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Abstract: Background/Objectives: The objective of this study is to investigate the intra- and
inter-explorer reliability of different lung ultrasound (LUS) scores in patients with suspected
rheumatoid arthritis with associated interstitial lung disease (RA-ILD). Methods: Four-
teen consecutive patients with suspected RA-ILD based on the presence of respiratory
symptoms, lung function tests (LFTs) or imaging alterations were recruited. The screening
protocol consisted of an LFT, a chest X-ray, and HRCT. LUS examinations of different B-line
and pleural line scores including 14 intercostal spaces were performed by three experienced
sonographers, guaranteeing blinding. Intra- and inter-explorer reliability were calculated
for all LUS scores and at the intercostal space level by weighted Cohen’s kappa and
Fleiss’ kappa, respectively, relying on absolute differences using Stata/IC 14.2 software®

(StataCorp, College Station, TX, USA). Results: Both global (κ = 0.73–0.82) and binary
(κ = 0.80–0.90) scores of B lines showed substantial to excellent intra-explorer reliability,
with slightly better results for the binary score. The inter-explorer reliability was equally
excellent for the global score (κ = 0.93) and the binary score (κ = 0.90) of B lines. The
intra-explorer reliability of the semiquantitative pleural score was excellent for all the
sonographers (κ = 0.88–0.91), and the binary pleural score had slightly lower intra-explorer
reliability (κ = 0.77–0.84). Regarding inter-explorer reliability, both semiquantitative and
binary pleural scores were equally excellent (κ = 0.84). Good to excellent inter-explorer
reliability was found in all the scanned areas. Conclusions: Substantial to excellent intra-
and inter-explorer reliability of different feasible B-line and pleural LUS scores were found,
adding evidence in favor of the potential implementation of LUS for RA-ILD diagnosis in
clinical practice.
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1. Introduction
A clinical hallmark of rheumatoid arthritis (RA) is chronic symmetric and progressive

polyarthritis, which can lead to structural damage and disability [1], but it can present
extra-articular manifestations, as interstitial lung disease (ILD) is one of the most rele-
vant diseases [2,3]. Clinically significant RA-associated ILD (RA-ILD) affects 5–10% of
patients over their lifetime [4,5]. Its incidence has increased in recent years, motivated by
greater concern about the disease and the availability of better diagnostic tools, mainly
high-resolution chest computed tomography (HRCT), which is the current gold standard
for its diagnosis [6].

The RA-ILD course is progressive in around half of the patients and is associated
with shortened survival. Early diagnosis is crucial since treatment may potentially change
its evolutionary course [7–11]. However, we still lack universally accepted guidelines on
the diagnostic approach to RA-ILD. An expert-based proposal for the screening criteria
has recently been published [12], focusing on an active search for risk factors [13,14] and
respiratory symptoms and signs (dyspnea, cough and velcro crackles), lung function tests
(LFTs) and radiological studies. Recently, the 2023 American College of Rheumatology
(ACR)/American College of Chest Physicians (CHEST) guideline for the screening and
monitoring of ILD in people with systemic autoimmune rheumatic diseases highlights the
importance of the early detection of ILD, including subclinical diseases [15]. However,
traditional exams such as LFTs and chest X-rays have limitations derived from the low
sensitivity in the early stages of RA-ILD or, in the case of HRCT, related to costs, accessibility
and ionizing radiation exposure [16].

In this context, additional diagnostic tools without the aforementioned drawbacks
are needed, as lung ultrasound (LUS) is a promising candidate in light of its favorable
sensitivity, specificity and negative predictive values, which could help better select patients
for HRCT [17]. LUS has proven to be even more sensitive than chest auscultation, chest
X-rays and LFTs in identifying the presence of ILD [18] and has the advantages of being
non-invasive, having a relatively low cost and being accessible, providing immediate
information during the consultation [19].

In line with the literature, a previous research study from our group carried out in
192 patients with RA and suspected RA-ILD also suggested the utility of LUS for ILD
diagnosis since the presence of >11.5 B lines on the ROC curve predicted ILD presence
(AUC 0.63; 95% CI: 0.55–0.71; p < 0.003) [20]. However, LUS has not yet completed its
validation process. Data available on RA-ILD are still scarce and come from studies with a
limited sample size and great heterogeneity in the characteristics of patients, examination
protocols and equipment used, as well as definitions of pathology [17,21–28]. Precisely, the
lack of consensus on the basic lesions to be evaluated and scores to be used, as well as the
fact that LUS is an explorer-dependent technique, is among the main current limitation for
its implementation in clinical practice for RA-ILD diagnosis.

Regarding the reliability of LUS for RA-ILD screening or diagnosis, the existing data
are extremely limited and focus on the assessment of global B-line scores, generally, between
two explorers or two observers of previously recorded images [22,23,29]. Therefore, the
main objective of our study was to investigate the intra- and inter-explorer reliability of
different scores of B-line and pleural line alterations in patients with RA and suspected
RA-ILD. Our secondary objective was to compare the reproducibility of our LUS scores
with that of previously published proposals about this topic obtained via a systematic
review of the literature.
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2. Materials and Methods
2.1. Patients

A total of fourteen consecutive patients with RA under investigation for suspected
RA-ILD at a center specialized in the management of RA in Colombia were included in
this reliability study conducted in August 2022. All patients met the 2010 ACR/European
Alliance of Associations for Rheumatology (EULAR) classification criteria [30] and were
undergoing routine clinical monitoring of their disease on an outpatient basis at the IPS
Biomab. RA-ILD suspicion was based on the presence of velcro crackles or respiratory
symptoms (chronic cough and/or dyspnea) in the last two months that could not be ex-
plained by a recent respiratory process (heart failure, infection, pleural effusion, atelectasis,
asthma or chronic obstructive pulmonary disease), an LFT or imaging alterations. Preg-
nancy and previous interstitial lung involvement were additional exclusion criteria. The
recruitment period was from May to July 2022. Eligible patients who agreed to participate
in this study underwent analyses involving an LFT, HRCT and LUS.

The study was developed in accordance with the Declaration of Helsinki and approved
by the local Institutional Research Ethics Committee at Hospital de San José, Bogota,
Colombia (Record 0085–2021, 19 February 2021). All patients signed informed consent
forms before participating in the procedures specified by the protocol.

2.2. Lung Ultrasound Investigation

Three physicians, two rheumatologists (EVR and IM) and one pulmonologist (AM)
with extensive experience in ultrasound, including LUS for ILD screening, blindly and
independently performed the ultrasound examination. To reinforce blinding between
explorers, neither was present during the other’s examinations. Furthermore, to reinforce
the blinding of the sonographers for the intra-explorer study, the examination room was
darkened, and patients were instructed not to exchange comments with the sonographers.
Sonographers were also blind to the patients’ diagnoses and clinical data. The time allocated
for each complete LUS assessment was 15–20 min.

All the LUS examinations were performed during the same day in two rounds. In the
first round, all patients (n = 14) were included in the inter-explorer reliability study, with
each patient being scanned successively by the 3 sonographers, guaranteeing inter-explorer
blinding. In the second round, 6 of those patients underwent an additional examination
by all the sonographers, in the same conditions previously described, to estimate intra-
explorer reliability. The overall examination time required for our intra- and inter-examiner
reliability study was more than 5 h. Additionally, the two rounds of LUS examinations
were separated by the necessary time interval to ensure rest for patients and examiners,
as well as to avoid recall bias. Thus, a full day of work was required to carry out this
reliability work.

The same model and initial settings of a real-time ultrasound machine, MyLab™Seven®

(Esaote, Genoa, Italy), were used by all the sonographers. Examinations were conducted
with a multifrequency linear array probe (3–13 MHz). A single focus was set at the level
of the pleural line. Depth was adjusted at 6–8 cm for the B-line evaluation and more
superficially for the pleural line examination (4–5 cm) according to the patient’s phenotype.
Automatic image-enhancement settings, including the second harmonic, were removed.
Individualized adjustments directed to improve image quality according to the patient’s
characteristics were allowed. An examination time of 15 min was set for each patient.

Pleural line and lung reverberation artifacts were evaluated in all patients to define
either a healthy or pathological LUS pattern. A normal LUS pattern was defined by the
presence of a normal pleural line and A lines. The pleural line was considered normal when
a thin, regular hyperechoic line with its characteristic lung sliding was visualized. A lines
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were defined as horizontal reverberation artifacts with the appearance of replicas of the
pleural line in depth at constant intervals [31]. The suspicion of ILD using LUS was defined
by the presence of multiple B lines and/or abnormality of the pleural line [31–35]. B lines
were defined as vertical reverberation artifacts appearing as discrete, laser-like vertical
hyperechoic lines that arise from the pleural line and extend to the bottom of the screen
without fading, erasing the A lines and moving synchronously with lung sliding. The
pleural line was considered pathological when irregularity, thickening or fragmentation
was visualized.

The abbreviated examination protocol of 14 intercostal spaces described by Gutiérrez
et al. was performed due to its greater feasibility and the high sensitivity and specificity
values previously published [25,36]. The 2nd intercostal space of the parasternal line; the
4th intercostal space of the mid-clavicular, anterior axillary and mid-axillary lines; and the
8th intercostal space of the paravertebral, subscapular and posterior axillary lines were
scanned bilaterally. Patients were examined in the supine position, with the arms elevated
above the head, for the evaluation of the anterolateral thorax, as well as in the sitting
position, with the trunk slightly inclined forward and the arms at the sides, for the posterior
thorax. Intercostal spaces were scanned longitudinally, following the anatomical lines
previously described.

