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Introduction

Coronavirus Disease (COVID-19), which
first presented as viral pneumonia cases
ofunknown etiology in Wuhan, China, at
the end of 2019, has become a pandemic
that has affected the whole world over
a short period of time [1, 2]. The World
Health Organization (WHO) agreed that
the outbreak met the criteria for a Pub-
lic Health Emergency of International
Concern on January 30, 2020 [3]. On
February 11, 2020, the WHO named the
disease COVID-19, which is short for
“coronavirus disease 2019” [4].

Patients may have no-specific symp-
toms such as fever, fatigue, cough (with
or without sputum production), sore
throat, and nasal congestion. Rarely,
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Role of lung ultrasonography in
the diagnosis of COVID-19
patients admitted to the
emergency department

patients may also present with diarrhea,
nausea, and vomiting [5]. Although
most patients experience mild disease,
14% of patients have lung involvement
[6]. Lung imaging is therefore recom-
mended for COVID-19 patients. The
diagnostic value of chest radiography
in the early stages is low in some lung
disease [7]. However, lung computed
tomography (LCT) can show lung in-
volvement even before symptoms begin
[8]. Although LCT represents the gold
standard for the examination of most
pulmonary diseases, it presents some im-
portant challenges, such as the high dose
of radiation administered to the patient,
its nonadministration to some groups
of patients (e.g., pregnant women), the
need to transport the patient to the
radiology department, and the lack of
CT scanning in some emergency depart-
ments (EDs) [7]. The American College
of Radiology (ACR) recommends that
CT not be used to screen for, or as
a first-line test to diagnose, COVID-
19. The ACR also recommends that CT
be used sparingly and be reserved for
hospitalized, symptomatic patients with
specific clinical indications for CT [9].
Ultrasonography (US), which is
a practical and nonhazardous diagnostic
tool, has recently been recognized as
offering an efficient way of accurately di-
agnosing thoracic pathologies that cause
dyspnea. In addition, lung ultrasound

(LUS) is a diagnostic method that can
be applied quickly at the bedside and
provide rapid results, without the patient
needing to be transported to another
location such as a CT room [10]. Lung
ultrasound has been reported to pro-
vide more accurate results compared to
methods such as physical examination
and chest radiography, while for some
diagnostic questions, it provides results
nearly equivalent to CT [11]. Further-
more, LUS is more advantageous because
it can be applied at the bedside. There
is also no risk of ionizing radiation, and
it can be applied easily by emergency
physicians who can interpret the find-
ings with the physical examination of
the patients [12].

Although there have been suggestions
that LUS can be used to detect the lung
findings of COVID-19 patients, this in-
formation has been obtained from a small
number of studies and case reports.

In this study, the capacity of LUS for
the diagnosis of lung findings was evalu-
ated in patients with suspected COVID-
19 who were admitted to the ED.

Methods

This observational clinical study was con-
ducted in the ED of the Ankara City
Hospital, which was a pandemic hospital
during the period April 1-30, 2020. The
study was approved by the Ethics Com-
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mittee No. 1 of the Ankara City Hospital
(approval number E1-20-616).

Patients admitted to the ED, were
triaged as COVID-19 infected, and then
opted for tomography were included in
the study. Those who were not triaged
as COVID-19 infected, decided not to
have LCT, or were vitally unstable on
arrival were excluded from the study.
The inclusion criterion was not to select
patients consecutively admitted to the
ED.

Patients with cough, shortness of
breath, and a temperature exceeding
38°C were transferred from the triage
area to the negative pressure area re-
served for COVID-19 patients and pro-
vided with a mask. After evaluating
their vital signs and conducting a physi-
cal examination, patients with suspected
pneumonia were recommended for LCT
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but underwent LUS before LCT. Lung
ultrasound was performed by 2 emer-
gency physicians who had previously
received basic and advanced US training
and had at least 3 years’ ED experience.
All the physicians entering the COVID-
19 area for LUS took protective measures
by wearing personal protective clothing,
N95 mask, glasses, and gloves.

