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Abstract

Introduction: Due to the risk of cross contamination and radiation exposure of
computed tomography (CT) and low sensitivity rate of X-Ray, point of care ultrasound
(POCUS) lung can be used as a diagnostic tool of COVID-19 pneumonia. The current
study aimed to evaluate the potential of POCUS for detection of lung pathologies caused
by COVID-19.

Methods: This prospective observational study was conducted with 84 patients admitted
to the emergency department with suspected COVID-19. CT and POCUS lung were
performed for all participants. CCT was taken as the reference diagnostic method and
the presence of B-lines or consolidation or pleural irregularity-thickening (>3 mm) in
the lung in POCUS lung, were evaluated in favor of COVID-19 pneumonia.

Results: Of the 84 patients included, lesions of COVID-19 pneumonia were detected
53.5%. COVID-19 pneumonia findings were shown by POCUS lung in 51.2% of
participants. The left lower lobe in 48.8% and the right lower lobe in 47.6% of
the patients were the most commonly affected regions. In POCUS lung, COVID-19
pneumonia lesions located in 2nd area for 44.0%, in 7th area for 35.7%, in 8th areca
for 34.5%. Sensitivity of POCUS lung was found to be 88.9%, specificity pointed for
92.3%, positive predictive value was 93.0% and negative predictive value was 87.8%.
Conclusion: POCUS lung, has a high sensitivity and specificity in the diagnosis of
COVID-19 pneumonia, especially in severe lung involvement. Therefore, POCUS lung
should be the method of choice as its practical use, bedside availability and avoidance
of radiation exposure for COVID-19 associated lung lesions.
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1. Introduction

While bedside chest X-ray provides limited diagnostic benefit
in patients with pneumonia, chest computarized tomography
(CCT) also has disadvantages such as high cost and the risk of
transporting critically unstable patients, although the diagnos-
tic rate is higher. Additionaly requirement for sterilization of
the CCT area after each scan due to the cross infection risk of
COVID-19 leads to a longer exposure time [1].

In the diagnosis of COVID-19 pneumonia, point of care
ultrasound (POCUS) lung is one of the important diagnos-
tic tools that can be used due to its cost-effectiveness, less
risk of contamination, being a bedside, practical and ease of
access imaging method. POCUS lung can also be used for
monitoring the disease progress and evaluating the response
to the treatment [2]. POCUS for the lung has been used by
clinicians since the 1990s. Lichtenstein published the algo-
rithm known as the BLUE protocol for POCUS lung in 2008

[3]. This algorithm created by using A lines from reverbera-
tion artifacts and B lines consisting of hyperechoic artifacts.
Lichtenstein identified 2 points (upper anterior point, lower
anterior point) and PLAPS (posterior lateral alveolar pleural
point) point as blue points for lung pathologies. Considering
data from China and especially Italy, it was seen that COVID-
19 pneumonia can rapidly progress to acute respiratory distress
syndrome (ARDS) [4]. Soldati et al. [5] developed a method
that includes 14-point lung ultrasound that provides a wider
view instead of Blue-PLAPS points to diagnose and monitor
COVID-19 pneumonia, which can spread to all lobes of the
lung. Therefore, current study aimed to evaluate the diagnostic
accuracy of POCUS Lung in COVID-19 pneumonia by using
14 points’ technic, either to define which of these points were
effected more by COVID-19 and its compatibility rate with
CCT.
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2. Methods

2.1 Study design

This prospective convenience sample observational study was
conducted to diagnose viral pneumonia with POCUS lung
in patients who were classified as COVID-19 probable cases
among those admitted to study center. The study center is
a training and research hospital serving as one of the largest
hospitals in the region during the COVID-19 pandemic. All
patients included in the study, were tested for COVID-19 by
real-time polymerase chain reaction (RT-PCR). The study was
approved by the local ethics committee and Ministry of Health.
Clinical trial registration was made witha clinicaltrials.
gov ID of NCT04399681.

