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Abstract
Lung ultrasound (LUS) achieved an intriguing role in the management of pulmonary involvement in patients affected by 
connective tissues diseases (CTDs). Few studies have been performed to support its usefulness in the evaluation of the pres-
ence and the severity of interstitial lung disease (ILD), relating it to the information obtained with chest high-resolution 
computed tomography (HRCT). These results open up new fields of research in order to demonstrate the utility of LUS as 
screening tool to evaluate ILD in CTD. The aim of this review is to provide the “state of the art” of the role of LUS in the 
management of ILD associated with CTD.
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Introduction

Connective tissues diseases (CTDs) are a heterogeneous 
group of immunologically mediated systemic diseases that 
may affect every organ and system. Interstitial lung disease 
(ILD) is one of the pulmonary manifestations of CTDs 
which can lead to significant morbidity and mortality [1, 2]. 
The incidence of ILD varies according to the specific CTD, 
but it is often underestimated because it may remain symp-
tomless for many years. In fact, from a clinical point of view, 
ILD in CTDs is generally subclinical, and it manifests with 
dyspnea and respiratory failure in few cases. Nevertheless, 
ILD is the second cause of death in systemic sclerosis (SSc) 
and rheumatoid arthritis (RA) [3].

In daily clinical practice, conventional chest radiography 
is the first imaging tool used to evaluate the presence of ILD, 
but it is of limited use due to its low sensitivity, particularly 
in early stage of disease. Chest high-resolution computed 
tomography (HRCT) is considered the gold standard in the 
diagnosis of ILD and in the ability to identify lung pattern 
of different interstitial pneumonia [4].

In the last 20 years, many authors demonstrated the util-
ity of ultrasound (US) assessment in the evaluation of lung 
and pleural diseases, offering new tools for the management 
of acute and chronic pulmonary conditions [5–12]. Lung 
ultrasound (LUS) was also applied in the evaluation of ILD 
in CTDs [13–17]. The elementary findings detectable are 
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artifacts generated from the thickened interlobular septa at 
lung surface level. The suggestive artifact of the presence 
of ILD is a hyperechoic narrow-based reverberation type of 
artifact, defined US B line, and appears like a laser ray up to 
the edge of the screen (Fig. 1) [18].

Considering the numerous studies carried out in this field, 
the aim of this paper is to provide the “state of the art” of the 
role of LUS in the management of ILD associated with CTD.

Methods

We reviewed all relevant scientific articles regarding ILD 
in CTDs published in the last 18 years, according to the 
Preferred Reporting Items for Systematic Review and 
Meta-Analysis (PRISMA) guidelines [19]. We performed 
a systemic research on the electronic databases (PubMed 
and EMBASE) using the following search terms in all pos-
sible combinations: ultrasound, ultrasonography, sonogra-
phy, interstitial lung disease, pulmonary fibrosis, interstitial 
pulmonary fibrosis, interstitial fibrosis, systemic sclerosis, 
rheumatoid arthritis, Sjögren’s syndrome and systemic 
lupus erythematosus. We evaluate all the articles concern-
ing studies in humas, published between January 2000 and 
December 2018, removing duplicates. Two independent 
rheumatologists (MG, MT) screened all the titles, abstracts 
and full reports of articles identified, and in case of disagree-
ment, a third investigator (CB) was consulted, obtaining a 
consensus. Exclusion criteria were case reports, letters to 

the editor, nonhuman studies and articles not published in 
English. In the evaluation of methodological quality of the 
included studies, we applied the Newcastle-Ottawa Scale 
(NOS), which is a tool developed to assess quality of non-
randomized observational studies [20].

Results

We identified 713 publications, of whom 20 papers were 
included. In Table 1 are summarized demographic data, 
number of patients enrolled and type of diseases included.

