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Abstract
Purpose Diagnostic value of point-of-care lung ultrasound (POCUS) in detection of coronavirus disease (COVID-19) in an
emergency setting is currently unclear. In this study, we aimed to compare diagnostic performance, in terms of sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy, of POCUS lung, chest CT, and
RT-PCR for clinically suspected COVID-19 infections in patients submitting to the emergency room (ER).
Material and methods This retrospective study enrolled 93 patients with a suspected COVID-19 infection, admitted to the ER
between March 28th and April 20th, 2020. Test subjects showed one or more symptoms of an acute respiratory infection, for
which consequent COVID-19 testing was achieved using POCUS lung, chest CT, and RT-PCR. CT images were analyzed by 2
radiologists blinded to RT-PCR results. POCUS lung was performed by three emergency medical doctors, and reports were
analyzed by the researcher, blinded to clinical information, US imaging, CT, and RT-PCR test results.
Results Compared with RT-PCR, POCUS lung demonstrated outstanding sensitivity and NPV (93.3% and 94.1% respectively)
while showing poor values for specificity, PPV, and accuracy (21.3%, 19.2%, and 33.3% respectively). In contrast, similar
inquiries using chest CT as index test, excellent sensitivity, specificity, NPV, and accuracy (80.0%, 86.7%, 95.6%, and 85.6%,
respectively) were reported, beside a moderate value for PPV (54.5%).
Conclusion POCUS may provide early ER triage with a useful, rapid, low-threshold, and safe screening tool in evaluating
possible COVID-19 infections. Due to limited specificity, suggestive POCUS lung findings should be confirmed with RT-
PCR or chest CT.
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Introduction

In December 2019, multiple clusters of patients presenting
with pneumonia of unknown cause were reported by
Chinese healthcare facilities, which were later on revealed
as infections due to a novel betacoronavirus. The identifi-
cation of the genome of this virus, presently known as se-
vere acute respiratory syndrome coronavirus 2 (SARS-

CoV-2), connects it to RNA viruses that caused the severe
acute respiratory syndrome (SARS) and Middle East respi-
ratory syndrome (MERS) [1]. Since its appearance on
Chinese territory, the virus has spread to over 200 countries
and regions in the world, accounting for a global outbreak of
coronavirus disease 2019 (COVID-19), ever since posing a
serious threat to global healthcare. Although several clinical
trials are ongoing in the search for a treatment for COVID-
19, an effective approach in the eradication of this virus is
yet to be found, limiting current strategies to early detection
and isolation of patients [2]. Concerning detection of an
active SARS-CoV-2 infection, real-time polymerase chain
reaction (RT-PCR) has been postulated the gold standard,
with reported sensitivity numbers between 62.5 and 89%
and a specificity up to 98.8% [3, 4]. Past infection status
and immune response can be complementarily achieved
through serologic testing, attaining sensitivity values be-
tween 30.1 and 91.4%, depending on the time since onset
of first symptoms, and specificity values over 98% [5].
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Recently, chest computed tomography (CT) has been sug-
gested as an additional tool for the initial assessment of
potentially infected patients, reporting an even higher sen-
sitivity of up to 97% [4, 6]. Beside RT-PCR, serologic test-
ing, and chest CT, point-of-care lung ultrasound (POCUS
lung) was proposed as a complementary tool in the early
diagnosis and follow-up of COVID-19 patients. Studies on
clinical manifestations of COVID-19 with POCUS imaging
include several findings: typically a variety of B-line pat-
terns (focal, multifocal, and confluent), common thickening
of the pleural line, occasional consolidations, and more un-
commonly effusions [7–9]. These manifestations on the
other hand are not specific for COVID-19 pathology as they
have already been described in POCUS of multiple other
pathologies involving the lungs [10–12]. An integration of
these signs, the BLUE-protocol, developed in 2008, allows
swift diagnosis of patients presenting in the emergency de-
p a r tmen t w i t h a cu t e r e s p i r a t o r y f a i l u r e [ 11 ] .
Notwithstanding this existing protocol and the fact that
POCUS is already widely adopted in critical care settings
as a useful diagnostic and monitoring tool, current literature
however contains few knowledge about its performance in
COVID-19 patients [10]. Due to the technique’s safety,
availability, low cost, absence of radiation, and point-of-
care use, it could be a major and easily accessible utility in
the early diagnosis and management of COVID-19 [13].
This retrospective study aims to provide a first analysis of
the diagnostic accuracy of POCUS lung used in an emer-
gency setting in the examination of suspected COVID-19
patients. Evaluation of this technique could lead to potential
useful insights for its use in early triage in the ER, in the
screening of COVID-19 pathology.

