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Purpose: To determine the value of lung ultrasound (LUS) compared to high-resolution computed tomography (HRCT) in the early 
diagnosis of interstitial lung disease (ILD) in patients with rheumatoid arthritis (RA).
Patients and Methods: An observational prospective study was performed. Were included patients with respiratory symptoms or/ 
and, patients with crackles in auscultation during medical consultation. All patients underwent to chest X-rays, LUS, HRCT,and 
respiratory function tests.
Results: A total of 192 patients with RA were included. Mean disease duration was 16.8 ± 11.1 years. 72% were positive for 
rheumatoid factor or anti-citrullinated antibodies. Of the total number of subjects, 54.7% had respiratory symptoms. The other patients 
did not have respiratory symptoms, but they did have had crackles on pulmonary auscultation. B lines > 11.5 on the ROC curve 
predicted ILD (AUC 0.63; CI 95%: 0.55–0.71; p < 0.003). A DLCO value of <7.13 significantly predicted the presence of ILD (AUC 
0.61; 95% CI: 0.52–0.70; p < 0.028).
Conclusion: The findings of this study suggest that LUS is a valuable tool for the early diagnosis of ILD in patients with RA, and 
together with DLCO, can adequately predict the presence of ILD in this population. LUS also helps to determine which patients with 
respiratory symptoms and signs suggestive for ILD are undergo to HRCT.
Keywords: rheumatoid arthritis, interstitial lung diseases, respiratory function tests

Introduction
Rheumatoid arthritis (RA) is a progressive systemic autoimmune disorder characterized by joint and extra-articular 
manifestations. RA-related pulmonary involvement is the most frequent extra-articular manifestation as it occurs in up to 
40% of patients with RA.1–3 Lung involvement in RA often occurs within the first five years of the disease.4 

Still, it can precede joint symptoms in up to 20% of cases, and respiratory symptoms characterize them it.5–7 Among the 
pulmonary findings in RA, interstitial lung disease (ILD) stands out.8 The risk increases with the prolonged duration of 
RA and active joint RA.9

The global incidence of ILD has remained stable despite of the decrease in the frequency of other extra-articular 
manifestations of RA.10 The prevalence of ILD varies from 10% to 42% or more in different series,11,12 depending on the 
population studied, clinical, radiographic, and functional criteria to establish the diagnosis.13 On the other hand, clinical 
significance in ILD is identified in 2% to 10% of RA patients, but reported estimates vary due to the heterogeneity of RA, 
genetic susceptibility, differences in disease definition, and detection methods.7,14,15
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RA associated with ILD (RA-ILD) stands out as the most prevalent extra-articular manifestation of rheumatoid 
arthritis. It imposes a significant burden on morbidity and mortality, with prognosis varying based on the extent of 
pulmonary involvement in individual patients. Early identification of this extra-articular manifestation, along with the 
assessment of risk and progression factors can prove advantageous in light of its considerable impact.16 Thus, in a study 
conducted by Zhuo J et al,16 which assessed the prevalence and prognostic factors of RA-ILD using data from the Discus 
Analytics JointMan database spanning from 2009 to 2019, it was found that several key risk factors were associated with 
RA-ILD. These factors included being older than 65 years, male gender, seropositivity for anti-citrullinated antibodies 
(anti-CCP) along with moderate disease activity, and elevated C-reactive protein (CRP). The presence of these factors 
correlated with an increased likelihood of disease, and consequently, a more unfavorable prognosis. In other similar 
study, identified 3 factors related to disease progression in patients with RA-ILD: age, MMP-13 and CXCL11.17 

A multicenter cross-sectional study conducted by Cano-Jiménez et al,18 it was discovered that a delay in diagnosis 
emerged as an independent predictor of mortality. Age, DLCO levels, and others were also identified as significant 
predictors of mortality. This underscores the importance of developing tools capable of early disease detection, as such 
interventions have the potential to enhance outcomes and prevent the mortality associated with this extra-articular 
manifestation.