The largest number of articles concerns the SSc, since 
the incidence of ILD in this disease is higher than in other 
CTDs. The first study was conducted by an Italian group in 
2009 [13]; they subjected 33 consecutive SSc patients to a 
LUS assessment, using a 2.5–3.5 MHz cardiac transducer, 
in the anterior, middle and posterior chest. Sixty-two pulmo-
nary intercostal spaces (LIS) were included with an average 
LUS examination time of 10 min. LUS data were correlated 
with HRCT data, using the score proposed by Warrick et al. 
[21]. They obtained a linear correlation between the LUS 
and HRCT data and a significant correlation between the 
number of B lines and the diffusion capacity values of car-
bon monoxide (DLco).

The same group of authors [22] conducted a study on 25 
patients to compare the evaluation of LUS performed with 
two different probes: a 2.5–3.5–3.5 MHz heart probe and 
a 6–12 MHz linear probe used at 6 MHz, and with HRCT 
chest data, using the Warrick score. They found a significant 
correlation between the LUS evaluations obtained with both 
transducers and a moderate and good correlation between 
the heart probe and HRCT (ICC = 0.547) and the linear 
probe and HRCT (ICC = 0.600).

Another Italian group evaluated 34 consecutive patients 
with different CTDs (26 SSc, two Sjögren’s syndrome, two 
antisynthetase syndrome, two dermatomyositis, one mixed 
CTD and one undifferentiated CTD) [16]. LUS evaluations 
were performed on 50 LIS in anterior, middle and posterior 
chest, with a 2–7 MHz convex broadband multifrequency 
transducer, using an average time of 23 min for each patient. 
They correlated the LUS results with the pulmonary func-
tion test (PFTs), with the DLco and with the HRCT score 
proposed by Warrick. In addition, to determine the severity 
of the ILD, they proposed a semiquantitative LUS score: 
grade 0 = normal (< 10 B lines); grade 1 = light (11 to 20 
B lines); grade 2 = moderate (21 to 50 B lines); and grade 
3 = marked (> 50 B lines). They found a positive correlation 
between the LUS data and the DLco values and, in addi-
tion, a significant linear correlation between the semiquan-
titative LUS score and the Warrick score. The reliability of 
the interobserver between two sonographers in the detec-
tion of B lines was excellent. A larger number of B lines 

Fig. 1   Example of B lines in systemic sclerosis. B lines are the 
“comet tail” artifacts generating from the pleural line (∆) to the edge 
of the screen (*). In this scan are detectable three B lines. m: chest 
wall muscles; p: pleural line; l: lung parenchyma
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were observed in the LIS at the level of the lower posterior 
regions of the chest, which were proposed by the authors as 
the first LIS to be evaluated in the initial phase of the ILD.

The same group of researchers [17] proposed a simplified 
evaluation of the LUS, performing a post hoc analysis. They 
included 36 CTD patients (28 SSc, 2 Sjögren’s syndrome, 
one undifferentiated CTD, two antisynthetase syndrome, two 
dermatomyositis, one mixed CTD), performing the evalua-
tion of LUS with a 2–7 MHz broadband multifrequency con-
vex transducer. Fourteen LIS were chosen in which the high-
est prevalence of US B lines was obtained: the second LIS 
along the parasternal lines, the fourth LIS along the anterior 
thoracic wall (CW), the anterior and middle-axillary lines at 
the center CW and the eighth LIS along the paravertebral, 
sub-scapular and posterior axillary lines at the posterior CW. 
They proposed a simplified LUS score: 0 = normal, (< 5 B 
lines); 1 = light (6 to 15 B lines); 2 = moderate (16 to 30 B 
lines) and 3 = marked (> 30 B lines). They found a signifi-
cant correlation between the complete and simplified LUS 

score (p = 0.0001) and a positive correlation between the 
simplified LUS score and the HRCT score (p = 0.0006), both 
in the quantification and extension of the ILD. A notable 
result is the significant difference in average time taken to 
perform the simplified LUS assessment (8.3 min) compared 
to the comprehensive LUS assessment. Excellent reliability 
was also reported, and the feasibility of the simplified score 
was acceptable.

