasonography (LUS) is an
excellent option during epidemics due to the lack of ionizing radiation contamination, ease of equipment sterilization,
and significantly lower cost. Furthermore, low-cost portable ultrasound machines have recently been developed. These
instruments could significantly reduce the costs of LUS implementations.*

LUS may now be conducted immediately at the bedside by a single operator, eliminating the possibility of cross-
contamination, limiting healthcare workers’ susceptibility to extreme acute SARS-CoV-2 infection, and minimizing PPE
shortages in several healthcare settings.” Furthermore, the absence of radiation in LUS is crucial in patients who are more
vulnerable to radiation toxicity, such as pregnant women, in which LUS is a reliable instrument for tracking COVID-19
progression.® Considering that, CT is not widely available in several developing countries, for confirming suspected
COVID-19 cases, a comparatively inexpensive initial diagnostic and screening method is needed. Such a technique may
be ultrasonography given its feasibility and portability and reliable sensitivity. However, ultrasonography is recom-
mended to be used as an integrated diagnostic instrument.” Furthermore, in health care settings with inadequate
resources, LUS with oxygen saturation monitoring can be is an effective method for determining the priority at which
COVID-19 patients.® This context calls for better understanding on the features of LUS, such as its efficacy in both
diagnosing and tracking the progression of lung diseases, including viral pneumonia. This consensus was designed to
clarify the role of lung ultrasonography versus other imaging modalities in the COVID-19 pandemic.

Methods

For consensus development, We used Nominal Group Process and Consensus Development Panel. The chairperson and
two coordinators of the consensus are members of the Egyptian scientific committee for management of COVID-19.
They identified the research questions and the tasks of the consensus. They selected a multidisciplinary group consisting
of experts in research and management of COVID-19 in Egypt. Selection of the expert group was based upon their
practical input in diagnosis and treatment of COVID-19, their publication in the field of the consensus, their input in
epidemiological research and their representation for the specialties included in management, namely tropical medicine,
infectious diseases, pulmonology, emergency medicine, radiology, and epidemiology. The expert also represented most of
Egyptian Universities and different geographical areas in Egypt.
Four tasks were identified:

1. Importance of imaging study in managing COVID-19.

2. Comparing the role of LUS in the diagnosis and follow-up of COVID-19 compared with that of other imaging
modalities.

3. LUS criteria for the diagnosis of COVID-19.
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4. Safety and infection control regulations for the use of LUS.

The group has been classified into task groups. Each group was responsible for reviewing the literature from different
databases, including PubMed, Cochrane Library, and Scopus, to better understand and abstract the responses to the task.

The statements generated by each group were recirculated anonymously by the chairperson among the entire
group using the WhatsApp application. Each member reviewed the statements and provide their comments. After
obtaining feedback the statements were reviewed again by the task groups after getting the feedback who then made
changes.

A multidisciplinary expert group consisting of 32 delegate members held a face to face meeting for 6 h on July 16,
2021. Each statement was presented by one of the task groups, including the statement’s evidence. The presenter and
facilitator responded to the group questions. After discussing each statement, an anonymous electronic voting was run.
Each statement was voted as either “agree,” “disagree,” or “neutral.”

The statement should have a predefined score of 80% agreement to be accepted and reported in this manuscript.

Summary of the Statements and Their Percentage of Agreement (Table I)

Statement |

Objective staging of the disease severity and evaluation of the course of infection help make proper treatment choices
and improve prognosis. Consequently, this would reflect the reduction in the chain of transmission and the overall
morbidity and mortality from COVID-19.

Rationale

COVID-19 was classified as a class B infectious disease by the Centers for Disease Control and Prevention (CDC) on
January 20, 2020.° Even with substantial suppression measures in place, there may be shortage of beds, physicians,
oxygen, and PPE. Because of measures, such as school lockdowns and distance restrictions, poverty and undernutrition
may increase, where as educational achievement and recent gains in access to health care may decrease.'®

The most essential steps in controlling COVID-19 are rapid case detection, severity assessment, and contact tracing
because they allow close contacts or even suspected persons to be identified, isolated, and tested for the disease.''

The uncertainty in the clinical symptoms of COVID-19 is a challenge, and atypical patients must be carefully
diagnosed since they may serve as carriers of the disease in the community. In addition to clinical criteria (pneumonia
with fever and cough without or with indications of hypoxia), COVID-19 case definition considers radiological criteria
(because “some cases may have no clinical signs or symptoms; however, chest CT or LUS shows subclinical lung
lesions™)."?

Staging is a method for determining the severity of a disease based purely on predetermined diagnostic criteria to
provide information regarding the illness severity during hospitalization.'*> With such information, we can establish
a diagnosis, recommend a treatment plan, and predict the outcomes.'* Otherwise, the more delays in diagnosis; the higher
the death rates.'”