For ILD, there are no studies that validate a specific early diagnosis way.19 Chest radiography (CXR) is commonly 
performed in RA, particularly for the diagnosis of lung disease. Abnormalities have been identified in 79% of CXR in 
RA patients, and 4.6% have pulmonary abnormalities.20 CXR has a low sensitivity in detecting ILD. Although small 
reticular and nodular opacities could be seen in the lower lung areas. Radiographic findings are not frequent in the early 
stages.21 Up to 64% of patients with ILD on high-resolution computed tomography (HRCT) will not present evident 
interstitial changes on CXR.22

HRCT provides valuable information on ILD, including the pattern and extent of disease, assessment of progression 
over time, and evaluation of extra-parenchymal abnormalities.23 Pulmonary abnormalities have been reported in 47%– 
67% of RA patients examined by HRCT.24,25 ILD, respiratory diseases, and bronchiectasis are frequent findings. 
Although nonnegligible doses of ionizing radiation limit its use, HRCT is accepted as the gold standard in diagnosing 
ILD in patients with RA.26,27 In addition, HRCT is the reference standard to validate the diagnostic accuracy of other 
tools in patients with RA.28

Current data have shown that Lung ultrasound (LUS) can be helpful in the detection of ILD by evaluating B lines, the 
ultrasound marker of pulmonary interstitial syndrome.29 Previous studies have shown that B lines have good diagnostic 
precision, high sensitivity, and correlate well with HRCT findings, suggesting that LUS is a novel, noninvasive and 
nonionizing imaging method, less expensive than HRCT.30 The aim of this study is to determine the usefulness of LUS 
regarding to HRCT in the early diagnosis of ILD in patients with RA, mainly in a local context where is an accessible, 
and affordable tool that allows the earlier detection of ILD, in order to make a better selection of patients who are 
candidates for HRCT.

Materials and Methods
Design and Study Population
This observational prospective study was conducted in a single specialized center in RA in Colombia. Adults (age ≥ 18 
years) with a diagnosis of RA according to the 2010 American College of Rheumatology/European League Against 
Rheumatism (ACR/EULAR) criteria,31 and respiratory signs and symptoms that might suggest the presence of ILD in 
RA, who were followed at the center between October 2020 and October 2021 were included. Respiratory symptoms 
include: shortness of breath, especially with exertion, fatigue and weakness, loss of appetite, nonproductive chronic dry 
cough, chest discomfort, and shortness of breath (not explained by another condition) with a duration longer than two 
months. Respiratory signs mainly included the presence of crackles during auscultation at medical appointments. 
Pregnant women and patients diagnosed with pneumonia in the last month, chronic obstructive pulmonary disease, 
moderate or severe pleural effusion, atelectasis, or other types of previous pulmonary interstitial involvement due to 
connective tissue disease were excluded. Patients with a history of COVID-19 infection were also excluded.
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Study Outcomes and Procedures
To evaluate the diagnostic usefulness of LUS and CXR against HRCT in the detection of ILD, the results of each test 
were compared. To characterize the population with ILD and determine the possible association between the patient’s 
serological status, the onset of the disease and the previous use of methotrexate and the presence of ILD, demographic 
characteristics, medical history, RA characteristics, use of medications, respiratory symptoms, and physical examination 
findings were collected. LUS examinations were conducted using a MyLab seven® (Esaote – Italy) equipped with a 2– 
5-MHz convex transducer. One pulmonologist and one rheumatologist with expertise in LUS performed all examina
tions. The scanning protocol involved a comprehensive examination of all intercostal spaces, divided in these areas: 
anterior, posterior and lateral on each side based on Volpicelli protocol.32 Abnormalities, such as B-lines that are define 
as discrete laser-like vertical hyperechoic reverberation artifacts that arise from the pleural line were documented from 
each thoracic area.32 In the context of RA-ILD, there no exists standardized quantification for LUS and pathological 
B-line count. For this study, the following cutoff points were utilized: mild B-line involvement was designated with 6–15 
lines, moderate involvement with 16–30 lines, and severe involvement with more than 30 lines. For HRCT, pulmonary 
involvement was assessed using the Warrick score which combines values assigned to five keys radiological ILD findings 
(ranging from 0 to 5) and their extent (ranging from 0 to 3). A validated minimum score of 7 identified as the optimal 
cutoff point for predicting pulmonary disease in ILD.33 Pulmonary function tests were included for evaluations of forced 
vital capacity (FVC), forced expiratory volume in one second (FEV1) and diffusing capacity of the lungs for carbon 
monoxide (DLCO). Concerning DLCO measurement, were considered predicted absolute value corrected/adjusted for 
barometric pressure in Bogota (Colombia), along with factors, such as height, sex, hemoglobin value, and alveolar 
volume. Furthermore, were taken into account the percentage of predicted values for each corrected/adjusted absolute 
value. Consequently, there is no specific cut-off point for the absolute value of corrected DLCO, as it varies based on the 
unique clinical characteristics of each patient for whom DLCO is being corrected.

