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Abstract
Objective
The purpose of this study was to evaluate and compare the diagnostic performance of lung ultrasound (US) in respect to
high-resolution computed tomography (HRCT) findings in patients with connective tissue disease-associated interstitial
lung disease (CTD-ILD).

Methods
We searched the Pubmed, Embase, and Cochrane Library databases, and performed a meta-analysis on the diagnostic
accuracy of lung US according to B-lines (comet tail sign) and on the correlation coefficients between lung US scores
and HRCT Warrick scores in CTD-ILD patients.

Results
Five studies that included a total of 349 patients were available for this meta-analysis. The pooled sensitivity
and specificity of lung US were 91.5% (95% confidence interval [CI]: 84.5-96.0) and 81.3% (95% CI: 74.6-86.9),
respectively. The positive likelihood ratio, negative likelihood ratio, and diagnostic odds ratio were 4.100 (2.133-7.879),
0.176 (0.006-0.363), and 34.73 (10.10-99.66), respectively. The area under the curve was 0.915 and the Q" index was
0.848, indicating a high diagnostic accuracy. When all four studies with systemic sclerosis were considered together,
the pooled sensitivity and specificity of lung US were 89.5% (95% CI 80.3-95.3) and 79.6% (69.9-87.2), respectively.
A significant correlation was found between lung US B-line scores and HRCT Warrick scores in CTD-ILD (correlation
coefficient: 0.783; p-value <I x 10°).

Conclusion
Our meta-analysis of published studies demonstrates that lung US has a high diagnostic accuracy, correlates well with
HRCT findings, and plays an important role in the diagnosis of CTD-ILD.
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Introduction

Connective tissue diseases (CTD) are
a heterogeneous group of systemic dis-
orders characterised by autoimmune
response and immune-mediated organ
damage that can affect multiple organ
systems including systemic sclerosis,
mixed connective tissue disease, and
rheumatoid arthritis. Interstitial lung
diseases (ILD) are a group of diffuse
parenchymal lung diseases character-
ised by interstitial involvement result-
ing from inflammation and fibrosis (1).
Interstitial lung disease is a common
manifestation of CTD, and leads to
significant morbidity and mortality (2).
High-resolution computed tomography
(HRCT) is a sensitive and reproducible
method to assess the extent and the pat-
tern of ILD. While HRCT represents the
gold standard method for diagnosis of
ILD, it potentially exposes patients to
high doses of ionising radiation (3).
The role of lung ultrasound (US) in the
assessment of ILD has been studied pre-
viously as both a non-invasive and non-
ionising diagnostic tool (4). The use of
US to assess ILD consists of detection
and quantification of the B-lines fans
out from the lung surface, generated by
the reflection of the US beam from the
thickened sub-pleural interlobar septa
(4). B-lines are a reliable tool to evalu-
ate diffuse parenchymal lung disease,
and that their distribution correlates
with CT signs of fibrosis (5), although
mechanisms of B-lines generation are
still unclear and the explanation reported
is quite debated in literature. However,
there are little available data on the di-
agnostic performance of lung US in pa-
tients with CTD-ILD (4, 6-9). The diag-
nostic accuracy of lung US remains un-
clear in the detection of ILD in patients
with CTD, and thus a systematic analyti-
cal approach is needed to validate lung
US for its assessment. The aim of this
meta-analysis was to assess and compare
the diagnostic performance of lung US
in respect to HRCT, as well as evaluate
the correlation between US and HRCT
findings in patients with CTD-ILD.