2.2 Selection of participants

Flow diagram of the study is shown in Fig. 1. Probable case
definition of COVID-19 was determined in accordance with
the guidelines of scientific advisory board of Turkish Ministry
of Health [6]. Patients with heart failure, known chronic
lung disease such as chronic obstructive pulmonary disease
(COPD), chronic bronchitis, patients with lung malignancies
or lung metastasis, pregnant patients and trauma patients were
excluded from the study. The sample size was conducted with
previous studies. We assumed that the lung ultrasound has
80% sensitivity and power of 80% with alpha = 0.05. Thus,
a minimum of 78 patients was planned to include in the study
[7].

The ultrasounds performed within the scope of this study
were performed by emergency physicians who had a certi-
fication of POCUS lung earned upon a bedside course of
POCUS lung. The study sonographers performed POCUS
lung as blinded on the patient’s CCT and COVID-19 RT-
PCR test results. The ultrasonographic protocol consisted of
scanning of the patient in the supine, right lateral decubitus,
left lateral decubitis and sitting erect positions. While applying
ultrasound, transducer dressed with sterile gloves covered ca-
bles, other parts of the ultrasound were sterilized with sodium
hypochlorite after each use against the risk of contamination
(Fig. 2). The study sonographers took personal protective mea-
sures (N95 respirator mask, surgical gown, surgical gloves, eye
protection, surgical cap) while practicing.

2.3 Interventions

Hitachi Aloka-ProSound F37 brand ultrasonography device
and 6-2 MHz Convex (UTS9123) probe and linear (UST-568)
13-5 MHz probe was used in the study. CCT was performed
using Toshiba Aquilion Prime 128 slice CT scanner. Chest CT
is the gold standard method used for COVID-19 pneumonia,
and COVID-19 pneumonia diagnosis was made in case of
typical findings (crazy-paving pattern, air bronchogram, etc.)
were officially reported by radiology in favor of COVID-19.
The main hypothesis of this study is to evaluate the accu-
racy of lung ultrasound in diagnosing COVID-19 pneumonia.
Therefore, it is more important whether the patients included
in the study have a COVID-19-related pathology in their lungs
rather than having positive RT-PCR tests. It was shown in
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previous studies that lung pathology did not develop, although
RT-PCR was positive. One of the results obtained from these
studies is that although the findings of COVID-19 pneumonia
(ground-glass opacification) are found in CCT, the RT-PCR
test can be negative [8, 9]. The sensitivity of the RT-PCR
test ranges from 50%-80%. Therefore, it is seen that CCT
is used as a reference method in COVID-19 pneumonia [10].
In accordance with the literature, the positive rate of RT-PCR
among COVID-19 pneumonia patients was 66.7% in our study.

2.4 Measurements

CCT was performed by dividing the lung into lobes (right
upper lobe, right middle lobe, right lower lobe, left upper
lobe and left lower lobe) according to the official report of
the radiologists. Consolidation, air bronchogram, graund-
glass opacities, crazy-paving pattern was sought for the in-
terpretation of CCT in favor of COVID-19. Sonographer
was asked to decide one of two conclusions of whether the
patient has COVID-19 pneumonia or not. Soldati ef al.’s [5]
article was taken as reference and 14-point lung ultrasound,
was determined (Fig. 3). Pleural movement and the presence
of B lines, white lung sign, were checked for the diagnosis
of pneumonia in POCUS lung. Additionally, supporting the
diagnosis of pneumonia, the presence of consolidation, air
bronchogram and pleural wall thickening (>3 mm) and its
irregularity was checked (Fig. 4).

2.5 Outcome

The primary outcome was the sensitivity of lung ultrasound at
identifying COVID-19 pneumonia against CCT as the refer-
ence standard. The secondary results of this study; to deter-
mine the presence of signs of pneumonia using 14-point lung
ultrasound method.

2.6 Statistical analysis

All statistical analyses (sensitivity, specificity, negative pre-
dictive value, positive predictive value) were performed on
MedCalc Statistical Software version v19.4.1 (MedCalc Soft-
ware, Ostend, Belgium). The data of the patients are expressed
as median (quartiles) for nonparametric data and percentage for
categorical variables.

