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Purpose

We aimed to describe the diagnostic accura-
cy of COVID-19 by lung ultrasound (LUS) in
patients presenting to the emergency de-
partment with high suspicion of COVID-19
infection. We also evaluated the inter-rater
agreement of interpretation of ultrasound
scans between an attending and resident
physician.

Methods

The study was a single-centre, descriptive
study, with a sample of patients presenting
to the emergency department at Akershus
University hospital in Norway.

Study subjects were enrolled from May 28,
2020, to December 1, 2020.

All patients who presented to the ED were
screened for the risk of COVID-19 infection
based on a questionnaire used in triage. Pa-
tients were eligible for inclusion if they met
any of the following criteria: new onset of
airway symptoms, flu-like symptoms, ab-
dominal pain, decreased consciousness, or
had been in contact with COVID-19 positive
individuals preceding debut of presenting
symptoms. Exclusion criteria were age
< 18, critically ill patients with severe re-
spiratory or circulatory instability, and pa-
tients with symptoms of an obvious aetiolo-
gy other than COVID-19.

RT-PCR nasopharyngeal swabs were collec-
ted and sent to the hospital laboratory and
LUS with an eight-zone protocol was re-
corded by emergency physicians. The re-
corded ultrasound scans were retrospec-
tively reviewed and evaluated by two
investigators, an attending physician and
resident physician. The inter-rater agree-
ment between attending and resident phy-
sician was calculated.

Archived lung scans with thickened or in-
dented pleural line, B-lines or subpleural
consolidation in at least one lung zone
were interpreted as pathological and sug-
gestive of COVID-19 infection. The RT-PCR
served as a reference standard test to calcu-
late the accuracy of diagnosing COVID-19
by LUS.

Results

29 patients were included in the study. 21
tested positive for COVID-19 and 8 tested
negative by RT-PCR. LUS scans interpreted
by the attending physician had sensitivity
95,2 %, specificity 25,0 %, PPV 76,9 %, NPV
66,7 % and accuracy of 75,9 %. In compari-
son, scans interpreted by the resident phy-
sician yielded a LUS sensitivity 81,0 %, speci-
ficity 25,0 %, PPV 73,9 %, NPV 33,3 %, and
accuracy of 65,5 % (▶ Table 1). There was a
substantial agreement (kappa value 0,613)
on the ultrasound interpretation between
the investigators.

B-lines and thickened or indented pleural
line (▶ Fig. 1, 2) were the most predomi-
nant ultrasonographic findings in RT-PCR
positive patients. Presence of pleural fluid
and larger consolidation were uncommon.

▶ Table 1 Test characteristics of lung ultrasound diagnosing COVID-19.

Attending Physician
interpretation

Resident physician
interpretation

Sensitivity 95,2 % 81,0%

Specificity 25,0 % 25,0%

PPV 76,9 % 73,9%

NPV 66,7 % 33,3%

Accurracy 75,9 % 65,5%

PPV, positive predictive value; NPV, negative predictive value.

▶ Fig. 1 LUS findings in patient with
COVID-19. Thick indented, asymmetrical
pleural line (yellow arrow), with patholo-
gical vertical B-line (red asterisk).
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In the RT-PCR negative group, pathological
LUS findings were present in 75% (n = 6). Of
these, 5 were diagnosed with bacterial
pneumonia and one with malignant neo-
plasm of the lung.

Discussion

Earlier studies examining the diagnostic ac-
curacy of LUS in COVID-19 patients have
shown a high degree of variation. In a
meta-analysis conducted by Matthies et al.
the sensitivity of LUS in adult patients with
suspected COVID-19 ranged between 68
to 96% and specificity between 21 to 91%
[1].

A single centre study conducted by Hankins
et al. with a similar patient population as
ours found a sensitivity of 100% and speci-
ficity of 80 % for LUS interpreted bedside
[2]. The discrepancy in performance char-
acteristics of LUS between this study and
ours can be explained by the access to real-
time clinical data during the LUS interpreta-
tion. In the same study, interpretation by a
physician relying only on archived LUS scans
yielded a poorer test characteristic with a
sensitivity and specificity of 92 % and 37%
respectively, which is in line with our study.
Thus, integrating imaging findings bedside
with clinical data may enhance the diagnos-
tic accuracy of LUS.