Materials and methods

Identification of eligible studies

and data extraction

We used the Pubmed, Embase, and

12

Cochrane Library databases to iden-
tify articles published up to February
2015, in which the diagnostic accu-
racy of lung US according to B-lines
was compared with that of HRCT
findings in patients with CTD-ILD.
The following keywords and subject
terms were used in the search: “lung,”
“ultrasound,” “HRCT,” “sensitivity,”
“specificity,” “pulmonary fibrosis,”
and “connective tissue disease.” In
addition, all references mentioned in
the selected articles were reviewed
to identify studies not indexed by the
electronic databases. Studies were se-
lected for the analysis if they included
patients with CTD-ILD diagnosed on
the basis of HRCT findings and suffi-
cient data to calculate the sensitivity,
specificity, or correlation coefficients,
excluding studies with overlapping or
insufficient data, as well as a review
study. From the included studies, we
extracted information on author(s),
publication year, and the demographic
characteristics of participants; the total
number of B-lines and HRCT Warrick
scores; sensitivity, specificity, and cor-
relation coefficients; and cut-off values
for B-lines. Lung US assessment was
scored based on the number of B-lines,
and HRCT Warrick score was obtained
by adding the severity and the exten-
sion scores (10). We used the Quality
Assessment of Diagnostic Accuracy
Studies (QUADAS) criteria to assess
the quality of each study (11).

Evaluation of statistical associations

The effect of heterogeneity was quan-
tified by using I?, with a range from
0% to 100%, representing the propor-
tion of between-study variability at-
tributable to heterogeneity rather than
to chance (12). The random-effects
model assumes that different studies
show substantial diversity and assesses
both within-study sampling error and
between-study variance (13). We used
a random-effects model to combine the
sensitivity, specificity, positive (PLR)
and negative likelihood ratio (NLR),
and diagnostic odds ratio (DOR) esti-
mates due to heterogeneity, and ana-
lysed the summary receiver-operating
characteristic (SROC) curves, area
under the curve (AUC), Q" index, and
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Fig. 1. A PRISMA flow diagram showing study selection process.

correlation coefficient, as the random-
effects model is a conservative meth-
od. The AUC presents an overall sum-
mary of test performance and displays
the trade-off between sensitivity and
specificity (13). In addition, the Q" in-
dex is another useful global estimate
of test accuracy for comparing SROC
curves. Statistical manipulations for
this meta-analysis were performed
by using Meta-DiSc, v. 1.4 (Hospital
Universitario Ramon y Cajal, Madrid,
Spain) (14) and a comprehensive meta-
analysis computer programme (Biosta,
Englewood, NJ).

Results

Studies included in the meta-analysis
We identified 144 studies by electronic
and manual searching, and 10 were
selected for full-text review based on
title and abstract. Two of these were
excluded because they had no data or
included duplicate data with the study
by Tardella et al. (9). Thus, eight arti-
cles met the inclusion criteria, with a
total of 349 patients (159 patients with
CTD-ILD and 190 patients with CTD)
(4, 6-9, 15-17) (Fig. 1). Six of these
studies showed the diagnostic accuracy
of lung US for diagnosis of CTD-ILD

(6-8, 15-17), and four of these stud-
ies provided correlation coefficients
between lung US B-line scores and
HRCT Warrick scores in CTD-ILD
patients (4, 6, 7, 9). Table I shows the
characteristic features of the studies’
participants, as well as the studies’ re-
ported quality assessments of diagnos-
tic accuracy.

Diagnostic accuracy of

lung ultrasound in CTD-ILD

When the three studies examining the
diagnostic accuracy of lung US were
considered together, the sensitivity es-
timates of lung US ranged from 73.58%
to 100%, and the specificity estimates
ranged from 56% to 100% (Table I).
The pooled sensitivity and specificity
of lung US were 91.5% (95% confi-
dence interval [CI]: 84.5-96.0) and
81.3% (95% CI: 74.6-86.9), respec-
tively (Table IT). In summary, the PLR,
NLR, and DOR of lung US were 4.100
(2.133-7.879), 0.176 (0.006-0.363),
and 34.73 (10.10-99.66), respectively
(Table II). Figure 1 shows the perfor-
mance of lung US in the form of SROC
curves. The AUC of lung US was 0.915
and the Q" index was 0.848, indicat-
ing a high diagnostic accuracy (Table

II; Fig. 2). Spearman rank correlation
test showed no presence of threshold
effects in the lung US meta-analysis
(Spearman  correlation  coefficient:
-0.500, p=0.667). Data that were lim-
ited to studies of SSc were similar to
those from all 6 studies. When all four
SSc studies were considered together,
the pooled sensitivity and specificity
of lung US were 89.5% (95% CI 80.3—
95.3) and 79.6% (69.9-87.2), respec-
tively (Table II).