During LUS, longitudinal examina-
tions were performed using a microcon-
vex probe set at a frequency of 2-6 MHz
(Mindray M7, Guangdong, China).
While applying LUS, the patients were
placed in the supine or semirecumbent
position, and each hemithorax was ex-
amined based on a total of 6 points:
4 anterior and 2 lateral (B Fig. 1a, b).
Evaluation of the pleura was performed
with high frequency because it was
very difficult with low and medium fre-

Fig. 1 < a Anterior ultra-
sound points, b lateral ul-
trasound points, ¢ normal
lung ultrasound, d B+ lines,
elung consolidation and
aerobronchograms, f pleu-
ral thickening

quency. After each LUS examination,
the ultrasound probe was cleaned with
hydrogen peroxide, and the new patient
was examined with a clean probe.
During the LUS examination, the
pleura between the two ribs was iden-
tified first. After detecting the pleura,
the lung sliding sign, which is a normal
finding that occurs as a result of the
movement of the visceral and parietal
pleura against each other, was evaluated.
In the patients with lung sliding, A and
B lines were checked. A lines, which
are reverberation artifacts of the pleura,
were accepted as normal lung findings
(B Fig. 1c). On the other hand, B lines,
which originate from the pleura, ap-
pear as hyperechoic lines in the form of
a beam that continues to the end of the
screen, erasing A lines and shifting with
the movement of the pleura. One or two
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B lines can be seen in each quadrant
of each normal lung, but it is always
pathological if there are 23 in 1 quad-
rant. If there are more than 3 B lines
in a section, this is called a B+ finding
(B Fig. 1d). Direct visualization of con-
solidation (B Fig. 1e), pleural thickening
>3mm (@ Fig. 1f), and a B+ finding are
required for a diagnosis of pneumonia.

Lung computed tomography was ac-
cepted as the gold standard in the di-
agnosis of patients. Lung computed to-
mography was subsequently applied to
the patients due to suspected pneumo-
nia. Lung computed tomography results
were interpreted by the radiologists work-
ing at the hospital. Lung ultrasound and
lung computed tomography findings of
the patients were then compared. Lung
ultrasound results did not affect the di-
agnosis and treatment process of the pa-
tients. We evaluated the LUS results ob-
servationally.

Every patient diagnosed with viral
pneumonia by CT was hospitalized. Ac-
cording to the guidelines of the Ministry
of Health of the Republic of Turkey,
patients who had respiratory rate >30,
SPO; <90 and PaO, <70 despite O,
therapy, and had hypotension, acute
kidney damage, high troponin, and lac-
tate >2mmol were followed up in the
intensive care unit (ICU). Patients di-
agnosed with viral pneumonia based
on CT results received treatment in the
pandemic period even if their Reverse
transcription polymerase chain reaction
(RT-PCR) tests were negative.

All the data were analyzed using IBM
SPSS for Windows version 25.0 (IBM
Corp., Armonk, NY, USA) and Med-
Calc Statistical Software version 15.8
(MedCalc Software bv, Ostend, Bel-
gium). In addition to the descriptive
statistics (frequency, percentage, mean,
standard deviation, median, min-max),
the chi-square (X?) test (Yates correction,
Fisher’s exact test) was used to compare
the qualitative data. The consistency of
the data to normal distribution was eval-
uated using the Kolmogorov-Smirnov
and Shapiro-Wilk tests. Anindependent
samples t-test was used to compare the
normal distribution data. The sensitivity,
specificity, and positive and negative pre-
dictive values were calculated using the

Abstract

Introduction. In this study, the use of lung
ultrasonography (LUS) to diagnosis lung
findings was evaluated in patients with
suspected COVID-19 who were admitted to
the emergency department (ED).

Methods. This observational clinical study
was conducted in the ED of the Ankara
City Hospital during the period April 1-30,
2020. Patients who were admitted to the ED
were triaged as COVID-19 infected and who
agreed to undergo LUS/LCT (lung computed
tomography) were included in the study.
Results. Included in the study were

40 patients who had been prediagnosed
with COVID-19. Pneumonia was detected
with LCT in 32 (80%) patients, while the
LUS examination identified pneumonia

in 23 patients. The most common finding
in LCT was ground-glass opacity (n=29,
90.6%). Of the 23 patients with pneumonia
findings in LUS, 15 (65.2%) had direct
consolidation. Among the 32 patients who
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Role of lung ultrasonography in the diagnosis of COVID-19
patients admitted to the emergency department

were found to have pneumonia as a result

of LCT, 20 (62.5%) had signs of pneumonia
on LUS examination, and 12 had no signs of
pneumonia. In addition, 3 patients showed
no signs of pneumonia with LCT, but they
were misdiagnosed with pneumonia by LUS.
The sensitivity of LUS in the diagnosis of
pneumonia in the COVID-19 patients was
62.5%, while its specificity was 62.5%. In
addition, its positive predictive value was
87.0%, and its negative predictive value was
29.4%.

