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Clinical utility of lung ultrasound
for the detection of interstitial lung disease
in patients with rneumatoid arthritis
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SUMMARY
Objective. To establish the diagnostic value of lung ultrasound (LUS) in patients with rheumatoid arthritis (RA)
for the detection of interstitial lung disease (ILD).
Methods. A cross-sectional study was performed. Consecutive patients with RA (American College of Rheu-
matology/European League Against Rheumatism 2010 criteria) who had a chest high-resolution computed
tomography (HRCT) performed within 12 months before inclusion, regardless of symptomatology, were in-
cluded. Demographic, clinical, laboratory, and pharmacological data were recorded. Each patient underwent a
LUS with assessment of B-lines (BL) and pleural irregularities (PI). HRCT was considered the gold standard
for the confirmatory diagnosis of ILD. Receiver operating characteristic (ROC) curves were calculated to test
the ability of LUS findings (BL and PI) in discriminating patients with ILD.
Results. A total of 104 RA patients were included, of which 21.8% had ILD. Patients with ILD had more BL
(median 26 versus 1, p<0.001) and PI (median 16 versus 5, p<0.001) than patients without ILD. The diagnostic
accuracy in ROC curves was as follows: area under the curve (AUC) 0.88 and 95% confidence interval (CI)
0.78-0.93 for BL and AUC 0.82 and 95% CI 0.74-0.89 for PI. The best cut-off points for (ILD detection) dis-
criminating the presence of significant interstitial lung abnormalities were 8 BL and 7 PI.
Conclusions. The presence of 8 BL and/or 7 PI in the LUS showed an adequate cut-off value for discriminating
the presence of significant interstitial lung abnormalities, evocative of ILD.
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nterstitial lung disease (ILD) is one of

the most common extra-articular mani-
festations of rheumatoid arthritis (RA). The
risk of developing clinically important ILD
in RA patients is about 7.7% (1). It is esti-
mated that median survival for the total RA-
ILD population ranges from 2 to 14 years
(2). However, there are significant discrep-
ancies in the estimation of the prevalence of
ILD associated with RA, and this depends
on the population studied and the methods
applied for its diagnosis.
High-resolution computed tomography
(HRCT) has been accepted as the standard
imaging method for diagnosing and moni-
toring ILD in patients with rheumatic dis-
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eases, demonstrating a close correlation
with open lung biopsy (3), and good sensi-
tivity for the detection of ILD in patients
with connective tissue diseases (3, 4). How-
ever, the use of HRCT as a screening meth-
od has disadvantages, such as its high cost
and exposure to ionizing radiation.

Lung ultrasound (LUS) is a non-invasive,
low-cost, safe, non-ionizing, and easily per-
formed diagnostic tool. Currently, several
studies demonstrate its sensitivity and diag-
nostic use in the detection of ILD in patients
with RA and other connective tissue dis-
eases(1, 5, 6).

LUS plays an important role in the detec-
tion of pulmonary diseases based on the
identification and quantification of B-lines
(BL), which are comet-like artifacts gener-
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ated by the reflection of the ultrasound
beam from the thickened subpleural interlo-
bar septa, identifiable between the intercos-
tal spaces (7). There are different scoring
systems to assess lung involvement, but
several of them can be time-consuming for
the physician and the patient in routine dai-
ly clinical practice and are also impractical
in follow-up (1). A simplified scoring sys-
tem has shown a good correlation with the
more extensive system and has been vali-
dated with HRCT as the gold standard
method (8). In addition to the detection of
BL by LUS, pleural involvement is also ad-
equately described, which manifests itself
with pleural irregularities (PI) clearly iden-
tifiable in the ultrasound study and defined
as the loss of regularity of the pleura, which
may be associated with an increase in thick-
ness (either focal, diffuse, linear, or nodu-
lar) (9, 10).

However, few studies have correlated both
LUS characteristics with HRCT in patients
with RA (5, 11). The present study aimed to
investigate the diagnostic value of LUS in
ILD for RA patients, using chest HRCT as
the gold standard.

Patients

We performed a cross-sectional study at the
Hospital Italiano de Buenos Aires in Argen-
tina. Consecutive outpatients fulfilling RA
2010 American College of Rheumatology/
European League Against Rheumatism
classification criteria (12) who had at least
one chest HRCT in the 12 months prior to
the inclusion visit, regardless of symptoma-
tology, were included between January
2021 and August 2022.