Information Collection and Monitoring
Patients were recruited consecutively according to the selection criteria and until an estimated sample size was 
completed. The data collection was carried out in a predetermined case report form (CRF), where the information of 
the variables of interest and the results of the tests were recorded, completing the data from the medical records. Once the 
information was collected in the CRF, the data were recorded in an electronic database and validated with the medical 
records.

Diagnostic images and lung function tests were performed with standard equipment, following ACR criteria, and the 
recommendations of the American Thoracic Society and European Respiratory Society Technical Statement.34–36 One 
pneumologist performed the interpretation of the LUS, CXR and HRCT imaging tests in a blinded manner.

Patients diagnosed with ILD continued medical care to receive standard treatment and corresponding follow-up.

Data Analysis
A descriptive analysis was performed, the results of which are presented as the means (± standard deviation [SD]) or 
medians (with interquartile range [IQR]) for continuous variables, while categorical variables are expressed with 
frequencies and percentages. Bivariate chi-square analyses were used to determine possible associations between 
variables and the presence of ILD. Optimal cut-off points for DLCO based on ROC curves and the area under the 
curve (AUC) were evaluated. Two-tailed p < 0.05 values were considered statistically significant.

Sensitivity and specificity, with their respective 95% confidence intervals (CIs), were calculated for LUS and CXR, 
with HRCT as the reference standard. False-positive and false-negative rates, predictive values and likelihood ratios were 
calculated. All statistical analyses will be performed with the R software package.37

The study was carried out in accordance with the Standards for Reporting Diagnostic Accuracy Studies.38 This study 
was conducted following the principles of the Declaration of Helsinki and was approved by the Research Ethics 
Committee on Human Beings – Hospital de San José, Bogota, Colombia (Record 0085–2021, February 19th 2021). 
All patients signed informed consent before the procedures specified by the protocol.
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Results
A total of 197 subjects were enrolled in the study; 4 patients did not complete the study due to significant 
noncompliance, and 1 patient withdrew their consent. Thus, a total of 192 were included (151 women, age: 69 ± 9 
years) in whom it was possible to perform all the corresponding imaging tests. The characteristics of the subjects 
in the cohort are described in Table 1. Most of them tested positive for rheumatoid factor (80%) and anti-CCP 
(74%). The average evolution of RA was 16.8 ± 11.1 years. The average disease activity measured by DAS28 was 
2.5 ± 1.1. A total of 44.3% of the patients had a history of smoking. Regarding treatment with conventional drug 
modifying rheumatic drugs (csDMARDs), the use of methotrexate (64.6%) and leflunomide (47.9%) were 
predominating. Among the tumor necrosis factor inhibitors (TNFi) agents, the most frequently prescribed were 
etanercept (4.7%) and certolizumab (4.7%). The most widely used non-TNFi biologic was abatacept (6.3%).

