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AIM: To retrospectively evaluate the interobserver variability of intensive care unit (ICU)
practitioners and radiologists who used the M-BLUE (modified bedside lung ultrasound in
emergency) protocol to assess coronavirus disease-19 (COVID-19) patients, and to determine
the correlation between total M-BLUE protocol score and three different scoring systems
reflecting disease severity.
MATERIALS AND METHODS: Institutional review board approval was obtained and informed

consent was not required. Ninety-six lung ultrasonography (LUS) examinations were per-
formed using the M-BLUE protocol in 79 consecutive COVID-19 patients. Two ICU practitioners
and three radiologists reviewed video clips of the LUS of eight different regions in each lung
retrospectively. Each observer, who was blind to the patient information, described each clip
with M-BLUE terminology and assigned a corresponding score. Interobserver variability was
assessed using intraclass correlation coefficient. Spearman’s correlation coefficient analysis (R-
value) was used to assess the correlation between the total score of the eight video clips and
disease severity.
RESULTS: For different LUS signs, fair to good agreement was obtained (ICC ¼ 0.601, 0.339,

0.334, and 0.557 for 0e3 points respectively). The overall interobserver variability was good for
both the five different readers and consensus opinions (ICC ¼ 0.618 and 0.607, respectively).
There were good correlations between total LUS score and scores from three systems reflecting
disease severity (R¼0.394e0.660, p<0.01).
CONCLUSION: In conclusion, interobserver agreement for different signs and total scores in

LUS is good and justifies its use in patients with COVID-19. The total scores of LUS are useful to
indicate disease severity.

� 2021 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Introduction

Since early 2020, the use of lung ultrasonography (LUS)
in coronavirus disease-19 (COVID-19) has received much
attention from both clinicians and radiologists as it has the
advantage of identifying and classifying disease severity
quickly and easily.1e6 Although none of the LUS features is
pathognomonic for COVID-19, there has been much evi-
dence to support its clinical value, especially in children and
pregnant women.7e9 LUS is relatively easy to use, but in the
hands of inexperienced operators, the accuracy and repro-
ducibility might be reduced.10 In addition, interpretation of
US images is dependent on the observer, which may not
always provide reproducible results. The interoperator and
interobserver reproducibility of LUS for its assessment of
COVID-19 pulmonary involvement and disease severity
should be validated before being widely used in clinical
practice. Therefore, the present study was conducted with
two purposes: to evaluate interobserver variability retro-
spectively between different intensive care unit (ICU)
practitioners and radiologists who used the M-BLUE
(modified bedside lung ultrasound in emergency) protocol
to assess COVID-19 patients, and to determine the correla-
tion between total M-BLUE protocol score and disease
severity.
Materials and methods

Study population

This study was approved by the local ethics committee,
which waived the need for a written informed consent.
From 4 February 2020 to 29 March 2020, 79 consecutive
patients with positive real-time polymerase chain reaction
(RT-PCR) test results for COVID-19 were enrolled in this
study. A total of 96 LUS were performed. All patients also
underwent chest computed tomography (CT); however, no
detailed correlation CT data were analysed as this was
beyond the scope of the study.

Acquisition and analysis of LUS findings

The indication for LUS was not to screen or diagnose
COVID-19, but to evaluate disease severity, and monitor
disease progression/regression. In compliance with the
highest level of personal protective equipment as per the
World Federation for Ultrasound in Medicine and Biology
(WFUMB),11 all the bedside LUS examinations were per-
formed by one ICU practitioner who had 5 years of experi-
ence in LUS, with a convex probe (M9 with C5-1s
transducer, M7 with C5-2s transducer Mindray, Shenzhen,
China). According to the M-BLUE protocol, eight areas
(bilateral superior BLUE point, M point, PLAPS point, dia-
phragm point; Fig 1) were scanned per patient. Ten-second
video clips instead of static images were saved to the hard
disk for later analysis, as tiny alterations of LUS may not
appear on every frame. A semi-quantitative scoring system
was employed with the following rules: 0 point: A-lines or
less than two B-lines; 1 point: three of more separated B-
lines; 2 points: confluent B-lines; 3 points: consolidation or
atelectasis. Therefore, a total score for the eight regions of
0 is normal, and 24 would be the worst. The definitions of
these LUS signs have been well described in previous
studies.1,2,4,12,13 In the normal aerated lung, there is a thin,
smooth hyperechoic line called the pleural line, and pos-
terior horizontal echogenic lines called A lines (Fig 2a).
Different from the horizontal A lines, B lines are vertical
echogenic reverberation artefacts extending from the lung
surface without attenuation (Fig 2b). Confluent B lines
result in the “waterfall sign” (Fig 2c). B lines are caused by
reverberation of the ultrasound beam between the slightly
decreased alveolar air and increased interstitial fluids.
Consolidation is visualised on LUS as a tissue-like hypo-
echoic region (Fig 2d), which reflects the process of highly
reduced air and increased inflammatory cellular exudate.