Materials and methods

In writing this report, we adopted the standards for reporting
diagnostic accuracy studies (STARD 2015) [14]. This study
was found to be in accordance with the Health Insurance
Portability and Accountability Act, and the institutional re-
view board of our hospital (Imelda Hospital Bonheiden,
Belgium) approved this retrospective study, for which written
informed consent was waived. All clinical examinations and
tests requiring patient contact, mentioned in this study, were
performed by hospital personnel (either physicians or nurses)
while mandatorily wearing personal protective equipment
(PPE) (at a minimum: FFP2 mask, gloves, goggles or face
shield, and medical gown).

Participants

For this study, 93 patients with an admission to our hospital’s
emergency department between March 28th and April 20th,

2020, who were suspected of a possible COVID-19 infection
and underwent all three diagnostic tests (RT-PCR, chest CT,
and POCUS lung) on the same date, were included. Suspicion
of a possible COVID-19 infection was assessed following the
guidelines drafted by the Belgian authorities [15]. A possible
case of COVID-19 was any person presenting with symptoms
of an acute infection of the upper or lower airways that was
newly appearing or—in patients with chronic respiratory
symptoms—got worse. Results of both RT-PCR for SARS-
CoV-2 and chest CT, as well as age, sex, and symptoms at
admission, were extracted from the patients’ electronic medi-
cal records of our hospital.

SARS-CoV-2 RT-PCR

For SARS-CoV-2 detection in nasopharyngeal swabs (eSwab,
Copan Diagnostics, Brescia, Italy), two PCR methods
targeting the E-gene were used. Primers and probe sequences
were provided by the Belgian National Reference Center
(University Hospital Leuven, Leuven, Belgium). The ARIES
system (Luminex, Austin, USA) is an all-in-one system,
performing extraction, purification, amplification, and detec-
tion in one run. Analyzation of PCR results was performed
with Luminex SYNCT software. A second platform is the
Rotorgene Q (Qiagen, Hilden, Germany). NucliSENS
EasyMAG (BioMérieux, Marcy l’Étoile, France) was used
to perform extraction. Interpretation of data wasmanagedwith
Rotor-Gene Q Series software. Utilizing a dilution series of
inactivated SARS-CoV-2, sensitivity of Aries was analyzed.
Rotorgene Q platform sensitivity was validated compared
with Aries. Cross reactivity for other human coronaviruses,
influenza or respiratory syncytial virus (RSV) has not been
demonstrated [16].

Chest CT protocol and analysis

Chest CT and analysis were performed by two cardiothoracic
radiologists (with 8 and 7 years of cardiothoracic imaging
experience) of Imelda Hospital Bonheiden, in accordance
with their recently published protocol [16]. Low-dose chest
CT for all patients was performed by using the Somatom
Definition AS 64-slice 0.6-mm detector scanner (Siemens
Healthineers, Forchheim, Germany), setting reference values
to 100 kVp and 20 mAs with a pitch of 1.2 and 0.5 s gantry
rotation time.Motion artifacts in dyspneic COVID-19 patients
were limited using a relatively high pitch. Images were recon-
structed at 1 mm slice thickness and 0.7 mm increment with a
standard lung-tissue kernel (I50f medium sharp) and at 3 mm
slice thickness and 3 mm increment with a standard soft tissue
kernel (I31f medium smooth) using sinogram-affirmed itera-
tive reconstruction (SAFIRE) strength 3. Image reconstruc-
tions were achieved with a FOV of 450 mm and a matrix size
of 512 × 512 pixels.
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Next, chest CT images were analyzed and, blinded to the
RT-PCR results, scored as suggestive for or inconsistent with
COVID-19 infection based on the presence of clinical mani-
festations as presented by Ng et al. and Shi et al. [17, 18].
Additionally, extent of pulmonary involvement was estimated
using a semiquantitative scoring system as reported previous-
ly [19, 20].