We excluded patients with other chronic in-
flammatory joint diseases (psoriatic arthri-
tis, crystalline arthritis, spondylarthritis,
systemic lupus erythematosus, Sjogren’s
syndrome, mixed connective tissue disease,
and overlap syndromes), as well as those
who exhibited signs of respiratory infec-
tions within the month preceding the HRCT
and LUS dates, evidence of moderate to se-
vere pleural effusion, signs of heart failure,
and moderate/severe heart valve disease
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and/or severe obstructive pulmonary dis-
ease.

The electronic medical records of each pa-
tient included were manually reviewed and
demographic, clinical, laboratory, and treat-
ment data were recorded.

Interstitial lung disease and chest
high-resolution computed tomography
interpretation
For the diagnosis of ILD, HRCT was con-
sidered the gold standard. All HCRTs were
assessed by an ILD-expert pulmonologist,
who was blinded to the clinical symptoms
and LUS findings. When interstitial in-
volvement was found, its extension and pat-
tern were determined. The extent of in-
volvement was visually defined at the dis-
cretion of the ILD expert pulmonologist.
The extension was defined as the percent-
age of lung parenchyma with interstitial in-
volvement. Considering previous reports,
ILD was defined as present when an exten-
sion 210% of lung involvement was found
irrespective of the pattern (13). Different
radiological features were assessed
(ground-glass or reticular abnormalities,
traction bronchiectasis, honeycombing, and
non-emphysematous cysts) to classify the
ILD according to the following HRCT pat-
terns: usual interstitial pneumonia (UIP),
non-specific interstitial pneumonia (NSIP),
organizing pneumonia (OP), interstitial
lymphoid pneumonia (ILP), and indetermi-
nate. Other tomographic findings, such as
location, were also assessed (subpleural,
peri broncho vascular, and random). For the
comparison with other diagnostic methods,
patients were divided into two groups ac-
cording to HRCT results:
1) normal (HRCT without interstitial in-
volvement);
2) ILD (HRCT with interstitial involve-
ment with an extension >10%).

Lung ultrasound examination

LUS examination was performed by two ul-
trasonography-trained rheumatologists,
blinded to HRCT results and clinical data,
using an Esaote Mylab class C machine
equipped with a multi-frequency (MHz) lin-
ear transducer (8-18 MHz) and a curved
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transducer (4-8 MHz). LUS was performed
through transverse scans of intercostal spac-
es, using a simplified published anatomical
score, including 14 intercostal spaces (ICS)
grouped in 2 chest wall regions (8).
Description of the anatomical sites:
— anterior region (bilateral):

2" ICS, para-sternal line

4% ICS, mid-clavear line

4" ICS, anterior axillary line

4" ICS, mid-axillary line
— posterior region (bilateral):

8" ICS, paravertebral line

8" ICS, sub-scapular line

8" ICS, posterior axillary line
PI and BL were assessed at each space. PI
was defined as the loss of regularity, that
may be associated with an increase in thick-
ness (either focal, diffuse, linear, or nodu-
lar) (10). BL was defined as vertical arti-
facts reminiscent of comet tails arising from
the pleural line and projecting downwards
(7). BL and PI evaluation included quanti-
fying the total number of BL and of PI.
Prior to the study, an evaluation of the degree
of agreement among the participating sonog-
raphers was carried out. BL (quantifying
their total number) and PI (quantifying their
total number) were evaluated through an ex-
ercise of reading images in videos.
Inter-observer reliability for the definition
of BL was excellent [intraclass correlation
coefficient (ICC)=0.97] and moderate for
PI (ICC=0.78). The intra-observer correla-
tion coefficient for BL was (ICC=0.76), and
the intra-observer agreement percentage for
PI was (ICC=0.79).

Statistical analysis

Descriptive and analytical statistics were
performed. Continuous variables were re-
ported as means and standard deviations or
median and interquartile ranges (IQR) for
non-normally distributed data and com-
pared with the Student #-test or Mann-Whit-
ney, respectively. Bonferroni adjustment
was used for multiple comparisons. Cate-
gorical variables were reported as propor-
tions [with their corresponding 95% confi-
dence interval (CI)] and compared using the
%> or Fisher test for a binary outcome. Cut-
off points were calculated for BL and PI us-
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ing receiver operating characteristic (ROC)
curves. Sensitivity, specificity, predictive
values, and likelihood ratios were calculat-
ed for each cut-off point.