Evaluation of ILD in the Cohort of Patients with RA
HRCT detected ILD in 117 of 192 (60.9%) subjects in the study cohort. The LUS identified ILD (Lines B) signs in 179 
of 192 (93.2%) subjects. The overall agreement between LUS and HRCT was 65.6%. For LUS, the sensitivity 
concerning HRCT was 98.3%, while the specificity was 14.7%. In patients with positive LUS for ILD, 86.5% showed 

Table 1 Demographic and Clinical Characteristics of the Study 
Population

Characteristics Total Population  
n=192

Age (years), Mean ± SD 68.9 ± 8.9

Sex (woman), n (%) 151 (78.6)

Medical historya

Smoking, n (%) 85 (44.3)

Arterial hypertension, n (%) 73 (38.0)

Diabetes mellitus, n (%) 15 (7.8)

Cardiovascular disease, n (%) 14 (7.3)

Cancer, n (%) 13 (6.8)

Othersb, n (%) 9 (4.7)

RA diagnosis information

Time of evolution of the disease, mean ± SD 16.8 ± 11.1

DAS28, mean ± SD 2.5 ± 1.1

Functional disability (HAQ), mean ± SD 0.39 ± 0.7

Current treatment of RA

Methotrexate, n (%) 124 (64.6)

csDMARDs, n (%) 110 (57.3)

TNFi, n (%) 23 (12.0)

Biological non-TNFi, n (%) 22 (11.5)

Analgesics, n (%) 123 (64.1)

Glucocorticoids, n (%) 94 (49.0)

(Continued)
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moderate or severe interstitial involvement, and 93.3% showed irregularity in pleural lines. There were no significant 
differences in the distribution of all B lines between the categories of the Warrick extension index in the HRCT (p 0.925). 
On the other hand, the sensitivity and specificity of chest radiography with respect to HRCT were 29.9% and 94.7%, 
respectively. The overall concordance between the chest radiograph and HRCT was 55.2% (see Table 2). The results of 
the diagnostic usefulness of LUS and chest radiography in comparison with HRCT in detecting ILD and the description 
of the imaging findings are presented in Tables 2 and 3.

In 64 cases, there was no concordance between the LUS and HRCT findings (97% of the discordant cases were false 
positives in the LUS). The analysis of the characteristics of the false positives, false negatives, true positives and true 
negatives in the LUS is presented in Table 4. The false positives of the presented a normal CXR in 83.6% of cases. No 
statistically significant differences were found between the groups in age, BMI, smoking, or symptoms, such as chronic 
cough or fatigue. The severe involvement in lines B, and the irregularity of pleural lines were associated with true 
positive diagnosis of ILD in LUS regarding HRCT.

Table 1 (Continued). 

Characteristics Total Population  
n=192

Recent respiratory symptomsa

Dyspnea, n (%) 47 (24.5)

Chronic cough, n (%) 57 (29.7)

Fatigue, n (%) 55 (28.6)

Clinical condition and laboratories

Body mass index, mean ± SD 24.5 ± (4.1)

O2 saturation, mean ± SD 92.5 ± (3.2)

Positive Rheumatoid Factor, n (%) 152 (80.0)

Positive anticitrullinated antibodies, n (%) 142 (74.0)

Notes: a, nonexclusive category; b, hypothyroidism, osteoporosis, depression and 
fibromyalgia, insulin resistance. 
Abbreviations: csDMARDs, conventional disease-modifying antirheumatic drugs; 
DAS28, disease activity score-28; HAQ, Health Assessment Questionnaire; RA, 
Rheumatoid arthritis; SD, Standard deviation; TNFi, tumor necrosis factor inhibitors.

Table 2 Diagnostic Usefulness of LUS and CXR Compared to HRCT in the Diagnosis 
of ILD

Test HRCT

Positive Negative Total

LUS

Positive 115 64 179 S 98.3% PPV 64.2% LR+ 1.15

Negative 2 11 13 Sp 14.7% NPV 84.6% LR- 1.15

CXR

Positive 35 4 39 S 29.9% PPV 89.7% LR+ 5.61

Negative 82 71 153 Sp 94.7% NPV 46.4% LR- 0.74

Abbreviations: CXR, chest X-ray; HRCT, high resolution computed tomography; ILD, interstitial lung disease; 
LR, likelihood ratio; LUS, lung ultrasound; NPV, negative predictive value; PPV, positive predictive value; S, 
Sensitivity; Sp, Specificity.
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Table 3 Imaging Results and Lung Function in the Rheumatoid 
Arthritis Patients