A global B-line score was calculated by adding the number of B lines of each intercostal
space. In the case of the coalescence of B lines, their numbers were calculated as the
percentage of the extension of the pleural line that they occupied divided by 10 [37]. When
the number of B lines was ≥6, a value of 6 was arbitrarily assigned by agreement, as in our
experience, the reproducibility of the B-line count is optimal up to a maximum of 5 B lines
per intercostal space.

Additionally, we also counted B lines in a binary way: the presence of <3 B lines in
an intercostal space was considered normal and assigned a value of 0, while ≥3 B lines
defined the intercostal space as pathological and were counted as 1, following the definition
of a positive region established by the International Evidence-Based Recommendations
for Point-of-Care Lung Ultrasound, which is agreed upon by experts and widely used in
other medical fields such as the assessment of interstitial syndrome in emergencies and in
critically ill patients [38]. Accordingly, a binary B-line score was generated by adding the
binary values of B lines in all the intercostal spaces.

Pleural line measurements were carried out in two ways. The presence of abnormalities
was quantified as 1 and their absence as 0 to generate a binary score by adding the values
of all intercostal spaces scanned (range: 0–14). Additionally, a semiquantitative pleural
score (range: 0–42) assessed both the presence and extension of alterations in the pleural
line: “0” for normal (no alterations in the pleural line), “1” for mild alterations affecting
<30% of the width of the pleural line, “2” for moderate alterations of 30–50% of its width
and “3” marked alterations and/or extension of >50% of the pleural line.

A prior patient-based consensus was reached on the interpretation of LUS findings by
means of a brief evaluation of 2 intercostal spaces from the anterior, lateral and posterior
thorax carried out by the most experienced sonographer (IM) on a patient that was not
included in the analysis.

2.3. Systematic Review of the Literature

The objective of the systematic review was to gather the existing evidence in the
literature about the reliability of LUS applied to the screening or diagnosis of RA-ILD.
We searched for original papers about the use of LUS for RA-ILD screening or diagnosis
published in PUBMED, EMBASE or the Cochrane Library until the end of December 2024
in the Title/Abstract or Title Abstract Keyword sections, respectively, using the following
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search strategies according to each database: (a) PUBMED: (“rheumatoid arthritis” [Ti-
tle/Abstract] AND (“interstitial lung disease” [Title/Abstract] OR “ILD” [Title/Abstract]
OR “usual interstitial pneumo*”[Title/Abstract]) AND (“ultrasound” [Title/Abstract] OR
“ultrasonography*” [Title/Abstract])) AND (1000/1/1:2024/12/31[pdat]); (b) EMBASE:
‘rheumatoid arthritis’:ab,ti AND (‘interstitial lung disease’:ab,ti OR ‘ild’:ab,ti OR ‘usual
interstitial pneumonia’:ab,ti) AND (‘ultrasound’:ab,ti OR ‘ultrasonography’:ab,ti) AND (‘ar-
ticle’/it OR ‘article in press’/it OR ‘clinical trial’/it OR ‘erratum’/it OR ‘review’/it) AND
[<1966–2024]/py, excluding conference abstracts and conference reviews; and (c) Cochrane
Library: “rheumatoid arthritis” AND (“interstitial lung disease” OR “ILD” OR (usual
interstitial NEXT pneumo*)) AND (“ultrasound” OR “ultrasonography”).

The article selection process began with a review of the title and abstract. If information
on the reliability of LUS was not included, the materials and methods sections and finally
the results were reviewed. Only original manuscripts in which the reliability of LUS
for RA-ILD screening or diagnosis was measured and reported were selected, excluding
reviews, meta-analyses, editorials and case reports. Despite the reviews not being eligible
for inclusion, they were revised for potential references of interest that met the inclusion
criteria and had not been identified by the search strategy. The following data were
extracted from the selected articles: author, year of publication, patients included, type of
ultrasound machines used, scanning protocols and scores and reliability data.

2.4. Statistical Analysis

Intra- and inter-explorer reliability were calculated for all LUS scores using weighted
Cohen’s kappa and Fleiss’ kappa, respectively, relying on absolute differences. The 95%
confidence interval (CI) of kappa and the degree of agreement were also evaluated. Reli-
ability was also estimated at the intercostal space level. Kappa values were interpreted
according to Landis et al. [39]. The ability of our LUS scores to discriminate the presence
of ILD in HCRT was assessed using receiver operating characteristic (ROC) curves, and
optimal cut-off values were determined. The sensitivity, specificity, and area under the
ROC curve (AUROC) were considered as diagnostic performance indicators. Statistical
analysis was performed using the Stata/IC 14.2 software® (StataCorp LLC, College Station,
TX, USA).

3. Results
The 14 intercostal spaces of all patients were explored, both for the presence of B

lines and for the identification of alterations in the pleural line. Taking into account the
examination time per patient and explorer in two rounds (>5 h), the time devoted to the
previous patient-based consensus of the interpretation of LUS findings and the rest time
needed for the evaluators and patients, as well as the recommended time to avoid the bias
of having the slightest memory of what had been previously assessed, our reliability study
took a full day of work. The main clinical characteristics of the population included in this
study are displayed in Supplementary Table S1.

3.1. Reliability of the B-Line Scores

The intra-explorer reliability of the different scores of B lines measured as Kappa (95%
CI) and the observed agreement are displayed in Table 1. Both the global (κ = 0.73–0.82) and
the binary (κ = 0.80–0.90) scores of B lines showed substantial to excellent intra-explorer
reliability, with slightly better results for the binary score. Regarding the binary B-line score,
the three explorers had a kappa of one in more than 50% of the intercostal spaces scanned
(Table 1).
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Table 1. Intra-explorer reliability of the B-line scores.

B-Line Evaluations B-Line Global Count B-Line Binary Count
Kappa (95%CI) Agreement % Kappa (95%CI) Agreement %

Intercostal Spaces
Anterolateral Thorax

2nd right parasternal line
E1: 0.86 (0.49–1.00) E1: 94.4 E1: 1.00 (1.00–1.00) E1: 100

E2: 0.59 (−0.03–1.00) E2: 83.3 E2: 1.00 (1.00–1.00) E2: 100
E3: 1.00 (1.00–1.00) E3: 100 E3: 1.00 (1.00–1.00) E3: 100

2nd left parasternal line
E1: 0.61 (−0.13–1.00) E1: 83.3 E1: 1.00 (1.00–1.00) E1: 100
E2: 0.87 (0.52–1.00) E2: 94.4 E2: 1.00 (1.00–1.00) E2: 100

E3: 0.40 (−0.33–1.00) E3: 72.2 E3: 1.00 (1.00–1.00) E3: 100

4th right mid-clavicular line
E1: 1.00 (1.00–1.00) E1: 100 E1: 1.00 (1.00–1.00) E1: 100
E2: 0.75 (0.04–1.00) E2: 91.7 E2: 1.00 (1.00–1.00) E2: 100
E3: 1.00 (1.00–1.00) E3: 100 E3: 1.00 (1.00–1.00) E3: 100

4th left mid-clavicular line
E1: 1.00 (1.00–1.00) E1: 100 E1: 1.00 (1.00–1.00) E1: 100
E2: 1.00 (1.00–1.00) E2: 100 E2: 1.00 (1.00–1.00) E2: 100
E3: 0.75 (0.04–1.00) E3: 91.7 E3: 1.00 (1.00–1.00) E3: 100

4th right anterior axillary line
E1: 1.00 (1.00–1.00) E1: 100 E1: 1.00 (1.00–1.00) E1: 100
E2: 1.00 (1.00–1.00) E2: 100 E2: 1.00 (1.00–1.00) E2: 100
E3: 1.00 (1.00–1.00) E3: 100 E3: 1.00 (1.00–1.00) E3: 100

4th left anterior axillary line
E1: 1.00 (1.00–1.00) E1: 100 E1: 1.00 (1.00–1.00) E1: 100

E2: 0.60 (−0.15–1.00) E2: 83.3 E2: 0.57 (−0.42–1.00) E2: 83.3
E3: 0.73 (0.23–1.00) E3: 88.9 E3: 0.25 (−0.91–1.00) E3: 66.7

4th right mid-axillary line
E1: 0.86 (0.49–1.00) E1: 94.4 E1: 0.86 (0.49–1.00) E1: 94.4
E2: 1.00 (1.00–1.00) E2: 100 E2: 1.00 (1.00–1.00) E2: 100
E3: 0.86 (0.48–1.00) E3: 94.4 E3: 1.00 (1.00–1.00) E3: 100

4th left mid-axillary line
E1: 0.61 (−0.08–1.00) E1: 83.3 E1: 0.33 (−0.47–1.00) E1: 66.7
E2: 0.85 (0.47–1.00) E2: 94.4 E2: 0.57 (−0.42–1.00) E2: 83.3
E3: 0.78 (0.20–1.00) E3: 91.7 E3: 0.67 (−0.14–1.00) E3: 83.3

Posterior Thorax

8th right paravertebral line
E1: 0.86 (0.49–1.00) E1: 94.4 E1: 1.00 (1.00–1.00) E1: 100
E2: 1.00 (1.00–1.00) E2: 100 E2: 1.00 (1.00–1.00) E2: 100
E3: 0.85 (0.47–1.00) E3: 94.4 E3: 1.00 (1.00–1.00) E3: 100