The sample size calculation was performed
following the proposal of Carley et al. (14).
For sensitivity the lung HRCT was considered
as the gold standard. For an expected sensitiv-
ity of 70%, with a hemi-amplitude of 15%
and a prevalence of pulmonary involvement
of 33%, 109 patients with RA are required.
Data were analyzed with the STATA v.12
programs (Stata Corp, College Station, TX,
USA).

Ethical considerations

All procedures were performed by the ethi-
cal standards of the Ethics Committee for
Research Protocols (CEPI) of the Hospital
Italiano de Buenos Aires (protocol number:
5925, approval date: 11/2/21), the 1964
Declaration of Helsinki and its subsequent
amendments, or comparable ethical stand-
ards. All patients provided written informed
consent.

A total of 104 patients with RA were includ-
ed; 82.7% (95% C1 74.0-89.4) were women
with a median age at RA diagnosis of 57.5
years (IQR 47.3-67.2) and a median disease
duration of 8.7 years (IQR 3.3-15.8). Base-
line characteristics are shown in Table I, ac-
cording to the presence or not of ILD.

96.2% of patients (95% CI 90.5-98.9) were
seropositive for rheumatoid factor and/or
anti-citrullinated protein antibodies. The
median disease activity score-28 for rheu-
matoid arthritis with erythrocyte sedimen-
tation rate (ESR) was 3.19 (IQR 2.6-4.6), at
the moment of LUS. Fifty-six (53.8%) pa-
tients were on conventional synthetic dis-
ease-modifying antirheumatic drugs
(DMARDS) only, 64.3% were in monother-
apy with methotrexate, and 46.2% were un-
der biological/targeted synthetic DMARDs
treatment at inclusion. Table I shows the
different treatment combinations. Twenty-
one patients (21.8%) had ILD according to
the chest HRCT definition (HRCT exten-
sion 210% of lung involvement). They were
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older at the time of RA diagnosis (64 versus
54 years old, p=0.002) and had higher ESR
and C-reactive protein (48 versus 29 mm/h,
p=0.02, and 5.9 versus 3 g/L; p=0.002, re-
spectively) than patients without ILD.
Patients with ILD were classified on the fol-
lowing HRCT patterns:

1) indeterminate, 9 (42.9%);

2) NSIP, 6 (28.6%);

3) UIP, 4 (19%);

4) others, 2 (9.5%) (OP, ILP) (Table II).

Table I - Clinical and demographic characteristics.
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Regarding LUS examination, patients with
ILD had significantly more BL (median 26
versus 1, p<0.001) and PI (median 16 ver-
sus 5, p<0.001) than patients without ILD
(Figures 1 and 2). Seventy-one percent of
the patients underwent LUS within three
months after undergoing HRCT, with a me-
dian time between HRCT and LUS of 0.2
months (IQR 0.1-0.5) in patients without
ILD, and 0.3 months (IQR 0.1-1.0) in pa-
tients with ILD, with no statistically signifi-

Without interstitial lung disease | With interstitial lung disease
(n=83) (n=21) P

Female sex, % (95% Cl) 85.5 (75.7-92.0) 71.4 (47.7-87.8) 0.19
Age at diagnosis of RA (years), mean (SD) 55(13.4) 64 (14.5) 0.004
Follow-up time (years), mean (SD) 12.5(5.7) 14 (6.2) 0.27
Smoking status, % (95%Cl) 0.35

Never 48.2 (37.2-59.4) 33.3 (15.5-56.9)

Former smoker 41.0 (30.5-52.3) 47.6 (26.4-69.7)

Current smoker 10.8 (5.4-20.1) 19.0 (6.3-42.6)
History of tuberculosis, % (95% Cl) 3.6 (0.9-10.9) 0 1
PPD positive (>5 mm) ever, % (95% Cl) 8.6 (3.2-19.7) 5.9 (0.3-30.8) 1
Rheumatoid factor positive, % (95% Cl) 83.1(73.0-90.1) 95.2 (74.1-99.7) 0.29
ACPA positive, % (95% Cl) 89.2 (78.0-94.6) 95.2 (74.1-99-7) 0.35
Highest ACPA title recorded, median (IQR) 200 (200-500) 340 (200-1690) 0.41
Erosive disease, % (95% Cl) 39.8 (29.4-51.1) 33.3 (15.5-56.9) 0.59
DAS28, mean (SD) 3.45(1.32) 3.59(1.2) 0.66
CDAI, median (IQR) 5(2-12) 4 (2-13) 0.84
Erythrocyte sedimentation rate, median (IQR) 29 (21-48) 48 (28-67) 0.02
Bio-naive patients, % (95% Cl) 51.8 (40.6-62.8) 61.9 (38.7-81.1) 0.47
CRP (mg/L), median (IQR) 3(1.3-7.3) 5.9 (3.1-18.5) 0.02
Use of csDMARDs (bio-naive patients), % (95% Cl) 0.87