Meta-analysis of correlation
coefficients between lung US score
and HRCT score in CTD-ILD
Meta-analysis of correlation coef-
ficients from four studies revealed a
significant correlation between lung
US B-line scores and HRCT Warrick
scores in CTD-ILD (correlation coef-
ficient: 0.783; p-value <1 x 10”) (Table
IIT; Fig. 3). Some heterogeneity was
observed, but there was no evidence of
publication bias (Table III).

Discussion

High-resolution computed tomography
is the gold standard method for the di-
agnosis, activity, and therapy of ILD
(3). However, HRCT uses high doses
of ionising radiation, thus increasing
the risk of radiation exposure (18). In
contrast, US represents a non-ionising,
non-invasive, inexpensive, and safe
method of assessment, and has been
used as an important diagnostic tool
in rheumatologic diseases because of
its merits (19). Several studies have
shown that lung US using B-line as-
sessment may be a reliable additional
method for the evaluation of ILD in pa-
tients with CTD (4, 6-9); however, its
diagnostic value needs to be validated
either by studies with large numbers of
subjects or by meta-analysis.

In this meta-analysis, we combined
evidence of the diagnostic accuracy of
lung US for ILD in patients with CTD.
This meta-analysis of five studies with
a total of 249 patients showed that lung
US has a high diagnostic accuracy. The
pooled sensitivity and specificity of
lung US were 91.5% and 81.3%, re-
spectively, and the AUC and the Q" in-
dex were 0.915 and 0.848, respectively,
indicating highly accurate diagnostic
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Table I. Characteristics of individual studies included in meta-analysis.

A. Characteristics of individual studies

Authors Country Disease Numbers Probe Cut-off Lung ultrasound Study
frequency value quality
ILD (+) ILD (-) (MHz) (B-line) Sensitivity Specificity Correlation — Sample
coefficient size
Moazedi, 2015 (8) Austria SSc 9 5 35 NA 81.8 100 NA 14 10
Moazedi, 2014 (15) Austria RA 17 47 3-5 NA 97.1 97.1 NA 64 10
Cogliati, 2014 (6) Italy RA 13 26 2-5 10 92 56 0.806 39 11
Mohammadi, 2014 (7) USA SSc 17 53 7-10 5 73.58 88.23 0.695 70 7
Barskova, 2013 (16) Italy SSc 36 22 2.5-35 5 100 59 NA 58 11
Delle, 2010 (17) Italy SSc 14 13 2.5-35 5 85 70 NA 27 7
Gargani, 2009 (4) Italy SSc 17 16 2.5-35 10 NA NA 0.72 33 11
Tardella, 2012 (9) Italy CTD" 36 8 2-17 10 NA NA 0.875 44 10

ILD: interstitial lung disease; RA: rheumatoid arthritis; SSc: systemic sclerosis; and CTD: connective tissue disease; * 26 SSc; NA: not avaialble.

B. Demographic characteristics of study populations

Authors Mean age (range), Number of LUS Reproducibility between Number of intercostal
yearststandard deviation operators operators spaces or regions studied
Moazedi, 2015 (8) 54(28-74) 2 NA 18
Moazedi, 2014 (15) 59+ 12 2 Kappa =0.92 18
Cogliati, 2014 (6) 64.87 £99 2 Kappa =0.78 Each intercostal space
Mohammadi, 2014 (7) 5029 £ 9.7 =2 Kappa = 0.838 10
Barskova, 2013 (16) 51 +15 2 Inter-observer variability 7.4% 8
Delle, 2010 (17) 53 £ 10.5 2 Intra-class correlation = 0.681 8
Gargani, 2009 (4) 53+ 14 2 Inter-observer variability 7.4% 8
Tardella, 2012 (9) 57.0 + 12.96 2 Kappa = 0.46-0.980 14

LUS: lung ultrasound; NA: not available.

