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To the Editor

Main clinical manifestation of the COVID-19 disease is viral 
pneumonia with varying degrees of severity from mild symp-
toms to severe acute respiratory distress syndrome (ARDS) 
requiring mechanical ventilation and intensive care treatment. 
Computed tomography scans of patients with COVID-19 
ARDS typically show diffuse bilateral interstitial pulmo-
nary infiltrates, with asymmetric, patchy lesions distributed 
mainly in the periphery of the lung. In the context of the pan-
demic and the strain on resources and utilization, lung ultra-
sound (LUS) has emerged as an alternative tool for diagnos-
ing and monitoring COVID-19 patients. Typical LUS signs 
are heterogeneous B-lines clusters, an irregular or fragmented 
pleural line, pleural effusion, lung consolidation, and partial 
absence of lung sliding [1]. It was suggested that according to 
the LUS pattern, patients can be accurately divided into four 
groups; from pattern A which suggests a low probability of 

COVID-19 disease to pattern D which indicates a high prob-
ability of disease [2]. However, use of LUS may be fraught 
with certain shortcomings, such as the considerable depend-
ence on the observer’s knowledge and skills, and dependence 
on the performance and settings of the ultrasound transducer. 
This operator-dependency is especially emphasized in the 
real-time point-of-care (POC) LUS examination in the ICU 
and, therefore, the comparability of LUS findings of different 
observers may be arguable in certain settings [3, 4].

In this pilot study, we analyzed the concordance between 
different observers in evaluating particular POC LUS find-
ings in COVID-19 critically ill patients. We sent seventy-
three different LUS video-clips (electronic supplementary 
material: five different examples of videos) for review by 
10 observers from five European countries. The videos were 
recorded in three European countries by physicians who had 
no knowledge of the study; 22 clips were documented in 
Slovenia, 14 in Poland, and 37 in Croatia. All video-clips 
were recorded in mechanically ventilated, COVID positive 
adult patients with severe ARDS and were standardized as 
follows: all were recorded in the supine patient position, all 
lasted 10 s, and the LUS scans used were obtained in the 
medioclavicular line between second and fifth rib. The cross-
sectional angle, choice of probe or frequency, as well as gain 
and depth of the ultrasound beam were left to the operator’s 
choice. Observers who reviewed the video-clips were four 
from Croatia, two from Slovenia and Poland, and one from 
Serbia and Bosnia and Herzegovina. All ten observers were 
ICU physicians who self-identified as proficient LUS users 
(use on the regular basis for more than 1 year). However, 
the level of the education and years of experience in the 
application of (lung) ultrasound, as well as the type of the 
ultrasound machine and overall ICU environment differed 
significantly among the observers.

The observers were asked to view each video clip for not 
longer than 1 min and subsequently complete the accompa-
nying questionnaire. The questionnaire, read by observers 
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before the review, had 10 questions related to specific LUS 
findings according to Volppicelli et al. [2] with a simple yes 
and no answers, with the exception of the answer regarding 
to the number of B-lines, where observers had to enter the 
exact number of detected B-lines. At the end of the ques-
tionnaire, the examiner will have to provide a final grade 
on the probability of COVID-19, ranging from pattern A 
as a normal LUS finding or low probability for COVID-19, 
to pattern D representing a high probability of COVID 19 
disease (Fig. 1). We evaluated inter-observer reliability for 
each question from the questionnaire using interclass cor-
relation coefficients (ICC) according to Cicchetti (less than 
0.40—poor; between 0.40 and 0.59—fair; between 0.60 and 
0.74—good; between 0.75; and 1.00—excellent) [5].

The results of our study are somewhat unexpected and 
ICC for different LUS findings among observers (inter-rater 
reliability) is shown in Table 1. Comparing mutual agree-
ment for each LUS finding between observers, we found a 
poor agreement for the following findings: pleural sliding, 
thickening of the pleural line with pleural line irregular-
ity, observed A-lines, lobar consolidation with dynamic air 
bronchogram, tissue-like consolidation without broncho-
gram and peripheral lung consolidations. For the number of 
B-lines and the LUS finding of lung consolidation, we found 
an acceptable inter-rater agreement, while good concordance 
has been found in detecting the presence of B lines (B-pat-
tern) and pleural effusion. Interrater reliability in the overall 
assessment of the likelihood of the presence of COVID 19 

disease was also poor. Our analysis suggests that the general 
agreement between the different observers is unsatisfactory, 
especially for certain LUS findings. We found poor consist-
ency of pleural-related findings, either pleural movement or 
pleural appearance. This can be explained by the fact that 
the recognition of pleural sliding in patients on lung pro-
tective ventilation with small tidal volume requires some 
experience and can be challenging, while the assessment of 
pleural thickening and irregularity is partly subjective. An 
acceptable interrater agreement on the presence of a lung 

LUS findings Yes No

1. Regular pleural sliding 

2. Thickening of the pleural line with pleural line irregularity

3. A-lines observed 

4. B-lines pa­ern present

Number of B lines 

5. Lung consolida
on

Lobar consolida
on with dynamic air bronchogram

Tissue like consolida
on without bronchogram (obstruc
ve atelectasis)

Peripheral lung consolida
ons

6. Pleural effusion

Probability of COVID-19 disease according to LUS findings (A-D)

Fig. 1   The questionnaire related to specific LUS findings

Table 1   Interclass correlation (ICC) for different LUS findings 
among observers (inter-rater reliability)

Variable ICC (95% CI)

1 Regular pleural sliding 0.330 (0.245–0.433) Poor
2 Thickening of the pleural line 0.271 (0.194–0.369) Poor
3 A-lines observed 0.230 (0.153–0.327) Poor
4 B-lines pattern present 0.674 (0.595–0.753) Good
5 No. of B lines 0.502 (0.366–0.611) Fair
6 Lung consolidation 0.509 (0.384–0.582) Fair
7 Lobar consolidation 0.247 (0.147–0.341) Poor
8 Tissue like consolidation 0.302 (0.223–0.402) Poor
9 Peripheral lung consolidation 0.156 (0.097–0.236) Poor
10 Pleural effusion 0.693 (0.606–0.784) Good
11 Probability of COVID-19 

disease
0.198 (0.127–0.291) Poor



Journal of Clinical Monitoring and Computing	

1 3

consolidation but a poor agreement on the type of consoli-
dation present can also be similarly explained. Namely, the 
assessment of the presence of pulmonary consolidation is 
less demanding and less subjective than the assessment of 
whether it is an obstructive atelectasis, lobar or peripheral 
consolidation. As expected, good inter-observer compara-
bility was found in the assessment of the B pattern and the 
presence of pleural effusion, as these LUS signs are likely 
to be the easiest to detect. Inter-observer reproducibility in 
quantifying the B line was acceptable and approximately 
equal to the one previously published in a similarly designed 
study [4]. Finally, a mutual agreement on the overall esti-
mated likelihood of COVID-19 disease according to the 
LUS findings was correlated poorly between the observers.

Obviously, the most important drawback of the study is 
the lack of specific training related to non-standard (COVID-
specific) findings of LUS (beyond B lines and pleural effu-
sion) for observers. The results of our study suggest that 
the use of lung POCUS for this purpose probably requires 
special training. Also, an important limitation of the study is 
the lack of the standardization of machine settings including 
gain (overall or TGC), focal point, frequency, probe selec-
tion and depth during recording various video clips which 
can significantly affect the results of each observer [6].

Overall, the study points towards the likely discrepancy in 
the concordance of LUS findings between different observ-
ers from different ICUs, and further studies are needed to 
define the possible implications of these results.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10877-​021-​00726-9.
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