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Abstract—Lung ultrasound (LUS) has shown promising diagnostic potential in different pulmonary conditions.
We evaluated the diagnostic accuracy of LUS for pulmonary COVID-19. In this prospective cohort study at a
Swiss tertiary care center, patients hospitalized with suspected COVID-19 were scanned using a 12-zone protocol.
Association of a summation score (0—36 points) with the final diagnosis was tested using the area under the
receiver operating characteristic curve and sensitivity and specificity at different cutoff points. Of the 49 partici-
pants, 11 (22%) were later diagnosed with COVID-19. LUS score showed excellent diagnostic performance, with
an odds ratio of 1.30 per point (95% confidence interval [CI], 1.09—1.54, p =0.003) and an area under the curve
of 0.85 (95% CI, 0.71—0.99). At a cutoff of 8/36 points, 10 of 11 participants later diagnosed with COVID-19
were correctly predicted (sensitivity 91%, 95% CI, 59%—100%), and 29 of the 38 who were not diagnosed with
COVID-19 were correctly ruled out (specificity 76%, 95% CI, 60%—89%). LUS demonstrated promising dis-
criminatory potential in people hospitalized with suspected COVID-19. (E-mail: v.speidel@sro.ch) © 2020 The
Author(s). Published by Elsevier Inc. on behalf of World Federation for Ultrasound in Medicine & Biology. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Key Words: Coronavirus disease, Lung ultrasound, Pleura ultrasound, SARS-CoV-2, COVID-19, Point of care
ultrasound, Pneumonia, Interstitial syndrome.

INTRODUCTION LUS findings in COVID-19 are unspecific, available
data suggest a high sensitivity (Mohamed et al. 2020).
Most published LUS protocols for COVID-19 include
anterior, lateral and posterior scans examining between 4
and 14 zones (Allinovi et al. 2020; Brahier et al. 2020;
Huang et al. 2020; Manivel et al. 2020; Peng et al. 2020;
Soldati et al. 2020). Characteristic findings include thicken-
ing of the pleural line with irregularities, B-lines in a vari-
ety of patterns including focal and multifocal and confluent
consolidations with occasional mobile air broncho-
grams (Peng et al. 2020; Yasukawa and Minami
2020). A shining band-form artifact (“light beam”)
spreading down from a large portion of a regular
pleural line, often appearing and disappearing with an
on—off effect corresponding with ground-glass opaci-
ties on chest CT, has also been described (Volpicelli
and Gargani 2020). One study found diffuse B-lines
and subpleural consolidations in 100% and 27% of

Early in the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) pandemic, researchers advocated
for lung ultrasound (LUS) in the assessment of COVID-
19 (Huang et al. 2020; Peng et al. 2020). It is worth not-
ing that “thoracic ultrasound” would be a more exact
description because both layers of the pleura are assessed
as well. A majority of people with COVID-19 show a
peripheral distribution of ground-glass opacities on chest
computed tomography (CT) scans, making ultrasound
assessment possible. Several studies show a high correla-
tion of LUS and chest CT, which is the current gold stan-
dard in imaging of COVID-19 pulmonary disease, with a
sensitivity of 95% (Lomoro et al. 2020; Tung-Chen et al.
2020). The sensitivity of chest X-ray has been found to
be considerably lower (69%; Wong et al. 2020). While
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commonly affected (Brahier et al. 2020; Huang et al.
2020; Lu et al. 2020).

The available evidence suggests a cascade of charac-
teristic changes, starting with single and/or confluent
B-lines with a patchy distribution and extending to multi-
ple areas of the lung surface as the disease progresses.
Later, small subpleural consolidations appear and increase
in size and number (Fiala 2020; Soldati et al. 2020).

The advantages of LUS are the lack of radiation expo-
sure and the possibility of repeated bedside use, thus avoid-
ing patient transport within the hospital and contamination
of a radiology suite (Mongodi et al. 2020; Vetrugno et al.
2020). The availability and quality of handheld devices
allow its use in remote settings and on house calls (Pisca-
glia et al. 2020; Shokoohi et al. 2020). Finally, the lower
cost makes LUS available to health care systems with lim-
ited resources while permitting image transfer and remote
interpretation of findings. The use of LUS to monitor indi-
viduals recovering from COVID-19 has also been sug-
gested (Pascarella et al. 2020).

