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Abstract

The most relevant manifestation of coronavirus disease 2019 (COVID-19) is interstitial pneumonia. Several lung ultrasound
(US) protocols for pneumonia diagnosis are used in clinical practice, but none has been proposed for COVID-19 patients’
screening in the emergency department. We adopted a simplified 6-scan lung US protocol for COVID-19 pneumonia diag-
nosis (LUSCOP) and compared its sensitivity with high resolution computed tomography (HRCT) in patients suspected for
COVID-19, presenting to one Emergency Department from February 21st to March 15th, 2020, during the outbreak burst in
northern Italy. Patients were retrospectively enrolled if both LUSCOP protocol and HRCT were performed in the Emergency
Department. The sensitivity of LUSCOP protocol and HRCT were compared. COVID-19 pneumonia’s final diagnosis was
based on real-time reverse-transcription polymerase chain reaction from nasal-pharyngeal swab and on clinical data. Out of
150 suspected COVID-19 patients, 131 were included in the study, and 130 had a final diagnosis of COVID-19 pneumonia.
The most frequent lung ultrasonographic features were: bilateral B-pattern in 101 patients (77%), B-pattern with subpleural
consolidations in 26 (19.8%) and lung consolidations in 2 (1.5%). LUSCOP Protocol was consistent with HRCT in cor-
rectly screening 130 out of the 131 COVID-19 pneumonia cases (99.2%). In one case COVID-19 pneumonia was excluded
by both HRCT and lung US. LUSCOP protocol showed optimal sensitivity and can be proposed as a simple screening tool
for COVID-19 pneumonia diagnosis in the context of outbreak burst areas where prompt isolation of suspected patients is
crucial for patients’ and operators’ safety.
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On 13th March 2020, the World Health Organization (WHO)
declared the COVID-19 as a pandemic of public health
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cal issues to limit COVID-19 diffusion is to have rapid and
affordable screening tests. WHO is supporting the identifica-
tion of a rapid point-of-care diagnostic tool [3]. In particular,
this need is remarkable in the emergency departments where
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To date, the gold standard diagnostic tool recommended for
COVID-19 pneumonia is the real-time reverse transcription-
polymerase chain reaction (rRT-PCR) to detect nucleic acid of
severe acute respiratory syndrome coronavirus (SARS-CoV-2)
in respiratory specimens [4]. However, a variable percentage
of false-negative swabs has been documented [5]. Moreover,
during the epidemic peak in highly affected areas, the long
time that is required to obtain the rRT-PCR results may limit
its utilization in the acute setting. Alternatively, the chest X-ray
is not specific nor sensitive for the diagnosis of viral pneu-
monia [6]. High resolution computed tomography (HRCT)
demonstrated high sensitivity and specificity for COVID-19
pneumonia, showing a characteristic pattern [7, 8]. However,
HRCT has several limitations (i.e. high costing, time-consum-
ing, radiation exposure particularly for children and pregnant
women) making it not ideal for screening. Furthermore, HRCT
is often unavailable in limited resource scenarios and, if avail-
able, accurate sterilization of the machine should significantly
impact the diagnostic time. Recently, a more rational use of
imaging tests has been suggested, reserving chest X-ray and
HRCT in selected cases and assuming a role for lung US [9].
A standardized and detailed approach for lung US implemen-
tation in COVID-19 patients, based on a scanning method
exploring 14 chest areas, has been recently presented, also
with research purposes [10].

In the acute setting, lung US can be useful to screen sus-
pected patients to address them to a safe path from their
entrance in the emergency department: a detailed approach
could be time-consuming.

In the emergency setting, lung US proved to be as accu-
rate and reliable as HRCT and chest X-ray for the diagnosis
and monitoring of viral and bacterial pneumonia [11] and
ARDS [12], in both adult and children [13] and its imple-
mentation during influenza A HIN1 pandemic provided
early detection of interstitial lung disease [14]. Furthermore,
lung US use is widespread also in low-income countries
[15].

