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Introduction

Since the first confirmed infection of a novel coronavirus 
labeled SARS-CoV2 the high number of COVID-19 
associated acute respiratory distress syndrome (ARDS) and 
risk of virus transmission among health care providers are 
one of the problems of greatest concern. Even with the 
increasing number of COVID-19 vaccinations, accurate 
assessment and prudent safety regime should be prioritized. 
Also, since numerous cases in which a patient, who was 
not considered initially as infected with SARS-CoV2, 
was finally diagnosed as a COVID-19 case, the need of 
additional safety protocol is of the utmost importance. 
Every patient with acute respiratory infection with fever, 
cough, dyspnea or a history of COVID-19 unprotected 
contact has to be tested for SARS-CoV2 infection and 
isolated until negative RT-PCR test. In addition to 
obtaining medical history, physical examination and 
laboratory tests, physicians may use different imaging 
techniques. Many studies of COVID-19 revealed CT scan 
abnormalities in both symptomatic and oligosymptomatic 
patients regardless of ICU stay, with typical CT features 
described as bilateral pulmonary parenchymal ground glass 
and peripheral consolidative pulmonary opacities (1-3).  
What more, Zhang et al. proposed including CT in the 
diagnostic strategy for COVID-19 in both febrile and 

afebrile lymphopenic patients, but routine CT screening is 
not practically implementable (2). While high resolution 
computer tomography (HRCT) is the gold standard for 
lung imaging in the diagnosis of diseases affecting the 
pulmonary interstitium, lung ultrasound (LUS) is being 
increasingly used. Diagnostic accuracy of a full LUS is 97% 
for consolidation and 95% for alveolar-interstitial syndrome 
and may be comparable to that of computed tomography (4). 
Up till now already numerous studies highlight the clinical 
value of LUS in COVID-19 diagnostic (5,6). 
Moreover, in COVID19 pneumonia, complete LUS may 
be of comparable value to CT both as a diagnostic and 
prognostic tool for the disease progression (7-10).
Recent studies suggest that LUS may be a useful tool to 
monitor SARS-CoV2 infection, assess the COVID-19 
severity,  and identify patients who might require 
Extracorporeal Membrane Oxygenation (ECMO) therapy 
with a specificity of 90% (11,12). Therefore, it is reasonable 
to presume that a full LUS can give the physician almost 
as many important details as CT, but is much more 
assessable (10,13). We suggest that LUS protocols should 
be considered as an important part of COVID-19 diagnosis. 
Also, while negative antigen test or even single negative 
RT-PCR test for SARS-CoV2 should not be considered 
as conclusive, we strongly believe that in order to prevent 
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too early termination of safety regime LUS should be 
performed in every patient prior the decision of ending 
isolation (14,15). With abnormal LUS images patient 
should be than retested and considered as COVID-19 until 
a subsequent negative RT-PCR tests confirms otherwise.

LUS

Equipment

Based on our experience gained in dealing with other 
viral pneumonias we assume, that all models and types 
of ultrasound devices are sufficiently accurate in order to 
perform a LUS. Considering the examination technique and 
the contamination risk, we would suggest using a convex, 
microconvex or sector probe in the adult population. Sector 
probe, although not ideal for LUS, meets the criteria of a 
small and universal bedside diagnostic tool of initial whole-
body ultrasound examination. Also, for lean adults or the 
pediatric population, a linear probe may be more accurate.
Although LUS may be performed with the use of any type 
and model of ultrasound device, at the time of the current 
pandemic there is need for deep decontamination of 
medical equipment (the whole device, not only the probe). 
Moreover, the ultrasound device should fulfill two major 
criteria: firstly, it should be of a small enough size which 
allows one to place the whole device and the probe within 
plastic disposable covers which should be exchanged (if 
possible) after each patient assessment. Secondly, the device 
should be easy to handle, both during examination and 
decontamination. In our opinion, remote portable devices 
should be used if possible.
Before an examination, the ultrasound device settings 
should be optimized as follows: (I) all options for the 
minimization or augmentation of B lines should be turned 
off (e.g., harmonic  imaging, cross-sectional imaging etc.) 
or the “lung” preset setting should be turned on; (II) gain 
should be set to minimum for securing artifacts with better 
contrast; (III) the focus should be set at the level of the 
pleural line, (IV) and the depth of assessment should usually 
be set at a level of 10–15 cm.