3. Results

3.1 Characteristics of study subjects

During the study period, 29 of 116 patients were excluded
from the study since they did not meet the inclusion criteria
and 3 did not complete the POCUS lung. The demographic
characteristics of the participants according to the COVID-19
pneumonia status are shown in Table 1. Of the 84 participants
whose data were evaluated, 69.0% (n = 58) were male, the
median (quartiles) age was 53.0 (30.7-67.5), 31.0% (n = 26)
was female, and the median (quartiles) age was 49.0 (31.50—
63.0). When the vital signs of the patients included in the study
were examined, the systolic blood pressure median (quartiles)
value was 120 (110-130) mmHg, the diastolic blood pressure
median (quartiles) value was 70 (66—-80) mmHg, the median
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Patients admitted to emergency
department of the center during
study period (n=116)

XC =29
i B
comple i% Chronic Lung Disease (n=18)
(n=3) Heart Failure (n=8)
POCUS & CT for COVID-19
Pneumonia (n=84)
|
POCUS positive POCUS negative
(n=43) (n=41)

- True positive (n1=40)
- False positive (n=3)

FIGURE 1. Flowchart of the study population.

FIGURE 2. Covered cables and the probe were put in a
sterile gloves, helt by sonographer.

(quartiles) value of the pulse measured per minute was 84 (75—
92), oxygen saturation median (quartiles) value was 95.5%
(92.0-97.0). 27.4% (n = 23) of the patients included in the

- True negative (n=36)
- False negative (n=5)

study had hypertension, 21.4% (n = 18) had diabetes mellitus,
and 10.7% (n =9) had coronary artery disease.

3.2 Main results

Lung imaging assessments are shown in Table 2. According
to the CCT, 53.6% of the cases (n = 48) were found to have
findings in favor pneumonia, and 45 of them were reported
as COVID-19 pneumonia (18 mild, 14 moderate, 13 severe)
and 3 patients were reported as bacterial pneumonia. Bilateral
involvement was detected in 84.4% (n = 38) of patients with
pathological findings in favor of COVID-19 in CCT. Among
imaging results reported as COVID-19 pneumonia by CCT, in
order of frequency was; left lower lobe was involved in 91.1%
(n = 41), 88.8% (n = 40) had involvement in the right lower
lobe, the right middle lobe was involved in 77.7% (n = 35),
right upper lobe was involved in 51.1% (n = 23), left upper
lobe was involved in 37.7% (n = 17).

According to 14-point lung ultrasound, the most common
findings of COVID-19 pneumonia (86.0% (n = 37)) were at
the 2nd point and then 69.7% (n = 30) at the 7th point. The
most common sonographic finding of pneumonia was B-Lines
with a percentage of 47.6% (n = 40) (Table 2).

According to POCUS lung, 51.2% (n = 43) of the patients
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FIGURE 3. Fourteen areas of ultrasonographic examination.
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1. Right basal on the paravertebral line above
the curtain sign;

2. Right middle on the paravertebral line

at the inferior angle of the shoulder blade;

3. Right upper on the paravertebral line

at the spine of the shoulder blade;

4, Left basal on the paravertebral line above
the curtain sign;

5. Left middle on the paravertebral line

at the inferior angle of the shoulder blade;

6. Left upper on the paravertebral line

at the spine of the shoulder blade;

7. Right basal on the midaxillary line below
the internipple line;

8. Right upper on the midaxillary line above
the internipple line;

9. Left basal on the midaxillary line below

the internipple line;

10. Left upper on the midaxillary line above
the internipple line;

11. Right basal on the midclavicular line below
the internipple line;

12. Right upper on the midclavicular line above
the internipple line;

13. Left basal on the midclavicular line below
the internipple line; and

14, Left upper on the midclavicular line above
the internipple line.

TABLE 1. Demographic characteristics of participants.

Parameter, n (%)

Sex
Female
Male
Hypertension
Diabetes mellitus
Coronary artery disease
Hospitalization
Inpatient clinics
Intensive care unit
Shortness of breath
Sore throat
Cough
Fatigue

Fever

were evaluated as COVID-19 pneumonia. However, POCUS

COVID-19 pneumonia (+)

(n=45)

11 (24.4)
34 (75.6)
14 (35.0)
16 (39.0)
7(17.5)

20 (47.6)
14 (33.3)
24 (53.3)
3 (6.6)
11 (24.4)
22 (48.8)
11 (24.4)

lung was found as false positive in 3 patients and false negative

in 5 patients. Accordingly, the sensitivity of POCUS lung
was calculated as 88.9%, specificity 92.3%, positive predictive
value 93.0%, negative predictive value 87.8% (Table 3).