The potential for LUS assessment in COVID-19
would be in triage of suspected cases, diagnosis of
COVID-19 pneumonia and monitoring of confirmed
cases, thereby possibly reducing the need for chest CT.

The goal of this investigation was to assess the per-
formance of LUS in predicting diagnosis of COVID-19
in a pandemic setting.

MATERIALS AND METHODS

Study site

We conducted a prospective cohort study in the
medical isolation ward for suspected and confirmed
COVID-19 at the Kantonsspital Aarau, Switzerland, a
tertiary care center with around 500,000 outpatient con-
sultations and 30,000 admissions per year.

Study participants

All consecutive adult patients (age >18 y) admitted
on weekdays to the medical isolation ward with symp-
toms involving the upper or lower respiratory tract with
or without fever from March 30 to April 30, 2020, were
eligible. Owing to the unforeseeable dynamic of the pan-
demic in this early stage, no sample-size calculation was
performed. The number of nationwide newly confirmed
daily cases declined markedly during the study period
from 1093 to 179 (Dong et al. 2020).

During the investigation, all patients remained in
individual isolation pending SARS-CoV-2 polymerase
chain reaction (PCR) or serology results. Patients were
not included if these results were already available or if
patients were directly admitted to the intensive care unit
(ICU). Assessment included a nasopharyngeal swab for
SARS-CoV-2 PCR testing (Allplex 2019-nCoV Assay,

Seegene, Seoul, Korea) and serology testing in select
cases (SARS-CoV-2 IgM/IgG Antibody Assay Kit by
Colloidal Gold Method, Maccura Biotechnology,
Chengdu, China). While the electronic medical record
contained a precise list of diagnoses and pre-existing
conditions, all patients were also assessed using the
Charlson Comorbidity Index (Charlson et al. 1994) and
the Clinical Frailty Scale (Rockwood et al. 2005) upon
admission. Patient consent for participation was obtained
through a general consent form. The study protocol was
approved by the Ethics Committee for Northwestern and
Central Switzerland (EKNZ, Project ID 2020-01295).

Ultrasound equipment

Participants were scanned with a portable ultra-
sound device (Viamo sv7, 6 DC1 convex probe, Canon
Medical Systems Corporation, Otawara, Japan). We pro-
grammed a lung preset with a high frame rate and dis-
abled artifact suppression at a frequency of 4 MHz.
Personal protective equipment was used as per local
COVID-19-specific infection-control protocol, and the
equipment was disinfected accordingly.

Ultrasound protocol

Ultrasound assessment of the lungs was performed
within 24 h of admission by author V.S. in the medical iso-
lation ward. This ultrasound operator was board-certified in
internal and emergency medicine as well as point-of-care
ultrasound, with 3 y clinical experience in ultrasound and 1
y in lung ultrasound at the time of the study.

A 12-zone examination protocol was adopted, in
which a lung was divided on each side by the anterior
and posterior axillary lines into three areas: anterior, lat-
eral and posterior. These areas were further divided into
superior and inferior zones, resulting in a total of six
zones per side and 12 zones per participant. In order to
mark and describe the lesion sites clearly, an R1—6/
L1—6 subdivision labeling method was used (Huang
et al. 2020; Manivel et al. 2020).

Imaging analysis

Findings were rated during the scans for three cate-
gories: B-lines, consolidations and pleural effusions.

For B-lines, one point was scored for >3 B-lines
per inter-costal space, two points for >7 B-lines or
three points for confluent B-lines. For consolidations,
one point was scored for a thickened/irregular pleural
line with or without thin subpleural consolidations, two
points for small consolidations < 1 cm in depth or three
points for larger consolidations. These findings were
then combined using the lung ultrasound score (LUSS,
Fig. 1), which combines the assessment of B-lines with
pleural irregularities (as described by Bouhemad et al.
2011; Dargent et al. 2020; Manivel et al. 2020; Smith
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LUSSO
A-lines (white marker),
smooth pleural line (black
marker)

LUSS1
=3 B-lines per intercostal
space (markers), irregular or
thickened pleura

LUSS2
Confluent B-lines (markers),
sub-pleural consolidations

LUSS3
Large consolidations
(height > 1 cm, markers)

Fig. 1. Lung and pleural alterations were documented by semi-quantitative assessment of B-lines and consolidations,

adapted from Manivel et al. (2020). A-lines are horizontal linear artifacts mirroring the pleural line; B-lines are vertical

comet-tail-like artifacts indicating increased interstitial density that move with the pleural line during respiration; sub-

pleural consolidations have a relatively hypoechoic heterogeneous echotexture with blurred and irregular margins.
LUSS = lung ultrasound score.

et al. 2020): zero points were scored for a smooth pleu-
ral line with <2 B-lines per vertical inter-costal space;
one point for irregular or thickened pleura and/or >3
B-lines; two points for subpleural consolidations
(height <1 cm) and/or confluent B-lines; and three
points for larger consolidations. The findings of each
superior and inferior zone were added up (e.g., equaling
one left posterior zone), for a total maximum of six
points. “Light beams” were rated the same as confluent
B-lines (two points).