8th left paravertebral line
E1: 0.75 (0.04–1.00) E1: 91.2 E1: 1.00 (1.00–1.00) E1: 100
E2: 0.85 (0.47–1.00) E2: 94.4 E2: 1.00 (1.00–1.00) E2: 100
E3: 0.78 (0.20–1.00) E3: 91.7 E3: 1.00 (1.00–1.00) E3: 100

8th right subscapular line
E1: 0.71 (0.18–1.00) E1: 88.9 E1: 0.57 (−0.42–1.00) E1: 83.3
E2: 0.86 (0.47–1.00) E2: 94.4 E2: 1.00 (1.00–1.00) E2: 100
E3: 0.78 (0.20–1.00) E3: 91.7 E3: 1.00 (1.00–1.00) E3: 100

8th left subscapular line
E1: 1.00 (1.00–1.00) E1: 100 E1: 1.00 (1.00–1.00) E1: 100
E2: 0.85 (0.47–1.00) E2: 94.4 E2: 0.57 (−0.42–1.00) E2: 83.3
E3: 0.74 (0.07–1.00) E3: 91.7 E3: 0.67 (−0.14–1.00) E3: 83.3

8th right posterior axillary
line

E1: 0.71 (−0.03–1.00) E1: 88.9 E1: 1.00 (1.00–1.00) E1: 100
E2: 0.86 (0.48–1.00) E2: 94.4 E2: 1.00 (1.00–1.00) E2: 100
E3: 0.86 (0.49–1.00) E3: 94.4 E3: 1.00 (1.00–1.00) E3: 100
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Table 1. Cont.

B-Line Evaluations B-Line Global Count B-Line Binary Count
Kappa (95%CI) Agreement % Kappa (95%CI) Agreement %

8th left posterior axillary line
E1: 1.00 (1.00–1.00) E1: 100 E1: 1.00 (1.00–1.00) E1: 100
E2: 1.00 (1.00–1.00) E2: 100 E2: 1.00 (1.00–1.00) E2: 100
E3: 1.00 (1.00–1.00) E3: 100 E3: 1.00 (1.00–1.00) E3: 100

Global and Binary Scores of
B Lines, Respectively

E1: 0.73 (0.39–1.00) E1: 88.9 E1: 0.90 (0.39–1.00) E1: 95.8
E2: 0.80 (0.55–1.00) E2: 91.7 E2: 0.84 (0.56–1.00) E2: 93.3
E3: 0.82 (0.56–1.00) E3: 92.9 E3: 0.80 (0.45–1.00) E3: 91.7

CI: confidence interval; E1: explorer 1; E2: explorer 2; E3: explorer 3. The intercostal spaces with the best intra-
explorer kappa results are colored in green or orange for the global score or the binary B-line score, respectively.

The inter-explorer reliability was equally excellent for the global (κ = 0.93) and the
binary (κ = 0.90) scores of B lines, with all the intercostal spaces displaying good to excellent
inter-explorer reliability (Table 2).

Table 2. Inter-explorer reliability of the B-line scores.

B-Line Evaluations B-Lines Global Score B-Line Binary Score

Kappa (95%CI) Agreement % Kappa (95%CI) Agreement %

Intercostal Spaces
Anterolateral Thorax
2nd right parasternal line 0.84 (0.62–1.00) 93.7 1.00 (1.00–1.00) 100
2nd left parasternal line 0.75 (0.45–1.00) 90.5 1.00 (1.00–1.00) 100
4th right mid-clavicular line 0.95 (0.83–1.00) 98.4 1.00 (1.00–1.00) 100
4th left mid-clavicular line 1.00 (1.00–1.00) 100 1.00 (1.00–1.00) 100
4th right anterior axillary line 0.96 (0.85–1.00) 98.4 1.00 (1.00–1.00) 100
4th left anterior axillary line 0.79 (0.46–1.00) 93.7 0.69 (0.21–1.00) 90.5
4th right mid-axillary line 1.00 (1.00–1.00) 100 1.00 (1.00–1.00) 100
4th left mid-axillary line 0.93 (0.77–1.00) 97.6 0.83 (0.44–1.00) 95.2
Posterior Thorax
8th right paravertebral line 0.85 (0.65–1.00) 94.0 0.88 (0.62–1.00) 95.2
8th left paravertebral line 0.97 (0.89–1.00) 98.8 1.00 (1.00–1.00) 100
8th right subscapular line 0.91 (0.75–1.00) 96.4 0.84 (0.53–1.00) 95.2
8th left subscapular line 0.69 (0.37–1.00) 88.1 0.61 (0.16–1.00) 85.7
8th right posterior axillary line 0.81 (0.55–1.00) 92.9 0.87 (0.58–1.00) 95.2
8th left posterior axillary line 1.00 (1.00–1.00) 100 1.00 (1.00–1.00) 100
Global and Binary Scores of B
Lines, Respectively

0.93 (0.86–1.00) 97.1 0.90 (0.76–1.00) 96.0

CI: confidence interval.

3.2. Reliability of the Pleural Line Scores

The intra-explorer and inter-explorer kappa (95% CI) and observed agreement for the
pleural line scores are shown in Tables 3 and 4, respectively.

The intra-explorer reliability of the semiquantitative pleural score was excellent for all
the sonographers (κ = 0.88–0.91), although the variability found between the examiners at
the level of the intercostal spaces was greater than that for B-line scores. The only locations
with a moderate kappa result for at least one of the sonographers were the second right
parasternal line, the second left parasternal line, and the fourth left anterior axillary line.
The binary pleural score had slightly lower intra-explorer reliability (κ = 0.77–0.84), with
more locations with at least one moderate kappa measure (Table 3).
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Table 3. Intra-explorer reliability of the pleural line scores.

Pleural Line Evaluations Semiquantitative Score Binary Score

Kappa (95%CI) Agreement % Kappa (95%CI) Agreement %

Intercostal Spaces
Anterolateral Thorax

2nd right parasternal line
E1: 1.00 (1.00–1.00) E1: 100 E1: 1.00 (1.00–1.00) E1: 100

E2: 0.54 (−0.42–1.00) E2: 83.3 E2: 0.25 (−0.91–1.00) E2: 66.7
E3: 1.00 (1.00–1.00) E3: 100 E3: 1.00 (1.00–1.00) E3: 100

2nd left parasternal line
E1: 1.00 (1.00–1.00) E1: 100 E1: 1.00 (1.00–1.00) E1: 100
E2: 1.00 (1.00–1.00) E2: 100 E2: 1.00 (1.00–1.00) E2: 100

E3: 0.57 (−0.21–1.00) E3: 83.3 E3: 0.33 (−0.47–1.00) E3: 66.7

4th right mid-clavicular line
E1: 1.00 (1.00–1.00) E1: 100 E1: 1.00 (1.00–1.00) E1: 100
E2: 0.75 (0.04–1.00) E2: 91.7 E2: 0.57 (−0.42–1.00) E2: 83.3
E3: 1.00 (1.00–1.00) E3: 100 E3: 1.00 (1.00–1.00) E3: 100

4th left mid-clavicular line
E1: 1.00 (1.00–1.00) E1: 100 E1: 1.00 (1.00–1.00) E1: 100
E2: 1.00 (1.00–1.00) E2: 100 E2: 1.00 (1.00–1.00) E2: 100
E3: 1.00 (1.00–1.00) E3: 100 E3: 1.00 (1.00–1.00) E3: 100

4th right anterior axillary line
E1: 1.00 (1.00–1.00) E1: 100 E1: 1.00 (1.00–1.00) E1: 100
E2: 1.00 (1.00–1.00) E2: 100 E2: 1.00 (1.00–1.00) E2: 100

E3: 0.67 (−0.14–1.00) E3: 83.3 E3: 0.67 (−0.14–1.00) E3: 83.3

4th left anterior axillary line
E1: 0.75 (0.04–1.00) E1: 91.7 E1: 0.57 (−0.42–1.00) E1: 83.3

E2: 0.57 (−0.21–1.00) E2: 83.3 E2: 0.33 (−0.47–1.00) E2: 66.7
E3: 0.57 (−0.42–1.00) E3: 83.3 E3: 0.57 (−0.42–1.00) E3: 83.3

4th right mid-axillary line
E1: 1.00 (1.00–1.00) E1: 100 E1: 1.00 (1.00–1.00) E1: 100
E2: 0.78 (0.16–1.00) E2: 91.7 E2: 0.67 (−0.14–1.00) E2: 83.3
E3: 1.00 (1.00–1.00) E3: 100 E3: 1.00 (1.00–1.00) E3: 100

4th left mid-axillary line
E1: 0.78 (0.70–1.00) E1: 91.7 E1: 0.67 (−0.14–1.00) E1: 83.3
E2: 0.75 (0.04–1.00) E2: 91.7 E2: 0.57 (−0.42–1.00) E2: 83.3
E3: 1.00 (1.00–1.00) E3: 100 E3: 1.00 (1.00–1.00) E3: 100

Posterior Thorax

8th right paravertebral line
E1: 0.78 (0.16–1.00) E1: 91.7 E1: 0.67 (−0.14–1.00) E1: 83.3
E2: 0.78 (0.20–1.00) E2: 91.7 E2: 0.67 (−0.14–1.00) E2: 83.3
E3: 0.75 (0.04–1.00) E3: 91.7 E3: 0.57 (−0.42–1.00) E3: 83.3