Imaging Results n = 192

Positive LUS for ILD, n (%) 179 (93.2)

Mild involvement (6–15 B lines), n (%) 13 (6.8)

Moderate involvement (16–30 B lines), n (%) 66 (34.4)

Severe involvement (> 30 B lines), n (%) 100 (52)

Irregularity of pleural lines, n (%) 179 (93.2)

Positive radiograph for ILD, n (%) 39 (20.3)

HRCT positive for ILD, n (%) 117 (60.9)

Ground glass opacities, n (%) 59 (50.4)

Irregular pleural margins, n (%) 19 (16.2)

Septal/subpleural lines, n (%) 98 (83.8)

Honeycomb, n (%) 51 (43.6)

Subpleural cysts, n (%) 36 (30.8)

Disease extension index (Warrick index), n (%)

1–3 lung segments 17 (14.5)

4–9 lung segments 75 (64.1)

> 9 lung segments 25 (21.4)

HCRT pattern, n (%)

Usual interstitial pneumonia 51 (43.6)

Nonspecific interstitial pneumonia 47 (40.2)

Bronchiolitis 10 (8.5)

Bronchiectasis 4 (3.4)

Organized pneumonia 5 (4.3)

Pulmonary function tests

Normal FVCa, n (%) 137 (71.4)

FVC value, mean (SD) 2.7 (2.5)

FVC%, mean (SD) 94.0 (22.7)

FEV1 normalb, n (%) 147 (76.6)

FEV1, mean (SD) 2.0 (0.6)

FEV1%, mean (SD) 95.1 (23.3)

FEV1/FVC Ratio, n (%)

Restrictive 27 (79.4)

Obstructive 7 (20.6)

(Continued)
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The analysis of potential associations of different factors with the presence of ILD showed that the findings in the 
LUS and the corrected DLCO had statistically significant differences between the groups with or without the disease. The 
corrected DLCO was significantly lower in patients with ILD than those without the disease (6.8 versus 7.7, p < 0.028). 
Sex, age, time of evolution of RA, use of methotrexate, seropositivity, and smoking history were not significantly related 
to the presence of ILD (see Supplementary Data).

Table 3 (Continued). 

Imaging Results n = 192

DLCO corrected value, mean (SD)* 8.6 (9.6)

DLCO% corrected predicted value, mean (SD)* 109.4 (28.9)

CO transfer pattern, n (%)

Normal (≥ LLN y ≤ ULN, entre 80 y 120%), n (%) 86 (61.9)

Lower limit of normal n (%) 18 (16.9)

Upper limit of normal n (%) 35 (25.2)

Notes: a, abnormal FVC: <80% of expected; b, FEV1 normal:> 70% or > ULN. *Adjusted by 
barometric pressure in Bogota (Colombia), along with factors such as height, sex, hemoglobin 
value, and alveolar volume. 
Abbreviations: CO, Carbon Monoxide; DLCO, diffusing capacity of the lungs for carbon 
monoxide; FEV1, forced expiratory volume at the first second; FVC, forced vital capacity; 
FEV1/FVC ratio, forced expiratory volume at the first second / forced vital capacity ratio; ILD, 
interstitial lung disease; HRCT, high resolution computed tomography; LUS, lung ultrasound; 
LLN, Lower limit of normal; ULN, Upper limit of normal.