COVID-19 pneumonia (—)
(n=39)

15 (38.5)

24 (61.5)
9(23.1)
2(5.1)

2(5.1)

2(5.1)
0(0.0)

9(23.0)
3(7.6)

8 (20.5)
19 (48.7)
7(17.9)

4. Discussion

CXR and CCT are used to detect the presence of lung pathol-
ogy due to COVID-19 and to see its severity. However, due

to the known disadvantages of CXR (low sensitivity rate) and
CT (radiation risk, possibility of cross contamination), POCUS
lung, which is an alternative diagnosis method, started to be
used especially in the later stages of the pandemic [1, 2, 11].
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Chest CT
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FIGURE 4. Imaging features of COVID-19 patients. (a) Solid yellow arrow-signed consolidation and dashed yellow arrows
showed nonconfluent B-lines in 2nd area of POCUS lung. Areas surrounded by yellow circles demonstrated ground glass opacity
with consolidation in upper right lobe on CCT. (b) Solid yellow arrow showed consolidation with air bronchograms pointed by
multiple yellow arrows in 1st area of POCUS lung. Yellow circles surrounded multiple ground glass opacities with consolidations

in both lungs on CCT.

This study revealed that POCUS lung had 88.9% sensitivity
and 92.3% specificity when CCT was taken as reference in de-
tecting lung pathology due to COVID-19 infection. Through-
out the study, POCUS lung was more accessible and allowed
bedside application compared with CCT. BLUE and PLAPS
points are used for sonography to detect lung pathologies.
However, COVID-19 pneumonia with its widespread lung
involvement, would be better to be evaluated by covering
more areas. Therefore, the POCUS lung protocol in 14-point
recommended by Soldati ef al. [5] for COVID-19 pneumonia,
which provides a more detailed view to us, constituted the
field of view of our study. COVID-19 pneumonia affects the
middle and lower lobes in the right lung and the lower lobes
in the left lung more frequently [12]. Similarly, CCT results
in the current study, demonstrated that 41.7% of the patients
had involvement in the right middle lobe, 47.6% in the right
lower lobe, and 48.8% in the left lower lobe. Looking at the
POCUS lung examination points, 44.0% of the patients had
pathology in the POCUS 2nd point and 34.5% in the POCUS
5Sth point. The reason for detecting less pathology in POCUS
3th point and POCUS 6th point in the POCUS lung is due to
the upper lobe involvement of COVID-19 infection, similar

to the results of CCT. Detection of less pathology in POCUS
11th point, POCUS 12th point, POCUS 13th point and POCUS
14th point can be explained with involving the anterior region
of the lung is less in COVID-19 pneumonia. Additionally, due
to the presence of the heart image in the POCUS 13th point and
POCUS 14th point, pathology becomes less detectable in these
areas. The POCUS Lung and CCT results of present study are
consistent with the literature and it is seen that the posterior
regions of the lower lobes of the lung are mostly affected [13].
A limited number of articles exist on POCUS lung showing
COVID-19 pathologies, most of them are technical reports and
narrative reviews. Of these, Moore S ef al. [14] suggested
that since POCUS lung had high sensitivity and specificity,
and that the use of systemic ultrasound will be beneficial not
only in emergency services but also in intensive care units
(ICU), in the follow-up of critical COVID-19 patients, thus
reducing the reuse of radiographic imaging methods. A study,
in which POCUS lung used in demonstrating and monitoring
lung pathologies in COVID-19 ICU patients, 100% of the
patients had B-lines (confluent or separate) and 61.7% of them
had consolidation at their first sonographic examinations on
admittance, and these findings were reported to be significantly
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TABLE 2. Findings on POCUS lung for COVID-19 pneumonia, frequency rate of location of COVID-19
pneumonia-positive areas of fourteen lung points.