8th left paravertebral line
E1: 0.75 (0.04–1.00) E1: 91.7 E1: 0.57 (−0.42–1.00) E1: 83.3
E2: 1.00 (1.00–1.00) E2: 100 E2: 1.00 (1.00–1.00) E2: 100
E3: 0.75 (0.04–1.00) E3: 91.7 E3: 0.57 (−0.42–1.00) E3: 83.3

8th right subscapular line
E1: 0.78 (0.20–1.00) E1: 91.7 E1: 0.67 (−0.14–1.00) E1: 83.3
E2: 0.71 (0.18–1.00) E2: 88.9 E2: 0.67 (−0.14–1.00) E2: 83.3
E3: 0.75 (0.04–1.00) E3: 91.7 E3: 0.57 (−0.42–1.00) E3: 83.3

8th left subscapular line
E1: 1.00 (1.00–1.00) E1: 100 E1: 1.00 (1.00–1.00) E1: 100
E2: 1.00 (1.00–1.00) E2: 100 E2: 1.00 (1.00–1.00) E2: 100
E3: 0.75 (0.04–1.00) E3: 91.7 E3: 0.57 (−0.42–1.00) E3: 83.3

8th right posterior axillary line
E1: 0.78 (0.20–1.00) E1: 91.7 E1: 0.67 (−0.14–1.00) E1: 83.3
E2: 1.00 (1.00–1.00) E2: 100 E2: 1.00 (1.00–1.00) E2: 100
E3: 0.78 (0.21–1.00) E3: 91.7 E3: 0.67 (−0.14–1.00) E3: 83.3

8th left posterior axillary line
E1: 1.00 (1.00–1.00) E1: 100 E1: 1.00 (1.00–1.00) E1: 100
E2: 0.71 (0.18–1.00) E2: 88.9 E2: 0.67 (−0.14–1.00) E2: 83.3
E3: 1.00 (1.00–1.00) E3: 100 E3: 1.00 (1.00–1.00) E3: 100

Semiquantitative and Binary
Pleural Line Scores,
Respectively

E1: 0.91 (0.27–1.00) E1: 96.7 E1: 0.84 (0.56–1.00) E1: 93.3
E2: 0.86 (0.23–1.00) E2: 94.4 E2: 0.77 (0.44–1.00) E2: 90.0
E3: 0.88 (0.24–1.00) E3: 95.4 E3: 0.77 (0.44–1.00) E3: 90.0

CI: confidence interval; E1: explorer 1; E2: explorer 2; E3: explorer 3.
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Table 4. Inter-explorer reliability of the pleural line scores.

Pleural Line Evaluations Semiquantitative Score Binary Score

Kappa (95%CI) Agreement % Kappa (95%CI) Agreement %

Intercostal Spaces
Anterolateral Thorax
2nd right parasternal line 0.73 (0.48–1.00) 92.1 0.70 (0.35–1.00) 85.7
2nd left parasternal line 0.89 (0.72–1.00) 96.8 0.78 (0.47–1.00) 90.5
4th right mid-clavicular line 0.81 (0.57–1.00) 95.2 0.87 (0.58–1.00) 95.2
4th left mid-clavicular line 1.00 (1.00–1.00) 100 1.00 (1.00–1.00) 100
4th right anterior axillary line 0.78 (0.56–1.00) 93.7 0.89 (0.64–1.00) 95.2
4th left anterior axillary line 0.71 (0.39–1.00) 92.1 0.75 (0.37–1.00) 90.5
4th right mid-axillary line 0.77 (0.54–1.00) 93.7 0.78 (0.47–1.00) 90.5
4th left mid-axillary line 0.77 (0.51–1.00) 92.9 0.77 (0.43–1.00) 90.5
Posterior Thorax
8th right paravertebral line 0.82 (0.56–1.00) 95.2 0.66 (0.28–1.00) 85.7
8th left paravertebral line 0.94 (0.79–1.00) 98.4 0.88 (0.62–1.00) 95.2
8th right subscapular line 0.89 (0.70–1.00) 96.8 0.80 (0.51–1.00) 90.5
8th left subscapular line 0.80 (0.57–1.00) 93.6 0.62 (0.26–1.00) 80.9
8th right posterior axillary line 0.92 (0.78–1.00) 96.8 0.81 (0.53–1.00) 90.5
8th left posterior axillary line 0.96 (0.90–1.00) 98.4 0.90 (0.69–1.00) 95.2
Semiquantitative and Binary
Pleural Scores, Respectively

0.84 (0.71–1.00) 94.2 0.84 (0.69–1.00) 93.3

CI: confidence interval.

Regarding inter-explorer reliability, both semiquantitative and binary pleural scores
were equally excellent (κ = 0.84), with good to excellent results in all the scanned areas
(Table 4).

3.3. Diagnostic Performance of the Proposed LUS Scores

Although the objective of our research focused on reliability and not the accuracy
of LUS, we evaluated whether our proposed LUS scores could discriminate against the
presence of ILD on HRCT, which is considered the gold standard for the diagnosis of RA-
ILD. HRCT was normal in four patients, showing ILD in the rest. The values of the AUROC
were generally good for all scores and examiners, ranging from 0.74 to 0.87. Table 5 shows
the optimal cut-off points for each LUS score, which were obtained using ROC curves, to
discriminate between patients with and without ILD on the HRCT, AUROC, sensitivity
and specificity.

Table 5. Diagnostic performance of the proposed LUS scores.

LUS Score Cut-Off AUROC Sensitivity Specificity

B-Line Global Score ≥3 0.74–0.77 60–80% 75%

B-Line Binary Score ≥1 0.80 60% 100%

Semiquantitative Pleural
Line Score ≥2 0.82–0.87 90% 50–75%

Binary Pleural Line Score ≥4 0.77–0.81 60–80% 75%
AUROC: area under the receiver operating characteristic curve; LUS: lung ultrasound. In the cases where results
differed between explorers, the maximum and minimum values obtained are indicated.

Examples of LUS examinations with different degrees of B-line and pleural line alter-
ations are shown in Figure 1.
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Figure 1. Lung ultrasound examinations of the patients included in the study. Examples of lung
ultrasound (LUS) examinations with different degrees of affectation. (A) Normal LUS pattern.
(B) Single B line. (C) Multiple B lines with mild pleural line alterations. (D) Coalescent B lines with
marked pleural line alteration.

3.4. Systematic Literature Review

Forty manuscripts were identified using the search strategy in the PUBMED and
EMBASE databases and two manuscripts in the Cochrane Library. Six eligible papers
were selected after excluding those that did not meet the inclusion criteria and duplicates
(Figure 2). No additional original articles were identified after revising the reviews.

Figure 2. Systematic review flow chart. LUS: lung ultrasound. RA-ILD: rheumatoid arthritis with
associated interstitial lung disease.
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The main characteristics of the six selected manuscripts are shown in Table 6 [22,23,29,
40–42].

Table 6. Main characteristics of the studies on the reliability of lung ultrasound for RA-ILD screening
in rheumatoid arthritis.

Authors, Date Patients Included US Machines, Scanning Protocol
and Scores Reliability

Cogliati et al., 2014 [22] RA patients with suspected
or known ILD

(1) Standard US machine and
convex probe

- 72 ICSs: BL total sum; if
≥5 BLs in a segment or
confluent BL, value = 10 BLs;
Total BL score > 10: positive
exam (presence of ILD)

- 8 ICSs (4 areas on each side
of the anterolateral chest):
≥3 BLs in the
same scan = positive area;
≥2 positive regions
bilaterally = positive exam
(ILD presence)

(2) Pocket-sized US machine and
phased array probe
72 ICS: A total BL
score > 10 = positive examination
(presence of ILD)

Prior to the study, inter-observer
variability r = 0.96 for BL
quantification (72 ICS)
Inter-explorer kappa = 0.78 for the
presence of ILD (expert
physicians with standard US
equipment versus briefly trained
physicians with a pocket-sized
US machine)

Moazedi-Fuerst et al.,
2014 [23]

RA patients without clinical
or radiographic suspicion of
ILD and HC

Standard US machine, convex
probe for parenchyma and linear
probe for pleural line, 18 ICS
Pathology definitions: BL in
>2 locations, pleural line
thickening (>2.8 mm), pleural line
fragmentation, subpleural
nodules and negative lung sliding

Inter-observer kappa = 0.92 for
the absence/presence of ILD

Gutiérrez et al., 2022 [29]

RA patients without a
previous history of acute or
chronic pulmonary diseases
and HC

Standard US machine, 14 ICSs,
linear probe
Semiquantitative BL score:
0 = normal (≤5 BL), 1 = slight (≥6
and ≤15 BL), 2 = moderate (≤16
and ≥30 BL), and 3 = severe
(≥30 BL)

Prior to the study, 8 patients with
different CTD-ILD, with
inter-observer kappa = 0.82

Bandinelli et al.,
2024 [40]

RA patients with mild
respiratory symptoms

Standard US machine, 14 ICSs,
linear probe and semiquantitative
pleural (PLUS) and parenchymal
(PAUS) scores #

US examiner: intra-reader
ICC > 0.9 for both PLUS and
PAUS; Trained residents:
inter-reader ICC of 0.82–0.84 for
PLUS and 0.86–0.94 for PAUS

Zabaleta et al., 2024 [41]

RA patients with chest
HRCT in the 12 months
prior to inclusion, regardless
of symptomatology

Standard US machine, 14 ICSs,
linear and convex probes
Scores: Total number of BLs and
pleural irregularities (PIs)

Prior to the study, inter-observer
ICC = 0.97 for BL and ICC = 0.78
for PI and intra-observer
ICC = 0.76 for BL ICC = 0.79 for PI

