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ABSTRACT 

Objective: To investigate clinical relevance of performing lung ultrasound (LUS) in patients with connective 

tissue disease (CTD)-associated interstitial lung disease (ILD) in comparison with high-resolution computed 

tomography (HRCT). 

Methods: This single-centre study enrolled eligible patients with CTD-ILD from the prospective LUS registry. 

Total B-lines were detected by assessment at 14 sites via LUS. Forced vital capacity, diffusing lung capacity for 

carbon monoxide (DLCO), DLCO/alveolar volume, 6-minute walking distance, and the ILD-GAP index were used 

as ILD prognostic parameters. Correlations were examined using single and multiple regression analyses. 
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Results: Sixty-seven patients were enrolled, including 29 with idiopathic inflammatory myopathy or 

anti-synthetase syndrome, 25 with systemic sclerosis (SSc), 10 with rheumatoid arthritis, and 3 with mixed 

connective tissue disease. The total number of B-lines correlated with ILD extent on HRCT in patients with 

CTD-ILD (r = 0.66; P < 0.001), particularly in patients with SSc-ILD (r = 0.78; P < 0.001). Total B-lines and ILD 

extent on HRCT showed comparable correlations with prognostic parameters, while multiple regression analysis 

revealed the limited benefit of performing LUS in addition to HRCT in predicting correlations with prognostic 

factors. 

Conclusions: LUS serves as an alternative tool for assessing the severity and prognosis of patients with 

CTD-ILD. 
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INTRODUCTION 

Connective tissue disease (CTD) comprises a group of systemic autoimmune rheumatic diseases that affect 

multiple organ systems, such as the skin, joints, muscles, heart, lungs, and kidneys. Among these manifestations, 

interstitial lung disease (ILD) is a leading cause of mortality in patients with many CTDs, including systemic 

sclerosis (SSc), idiopathic inflammatory myopathy (IIM), rheumatoid arthritis (RA), and mixed connective tissue 

disease (MCTD) [1–4]. Treatment options have long been limited to glucocorticoids and nonspecific 

immunosuppressive agents, but recently, antifibrotic treatment and molecular-targeting drugs have been shown to 

prevent the progression of ILD [5–8]. The poor outcome is most notable in patients with ILD with a progressive 

phenotype, but the disease behaviour is highly variable and often unpredictable [9]. To implement appropriate 

management, it is essential to evaluate ILD severity and risk for progression accurately during the disease course. 

The evidence-based Japanese consensus statements for CTD-ILD recommend high-resolution 

computed tomography (HRCT) of the chest as an effective and useful tool for screening, diagnosing, and 

assessing the severity of ILD [10]. In this regard, the extent of ILD on chest HRCT, which is supplemented with 

forced vital capacity (FVC) in patients with indeterminate ILD extent on HRCT, is used to predict mortality in 

patients with ILD associated with SSc or RA [11–13]. Recently, lung ultrasound (LUS) has attracted increased 

amounts of attention as a noninvasive, convenient, and readily available imaging tool for detecting ILD. 

Specifically, a B-line detected by LUS, which reflects fluid accumulation and/or fibrosis in thickened interlobular 
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septa, was shown to be useful in detecting ILD in SSc patients [14]. Since this report, a growing number of studies 

have reported the utility of LUS in screening for ILD in patients with CTD, especially in those with SSc [15,16]. 

In addition, a correlation between LUS parameters and semiquantified HRCT scores has also been demonstrated 

[15–20]. However, how to implement LUS in the clinical practice of CTD remains unclear. In this study, we used 

a single-centre LUS registry of patients with CTD-ILD to investigate whether the number of B-lines (total 

B-lines) measured by LUS correlated with semiquantified HRCT scoring. In addition, the correlations of the total 

B-line count determined by LUS with known ILD prognostic parameters were assessed via comparison with the 

ILD extent determined by HRCT. 

 

METHODS 

Study subjects 

Eligible patients with CTD-ILD for this study were selected from the NMS-LUS registry and included 

consecutive patients who underwent LUS at the Scleroderma/Myositis Centre of Excellence, Nippon Medical 

School Hospital, Tokyo, Japan, which was launched in April 2019. The inclusion criteria were as follows: (i) 

satisfied at least one of the classification criteria for IIMs [21], anti-synthetase syndrome (ASS) [22], SSc [23], 

MCTD [24], or RA [25]; (ii) ILD confirmed by chest HRCT [26]; (iii) LUS data obtained at 14 intercostal sites 

[27]; and (iv) available chest HRCT and LUS images within an interval of less than 3 months. Patients with 

concomitant lung conditions, such as pulmonary hypertension, bronchial asthma, chronic bronchitis, chronic 

obstructive pulmonary disease, lung cancer, pneumoconiosis, radiation pneumonitis, or pulmonary oedema, were 

excluded. Patients who satisfied the classification criteria for IIM and/or ASS were regarded as the IIM/ASS 

group, while patients who satisfied the diagnostic criteria for MCTD were regarded as having MCTD irrespective 

of whether they met other classification criteria. Rapidly progressive ILD was defined as ILD presenting with 

progressive dyspnea and progressive hypoxemia, and a worsening of interstitial change on the chest radiograph 

within 1 month from the onset of respiratory symptoms [28]. This study was approved by the ethics committee of 

Nippon Medical School Hospital (B-2020-203), and written informed consent was obtained a priori from all 

patients. 

