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Abstract 

Background  Lung ultrasonography (LUS) is a non-invasive imaging method used to diagnose and monitor condi-
tions such as pulmonary edema, pneumonia, and pneumothorax. It is precious where other imaging techniques 
like CT scan or chest X-rays are of limited access, especially in low- and middle-income countries with reduced 
resources. Furthermore, LUS reduces radiation exposure and its related blood cancer adverse events, which is particu-
larly relevant in children and young subjects. The score obtained with LUS allows semi-quantification of regional loss 
of aeration, and it can provide a valuable and reliable assessment of the severity of most respiratory diseases. How-
ever, inter-observer reliability of the score has never been systematically assessed. This study aims to assess experi-
enced LUS operators’ agreement on a sample of video clips showing predefined findings.

Methods  Twenty-five anonymized video clips comprehensively depicting the different values of LUS score were shown 
to renowned LUS experts blinded to patients’ clinical data and the study’s aims using an online form. Clips were acquired 
from five different ultrasound machines. Fleiss-Cohen weighted kappa was used to evaluate experts’ agreement.

Results  Over a period of 3 months, 20 experienced operators completed the assessment. Most worked in the ICU 
(10), ED (6), HDU (2), cardiology ward (1), or obstetric/gynecology department (1). The proportional LUS score mean 
was 15.3 (SD 1.6). Inter-rater agreement varied: 6 clips had full agreement, 3 had 19 out of 20 raters agreeing, and 3 
had 18 agreeing, while the remaining 13 had 17 or fewer people agreeing on the assigned score. Scores 0 and score 3 
were more reproducible than scores 1 and 2. Fleiss’ Kappa for overall answers was 0.87 (95% CI 0.815–0.931, p < 0.001).

Conclusions  The inter-rater agreement between experienced LUS operators is very high, although not perfect. The 
strong agreement and the small variance enable us to say that a 20% tolerance around a measured value of a LUS 
score is a reliable estimate of the patient’s true LUS score, resulting in reduced variability in score interpretation 
and greater confidence in its clinical use.
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Background
Lung ultrasonography (LUS) is a non-invasive imag-
ing technology used in medical practice to diagnose and 
monitor a variety of conditions, including acute pulmo-
nary edema, acute respiratory distress syndrome (ARDS), 
pneumonia, pneumonitis, atelectasis, pleural effusion, 
and pneumothorax [1]. It is beneficial in settings where 
other imaging techniques, such as computed tomography 
(CT) scans or chest X-rays, may not be readily available or 
feasible, such as in low- and middle-income countries and 
in resource-constrained settings of high-income ones [2]. 
Additionally, LUS represents a safer alternative to other 
imaging modalities in intensive care, reducing the expo-
sition to ionizing radiation, especially in pediatric popu-
lations or pregnant women [3, 4]. LUS has shown to be 
able to provide a semi-quantitative assessment of disease 
severity [5]. In fact, by analyzing the lung surface over 12 
thoracic zones, a clinically useful score can be obtained 
[6]. This score can be used to evaluate the re-aeration or 
de-aeration during respiratory diseases and the prognosis 
of COVID-19 patients with interstitial pneumonia, where 
higher scores suggest worse outcomes and the need for 
invasive mechanical ventilation [7]. In contrast, lower 
scores suggest a better prognosis and less invasive sup-
port [8]. In other words, LUS has been recently described 
and used to evaluate the underlying disease trajectory in 
vast number of cardiopulmonary conditions [9, 10]. In 
the neonatology and pediatric setting, it has been used 
to evaluate the need for surfactant [11], bronchopul-
monary dysplasia development [12], bronchiolitis, and 
the need for mechanical ventilation [13]. Lung ultra-
sound has also been applied in the weaning phase from 
mechanical ventilation to predict success or failure [14], 
and prognostic evaluation of different conditions such as 
onchoemathologic diseases [15], head and neck surgery 
[16], hip fracture complications [17], ARDS diagnosis, 
and mechanical power relationship [18]. As a repeat-
able technique, LUS monitoring role has emerged soon, 
and it has been applied to monitoring disease evolution 
in both classic and COVID-19-related ARDS [19], both 
in adults and children [20]. It has also been applied to 
evaluate the effectiveness of pharmacological therapy and 
ventilation settings [6]. On the cardiovascular side, appli-
cations of LUS are well described in terms of evaluation 
of extra-vascular lung water [21], differential diagnosis of 
acute decompensated heart failure [22], and prognostic 
evaluation of surgical patients [23]. Its established role 
solicited the effort of creating an automated quantitative 
analysis and of using a remotely controlled robot to per-
form LUS [24]. Collecting more and more evidence about 
condition-specific cutoffs, quantitative thresholds of LUS 
findings have been proposed for some of these applica-
tions. The benefit would be to allow clinicians to use LUS 