In developing countries, such as Africa, COVID-19 management options may be restricted given that the epidemic’s
peak capacity may be several fold larger than the baseline capacity.'®

LUS is a safe and simple method for monitoring pneumonia and other respiratory diseases."'’

Statement 2
Indication for Lung Imaging
e Given that respiratory dysfunction is the main cause of morbidity and mortality in patients with COVID-19, lung
imaging is considered a key tool for assessing the disease.
e Lung imaging is indicated for the medical triage of patients suspected to have COVID-19, who present with
moderate to severe disease. It also helps to determine the proper site for patient’s care: home, hospital ward, or
intensive care unit.
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Table |

Summary of the Statements and Their Percentage of Agreement

No.

Covered Area

Statement

Percentage
of

Agreement

Level of

Agreement

Assessment of COVID-19

severity is essential

Objective staging of the disease severity and evaluation of the course of
infection help make proper treatment choices and improve prognosis.
Consequently, this would reflect on the reduction of the chain of

transmission and the overall morbidity and mortality from COVID-19.

91

Indication of lung imaging

Indication of lung imaging

® Because respiratory dysfunction is the main cause of morbidity and
mortality in patients with COVID-19, lung imaging is considered
a key tool for assessing the disease.

® Lung imaging is indicated for medical triage of patients suspected to
have COVID-19, who present with moderate to severe disease. It
helps determine the proper site of patient care: either home, hospital
ward, or intensive care unit.

® Imaging may also be advised to assess disease progression during the
follow-up of confirmed COVID-I9 cases.

86

Advantage of lung HRCT during
the COVID-19 pandemic

Chest CT is more sensitive and effective in triaging or following up

patients with COVID-19 than chest X-ray.

® During the COVID-19 pandemic, the typical HRCT pattern consists
of multiple ground-glass opacities (GGOs) mainly in the peripheral
and basal lung regions.

® GGOs may be combined with other features, such as pulmonary
consolidation, crazy paving, halo signs, basal reticulations, and vas-

cular enlargement.

100

Limitations of chest CT during
the COVID-19 pandemic

The limitations of chest CT during the COVID-19 pandemic in
developing countries include burden, cost, unavailability, infection,

repeating, and exposure to ionizing radiation, among others.

94

LUS can overcome CT

limitations

LUS is a rapid bedside test that does not involve exposure to ionizing
radiation, has a lower cost, and can be repeated (whenever indicated)
without significant risks to the patient.

90

LUS findings of a normal

aerated lung

6 a: A normal aerated lung is characterized by the presence of the
following:
® A bright, thin, smooth pleural line between two ribs
® A-lines, which are repeated horizontal artifacts parallel to the pleural
line

® Normal lung sliding

94

LUS findings of an abnormal

aerated lung

6 b:

A bad aerated lung is characterized by multiple B-lines and an irregular

pleural line with or without subpleural consolidative patterns on LUS.

® Moderate loss of lung aeration (interstitial syndrome): multiple (>3)
spaced B-lines. It corresponds to a “ground-glass area” on lung
HRCT.

® Severe aeration loss (diffuse alveolar edema): diffuse coalescent
B-lines occupying most intercostal space.

® Complete aeration loss (Lung consolidation) and the presence of

a tissue pattern characterized by dynamic air bronchograms.

100

(Continued)
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Table | (Continued).

No. Covered Area Statement Percentage Level of
of Agreement
Agreement
7 LUS findings in COVID-19 During the COVID-19 pandemic, the presence of multiple (23) B-lines 97 A
pneumonia with or without subpleural consolidations distributed bilaterally,

peripherally, or basally in patches with spared areas on LUS is highly

suggestive of COVID-19 pneumonia in clinically suspected patients.

8 LUS score in COVID-19 LUS score based on the examination of 12 standard regions can be 97 A

used to assess lung aeration changes and follow up disease progression.

9 Effectiveness of LUS performed | Bedside LUS, performed by a well-trained physician or expert, is 97 A
by a well-trained physician or a useful tool in screening and monitoring suspected or confirmed
expert COVID-19 cases, with an acceptable accuracy rate.

10 Infection control is paramount | Infection control is paramount. 94 A

® National and local guidelines on PPE usage should be followed.
® The probe should be disinfected before and after patient examination

to avoid nosocomial infection and cross-contamination.

Notes: A: 290%. B: 80% to <90%.
Abbreviations: HRCT, high-resolution computerized tomography; LUS, lung ultrasonography; PPE, personal protective equipment.

Imaging may also be advised to assess disease progression during the follow-up of confirmed COVID-19 cases.

Rationale
Lung imaging is the cornerstone for the diagnosis and severity classification of SARS-CoV-2 infection according to the
National Institute of Health guidelines.'® It is essential in diagnosing moderate and severe disease.