POCUS lung protocol

Upon a patient’s admission to the emergency department,
firstly, clinical triage was conducted by a triage nurse.
Patients were subsequently evaluated by an emergency med-
ical doctor (EMD) to assess the possibility of a COVID-19
infection. Assessment by the triage nurse and the EMD was
managed according to the triage protocol reported by Zhang
et al. [21]. If suspected for COVID-19, POCUS of both lungs
was performed by an EMD within 30 min of admission, be-
fore either RT-PCR or chest CT was carried out. POCUS was
conducted by one of three EMDs, all certified for lung
ultrasound (US) and each having more than 5 years of
US experience. POCUS was achieved in the emergency
department using owned equipment, the Philips Sparq
ultrasound system equipped with a C5-1 broadband
curved array (5 MHz, depth 8 cm). The examination
was executed in accordance with the BLUE protocol
as designed by Lichtenstein et al. [10–12, 22]. Three
BLUE points for each hemithorax were scanned in su-
pine (PLAPS point) or semi-recumbent position (upper
and lower BLUE point). All 6 BLUE points were ex-
amined for B-line patterns and thickening of the pleural
line, being typical US findings in COVID-19 [7–9].
POCUS lung reports were drawn up in the patient’s
medical records, stating a dichotomous value for each
of the manifestations per BLUE point. A B-line pattern
was considered present if more than 3 B-lines could be
found.

POCUS lung analysis

All POCUS lung reports were analyzed and evaluated as sug-
gestive for or inconsistent with COVID-19 infection.
Considering that conclusive reports about the diagnosis
of COVID-19 by use of US are still to be published, a
solid evaluation and scoring system is not yet available.
For our analysis, we only took into account the B-line
parameter, being the most reported clinical manifesta-
tion. We then considered POCUS lung positive if one
or more BLUE points showed a positive B-line param-
eter. Written POCUS lung reports were analyzed by the
researcher, blinded to all clinical information, US imag-
ing, RT-PCR, and chest CT test results.

Statistical analysis

The statistical analysis required for this study was performed
using RStudio version 1.2.5042 (RStudio, Inc., Boston, MA).
Performance of both index tests, POCUS lung and chest CT,
was computed in terms of sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV), and ac-
curacy with 95% confidence interval (CI) using the reportROC
package. RT-PCR for SARS-CoV-2 served as the reference test
in these calculations. Demographical patient data was tested for
normal distribution by usage of the Shapiro-Wilk test. Summary
statistics for age are reported as means ± standard deviations
(SD), and sex is reported as a fixed proportion. The Student t
test for independent samples was used to compare continuous
variables between groups. The two- or three-proportions Z-test
was used to compare proportions between groups. p < 0.05 was
considered to indicate a statistically significant difference.

Results

General description

Three patients were excluded from analysis due to not receiv-
ing all three tests (RT-PCR, chest CT, and POCUS lung) on
the same date (i.e. date of admission to the ER). After exclu-
sion of these patients, 90 patients remained for further analy-
sis. Mean age for all patients included in the study was 50.4 ±
16.3 years (SD). Comparing the mean age of COVID-19-
positive patients (49.9 ± 13.7 years) with the mean age of
COVID-19-negative patients (50.5 ± 16.9 years), we calculat-
ed no significant difference (p = 0.907) between the two
groups. With respect to sex of the study population, 45.6%
(41/90) of all study subjects are of male sex. Comparison of
the proportions of males in COVID-19-positive patients and
COVID-19-negative patients (60.0% (9/15) vs 42.7% (32/
75)) showed no significant difference (p = 0.344). At admis-
sion, the most common clinical symptoms where cough
(52.2% (47/90)) and dyspnea (51.1% (46/90)), with no signif-
icant difference between COVID-19-positive and negative pa-
tients (p = 0.706 and p = 1.000). Patient demographics and
admission symptoms are summarized in Table 1.