Examination

According to 2020 Recommendations for LUS in Internal 
Medicine, it is recommended to perform a full LUS from 
the top fields to the base of the lungs in all anterior, lateral 
and posterior lung fields using the sliding technique (13). 

The full assessment of lung aeration should concern six 
quadrants separately for each lung as presented in Figure 1.  
We recommend this technique, as it allows one to perform 
a more accurate examination in comparison with protocols 
assessing only a few given points in emergency medicine, 
such as the BLUE protocol (16). This approach is due 
to the fact that the characteristic imaging features of 
COVID-19 are usually multifocal and surrounded by the 
normal lung parenchyma, the so-called spared areas (17). As 
in the supine position only the anterior and postero-lateral 
parts are accessible especially in conscious and cooperating 
patients, we strongly suggest performing a LUS for the 
maximum assessable lung area, with the patient in a sitting 
position, hands placed on their knees, and standard surgical 
mask securely covering their face. However, when dealing 
with critically ill patients in the supine position, the anterior 
and posterolateral areas should be examined using the 
sliding technique. Lung sliding should be assessed with the 
transducer placed transversely to the ribs to avoid diagnostic 
errors that may occur, e.g., in subcutaneous emphysema. 
Only after identifying the ribs and pleura, the probe should 
be placed longitudinally to the ribs in order to assess the 
maximum lung surface. 

Ultrasound findings

At the early stage of COVID-19 lung involvement, 
focal artifacts of the B-lines are usually observed (17). 
The presence of a B-line pattern (three or more B-line 
artifacts) prove that the pulmonary parenchyma is already 
involved (18); multifocal B-lines are accompanied by small 
subpleural consolidations while irregular, thickened pleural 
line is observed. Pulmonary involvement in COVID-19 
is usually subpleural, which facilitates LUS assessment 
sensitivity (19). These abnormalities are usually found 
in the lower and middle lung fields, in the posterolateral 
area (20). In the more advanced stage of the disease, 
abnormalities may be found in all lung fields (21). As with 
disease progression the number of B-lines increases, the 
lines start to fuse producing interstitial syndromes and, 
subsequently, “white lungs” (Figure 1G). Finally, the lungs 
may become atelectatic with diminished lung sliding. 
In each quadrant, the worst picture obtained should be 
evaluated on a scale according as proposed by Castelao 
et al. (22): 0 points (A pattern)—a lines with preserved 
pleural sliding, non-thickened and regular pleural line 
(Figure 1F); 1 point (B7 pattern)—more than 3 regular B 
lines with separated from each other by 7 mm (Figure 1E);  
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2 points (B3 pattern)—more than 3 B-lines separated from 
each other by 3mm, irregular or blurred (Figure 1G); 3 
points (C pattern)—subpleural consolidations (Figure 1H). 
The obtained result ranges from 0 to 36 points. For better 
staff certainty we do recommend internal training organized 
by physician with best experience to avoid confusion caused 
by presence of irrelevant artifacts as I-lines and Z-lines (23).

The protocol

The protocol was designed primarily for patients treated 
in the emergency departments with conditions other than 
those considered infectious, such as: trauma; acute coronary 
syndrome; stroke; or other numerous indications for 
admission; and those requiring urgent surgical or medical 
treatment. Every patient with singular negative RT-PCR 
test and any of following: persistent flu-like symptoms 
(chills, cough, sore throat, myalgia, fatigue) or body 
temperature ≥37.3 ℃, or dyspnoea (classified as NYHA II 
or increase at least of 1 NYHA point), or finally respiratory 
failure (classified as SpO2 <93%), documented or suspected 
unprotected contact with COVID-19; should be evaluated 
with LUS before decision of terminating isolation despite 

negative antigen test or single RT-PCR negative test result 
(Figure 2). If the LUS reveals abnormalities suggesting 
viral pneumonia findings, the patient should be treated 
as a COVID-19 suspected case. In this case, although 
performing subsequent RT-PCR test should be considered 
as urgent, waiting for the test result should not delay 
proper, specific treatment. This procedure may prevent the 
uncontrolled spread of the virus and help to identify patients 
with mild symptoms, but significant lung involvement. Both 
the result of LUS equal to or greater than 19 and the score 
of 4 points on the anterior surface of the chest may suggest 
high risk of respiratory failure and the possible need for 
intensive care treatment.