Although the potential advantages of lung US are well
known, current clinical recommendations still do not sug-
gest a role for lung US as a screening imaging test in the
emergency setting for COVID-19 pneumonia. In our real-life
study, we evaluated the sensitivity of a novel, rapid, simpli-
fied lung US protocol as a screening tool in the early detec-
tion of COVID-19 pneumonia in the Emergency Depart-
ment, in comparison with HRCT: the Lung US for early
detection of COVID-19 Pneumonia (LUSCOP) protocol.

Methods

This was a retrospective study which considered 150 consec-
utive patients, with clinically suspected COVID-19, admit-
ted to the Emergency Department of a Community Hospital
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in northern Italy, from February 21st to March 15th, 2020,
during the COVID-19 outbreak, in one of the first and most
stricken district.

Given the exponentially increasing load of patients pre-
senting to the Emergency Department, a new allocation
of resources and an adequate and safe setting for admitted
patients were needed. In this context, after the triage, our
Institution decided to admit suspected patients in the Emer-
gency Department if they had moderate to severe manifes-
tations of the disease or if they were at high risk for com-
plications. Alternatively, patients suspected for COVID-19
with mild symptoms were evaluated in a medical station
outside the Emergency Department and not included in the
study because precociously discharged without second level
diagnostic assessment.

The study was approved by the local Ethics Committee.

Diagnostic investigations and inclusion criteria

Patients with moderate to severe manifestation of the disease
were considered those with:

1. Alterations of vital signs (blood oxygen saturation
<94%, systolic blood pressure < 90 mmHg, respiratory
rate > 25 breaths/minute, heart rate > 100 bpm)

2. Necessity for strict monitoring (i.e. patients with chest

pain or syncope)

Alteration of the state of consciousness

4. Multimorbidity and frailty

e

Patients were included in the study if they met the fol-
lowing criteria:

1. Positive rRT-PCR from a nasal-pharyngeal swab or posi-
tive clinical diagnosis of COVID-19

2. Execution of lung US in the Emergency Department

3. Execution of HRCT in the Emergency Department

Coronavirus disease 2019 diagnostic confirmation
was based on the rRT-PCR from nasal-pharyngeal swab
(repeated in case of suspected false-negative results) or
on the clinical diagnosis at discharge after hospitalization.
Clinical diagnosis of COVID-19 was made in case of lack of
swab or in case of negative rRT-PCR from nasal-pharyngeal
swab but in presence of contemporary radiological confir-
mation, signs and symptoms and clinical course typical for
COVID-19 (i.e. fever, desaturation, shortness of breath).

We adopted a rapid, simplified lung US protocol to
explore posterior fields from the apex to the bases bilaterally
(6 fields in total, 3 fields for hemithorax including apex, mid-
dle, basal field) (Fig. 1) with longitudinal scan. This choice
was made on the basis of reported evidences that COVID-
19 pneumonia predilects the posterior part of lower lobes
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with subpleural involvement [5, 6]. We considered lung US
positive if the following were detected: B-pattern (intersti-
tial syndrome with B-lines in clusters, both with 3 or more
separate or coalescent B-lines, light beam signs, and white
lung), small peripheral consolidations (subpleural echo-poor
region or with tissue-like echotexture) or both findings in at
least one field, as reported in the literature [16]. Lung US
was a routine examination integrated into the global evalua-
tion of the patients: after history taking and physical exami-
nation, we collected lung US data adopting a standardized
form which included a scheme reporting the division of the
chest in 6 posterior fields, as in Fig. 1. The forms were com-
piled immediately after the lung US execution and medical
reports indicating the location of sonographic pathological
alterations were written. We performed lung US as the first
diagnostic imaging investigation, prior to performing HRCT.
It was possible to perform lung US in all patients, including
the critically ill, with a nurse helping the patient to maintain
the proper posture if necessary. It was not possible to meas-
ure the time for lung US execution, but in expert hands, this
protocol requires less than one minute.