The observed abnormalities on chest X-rays vary; however, bilateral multifocal opacities are the most common. The
observed abnormalities in chest CT also vary; however, bilateral peripheral ground-glass opacities (GGOs) are the most
common findings, with consolidation areas occurring later in the clinical course of COVID-19. Imaging results may be
normal early in infection and can be abnormal in the absence of symptoms.'’

A meta-analysis of 28 studies involving 2655 patients has reported that chest CT is helpful for not only the diagnosis
of the disease but also the assessment of disease progression based on follow-up chest CT scans.?’

Latrice et al reported that chest X-ray could be used as the first-line imaging modality in areas with high levels of
contagion and in the serial evaluation of hospitalized and critically ill patients. In contrast, high-resolution CT (HRCT)
showed a low specificity in areas with a low prevalence of disease and should be considered the modality of choice in
determining differential diagnoses with other infectious and noninfectious lung diseases and in managing patients with
preexisting lung disease.”'

Yassa et al recommended LUS for asymptomatic pregnant patients with positive PCR for whom CT is not planned
and those with initial negative CT findings for follow-up. Also, in those with mild symptoms who do not give consent for
chest CT. In addition, abnormal LUS imaging in a symptomatic patient with “mild” clinical severity can be suggestive of
a probable bad prognosis, particularly in pregnant women.?

Statement 3
Chest CT is more sensitive and effective in triaging or following up patients with COVID-19 than chest X-ray.

e The typical HRCT pattern consists of multiple GGOs mainly in the peripheral lung regions and basal distribution.

Infection and Drug Resistance 2022:15 hetps: 1999
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e GGOs may be combined with other features, such as pulmonary consolidation, crazy paving, halo signs, basal
reticulations, and vascular enlargement.

Rationale

CT findings differ according to the stage and severity of the disease and associated comorbidities. The sensitivity of CT
depends on the duration of symptoms. Negative CT findings were reported in 56% of cases scanned within 2 days after
the onset of symptoms, whereas negative scans were reported in 9% of cases who underwent CT within 3—5 days and 4%
of those scanned 6-12 days after symptom onset.?*~**

CT has a higher sensitivity than RT-PCR. Accordingly, CT has a sensitivity of 97.2%, whereas initial rRT-PCR has
a sensitivity of 83.3%. Microbiological tests, such as rRT-PCR, may not be available in emergency situations, and their
results take 4-5 days. Moreover, rRT-PCR can provide false-negative results when the viral load is insufficient,> with
other reasons including improper sampling, the timing of sampling, or laboratory issues.

In the early stages of the disease, the typical HRCT pattern consists of single or multiple GGOs, mainly distributed in
the subpleural and basal regions, which continue to expand as the disease progresses. In the later stages of COVID-19,
GGO is often combined with other imaging features, such as pulmonary consolidation, crazy paving, halo signs, basal
reticulations, and vascular enlargement. Thus, during pandemics, similar to the current situation, chest CT can be used as
a tool for screening symptomatic patients as it is cheap, readily available, given its lower cost, ready availability, and

. 27-32
rapid results.*’

Statement 4
The limitations of chest CT during the COVID-19 pandemic in developing countries include burden, cost, unavailability,
infection, repetition, and exposure to ionizing radiation.

Rationale

The number of cases may exceed the capability of the radiological department. Moreover, patients may be too ill to be
moved, or the lack of staff and PPE may preclude this possibility. Furthermore, equipment disinfection may delay the speed
of'tests. Finally, in resource-constrained environments, traditional radiology may not be available at all. Thus, the use of CT
has been widely used as an initial screening and diagnostic technique for viral pneumonia (including COVID-19). Normal
radiology imaging can have certain shortcomings in a pandemic.’

In the early stages of COVID-19, lung involvement may precede clinical manifestations and even positive PCR
swab test. Thus, early chest CT is recommended for screening suspected patients.>® The high contagiousness of
SARS-CoV-2 and the difficulties of moving sick patients (in ICU), in addition to radiation hazards and its unavail-
ability in primary healthcare centers, are obstacles limiting the use of CT and necessitate the use of a more practical
alternative.**

The need for CT increases the burden in many healthcare centers worldwide, including chest and/or fever hospitals.
Accordingly, Egypt can be considered one of the lower-middle-income countries with limited resources.”

Statement 5
LUS allows for a rapid bedside testing that does not involve exposure to ionizing radiation, has a lower cost, and can be
repeated (whenever indicated) without significant risks to the patient.

Rationale

LUS had an accuracy similar to that of chest CT in detecting lung abnormalities in patients with COVID-19. It is a highly
sensitive and specific approach that can be used instead of CT, with the additional value of being rapid, easy to use,
readily available. Moreover, it can be used at the bedside and can be repeated without exposure to radiation hazards.*
Hense, LUS can be used in triaging symptomatic cases, assessing lung damage severity, and evaluating disease
progression.’® LUS is an excellent option during epidemics due to the lack of ionizing radiation contamination, ease
of equipment sterilization, and significantly lower cost. Furthermore, low-cost portable ultrasound machines have
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recently been developed, which could significantly reduce the costs of LUS implementations, in terms of both buying and
shipping the equipment.”