 

Clinical data collection and prognostic parameters 

Demographic and clinical data at the time of the first LUS examination were obtained from the NMS-LUS 

registry and included age, sex, body mass index (BMI), smoking history, underlying CTD, disease duration 
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(weeks) at CTD diagnosis, follow-up period (weeks) after confirmed diagnosis of ILD, modified Medical 

Research Council (MRC) dyspnoea scale, 6-minute walking distance (6MWD), and serum Krebs von den 

Lungen-6 (KL-6) level. Pulmonary function test parameters included forced vital capacity (FVC), diffusing lung 

capacity of the lung for carbon monoxide (DLCO), DLCO/alveolar volume (VA), and total lung capacity (TLC), 

which were expressed as percentages of the predicted values. The ILD-GAP index was calculated as described 

previously [29]. FVC, DLCO, the DLCO/VA ratio, the FVC/DLCO ratio, the 6MWD, and the ILD-GAP index were 

regarded as prognostic factors based on previous studies conducted in patients with CTD-ILD [12,29–33]. 

 

Chest HRCT scoring 

HRCT was performed with a slice thickness of 1.25 mm. Images were acquired from the apex to the base of the 

lungs, at the end of inspiration, in spine decubitus. No intravenous contrast material was administered. Chest 

HRCT was assessed by two evaluators (SY and MS) blinded to the information of LUS. The morphological 

pattern of ILD was classified based on the official American Thoracic Society/European Respiratory Society 

statement [34]. The extent of ILD was assessed semiquantitatively using the average of approximate area ratios 

(expressed in 5% units) occupied by all lesions associated with ILD in 5 slices according to the procedure 

proposed by Goh et al. [11]. The range of the extent was 0-100%, and the higher proportion meant broader areas 

affected by ILD. The ICC of the extent of ILD on HRCT by two evaluators was 0.78, indicating acceptable 

interrater reliability. 

 

LUS assessment 

LUS was performed by two trained assessors (SW and KY) blinded to the information of chest HRCT, using a 

Hitachi Noblus instrument equipped with a microconvex probe (4–8 MHz) (Hitachi, Tokyo, Japan). B-lines were 

identified according to Lichtenstein's definition, i.e., comet-tail artefact, arising from the pleural line, moving in 

concert with lung sliding, long and extending to the edge of the screen, resembling a laser beam, obliterating 

A-lines, or hyperechoic like the pleural line [35]. The number of B-lines at each intercostal site was scored 

according to international evidence-based recommendations: the number of B-lines was counted from zero to ten, 

or if confluent, the percentage of the rib space occupied by B-lines was assessed and divided by ten [36]. The total 

number of B-lines was calculated by summing the number of B-lines at the predefined 14 intercostal sites in both 

lungs [27]. The range of the number of total B-lines was 0-140, and the higher number meant broader areas 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

r/advance-article/doi/10.1093/m
r/roae053/7685093 by C

onference (Journals) user on 03 June 2024



 

 
 

 

 

 
  

affected by ILD. The interrater reliability of the total B-line measurements was excellent, and the intraclass 

correlation coefficient (ICC) of the two evaluators was 0.93. 

 Representative LUS and HRCT images of a patient with SSc-ILD are shown in Figure 1. The 

intercostal site evaluated by LUS was matched with the HRCT slice. A B-line is identified as a hyperechoic signal 

that is similar to the pleural line and extends vertically from the pleura, corresponding to a slice of typical ILD 

features on HRCT. In the area of extensive ILD on HRCT, LUS demonstrated a hyperechoic ‘white’ signal 

generated by confluent B-lines below the pleural line. There was no B-line at areas corresponding to the slice with 

no apparent ILD on HRCT. 

 

Statistical analysis 

Continuous variables are shown as medians (interquartile ranges [IQRs]), while categorical variables are shown as 

percentages. The Mann‒Whitney test was used to compare continuous variables between two groups, while the 

chi-square test or Fisher's exact probability test was used to compare proportions, as appropriate. The total number 

of B-lines or the extent of ILD on HRCT were used as explanatory variables, and their correlations with 

prognostic parameters were examined using single regression analysis with the Pearson correlation coefficient (r). 

Multiple regression analysis was conducted using total B-lines and ILD extent on HRCT together as explanatory 

variables to evaluate correlations with individual prognostic factors. The standardized partial regression 

coefficient (β) was used as an index of contribution to the correlations. Missing values were not imputed. P < 0.05 

(two-tailed) was considered to indicate statistical significance. All the statistical analyses were performed with 

RStudio (2022.12.0+353; RStudio PBC, Vienna, Austria). 

 

RESULTS 

Clinical characteristics 

Of the 100 patients enrolled in the NMS-LUS registry as of March 2022, 67 patients with CTD-ILD were eligible 

for this study. As shown in patient flow diagram (Figure 2), 33 patients were excluded due to the absence of ILD 

by chest HRCT (n = 22), LUS conducted in areas inconsistent with the predefined sites (n = 9) or no chest HRCT 

performed within 3 months of LUS evaluation (n = 3). There was no difference in demographic and clinical 

characteristics between patients included and those excluded, except prevalence of ILD (100% versus 33%, 

respectively). Table 1 shows the clinical characteristics of the patients at the time of LUS evaluation. The 

underlying CTDs included IIM/ASS (43%), SSc (37%), RA (15%), and MCTD (5%). The prevalent 
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morphological patterns on HRCT were nonspecific interstitial pneumonia (NSIP) (57%) and fibrosing organized 

pneumonia (FOP) (28%), while usual interstitial pneumonia (UIP) was found in only 6 patients (9%). The HRCT 

patterns of the remaining patients included organizing pneumonia, respiratory bronchiolitis-associated interstitial 

lung disease and diffuse alveolar damage. NSIP was observed in patients with various CTDs, including IIM/ASS, 

SSc, and RA, but FOP was detected predominantly in patients with IIM/ASS (16/19 [84%]). Patients with the UIP 

pattern included one with IIM/ASS, 3 with SSc, and 2 with MCTD. In general, the restrictive ventilatory 

impairment was mild, and exercise tolerability assessed by the 6MWD was preserved. At the time of LUS, the 

majority of patients were untreated (37/67 [55%]). 