C. Study quality using QUADAS tool.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Sum
Moazedi, 2015 (8) Y Y Y U Y Y Y Y N Y U Y Y 8] 10
Moazedi, 2014 (15) Y Y Y U Y Y Y Y N Y U Y Y U 10
Cogliati, 2014 (6) Y Y Y U Y Y Y Y Y Y U Y Y U 11
Mohammadi, 2014 (7) Y 8] U U Y Y Y N U Y U Y Y U 7
Barskova, 2013 (16) Y Y Y U Y Y Y Y Y Y 8] Y Y U 11
Delle, 2010 (17) Y U Y U Y Y Y N N Y 8] Y 8] 8] 7
Gargani, 2009 (4) Y Y Y U Y Y Y Y Y Y U Y Y 8] 11
Tardella, 2012 (9) Y Y Y U Y Y Y Y N Y 18] Y Y U 10

QUADAS: Quality Assessment of Diagnostic Accuracy Studies, Y: Yes, N: No, U: Umclear, Item 1. Was the spectrum of patients representative of the patients who
will receive the test in practice? 2. Were selection criteria clearly described? 3. Is the reference standard likely to correctly classify the target condition? 4. Is the
time period between reference standard and index test short enough to be reasonably sure that the target condition did not change between the two tests? 5. Did the
whole sample or a random selection of the sample, receive verification using a reference standard of diagnosis? 6. Did patients receive the same reference standard
regardless of the index test result? 7. Was the reference standard independent of the index test (i.e. the index test did not form part of the reference standard)?
8. Was the execution of the index test described in sufficient detail to permit replication of the test? 9. Was the execution of the reference standard described in
sufficient detail to permit its replication? 10. Were the index test results interpreted without knowledge of the results of the reference standard? 11. Were the refer-
ence standard results interpreted without knowledge of the results of the index test? 12. Were the same clinical data available when test results were interpreted as
would be available when the test is used in practice? 13. Were uninterpretable/ intermediate test results reported? 14. Were withdrawals from the study explained?

Table II. Summary results of meta-analysis.

Method Population Study Numbers Sensitivity Heterogeneity Specificity Heterogeneity PLR NLR DOR AUC Q*
No. —mmmm™  (¥5%C) ——+— (95%C) —-——— (95%CI) (95% CI) (95% CI) (SE) (SE)
CTD-ILD CTD 2 p-value 2 p-value

Lung US Overall 6 106 166 0915 66.6  0.010 0.813 84.1 <0.001 4.100 0.176 34.73 0915 0.848
(0.845-0.960) (0.746-0.869) (2.133-7.879) (0.006-0.363) (10.10-99.66) (0.026) (0.030)

Lung US SSc 4 76 93 0.895 74.1  0.009 0.796 725 0.012 3.523 0.223 25.86 0902 0.834
(0.803-0.953) (0.699-0.872) (1.965-6.315) (0.117-0.425) (9.491-70.48) (0.033) (0.036)

Lung USRA 2 30 73 0.967 41.8  0.190 0.836 950 <0.001 7.726 0.080 1114 NA NA
(0.828-0.999) (0.730-0.912) (0.254-235.0) (0.017-0.386) (1.853-6696)

CTD: connective tissue disease; ILD: interstitial lung disease; SSc: systemic sclerosis; RA: rheumatoid arthritis; US: ultrasound; PLR: positive likelihood ratio; NLR: negative
likelihood ratio; DOR: diagnostic OR; AUC: area under the curve; CI: confidence interval; SE: standard error; NA: not available; and US: ultrasound. The number 1 means 100%
in sensitivity and specificity.

14
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Table III. Meta-analysis of correlation coefficient between US B-line score and HRCT score.