Two ICU practitioners (with 5 and 3 years of experience of
LUS) and three radiologists (with 8, 4, and 15 years of
experience of LUS) reviewed the 768 video clips from 96 LUS
examinations independently. To minimise bias in the scoring
of the LUS video clips, readers were blinded to the clinical
information during reading. After independent review,
consensus scoring for each patient by the ICU practitioners
and radiologists were obtained after group discussion.

Assessment of disease severity

The assessment of disease severity for each patient was
based on three different scoring systems: APACHE II (acute
physiology and chronic health evaluation II),14,15 CURB65
pneumonia severity score16 and qSOFA (quick sequential
organ failure assessment).17,18 The three systems use point
scores based upon values of age, previous health status,
physiological measurements and laboratory-based prog-
nostic markers to provide a general reflection of disease
severity. A higher score (range 0e71 for APACHE II, range
0e5 for CURB65, and range 0e3 for qSOFA) indicates
increased disease severity, and is closely correlated with the
risk of poor prognosis.15,18,19 The time interval between LUS
and assessment was <12 h.

Statistical analysis

Patient age and total scores for each patient rated by five
readers were expressed as mean � standard deviation, and
all categorical variables were expressed as counts and per-
centages. Interobserver agreement for choosing LUS signs
and total LUS score for each patient was analysed using the
intraclass correlation coefficient (ICC). ICC was classified as
poor (0e0.20), fair (0.20e0.40), good (0.40e0.75), or
excellent (0.75).20 For different LUS signs, data were pooled
from all five readers to obtain overall percentages. Spear-
man’s correlation coefficient analysis (R-value) was used to
assess the correlation between the total score of eight video
clips and disease severity. Correlation was considered high
when the R-value was >0.6, as moderate when the R-value
was between 0.4e0.6, or as slight when the R-value was
<0.4. Two-sided p<0.05 was considered statistically



Figure 1 Standardised points used in the M-BLUE protocol. The patient was placed in the supine position during LUS examinations. Two hands
(with approximately the patient’s size) are applied as follows: little finger of the left hand just below the right clavicle, fingertips at middle line,
and the right hand (excluding the thumb) just below the left hand. The superior BLUE point is at the middle of the left hand. The diaphragm
point is built from the lungeliver or lungespleen junction at mid-axillary line, while M point is at the midpoint between superior BLUE point
and diaphragm point. PLAPS (posterolateral alveolar and/or pleural syndrome) point is the intersection of posterior axillary line and the vertical
line from M point.
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significant. Confidence intervals (CI) were reported at the
95% level. All statistics were calculated using SPSS software
(version 25.0, IBM, New York, NY, USA).
Results

Participant characteristics

The study population comprised 79 consecutive patients
(40 male and 39 female, mean age 61.1 � 13.7 years, range
Figure 2 Images of different LUS scores in patients with COVID-19. (a) Le
five readers for normal LUS findings. (b) Right superior BLUE point in
separated B-lines (white asterisks). (c) A 62-year-old male patient. Conflu
white arrows). (d) Right diaphragm point in a 71-year-old female patien
(between white arrowheads).
24e88 years). Two patients had four repeated LUS exami-
nations, four patients had three LUS examinations, three
patients had two LUS examinations, and the other 70 pa-
tients had one LUS examination. Therefore, a total of 96 LUS
were performed.