 

Total B-lines identified by LUS and their correlation with ILD extent on HRCT 

In 67 patients with CTD-ILD, the total number of B-lines evaluated by LUS ranged from 3 to 112, and the ILD 

extent on HRCT ranged from 0.5% to 57.5%, clearly indicating that patients with variable degree of CTD-ILD 

were included (Supplementary Table 1). The median (interquartile range) interval between HRCT and LUS was 8 

(1–22) days in all cases, and 4 (2–6) days in 7 patients with RP-ILD. As shown in Figure 2, total B-lines and the 

ILD extent were positively correlated with each other in the overall CTD population (r = 0.66, P < 0.001). When 

patients were stratified by underlying CTDs, there was a trend towards a better correlation in patients with 

SSc-ILD (r = 0.78, P < 0.001) than in those with IIM/ASS-ILD (r = 0.56, P = 0.001). A correlation between total 

B-lines and ILD extent was also observed in patients with the NSIP pattern (r = 0.58, P < 0.001) and in those with 

the FOP pattern (r = 0.67, P = 0.002). 

 

Correlations of total B-lines with prognostic parameters 

To investigate the clinical relevance of the quantitative results of LUS total B-lines, we next examined whether 

total B-lines were correlated with known ILD prognostic parameters, including FVC, DLCO, DLCO/VA, the 

FVC/DLCO ratio, the 6MWD, and the ILD-GAP index, using single regression analysis (Table 2). The same 

analysis was conducted using the extent of ILD on HRCT as the explanatory variable. As a result, both the LUS 

total B-lines and the ILD extent determined via HRCT showed almost equal performance in predicting all 

prognostic parameters except the 6MWD in all patients with CTD-ILD. Similar correlations between total B-lines 

and ILD extent and prognostic parameters were observed in patients with SSc-ILD, but there were almost no 

correlations between total B-lines or ILD extent and prognostic parameters in patients with IIM/ASS-ILD. 

Differences in correlation with prognostic parameters between the LUS and HRCT indices were found for the 
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FVC; i.e., the ILD extent was greater in patients with SSc-ILD, whereas the total number of B-lines was greater in 

patients with IIM/ASS-ILD. When the patients were stratified by the morphologic pattern on HRCT, there was no 

correlation between the total number of LUS B-lines and any prognostic parameter in patients with the NSIP 

pattern. On the other hand, the extent of ILD on HRCT correlated with the FVC, DLCO, and ILD-GAP indices. In 

patients with FOP patterns, the total number of B-lines and the extent of ILD did not correlate well, and a 

significant correlation was found between the total number of B-lines and the FVC. Taken together, these findings 

indicate that the performance of the LUS total B-line and ILD extent on HRCT in correlating with known 

prognostic factors was almost comparable in patients with CTD-ILD. However, the ILD extent determined via 

HRCT was greater in patients with the NSIP pattern, while the LUS total B-line was better correlated with the 

FVC in patients with IIM/ASS-ILD and the FOP pattern. 

We further examined whether correlations with individual prognostic parameters were improved by 

combining LUS total B-lines and ILD extent on HRCT as exploratory variables via a multiple regression model 

(Table 3). Unfortunately, LUS and HRCT combined had little benefit in predicting the correlation with prognostic 

factors. The extent of ILD on HRCT contributed predominantly to the correlations in overall patients with 

CTD-ILD, in patients with SSc-ILD, and in patients with the NSIP pattern. On the other hand, the LUS total 

B-lines contributed predominantly to the correlation with the FVC in patients with IIMs/ASSs and in patients with 

FOP pattern. 

 

DISCUSSION 

In this study, we demonstrated that total B-lines measured by LUS were correlated with the extent of ILD on 

HRCT and that the performance of LUS was comparable to that of chest HRCT in correlating with the known 

prognostic parameters in patients with CTD-ILD, suggesting that LUS serves as an alternative tool to chest HRCT 

for assessing ILD severity and risk of progression. However, we failed to demonstrate any additional benefit in 

performing LUS in addition to HRCT. Because of its performance comparable to that of HRCT, LUS can be 

useful for monitoring ILD severity as a complement to HRCT, which is difficult to repeat in the short term due to 

potential harm from radiation exposure and high medical cost. 

A better correlation between LUS total B-lines and ILD extent on HRCT was found in patients with 

SSc-ILD than in those with IIM/ASS-ILD. In this regard, the correlation between B-lines and semiquantitative 

HRCT score in patients with SSc has been shown in many studies [15–19]; however, only one study has shown 

the correlation between B-lines and semiquantitative HRCT score in patients with IIM/ASS [20], and one study 
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involving ASS patients failed to show a significant correlation [37]. In principle, B-lines are detected by LUS to 

indicate subpleural, interlobular septal thickening, which is one of the characteristics of the fibrotic NSIP pattern, 

a predominant HRCT morphologic pattern in patients with SSc-ILD [38,39]. In addition, 14 sites in the lower lung 

fields of the back were used as the evaluation sites for LUS in this study and were consistent with the most 

commonly affected area of SSc-ILD. Taken together, these morphological features of SSc-ILD may explain the 

better correlation between LUS total B-lines and ILD extent on HRCT and the equal performance of LUS and 

HRCT indices in correlating with prognostic parameters in patients with SSc-ILD. 

On the other hand, in patients with IIM/ASS-ILD, the correlation between the LUS total B-lines and the 

ILD extent determined via HRCT was low, and the LUS total B-line count was poorly correlated with the 

prognostic parameters. HRCT in patients with IIM/ASS-ILD frequently presents with the cellular NSIP pattern 

characterized by reticulation and ground-glass opacities, which are distributed not only peripherally but also 

around bronchovascular bundles [40,41]. The FOP pattern, which is characterized by overlapping consolidation 

and the cellular NSIP pattern, is another predominant HRCT morphological pattern in patients with IIM/ASS-ILD 

[40,41]. Since the ultrasound signal attenuates with distance, changes in signals around central bronchovascular 

bundles may not be properly evaluated by LUS. In addition, consolidation on HRCT often presents a tissue-like 

pattern rather than B-lines on LUS [42]. This is a potential limitation in evaluating LUS B-lines and may explain 

the poor correlation between LUS total B-lines and prognostic parameters in patients with the overall NSIP 

pattern and those with the FOP pattern in this study. A new LUS scoring system may be necessary to accurately 

assess tissue-like patterns on HRCT, which are often observed in patients with IIM/ASS-ILD. 