Table 4 Characterization of Subjects with False Positives for Interstitial Lung Disease at Lung Ultrasound

Characteristics True Positives 
n =115

False Positives 
n =64

True Negatives 
n =11

False Negatives 
n =2

p value

Age, mean (SD) 69.7 (9.1) 67.9 (8.1) 68.8 (10.1) 54.5 (3.5) 0.068

BMI, mean (SD) 24.5 (4.0) 24.1 (4.2) 26.6 (2.9) 26.9 (6.2) 0.108

Smoking, n (%) 45 (39.1) 25 (39.1) 3 (27.3) 0 (0.0) 0.603

Dyspnea, n (%) 25 (21.7) 13 (20.3) 9 (81.8) 0 (0.0) 0.000

Chronic cough, n (%) 39 (33.9) 13 (20.3) 4 (36.4) 1 (50.0) 0.230

Fatigue, n (%) 35 (30.4) 15 (23.4) 5 (45.5) 0 (0.0) 0.340

Normal CXR 64 (83.1) 51 (83.6) 10 (100) 0 (0.0) 0.041

Total B Lines, mean (SD) 36.9 (19.3) 31.5 (21.0) 18.6 (18.0) 27.5 (13.4) 0.004

Lines B, n (%) 0.000

Normal (<5) 0 (0.0) 0 (0.0) 11 (100) 2 (100)

Mild involvement (6–15) 5 (4.3) 8 (12.5) 0 (0.0) 0 (0.0)

Moderate involvement (16– 30) 39 (33.9) 27 (42.2) 0 (0.0) 0 (0.0)

Severe involvement (> 30) 71 (61.7) 29 (45.3) 0 (0.0) 0 (0.0)

Irregularity of pleural lines 112 (97.4) 56 (87.5) 9 (81.8) 2 (100) 0.031

Abbreviations: BMI, Body mass index; CXR, Chest X-ray; SD, standard deviation.
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No statistical analysis was conducted to combine DLCO and LUS for predicting RA-ILD. Instead, the use of ROC curves 
aimed to identify the optimal cut-off point for each test, assessing their effectiveness in predicting the presence of RA-ILD. 
Therefore, in ROC curve analysis, the number of total B lines (AUC 0.63; 95% CI: 0.55–0.71; p < 0.003) and the corrected 
DLCO value (AUC 0.61; CI 95%: 0.52–0.70; p < 0.028) significantly predicted the presence of ILD on HRCT (see Figure 1). 
The value of 11.5 was identified as the B-line count with the best discriminatory balance, with a sensitivity of 93%. Regarding 
the corrected DLCO, the value of 7.13 was identified with the best balance of sensitivity (69%) of ILD in subjects with RA.

Discussion
LUS showed high sensitivity/low specificity for the detection of RA-ILD regarding to the gold standard, which is HRCT. 
Therefore, being a more accessible technology, it is an assertive method for an initial approach to the diagnosis of RA- 
ILD. It is worth noting that the number of B lines and the corrected DLCO value allow a better discrimination in the 
diagnosis of RA-ILD.

In the cohort, 78.6% of the patients with ILD were women. Other reports for this same condition have shown a male/ 
female ratio of 2:1.39,40 Regarding age, patients with ILD had a mean age of 71 years, while other cohorts have reported 
the onset of lung disease in earlier decades of life (less than 60 years),10 which could suggest a late diagnosis of the 
disease in this cohort.

As part of the follow-up of RA, patients who show respiratory symptoms should undergo a pulmonary evaluation, 
which is a challenge due to the various potential causes that can present concomitantly with RA, such as ILD, chronic 
obstructive pulmonary disease, bronchiectasis, respiratory infections after immunosuppressive therapies, drug-induced 
pulmonary toxicity, and ischemic heart disease.24,25 Survival in patients with RA has improved in recent years, but 
patients with ILD associated with RA have a significantly lower survival than patients with RA alone.7,41,42 Therefore, an 
early diagnosis of ILD by using more affordable radiological techniques and a greater awareness of ILD could offer an 
earlier diagnosis of RA-ILD, estimated between three and ten years.43,44

In this study, it was observed that 60.9% of the patients with RA had a diagnosis of ILD by HRCT, while by 
LUS, this figure increased to 93%. The high sensitivity of LUS in ILD is a finding already reported in other 
studies.45 In the analysis of the ROC curve, the number of total B lines of 11.5 had the best discriminatory balance, 