Lung US was compared with HRCT. HRCT was consid-
ered positive on the basis of the medical radiological report,
referring to the typical COVID-19 interstitial pneumonia
pattern with ground-glass opacities or consolidations with
peripheral subpleural distribution, mainly in the lower lobes,
with or less bilateral involvement as reported in the literature
[7, 8].

Technical equipment

Lung US was performed with different devices i.e. ESAOTE
MyLab Alpha; ESAOTE Mylab 30 Gold equipped with a

Fig.1 Chest fields for lung US examination. Lung US scan protocol
of posterior fields from the apex to the bases bilaterally: 6 fields in
total, 3 fields for hemithorax, apex, middle, basal field.

convex probe, probe AC2541 (frequency range 1-8 MHz),
probe CA631 (frequency range 1-8 MHz) respectively
(Esaote Medical Systems, Florence, Italy); Philips Affiniti
70 equipped with convex probe C6-2 (range frequency
2-6 MHz) (Philips N.V., Amsterdam, The Netherlands);
Samsung HM70a equipped with convex probe CA1-7AD
(range frequency 1-7 MHz) (Samsung Medison, Republic
of Korea).

HRCT was performed with Siemens Somatom Emotion
16 Slice CT Scan Machine (Erlangen, Germany).

Operators participant to the study

The entire medical team of the Emergency Department
contributed to performing lung US and the entire medical
team of the Radiology Department contributed for HRCT
execution.

Globally, 30 physicians performed lung US with an aver-
age of 5+ 3 examinations each. Out of 30 physicians, 4 were
inexperienced in lung US (less than 6 months of experi-
ence). Two of them were rapidly trained at the threshold of
COVID-19 outbreak (less than 4 weeks of experience in lung
US). Each operator took at least a basic course on lung US
since our Community Hospital is a school of clinical ultra-
sound in emergency certified by SIMEU (Societa Italiana
di Medicina d’Emergenza-Urgenza). Overall, 6 physicians
were specialists in Emergency Medicine, 10 physicians were
specialists in Medical Specialties other than Emergency
Medicine (Internal Medicine, Geriatrics, Sports Medicine),
14 physicians were not specialists and 11 of them received
specific training for territorial health emergencies.

Statistical analysis

The reliability of lung US compared to HRCT in detecting
signs suspected for COVID-19 pneumonia, was assessed by
agreement analysis [17], consisting in two tests evaluating
(a) the overall agreement with HRCT i.e. the rate of cor-
rectly classified cases, and (b) the occurrence of a systematic
error i.e. presence of asymmetries in the wrongly classified
cases. As a measure of global agreement (a), the A statistic
was preferred to the more commonly used Cohen’s k [18, 19]
because it deals with the unbalanced distribution of COVID-
19 pneumonia diagnosis in our cohort (130 positive vs 1
negative case, according to HRCT). Similarly to , A varies
between — 1 (complete disagreement), and + 1 (complete
agreement), with zero being considered a random agree-
ment. Values above 0.8 usually indicate “almost perfect”
agreement [17]. The occurrence of a systematic error was
tested by the McNemar’s test [20], applying Edwards’ cor-
rection for continuity [21] and a binomial exact test, given
the low frequency of the wrongly classified cases. All the
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analyses were run in the R environment [22] using basic
functions and the ‘Delta’ package [23].

Results
Patients enrollment

Out of the 150 consecutive recruited patients, 19 were
excluded because they did not meet the inclusion crite-
ria (Fig. 2). Only those with confirmed COVID-19 diag-
nosis and both lung US and HRCT medical reports were
enrolled. Hence 131 patients were finally considered for sta-
tistical analysis. The sample population included 32 women
(24.4%) and 99 men (75.6%) between 19 and 94 years of age
(mean+SD: 64.3 +14.3). Out of 131 enrolled patients, 124
were hospitalized, 7 were discharged from the Emergency
Department.