Method No. of No. of Test of association Test of heterogeneity Publication
studies subjects bias p-value
Correlation coefficient 95% CI p-value Model I? p-value
Lung US vs. HRCT 4 186 0.783 0.676-0.858 <1 x 108 R 57.1 0.072 0.589
US: ultrasound; HRCT: high-resolution computed tomography; CI: confidence interval; and R: random-effects model.
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Fig. 2. Summary receiver-operating characteristic curves for lung ultrasound for the diagnosis of interstitial lung disease in connective tissue diseases (A)
and systemic sclerosis (B). Solid circles represent individual studies included in this meta-analysis. The curve shown is a regression line that summarises the
overall diagnostic accuracy. SE (AUC): standard error of the area under the curve; Q™: an index defined by the point on the SROC curve where the sensitivity

and specificity are equal; and SE (Q"): Q" index standard error.

Study name Statistics for each study Correlation and 95% CI
Lower Upper
Correlation  limit limit p-Value
Cogliati, 2014 0.806 0.658 0.894 0.000000000 -
Mohammadi, 2014 0.695 0.550 0.799 0.000000000 E
Tardella, 2012 0.875 0.781 0.930 0.000000000 E |
Gargani, 2009 0.720 0.500 0.853 0.000000665
0.783 0.676 0.858 0.000000000 ‘
-1.00 -0.50 0.00 0.50 1.00

Correlation coefficient

Fig. 3. Meta-analysis of the correlation coefficient between ultrasound B-line score and high-resolu-

tion computed tomography Warrick score.

performances. In addition, the results
of lung US have shown promising cor-
relation with HRCT findings, the gold
standard method. These meta-analysis
data suggest lung US can be used as
part of the diagnosis of CTD-ILD.

To the best of our knowledge, our me-
ta-analysis represents the first study
providing combined evidence for the
diagnostic performance of lung US
using B-lines for detection of ILD in

CTD. However, lung US assesses only
the lung surface, while HRCT is able
to assess the entire lung parenchyma.
Thus, lung US may be useful as an ad-
junct method in monitoring patients
with CTD-IDL during both initial treat-
ment and follow-up, because it has no
radiation exposure risk.

This study has several shortcomings
that should be considered. First, the
number of studies included was small

and heterogeneous in demographic
characteristics, such as mean age of
the patients, the number of LUS op-
erators, the reproducibility between
operators, and the number of intercostal
spaces. The machines and probes used
are really different as well as the scor-
ing system used. This could affect the
final result because of the definition
of B-lines used and the heterogeneity.
Second, between-study heterogeneity
was encountered in this meta-analysis.
This between-study heterogeneity may
have affected our results, which may be
compounded by the limited information
provided on clinical status and disease
severity in the populations involved.
This limited data did not allow further
analysis, such as subgroup analysis or
meta-regression. Third, we included
most papers using the Warrick score.
However, the Warrick score is not the
only CT score employed to semiquanti-
fy ILD (e.g. Wells or Kazerooni scores).
Fourth, to summarise the studies in me-
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ta-analysis is important, but the meas-
ure points of B-lines were different
(from 18 to 8 points). It remains unclear
whether more measure points are more
accurate or the measurement of small
number points such as 8 is enough,
although a significant positive linear
correlation was found between B-lines
and Warrick scores (4). Nevertheless,
this meta-analysis also has its strengths.
The number of the patients from indi-
vidual studies ranged from 33 to 70; our
pooled analysis included a total of 250
patients. Compared to individual stud-
ies, our study was able to provide more
accurate data on the diagnostic tests
by increasing the statistical power and
resolution through pooling the results
of independent analyses.

Conclusion

The present meta-analysis of lung US
for the detection of ILD in 349 patients
with CTD demonstrates that lung US
has a high diagnostic accuracy, corre-
lates well with HRCT findings, and is
a valuable, additional option in the di-
agnosis of CTD-ILD. Given the small
number of included studies, however,
further studies with large population
samples are needed to definitively de-
termine the diagnostic value of lung US
for CTD-ILD.
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