Paradoxically, LUS total B-lines performed better than ILD extent on HRCT in correlation with FVC in 

patients with IIM/ASS-ILD and in those with FOP patterns according to single and multiple regression analyses. 

These findings need to be assessed for reproducibility in independent validation cohorts, but it is interesting to 

examine the mechanisms underlying the potential correlation between imaging features captured as B-lines by 

LUS and restrictive ventilatory dysfunction in patients with IIM/ASS-ILD and in those with the FOP pattern. It 

has been shown that B-lines by LUS reflect the increased density of interlobular septal thickening due to fibrosis 

and/or inflammation [43], but it is difficult to discriminate fibrosis from inflammation. Nevertheless, an increased 

number of total B-lines in conjunction with restrictive ventilatory dysfunction might suggest predominant fibrotic 

changes in patients with IIM/ASS-ILD and in those with the FOP pattern. 

In the context of the recommendation of chest HRCT as the gold standard for diagnosing ILD 

according to evidence-based consensus statements [10], a single LUS has limited utility in assessing CTD-ILD. 
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Furthermore, information on the morphological pattern obtained by HRCT (i.e., UIP versus non-UIP pattern) is 

indispensable for predicting disease behaviour and prognosis [12,44,45]. On the other hand, LUS has the 

advantage of being repeatable in the short-term due to its low cost, lack of radiation exposure, and easy 

accessibility [46]. Although HRCT is the gold standard for diagnosing and assessing the severity of ILD, LUS is 

considered an imaging modality useful for monitoring ILD since it provides information on ILD severity 

comparable to that of HRCT. 

This study has several limitations. First, there were considerable number of missing data for some 

prognostic parameters, including 6MWD and DLCO, indicating a potential role of partial verification bias in 

interpretation of the findings observed. Second, LUS was not performed on all CTD patients during the study 

period, indicating a potential selection bias. Third, we adopted total B-lines obtained at 14 intercostal sites 

because of the minimized patient burden. Since the 14 sites were located mainly in the lower lung field on the 

back, the total number of B-lines did not reflect changes in the lung architecture outside of the evaluable areas. 

Finally, we adopted a semiquantitative method for assessing the extent of ILD on chest HRCT; this method was 

shown to be useful for predicting mortality in patients with SSc-ILD and RA-ILD but has never been validated in 

patients with IIM/ASS-ILD. 

In summary, the LUS serves as an alternative tool for assessing the severity and prognosis of patients 

with CTD-ILD. However, further studies are necessary to establish the optimal use of noninvasive, convenient 

LUSs in clinical practice.  

 

Conflict of interest 

SW received speaking fees from AbbVie, Asahi Kasei Pharma, Boehringer Ingelheim, and Janssen. KY, SY and 

MS declare no conflicts of interest. TG received a grant and a speaking fee from Janssen as well as speaking fees 

from Asahi Kasei Pharma, Astellas, Boehringer Ingelheim, Bristol-Myers Squibb, Chugai, Ono Pharmaceuticals, 

and Tanabe-Mitsubishi. MK has received research grants and personal fees from Boehringer Ingelheim, Ono 

Pharmaceuticals, and MBL and personal fees from Asahi Kasei Pharma, AstraZeneca, Chugai, Eisai, 

GlaxoSmithKline, Kissei, Janssen, Mochida, and Tanabe-Mitsubishi. 

 

Funding 

This work is supported by a research grant on intractable diseases from the Japanese Ministry of Health, Labour, 

and Welfare (20FC1050). 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

r/advance-article/doi/10.1093/m
r/roae053/7685093 by C

onference (Journals) user on 03 June 2024



 

 
 

 

 

 
  

 

Role of contributors 

Research design, SW, TG, MK; data collection, SW, KY, SY, MS, TG; interpretation of the results: SW, TG, MK. 

All the authors have read and agreed with the published version of the manuscript. 

 

REFERENCES 

[1] Perelas A, Silver RM, Arrossi AV, Highland KB. Systemic sclerosis-associated interstitial lung disease. 

Lancet Respir Med 2020;8:304–20. 

[2] Shaw M, Collins BF, Ho LA, Raghu G. Rheumatoid arthritis-associated lung disease. Eur Respir Rev 

2015;24:1–16. 

[3] Sato S, Masui K, Nishina N, Kawaguchi Y, Kawakami A, Tamura M, et al. Initial predictors of poor survival 

in myositis-associated interstitial lung disease: a multicentre cohort of 497 patients. Rheumatology (Oxford) 

2018;57:1212–21. 

[4] Gunnarsson R, Hetlevik SO, Lilleby V, Molberg O. Mixed connective tissue disease. Best Pract Res Clin 

Rheumatol 2016;30:95–111. 

[5] Distler O, Highland KB, Gahlemann M, Azuma A, Fischer A, Mayes MD, et al. Nintedanib for systemic 

sclerosis-associated interstitial lung disease. N Engl J Med 2019;380:2518–28. 

[6] Flaherty KR, Wells AU, Cottin V, Devaraj A, Walsh SLF, Inoue Y, et al. Nintedanib in progressive 

fibrosing interstitial lung diseases. N Engl J Med 2019;381:1718–27. 

[7] Khanna D, Lin CJF, Furst DE, Goldin J, Kim G, Kuwana M, et al. Tocilizumab in systemic sclerosis: a 

randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Respir Med 2020;8:963–74. 