Patients’ characteristics and lung ultrasonographic
features on admission

On admission to the Emergency Department, the majority
of patients (69.5%) suffered from shortness of breath, with

150 COVID-19 suspected patients

symptoms starting on average 7 +3 days before. The 15.3%
of individuals had a positive medical history for lung disease
and the PaO,/FiO, assessed on admission ranged from 50
to 500, being on average 249 +91. In our cohort patients
with atypical manifestations like syncope/pre-syncope
(n=6), chest pain (n=2), and trauma (n= 1) were included
(Table 1).

The most frequent lung ultrasonographic features were:
bilateral B-pattern (including B-lines in clusters with 3 or
more separate or coalescent B-lines, light beam signs, and
white lung) in 77.1% of patients (n=101), B-pattern with
subpleural consolidations in 19.8% of patients (n=26) and
lung consolidations in 1.5% of patients (n=2) (Table 1).

LUSCOP protocol sensitivity

Out of the 131 COVID-19 enrolled patients, the LUSCOP
protocol was consistent with HRCT in classifying
130 diagnoses (99.2%) (Figs. 3, 4), corresponding to
A =0.9666 +0.0204 (mean =+ standard error). One case of
COVID-19 pneumonia was not identified by lung US. The
classification of error excluded the occurrence of a sys-
tematic error of lung US compared to HRCT, considering
HRCT as the gold standard to assess reliability of lung

12 Excluded patients:
No COVID-19 confirmation

Lost swab (n=6)

Negative swab (n=6)

138 COVID-19 confirmed patients:

Clinical diagnosis (n=9)

Positive swab (n=129) l

131 Included patients

7 Excluded patients:

No HRCT (n=4)
No Lung US (n=3)

l

[ 19 Excluded patients ]

| !

129 Patients with:
positive HRCT

1 Patient with:
positive HRCT

positive Lung US ¢ negative Lung US

Fig.2 Flowchart of patients’ enrollment. Hundred-fifty consecu-
tive patients suspected for COVID-19 were recruited. For 6 patients,
nasal-pharyngeal swab was lost and 6 patients had a negative result,
therefore 12 patients had not COVID-19 confirmed diagnosis and
were excluded. Of the 138 remaining patients, 129 patients had posi-
tive rRT-PCR from nasal-pharyngeal swab, and 9 had clinical diagno-
sis of COVID-19. Of the 129 patients, 5 patients had a false negative
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1 Patient with:
negative HRCT

0 Patients with:
negative HRCT

* negative Lung US ¢ positive Lung US

result from the first swab and a subsequent diagnostic confirmation
from the second swab. Therefore, 138 patients had COVID-19 diag-
nostic confirmation. Of the 138 patients, 4 were excluded because
HRCT was not performed and 3 because lung US was either not per-
formed or not recorded on the medical file. Finally, 19 patients were
excluded and 131 patients with confirmed COVID-19 diagnosis that
underwent both lung US and HRCT were enrolled.
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Table 1 Patients characteristics

. Women n=32 Men n=99 Whole sample n=131
and lung ultrasonographic
features on admission Age 67.9+143 63.1+142 64.3+14.3
(33-94) (19-91) (19-94)
Temperature (°C) 37.8+1.0 37.7+1.0 37.7+1.0
(36-39.6) (35-40) (35-40)
Duration of symptoms (days) 6.1+2.9 7.5+£3.3 7.1+£3.3
0-11) (0-19) 0-19)
PaO,/FiO, 246.1+99.2 250.5+89.3 249.4+914
(50-438) (50-500) (50-500)
Main symptoms®
Flu-like symptoms 6 (18.7%) 25 (25.2%) 31 (23.7%)
Shortness of breath 24 (75.0%) 67 (67.7%) 91 (69.5%)
Syncope/pre-syncope 1(3.1%) 5(5.1%) 6 (4.6%)
Trauma 0 1(1.0%) 1(0.7%)
Chest pain 1(3.1%) 1(1.0%) 2 (1.5%)
Lung disease
Yes 8 (25.0%) 12 (12.1%) 20 (15.3%)
No 24 (75.0%) 87 (87.9%) 111 (84.7%)
Comorbidities®
0 8 (25.0%) 41 (41.4%) 49 (37.4%)
1 7(21.9%) 14 (14.1%) 21 (16.0%)
2 17 (53.1%) 44 (44.5%) 61 (45.6%)
Lung US features
Positive (bilateral B-pattern) 21 (65.6%) 80 (80.8%) 101 (77.1%)
Positive (bilateral B pattern+con- 10 (31.2%) 16 (16.2%) 26 (19.8%)
solidations)
Positive (consolidations) 0 2 (2.0%) 2 (1.5%)
Negative 0 1(1.0%) 1(0.8%)
Negative (pleural effusion) 1(3.1%) 0 1 (0.8%)
Hospitalized patients
Yes 31 (96.9%) 93 (93.9%) 124 (94.7%)
No 1 6 7
(3.1%) (6.1%) (5.3%)