LUS may now be immediately performed at the bedside by a single operator, eliminating the chance of cross-
contamination, limiting health care workers’ susceptibility to extreme acute SARS-CoV-2 infection, and alleviating PPE
shortages in several health care settings.” Furthermore, the absence of radiation in LUS is crucial for patients who are
more vulnerable to radiation toxicity, such as pregnant women, in whom LUS is a reliable instrument for tracking

COVID-19 disease progression.®

Statement 6

a: A normally aerated lung is characterized by the presence of the following:

¢ Bright, thin, smooth pleural line between two ribs.
e Lines that are repeated horizontal artifacts parallel to the pleural line.
e Normal lung sliding.

Rationale

In the normal aerated lung, more than 99.9% of ultrasound beams at the visceral pleura—lung air boundary. This boundary
appears as a white, bright, thin, smooth band (pleural line) measuring up to 2 mm, seen 0.5 cm deeper between upper and
lower ribs.®*” The appearance of two ribs and a pleural line in between them is called the bat sign. Beyond this pleural
line, reverberation artifacts produced by the bouncing of echo®® between the pleural line and probe can be observed.
These motionless, regularly spaced (equal to the distance between the skin and the pleural line) and gradually fading
horizontal white lines, which resemble the pleural line, are called A-lines (Figure 1A) (A profile).*”

Movement of the visceral pleura over the parietal pleura produces lung sliding, and this white band appears dynamic.
Lung sliding is the depiction of a regular rhythmic movement synchronized with respiration occurring between the
parietal and visceral pleurae that are either in direct apposition or separated by a thin layer of intrapleural fluid. Lung
sliding indicates ventilation in the inspected area. In time motion mode (M mode), the structures until the parietal pleura
appear as horizontal lines, and this sandy pattern represents lung sliding. This finding is called the seashore sign
(Figure 1B). The presence of the pleural line, lung sliding, A-lines in 2D, and seashore sign in the M mode means an
aerated lung.***

b: A poorly aerated lung is characterized by multiple B-lines, irregular pleural lines with or without subpleural
consolidative patterns on LUS.

pip | Pleural line

Shadow Rib
x Shadow

| —

Seashore sign

FIELLE R10.0 G90 D69 A2

Figure | Lung ultrasonography of a mild COVID-19 case with a normal aerated lung. (A) A bright, thin, smooth pleural line between the two ribs and A-lines are seen as
horizontal repetitions of the pleural line between the shadows of the two ribs. (B) Normal lung sliding (seashore sign using M mode). T: T lines are vertical lines, in time with
cardiac pulsation, running from the pleural line to the bottom of the image.
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e Moderate loss of lung aeration (interstitial syndrome): multiple (>3) spaced B-lines. This corresponds to a “ground-
glass area” on lung HRCT.

e Severe aeration loss (diffuse alveolar edema): diffuse coalescent B-lines occupying most of the intercostal space.

e Complete aeration loss (lung consolidation [C]): the presence of a tissue pattern characterized by dynamic air
bronchograms.

Rationale

SARS-CoV-2 infection initially presents as first proceeds with an interstitial inflammatory infiltrate, resulting in alveolo-
interstitial pneumonia and endothelial damage.** In the early stages of COVID-19, changes in the lungs are localized and
mainly found in the subpleural area of one or both lungs.*> LUS showed irregular thickening of the pleural lines, which
progressed to the formation of B-lines and loss of A-lines (Figure 2).*®“® Later, the pathology involves multiple lobes,
leading to more air loss and consolidations of some lesions surrounded by several B-lines (Figure 2B).*> Fluid
accumulations in the subpleural interstitium and alveolar spaces change the air—fluid ratio and form this characteristic
artifact (ie, B-lines). The B-lines are defined as discrete laser-like vertical hyperechoic reverberation artifacts starting
from the pleural line and extend to the bottom of the screen without fading and moving synchronously with lung
sliding.*” A positive region “B-pattern” is defined as the presence of three or more B-lines in a longitudinal plane
between two ribs.®*’ % Multiple B-lines are correlated with the ground-glass areas on lung CT of confirmed COVID-19
cases.” Multiple B-lines range from focal to multifocal, spaced, or continuously fused (confluent) B-lines (white-lung
sign) with the disappearance of A-lines according to disease stage.”'