as a diagnostic test with a dichotomous outcome, such 
as normal and abnormal, or high-risk and low-risk, with 
different actions following different results. Among LUS 
findings, the LUS score seems to be the most adaptable 
for quantitative use. However, the problem of inter-rater 
reliability remains. In fact, in ultrasound imaging, one 
of the main limitations is the dependence on the opera-
tor, both in technical expertise and in the interpretation 
of findings. These are crucial factors in the accuracy of 
ultrasound diagnosis [25]. While there is a consensus on 
the minimum requirements for an inexperienced opera-
tor to acquire competence, to what extent the agreement 
among expert operators reduces misinterpretations of 
abnormal findings has yet to be discovered. Therefore, 
this study aims to evaluate the inter-rater reliability of 
experienced LUS operators when assessing a predefined 
set of LUS findings.

Methods
Study design
This observational agreement study was a secondary 
analysis of the COWS study performed at the San Gio-
vanni Bosco Hospital, Turin, Italy (ID protocol #82,995) 
[8]. Of these, patients give their permission for image 
and clip use. We used 25 anonymized video clips that 
respected the European General Data Protection Regu-
lation 2016/679 (GDPR) and attached to this research 
as supplemental material. The study was conducted in 
accordance with the Declaration of Helsinki (as revised 
in 2013). We focalized on LUS and excluded critical care 
echocardiography, abdominal, vascular, and other point-
of-care ultrasound applications. The accuracy prog-
nostic score based on LUS to predict critical illness was 
assessed.

Panel selection
Participants had to be recognized LUS experts with dif-
ferent expertise (10 in the emergency medicine and 10 
in intensive care setting) with at least 10 years of expe-
rience in daily LUS practice. Additionally, LUS teaching 
experience or direct involvement in LUS research was 
required. Two authors (EB and LV) contacted every panel 
member and proposed to participate in this investigation. 
To balance the expert panel and the results interpreta-
tion, 3 non-experts in anesthesia and intensive care in 
managing the experiment were included. The lung ultra-
sound experts gave their approval, were unaware of the 
research’s objective, and could start the video clip evalu-
ation at any time. Parameters that were recorded and 
scored after obtaining their consent were anonymously 
collected.
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LUS score calculation
The lung ultrasound score is typically calculated by divid-
ing the lungs into 12 areas, six on each side of the chest, 
and each area was evaluated for the presence of 4 differ-
ent lung aeration patterns. This first grade (score 0) cor-
responds to the absence of B-lines or their presence to a 
maximum of two within the worst scan of the single area. 
The second and third grade corresponds to the presence 
of B-lines, ranging from a minimum of three to a condi-
tion of coalescent B-lines. If the B-lines occupy less than 
or equal to 50% of the pleural line, the area is assigned 
a score of 1, otherwise a score of 2. The last grade of 
severity (score 3) is determined by any subpleural con-
solidation with at least 10 mm of length at the pleural 
level, without further differentiation between small and 
large consolidations. Multiple variations to this score 
have been proposed, but the authors decided to keep 
the reproducibility analysis focused on this definition. 
Twenty-five video clips from a total of 21 patients were 
included in the pool. Video clips were selected to homog-
enously cover the different levels of severity of the LUS 
score. The standard assignment of the scores was initially 
evaluated by two authors (EB, LG), and the discrepan-
cies were resolved by a third (LV). After selection, 7 video 
clips were included in the test with a preassigned score of 
0 and 6 for every preassigned score of 1, 2, and 3. In light 
of this, the total LUS score assigned to the 25 video clips 
of the test was 36, but participants’ individual answers 
could theoretically span from a minimum of 0 to a maxi-
mum of 75. After participants completed the test, each 
individual result was scaled to 36 (the scale used in clini-
cal reality, ranging from 0 to 36) to obtain a proportional 
LUS (pLUS).