The evaluation of pleural features was introduced by 
Moazedi-Fuerst et al. [23], who performed a study in a sin-
gle center, comprising 25 patients with SSc and very early 
SSc and 40 healthy volunteers. They correlated the LUS 
data with chest HRCT and proposed the definition of pleural 
irregularities when the thickening of the pleural line was 
greater than 2.8 mm and a pleural score: 0 = without areas of 
irregularity, 1 = 1–5 areas of pleural irregularity and 2 = > 5 
areas of pleural irregularity. They found the B lines in 7% 
of healthy subjects, and in 44% of patients with pathologi-
cal LUS, ILD was confirmed by chest HRCT. An interesting 

Table 1   Demographic data, number of patients enrolled and type of diseases of patients involved in the review studies

SD standard deviation; N/A not applicable; SSc systemic sclerosis; CTD connective tissue disease; RA rheumatoid arthritis; SS Sjögren syn-
drome; dSSc diffuse systemic sclerosis; lSSc limited systemic sclerosis; SLE systemic lupus erythematosus; ILD interstitial lung disease

Reference author Age (SD) Sex (female/male) Disease dura-
tion, years 
(SD)

Number 
of patients 
enrolled

Type of disease

Gargani [13] 54 ± 13 30/3 8 ± 7 33 SSc
Barskova [24] 51 ± 14 54/4 1.9 ± 3.2 58 SSc
Gutierrez [17] 57 ± 13 32/4 7.3 ± 6.9 3610.5 SSc, Sjögren, undifferentiated CTD, mixed CTD
Tardella [16] 57 30/4 7.3 34 SSc, SS, antisynthetase, DM, mixed CTD
Moazedi-Fuerst [23] 51 ± 15 23/2 6.5 (1–20) 65 SSc
Aghdashi [31] 48.29 ± 9.7 26/5 5.6 ± 1.9 31 SSc, RA, overlap, SS, DM
Hasan AA [33] 49.41 ± 11.69 N/A N/A 9 Sarcoidosis
Cogliati C [32] 65.31 ± 10.0 8/5 12.46 ± 8.6 13 RA
Moazedi-Fuerst [34] 59 ± 12 54/10 9.4 64 RA
Mohammadi [25] 50.29 ± 9.7 62/8 7.3 ± 6.9 70 SSc
Sperandeo [15] 46.46 ± 15.33 166/9 7.5 ± 6.2 175 DSSc (137)/lSSc (38)
Moazedi-Fuerst [14] 54 (28–74) 15/30 8 (1–35) 45 RA (n = 25), SSc (n = 14) or SLE (n = 6)
Buda [26] 50 ± 24 Both sex N/A 30 Systemic connective tissue disease
Pinal-Fernandez [35] 51.5 ± 14.2 24/13 N/A 37 13 as having probable or definite dermatomyositis and 

six as polymyositis; the remaining two patients had 
pure antisynthetase-associated ILD, without myosi-
tis. Among the SSc patients, eight were classified 
as limited SSc, five as diffuse SSc and three as SSc 
without scleroderma

Gigante [27] 51 ± 15.2 33/6 8.5 ± 6.3 39 DSSc (24)/lSSc (15)
Delle Sedie [22] 53 ± 10.5 22/3 N/A 25 SSc
Çakır [28] 50.8 ± 11.9 46/2 4.6 ± 3.8 48 lSSc (33), DSSc (15),
Vasco [36] 63.62 years 

(range 
39–88)

13 N/A 13 Sjögren’s syndrome

Tardella [29] 56.40 ± 13.42 34/6 6.5 ± 6.69 40 SSc
Hassan et al. [30] 53 (± 13) 63/4 7 67 lSSc (42), DSSc (21), Sine scleroderma (4)
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element was the fact that all SSc patients with B lines also 
showed significant pleural irregularities, opening up a new 
area of LUS research.

Barskova et al. [24] conducted a pilot study in 58 consec-
utive SSc patients, including 32 patients with very early SSc. 
They performed LUS evaluation in 62 LIS of CW, using a 
2.5–3.5 MHz cardiac transducer with a length of 2.5 cm, 
and correlated ultrasound data with HRCT and pulmonary 
function tests. ILD, detected by HRCT, was observed in 41% 
of the population with very early SSc. They found 100% 
sensitivity and 59% specificity when the total number of B 
lines was > 5, and an agreement of 83% between HRCT and 
LUS for ILD detection. Discrepant cases were determined 
by false positive data detected with LUS, providing a 100% 
negative predictive value in both SSc and early SSc.