Interobserver variability for LUS

The five readers assessing 768 video clips from 96 LUS
produced a total of 3,840 “counts”. The range of total scores
for each patient rated by five readers were: 7.8� 5.5 (0e20),
ft M point in a 24-year-old female patient. Zero points were given by
a 68-year-old male patient. One point was given for three of more
ent B-lines in left superior BLUE point yielded 2 points (between the
t. Three points were given for hypoechoic subpleural consolidation



Table 1
Percentage of lung ultrasonography (LUS) with each score and interobserver
agreement.

LUS score Counts and percentage ICC valuea

0 point 1,389 (36.2%) 0.601 (0.571e0.632)
1 point 783 (20.4%) 0.339 (0.305e0.375)
2 points 1,331 (34.7%) 0.334 (0.298e0.371)
3 points 337 (8.8%) 0.557 (0.525e0.589)
Overall 3,840 (100.0%) 0.618 (0.588e0.647)

a Data in parentheses are 95% CIs.
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10.8 � 5.6 (0e20), 11.8 � 6.0 (0e24), 12.4 � 5.9 (0e21),
8.6 � 7.0 (0e20; data in parentheses are ranges). Table 1
shows the percentages of LUS examinations with each
score and interobserver agreement. The overall percentages
for different LUS scores were 36.2% for 0 points, 20.4% for 1
point, 34.7% for 2 points and 8.8% for 3 points, respectively.
In describing different LUS signs, fair agreement was seen
when 1 or 2 points were given (Fig 2; ICC, 0.339, 95% CI
0.305e0.375; ICC, 0.334, 95% CI 0.298e0.371) and good
agreement was seen when LUS score was given as 0 points
(ICC, 0.601, 95% CI 0.571e0.632) or 3 points (Fig 2; ICC,
0.557, 95% CI 0.525e0.589). The overall interobserver reli-
ability for different LUS scores was good for both five
different readers (ICC, 0.618, 95% CI 0.588e0.647) and
consensus opinions among ICU practitioners and radiolo-
gists (ICC, 0.607, 95% CI 0.560e0.650).

The interobserver agreement of the total score for LUS
was excellent for both the five different readers (ICC, 0.753,
95% CI 0.687e0.813) and the two groups (ICC, 0.753, 95% CI
0.649e0.827).
Correlation between LUS score and disease severity

Statistically significant correlation between total LUS
score and three different systems reflecting disease severity
was observed for all the five readers and group opinion
(p<0.001; for R-values, see Table 2). R-value between total
LUS score and APACHE II was higher than two other scoring
systems. Group opinions from ICU practitioners had slightly
higher R-values than those from radiologists for all three
systems. Interestingly, group discussion would not always
yield higher R-values for both ICU practitioners and radi-
ologists in all three systems.

Statistically significant correlation was also observed
between the three scoring systems reflecting disease
severity (R¼0.818 for APACHE II and CURB65; R¼0.587 for
APACHE II and qSOFA; R¼0.553 for CURB65 and qSOFA).
Table 2
Spearman correlation coefficient analysis (R-value) for total lung ultrasonograph

Reader 1 Reader 2 Reader 3

APACHE II 0.660 0.611 0.506
CURB65 0.598 0.588 0.508
qSOFA 0.582 0.573 0.394

a ICU and Radiology indicate consensus opinions for ICU practitioners and radi
Discussion

With the development and utilisation of LUS in the past
decades, its application for triage and assessment of various
lung diseases has been studied and promoted
widely.1e4,10,12,18,21,22 COVID-19, with high contagiousness,
rapid worldwide spread, and more severe clinical mani-
festations compared with common influenza, has resulted
in worldwide healthcare crises. Although chest CT is the
routine imaging method for early diagnosis and monitoring
of the disease, LUS, with its advantages of repeatability, low
cost, and point-of-care, may play a complimentary role in
the work-up of COVID-19. Compared to chest radiography
and CT, LUS does not require patients to be transported to
rooms housing equipment, thus minimising the number of
healthcare workers and medical devices exposed to COVID-
19, which is important to avoid nosocomial outbreaks of the
virus. In the setting of COVID-19, LUS can be used to detect
not only signs of pulmonary involvement, but also disease
progression or regression; however, the obvious disadvan-
tage of LUS is operator dependency, and there is doubt
regarding the interobserver variability, and whether total
LUS scores could correlate with disease severity. These two
questions remain to be investigated and clarified
adequately.