Over time, subpleural consolidations start to appear and spread bilaterally on both the posterior lower lobes on LUS.
When a complete consolidation of the lung occurs, the echo structure of the lung itself becomes visible with character-
istic air bronchogram, representing the air inside alveoli or bronchi surrounded by inflammation or pus; and the pleural
lines are completely obscured.”'>*

The characteristic ultrasonographic findings of COVID-19 lung involvement includes thickening irregularity of the
pleural line; in various B-lines patterns (ie, focal, multifocal, and confluent); and consolidations with occasional mobile
air bronchograms.?”*%323335°60 15 COVID —19-induced acute respiratory distress syndrome (ARDS), LUS shows
a white area in which neither A-lines nor separated B-lines are visible. This presentation is called a “white lung”.>®

However, B-lines are non-specific artifacts associated with increased extravascular lung water or partial loss of lung
aeration,*® and they can be detected in a variety of pulmonary diseases, including interstitial lung disease, heart failure,
acute respiratory distress syndrome, etc. However, LUS manifestations in COVID-19 patients shared not only the

features of an increase in B-lines but also consolidations, irregular or blurred pleural line.®’

IDist: 0.44cm 20ist: 1.23cm 3Dist: 1.59cm fDist:

A B

Figure 2 LUS of a patient with COVID-19 with a partially de-aerated lung showing the absence of A-lines, bilateral peripheral multiple spaced (B) B-lines (A), and thick and/
or irregular pleural line, subpleural consolidation, and confluent B-line (B).
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Statement 7

During the COVID-19 pandemic, the presence of multiple (>3) B-lines with or without subpleural consolidations
distributed bilaterally, peripherally, or basally in patches with spared areas on LUS is highly suggestive of COVID-19
pneumonia in clinically suspected patients.

Rationale
Chest ultrasonography showed predominant affection of the posterior and inferior areas of the lung (lower lobes).”
Simultaneous affection of the upper lobe was associated with a more severe clinical course.®* Bilateral, peripheral, and
multilobar lung lesions have been frequently found in patients with COVID-19 on chest US and confirmed by CT.?%63-64
Moreover, 94% of patients with confirmed COVID-19 demonstrated pathological B-lines (Figure 2), with 82% of them
showing bilateral distribution in. The multifocal appearance of B-lines was predominantly found in 59% of patients.
Pleural irregularities occurred mostly occurred bilaterally (89%). Pulmonary consolidations, which are characterized by
a rather focal and mostly subpleural appearance presenting frequently in not only the basal but also apical parts of the
lung were found in 77% of COVID-19 cases. Abnormal lung sliding was observed in only 17% of patients, especially
those with multifocal consolidations.>***%° Patchy distribution (Figure 3) of spaced or confluent B-lines and small white-
lung regions were observed in patients with early COVID-19. As the disease progresses, patchy small subpleural
consolidations appear with associated areas of white lung.” The LUS findings of 197 patients (81.1%) were completely
coincident with CT findings with a Kappa agreement value of 0.77, and this offered a diagnostic sensitivity of 74%,
a diagnostic specificity of 97.9%, positive predictive value of 90.2%, and negative predictive value of 93.6% for LUS in
triaging patients with COVID-19.® The World Health Organization defines cases having the following LUS features as
those with probable COVID-19: thickened pleural lines, B-lines (multifocal, discrete, or confluent), and consolidative
patterns with or without air bronchograms.**%3

Unlike to COVID-19 pneumonia, ultrasound images of community-acquired pneumonia often show large and
circumscribed consolidation accompanied by bronchial gas phase or liquid phase and pleural effusion. Consolidations
were more extensive in bacterial pneumonia. Lung tissue was completely degassed and exhibited a solid tissue echo “a

pattern showing” “hepatic-like changes”.®®

9

S

spared areas

Figure 3 B-lines with patchy distribution and spared areas. Left: Speared area with A-pattern; smooth pleural line and A-lines. Right: B-pattern; irregular pleural line and
multiple spaced B-lines (poor lung aeration).
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Statement 8
The LUS score based on the examination of 12 standard regions can be used to assess lung aeration changes and follow
up disease progression.

Rationale

LUS score can measure the loss of lung aeration produced by diverse pathological situations.®”*® Some studies have
proven that LUS could predict the outcomes in patients with SARS-CoV-2 infection. LUS has been strongly correlated
with lung involvement and provides risk stratification, including prediction of mechanical ventilation requirement and
mortality risk.®’® To assess the disease severity, different protocols for the LUS scoring system (Table 2) had been
developed. The emergency department LUS protocol for patients with COVID-19 using bedside LUS, can grade disease
severity and help clinicians make appropriate decisions and follow up patients with COVID-19. Patients can be examined
in the sitting position. When such a position was not possible due to worsening clinical condition or lack of compliance,
the examination could be performed in the supine, semi-recumbent, or lateral decubitus positions on both sides.”!

