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Abstract

Purpose The portability of a hand-held ultrasound allows the health care worker to conduct lung ultrasound in out-of-hospital
setting. It is used as a tool to conduct staging and triaging for COVID-19 patients. This study evaluated the utilization of lung
ultrasound in an out-of-hospital setting versus chest x-rays in detecting and staging of COVID-19 patients with pneumonia.
Methods The study was conducted among COVID-19 subjects at an out-of-hospital setting whereby lung ultrasound was
done and subsequently chest x-rays were taken after being admitted to the health care facilities. Lung ultrasound findings
were reviewed by emergency physicians, while the chest x-rays were reviewed by radiologists. Radiologists were blinded
by the patients’ lung ultrasound findings and clinical conditions. The analysis of the agreement between the lung ultrasound
findings and chest x-rays was conducted.

Results A total of 261 subjects were recruited. LUS detected pulmonary infiltrative changes in more stage 3 COVID-19
subjects in comparison to chest x-rays. Multiple B-lines were the predominant findings at the right lower anterior, posterior
and lateral zones. Interstitial consolidations and ground glass opacities were the predominant descriptive findings in chest
x-rays. However, there was no agreement between lung ultrasound and chest x-ray findings in detecting COVID-19 pneu-
monia as the Cohen’s Kappa coefficient was 0.08 (95% CI 0.06-0.22, p=0.16).

Conclusion The diagnostic imaging and staging of COVID-19 patients using lung ultrasound in out-of-hospital settings
showed LUS detected lung pleural disease more often than CXR for stage 3 COVID-19 patients.
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SARS-CoV-2  Severe acute respiratory syndrome corona-
virus 2

SPSS Statistical Package for the Social Sciences
WHO World Health Organization
Introduction

A novel coronavirus disease outbreak (nCoV-19) began in
December 2019 in Wuhan, China [1]. COVID-19 infection
which is caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), was declared on the 11th March
2020 by the World Health Organization (WHO) as a global
pandemic. The SARS-CoV-2 virus mainly affects the lower
respiratory system. The initial series of cases from Wuhan,
China reported lower respiratory tract symptoms including
fever, dry cough and dyspnea. Headache, dizziness, general
weakness, vomiting and diarrhea have also been observed
[2]. Approximately 80% of patients would have mild symp-
toms, about 14% experienced moderate to severe illness with
5% being critically ill [3].

Rapid spread of the disease with its high infectivity rate
had imposed unprecedented challenges to the healthcare sys-
tem, hence healthcare providers need to be adaptive with
the latest guidelines and approaches for the management of
COVID-19. The utilization of conventional tools such as the
stethoscope carries a high risk of nosocomial transmission
[4]. Moreover, the stethoscope and auscultation also have
limited usage in assessing COVID-19 pneumonia with only
a sensitivity of 19-67% and specificity of 36-96% on aus-
cultation [5]. The use of portable chest x-ray (CXR) raises
the issue of contamination, unless a dedicated machine is
reserved for the patients. CXR moreover correlates poorly
with the clinical picture as compared to computed tomogra-
phy (CT) and ultrasound imaging [6]. The risk of critically
unwell patients being transported for a CT scan followed
by the requisite decontamination procedures makes this
type of imaging dangerous and time consuming [7]. Lung
ultrasound on the other hand minimizes medical devices
contaminations as the hand-held ultrasound machine can be
wrapped and easily disinfected [4].

COVID-19 pneumonia has been studied extensively and
staged based on the duration of symptoms. Computerized
tomography scan of the thorax is the gold standard in radio-
logical imaging of COVID-19 patients. The typical charac-
teristics found are thickened pleura, ground glass shadows,
pulmonary infiltrating shadows, subpleural and trans-lobar
consolidations affecting more than two lobes. Pleural effu-
sion is rarely seen in COVID-19 thoracic CT scan findings.
Several studies concluded that abnormal findings on the CT
scan were correctly diagnosed with LUS with a sensitiv-
ity of 100%, specificity of 78.6% and the LUS score cor-
related well with the CT Total Severity Score (CT TSS) [8,
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9]. The characteristics of the LUS findings were described
as thickened pleural line, B lines with multifocal, discrete
or confluent patterns, small centromeric consolidations with
multilobar distribution of abnormalities. Pleural effusion
was also rare in LUS findings [10-12]. However, patients
with preexisting interstitial or pleural lung disease should be
interpreted with caution because the existing of B-lines and
pleural irregularity are also LUS findings of interstitial lung
disease. Comparison with patients baseline LUS findings,
where available may aid physician in interpreting the find-
ings. Thus, a positive LUS findings of pneumonia however
does not diagnose COVID-19 but aids in the diagnosis of
pneumonitis [9, 13]. A positive RT-PCR remains the refer-
ence standard in diagnosing COVID-19.