Pleural effusions were measured in the scapular line
of sitting participants, describing the largest vertical dis-
tance between the lung and diaphragm.

The ultrasound operator was unaware of all clinical
and laboratory data, rating the probability of COVID-19
based on the ultrasound exam alone on a four-point Lik-
ert scale (very unlikely, somewhat unlikely, somewhat
likely, very likely). He was not involved in clinical deci-
sions regarding individual participants.

Data analysis

The diagnosis in the discharge letter taking into
account all available clinical, laboratory and imaging
data was considered the gold standard. The primary out-
come was defined as diagnosis of COVID-19.

Association of LUS scores with the final diagnosis
was assessed by univariate logistic regression analysis
providing odds ratios with 95% confidence intervals
(95% CIs). Areas under the receiver operating character-
istic curves (AUCs) were calculated to illustrate overall
score performances. Sensitivity, specificity, positive (LR
+) and negative likelihood ratios (LR—) show the indi-
vidual test performance of scores at different cutoff val-
ues. All calculations were done using Stata 15.1
(StataCorp, College Station, Texas, USA); all testing
was two-sided, and p < 0.05 was considered statistically
significant.

RESULTS

A total of 49 participants hospitalized with clini-
cally suspected SARS-CoV-2 infection (COVID-19)
were examined upon hospital admission (Fig. 2). Most
participants were male (22, 58%) with a median age of
69.5 y (range, 35—89) and different pre-existing medical
conditions (median Charlson Comorbidity Index=2;
inter-quartile range [IQR], 1—4; median Clinical Frailty

107 patients with suspected
COVID-19, including
62 (58%) confirmed patients,
hospitalized between 30.03.2020
and 30.04.2020

57 excluded (Diagnosis already established
or admission directly to ICU)

50 patients screened

1 excluded (no consent)

49 patients included

primary outcome:
11 COVID-19 positive

primary outcome:

38 COVID-19 negative:

10 (26%) extrapulmonary infection/
inflammation

8 (21%) pneumonia of other etiology
7 (18%) exacerbated asthma or COPD
4 (11%) pulmonary neoplasia

2 (5%) pulmonary embolism

2 (5%) congestive heart failure

5 (14%) other

secondary outcome:
1 admitted to ICU

secondary outcome:
2 admitted to ICU
1 died (on ward)

Fig. 2. Flowchart of participants included for LUS examina-
tion, with primary (confirmed COVID-19) and secondary out-
comes (ICU transfer and/or in-hospital death). COPD = chronic
obstructive pulmonary disease; ICU =intensive care unit;
LUS = lung ultrasound; LUSS = lung ultrasound score.
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Score =4; IQR, 2—5). Three participants (6%) were
admitted to the ICU and one (other) participant died dur-
ing hospitalization. Median duration of symptoms before
admission was 5 d (IQR, 1—10; range, 0—28). Eleven
participants (22%) were diagnosed with COVID-19.
Most other participants experienced extrapulmonary
inflammatory conditions or pulmonary infections other
than COVID-19 (Fig. 2). Participants’ characteristics,
vital signs, biomarkers and diagnostic modalities are
listed by final diagnosis in Table 1.

All participants were scanned according to the pro-
tocol. B-lines (>3 per inter-costal space) were found in
24% (left anterior zone) to 45% (both lateral zones) of
zones. B-line density, as well as the number of affected
zones, correlated well with COVID-19 (Fig. 3). On the
other hand, an irregular pleural line with or without

Table 1. Characteristics of patients with and without COVID-
19. Alternative diagnoses are shown in Figure 1.