Watanabe et al., 2025 [42]
CTD-ILD patients with chest
HRCT and LUS within an
interval of <3 months

Standard US machine, 14 ICSs
and microconvex probe
Score: total number of BLs

Inter-rater ICC = 0.93 for the total
B-line measurements

BLs: B lines; CTD: connective tissue disease; HC: healthy control; HRCT: high-resolution computerized tomog-
raphy; ICC: intraclass correlation coefficient; ICSs: intercostal spaces; ILD: interstitial lung disease; LUS: lung
ultrasound; RA: rheumatoid arthritis: US: ultrasound. # PLUS score: 1, non-linear, non-homogeneous and
thickened pleural line; 2, disrupted pleural line (“fragmented”); and 3, subpleural consolidation (subpleural
echo-poor region or “tissue-like”). PAUS score: 1, discrete divergent B lines; 2, confluent B lines; and 3, dense
confluent areas (“whiteout”) that persist during the respiratory cycle.
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Overall, there was great heterogeneity in terms of included patients, scanning pro-
tocols, ultrasound machines, types of probes, definitions of the elementary lesions and
proposed scores. None of them described intra-explorer reliability, and only two studies
evaluated the intra-observer reliability of one and two raters, respectively [40,41]. Inter-
explorer reliability was only investigated by Cogliati et al. between two examiners [22],
while a mention about inter-observer reliability was found in all the selected studies and
was related either to the different number of sonographers or raters [22,23,29,40–42]. In-
formation about the reliability exercises was scarce in most of the papers. Only Gutiérrez
et al. [29] provided more detailed information on how they conducted their inter-observer
evaluation that was performed prior to the study to reach a consensus between sonogra-
phers, and they included eight patients with different connective tissue diseases associated
with ILD (CTD-ILD) per examiner.

4. Discussion
The main objective of our study was to assess the reliability of LUS in patients with

suspected RA-ILD using different approaches in terms of elementary lesions and scores.
We found that either B-line or pleural line evaluations yielded good to excellent intra- and
inter-explorer reliability: a kappa score of 0.84 for both pleural line scores and a kappa
score of 0.90 or 0.93 for the semiquantitative or binary scores of B lines, respectively. One
of the main aspects of our work to highlight is the extensive reliability study carried out,
which evaluated both the intra- and inter-explorer reliability of two types of LUS scores for
each elementary lesion, and we even assessed all these aspects at the intercostal space level.

In relation to the assessment of B lines, we found that the binary score, which
was chosen according to some expert recommendations [38,43], yielded similar intra-
and inter-explorer reliability values to the global score, which has been used more fre-
quently in previous studies of CTD-ILD, especially scleroderma (SSc-ILD) [44–47] and
RA-ILD [20,22,23,26–29]. We consider this finding of great interest since it can simplify the
interpretation and quantification of LUS results, increasing its feasibility.

Furthermore, we believe that the excellent results of the intra- and inter-explorer
reliability of pleural line scores are particularly noteworthy, since pleural alterations have
been studied very little to date, not only in RA-ILD but also in SSc-ILD [23,40,41,48–55].
We want to highlight the good performance of our semiquantitative pleural score that
considers not only the severity but also the extent of the affectation, providing more
detailed information than the binary pleural score. Our training as rheumatologists to
quantify synovitis semi-quantitatively using ultrasound could be one of the explanations
for the good results of the semiquantitative pleural score, although the results of the
pulmonologist sonographer were equally good. The superficial location of the pleural line,
which facilitates its exploration, as it is less interfered with by the patient’s characteristics,
may also have influenced the results. Interestingly, a pleural line examination is faster and
simpler than investigating the presence of B lines and can be performed very adequately
using linear probes, which are the most frequently available in rheumatology consultations.
The fact that our semiquantitative pleural score does not require measurements makes it
even simpler and more feasible, unlike other proposals that define the pathology of the
pleural line by a thickness above a threshold that varies depending on the use of linear or
convex probes, respectively [23,48,49,53,56]. In fact, none of our examinations lasted more
than 15 min, despite assessing both the presence of B lines and pleural line pathology using
various scores, which supports the feasibility of LUS for ILD screening.

At the intercostal space level, intra- and inter-explorer reliability were generally very
good, although in some areas, there seemed to be less agreement. In the case of B lines,
the binary score yielded slightly better results than the global score. Furthermore, some
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left intercostal spaces of the anterolateral thorax, especially when using the global B-line
score, showed slightly lower reliability values, probably due to the difficulties generated by
the presence of the heart. By contrast, semiquantitative pleural score results were slightly
better than those of the binary pleural score, and the differences between the right and left
anterolateral thorax were insignificant, which reinforces the interest of pleural evaluations.
We found no substantial changes between the anterior and posterior thorax evaluations of
the presence of both B lines and pleural line alterations.

To give robustness to our study and minimize additional sources of variability, we
implemented all measures within our reach. First, we defined the elementary lesions to be
evaluated (B lines and pleural line alterations), decided the scanning protocol and generated
the corresponding scores, relying on the international evidence-based recommendations
for point-of-care LUS [38] and previous data on LUS for SSc-ILD [18,44–46,53,57–61] and
CTD-ILD [17,22,23,26–29,48,49,52,62–65], as well as our personal experience.

Despite most LUS studies focused on B lines, we decided to also include the evalua-
tion of the pleural line due to its greater discriminative capacity between pathology and
normality suggested in preliminary studies [23,47]. Moazedi-Fuerst et al. compared the
frequency of LUS abnormalities in patients with RA without the suspicion of ILD and
healthy controls [23]. They evaluated the presence of B lines and a fragmented pleural line
in both groups. Interestingly, while B lines on at least two of the examined locations were
observed in 7% of the healthy controls, none of them showed fragmentation of the pleural
line, suggesting the importance of considering both alterations.

We chose the lung scanning protocol for 14 intercostal spaces due to its good balance
and feasibility, sufficiently comprehensive examination, good sensitivity and specificity
and negative predictive values described for both SSc-ILD and RA-ILD [29,36]. In fact, in
the meta-analysis by Xie et al. [25], in which the diagnostic accuracy of LUS scores using
different intercostal space counts was compared, the authors found that the score for the
14 intercostal spaces had better diagnostic performance than the global count that included
72 intercostal spaces.

Regarding LUS scores, our selection also reflects a combination of previous evidence
from the literature, and our experience in musculoskeletal ultrasound as semiquantitative
scores has demonstrated better reliability and informative capacity than binary scores.
Finally, we did a practical patient-based exercise to further improve the consensus about
the definitions of the elementary lesions, the scanning protocol and the interpretation of
the LUS findings.

Technical issues are another key point to control when studying reliability. For that
purpose, all the sonographers used the same ultrasound machine, probe, settings, and ex-
amination room in successive rotating shifts for each patient, guaranteeing blinding among
explorers. Furthermore, a resting interval between the two rounds of LUS examinations
was established to prevent recall bias for intra-explorer reliability evaluations.

Several reasons led us to choose the linear probe for both B-line and pleural line
evaluations. First, it was used to bring our study closer in determining the reality of
rheumatology in clinical practice, in which multifrequency linear probes are the ones
available. Second, it was used to speed up and make examinations more feasible. Lastly,
although key to this decision, it was chosen due to its good correlation and comparable
precision reported between different types of probes [21,46]. Delle Sedie et al. compared the
performance of cardiac and linear probes to identify B lines and their correlation with HRCT
diagnosis of ILD in patients with systemic sclerosis [46]. They found a good correlation
between them in terms of the evaluation of B lines, with an intraclass correlation coefficient
(ICC) of 0.681. with regard to the correlation with HRCT, both probes displayed good
sensitivity (85%), with a slight difference in specificity. Furthermore, linear probes allow
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for the better characterization of the pleural line, which was a key objective of our study, as
recognized by some expert recommendations [43].

Regarding the literature, none of the manuscripts published to date on LUS in RA-
ILD provide intra-explorer reliability data, while inter-explorer reliability has only been
reported by one study (Table 5). Cogliati et al. found a kappa of 0.78 for the presence of
ILD by comparing B-line scores obtained via an exam of 72 intercostal spaces performed
with a standard ultrasound machine by an experienced examiner and that performed
using a pocket-sized device by a more novice explorer, both with a convex probe [22]. Our
inter-explorer reliability values for both B-line scores are higher than those described by
Cogliati et al. (κ = 0.90 and 0.93 versus κ = 0.78, respectively), although the extensive
experience of our sonographers could have played a role [22].

It should be noted that there is also scarce and not very detailed data on inter-observer
reliability evaluated from stored images or videos, and some reliability data come from
exams conducted prior to the study to reach a consensus. Only Gutierrez et al. [29]
described with more detail their reliability exercise that included eight patients with
CTD-ILD, which was independently assessed by the two examiners by counting B lines
in 14 intercostal spaces with a multifrequency linear probe. Their reported inter-observer
agreement (κ = 0.82) was excellent, although their value was slightly lower than ours
(κ = 0.93). Furthermore, Cogliati et al. described that their previously reported r-value for
inter-observer variability for the quantification of B lines was 0.96 [22,66], and Watanabe
et al. [42] focused on inter-rater reliability for the total B-line measurements.