[8] Maher TM, Tudor VA, Saunders P, Gibbons MA, Fletcher SV, Denton CP, et al. Rituximab versus 

intravenous cyclophosphamide in patients with connective tissue disease-associated interstitial lung disease 

in the UK (RECITAL): a double-blind, double-dummy, randomised, controlled, phase 2b trial. Lancet Respir 

Med 2023;11:45–54. 

[9] Kondoh Y, Makino S, Ogura T, Suda T, Tomioka H, Amano H, et al. 2020 guide for the diagnosis and 

treatment of interstitial lung disease associated with connective tissue disease. Respir Investig 2021;59:709–

40. 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

r/advance-article/doi/10.1093/m
r/roae053/7685093 by C

onference (Journals) user on 03 June 2024



 

 
 

 

 

 
  

[10] Kuwana M, Bando M, Kawahito Y, Sato S, Suda T, Kondoh Y, et al. Identification and management of 

connective tissue disease-associated interstitial lung disease: evidence-based Japanese consensus statements. 

Expert Rev Respir Med 2023;17:71–80. 

[11] Goh NS, Desai SR, Veeraraghavan S, Hansell DM, Copley SJ, Maher TM, et al. Interstitial lung disease in 

systemic sclerosis: a simple staging system. Am J Respir Crit Care Med 2008;177:1248–54. 

[12] Winstone TA, Assayag D, Wilcox PG, Dunne JV, Hague CJ, Leipsic J, et al. Predictors of mortality and 

progression in scleroderma-associated interstitial lung disease: a systematic review. Chest 2014;146:422–36. 

[13] Sathi N, Urwin T, Desmond S, Dawson JK. Patients with limited rheumatoid arthritis-related interstitial lung 

disease have a better prognosis than those with extensive disease. Rheumatology (Oxford) 2011;50:620. 

[14] Gargani L, Doveri M, D'Errico L, Frassi F, Bazzichi ML, Delle Sedie A, et al. Ultrasound lung comets in 

systemic sclerosis: a chest sonography hallmark of pulmonary interstitial fibrosis. Rheumatology (Oxford) 

2009;48:1382–7. 

[15] Gutierrez M, Soto-Fajardo C, Pineda C, Alfaro-Rodriguez A, Terslev L, Bruyn GA, et al. 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. 

[16] Hughes M, Bruni C, Cuomo G, Delle Sedie A, Gargani L, Gutierrez M, et al. The role of ultrasound in 

systemic sclerosis: on the cutting edge to foster clinical and research advancement. J Scleroderma Relat 

Disord 2021;6:123–32. 

[17] Wang Y, Gargani L, Barskova T, Furst DE, Cerinic MM. Usefulness of lung ultrasound B-lines in 

connective tissue disease-associated interstitial lung disease: a literature review. Arthritis Res Ther 

2017;19:206. 

[18] Gargani L, Romei C, Bruni C, Lepri G, El-Aoufy K, Orlandi M, et al. Lung ultrasound B-lines in systemic 

sclerosis: cut-off values and methodological indications for interstitial lung disease screening. Rheumatology 

(Oxford) 2022;61:SI56–64. 

[19] Bruni C, Mattolini L, Tofani L, Gargani L, Landini N, Roma N, et al. Lung ultrasound B-Lines in the 

evaluation of the extent of interstitial lung disease in systemic sclerosis. Diagnostics (Basel) 2022;12:1696. 

[20] Wang Y, Chen S, Lin J, Xie X, Hu S, Lin Q, et al. Lung ultrasound B-lines and serum KL-6 correlate with 

the severity of idiopathic inflammatory myositis-associated interstitial lung disease. Rheumatology (Oxford) 

2020;59:2024–9. 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

r/advance-article/doi/10.1093/m
r/roae053/7685093 by C

onference (Journals) user on 03 June 2024



 

 
 

 

 

 
  

[21] Lundberg IE, Tjarnlund A, Bottai M, Werth VP, Pilkington C, Visser M, et al. 2017 European League 

Against Rheumatism/American College of Rheumatology classification criteria for adult and juvenile 

idiopathic inflammatory myopathies and their major subgroups. Ann Rheum Dis 2017;76:1955–64. 

[22] Connors GR, Christopher-Stine L, Oddis CV, Danoff SK. Interstitial lung disease associated with the 

idiopathic inflammatory myopathies: what progress has been made in the past 35 years? Chest 

2010;138:1464–74. 

[23] van den Hoogen F, Khanna D, Fransen J, Johnson SR, Baron M, Tyndall A, et al. 2013 classification criteria 

for systemic sclerosis: an American college of rheumatology/European league against rheumatism 

collaborative initiative. Ann Rheum Dis 2013;72:1747–55. 

[24] Tanaka Y, Kuwana M, Fujii T, Kameda H, Muro Y, Fujio K, et al. 2019 Diagnostic criteria for mixed 

connective tissue disease (MCTD): from the Japan research committee of the ministry of health, labor, and 

welfare for systemic autoimmune diseases. Mod Rheumatol 2021;31:29–33. 

[25] Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO, 3rd, et al. 2010 rheumatoid arthritis 

classification criteria: an American College of Rheumatology/European League Against Rheumatism 

collaborative initiative. Ann Rheum Dis 2010;69:1580–8. 

[26] American Thoracic Society, European Respiratory Society. American Thoracic Society/European 

Respiratory Society international multidisciplinary consensus classification of the idiopathic interstitial 

pneumonias. Am J Respir Crit Care Med 2002;165:277–304. 

[27] Xie HQ, Zhang WW, Sun S, Chen XM, Yuan SF, Gong ZH, et al. A simplified lung ultrasound for the 

diagnosis of interstitial lung disease in connective tissue disease: a meta-analysis. Arthritis Res Ther 

2019;21:93. 

[28] Sato S, Hirakata M, Kuwana M, Suwa A, Inada S, Mimori T, et al. Autoantibodies to a 140-kd Polypeptide, 

CADM-140, in Japanese patients with clinically amyopathic dermatomyositis. Arthritis Rheum 

2005;52:1571–6. 