Future possibilities for assessment in the emergency 
medical services

Patient prognosis in life-threatening situations is strongly 
dependent on accurate differential diagnosis and tailored 
treatment at all stages of care. Implementation of the 
safety protocol presented herein into prehospital patient 
care could potentially result in the implementation of 
adequate procedures at the site of the first intervention. 

Figure 1 Division of each hemithorax into six quadrants limited (A) on the front by the sternal line and approximately fifth intercostal space 
(B); on the back by vertebral line and subscapular line (SSL); (C) on left and (D) right side of the thorax by anterior axillary line (AAL), 
posterior axillary line (PAL), and the line that runs in the middle of the distance between the diaphragm and the top of the axilla (approximately 
fifth intercostal space). The key artifacts observed during LUS are: clearly visible, sharp B-lines (asterix) appearing at 7 mm intervals, so 
called B7 profile (E); fully aerated lung areas with horizontal A-lines (arrow) representing pleural reverberations (during the examination 
pleural sliding was visible) (F); multiple merging B-line artifacts (asterix), so called B3 profile (G); local subpleural consolidations (arrow) (H).

A B C D

E F G H
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The aim of prehospital COVID-19 screening is to detect as 
many people as possible at high risk of severe COVID-19 
infection. Onsite LUS assessment, enhanced by tele-
transmission, such as in the case of ECG, could augment 
patient diagnosis and facilitate better triage (transfer the 
subject directly to a hospital chosen to provide COVID-19 
treatment). This pre-triage could potentially relieve 
emergency departments which deal with cases other than 
those involving COVID-19 patients. 

Discussion

While RT-PCR is considered as a gold standard test to 
confirm SARS-CoV2 infection its reliability depends on 
several factors including sample quality, RNA stability, 
time of sample harvesting and laboratory errors. Also, 
the time is important, as the viral replication in upper 
respiratory tract is highest between 4th and 10th day since 
the onset of symptoms (24). Although bronchoalveolar 

lavage provide the most value material it causes increased 
exposition to aerosol potentially contaminated with SARS-
CoV2, requires significant health care resources, therefore 
nasopharyngeal swab is still the simplest, acceptable by 
patients and most commonly performed technique with 
sensitivity estimated at 63% (24,25). Fast antigen tests are 
significantly less sensitive than PCR testing, thus the high 
risk of false negative results of antigen tests and RT-PCR 
test emphasizes the need for implementing additional safety 
procedures. 
Among different triage techniques, ultrasound chest imaging 
seems to be the most suitable in the current epidemiologic 
situation. Due to specific artifact analysis, both the risk of 
bias and inter-observer variability is negligible. Easy and 
quick training enables fast implementation of this technique 
into everyday practice, which can be crucial in reducing 
the risk of uncontrolled spread of COVID-19. There 
are no limitations to perform LUS, but there are specific 
conditions, in which the image may be ambiguous or even 

Hospital admission

RT-PCR test

or

antigen test

Body temperature 37.3 ℃
or

Flu like symptoms [2]

or

Respiratory insufficiency [3]

or

Contact with COVID-19 [4]

Lung ultrasound

Additional RT-PCR [1]

Consider ending isolation 

protocol

Consider extended monitoring 

and early treatment 

(High risk of pulmonary 

complications)

Standard care

Lung ultrasound score Confirmed COVID-19

HIGH [5] LOW [6]