Reported values are means + standard deviations and ranges of variation

*Main symptoms refers to the main symptom that led the patients to the Emergency Department

bComorbities: 0=no comorbidities; 1 =one comorbidity, including known lung disease; 2=two or more

comorbidities

US (McNemar test d?>=0.00; P> 0.05; binomial exact test
P>0.05). In 129 patients, COVID-19 pneumonia was con-
firmed by both HRCT and lung US. In two cases lung US
was considered negative. In one of them, COVID-19 pneu-
monia was excluded by both HRCT and lung US despite
the positivity of rRT-PCR from nasal-pharyngeal swab
(Table 2). In this particular case, both HRCT and lung the
US failed to detect signs of COVID-19 pneumonia in the
presence of significant bilateral pleural effusion: failure
could be attributed to pulmonary atelectasis and signs of
interstitial pneumonia could have been hidden.

Discussion

Lung US for early detection of COVID-19 Pneumonia
(LUSCOP) protocol is a reliable method for COVID-19
pneumonia screening in comparison to HRCT in a real-
life scenario in the Emergency Department. Despite
the simplified and rapid approach, the high sensitivity
of the LUSCOP protocol is explainable because of the
typical COVID-19 interstitial pneumonia pattern that
has a peripheral, posterior distribution with subpleural
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Fig.3 Comparison between HRCT and lung US according to
LUSCOP protocol. From top to bottom: upper, medium, and lower
fields are shown both in HRCT slices and in the corresponding
right and left lung US. HRCT shows diffuse pulmonary emphysema
mostly in upper and medium fields, associated with COVID-19 bilat-
eral dorsal, subpleural ground-glass opacities, and consolidations. In

involvement, making it easily detectable by this imaging
technique.

In our real-life study, performed during the COVID-19
outbreak burst, LUSCOP protocol showed a few interesting
features:

1. TIts sensitivity in COVID-19 pneumonia screening
seemed not to be influenced by the rapid simplified
6 fields approach in patients with moderate to severe
manifestations of the disease

2. It detected signs of pneumonia also in patients complain-
ing of atypical symptoms

3. It was feasible because performed by many operators
with reliable results and implemented efficiently on
patients with severe manifestations of the disease, too

4. TIts diagnostic sensitivity was high also considering inex-
perienced operators

@ Springer

the upper fields, B-lines at the lung US correspond to areas of mild
interstitial involvement. In the middle fields, lung ultrasound shows
confluent B-lines with pleural thickening. In the lower fields, pleu-
ral effusion is detected by lung US in the right side, associated with
pleural thickening and irregularity; the left lung US shows a predomi-
nantly A-pattern corresponding to relatively spared parenchyma.

A role of lung US for early diagnosis of COVID-19
pneumonia has been hypothesized [24].

Lack of sensitivity of nasal-pharyngeal swab for
COVID-19 pneumonia in comparison with HRCT has
been demonstrated [25]. In our experience, rRT-PCR from
nasal-pharyngeal swab took hours to days to be processed
because of the laboratory overload. Moreover, there were
a few false-negative swabs at the first sample and with a
few of lost results (Fig. 2).