[29] Ryerson CJ, Vittinghoff E, Ley B, Lee JS, Mooney JJ, Jones KD, et al. Predicting survival across chronic 

interstitial lung disease: the ILD-GAP model. Chest 2014;145:723–8. 

[30] Karimi-Shah BA, Chowdhury BA. Forced vital capacity in idiopathic pulmonary fibrosis--FDA review of 

pirfenidone and nintedanib. N Engl J Med 2015;372:1189–91. 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

r/advance-article/doi/10.1093/m
r/roae053/7685093 by C

onference (Journals) user on 03 June 2024



 

 
 

 

 

 
  

[31] Goh NS, Hoyles RK, Denton CP, Hansell DM, Renzoni EA, Maher TM, et al. Short-term pulmonary 

function trends are predictive of mortality in interstitial lung disease associated with systemic sclerosis. 

Arthritis Rheumatol 2017;69:1670–8. 

[32] Kamiya H, Panlaqui OM, Izumi S, Sozu T. Systematic review and meta-analysis of prognostic factors for 

idiopathic inflammatory myopathy-associated interstitial lung disease. BMJ Open 2018;8:e023998. 

[33] Harari S, Wells AU, Wuyts WA, Nathan SD, Kirchgaessler KU, Bengus M, et al. The 6-min walk test as a 

primary end-point in interstitial lung disease. Eur Respir Rev 2022;31:220087. 

[34] Travis WD, Costabel U, Hansell DM, King TE, Jr., Lynch DA, Nicholson AG, et al. An official American 

Thoracic Society/European Respiratory Society statement: update of the international multidisciplinary 

classification of the idiopathic interstitial pneumonias. Am J Respir Crit Care Med 2013;188:733–48. 

[35] Lichtenstein DA. BLUE-protocol and FALLS-protocol: two applications of lung ultrasound in the critically 

ill. Chest 2015;147:1659–70.[34] Volpicelli G, Elbarbary M, Blaivas M, Lichtenstein DA, Mathis G, 

Kirkpatrick AW, et al. International evidence-based recommendations for point-of-care lung ultrasound. 

Intensive Care Med 2012;38:577–91. 

[36] Volpicelli G, Elbarbary M, Blaivas M, Lichtenstein DA, Mathis G, Kirkpatrick AW, et al. International 

evidence-based recommendations for point-of-care lung ultrasound. Intensive Care Med 2012;38:577–91. 

[37] Pinal Fernández I, Pallisa Núñez E, Selva-O'Callaghan A, Castella-Fierro E, Martínez-Gómez X, 

Vilardell-Tarrés M. Correlation of ultrasound B-lines with high-resolution computed tomography in 

antisynthetase syndrome. Clin Exp Rheumatol 2014;32:404–7. 

[38] Desai SR, Veeraraghavan S, Hansell DM, Nikolakopolou A, Goh NS, Nicholson AG, et al. CT features of 

lung disease in patients with systemic sclerosis: comparison with idiopathic pulmonary fibrosis and 

nonspecific interstitial pneumonia. Radiology 2004;232:560–7. 

[39] Goldin JG, Lynch DA, Strollo DC, Suh RD, Schraufnagel DE, Clements PJ, et al. High-resolution CT scan 

findings in patients with symptomatic scleroderma-related interstitial lung disease. Chest 2008;134:358–67. 

[40] Waseda Y, Johkoh T, Egashira R, Sumikawa H, Saeki K, Watanabe S, et al. Antisynthetase syndrome: 

Pulmonary computed tomography findings of adult patients with antibodies to aminoacyl-tRNA synthetases. 

Eur J Radiol 2016;85:1421–6. 

[41] Tanaka N, Kunihiro Y, Kubo M, Kawano R, Oishi K, Ueda K, et al. HRCT findings of collagen vascular 

disease-related interstitial pneumonia (CVD-IP): a comparative study among individual underlying diseases. 

Clin Radiol 2018;73:833 e1–e10. 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

r/advance-article/doi/10.1093/m
r/roae053/7685093 by C

onference (Journals) user on 03 June 2024



 

 
 

 

 

 
  

[42] Lichtenstein D, Meziere G, Seitz J. The dynamic air bronchogram. A lung ultrasound sign of alveolar 

consolidation ruling out atelectasis. Chest 2009;135:1421–5. 

[43] Lichtenstein D, Mézière G, Biderman P, Gepner A, Barré O. The comet-tail artifact. An ultrasound sign of 

alveolar-interstitial syndrome. Am J Respir Crit Care Med 1997;156:1640–6. 

[44] Singh N, Varghese J, England BR, Solomon JJ, Michaud K, Mikuls TR, et al. Impact of the pattern of 

interstitial lung disease on mortality in rheumatoid arthritis: a systematic literature review and meta-analysis. 

Semin Arthritis Rheum 2019;49:358–65. 

[45] Walsh SL, Sverzellati N, Devaraj A, Keir GJ, Wells AU, Hansell DM. Connective tissue disease related 

fibrotic lung disease: high resolution computed tomographic and pulmonary function indices as prognostic 

determinants. Thorax 2014;69:216–22. 

[46] Picano E, Matucci-Cerinic M. Unnecessary radiation exposure from medical imaging in the rheumatology 

patient. Rheumatology (Oxford) 2011;50:1537–9. 

 

 

Figure legends 

Figure 1. Comparison of LUS and HRCT images in corresponding areas of a patient with SSc-ILD 

The areas of no (a), minimal (b), and extensive (c) ILD on HRCT slices and the corresponding LUS images 

obtained at the intercostal site are shown in the right panel. The B-lines were identified as a hyperechoic signal 

similar to the pleural line extending vertically from the pleura. The number of B-lines is shown in the upper-right 

of individual LUS images. 