In Malaysia, quarantines centers have been established
to contain a ‘Person Under Surveillance’ (PUS) hence pre-
venting the spread of COVID-19 infections to the commu-
nity. Besides quarantine centers, a large number of infected
patients were also detected in immigration detention depots
and prisons. These patients required admission to either a
stepdown medical facility or a COVID-19 dedicated hos-
pital with full intensive care monitoring capabilities. Mass
screening and triaging were performed on positive COVID-
19 patients based on physiological parameters and lung
ultrasound assessment to determine disease severity. Based
on the severity, the patients were then either sent to a step-
down medical facility or a COVID-19 dedicated hospital
with full intensive care monitoring capabilities.

Lung ultrasound usage is also used at an out-of-hospital
setting such as screening centers. In combination with his-
tory and reverse transcription polymerase chain reaction
(RT-PCR) assay, the role of ultrasound aids clinicians in
screening and triaging, and increases diagnostic sensitiv-
ity of detecting pneumonia among COVID-19 patients [12].
Our primary objective is to compare the diagnostic imaging
of COVID-19 staging using lung ultrasound in the out-of-
hospital settings versus chest x-ray (CXR) imaging. This
study also describes the lung ultrasound patterns in clinical
stage 3 COVID-19 pneumonia (symptomatic patient with
clinical features of pneumonia) in comparison with the CXR.

Materials and Methods

This was an observational study conducted in out-of-hospital
settings in a 3-month period (April 2020-June 2020) and
was approved by the Medical Research and Ethics Com-
mittee (MREC) and registered with the National Medical
Research Register (NMRR-20-1599-55711).
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Subjects

The study subjects were adult patients above 18 years old
with COVID-19, diagnosed by reversed transcription poly-
merase chain reaction (RT-PCR) detected at quarantine
centers, immigration detention depots and prisons. Exclu-
sion criteria were pregnant and lactating women, cognitive
impaired and critically ill patients.

Image Acquisition

Lung Ultrasound LUS was performed by trained point-
of-care-ultrasound (POCUS) providers. All providers
underwent a focused training on LUS to standardize the
protocol and to optimize the quality of image acquisition.
LUS was performed using 2 types of portable ultrasound
machines: (a) Philips Lumify® Handheld Ultrasound, b)
Ben Q® T3300 Portable Ultrasound. Probe covers were
used as part of infection control measure. A low frequency
curvilinear probe was used to scan the patient’s thorax in a
sitting position, using Rouby’s Protocol (Fig. 1) [14]. LUS
was performed on six segments (anterior superior, anterior
inferior, lateral superior, lateral inferior, posterior supe-
rior and posterior inferior) bilaterally. The sweep was per-
formed from medial to lateral and downward. The probe
was placed both longitudinally and transversely, with
the probe marker pointing cephalad and medial, respec-
tively. For each examination, B-mode evaluation was per-
formed with serial images and clips were labeled, saved
and archived. The images were later reviewed by another
provider for verification. A scoring system based on the
degree of loss of aeration was performed. The scores were;
0 points: A lines (normal aerated lung); 1 point (Figs. 2,

Fig. 1 Lung ultrasound and 100%
Chest X-rays for Detection

of Pulmonary Infiltrates. The
number of confirmed Category
3 COVID-19 subjects (n) with
or without pulmonary infiltrates
detected by chest X-ray or lung
ultrasound is demonstrated
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3): multiple B lines (arising from one point of the pleural
line and from small peripheral consolidation and spread-
ing down like rays maintaining their brightness until the
edge of the screen without fading), either separated regu-
larly or irregularly (moderate loss of aeration); 2 points:
multiple coalescent B lines (severe loss of aeration); 3
points: lung consolidation, subpleural consolidation with
irregular pleural line (complete loss of aeration). The sum
of scores from all 12 lung windows represents the loss of
aeration score and it is called the LUS score [15, 16]. The
LUS score is sub-categorized based on severity, 0 =None;
1-7=Mild; 8-18 =Moderate and 19-36 = Severe [15].