The LUS protocol involves the examination of 12 lung regions, with the entire procedure taking approximately 5 min
when performed by an experienced physician.”? On each side, six lung regions of interest (Figure 4), delineated by
a parasternal line, anterior axillary line, posterior axillary line, and paravertebral line, are examined.”' Each region is
scored from 0 to 3 according to four ultrasound aeration patterns (Figure 5): 0 = normal aeration, 1 = interstitial
syndrome, 2 = alveolar edema, and 3 = consolidation.”® ”? The final LUS score is the sum of the points across in all 12
regions and ranges from 0 to 36.”*7°

We seek from this statement to help physicians in ICU and ER, not only sonographers, to practice lung sonography in
a simple, fast, and applicable technique. This technique includes well-known 12 lung zones and well-known anatomical
lines as if they are employing the ultrasound probe as their stethoscope. The LUS score (0-3) does not only aid in the
diagnosis of COVID-19 pneumonia but also helps in triaging COVID patients in ER, predicting outcomes and the need
for invasive mechanical ventilation, and follow-up of these patients.”® Volpicelli et al conducted an international
multisystem study on 1462 patients. In this study, all intercostal spaces were evaluated in 5 scans (see Table 2),
additional scans were done to evaluate focal abnormalities, many video clips were captured to evaluate series of
intercostal spaces per area, both the ultrasound convex and linear probes were used, intercostal spaces were evaluated
in longitudinal and oblique views with additional tilting to optimize visualization of pleura. However, this study helps
only in the early diagnosis of COVID-19, lacking the advantage of follow-up and predicting outcomes of COVID-19
patients.”’

Statement 9
Bedside LUS, by a well-trained physician or expert, is a useful screening and monitoring tool for suspected or confirmed
COVID-19 cases, with an acceptable accuracy rate.

Rationale

LUS has an established accuracy for diagnosing lung diseases. It can be used for daily assessment and monitoring of
patients with COVID-19. Growing literature and international networks have encouraged using LUS to diagnose
COVID-19 pneumonia.”® LUS results are similar to those obtained by HRCT and outperform the standard chest X-ray
results for assessing pneumonia and ARDS, with additional benefits of ease of use in point of care and acceptable
accuracy.’’

Thus, LUS may assist in tracking the clinical disease course and treatment outcomes and altering ventilator settings in
severely ill patients or those undergoing mechanical ventilation.”***! LUS has shown high sensitivity to pulmonary
lesions and can overcome the time gap for transferring patients to the CT unit.** Moreover, it can show the resolution of
lung pathology after 96 h of admission.”

In the United States, point of care ultrasonography training is highly recommended in programs for internal medicine
residency evaluated the efficacy of a 2-week ultrasound elective training for internal medicine residents including
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Table 2 Different Protocols for the Lung Ultrasound Scoring System

Scoring Protocol

Number of Lung

Items Evaluated

Scoring (of Each Lung Zone)

Total Score

Reference Zones Examined
LUS score 12 ® A-lines 0: normal pattern (A-lines or insignificant 36
(LUSS) ® B-lines (number and coalescence) B-lines) (pattern A)
Coalescence score ® Subpleural consolidations I: significant B-lines (23 per rib space) (pattern
(cLUSS)®"*2 e Consolidation BI)
2: coalescent B-lines with or without small
consolidations (pattern B2)
3: consolidation (pattern C)
Modified LUSS 12 ® A-lines 0: A-lines — max 2 B-lines 36
(mLUSS) ® Pleural involvement >50% or <50% I: artifacts occupying <50% of the pleura
Quantitative score ® B-lines 2: artifacts occupying >50% of the pleura
(qLUSS)*? ® Subpleural consolidations 3: consolidation
e Consolidation (Artifacts : well-spaced B-lines if 2 3, coalescent
B-lines, subpleural consolidations)
COVID-19 LUS in 12 ® A-lines 0: A-lines, | or 2 B-lines, smooth thin pleural 36
the ED (CLUE) ® B-lines (number and confluence) line
protocol”® ® Pleural line (thickness and irregularity) I: > 2 B-lines but discrete, irregular/thickened
® Subpleural consolidations pleura
o Consolidation 2: confluent B-lines, subpleural consolidations
e Severity index grading and disposition (height < | cm)
planning from the emergency department 3: lung consolidation (height > | cm), +/— air
bronchogram +/— vascularity
Composite 12 B-lines/consolidation quantitative score (score | B-lines/consolidation quantitative score: 60
Lus® 0-3) 0: well-spaced B-lines <3
+ I: well-spaced B-lines 23
Pleural abnormalities quantitative score (score | 2: multiple coalescent B-lines
0-2). 3: lung consolidation
The pleural line quantitative score:
0: normal
It irregular pleural line
2: blurred pleural line
Modified lung 10 Pleural line involvement (0-3) Pleural line involvement 110
ultrasound + 0: Normal pleura
(MLUS) scoring Lung parenchymal involvement (0—4) I: thickening (20.5 mm) or irregular
(modified based on + 2: blurred
the ILD Buda Complications (0,4) 3: discontinuous, fragmented
scoring system)(’4 Lung parenchymal involvement
0: no B-line
I: presence of B-line <3
2: presence of B-lines 24 or partially merged
3: presence of B-line fully integrated (white
lung or waterfall sign)
4: presence of pulmonary consolidation or
subpleural lesion
Complications
0: none
4: am line (pulmonary balloon);
4: pneumothorax or empyema
4: pleural effusion
(Continued)
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Table 2 (Continued).