Conclusion. LUS may also be used in the
diagnosis of pneumonia in COVID-19 patients
becauseitis a valuable and accessible bedside
diagnostic tool.

Keywords

SARS-CoV-2 - Diagnostic ultrasound -
Pneumonia - Emergency service, hospital -
Consolidation

Notaufnahme

Zusammenfassung

Einfiihrung. In dieser Studie wurde die
Verwendung einer Lungenultraschall-
untersuchung (LUS) zur Diagnose von
Lungenbefunden bei Patienten, die mit
Verdacht auf ,coronavirus disease 19"
(COVID-19) in die Notaufnahme (NA)
aufgenommen worden sind, bewertet.
Methoden. Diese klinische Beobachtungs-
studie wurde in der Notaufnahme des
Stadtkrankenhaus Ankara in einem Zeitraum
vom 1. bis 30. April 2020 durchgefiihrt.
Patienten, die in der Notaufnahme als
COVID-19-Infizierte erst eingeschatzt und
Einwilligung fiir eine Lungenultraschallunter-
suchung (LUS)/Lungencomputertomographie
(LCT) gegeben haben, wurde in die Studie
aufgenommen.

Ergebnisse. Insgesamt 40 mit COVID-19
vordiagnostizierte Patienten wurden in die
Studie eingeschlossen. Bei 32 Patienten
(809%) wurde anhand der CT eine Pneumonie
festgestellt, wahrend die LUS bei 23 Patienten
eine Pneumonie feststellen konnte. Der
haufigste Befund in der LCT war eine
Milchglastriibung (n= 29, 90,6 %). Von

Rolle des Lungenultraschalls bei der COVID-19-Diagnostik in der

den 23 Patienten mit Pneumoniebefund

im LUS hatten 15 (65,2 %) eine direkte
Konsolidierung. Von den 32 Patienten, bei
denen die LCT einen Pneumoniebefund
ergeben hatte, wiesen 20 (62,5 %) Anzeichen
einer Pneumonie im LUS auf, bei 12 war
dies nicht der Fall. Drei Patienten hatten
keine Anzeichen einer Pneumonie in der LCT,
wurden aber aufgrund der LUS mit einer
Pneumonie fehldiagnostiziert. Die Sensitivitat
des LUS fiir die Diagnose einer Pneumonie
bei COVID-19-Patienten betrug 62,5 %, die
Spezifitdt 62,5 %. Der positive pradiktiver
Wert betrug 87,0 %, der negative pradiktiver
Wert 29,4 %.

Schlussfolgerungen. Der LUS kann auch in
der Diagnostik einer Pneumonie bei COVID-
19-Patienten eingesetzt werden, weil er ein
wertvolles und zugéngliches diagnostisches
Instrument am Krankenbett ist.

Schliisselworter
SARS-CoV-2 - Diagnostischer Ultraschall -
Pneumonie - Notaufnahme - Konsolidierung
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Table 1

Gender Female
Male

Complaints on arrival Yes
No

PCR result for COVID-19 Positive
Negative

CT findings Pneumonia
Normal

US findings Pneumonia
Normal

| CT computed tomography, US ultrasonography

Demographic characteristics and test-imaging results of patients

n=40 %
20 50.0
20 50.0
37 92.5
3 7.5
29 725
11 27.5
32 80.0
8 20.0
23 57.5
17 42.5

Table 2 Lung computed tomography (LCT) and lung ultrasound (LUS) findings of the patients

CT findings Pneumonia

Normal

Ground-glass opacity
- Mosaic form
- Alveolar consolidation
- Lober pneumonia
LUS findings Normal
Pneumonia
- Consolidation

Bilateral B

— Air bronchogram

Pleural thickening

32 80.0
8 20.0
29 90.7
1 3.1
1 3.1
1 3.1
17 42.5
23 57.5
11 47.9
6 26.0
4 17.4
2 87

Table 3 Comparison of findings of lung computed tomography (LCT) and lung ultrasound (LUS)

LCT findings
Negative Positive
LUS findings Negative 5 (62.5%) 12 (37.5%)
Positive 3(37.5%) 20 (62.5%)

X2 table design. Statistical significance
was set at p<0.05.