HRCT: high-resolution computed tomography; ILD: interstitial lung disease; LUS: lung ultrasound; SSc: systemic 

sclerosis. 
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Figure 2. Patient flow diagram 

CTD: connective tissue disease; HRCT: high-resolution computed tomography; ILD: interstitial lung disease; 

LUS: lung ultrasound. 

 

Figure 3. Correlations between total B-lines evaluated by LUS or ILD extent on HRCT 

Single regression analysis was conducted to examine the correlation between total B-lines and ILD extent in 

patients with CTD-ILD (a), IIM/ASS-ILD (b), SSc-ILD (c), CTD-ILD with an NSIP pattern (d), and CTD-ILD 

with an FOP pattern (e). 
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ASS: anti-synthetase syndrome; CTD: connective tissue disease; FOP: fibrosing organizing pneumonia; HRCT: 

high-resolution computed tomography; IIM: idiopathic inflammatory myopathy; ILD: interstitial lung disease; 

LUS: lung ultrasound; NSIP: nonspecific interstitial pneumonia; P: p-value; SSc: systemic sclerosis. 
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Table 1. Clinical characteristics in 67 patients with CTD-ILD at time of LUS evaluation 

Demographic and clinical characteristics The number of data available 
 

Age, years 67 53 (42–65) 

Female, number (%) 67 47 (70%) 

BMI, kg/m
2
 67 21 (19–24) 

Smoking history, number (%)  67 
 

Current  4 (6%) 

Ever  23 (34%) 

Never  40 (69%) 

Underlying CTD, number (%) 67 
 

IIM/ASS 
 

29 (43%) 

SSc 
 

25 (37%) 

RA 
 

10 (15%) 

MCTD 
 

3 (5%) 

Disease duration, weeks 67 34 (11–195) 

Follow-up period after ILD diagnosis, weeks 66 6 (1–136) 

Modified MRC dyspnoea scale, number (%) 61 
 

   0  22 (36%) 

   1  24 (39%) 

   2  9 (15%) 

   3  5 (8%) 

   4  1 (1%) 

Total B-lines by LUS 67 38 (26–53) 

ILD extent on HRCT, % 67 13 (7–20) 

HRCT morphology, number (%) 67 
 

   NSIP 
 

38 (57%) 

   FOP 
 

19 (28%) 

   UIP  6 (9%) 

   OP  1 (1%) 

   RB-ILD 
 

1 (1%) 

   DAD 
 

2 (3%) 

KL-6, U/mL 66 728 (447–1081) 

Pulmonary function test parameters 
  

   FVC, % 52 88 (76–99) 

   DLCO, % 49 69 (58–79) 

   DLCO/VA, % 49 88 (77–103) 

   FVC/DLCO ratio 49 1.3 (1.1–1.5) 

   TLC, % 50 87 (72–101) 

6MWD, m 35 456 (386–514) 

ILD-GAP index, number (%) 63  

   -2  10 (16%) 

   -1  18 (29%) 

   0  11 (17%) 

   1  10 (16%) 

   2  10 (16%) 

   3  2 (3%) 

   4  2 (3%) 

Treatment for ILD 67  

   Untreated, number (%)  37 (55%) 

   GC alone, number (%)  3 (4%) 

   MTX alone, number (%)  2 (3%) 

   MMF alone, number (%)  2 (3%) 
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   Tacrolimus alone, number (%)  2 (3%) 

Nintedanib alone, number (%)  2 (3%) 

GC + Tacrolimus, number (%)  9 (13%) 

GC + CYC, number (%)  3 (4%) 

MTX + Nintedanib, number (%)  1 (2%) 

AZA + Nintedanib, number (%)  1 (2%) 

GC + Tacrolimus + CYC, number (%)  3 (4%) 

GC + Tacrolimus + Nintedanib, number (%)  1 (2%) 

GC + MMF + Nintedanib, number (%)  1 (2%) 

Continuous values are shown as medians (interquartile ranges). 

6MWD: 6-minute walking distance; ASS: anti-synthetase syndrome; AZA: azathioprine; BMI: body mass index; 

CTD: connective tissue disease; CYC: cyclophosphamide; DAD: diffuse alveolar damage; DLCO: diffusing 

capacity for carbon monoxide; FOP: fibrosing organizing pneumonia; FVC: forced vital capacity; GC: 

glucocorticoid; HRCT: high-resolution computed tomography; IIM: idiopathic inflammatory myopathy; ILD: 

interstitial lung disease; KL-6: Krebs von den Lungen-6; LUS: lung ultrasound; MCTD: mixed connected tissue 

disease; MMF: mycophenolate mofetil; MTX: methotrexate; NSIP: nonspecific interstitial pneumonia; OP: 

organizing pneumonia; RA: rheumatoid arthritis; RB-ILD: respiratory bronchiolitis-associated interstitial lung 

disease; SSc: systemic sclerosis; TLC: total lung capacity; UIP: usual interstitial pneumonia; VA: alveolar volume. 
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  Table 2. Single regression analysis to evaluate correlations of LUS/HRCT measurements with prognostic parameters 

Prognostic parameters n 
CTD-ILD 

n 
IIM/ASS-ILD 

n 
SSc-ILD 

n 

CTD-ILD with 

NSIP pattern n 

CTD-ILD with 

FOP pattern 

r P r P r P r P r P 

Total B-lines by LUS 
               

  FVC 52 -0.32 0.020* 18 -0.59 0.010* 24 -0.36 0.080 33 0.03 0.889 11 -0.73 0.011* 

  DLCO 49 -0.53 <0.001* 17 -0.45 0.070 24 -0.63 0.001* 31 -0.20 0.283 10 -0.63 0.053 

  DLCO/VA 49 -0.33 0.022* 17 0.00 0.993 24 -0.52 0.010* 31 -0.06 0.747 10 -0.06 0.860 

  FVC/DLCO ratio 49 0.47 0.001* 17 0.06 0.828 24 0.63 0.001* 31 0.18 0.334 10 0.37 0.298 