Baseline COVID-19 Other (n=38) P
characteristic (n=11)
Age (y) 76 (54—82) 69.5 (59-81) 0.81
Sex (male/female) 8/3 (73/27) 18/20 (47/53) 0.14
Days since onset 6(3-8) 2(0-7) 0.18
Diabetes mellitus 2 (18) 8(21) 0.84
Arterial hypertension 5(45) 25 (66) 0.22
Cardiomyopathy 6 (55) 20 (53) 0.91
Pneumopathy 4 (36) 18 (47) 0.52
Immunosuppression 0 9(24) 0.07
Chronic renal 2 (18) 10 (26) 0.58
insufficiency
Charlson Comorbidity 1(0—4) 2.5(1-4) 0.17
Index
Clinical Frailty Scale 4(2-7) 4(2-5) 0.65
Vital statistics and
laboratory values
PaO, (mmHg, 64 (59-67) 66 (55—83) 0.37
ambient air)
SpO; (%) 92 (89-94) 94 (92-95) 0.05
Oxygen flow (L/min) 2(0—4) 0.5(0-2) 0.26
CRP (mg/L) 116 (54—145) 61.5(9—-103) 0.03
LDH (IU/L) 345.5 (268—398) 199 (171-244) <0.01
Neutrophil granulo- 4.23(3.14—-6.83) 9.78(5.28—11.79) 0.01
cytes (g/L)
Neutrophil/lympho- 5.79 (4.01-12.83) 6.68 (3.73—12.39) 0.82
cyte ratio
Diagnostic results
Pathology on X-ray 9 (90) 7(23) <0.01
Pathology on CT scan 1 (100) 3(27) 0.14
Positive SARS-CoV-2 8(73) 0(0) <0.01
PCR
Positive SARS-CoV-2 4 (100) 0(0) <0.01
serology
Combined adverse 3(27) 1(3) 0.01
outcomes (ICU and
death)
ICU admission 2 (18) 1(3) 0.06
Death in hospital 19) 0(0) 0.06

COVID-19 =coronavirus disease 2019; CRP =C-reactive protein,
norm. < 3 mg/L; CT=computed tomography; ICU =intensive care
unit; LDH =lactate dehydrogenase, norm. < 250 U/L; SARS-CoV-
2 =severe acute respiratory syndrome coronavirus 2.

All values are given as number (percentage) or median (inter-quar-
tile range).

subpleural consolidations was found in 6% (left anterior
zone) to 33% and 39% (right and left posterior zones),
only correlating at the left anterior and posterior zones
(Fig. 3); pleural effusions showed no correlation
(»=0.371, not shown). Combined findings according to
the LUSS protocol showed excellent correlation in all
examination zones (Fig. 3), and the summarized score
showed excellent predictive ability, with an AUC of
0.85 (95% CI, 0.71—-0.99) and an increasing odds ratio
of 1.30 per point (95% CI, 1.09—1.54, p=0.003). A
LUSS of =8 correctly predicted 10 of 11 (sensitivity
91%, 95% CI, 59%—100%) cases of COVID-19 in this
cohort while correctly ruling out 29 of 38 (specificity
76%, 95% CI, 60%—89%). The predictive characteris-
tics at different cutoffs in this setting are presented in
Table 2.

While sensitivity was highest in both posterior scan
zones, an accumulated LUSS of >2 showed equal sensi-
tivity (91%, 95% CI, 59%—100%) but slightly lower
specificity (58%, 95% CI, 41%—74%). Correlation was
similar (p=0.408) in upper (AUC=0.85, 95% CI,
0.74—0.97) and lower zones (AUC =0.80, 0.64—0.96).

The examiner’s personal estimate (scale 0—3) pre-
dicted COVID-19 with an AUC of 0.82 (95% CI,
0.67—0.98) and an increase in odds ratio of 3.38 per
point (95% CI, 1.66—6.90, p =0.001), sensitivity of 82%
(95% CI, 48%—98%) and specificity of 68% (95% CI,
51%—83%) with >1 point.