Clip selection and online test
Each video clip had to be acquired using low-frequency 
curvilinear probes, with internal frequency at the maxi-
mum range, depth 10 cm ± 2 cm, and focus at the level of 
the pleural line ± 2 cm according to the standard execu-
tion of LUS [26]. All video clips were recorded for 4 to 
6 s. To balance the contribution from multiple ultra-
sound machines, we asked to score 25 equally distrib-
uted clips among five different models (5 video clips per 
machine) that were chosen according to a local availabil-
ity (Esaote MyLab 7®, GE LogiQ®, Butterfly iQ®, Sonosite 
M-Turbo®, and Philips SparQ®). All video clips are avail-
able as Supplementary materials.

The online test was built using Google Forms® through 
a multiple-choice quiz. Each video clip was shown with-
out clinical or technical details. The responders could 
rate each video clip with a single score between 0 and 3. 
All answers were mandatory, and no corrections, tips, 
or feedbacks were given during or at the end of the test. 

Videos were presented one by one in a random, software-
generated sequence.

Power analysis
Given the study’s design, and in the absence of robust 
priors for sample size calculation, we planned to enrol 
an arbitrary number of 20 experts, which is an assumably 
adequate sample to draw significant conclusions on these 
specific endpoints [27].

Statistical analysis
Continuous variables were expressed as mean values 
(± standard deviation) or median values with interquar-
tile ranges (IQR) according to their distribution (Sha-
piro–Wilk test). Discrete variables were expressed as 
numbers and percentage values. In our analyses, we per-
formed weighted kappa since using weighting schemes 
allows us to consider the closeness of agreement between 
categories. To compute weighted kappa, we used the 
Fleiss-Cohen weights based on inverse-square spac-
ing. The Fleiss-Cohen system is also known as quadratic 
weights because it is proportional to the square of the 
deviation of separate ratings. In our case, with four levels, 
the weights used have been 1, 0.89, 0.55, and 0 for differ-
ences of 0, 1, 2, and 3, respectively.

Results
From May to July 2020, 25 experienced operators were 
invited to participate in the study. Of these, 20 completed 
the video clip assessment on time. Fourteen males (70%) 
and six females were involved, with a mean age of 41.8 
years (SD 8.2 years). Ten respondents worked predomi-
nantly in the ICU, 6 in the emergency department (ED), 
2 in high-dependency units (HDU), 1 in the cardiology 
ward, and 1 in the obstetric/gynecology department 
(Table 1).

Our sample’s median total LUS score was 33, with an 
interquartile range (IQR) between 31 and 35.5 (Fig.  1). 
The mean proportional LUS score was 15.3 (median 
15.7, IQR 14.3–16.4). As the pLUS of the test would be 
17.28, the difference in each rater’s pLUS from this ref-
erence has ranged from − 6.24 to + 0.48, with most of 
the values within ± 2 from the reference (Fig. 2). Among 
the set of 25 video clips, 6 of them had a full agreement, 
with all the 20 raters providing the same answer. Three 
video clips showed the agreement of 19 raters out of 20; 3 
had 18 raters giving the same answer, and 1 had 17 raters 
agreeing. Of the remaining video clips, in 12 the agreeing 
raters count ranged between 12 and 16. Six of these have 
been assigned three different scores, showing a normal 
distribution around the modal value (i.e., the modal value 
of LUS was score 1 or 2). Only one case showed a bimodal 
result of 11 raters providing a score of 1, in contrast to 
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the other 9 providing a score of 0 (Fig. 3). Among the 6 
video clips originally rated as score 3 by the authors, they 
have been correctly classified 106 times out of 120 evalu-
ation (88.3%). Similarly, the 7 video clips planned to rep-
resent the score 0 were correctly rated 128 times out of 
140 (91.4%). On the opposite, scores 1 and 2 were cor-
rectly classified 58.3% and 73.3% of the time, respectively. 
Three score-1 and one case of score-2 video clips were 
rated mostly one class less than initially intended. None 
of the video clips got all four possible ratings (Fig.  4). 
Eighty-two non-modal ratings were registered one class 
away from the most-rated score, and only five observa-
tions were registered two classes away from the most-
rated one. Evaluating the overall sample of answers, the 
quadratic weighted Fleiss’ Kappa was 0.87326 (95% CI 
0.815–0.931, p-value < 0.001).