POSITIVE

NO TO ALL

ABNORMAL NORMAL
YES TO ANY

POSITIVE

NO

Figure 2 A proposed protocol for the lung ultrasound COVID-19 triage. [1] Preferably specimens collected from the lower respiratory 
tract; [2] persistent chills, cough, sore throat, myalgia, fatigue; [3] dyspnoea classified as NYHA II or increase at least of 1 HYHA point or 
SpO2 <93%; [4] documented or suspected unprotected contact with COVID-19; [5] total LUS score ≥19; or ≥4 points on anterior chest 
wall; [6] total LUS of 0 makes pneumonia unlikely.
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impossible to obtain, such as pneumothorax or excess of 
adipose tissue. We are also aware of the limited diagnostic 
capabilities of ultrasound and the risk of false positive results 
in geriatric population with numerous comorbidities and 
often coexisting heart failure. However, the proposed cut-
off value of the LUS (19 points or 4 points on the anterior 
surface) seems to be reasonable. Moreover, the presence of 
subpleural consolidation may be of great diagnostic value 
for inflammatory changes. Additional echocardiographic 
evaluation should be performed whenever possible to 
exclude heart failure. We also want to emphasize that 
abnormal findings in LUS may last for up to several weeks, 
therefore this method may be of little use to the difference 
between ongoing inflammation and early post-COVID-19 
changes. Nonetheless, LUS may be implemented at 
the early stage of patient evaluation in order to assess 
pulmonary causes of dyspnea and respiratory failure, as well 
as identify the patients with high risk of ARDS (22).
According to our best knowledge, recommendations 
proposed by the German Society of Ultrasound in Medicine 
(DEGUM) or British Medical Ultrasound Society (BMUS) 
concern mainly the imaging techniques and monitoring 
COVID-19 patients, but do not indicate the place of LUS 
in diagnostic algorithms (26,27). Our protocol is one of 
the first attempts to facilitate hospital safety protocols in 
the current SARS-CoV2 pandemic. Patients transferred 
to the hospital may be asymptomatic or may have negative 
RT-PCR test result. Considering the unspecific signs 
and symptoms, patient assessment should be reinforced 
by an additional objective tool such as a LUS. The risk 
of admitting patient with false negative RT-PCR into 
unsecured setting may cause infection of numerous patients 
and employees or equipment contamination. We based our 
protocol on a need of both increase in-hospital patient safety 
and the need of monitoring severity of COVID-19 and early 
detection of patients who might require pharmacological 
treatment, mechanical ventilation or ECMO therapy. 
Current data suggest a median incubation period from 5 to 
6 days (ranging, 1–14 days) and a high risk of asymptomatic 
carrier transmission during this period of time. According 
to the data from China, 1.2% of the population may be 
asymptomatic with as many as 80.9% patients presenting 
only mild upper respiratory tract symptoms and chills (28). 
It also has to be pointed out that pulmonary involvement in 
an oligosymptomatic or asymptomatic patient is frequently 
associated with a poorer prognosis (11).
Prior terminating isolation each patient with single 
negative RT-PCR or antigen test should be examined with 

a LUS and, when the examination proves to be abnormal, 
considered as SARS-CoV2 positive, until an additional RT-
PCR test result confirms otherwise. In this case, all personal 
protection equipment and hospital internal procedures 
should be implemented in order to maintain the safety 
of medical staff. In contrast, every patient with single 
negative RT-PCR test, fully aerated lungs and no previously 
discussed symptoms may be considered as at neglectable 
risk and treated with standard care. It is also important that 
the LUS score can be used to assess disease progression, 
indicating the need for CT scanning. Using LUS, it is 
possible to reduce the number of chest X-rays and CT scans 
during this pandemic, which reduces radiological exposure, 
improves patient care efficiency and increases the availability 
of diagnostic tests (29). LUS is also a powerful tool in 
adjusting mechanical ventilation and can be used for non-
invasive real-time monitoring of lung recruitment, which 
is a dynamic process. It allows detecting the actual opening 
and closing pressures of lungs, which in severe ARDS are an 
extremely heterogeneous organ. Thus, ultrasound can guide 
the way of an open-lung strategy, making it a goal-directed 
therapy (30). Finally, our assertion was partially confirmed by 
Volpicelli et al. who have shown that combining LUS with 
clinical presentation can be helpful in identifying patients with 
or without COVID-19 (31). 

Conclusions

LUS seems to be one of the most assessable, easy to 
implement and resource saving tools, which may be 
practically included into safety protocols in order to 
improve patient and healthcare providers safety in the 
current COVID-19 pandemic. Both patients treated by the 
EMS and in-hospital patients should be evaluated with LUS 
for the risk of severe ARDS and possible complications.
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