DISCUSSION

While LUS has recently aroused great interest
because of broad availability and ease of application,
there is still no commonly accepted examination proto-
col nor scoring system. Comparing different approaches
(Brahier et al. 2020; Huang et al. 2020; Lomoro et al.
2020; Manivel et al. 2020; Soldati et al. 2020), we docu-
mented lung alterations in a 6 x 2-zone semi-quantita-
tive assessment of B-lines and consolidations as well as
the aggregated LUSS (as illustrated and referenced in
Fig. 1). B-lines in all scanning zones—especially the
bilateral posterior zones—LUSS and the subjective esti-
mation score all showed excellent predictive potential
for COVID-19. Using a cutoff of >8 points, the LUSS
showed a sensitivity of 91% (95% CI, 59%—100%) in
our cohort. The limited number of subpleural consolida-
tions in our sample may be an expression of an early dis-
ease stage, as scanning occurred just 6 d (IQR, 3—8)
after symptom onset. Participants directly transferred to
the ICU for respiratory failure—and therefore not
included in this study—might have had more extensive
consolidations (Brahier et al. 2020). The results may dif-
fer for patients in the ICU or outpatients.
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Fig. 3. Ultrasound presentation of B-lines, consolidations and lung ultrasound scores at different locations in patients
with and without COVID-19. Boxplots around median and inter-quartile ranges, with adjacent lines for the most extreme
values within 1.5 IQR of the nearer quartile. IQR = inter-quartile range; LUSS = lung ultrasound score.

Importantly, the diagnostic yield strongly depends
on the epidemiologic situation: With the current preva-
lence (11/49=22%), the cutoff of >8 resulted in an
excellent negative predictive value of 97% (95% CI,
83%—100%); LUS could virtually exclude COVID-19
in settings with lower pre-test probability, demonstrating
potential utility as a rule-out test. This may be particu-
larly helpful in individuals with clinically suspected
COVID-19 infection but a negative SARS-CoV-2 PCR
from nasopharyngeal swab, which was positive in only
8/11 (73%) COVID-19 infections. In this situation, a

Table 2. Test performance of LUSS at different cutoffs points.

LUSS cutoff point ~ Sensitivity (%) Specificity (%) LR+ LR—

>1 100 18 123 0.00
>2 91 34 138  0.27
>3 91 50 1.82  0.18
>4 91 61 230 0.15
>5 91 68 2.88 0.13
>6 91 71 3.14  0.13
>7 91 74 345  0.12
>8 91 76 384  0.12
>9 73 82 395 033
>10 55 92 6.91 0.49
>11 45 92 576 0.59
>12 36 95 6.91 0.67
>14 27 95 518 077
>15 27 97 1036 0.75
>17 18 97 6.91 0.84
>19 9 97 345 093
>24 9 100 — 0.91

LR+=positive likelihood ratio; LR— =negative likelihood radio;
LUSS = lung ultrasound score.

negative LUS finding might be a powerful argument to
abstain from further investigations such as serology,
chest CT scans (with a reported sensitivity of 95%;
Lomoro et al. 2020) or chest X-ray (with a reported sen-
sitivity of 69%; Brahier et al. 2020). On the other hand,
the positive predictive value of 53% (95% CI,
29%—76%) in our setting does not confirm the diagno-
sis, but supports further investigations in the context of
clinically suspected COVID-19 infection with negative
PCR testing.

Participants did not report discomfort caused by
LUS, nor were other adverse events observed, and the
expense of scanning was minimal (examination time
between 5 and 10 min per person). Using a highly porta-
ble ultrasound device, disinfection procedures were sim-
ple and efficient, as opposed to the expenses of
performing a chest CT scan.

This study has several limitations. Because there
was no temporal overlap between seasonal influenza and
the SARS-CoV-2 pandemic, we cannot estimate the dis-
criminatory power of LUS between these two entities of
viral pneumonia. Neither did we assess its specific dis-
criminatory potential between COVID-19 and chronic
heart failure (often accompanied by pleural effusion),
pulmonary embolism or pneumothorax, lacking appro-
priate numbers of respective controls. Acquisition and
interpretation of ultrasound images remains somewhat
subjective despite efforts to standardize assessment with
protocols. While a single-operator study increased inter-
nal validity, external validity might be limited. Available
studies on LUS in COVID-19, however, show good
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inter-observer agreement among even examiners with
different experience (Trauer et al. 2020). We therefore
advocate for a unified protocol for LUS scanning and
reporting as our results show encouraging diagnostic
potential for COVID-19 in people hospitalized with
moderate to severe symptoms.

CONCLUSION

In conclusion, LUS demonstrated excellent predic-
tive characteristics in a high-prevalence setting of indi-
viduals hospitalized with suspected COVID-19 and
moderate to severe symptoms. More studies are needed
to characterize test performance in different epidemio-
logic and case-mix scenarios.

Conflict of interest disclosure—The authors declare no competing
interests.
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