Other authors have conducted inter-observer reliability studies of pleural line alter-
ations. Moazedi-Fuerst et al. [23] used the LUS score including 18 intercostal spaces that
combined the evaluation of B lines (convex probe) and pleural line alterations (linear probe).
They described an inter-observer kappa of 0.92 for ILD presence between the two explorers
but did not assess the reliability by elementary lesion or region examined, making it more
difficult to establish comparisons with our study. More recently, Bandinelli et al. have
published the intra- and inter-reader ICC of semiquantitative pleural and parenchymal ul-
trasound scores, which range from 0 to 3 according to the following descriptions: a) pleural
score: 0 = normal, 1 = thickened pleural line, 2 = fragmented pleural line and 3 = subpleural
consolidation and b) parenchymal score: 0 = absent B lines, 1 = discrete and divergent B
lines, 2 = confluent B lines and 3 = whiteout [40]. Examinations of fourteen intercostal
spaces were performed using a linear probe by an expert senior sonographer. Saved im-
ages were additionally evaluated by three junior residents that had been trained over a
6-month period. They described intra-reader ICC > 0.9 for both scores (senior examiner)
and good to excellent inter-reader ICC (0.82–0.84 for pleural alterations and 0.86–0.94 for
parenchymal score) for the residents, in line with our findings. Finally, Zabaleta et al. [41]
have also described inter-observer and intra-observer reliability data for B lines and pleural
irregularities, which were obtained prior to their research study on LUS.

Despite a growing interest in evaluating the usefulness of pleural line abnormalities,
RA-ILD screening has emerged in recent years, and reliability exercises are frequently
lacking [56,67]. Vermant et al. evaluated the number and anatomic distribution of B
lines, as well as the frequency of pleural line alterations, which are defined by the exis-
tence of thickening or fragmentation, and the presence of subpleural nodules or pleural
effusions [56]. However, they did not describe the anatomic distribution of pleural line
alterations. Interestingly, these authors described inter-rater reliability data from a previous
study of LUS in patients with SARS-CoV-2 using the 12-zone protocol and a convex probe:
kappa values of 0.79 for normal LUS and the presence of B lines, 0.16 for the total count
of B lines, 0.23 for pleural thickening and 0.49 for subpleural consolidation and pleural
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effusion [68]. These data reinforce the convenience of using linear probes for the study of
the pleural line.

Sofíudóttir et al. have proposed a new definition of pathologic LUS that considers both
B lines and pleural line abnormalities [67]. They defined LUS as positive if the number of B
lines was ≥10 in at least two of the examined areas (14 intercostal spaces) or the pleural line
was thickened and fragmented in at least one area. Despite planning to study reliability in
their published protocol [69], no reliability data were reported [67].

Additionally, Fairchild et al. proposed focusing ultrasound screening for ILD on
the exclusive evaluation of the pleural line using a linear probe and a reduced count
of 14 intercostal spaces [55]. They suggested assessing the presence of discontinuity or
cavitation of the pleural line by considering the lung ultrasound examination to be positive
if these abnormalities are present in at least one intercostal space, are larger than 2 mm in
size, show pseudo-thickening and move with pleural sliding. A preliminary validation
approach in patients with systemic sclerosis showed adequate sensitivity and specificity
(100% and 82%, respectively), reporting an inter-observer reliability exercise with a kappa
value of 0.82, although they have not conducted intra- or inter-explorer reliability exercises,
nor have they assessed the performance of this pleural score in patients with RA. Based
on their results, these authors proposed using LUS as a tool for selecting patients to
perform HRCT.

The progressive incorporation of the evaluation of pleural line abnormalities in the
most recent works denotes the interest it arouses, which gives added value to our intra- and
inter-explorer reliability studies that incorporate the evaluation of the reliability of both B
lines and pleural line alterations while considering different alternatives, such as binary and
semiquantitative scores. We would like to emphasize that our proposed semiquantitative
pleural score considers not only the presence of pleural line abnormalities but also their
extent as a potential measure of severity.

In summary, demonstrating the reliability of LUS is of crucial importance to facilitate
its implementation in clinical practice for the study of CTD-ILD such as RA-ILD. Despite
operator dependency being one of the main disadvantages traditionally attributed to
ultrasound, our good to excellent intra- and inter-explorer reliability results reinforce the
usefulness of LUS for RA-ILD screening and represent a step forward in its validation
process, highlighting the importance of examining pleural line alterations. We have not
found a study of similar characteristics published to date and believe that our work helps
to shed light on an unmet need, thereby adding relevant scientific evidence to the literature.
As we have highlighted in the Discussion Section, no such comprehensive studies have
been published to date on the inter- and intra-explorer reliability of lung ultrasound.

Based on our results, we propose that RA-ILD screening using LUS should include the
evaluation of both B lines and pleural line alterations, and we believe that linear probes are
adequate for both purposes. Additionally, the scores we propose seem more reproducible
than those previously suggested and could simplify the interpretation and quantification of
LUS results, which might improve their feasibility and implementation in clinical practice.
In this regard, we highlight the good performance of our semiquantitative pleural score
that considers the presence and severity of the affectation.

As a future perspective, given the favorable findings of our pilot study, we believe it
would be of great interest to conduct further research to validate these results in studies
with larger sample sizes by comparing LUS reliability between different levels of severity
of RA-ILD, including patients in the preclinical or early stages of the disease. It would
also be interesting to compare reliability between patients with RA-ILD and other systemic
autoimmune rheumatic disease-associated ILDs.
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Limitations

The main limitations of our study are its limited sample size, monocentric nature and
the successive inclusion of patients, without selection for different degrees of lung involve-
ment. In our pilot reliability study, we applied measures at our disposal to mitigate the
limitations of the small sample size, such as being conducted by experienced sonographers,
as well as the previously mentioned measures used to increase this study’s robustness.
Organizing reliability studies like ours, in which patients are examined twice by three
explorers, is complex. They need to be conducted at a single site with a limited sample size
and sufficient time (>5 h) to ensure blinding. However, the findings of our pilot study must
be interpreted with caution and considered a starting point worthy of further investigation
because its small sample size limits the generalizability of the conclusions.

Due to the recruitment of patients being consecutive and without randomization,
the existence of a selection bias cannot be ruled out. Additionally, it did not allow for
stratification by RA-ILD severity, although its impact on reliability might not be possible to
delineate with the limited sample size. Finally, the inherent limitations of LUS in its ability
to detect pulmonary fibrotic patterns compared to HRCT cannot be completely ruled out.
B lines may be present in other pathologies such as heart failure, pulmonary infections,
pleural disease or atelectasis, which limits its specificity, so a thorough clinical evaluation is
necessary to exclude these processes. Furthermore, in healthy elderly patients, a limited
number of B lines can also be found, which can complicate the interpretation of LUS in
patients with suspected RA-ILD due to its association with age as one of its risk factors. It
should be added that LUS, unlike HRCT, cannot evaluate the entire parenchyma and has
limitations for differential diagnosis with infection and cancer.

5. Conclusions
Our study demonstrates the substantial to excellent intra- and inter-explorer reliability

of simple and feasible LUS scores, which evaluate B lines and pleural line alterations, and
seems more reproducible than those previously proposed. Our results add evidence in favor
of the potential implementation of LUS in clinical practice as an aid tool for the diagnosis
of RA-ILD and more efficiently select patients who are candidates for HRCT, deserving
further validation in studies with larger sample sizes and stratification by RA-ILD severity.
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CTD-ILD Connective tissue diseases associated with interstitial lung disease
DAS28 Disease Activity Score of 28 joints
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RA Rheumatoid arthritis
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References
1. Cai, Y.; Zhang, J.; Liang, J.; Xiao, M.; Zhang, G.; Jing, Z.; Lv, L.; Nan, K.; Dang, X. The Burden of Rheumatoid Arthritis: Findings

from the 2019 Global Burden of Diseases Study and Forecasts for 2030 by Bayesian Age-Period-Cohort Analysis. J. Clin. Med.
2023, 12, 1291. [CrossRef] [PubMed]

2. Shaw, M.; Collins, B.F.; Ho, L.A.; Raghu, G. Rheumatoid Arthritis-Associated Lung Disease. Eur. Respir. Rev. 2015, 24, 1–16.
[CrossRef] [PubMed]

3. Raimundo, K.; Solomon, J.J.; Olson, A.L.; Kong, A.M.; Cole, A.L.; Fischer, A.; Swigris, J.J. Rheumatoid Arthritis–Interstitial
Lung Disease in the United States: Prevalence, Incidence, and Healthcare Costs and Mortality. J. Rheumatol. 2019, 46, 360–369.
[CrossRef]

4. Spagnolo, P.; Lee, J.S.; Sverzellati, N.; Rossi, G.; Cottin, V. The Lung in Rheumatoid Arthritis: Focus on Interstitial Lung Disease.
Arthritis Rheumatol. 2018, 70, 1544–1554. [CrossRef] [PubMed]

5. Bongartz, T.; Nannini, C.; Medina-Velasquez, Y.F.; Achenbach, S.J.; Crowson, C.S.; Ryu, J.H.; Vassallo, R.; Gabriel, S.E.; Matteson,
E.L. Incidence and Mortality of Interstitial Lung Disease in Rheumatoid Arthritis: A Population-Based Study. Arthritis Rheum.
2010, 62, 1583–1591. [CrossRef]

6. Bartels, C.M.; Bell, C.L.; Shinki, K.; Rosenthal, A.; Bridges, A.J. Changing Trends in Serious Extra-Articular Manifestations of
Rheumatoid Arthritis among United State Veterans over 20 Years. Rheumatology 2010, 49, 1670–1675. [CrossRef]