POCUS, n (%)

POCUS lung

Pneumonia

B-Lines

Consolidation

Pleural irregularity-thickening
14-Point lung ultrasound

1. Point (Right basal on the paravertebral line)
. Point (Right middle on the paravertebral line)
. Point (Right upper on the paravertebral line)
. Point (Left basal on the paravertebral line)
. Point (Left middle on the paravertebral line)
. Point (Left upper on the paravertebral line)
. Point (Right basal on the midaxillary line)
. Point (Right upper on the midaxillary line)

O 0 9 N U B~ W DN

. Point (Left basal on the midaxillary line)

10. Point (Left upper on the midaxillary line)

11. Point (Right basal on the midclavicular line)
12. Point (Right upper on the midclavicular line)
13. Point (Left basal on the midclavicular line)

14. Point (Left upper on the midclavicular line)

TABLE 3. Test characteristics of POCUS lung in
diagnosing COVID-19 pneumonia.

Value 95% CI
Sensitivity 88.9%  75.95%-96.29%
Specificity 92.3%  79.13%-98.38%
Positive likelihood ratio 11.5 3.88-34.44
Negative likelihood ratio 0.12 0.05-0.28
Positive predictive value  93.0%  81.73%-97.55%
Negative predictive value 87.8%  75.8%94.3%

regressed in the week of discharge [15]. In our study, there was
B-lines and consolidation, either, in 100% of 14 patients hospi-
talized in ICU while B-lines were present in 86.4% of patients
hospitalized in pandemic ward (n = 22), and consolidation in
70% of them. In this study, the scoring system or any classifi-
cation was not used because of the CCT reports were reported
as “in favor of COVID-19” or “COVID-19 pneumonia was not
considered”. In a study on asymptomatic COVID-19 patients,
POCUS lung detected the pneumonia findings of US with
66.7% sensitivity, 100% specificity, 100% positive predictive
value, 85.71% negative predictive value [16]. Among all
patients in the current study, the sensitivity of POCUS lung was
found to be 88.9%, specificity 92.3%, positive predictive value
was 93.0%, and negative predictive value was 87.8%. All of
the false positive cases were reported as bacterial pneumonia

COVID-19 pneumonia (+) COVID-19 pneumonia (—)

(n=45) (n=39)

43 (5 false positive) 41 (3 false negative)
40 3
22 3
29 2

17
37
16
21
29
14
30
29
19
18
16
19
12
14

S O O O O = O N O O o o o o

in CCT. All of those, who were evaluated as false negative,
were patients with mild pneumonia (unifocal opacity). Lu et al.
[17] reported that the sensitivity of lung US for COVID-19 was
68.8%, 77.8%, 100%, and the specificity was 85.7%, 76.2%,
92.9%, respectively. Similarly, the present study revealed that
as the severity of the disease increases, the diagnostic power
of POCUS lung increases, so that all intensive care patients (n
= 14) were correctly diagnosed with POCUS lung.

5. Limitations

This study has several limitations. Although it is the largest
pandemic hospital in the region, the first limitation of this study
is that it cannot be generalized with other hospitals because
it is a single center. Despite ultrasound (USG) training is
included in the curriculum of the emergency medicine clinic
in our country, currently, the USG training of all emergency
physicians, especially the POCUS lung training, is not at the
desired level. The fact that USG is a subjective tool, also
directly affects the sensitivity and specificity of POCUS lung.
Another limitation of the study was the fact that the study
directors were working in 24-hour shifts, which led to the
exclusion of patients outside of their switch.

There were also some limitations due to the current disease
state. First, since this study was conducted on COVID-19,
which has a high risk of contagion, sonographers had difficulty
to have the appropriate positions. Second, the use of only one
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USG device for the study and the time required to sterilize this
USG device after each examination caused some patients who
came in the mean time to be excluded from the study. Third, in
case of lung pathology in patients with suspected COVID-19
infection, they clinically give sonographers some clues (e.g.,
tachypnea, tachycardia, high fever). This seems to cause an
increase in accuracy in favor of USG.

6. Conclusions

POCUS lung, with fourteen visual fields, provides sufficient
diagnostic opportunity. Although POCUS lung is not at the de-
sired level in distinguishing false-negativity risk and bacterial
pneumonia from COVID-19 pneumonia in patients with mild
pneumonia, it has a high level of sensitivity and specificity in
severe COVID-19 pneumonia. Therefore, POCUS lung can be
used as the method of choice due to its practical use, bedside
availability and avoidance of radiation exposure for COVID-
19 associated lung lesions.
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