Methotrexate monotherapy 32.5(22.9-43.8) 42.8 (22.6-65.6)

Other csDMARD monotherapy 2.4(0.4-9.2) 4.8 (0.2-25.9)

Methotrexate combined with other csDMARD 15.7 (8.9-25.7) 9.5(1.7-31.8)

Other csDMARDs combinations 1.2 (0.06-7.5) 4.8 (0.2-25.9)
Use of b/tsDMARDs at inclusion, % (95% Cl) 48.2 (37.2-59.4) 38.1(18.9-61.3) 0.56
Monotherapy 19.3 (11.7-29.7) 9.5(1.7-31.8)
Combined with csDMARDs 28.9 (19.7-40.1) 28.6 (12.2-52.3)
Number of biologics received, median (IQR) 1(1-2) 1(1-2) 0.86
Type of b/tsDMARDs at inclusion, % (95%Cl) 0.36

TNF inhibitors 42,5 (27.0-59.1) 25.0 (3.9-65.1)

Abatacept 5.0 (0.6-16.9) 0

Rituximab 2.5(0.0-13.2) 0

Tocilizumab 5.0 (0.6-16.9) 25.0 (3.2-65.9)

Jak inhibitors 45.0 (29.2-61.5) 50.0 (15.7-84.3)

Cl, confidence interval; RA, rheumatoid arthritis; SD, standard deviation; PPD, purified protein derivate ACPA, anti-citrullinated protein antibodies; IQR, interquartile
range; DAS28, Disease Activity Score in 28 joints; CDAI, clinical disease activity index; CRP, C-reactive protein; csDMARDs, conventional synthetic disease-modifying
antirheumatic drugs; b/tsDMARDs, biological/targeted synthetic disease-modifying antirheumatic drugs.
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Table Il - Characteristics of patients with tomographic interstitial abnormalities (any extension).

Tomographic characteristics

Interstitial involvement >10% (n=21)

Pattern, n (%, 95% Cl):

ulP 19.0 (5.4-41.9)
NSIP 28.6 (11.3-52.2)
OP 4 7(0.1-23.8)
ILP 4,7 (0.1-23.8)
Indeterminate 42. 9 (21.8-65.9)
Predominant location of the alterations, n (%, 95% Cl):
Subpleural 95.2 (76.2-99.9)
Peribronchovascular 0
Random 4.8 (0.1-23.8)
Extent of subpleural involvement, median (IQR) 30 (20-60)

Cl, confidence interval; UIP, usual interstitial pneumonia; NSIP, non-specific interstitial pneumonia; OP, organizing pneumonia; ILP,

interstitial lymphoid pneumonia.

cant difference (p=0.33). The diagnostic
accuracy of ROC curves was: area under
the curve (AUC) 0.88 (95% CI 0.78-0.93)
for BL and AUC 0.82 (95% CI 0.74-0.89)
for PI. The best cut-off point for ILD detec-
tion was 8 BL and 7 PI (Figure 3). The diag-
nostic performance of LUS for the detec-
tion of ILD is shown in Table III.

The present study showed high sensitivity
and specificity of LUS for the detection of
ILD in patients with RA.

First of all, and in line with previous stud-
ies, our study confirms that the findings of

LUS for BL and PI allow discrimination of
significant interstitial lung abnormalities.
We found that patients with ILD had sig-
nificantly more BL and PI than patients
without ILD. Our cut-off value was 8 BL
and 7 PI, with a sensitivity greater than 80%
and a specificity close to 80% in agreement
with other studies, in which a cut-off value
of 9 and 10 BL was found, respectively (1,
15). A possible explanation for this subtle
difference could be that our patients had
less interstitial involvement on HRCT,
which could explain the lower number of
BL found in our study.