Diagnostic accuracy of POCUS lung and chest CT in
diagnosing COVID-19

Figure 1 shows the flowchart of the study, comparing RT-
PCR for the detection of SARS-CoV-2, designated as refer-
ence standard, to the index test, POCUS lung. The perfor-
mance of POCUS lung comprises outstanding sensitivity
and NPV (93.3% (14/15) and 94.1% (16/17), respectively)
while showing poor values for specificity, PPV, and accuracy
(21.3% (16/75), 19.2% (14/73), and 33.3%, respectively). In
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contrast, similar inquiries using chest CT as index test, shown
in Fig. 2, provided excellent sensitivity, specificity, NPV, and
accuracy (80.0% (12/15), 86.7% (65/75), 95.6% (65/68), and
85.6%, respectively), beside an only moderate value for PPV
(54.5% (12/22)). Results for the diagnostic accuracy of
POCUS lung and chest CT, both compared with RT-PCR,
are summarized in Table 2. Further, Table 3 shows POCUS
lung findings correlated to CT results, both pooled and sepa-
rately for each EMD. Pooled performance result of all three
EMDs shows an agreement of POCUS lung with CT results in
39 out of 90 cases (43.3%). For each EMD separately, the
POCUS lung–CT agreement was 15/46 (32.6%), 15/25
(60.0%), and 9/19 (47.4%), respectively, with a p value of
0.08 for inter-EMD proportions. In addition, Fig. 3 depicts
clinical findings using POCUS lung and chest CT in a clini-
cally suspected and RT-PCR-confirmed COVID-19-positive
patient. Concerning clinical findings in RT-PCR-confirmed
COVID-19-positive patients (n = 15), position of lung infil-
trate was evaluated, comparing POCUS lung imaging with
CT imaging. In 13 cases, CT protocol reported an involve-
ment of both entire lungs (theoretically corresponding to all 6
BLUE-points), while only 2 of those 13 cases (15.4%) were
evaluated as entire lung involvement by means of POCUS
lung (6 BLUE-points). In all other 11 cases, POCUS lung
reported positive BLUE points in a range from 1 to 5. Of the
remaining 2 cases, one was negatively protocolled for
COVID-19 by CT, while POCUS lung withheld a positive
result and the other case vice versa.

Discussion

The use of point-of-care lung ultrasound could play a benefi-
cial role in the screening of patients with a suspected COVID-
19 infection, when integrated in the early triage in the emer-
gency department. In comparison with RT-PCR, POCUS lung
delivers an excellent sensitivity and NPV, 93.3% and 94.1%,
respectively, labelling the technique a useful screening test.
Other values of performance covered in this study, specificity,
PPV, and accuracy (21.3%, 19.2%, and 33.3%, respectively),
however, state its limitations in achieving an accurate and
specific diagnosis. The low values for specificity, PPV, and
accuracy were expected as we hypothesized that a POCUS
lung could be considered positive whenever one or more out
of six BLUE points were positive and that one BLUE point is
treated positive when a B-line pattern surfaced. As confirmed
in previous studies, B-lines as a sole entity are unspecific and
fit in the ultrasound diagnostic landscape of multiple patholo-
gies as well as the senile lung [10, 11, 22, 23]. At present time,
there are no studies available that would allow us to make a
comparison to confirm whether or not the accuracy of our
analysis is representable. However, in order to evaluate
whether or not POCUS lung results could be reproduced in
a consistent way, inter-EMD observations were investigated
and showed a nonsignificant result (p value of 0.08) for
POCUS-CT agreement. Although this p value points in the
direction of a reproducible test with good POCUS-CT corre-
lation, the argument is not very convincing, for which we