Chest X-Ray CXRs were performed on all patients upon
admission to health care facilities either at quarantine cent-
ers or at the hospital. All CXRs were reviewed and sub-
sequently reported by radiologists who were blinded by
patients’ LUS findings and clinical conditions. The CXRs
were then scored based on the Radiographic Assessment
of Lung Edema (RALE) score [17]. RALE score was cal-
culated as the summed products of the consolidation and
density scores of each radiograph quadrant (right upper,
right lower, left upper and left lower quadrants) with a
maximum score of 12 for one quadrant and a maximum
total score of 48. A high baseline RALE score of > 30 is
associated with decreased survival and worse outcomes;
this is evident not only by the degree of hypoxemia, but
also due to severely depressed compliance of respiratory
system and the extent of lung epithelial injury [18]. RALE
score is previously used to quantify the extent of lung
involvement in ARDS and is currently applied in COVID-
19 pneumonia to standardize and objectively quantify the
radiographic report and to produce a prognostic score at
the time of the patient’s admission.

CXR (n=35)

M Pulmonary Infiltrates  ® No Infiltrates
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Fig.2 Rouby’s Protocol (12
lung-window) for LUS in sus-
pected or confirmed COVID-19.
A Right anterior zones, B right
lateral zones, C Right posterior
zones

Irregular pleural line with

Isolated B lines subpleural consolidation

Fig.3 Small peripheral localized subpleural consolidation, irregular
pleural line appearance and isolated B lines; this represents moderate
loss of aeration (Point: 1)

Statistical Analysis

The data analysis was done using SPSS version 22. CXR
and LUS findings were classified into ordinal categories
according to the scoring system for each diagnostic meth-
ods-normal, mild, moderate and severe. Quantitative data
were summarized with mean + standard deviation (SD) or
median (interquartile range). Qualitative data were summa-
rized with number (%). Chi square and Fisher’s exact test

@ Springer

C

\
!

h

were utilized and the agreement between LUS and CXR to
interpret the presence of COVID-19 pneumonia was evalu-
ated with Cohen’s Kappa coefficient. Differences were con-
sidered statistically significant at the 2-sided P <0.05 level.

Results

A total of two hundred and sixty-one subjects were recruited
between 1°* April and 30" June 2020.Characteristics of the
subjects are presented in Table 1. The mean age of all sub-
jects was 30 years and 96% were men. The most common
comorbidities were diabetes mellitus and hypertension.
73.6% of the subjects were asymptomatic. Those who were
symptomatic mainly had fever, cough and sore throat.

LUS assessment Two hundred and twenty-seven subjects
had normal LUS findings. Among patients with stage 3
COVID-19, LUS detected pulmonary changes in more sub-
jects than CXR (97% vs 45%). Vice versa, among subjects
with normal LUS but reported abnormal CXR only 1 subject
had pulmonary infiltrate changes (Fig. 1). Multiple B-lines
were the predominant findings at the right lower anterior,
posterior and lateral zones (Table 2).

Chest x-ray features Approximately 93.9% of chest radio-
graphs were reported as normal and only 16 subjects (6.1%)
had abnormal findings. Interstitial consolidations were the
predominant changes in 5% of the studied population while
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Table 1 Demographics and clinical characteristics of patients Table2 Lung ultrasonography (LUS) findings of the patients

(N=261) included

Demographics Lung Ultrasonography (LUS) results-N N-261 (%)

(%)

Gender (Male)-N (%) 252 (96.6) Affected zones Normal Multiple B lines

Gender (Female)-N (%) 93.4)

Age (years) mean (SD) 30 (11.64) 1 (right upper anterior) 259 (99.2) 2(0.8)

Past Medical History 2 (right lower anterior) 250(95.8) 11(4.2)
Cardiovascular disease-N (%) 2(0.8) 3 (right upper lateral) 256 (98.1) 5(1.9)
Pulmonary disease-N (%) 4(1.5) 4 (right lower lateral) 254 (97.3) 72.7)
Diabetes Mellitus-N (%) 11 (4.2) 5 (right upper posterior) 256 (98.1) 5(1.9)
Chronic Kidney disease-N (%) 1(0.4) 6 (right lower posterior) 251 (96.1) 10(3.9)
Hypertension-N (%) 16 (6.1) 7 (left upper anterior) 260 (99.6) 1(0.4)
Smoker-N (%) 26 (10.0) 8 (left lower anterior) 259 (99.2) 2(0.8)