On the other hand, in our study, we evalu-
ated PI as loss of regularity, which may be
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Figure 1 - A) Number of B-lines (BL) according to the extension of pulmonary interstitial involvement measured by high-resolution

computed tomography (HRCT); B) number of spaces with pleural irregularities (Pl) according to the extension of pulmonary interstitial

involvement measured by HRCT. ILD, interstitial lung disease.
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B) Irregular pleural line

Figure 2 - Lung ultrasound showing B-lines and pleural irregularities.
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Figure 3 - A) Diagnostic accuracy of B-lines (BL) in lung ultra-
sound (LUS) for interstitial lung disease (ILD) detection: re-
ceiver operating characteristic (ROC) curve and estimation of
the area under the curve (AUC); B) diagnostic accuracy of
pleural irregularities (P1) in LUS for ILD detection: ROC curve
and estimation of AUC; C) correlation between the total num-
ber of BL and the number of spaces with PI.

Table Il - Diagnostic performance of lung ultrasound for the detection of interstitial lung disease.

Sensitivity Specificity ) Positive Negative
Test (%) (%) G & prognostic value prognostic value Al
0.88
BL (28) 80.95 79.52 3.95 0.24 50 94.30 (0.78-0.99)
0.82
PI (>7 spaces) 80.95 75.90 3.36 0.25 45.95 94.03 (0.74-0.89)

BL, B-lines; PI, pleural irregularities; +LR, positive likelihood ratio; -LR, negative likelihood ratio; AUC, area under the curve.
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associated with an increase in thickness (ei-
ther focal, diffuse, linear, or nodular) (10).
It was defined as present or absent in the
evaluated intercostal spaces. Our results
demonstrate a high correlation between
these findings (BL and PI), allowing for re-
liable discrimination of patients with sig-
nificant interstitial lung abnormalities. Sim-
ilarly, in the study conducted by Pinal-Fer-
nandez et al. (one of the first studies to
evaluate PI as ultrasound findings), PI was
defined as the loss of the normal hyperecho-
ic linear pleural contour and classified
semi-quantitatively as mild, moderate, and
severe, showing high specificity as a sign in
LUS of ILD (9). Subsequently, other stud-
ies have corroborated these results (5, 11).
In other published papers, the percentage of
patients with reported ILD was higher, be-
tween 33 and 34% (1, 15). This difference
can be explained by the selection of pa-
tients, since in these groups, they included
only those with suspicion and/or previous
diagnosis of ILD. Our study involved con-
secutive RA patients with an HRCT within
the previous year, regardless of the symp-
toms and previous diagnosis of ILD.
Regarding the HCRT patterns, we found the
most frequent to be indeterminate (42.9%),
followed by NSIP (28.6%) and UIP (19%).
This is in disagreement with what is de-
scribed in the literature, where the most
prevalent pattern in RA is UIP (3, 16). This
difference may also be attributed to our se-
lection since we took consecutive patients,
many of whom had no history of ILD or
symptoms. Our patients may have had ear-
lier ILD (preclinical), where it is not possi-
ble to define a subtype of ILD.

Some limitations should be mentioned. One
is that the study was carried out in a single
center, thus limiting possible external vali-
dation and generalization to the rest of the
population with ILD. Another limitation is
that we selected patients because they had
an HRCT in the previous 12 months, but we
did not record if they were symptomatic, as
we have mentioned. Also, the HRCT and
LUS were not performed simultaneously
with each other, but the 3-month interval is
close. In the majority of cases, both studies
were performed within a few months, a pe-
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riod in which no major changes are expect-
ed and reflecting usual clinical practice. On
the other hand, the strengths of this study
are the combined work of both rheumatolo-
gists and lung disease specialists and the
number of patients involved; moreover, it is
one of the few evaluating the sensitivity and
specificity of both BL and PI.

According to these results, we can say that
LUS has a high negative predictive value.
Therefore, we consider that LUS could
avoid performing HRCT in patients who
have had a normal LUS or a BL and PI
count below the cut-off point.

The presence of 8 BL and/or 7 PI in the
LUS showed adequate diagnostic perfor-
mance for ILD, with a good negative prog-
nostic value. Our study shows that LUS is a
potential screening method to detect ILD in
patients with RA since it is an accessible,
non-invasive, and easy-to-perform method.
A normal LUS or with values below the
cut-off may avoid the need, cost, and toxic-
ity of unnecessary HRCT.
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