Results

Among the patients who were admitted
to the Ankara City Hospital Emer-
gency Department, 40 patients who
had been prediagnosed with COVID-19
were included in the study. There were
20 (50%) men and 20 (50%) women. The
mean age of the patients was 43.8+ 16.6
years. While 37 (92.5%) of the patients
had COVID-19-related symptoms, the
most common complaint was cough
(n=23, 57.5%). Reverse transcription
polymerase chain reaction results of 29
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(72.5%) of the patients were positive for
COVID-19. Pneumonia was detected
with LCT in 32 (80%) of the 40 patients,
while the LUS examination identified
pneumonia in 23 patients (@ Table 1).
The most common finding among the
32 patients with pneumonia findings in
LCT was ground-glass opacity (n=29,
90.6%). Of the 23 patients with pneu-
monia findings in LUS, 15 (65.2%) had
direct consolidation. All the LCT and
LUS findings are presented in @ Table 2.
Among the 32 patients who were
found to have pneumonia as a result of
LCT, 20 (62.5%) had signs of pneumo-
nia on LUS examination, and 12 had no
signs of pneumonia. In addition, 3 pa-

tients showed no signs of pneumonia
with LCT, but they were misdiagnosed
with pneumonia by LUS (@ Table 3). The
sensitivity of LUS in the diagnosis of
pneumonia in the COVID-19 patients
was 62.5% (95% confidence interval
[CI] 43.7-78.9), while its specificity was
62.5% (95% CI 24.5-91.5). In addition,
its positive predictive value was 87.0%
(95% CI 66.4-97.2), and its negative
predictive value was 29.4% (95% CI
10.3-56.0). The accuracy rate of LUS in
detecting the pneumonia was 62.5%.

Ofthe patients who were found to have
COVID-19 pneumonia with LCT 65.6%
were also COVID-19 positive according
to the RT-PCR test results. Reverse tran-
scription polymerase chain reaction re-
sults of 11 patients whose LCT results
were compatible with COVID-19 were
negative. LCTs Lung computed tomo-
graphies of 8 patients with COVID-19
positive RT-PCR results did not have an
appearance compatible with COVID-19
(Supplementary digital content).

Pneumonia in bothlungs was detected
in 22 patients by LCT, while LUS revealed
that 12 (54.5%) of these 22 patients had bi-
lateral pneumonia findings. While con-
solidation in the right lung was detected
in 6 patients in LCT, 4 (66.6%) of these
patients had the same finding with LUS.
In addition, 1 (25.0%) of the 4 patients
found to have consolidation in the left
lung with LCT had the same finding with
LUS.

Discussion

Lung ultrasound is recognized as a fast,
noninvasive, easily accessible tool for di-
agnosing lung pathologies. In this study,
we evaluated the utility of LUS in diagnos-
ing COVID-19in patients who visited our
ED.In our study, the sensitivityand speci-
ficity of LUS in the diagnosis of pneumo-
nia in COVID-19 patients was 62.5%. Its
positive predictive value was 87.0%, and
the negative predictive value was 29.4%.
In contrast, one study found that the sen-
sitivity of LUS in the diagnosis of pneu-
monia was 82%, and its specificity was
92% [13], while another study conducted
on COVID-19 patients determined the
sensitivity of LUS in the diagnosis of mild
pneumonia to be 68.8% and its specificity



85.7% [14]. The reason LUS performed
on COVID-19 patients has lower sen-
sitivity and specificity values compared
to the patients with bacterial pneumonia
may be that in COVID-19, lung involve-
ment and LUS images differ from other
pneumoniaagents such asbacterial pneu-
monia. For example, the insufficient ex-
perience of emergency physicians with
chronic inflammation findings such as
pleural thickening and irregularities may
be an important factor in low sensitivity
and specificity. In addition, reasons such
as the more central distribution of lesions
without contacting the lung surface in
COVID19, the need to scan the entire
chest in order not to miss small findings,
and anatomical factors may have caused
the sensitivity and specificity of LUS to
be low in the diagnosis of COVID-19.