Table 2 Diagnostic accuracy of POCUS lung and chest CT in the diagnosis of COVID-19 infection

Results (n) Test performance (% with 95% CI)

TP TN FP FN Sensitivity Specificity PPV NPV Accuracy

POCUS lung (n = 90) 14 16 59 1 93.3 (80.7–100.0) 21.3 (12.1–30.6) 19.2 (10.1–28.2) 94.1 (82.9–100.0) 33.3 (32.8–33.8)

Chest CT (n = 90) 12 65 10 3 80.0 (59.8–100.0) 86.7 (79.0–94.4) 54.5 (33.7–75.4) 95.6 (90.7–100.0) 85.6 (85.3–85.8)

TP true positive, TN true negative, FP false positive, FN false negative, PPV positive predictive value, NPV negative predictive value

Table 1 Study population
demographics All (n = 90) COVID-19+ (n = 15) COVID-19− (n = 75) p value

Demographics

Age (year) 50.4 ± 16.3 49.9 ± 13.7 50.5 ± 16.9 0.907

Male sex* 41 (45.6) 9 (60.0) 32 (42.7) 0.344

Clinical symptoms at ER admission

Fever* 24 (26.7) 5 (33.3) 19 (25.3) 0.749

Cough* 47 (52.2) 9 (60.0) 38 (50.7) 0.706

Dyspnea* 46 (51.1) 8 (53.3) 38 (50.7) 1.000

Chest pain* 25 (27.8) 1 (0.07) 24 (0.32) 0.092

Age data are means ± SD

*Data are numbers of patients, with percentages in parentheses
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Fig. 1 Study flowchart for POCUS lung as index test. RT-PCR real-time polymerase chain reaction, chest CT chest computed tomography, POCUS
point-of-care ultrasound

Table 3 Pooled and inter-EMD correlation between POCUS lung and CT results

EMD Number of POCUS
lung performed

POCUS result CT protocol result POCUS lung vs CT agreement p value

Positive Negative

All EMDs 90 (100.0%) Positive 22 51 39/90 (43.3%)

Negative 0 17

EMD #1 46 (51.1%) Positive 9 31 15/46 (32.6%) 0.08
Negative 0 6

EMD #2 25 (27.8%) Positive 8 10 15/25 (60.0%)
Negative 0 7

EMD #3 19 (21.1%) Positive 5 10 9/19 (47.4%)
Negative 0 4

Data are numbers of performed tests, with percentages in parentheses

EMD emergency medical doctor
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Fig. 2 Study flowchart for chest CT as index test. RT-PCR real-time polymerase chain reaction, chest CT chest computed tomography, POCUS point-
of-care ultrasound

Fig. 3 Example POCUS lung and CT images in one RT-PCR-confirmed
COVID-19-positive patient. Images were obtained from a 66-year-old
woman presenting in the ERwith dyspnea, coughing, and fever for 8 days.
POCUS lung image of the right PLAPS point (a) shows the pleural line

(black arrow) as well as a confluent pattern of B-lines (white arrow).
Axial CT (b) shows typical early COVID-19 findings with bilateral
subpleural areas of ground-glass opacities (white arrows).
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consider sample size of our study the root cause of this issue.
Nonetheless, the acknowledgement that POCUS lung could
be used as a proper screening test is of valuable information,
provided it can be performed with the right safety precautions
using PPE. Implementation in early triage in the ER could be
useful as it meets the priority objective of the ER of saving
time in the diagnostic approach of patients.