7. Olson, A.L.; Swigris, J.J.; Sprunger, D.B.; Fischer, A.; Fernandez-Perez, E.R.; Solomon, J.; Murphy, J.; Cohen, M.; Raghu, G.; Brown,
K.K. Rheumatoid Arthritis-Interstitial Lung Disease-Associated Mortality. Am. J. Respir. Crit. Care Med. 2011, 183, 372–378. [CrossRef]

https://doi.org/10.3390/jcm12041291
https://www.ncbi.nlm.nih.gov/pubmed/36835827
https://doi.org/10.1183/09059180.00008014
https://www.ncbi.nlm.nih.gov/pubmed/25726549
https://doi.org/10.3899/jrheum.171315
https://doi.org/10.1002/art.40574
https://www.ncbi.nlm.nih.gov/pubmed/29806092
https://doi.org/10.1002/art.27405
https://doi.org/10.1093/rheumatology/keq135
https://doi.org/10.1164/rccm.201004-0622OC


J. Clin. Med. 2025, 14, 3701 18 of 20

8. Nieto, M.A.; Rodriguez-Nieto, M.J.; Sanchez-Pernaute, O.; Romero-Bueno, F.; Leon, L.; Vadillo, C.; Freites-Nuñez, D.D.; Jover, J.A.;
Álvarez-Sala, J.L.; Abasolo, L. Mortality Rate in Rheumatoid Arthritis-Related Interstitial Lung Disease: The Role of Radiographic
Patterns. BMC Pulm. Med. 2021, 21, 205. [CrossRef] [PubMed]

9. Cano-Jiménez, E.; Vázquez Rodríguez, T.; Martín-Robles, I.; Castillo Villegas, D.; Juan García, J.; Bollo de Miguel, E.; Robles-Pérez,
A.; Ferrer Galván, M.; Mouronte Roibas, C.; Herrera Lara, S.; et al. Diagnostic Delay of Associated Interstitial Lung Disease
Increases Mortality in Rheumatoid Arthritis. Sci. Rep. 2021, 11, 9184. [CrossRef]

10. Vicente-Rabaneda, E.F.; Atienza-Mateo, B.; Blanco, R.; Cavagna, L.; Ancochea, J.; Castañeda, S.; González-Gay, M.Á. Efficacy and
Safety of Abatacept in Interstitial Lung Disease of Rheumatoid Arthritis: A Systematic Literature Review. Autoimmun. Rev. 2021,
20, 102830. [CrossRef]

11. Bes, C. Comprehensive Review of Current Diagnostic and Treatment Approaches to Interstitial Lung Disease Associated with
Rheumatoid Arthritis. Eur. J. Rheumatol. 2019, 6, 146–149. [CrossRef] [PubMed]

12. Narváez, J.; Aburto, M.; Seoane-Mato, D.; Bonilla, G.; Acosta, O.; Candelas, G.; Cano-Jiménez, E.; Castellví, I.; González-Ruiz,
J.M.; Corominas, H.; et al. Screening Criteria for Interstitial Lung Disease Associated to Rheumatoid Arthritis: Expert Proposal
Based on Delphi Methodology. Reumatol. Clin. (Engl. Ed.) 2023, 19, 74–81. [CrossRef] [PubMed]

13. Kelly, C.A.; Saravanan, V.; Nisar, M.; Arthanari, S.; Woodhead, F.A.; Price-Forbes, A.N.; Dawson, J.; Sathi, N.; Ahmad, Y.;
Koduri, G.; et al. Rheumatoid Arthritis-Related Interstitial Lung Disease: Associations, Prognostic Factors and Physiological and
Radiological Characteristics--a Large Multicentre UK Study. Rheumatology 2014, 53, 1676–1682. [CrossRef]

14. McDermott, G.C.; Doyle, T.J.; Sparks, J.A. Interstitial Lung Disease throughout the Rheumatoid Arthritis Disease Course. Curr.
Opin. Rheumatol. 2021, 33, 284–291. [CrossRef] [PubMed]

15. Johnson, S.R.; Bernstein, E.J.; Bolster, M.B.; Chung, J.H.; Danoff, S.K.; George, M.D.; Khanna, D.; Guyatt, G.; Mirza, R.D.; Aggarwal,
R.; et al. 2023 American College of Rheumatology (ACR)/American College of Chest Physicians (CHEST) Guideline for the
Screening and Monitoring of Interstitial Lung Disease in People with Systemic Autoimmune Rheumatic Diseases. Arthritis
Rheumatol. 2024, 76, 1201–1213. [CrossRef]

16. Biederer, J.; Schnabel, A.; Muhle, C.; Gross, W.L.; Heller, M.; Reuter, M. Correlation between HRCT Findings, Pulmonary Function
Tests and Bronchoalveolar Lavage Cytology in Interstitial Lung Disease Associated with Rheumatoid Arthritis. Eur. Radiol. 2004,
14, 272–280. [CrossRef]

17. Vicente-Rabaneda, E.F.; Bong, D.A.; Castañeda, S.; Möller, I. Use of Ultrasound to Diagnose and Monitor Interstitial Lung Disease
in Rheumatic Diseases. Clin. Rheumatol. 2021, 40, 3547–3564. [CrossRef]

18. Reyes-Long, S.; Gutierrez, M.; Clavijo-Cornejo, D.; Alfaro-Rodríguez, A.; González-Sámano, K.; Cortes-Altamirano, J.L.; Muñoz-
Louis, R.; Cruz-Arenas, E.; Camargo, K.; Gonzalez, F.; et al. Intersticiopatía pulmonar subclínica en pacientes con esclerosis
sistémica. Estudio piloto sobre el papel del ultrasonido. Reumatol. Clínica 2021, 17, 144–149. [CrossRef]

19. Vicente-Rabaneda, E.F.; Acebes, C.; Castañeda, S. Usefulness of Extra-Articular Ultrasound Applied to Systemic Inflammatory
Diseases in Clinical Practice. Reumatol. Clin. (Engl. Ed.) 2021, 17, 229–236. [CrossRef]

20. Santos-Moreno, P.; Linares-Contreras, M.F.; Rodríguez-Vargas, G.-S.; Rodríguez-Linares, P.; Mata-Hurtado, A.; Ibatá, L.; Martínez,
S.; Rojas-Villarraga, A.; Diaz, M.; Vicente-Rabaneda, E.F.; et al. Usefulness of Lung Ultrasound as a Method for Early Diagnosis of
Interstitial Lung Disease in Patients with Rheumatoid Arthritis. Open Access Rheumatol. 2024, 16, 9–20. [CrossRef]

21. Gutierrez, M.; Soto-Fajardo, C.; Pineda, C.; Alfaro-Rodriguez, A.; Terslev, L.; Bruyn, G.; Iagnocco, A.; Bertolazzi, C.; D’Agostino,
M.A.; Delle Sedie, A. Ultrasound in the Assessment of Interstitial Lung Disease in Systemic Sclerosis: A Systematic Literature
Review by the OMERACT Ultrasound Group. J. Rheumatol. 2020, 47, 991–1000. [CrossRef] [PubMed]

22. Cogliati, C.; Antivalle, M.; Torzillo, D.; Birocchi, S.; Norsa, A.; Bianco, R.; Costantino, G.; Ditto, M.C.; Battellino, M.; Sarzi Puttini,
P.C.; et al. Standard and Pocket-Size Lung Ultrasound Devices Can Detect Interstitial Lung Disease in Rheumatoid Arthritis
Patients. Rheumatology 2014, 53, 1497–1503. [CrossRef]

23. Moazedi-Fuerst, F.C.; Kielhauser, S.M.; Scheidl, S.; Tripolt, N.J.; Lutfi, A.; Yazdani-Biuki, B.; Dejaco, C.; Graninger, W.B. Ultrasound
Screening for Interstitial Lung Disease in Rheumatoid Arthritis. Clin. Exp. Rheumatol. 2014, 32, 199–203.

24. Song, G.G. Diagnostic Accuracy of Lung Ultrasound for Interstitial Lung Disease in Patients with Connective Tissue Diseases: A
Meta-Analysis. Clin. Exp. Rheumatol. 2016, 34, 11–16.