Figure 1 ROC curves for the prediction of ILD with total B lines and DLCO in subjects with Rheumatoid arthritis. 
Abbreviation: DLCO, diffusing capacity of the lungs for carbon monoxide.
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with a sensitivity of 93%. With a cut-off point of 10 lines B, it has been documented that ultrasound could be more 
sensitive than HRCT for the diagnosis of RA-ILD.46,47 This is also shown by other authors who have described 
a low sensitivity (62.2%) with a cut-off point of 5.5 lines.45

Although a high number of false-positives was evidenced, the concordance between LUS and HRCT was 
65.6%, which may guide the use of LUS as a first approach to evaluate the pulmonary parenchyma in patients 
with suspected RA-ILD. However, the use of HRCT is the gold standard to evaluate interstitial involvement and 
its extension area throughout the lung parenchyma in patients with suspected ILD.45 In the present study, 
specificity was influenced by a false positive rate (specificity 14%). Similar findings are reported in other 
studies,48,49 where specificity is less than 40%. However, the majority of studies report higher specificity.50 It 
is important to clarify that specificity is not solely affected by false positives but also by the sociodemographic 
characteristics of populations and the inherent operator-dependent nature of LUS, which can introduce variability 
in the results.

On the other hand, studies have shown that RA patients who underwent a screening procedure regardless of the 
presence of respiratory symptoms often had radiological abnormalities on HRCT, called interstitial lung abnormalities. 
One-third of these patients have subclinical disease with varying degrees of functional impairment.39,51 Therefore, the 
LUS can be used as a test with lower radiological risk, lower cost and easy availability, although there are still no studies 
that validate the use of this test within a specific screening way for ILD.19

Studies with CXR have reported a ILD positivity rate of 1% to 6%, while investigations with HRCT report a greater 
number of cases (5% to 67.3%).52,53 In line with previous studies, this study showed the low sensitivity and high specificity 
of CXR compared to HRCT, but the high sensitivity of lung ultrasound, evidenced in other studies (89% −97%),46,47 it 
could suggest the complementary use of these two tests in pulmonary evaluation in patients with RA,54 since the diagnostic 
criteria to define ILD do not affect the sensitivity but influence the specificity.55

On the other hand, the corrected DLCO value significantly predicted the presence of ILD in the HRCT estimated by 
the AUC. This predictor variable has also been identified in other studies suggesting DLCO as a tool that can measure the 
presence and progression of interstitial involvement as well as survival in patients with RA-ILD.23 It is acknowledged 
that DLCO can serve as a test for evaluating lung function; however, its measurement tends to vary across different 
populations and measurement sites, despite its widespread use. Various studies, including the present investigation, have 
endeavored to establish cut-off points for predicting the presence of RA-ILD.56 Nevertheless, additional analyses are 
warranted in this regard with due consideration given to the diverse characteristics of the population under study. This 
study has some limitations. First, the study sample excluded patients with other respiratory comorbidities, such as chronic 
obstructive pulmonary disease, that could be common in clinical practice. Another limitation is inherent in performing 
ultrasound since the diagnostic accuracy and performance characteristics of LUS depend in part on the examination 
scheme and the operator. Therefore, this technique has variable performance in clinical practice.57 Although intra- and 
interobserver reliability requires an evaluation with respect to the variability in the acquisition of the images and not only 
in their interpretation, they generally place the LUS in the range of good to excellent.55 To minimize this risk, 
a standardized procedure was established for the LUS diagnosis of ILD, and the professionals were trained in the 
performance of the specific technique. As strengths, this study included a larger cohort than previous studies, and it was 
performed in a context with restricted resources.45–47,54

Conclusion
In conclusion, the findings suggest that LUS is a useful tool for the detection of ILD in RA and, together with DLCO, can 
adequately predict the presence of ILD in patients with RA. However, these tests are not a substitute for HRCT to 
confirm the diagnosis, quantify the extent, and assess the progression of ILD. Future studies should evaluate larger 
cohorts, the cost-effectiveness of the test, and the performance of LUS in the follow-up of patients already diagnosed 
with RA-ILD.
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