Scoring Protocol

Reference

Number of Lung

Zones Examined

Items Evaluated

Scoring (of Each Lung Zone)

Total Score

LU score”™

14

o A-lines
® B-lines (coalescence and distribution)
o Consolidations

® Pleural line (irregularity and fragmentation)

0: A-lines with continuous and regular pleural
line

I: visible B-lines and irregularities in the pleural
line

2: discontinuous pleural line with dark areas
under the pleura (consolidations) with
associations of B-lines

3: coalescent B-lines with “white lung” aspect,
dense and widely distributed, with or without

consolidations.

42

B-line score
(estimate

accumulation of

Evaluate each intercostal

space (from second to

fifth) anteriorly and

B-lines (number)

0: <5 B-lines (absent EVLW)
I: 6-15 B-lines (mild EVLW)
2: 16-3 B-lines (moderate EVLW)

diagnosis of
COVID-19
pneumonia: an
international
multicenter study
[

Volpicelli, G. et al,
Lung ultrasound for
the early diagnosis
of COVID-19
pheumonia: an

international

Scan | (anterior chest)
Scan 2 (lateral chest):
4-5 lateral intercostal

spaces [scan performed

longitudinally]

Scan 3 (lateral chest):
costophrenic angles [scan
performed in oblique]
Scan 4 (posterior chest):
4-5 posterior intercostal

spaces between scapula

and spine line [scan

patterns

o A-lines

® B-lines (coalescence and distribution)
e Consolidations

® Pleural line

® Pleural effusion

+

Clinical phenotypes

I.mild phenotype

2.severe phenotype

mixed phenotype

extravascular lung laterally 3: > 30 B-lines (severe EVLW)
water [EVLW])*
LUS for the early 5 scans LUS probability LUS probability

patterns

I.Low probability (Low LUS):

a normal or near-normal LUS pattern (bilateral
A-lines with lung sliding and without significant
B-lines)

2.High probability (High LUS): (typical pattern)
bilateral and multifocal clusters of separated or
coalescent B-lines, multifocal peripheral
consolidations, regular and irregular pleural
line, with or without large consolidations.
These clusters appear patchy distribution,

abruptly alternating with normal A-lines

multicenter study. performed longitudinally] patterns (“‘spared areas”).
Intensive care
medicine, 2021. 47

(4): p. 444454

Scan 5 (posterior chest): 3.Intermediate probability (IntLUS): (less

3—4 posterior intercostal typical pattern) unilateral isolated clusters of

spaces below the inferior B-lines or focal multiple B-lines, with or

margin of the scapula
[scan performed in

oblique]

without small peripheral consolidations.
4.Alternative probability (AltLUS): (more

consistent with an alternative diagnosis) such

as
—an isolated large consolidation with dynamic
air bronchograms (suggesting bacterial
pneumonia) or without bronchograms
(suggesting obstructive atelectasis),

—a large pleural effusion,

diffuse homogeneously distributed B-lines
(suggesting cardiogenic edema or diffuse
fibrosis).

acquisition and retention of knowledge and performing thoracic ultrasonography.®> They concluded that the interactive

ultrasound elective training for 2 weeks demonstrated efficacy in knowledge acquisition and retention related to

ultrasound.?*”°
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Figure 4 The lung ultrasonography score, based on the examination of 12 regions of interest (six on the right side and six on the left side), has been proposed to assess lung
aeration changes caused by different pathological lung conditions. PSL: AAL: PAL: PVL.

LUSS: 0 LUSS: 1 LUSS: 2 LUSS: 3
Normal LUS Moderate loss of  Severe aeration Complete
pattern lung aeration loss aeration loss
Interstitial Diffuse alveolar ~ Consolidation
syndrome pattern ~ edema pattern (C) or tissue
pattern

Smooth thin Thick/irregular Confluent B-line Large

pleural line. pleural line. +/—sub pleural  consolidation
a will feature A- >2 discrete B- small (>1 cm height)
lines lines per inter- consolidation +/— air

No/or <2 B-lines  costal space (<1 cm height) ~ bronchogram

Figure 5 LUS score (LUSS) according to sonographic pattern: For each region, we allocated points, ranging from 0 to 3, according to the poorest ultrasound pattern
observed. 0 = normal aeration, | = interstitial syndrome, 2 = alveolar edema, and 3 = consolidation. The final LUSS is the sum of the points in all |12 regions, which ranges
from 0 to 36. Accordingly, the grading the disease severity index can be estimated: mild (score <5), moderate (<I5), and severe (>15).
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Statement 10
Infection Control is Paramount
-National and local guidelines on PPE usage should be followed.
-The probe should be disinfected before and after patient examination to avoid nosocomial infections and cross-

contamination.