Discussion
Our work is the first focusing on inter-rater evaluation of 
LUS scores among experienced physicians. Its focus on 
video clips of conditions that have been evaluated before 
COVID-19 allows us to consider the accuracy of the 
LUS score system on the common ED and ICU patients 
without possible biases due to the exceptional increase 
in interest in LUS during the pandemic. We observed 
a strong agreement between operators, with a kappa of 
0.87, which allows us to state that, given a reasonable 
amount of training in LUS, this measure might not be 
as operator-dependent as previously stated. In particu-
lar, extreme scores, such as 0 and 3, more relevant from 

Table 1  Characteristics of video clips and evaluators. ICU 
intensive care unit, ED emergency department, HDU high-
dependency unit

Evaluators

Gender, N (%)

  Female 6 (30)

  Male 14 (70)

  Not declared 0 (0)

Age, mean (SD) 41.8 (8.2)

Main specialty of clinical practice, N (%)

  ICU 10 (50)

  ED 6 (30)

  HDU 2 (10)

  Cardiology 1 (5)

  Obstetrics/gynecology 1 (5)

Video clips

  Machine

    Esaote MyLab 7 1

    GE LogiQ 1

    Butterfly iQ 1

    Sonosite M-Turbo 1

    Philips SparQ 1

Preassigned score, N (%)

  Score 0 7 (28.0)

  Score 1 6 (24.0)

  Score 2 6 (24.0)

  Score 3 6 (24.0)

Fig. 1  Box-plot of observed distribution of proportional LUS (pLUS) score (the empty dot indicates an outlier)
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a clinical standpoint, showed better agreement. In con-
trast, correctly classifying low LUS score patients is of 
utmost importance since the LUS score is mostly useful 
to individuate low-risk cases. In fact, relevant literature 
shows that the LUS score brings a consistently high nega-
tive predictive value when used for prognostic purposes 
[28]. On the other hand, while an increase in LUS score 
reflects a proportional increase in lung density, only a 

score of 3 indicates a complete loss of aeration and there-
fore has relevant consequences in terms of pulmonary 
shunt and functional lung impairment [29].

Video clips with findings preassigned as scores 1 and 
2 showed lesser concordance, which may be due to sev-
eral reasons and some of them are intrinsic limits of 
this study. First, video clips with borderline cases were 
actively sought (i.e., video clips showing exactly 3 B-lines, 

Fig. 2  Absolute difference of proportional LUS between each rater and the test reference in crescent order

Fig. 3  Absolute frequency of the evaluated score of the video clips with worst agreement. Video 9 showed a bimodal classification, while the other 
showed a normal distribution around score 1 and score 2
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or B-lines covering nearly 50% of the pleural line) to be 
consistent with real-world scenarios, where some inter-
mediate findings are common experience. This may have 
widened the spread of answers around scores 1 and 2. 
Second, we could not control how the participants took 
the test, in particular in what conditions of lighting and 
on what kind of devices (e.g., personal computers, tab-
lets, or mobile). This might have introduced more varia-
tion, particularly in identifying B-lines and eyeballing the 
dimensions of small subpleural consolidations. Lastly, we 
did not provide the experienced operators who took part 
in the study with the definition of the LUS score used for 
this test, which was well-endorsed by the authors. There-
fore, we could only assume that the LUS scores used were 
consistent with each other.

We recognized a slight decrease in the median 
assigned LUS score in comparison to the expected from 
the author’s video clip selection. The latter should have 
been 36 due to the homogeneous distribution of video 
clips among the four classes of the LUS score. However, 
the observed median has been 33. This is mostly driven 
by four video clips (video 9, video 10, video 16, video 
17) that have consistently been underrated by 1 point 
(i.e., from score 2 to 1 or from 1 to 0). On the opposite, 
clips numbered 7, 8, 20, and 21 were all correctly rated 
as score 2 by the most, but some classified them as score 
3, possibly for the presence of an irregular pleural line. 
The reasons for these inconsistencies might be found in 

the ones mentioned above, with particular regard to the 
device used.