25. Xie, H.Q.; Zhang, W.W.; Sun, D.S.; Chen, X.M.; Yuan, S.F.; Gong, Z.H.; Liu, L. A Simplified Lung Ultrasound for the Diagnosis of
Interstitial Lung Disease in Connective Tissue Disease: A Meta-Analysis. Arthritis Res. Ther. 2019, 21, 93. [CrossRef] [PubMed]

26. Fotoh, D.S.; Helal, A.; Rizk, M.S.; Esaily, H.A. Serum Krebs von Den Lungen-6 and Lung Ultrasound B Lines as Potential
Diagnostic and Prognostic Factors for Rheumatoid Arthritis-Associated Interstitial Lung Disease. Clin. Rheumatol. 2021, 40,
2689–2697. [CrossRef]

27. Mena-Vázquez, N.; Jimenez-Núñez, F.G.; Godoy-Navarrete, F.J.; Manrique-Arija, S.; Aguilar-Hurtado, M.C.; Romero-Barco, C.M.;
Ureña-Garnica, I.; Espildora, F.; Padin-Martín, M.I.; Fernández-Nebro, A. Utility of Pulmonary Ultrasound to Identify Interstitial
Lung Disease in Patients with Rheumatoid Arthritis. Clin. Rheumatol. 2021, 40, 2377–2385. [CrossRef] [PubMed]

https://doi.org/10.1186/s12890-021-01569-5
https://www.ncbi.nlm.nih.gov/pubmed/34193085
https://doi.org/10.1038/s41598-021-88734-2
https://doi.org/10.1016/j.autrev.2021.102830
https://doi.org/10.5152/eurjrheum.2019.19036
https://www.ncbi.nlm.nih.gov/pubmed/31364981
https://doi.org/10.1016/j.reuma.2021.12.006
https://www.ncbi.nlm.nih.gov/pubmed/35753951
https://doi.org/10.1093/rheumatology/keu165
https://doi.org/10.1097/BOR.0000000000000787
https://www.ncbi.nlm.nih.gov/pubmed/33625044
https://doi.org/10.1002/art.42860
https://doi.org/10.1007/s00330-003-2026-1
https://doi.org/10.1007/s10067-021-05761-0
https://doi.org/10.1016/j.reuma.2019.05.004
https://doi.org/10.1016/j.reuma.2020.04.005
https://doi.org/10.2147/OARRR.S441720
https://doi.org/10.3899/jrheum.180940
https://www.ncbi.nlm.nih.gov/pubmed/31263075
https://doi.org/10.1093/rheumatology/keu033
https://doi.org/10.1186/s13075-019-1888-9
https://www.ncbi.nlm.nih.gov/pubmed/30975190
https://doi.org/10.1007/s10067-021-05585-y
https://doi.org/10.1007/s10067-021-05655-1
https://www.ncbi.nlm.nih.gov/pubmed/33611648


J. Clin. Med. 2025, 14, 3701 19 of 20

28. Di Carlo, M.; Tardella, M.; Filippucci, E.; Carotti, M.; Salaffi, F. Lung Ultrasound in Patients with Rheumatoid Arthritis: Definition
of Significant Interstitial Lung Disease. Clin. Exp. Rheumatol. 2022, 40, 495–500. [CrossRef]

29. Gutierrez, M.; Ruta, S.; Clavijo-Cornejo, D.; Fuentes-Moreno, G.; Reyes-Long, S.; Bertolazzi, C. The Emerging Role of Ultrasound
in Detecting Interstitial Lung Disease in Patients with Rheumatoid Arthritis. Jt. Bone Spine 2022, 89, 105407. [CrossRef]

30. Aletaha, D.; Neogi, T.; Silman, A.J.; Funovits, J.; Felson, D.T.; Bingham, C.O.; Birnbaum, N.S.; Burmester, G.R.; Bykerk, V.P.; Cohen,
M.D.; et al. 2010 Rheumatoid Arthritis Classification Criteria: An American College of Rheumatology/European League Against
Rheumatism Collaborative Initiative. Ann. Rheum. Dis. 2010, 69, 1580–1588. [CrossRef]

31. Gargani, L. Lung Ultrasound: A New Tool for the Cardiologist. Cardiovasc Ultrasound 2011, 9, 6. [CrossRef] [PubMed]
32. Gargani, L.; Frassi, F.; Soldati, G.; Tesorio, P.; Gheorghiade, M.; Picano, E. Ultrasound Lung Comets for the Differential Diagnosis

of Acute Cardiogenic Dyspnoea: A Comparison with Natriuretic Peptides. Eur. J. Heart Fail. 2008, 10, 70–77. [CrossRef] [PubMed]
33. Volpicelli, G.; Mussa, A.; Garofalo, G.; Cardinale, L.; Casoli, G.; Perotto, F.; Fava, C.; Frascisco, M. Bedside Lung Ultrasound in the

Assessment of Alveolar-Interstitial Syndrome. Am. J. Emerg. Med. 2006, 24, 689–696. [CrossRef]
34. Volpicelli, G. Lung Sonography. J. Ultrasound Med. 2013, 32, 165–171. [CrossRef]
35. Volpicelli, G. Lung Ultrasound B-Lines in Interstitial Lung Disease. Chest 2020, 158, 1323–1324. [CrossRef]
36. Gutierrez, M.; Salaffi, F.; Carotti, M.; Tardella, M.; Pineda, C.; Bertolazzi, C.; Bichisecchi, E.; Filippucci, E.; Grassi, W. Utility of a

Simplified Ultrasound Assessment to Assess Interstitial Pulmonary Fibrosis in Connective Tissue Disorders—Preliminary Results.
Arthritis Res. Ther. 2011, 13, R134. [CrossRef]

37. Gargani, L.; Volpicelli, G. How I Do It: Lung Ultrasound. Cardiovasc Ultrasound 2014, 12, 25. [CrossRef] [PubMed]
38. International Liaison Committee on Lung Ultrasound (ILC-LUS) for the International Consensus Conference on Lung Ultrasound

(ICC-LUS); Volpicelli, G.; Elbarbary, M.; Blaivas, M.; Lichtenstein, D.A.; Mathis, G.; Kirkpatrick, A.W.; Melniker, L.; Gargani, L.;
Noble, V.E.; et al. International Evidence-Based Recommendations for Point-of-Care Lung Ultrasound. Intensive Care Med. 2012,
38, 577–591. [CrossRef]

39. Landis, J.R.; Koch, G.G. An Application of Hierarchical Kappa-Type Statistics in the Assessment of Majority Agreement among
Multiple Observers. Biometrics 1977, 33, 363–374. [CrossRef]

40. Bandinelli, F.; Benucci, M.; Mallia, I.; Mauro, I.; Pecani, N.; Li Gobbi, F.; Manfredi, M.; Guiducci, S.; Lari, B.; Grossi, V.; et al. Do
Ultrasound Lung Abnormalities Correlate to Biomarkers and Male Gender in Rheumatoid Arthritis Patients? A Monocentric
Cross-Sectional Study. J. Clin. Med. 2024, 13, 3534. [CrossRef]

41. Tanten Zabaleta, R.; Marín, J.; Zacariaz Hereter, J.B.; Maritano, J.; Fullana, M.; Alvarado, N.; Soriano, E.R.; Rosa, J.E. Clinical
Utility of Lung Ultrasound for the Detection of Interstitial Lung Disease in Patients with Rheumatoid Arthritis. Reumatismo 2024,
76. [CrossRef] [PubMed]

42. Watanabe, S.; Yomono, K.; Yamamoto, S.; Suzuki, M.; Gono, T.; Kuwana, M. Lung Ultrasound in the Assessment of Interstitial Lung
Disease in Patients with Connective Tissue Disease: Performance in Comparison with High-Resolution Computed Tomography.
Mod. Rheumatol. 2024, 35, 79–87. [CrossRef]

43. Buda, N.; Kosiak, W.; Wełnicki, M.; Skoczylas, A.; Olszewski, R.; Piotrkowski, J.; Skoczyński, S.; Radzikowska, E.; Jassem, E.;
Grabczak, E.M.; et al. Recommendations for Lung Ultrasound in Internal Medicine. Diagnostics 2020, 10, 597. [CrossRef]

44. Gargani, L.; Doveri, M.; D’Errico, L.; Frassi, F.; Bazzichi, M.L.; Delle Sedie, A.; Scali, M.C.; Monti, S.; Mondillo, S.; Bombardieri,
S.; et al. Ultrasound Lung Comets in Systemic Sclerosis: A Chest Sonography Hallmark of Pulmonary Interstitial Fibrosis.
Rheumatology 2009, 48, 1382–1387. [CrossRef] [PubMed]

45. Barskova, T.; Gargani, L.; Guiducci, S.; Randone, S.B.; Bruni, C.; Carnesecchi, G.; Conforti, M.L.; Porta, F.; Pignone, A.; Caramella,
D.; et al. Lung Ultrasound for the Screening of Interstitial Lung Disease in Very Early Systemic Sclerosis. Ann. Rheum. Dis. 2013,
72, 390–395. [CrossRef]

46. Delle Sedie, A.; Doveri, M.; Frassi, F.; Gargani, L.; D’Errico, G.; Pepe, P.; Bazzichi, L.; Riente, L.; Caramella, D.; Bombardieri, S.
Ultrasound Lung Comets in Systemic Sclerosis: A Useful Tool to Detect Lung Interstitial Fibrosis. Clin. Exp. Rheumatol. 2010, 28, S54.

47. Vicente-Rabaneda, E.F.; Bong, D.A.; Busquets-Pérez, N.; Möller, I. Ultrasound Evaluation of Interstitial Lung Disease in Rheuma-
toid Arthritis and Autoimmune Diseases. Eur. J. Rheumatol. 2024, 11, S316–S322. [CrossRef] [PubMed] [PubMed Central]

48. Sperandeo, M.; Varriale, A.; Sperandeo, G.; Filabozzi, P.; Piattelli, M.L.; Carnevale, V.; Decuzzi, M.; Vendemiale, G. Transthoracic
Ultrasound in the Evaluation of Pulmonary Fibrosis: Our Experience. Ultrasound Med. Biol. 2009, 35, 723–729. [CrossRef] [PubMed]

49. Moazedi-Fuerst, F.; Kielhauser, S.; Brickmann, K.; Tripolt, N.; Meilinger, M.; Lutfi, A.; Graninger, W. Sonographic Assessment of
Interstitial Lung Disease in Patients with Rheumatoid Arthritis, Systemic Sclerosis and Systemic Lupus Erythematosus. Clin. Exp.
Rheumatol. 2015, 33, S87–S91.

50. Buda, N.; Masiak, A.; Zdrojewski, Z. Utility of Lung Ultrasound in ANCA-Associated Vasculitis with Lung Involvement. PLoS
ONE 2019, 14, e0222189. [CrossRef]
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