  6MWD 35 -0.18 0.301 16 -0.26 0.338 15 -0.39 0.153 19 -0.06 0.809 10 -0.11 0.755 

  ILD-GAP index 63 0.37 0.003* 29 0.31 0.100 23 0.61 0.002* 34 0.31 0.071 19 0.12 0.629 

ILD extent on HRCT 
               

  FVC 52 -0.46 0.001* 18 -0.28 0.266 24 -0.62 0.001* 33 -0.40 0.022* 11 -0.38 0.255 

  DLCO 49 -0.58 <0.001* 17 -0.22 0.391 24 -0.79 <0.001* 31 -0.55 0.001* 10 -0.06 0.879 

  DLCO/VA 49 -0.30 0.035* 17 -0.25 0.330 24 -0.45 0.027* 31 -0.12 0.514 10 0.21 0.556 

  FVC/DLCO ratio 49 0.42 0.003* 17 0.02 0.933 24 0.67 <0.001* 31 0.12 0.514 10 -0.12 0.736 

  6MWD 35 -0.11 0.520 16 0.12 0.667 15 -0.46 0.086 19 0.05 0.823 10 -0.24 0.498 

  ILD-GAP index 63 0.44 <0.001* 29 0.27 0.150 23 0.81 <0.001* 34 0.37 0.033* 19 0.17 0.499 

Single regression analysis was used to determine the correlation between known prognostic parameters of ILD and total B-lines. *P < 0.05. 

6MWD: 6-minute walking distance; ASS: anti-synthetase syndrome; CTD: connective tissue disease; DLCO: diffusing capacity for carbon monoxide; FOP: fibrosing organizing pneumonia; 

FVC: forced vital capacity; HRCT: high-resolution computed tomography; IIM: idiopathic inflammatory myopathy; ILD: interstitial lung disease; LUS: lung ultrasound; NSIP: nonspecific 

interstitial pneumonia; r: Pearson correlation coefficient; SSc: systemic sclerosis; VA: alveolar volume. 
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Table 3. Multiple regression analysis to assess the contribution of LUS/HRCT measurements to prognostic 

parameters 

Prognostic parameters n R P 
LUS total B-lines ILD extent on HRCT 

β P β P 

CTD-ILD 
       

FVC 52 0.46 0.003* -0.035 0.839 -0.494 0.013* 

DLCO 49 0.61 <0.001* -0.267 0.106 -0.458 0.013* 

DLCO/VA 49 0.35 0.053 -0.233 0.231 -0.173 0.410 

FVC/DLCO ratio 49 0.49 0.002* 0.357 0.051 0.215 0.273 

6MWD 35 0.18 0.587 -0.205 0.421 0.028 0.917 

ILD-GAP index 63 0.45 0.001* 0.132 0.393 0.351 0.023* 

IIM/ASS-ILD 
       

FVC 18 0.59 0.039* -0.600 0.023* -0.053 0.858 

DLCO 17 0.46 0.196 -0.544 0.116 -0.100 0.758 

DLCO/VA 17 0.27 0.593 0.127 0.723 -0.361 0.315 

FVC/DLCO ratio 17 0.06 0.977 0.072 0.846 0.004 0.992 

6MWD 16 0.45 0.234 -0.567 0.105 0.693 0.163 

ILD-GAP index 29 0.33 0.215 0.230 0.313 0.145 0.523 

SSc-ILD 
       

FVC 24 0.65 0.003* 0.355 0.206 -0.897 0.004* 

DLCO 24 0.79 <0.001* 0.006 0.977 -0.788 0.002* 

DLCO/VA 24 0.52 0.037* -0.424 0.181 -0.104 0.739 

FVC/DLCO ratio 24 0.69 0.001* 0.233 0.379 0.480 0.082 

6MWD 15 0.46 0.243 -0.019 0.970 -0.392 0.360 

ILD-GAP index 23 0.81 <0.001* -0.056 0.796 0.858 0.001* 

CTD-ILD with NSIP pattern 
    

FVC 33 0.48 0.018* 0.363 0.094 -0.605 0.005* 

DLCO 31 0.56 0.006* 0.132 0.522 -0.649 0.003* 

   DLCO/VA 31 0.12 0.811 0.005 0.983 -0.132 0.577 

   FVC/DLCO ratio 31 0.18 0.623 0.175 0.471 0.041 0.861 

   6MWD 19 0.14 0.854 -0.191 0.611 0.179 0.617 

   ILD-GAP index 34 0.39 0.080 0.158 0.450 0.272 0.176 

CTD-ILD with FOP pattern 
     

FVC 11 0.75 0.036* -0.831 0.024* 0.211 0.442 

DLCO 10 0.77 0.043* -1.115 0.016* 0.478 0.106 

DLCO/VA 10 0.34 0.657 -0.379 0.488 0.352 0.385 

FVC/DLCO ratio 10 0.59 0.222 0.840 0.100 -0.495 0.172 

6MWD 10 0.26 0.785 0.110 0.817 -0.277 0.545 

ILD-GAP index 19 0.17 0.800 0.013 0.970 0.157 0.645 

Multiple regression analysis was also conducted to evaluate the associations of LUS and HRCT indices with 

prognostic factors. *P < 0.05. 

6MWD: 6-minute walking distance; ASS: anti-synthetase syndrome; CTD: connective tissue disease; DLCO: 

diffusing capacity for carbon monoxide; FOP: fibrosing organizing pneumonia; FVC: forced vital capacity; 

HRCT: high-resolution computed tomography; IIM: idiopathic inflammatory myopathy; ILD: interstitial lung 

disease; LUS: lung ultrasound; NSIP: nonspecific interstitial pneumonia; R: multiple regression coefficient; SSc: 

systemic sclerosis; VA: alveolar volume; β: standard partial regression coefficient. 
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