In our cohort, we used lung US in suspected patients
as the first imaging approach, with high sensitivity for
COVID-19 pneumonia detection in comparison with
HRCT.

Lung US can be easily implemented while waiting for
molecular diagnostic confirmation with rRT-PCR from a
nasal-pharyngeal swab or for possible radiological confir-
mation if indicated, with many advantages.
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Fig.4 Comparison between HRCT and lung US according to
LUSCOP protocol. From top to bottom: upper, medium, and lower
fields are shown both in HRCT slices and in the corresponding right
and left lung US. In this case, HRCT shows extensive COVID-19
pneumonia involving both lungs, with subpleural involvement, par-
tially sparing the anterior and upper fields. Specifically, crazy paving

Table 2 Confusion matrix comparing the frequency of positive and
negative diagnoses according to lung US (rows) and HRCT (columns)

Lung US HRCT (Standard)

Positive Negative
Positive 129 0
Negative 1 1

Lung US lung ultrasound, HRCT high resolution computed tomogra-
phy

First of all, initial screening with lung US allows to
perform a bedside evaluation and rapidly isolate posi-
tive patients. Indeed, a prompt isolation could avoid the
spread of the virus during patients’ stay in the emergency
department and minimize patients’ and operators’ risks.
Many lung US scan protocols are available but, in the state

pattern superimposition on ground glass opacities had an incremental
cranio-caudal distribution with higher density in the subpleural dor-
sal fields. In the upper fields, lung US shows spared parenchyma. In
the medium and lower fields, lung US shows an increasing B-pattern
severity with confluent B lines and progressive pleural thickening
with pre-consolidative state.

of necessity of COVID-19 outbreak burst, we adopted a
rapid, simplified posterior scan protocol, with proven
efficacy on the basis of typical HRCT radiologic features
[6-8]. This approach permitted a rapid isolation of sus-
pected patients with a quick look method. Working in an
epidemic and emergency setting did not allow to perform a
whole lung US with anterior, lateral, and posterior thoracic
scan detection that can be reserved for a detailed second
evaluation.

Furthermore, lung US for the detection of B-pattern is
rapid and reliable also in rapidly trained operators [26], and
can be easily implemented in clinical practice, also in cent-
ers or by operators not used to lung US employment.

Lung US can avoid chest X-ray or HRCT for COVID-19
pneumonia reserving their implementation in selected cases,
according to the Multinational Consensus Statement from
the Fleischner Society [9].
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With this approach, the contamination risk and the costs
in terms of time, human resources commitment, and finances
would be limited and rationalized.

This rapid, simplified, lung US protocol has been effec-
tively used in the state of COVID-19 pandemic emergency
for the screening of suspected patients. After this experience,
we decided to adopt a post triage lung US station for screen-
ing evaluation of suspected patients, to address them to the
most proper area in the Emergency Department.

Limitations

This is a retrospective study performed in a state of emer-
gency. Because of the high prevalence of COVID-19, an
overestimation of diagnostic sensitivity of lung US for
COVID-19 pneumonia is possible, and bias related to the
retrospective evaluation should be present.

Limitations of this study include the absence of data
about the statistical specificity of the LUSCOP protocol.
Furthermore, the LUSCOP protocol does not identify spe-
cific signs of COVID-19 pneumonia. Because of the inclu-
sion criteria, its diagnostic accuracy in patients with mild
manifestations of COVID-19 has not been verified. Despite
the LUSCOP protocol suggests a short execution time, we
did not have the opportunity to collect precise data about the
mean duration of the procedure.

Conclusions

In the context of COVID-19 outbreak burst, a novel, simple
lung US protocol (LUSCOP protocol) showed to be a fea-
sible, reliable, and sensitive screening tool for COVID-19
interstitial pneumonia diagnosis in patients with moderate/
severe manifestations of the disease.
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