Rationale

SARS-CoV-2 is transmitted mainly through close contact and respiratory droplets in the ultrasound room as LUS is not
an aerosol-generating procedure. However, it is different in intensive care units where aerosol-generating procedures may
be performed, and airborne transmission can occur.® Adherence to infection prevention and control measures is essential
to protect patients and healthcare workers. We will discuss the following three points:

e PPE
e Cleaning and disinfection of the ultrasound probe
e Environmental cleaning and disinfection

PPE

e The ultrasound procedure requires close contact with suspected or infected patient. LUS is not an aerosol-producing
procedure. Therefore, the following PPE should be worn: surgical mask, eye protection, gown, and gloves.*®

e The number of persons in the ultrasound room should be limited when examining a patient with suspected or
confirmed COVID-19.%’

e All persons in the room not in close contact with the patient should wear a surgical mask and eye protection.

e During environmental cleaning, workers should wear a surgical mask and goggles.

e Adherence to the Five Moments for Hand Hygiene using alcohol-based hand soaps is crucial, especially after
removing gloves.®®

e Proper disposal of PPE after removal is a must.

Environmental Surface Cleaning and Disinfection

e The use of furniture, which should be made of easily cleaned and disinfected materials, should be limited as much
as possible. All unnecessary decorations and accessories should be removed to facilitate the process of cleaning and
disinfection.

e The ultrasound room should be thoroughly cleaned using detergent and water daily and when needed.

e Surfaces should be disinfected, especially frequently touched surfaces, using hospital-approved disinfectants.®

e All surfaces should be disinfected between patients, focusing on the examination bed monitors, computer keyboard,
computer mice, gel container, door handles, cabinet knobs, light switches, chairs, and counter tops.go

e Any used linen should be disposed between patients in a contaminated linen bag. Using disposable linens is
advisable if available.”!

Ultrasound Probe Disinfection
Cleaning and disinfection for external probes:

e Given that LUS is a noncritical procedure, low- or intermediate-level disinfection of the transducer is enough to
denature most bacteria, some fungi, and some viruses, such as COVID-19.°

e The transducer should be cleaned, followed by disinfection. Ultrasound gels and any debris should be removed
using a paper towel, after which a detergent-impregnated wipe approved for use on medical devices should be used.
For disinfection, the probe should be wiped using a low- or intermediate-level disinfectant compatible with the

ultrasound probe according to the manufacturer’s instructions.”

2008 e Infection and Drug Resistance 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Zaky et al

e The entire ultrasound machine should be disinfected, particularly the keyboard, screen, and ultrasound probe cord,
using an approved ultrasound machine disinfectant wipe or solution.”

e Plastics or disposable covers can be used to decrease contamination of the probe and the entire ultrasound machine,
especially the keyboard and probe cord. All disposable covers should be removed. The ultrasound machine and
probe should be disinfected between patients.®

Disinfectants Used for Environmental Cleaning
+ Ethanol (70-90%).

* Chlorine-based products (eg, hypochlorite) at 0.1% (1000 ppm) for general environmental disinfection or 0.5%
(5000 ppm) for large spills of blood and body fluids.

» Hydrogen peroxide (more than 0.5%).

Contact time of a minimum of 1 min is recommended for these disinfectants.”*

Disinfectants for Cleaning the Ultrasound Transducer
Chemical “wet” disinfection:

* 2.4-3.2% glutaraldehyde products (eg, Cidex [ASP, Advanced Sterilization Products, Zug, Switzerland], Metricide
[Metrex, Orange, CA, USA], and Procide [Metrex, Orange, CA, USA]).

» Non-glutaraldehyde agents (eg, Cidex OPA [o-phthalaldehyde], Cidex PA [hydrogen peroxide], and peroxyacetic
acid).

» Approved multi-step disinfectant wipes containing chlorine dioxide, used extensiveily in the United Kingdom and
Australia (eg, Tristel Duo [Tristel, Snailwell, Cambridgeshire, UK]).

* 7.5% hydrogen peroxide solution (works by producing destructive hydroxyl free radicals).

* Sodium hypochlorite 0.21% (Antisapril Blu 2% [Monteroni d’Arbia, Italy]).

Limitation

One of the limitations of this consensus, is the absence of special statements for the use of LUS in pregnant women or
child/newborns which may need special consensus. However, Yassa et al reported that the use of LUS in pregnant women
while awaiting the RT-PCR results may have an important role specially in low-resource setting, In pregnant women LUS
was reported to be more predictive in detecting COVID —19 Infection than the use of symptoms only.*

Recommendation
For symptomatic patients with SARS-CoV-2 infection, initial evaluation may include chest X-ray, ultrasound, or CT, if
indicated. Point of care LUS training courses are highly recommended for junior physicians in triage or designated hospitals.
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