Symptoms 9 (left upper lateral) 261 (100) O

Dyspnea-N (%) 3(1.1) 10 (left lower lateral) 256 (98.1) 5(1.9)
Fever-N (%) 45(17.2) 11 (left upper posterior) 257 (98.5) 4(1.5)
Sore throat-N (%) 21 (8.0) 12 (left lower posterior) 260 (99.6) 1(0.4)
Cough-N (%) 48 (18.4) Number of sector involvement-N (%)  N-34 (%)
Anosmia-N (%) 72.7) 1 sector 20(58.8)
Conjunctivitis-N (%) 1(0.4) 2 sectors 10 (29.4)
Asymptomatic-N (%) 192 (73.6) 3 sectors 2(5.9)

Vital signs 4 sectors 2(5.9)

SBP (mmHg) mean (SD) 125.1(16.6)  LUS scoring N (%) N-261

DBP (mmHg) mean (SD) 77.9 (11.1) Normal 227 (36.9)

Heart Rate (bpm) mean (SD) 84.0(11.6) Mild 34 (13.1)

Temperature (Celsius) median (IQR) 371 (D) Numbers do not add to 100% as some patients had more than one
Respiratory Rate (rpm) mean (SD) 17.2(1.87) finding

COVID-19 Category
Category 1 Asymptomatic 124 (47.5) Table 3 Chest X-ray (CXR) findings of patients included
Category 2: Symptomatic, No Pneumonia 102 (39.1)

Category 3: Symptomatic, Pneumonia 35(13.4) Chest x-ray results N (%) N-261

SBP systolic blood pressure, DBP diastolic blood pressure, SD stand- Type of infiltrate

ard deviation GGO 3(1.1)

Consolidation 13 (5.0)
Normal 245 (93.9)
ground glass opacities (GGO) were found in 1.1% of the  Laterality

patients (Table 3). Bilateral 934

There is no agreement between LUS and CXR findings in ~ Centrality
detecting Covid-19 pneumonia as the Cohen’s Kappa coef- Central 3(LD
ficient was 0.08 (95% CI 0.06-0.22, p=0.160). Peripheral 13 (5.0
Focality
Multifocal 93.4)
Discussion Focal 7.7
Others
The Ministry of Health (MOH) of Malaysia advocates Pleural effusion 2(0.8)

admission, isolation and treatment of asymptomatic patients
or those with mild symptoms in a hospital or a step-down
facility rather than being quarantined at home. Dedicated
COVID-19 hospitals with full intensive care support and
monitoring capabilities, only accepts COVID-19 positive
patients who are symptomatic and possessed features of
pneumonia, either requiring supplemental oxygen or not

Numbers do not add to 100% as some patients had more than one
finding

(clinical stage 3 and above) and those who are either asymp-
tomatic or with mild symptoms but with co-morbidities [19].
This effort is done in order to risk stratify the standard of
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care to these patients and also to prevent further transmis-
sion of SARS-CoV-2 to the community.

To our knowledge this is the first study on chest imaging
using LUS in out-of-hospital setting for staging COVID-19
patients. LUS was conducted as an extension to physical
examination to categorize COVID-19 patients. This study
focuses on the LUS findings and characteristics and their
relationship with CXR images. We report that LUS detected
lung pulmonary disease more frequently compared to CXR
in confirmed stage 3 COVID-19 patients. Moreover, among
patients with negative CXR findings, abnormalities were
detected by LUS in more than half of the subjects. Multiple
B-lines were the predominant findings at the right lower
anterior, posterior and lateral zones which is consistent with
previous case series publications [12, 20-22]. COVID-19
pneumonia predilection of affecting the right hemi-thorax
has been observed in numerous literatures. Extensive lit-
eratures concluded that majority of COVID-19 pneumonia
patients who had a CT thorax done were reported to have an
affected right lower lobe.

Only 45.7% of stage 3 COVID-19 patients’ CXR was
reported as abnormal (Fig. 1). Consolidations (5.0%) and
ground glass opacities (1.1%) were the most common find-
ings (Fig. 4). The distribution of lesions were peripheral
(5.0%) and multifocal (3.4%), and these findings are com-
parable to other studies [15, 18]. In the CXR of COVID-
19 patients, interstitial changes (23.7%) and ground glass
opacities (18.9%) were the predominant descriptive find-
ings, and the location of abnormalities were in the lower
lobes (33.8%), bilateral (20.9%) and multifocal distributions
(24.2%). Negative chest radiographic findings alone are not
adequate to rule out pneumonitis [20]. This conclusion