Whether the video clips were seen on small screens 
or big high-quality monitors, some intrinsic limitations 
remain in the human interpretation of them. The LUS 
score is a semi-quantitative method for the assessment 
of lung aeration and de-aeration, which works well in the 
extreme score 0 (totally aerated) and score 3 (totally de-
aerated), but only moderately well in the middle scores 
(2 and 3). In a similar field of respiratory imaging, arti-
ficial intelligence (AI) and automated algorithms have 
recently been used to overcome the well-known limita-
tions of human evaluation of diagnostic imaging. This 
might help the physicians uniquely score the images they 
view. For example, an algorithm for systematic, objective 
fibrotic imaging analysis (SOFIA) was tested by Walsh 
et al. against the radiologist’s usual interstitial pneumonia 
(UIP) probability [30]. In this case, only SOFIA predicted 
survival when prognostic accuracy in the detection of 
the UIP pattern was assessed. Furukawa et al. have been 
tested an AI algorithm to evaluate the diagnostic accu-
racy of the diagnosis of idiopathic pulmonary fibrosis 
(IPF), when clinical data were additionally incorporated 
into the assessment [31]. Moreover, different software 
has been used to evaluate the diagnostic accuracy in 
the screening of pulmonary tuberculosis, resulting in 
high sensitivity for the AI identification of the illness. In 
Marozzi et al., an automatic algorithm has been tested to 
support non-expert physicians in interstitial pneumonia 

Fig. 4  Relative frequency of the evaluated different scores among the four classes of video clips
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evaluation [32]. The study reports that the algorithm pro-
vides a quantitative score for each analyzed patient non-
inferior to expert physicians. Similar results have been 
obtained in Lombardi et  al., where a high agreement 
between the algorithm and the expert operator evalu-
ations was observed [33]. As far as concern LUS score 
evaluations, there are no studies available so far that take 
into account the use of AI, but it is reasonable to think 
that similar improvements can be brought into the clini-
cal scenario by this currently evolving innovation also for 
the LUS score calculation.

This study has been carried out on a small sample of 
very well-prepared operators, but the casual error may 
still have played a role, and a larger repetition of this 
investigation is needed to provide definitive data. In par-
ticular, testing a sample of video clips with a subset of 
predefined borderline and non-borderline findings would 
be interesting. Even if efforts have been made to cover a 
wide variety of them, the extension to more ultrasound 
machines may provide more real-life insights. Although it 
is impossible to exclude that our results are influenced by 
previous operator’s clinical expertise, limited data com-
pares results based on different expertise in different clin-
ical practices. The hidden profile paradigm, that occurs in 
the process of group decision making, could be present in 
our study in one or more operators that poorly classified 
the LUS score due to unshared information [34].

Our study may have implications for clinical practice, 
research, and teaching. First, one may wonder what the 
real meaning of a registered value of LUS score on a med-
ical chart is. Is that a precise amount that one can use to 
risk stratify patients and predict disease trajectories in 
ED and ICU? The answer to this question may be clearer 
now, considering that our results showed a mean LUS 
score of 15.3, but, mostly, a standard deviation of 1.6, and 
this second value might be the most interesting. An SD of 
1.6 out of a mean of 15.3 would mean that a 10% tolerance 
on a patient’s given score might contain, with 68% prob-
ability, the real value of the patient’s LUS score. Allowing 
for a larger 20% tolerance, it may include 95% of possible 
real values in a specific patient. Bringing this to a real-
life scenario means that finding a LUS score of 10 would 
be a reliable (95%) estimate of a true LUS score between 
8 and 12 [35]. Second, some studies provide similar but 
conflicting data on LUS score thresholds for various pur-
poses [36, 37]. The need for mechanical ventilation, the 
prediction of ICU admission, the prediction of weaning 
from mechanical ventilation, the possibility to safely dis-
charge home a patient from the ED, and the prediction 
of postoperative complications are just some examples 
[38, 39]. Many of the reported cutoffs range between 12 
and 17 points of the LUS score. The inconsistencies reg-
istered among these studies may be partly explained by a 

10 to 20% variability in the true value of the LUS score of 
included patients. Third, from a teaching point of view, it 
is of utmost importance to maintain a consistent way of 
acquiring and interpreting LUS video clips, coupled with 
a consistent and universal definition of the LUS score to 
be used in further studies [40]. Finally, a test built accord-
ing to our template may be used to certify completion of 
training and to provide periodical follow-up among pro-
viders with a low volume of LUS cases.

Conclusions
We investigated the inter-rater agreement between expe-
rienced LUS operators and found a strong agreement. 
This allows us to conclude that a registered LUS score 
value, associated with a 10 to 20% tolerance, is a reliable 
estimate of the patient’s true LUS score, when well-expe-
rienced operators are assessing it. This brings lesser vari-
ability in score interpretation and allows more confidence 
in the use of LUS score.
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