The present results showed fair to good agreement in
describing lesions on LUS, thus demonstrating the appro-
priateness of the terms chosen in LUS. The terminology was
well accepted and familiar to both ICU practitioners and
radiologists who perform LUS. Agreement for 0 point and 3
points on LUS was higher than 1 point and 2 points, sug-
gesting easier decision making for normal and pulmonary
consolidation or atelectasis, but more difficultly in dis-
tinguishing confluent B-lines. As the total scorewas the sum
of eight video clips, different results for one or two video
clips would not significantly affect the overall impression
on LUS; thus, excellent agreement was achieved in the total
score for both the five different readers and the two groups.

Several studies have demonstrated the usefulness of
chest CT in evaluating the disease severity in patients with
COVID-19.23,24 Similar to the observation on chest CT, the
present study shows that total scores in LUS had good
correlations with scores from APACHE II, CURB65, and
qSOFA in all five different readers, with highest R-values in
APACHE II. APACHE II is a well-accepted scoring system that
provide accurate description of disease severity and prog-
nosis for patients in ICU(15, 19). An increased LUS score
indicated decreased lung aeration, and vice versa. The high
correlation (R-value: 0.506e0.660) between total score of
y (LUS) score and three different systems reflecting disease severity.

Reader 4 Reader 5 ICUa Radiologya

0.547 0.621 0.652 0.587
0.526 0.559 0.584 0.526
0.404 0.590 0.574 0.467

ologists. Readers 1 and 2: ICU practitioners. Readers 3, 4 and 5: radiologists.
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LUS and APACHE II justified the use of serial LUS in moni-
toring the effect of antiviral and supportive therapies. In a
recent study by Zhao et al.,25 similar LUS scores were used in
diagnosing refractory respiratory failure (PaO2/FiO2 100
mmHg or on extracorporeal membrane oxygenation)
among 35 patients with COVID-19. In another recent
study,26 an inverse relationship between PaO2/FiO2, the
aeration score, and the number of subpleural consolidations
observed by 12-zone LUS was found. Compared to their
study, dynamic video clips but not static images were
evaluated, which was closer to clinical practice, and more
comprehensive scoring systems reflecting disease severity
were used as the reference standard in the present study.
The high correlation with APACHE II, CURB65, and qSOFA
guaranteed the use of LUS in guiding clinical decisions, as
previously reported by Xirouchaki et al.,27 and potentially
reduce the need for chest radiography and CT. As APACHE II
could predict the prognosis for patients in ICU, it is plausible
to envision that LUS could also provide objective identifi-
cation for patients with poor prognosis.

The present study had some limitations. First, all the
LUS cases had been scanned and evaluated by Reader 1,
who was in charge of the patients just 2 months prior to
the study. Knowledge of their clinical information may
have influenced the scanning and scoring of the LUS video
clips. This may also explain why Reader 1 exhibited the
highest R-value among all the readers. Second, whether
different operators would affect the reproducibility of LUS
on assessment of COVID-19 pulmonary involvement has
not been assessed, because it is not ethical to expose two
operators to the risk of becoming infected. Third, this
study was based on the performance of experienced ICU
practitioners and radiologists; therefore, there may be
inconsistency in evaluating the LUS video clips with
different level of expertise. Forth, high-frequency linear
probes were not used. LUS images with higher resolution
may increase diagnostic confidence and reduce interob-
server variability.

In conclusion, interobserver agreement for different
signs and total scores using LUS is good and justifies its use
in patients with COVID-19. Total LUS scores are useful to
indicate disease severity, potentially reducing the need for
chest radiography and CT, which would increase the effi-
ciency of management of patients with COVID-19.
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