Fig.4 Chest x-ray (CXR) showing a ground glass opacity (GGO)
over the right lower lung zone with peripheral distribution (arrow)

@ Springer

indicates the harmful risk of over relying on CXR when
making critical decisions in the management of COVID-19
patients. Another study concluded that the CXR sensitivity
is about 68.1% in COVID-19 patients and the most common
x-ray findings are patchy or diffuse reticular-nodular opaci-
ties with consolidations, with basal, peripheral and bilateral
location predominance [19]. A study has also shown that
during the early phase of the illness, COVID-19 patients
have normal chest CT and CXR, 13.8% and 41.9% respec-
tively [23]. The majority of patients from our study had nor-
mal CXR (93.9%) and all CXR were done early in the course
of their illness. This also consistent with the earlier study.
A normal CXR does not guarantee the absence of Covid-19
pneumonia, as this may be due to the difficulty of detecting
early ground glass opacities on the CXR of patients present-
ing early in the course of their illness [20].

In our study, the lowest value and the highest value of
the RALE score are 1 and 10 respectively. This shows that
none of our patients deteriorated and required admission to
the ICU as the RALE score has significant statistical cor-
relation with the patient’s outcome; whereby a score of more
than 15 indicates the likelihood of being admitted to the ICU
[19]. With LUS score of less than 8 (score 1-7) and RALE
score of less than 15, all patients enrolled in this study who
had evidence of COVID-19 pneumonia based on LUS were
categorized under mild severity and none of the patients
deteriorated at the step-down-facility nor required admission
in the ICU. This may also be attributed to the incorporation
of LUS in pre-hospital settings which leads to early detec-
tion of COVID-19 pneumonia and appropriate triaging and
hence, proper treatment allocation that determines patients’
outcome. This data also suggests better accuracy of using
LUS as staging tools in out of hospital settings in determin-
ing the stages of Covid-19.

Pneumonia was once thought to be diagnosed only by
using physical examinations, history taking and related
methods. CXR provides certainty and is recommended as
the main imaging approach for diagnosing pneumonia. Chest
CT is considered the gold standard imaging approach as it
provides critical information of the differential diagnoses of
pneumonia [24]. However, chest CT has its limitations with
high radiation exposure and cost. When CXR is replaced
with LUS to diagnose pneumonia, the large decrease in the
utilization of radiographs leads to a substantial overall cost
reduction. Therefore, besides being portable and safe for
repeat use due to zero ionizing radiation emission, LUS is
also cost effective [13].

Current literature primarily focuses on CT findings,
which are more sensitive than CXR and LUS but the issue of
infection control in the CT suite discourages its usage. Some
countries have dedicated CT suites for suspected COVID-19
patients only, which is not practical in any developing nation.
Thus, portable CXR can be considered for identification
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and monitoring lung abnormalities in COVID-19 patients
besides minimize the risk of cross-infection [25, 26].

Patients with chronic interstitial lung disease such as
pulmonary fibrosis have a LUS pattern of multiple-B lines
which is usually bilateral with irregular or fragmented pleu-
ral line which is similar to LUS in COVID-19 pneumonia.
However, peripheral lung lesions are more common in
COVID-19 pneumonia which is a rare finding in chronic
interstitial lung disease. This poses challenges to the phy-
sicians in diagnosing patients of suspected of COVID-19
pneumonia in chronic interstitial lung disease, thus integrat-
ing with patient’s medical history, physical examination and
a positive RT-PCR increased the sensitivity and specificity
in diagnosing patients with pre-existing lung disease [9, 10].

This study has several limitations. Firstly, LUS findings
were not compared with chest CT scans due to limited hos-
pital resources. Secondly, no repeated CXR was done during
the course of patients’ illness since majority of these patients
had normal initial chest radiographs and also the difficulty to
perceive ground glass opacity during early course of illness.
Comparing early LUS findings with repeated CXR during
the course of the illness may produce a more accurate sta-
tistical result instead. A larger cohort study of COVID-19
patients with wider spectrum of illness (from mild to mod-
erate and severe) and the use of chest CT to compare LUS
findings with would help to further define the impact of LUS
when used in pre-hospital setting.

Conclusion

In conclusion, the diagnostic imaging of COVID-19 staging
using LUS in out-of-hospital settings shows better detection
of lung pleural disease more often than CXR for stage 3
COVID-19 patients. The study also supports the utilization
of LUS to identify COVID-19 pneumonia in out-of-hospital
setting.
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