Additionally, parallel investigation of chest CT perfor-
mance compared with RT-PCR, within the same pool of pa-
tients, provided excellent sensitivity, specificity, NPV, and
accuracy (80.0%, 86.7%, 95.6%, and 85.6%, respectively),
beside an only moderate value for PPV (54.5%). These results
are in line with results of low-dose chest CT recently pub-
lished by Dangis et al. [16]. Altogether, the results demon-
strated for both POCUS lung and chest CT designate the two
techniques as a complementary pair. While having the ability
to rule out COVID-19 lung infection using POCUS lung as a
screening test, subsequent chest CT could provide a more
confident diagnosis and allow for assessment of the extent
of lung involvement [16]. Distilling a clinical decision rule
for COVID-19 involvement based on this study would depend
on the clinical assessment made by the physician with regard
to patient profile and severity of symptoms. In asymptomatic
patients, or patients presenting with only mild symptoms of an
airway infection, POCUS lung could be the designated
screening test. A negative POCUS lung result could then jus-
tify ruling out a COVID-19 infection. On the other hand, high-
risk patients (e.g. cardiovascular or pulmonary issues in the
medical history) and patients presenting with more severe
lung pathology would benefit more from receiving CT imag-
ing either confirming COVID-19 infection or ruling it out and
at the same time providing more information on other possible
etiologies.

Apart from no radiation exposure, POCUS lung has numer-
ous other advantages making it a considerable technique for
screening in early triage in the ER. Low cost, high availability,
bedside testing, and time between exam and result are the other
main benefits, but also low threshold for testing vulnerable
patients (e.g. children, pregnant women) and the possibility of
using it under sterile coverage or being able to disinfect quickly
after use make it an outstanding screening tool [13].

This study has several limitations. First of all, this retrospec-
tive study was subject to an inherent selection bias. Secondly,
study participants were included providing they had an admis-
sion to the ER, making these potentially more severe cases than
seen in general practice. However, every patient showing one
or more symptoms of an upper or lower respiratory tract infec-
tion, as laid out by the Belgian authorities, was included. In
extension, thirdly, notwithstanding clinical manifestations asso-
ciated with a respiratory tract infection (e.g. fever, cough, and
dyspnea) are the most common symptoms; this study did not
include any subjects with non-pulmonary signs (e.g. headache,
nausea, diarrhea, and vomiting) of a COVID-19 infection [24].

A fourth limitation that can have an impact on the results of this
study is timing. The time window in which participants were
included was between March 28th and April 20th, 2020, situ-
ating it behind the peak of the infection in Belgium. This result-
ed in a relatively small sample size (n = 93). Furthermore, the
test population included contained only a small number of par-
ticipants who eventually tested positively for SARS-CoV-2 by
RT-PCR (n = 15; 16.1% of the total study population). A next
limitation, and perhaps the most important one, is the lack of a
guideline for POCUS lung in COVID-19. The criterion to con-
sider a POCUS lung as suggestive for COVID-19 by one pos-
itive BLUE point presenting with a B-line pattern is not evi-
dence-based. Current literature on the other hand contains no
evidence on the matter so far. By altering this hypothesis, we
expect that reported values for diagnostic accuracy could differ.

Aside from preceding arguments, we acknowledge the
fact that ER medical doctors are differently qualified than
radiologists in context of performing ultrasound. Despite
their skills and training in ultrasound, the technique re-
mains strongly researcher-dependent and results could
vary accordingly. This applies equally to the three EMDs
who actually performed the POCUS lung. Interpersonal
results could be subject to variation as it is an inherent
disadvantage of the technique. Finally, the use of a highly
sensitive RT-PCR assay does not guarantee its precision.
Despite having a negative RT-PCR test, a patient showing
typical symptoms combined with a positive POCUS lung
or chest CT may still be COVID-19 infected. Extended
research is needed to exclude an infection isolated to the
lower regions of the respiratory tract.

In conclusion, point-of-care lung ultrasound may pro-
vide early triage in the ER with a useful, rapid, low-
threshold, and safe screening tool in the evaluation of a
possible COVID-19 infection. Particular benefits of the
technique are its high sensitivity and negative predictive
value, indicating a high level of confidence that a neg-
ative POCUS in symptomatic patients is a true result,
preventing them from receiving more invasive, cost-in-
tensive, and time-consuming tests.
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