In our study, the most common find-
ing among the patients diagnosed with
pneumonia in LUS was direct visual-
ization of lung consolidation (47.9%).
In the LUS applied to COVID-19 pa-
tients in another study, B lines were de-
tected in different patterns in all the pa-
tients [15]. Similarly, in a study by Ya-
sukawa etal., the most common pneumo-
nia finding was B lines [16]. As stated in
“The 2019-2020 Novel Coronavirus (Se-
vere Acute Respiratory Syndrome Coro-
navirus 2) Pandemic: A Joint Ameri-
can College of Academic International
Medicine-World Academic Council of
Emergency Medicine Multidisciplinary
COVID-19 Working Group Consensus
Paper”, consolidation is likely to be a sign
of severe disease [17].

Detection of localized B+ lines indi-
cates a diagnosis of bacterial pneumonia,
while bilateral detection of these lines sig-
nifies a diagnosis of heart failure. In ad-
dition, bilateral B+ findings are common
in COVID 19 patients. Patchy B+ lines
rather than diffuse B+ lines in the LUS
should suggest the diagnosis of COVID-
19 rather than lung congestion [18]. In-
terpretation of LUS findings supported by
clinical findings will increase the rate of
accurate diagnosis. In studies where LUS
was applied to COVID-19 patients, the
patients were diagnosed with pneumo-
nia despite bilateral B+ findings [14-16].
Although 15% of our patients had bilat-
eral B+ findings, these patients were diag-

nosed with pneumonia by the physicians
who performed the LUS. We think that
itis important for the LUS practitioner to
know the anamnesis and physical exam-
inations of the patients. To our thinking,
the patients’ prediagnoses with COVID-
19 may have led the physicians to decide
on this diagnosis. We believe that it is
more appropriate to diagnose pneumo-
nia if bilateral B+ findings are detected
in patients who have been prediagnosed
with COVID-19.

The accuracy rate of LUS in detecting
the pneumonia was 62.5%. According
to a study [12], the diagnostic accuracy
rate of LUS applied to patients with short-
ness of breath is 90.5%. This study was
conducted both with non-COVID-19 pa-
tients and in the intensive care unit. We
think that the reason for the lower di-
agnostic accuracy rate in our study may
be due to the fact that the evaluation of
patients with suspected COVID-19 was
performed in ED, under difficult con-
ditions, and under personal protective
clothing which altogether may have ham-
pered accessibility of relevant regions of
the chest, especially dorsobasal.

In our study, 10 of 23 patients di-
agnosed with pneumonia were treated
in ICU. Seven of these 11 patients had
consolidation in their LUS [17, 18]. In
the literature, it has been mentioned that
COVID-19 may have a more severe pro-
gression if the finding of consolidation is
detected. We think that the high number
of consolidation findings in our study is
related to the high number of patients and
the severity of the patients. We think that
the detection of consolidation in patients
admitted to ED may warn emergency
physicians that the disease may progress
severely.

Limitations

The most important limitation of our
study was the low number of patients.
Studies with a larger number of patients
willbe better able to evaluate the benefit of
using LUS in the diagnosis of pneumonia
in COVID-19 patients. Another limita-
tionwasthat LUS wasnotapplied toall the
COVID-19-suspected patients admitted
to the ED; only those who were sched-
uled to have LCT received LUS. This may

have led physicians to find consolidation
in LUS. We did not ask the patients about
the onset of symptoms. Lung ultrasound
may not have detected the disease, since
lung involvement has not yetbegun in pa-
tients whose symptoms have just started.
In our study, the fact that we were not
able to perform dorsal examinations on
patients may have caused us to miss LUS
findings in some patients. In addition,
the fact that the physicians were aware of
the patients’ clinical findings and that the
prediagnosis was COVID-19 may have
affected the decisions of the physicians
who applied LUS.

Conclusion

Lung ultraosund may also be used in the
diagnosis of pneumonia in COVID-19
patients because it is a valuable and ac-
cessible bedside diagnostic tool. It is also
radiation-free and therefore safe for use
with pregnant women. However, stud-
ies involving a large number of patients
need to be performed, and LUS findings
in COVID-19 patients need to be stan-
dardized.
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