It is also possible that the high sensitivity
and low specificity in our study is related to

the low diagnostic threshold used to diag-
nose COVID-19 by LUS. Presence of at least
one abnormal LUS finding is reported to
generate low diagnostic thresholds for
COVID-19 [3]. On the contrary, using a di-
agnostic threshold for COVID-19 with at
least 2 abnormal ultrasonographic findings
is considered to generate a more balanced
sensitivity and specificity.

Moreover, it is likely that the eight-zone
scanning protocol used in our study could
have affected the performance characteris-
tics of LUS. The eight-zone protocol is known
to be a quick scanning modality and ideal in
the emergency department where patients
might be immobilized and not able to main-
tain a sitting position. However, it limits the
examination to four zones per lung where
the posterior lung zones are omitted. Using
a twelve-zone LUS examination has shown
to be more sensitive and specific for diag-
nosing COVID-19.

Ultrasonographic findings in patients with
COVID-19 are also known to correlate with
the clinical stage and severity of the infec-
tion [4]. Delayed lung ultrasound can allow
COVID-19 associated lesions to develop
and might be better visualized when re-
peated after admission [5]. Studies have
shown that lung changes are related to the
stage of the disease and peak on day 9–13
after onset of symptoms [6]. Hence, we ac-
knowledge that LUS performed early during
the admission or pre-hospital might have
resulted in false negative scans.

LUS is known to be a diagnostic modality
which can be performed by novice sonogra-
phers and physicians after a short period of
training and lecturing [7]. Our study showed
a substantial agreement of detecting
COVID-19 pathology of LUS reviewed by
physicians with different clinical experience.

Our study was conducted during a phase of
the pandemic when the Omicron gene var-
iant had not yet emerged. The Omicron var-
iant is the dominant subtype of SARS-CoV-2

today and reported to be associated with
fewer lower respiratory tract infection and
less involvement of the lungs [8]. Since LUS
is used to evaluate for pulmonary manifesta-
tions of COVID-19 infection, the diagnostic
performance of LUS found in our study may
not be applicable in a setting with high prev-
alence of the omicron variant.

References

[1] Matthies AK, Trauer MM, Chopra K et al. Diag-
nostic accuracy of point-of-care lung ultra-
sound for COVID-19: A systematic review and
meta-analysis. medRxiv 2021. doi:10.1101/
2021.10.09.21264799

[2] Hankins A, Bang H, Walsh P. Point of care lung
ultrasound is useful when screening for CoVid-
19 in Emergency Department patients. Pre-
print. medRxiv 2020. doi:10.1101/2020.06.
09.20123836

[3] Brenner DS, Liu GY, Omron R et al. Diagnostic
accuracy of lung ultrasound for SARS-CoV-2: a
retrospective cohort study. Ultrasound J 2021;
13. doi:10.1186/s13089-021-00217-7

[4] Senter R, Capone F, Pasqualin S et al. Lung Ul-
trasound Patterns and Clinical-Laboratory Cor-
relates during COVID-19 Pneumonia: A Retro-
spective Study from North East Italy. Journal of
Clinical Medicine 2021; 10 (6): 1288.
doi:10.3390/jcm10061288

[5] Torres-Macho J, Sánchez-Fernández M, Arnanz-
González I et al. Prediction Accuracy of Serial
Lung Ultrasound in COVID-19 Hospitalized Pa-
tients (Pred-Echovid Study). Journal of Clinical
Medicine 2021; 10 (21): 4818. doi:10.3390/
jcm10214818

[6] Pan F, Ye T, Sun P et al. Time course of lung
changes at chest CT during recovery from cor-
onavirus disease 2019 (COVID-19). Radiology
2020; 295 (3): 715–21

[7] Kumar A, Weng Y, Graglia S et al. Interobserver
Agreement of Lung Ultrasound Findings of
COVID-19. J Ultrasound Med 2021; 40 (11):
2369–2376. doi:10.1002/jum.15620

[8] Menni C, Valdes AM, Polidori L et al. Symptom
prevalence, duration, and risk of hospital admis-
sion in individuals infected with SARS-CoV-2 dur-
ing periods of omicron and delta variant domi-
nance: a prospective observational study from
the ZOE COVID study. Lancet 2022; 399: 1618–
1624. doi:10.1016/ S0140-6736(22)00327-0

▶ Fig. 2 LUS findings in patient with
COVID-19. lndented pleural line with small
subpleural consolidation (yellow arrow),
with pathological vertical B-line (red as-
terisk).
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