Mohammadi et al. [25] proposed a reduced scoring sys-
tem for the evaluation of LUS. They performed a cross-sec-
tional study in 70 patients with SSc, correlating LUS data 
with chest HRCT as the imaging standard to investigate its 
concomitant validity. The evaluation of LUS included the 
evaluation of ten LIS: for the anterior chest: the fourth LIS 
along the midclavicular line; for the lateral chest: the fourth 
LIS along the anterior and middle-axillary axillary lines; 
and for the posterior chest: the eighth LIS along the sub-
scapular and posterior axillary lines. A significantly posi-
tive correlation was found between the LUS data and the 
severity of lung involvement on chest HRCT, resulting in 
sensitivity, specificity, positive and negative predictive val-
ues of 73.58%, 88.23%, 95.12% and 51.72%, respectively, 
compared to HRCT.

Sperandeo et al. [15] proposed a new method for evalu-
ating pleural abnormalities (thickening, pleural/subpleural 
nodules and other subpleural lung abnormalities), perform-
ing a LUS evaluation of all CW LIS, using a convex probe 
at 3.5–5-MHz. The purpose of the study was to evaluate 
the ability of the LUS to detect pleural line thickness (usu-
ally < 3.0 mm) for the study of subclinical ILD in patients 
with SSc to plan HRCT evaluation. They performed chest 
LUS and HRCT in 175 patients with SSc. Pleural line thick-
ening (3.0–5.0 mm) was found in 97 patients, subpleural 
nodules in 32 patients and major pleural line thickening 
(> 5.0 mm) in 35 patients, while normal pleural line thick-
ening was found in 26 patients without ILD. All LUS data 
showed good agreement with the HRCT score, classified as 
extended pulmonary fibrosis (PF) (definitely involving the 
medium–high lung), limited or baseline PF (only involving 
the posterior lower-base lung) or absent PF (no apparent 
sign).

In accordance with the previous study, Buda et al. [26] 
proposed a new method to describe the results of the LUS 
for the ILD criteria: pleural line irregularity, pleural line 
narrowing, the fragmentary nature of the pleural line, pleu-
ral line blurring, pleural line thickening, B-line artifacts ≤ 3 

and subpleural consolidations < 5 mm. They performed a 
study at a single center to correlate LUS results with HRCT 
results, using Warrick’s score, in a cohort of 52 ILD patients 
compared to 50 healthy subjects. They evaluated all the LIS 
of CW, dividing them into upper, middle and lower fields. 
Pleural line irregularity was most often found in the lower 
fields of both lungs (100% of ILD patients). The most fre-
quent result was a thickening of the pleural line (thick-
ness ≥ 2 mm), mainly in the lower lung fields in patients 
with SSc, while in severe cases of ILD a blurred pleural 
line was detected, which is detected in patients with hon-
eycombing in the HRTC scan. Sensitivity and specificity of 
the blurred pleural line were 0.59 and 0.82, respectively. B 
lines were observed in 92.3% of patients with SSc, of whom 
69.3% had numerous B lines (≥ 4), especially in the lower 
fields. B lines were also observed in the middle and upper 
fields when ILD was severe. The authors also noted that 
numerous B line artifacts occur when the blurred pleural 
line is detectable in LUS (p < 0.001). The authors provide 
the definition of “white lung syndrome,” when the results of 
the LUS showed numerous B-line artifacts dissolving into 
a single large vertical artifact, which meets the definition of 
a B line, showing a strong correlation with the presence of 
ground-glass opacity on HRCT; sensitivity and specificity 
were 0.95 and 0.99, respectively.

Recently, Gigante et al. [27] conducted a transversal 
study with the aim of correlating the results of LUS, HRCT 
thoracic and PFTs in 39 patients with SSc, including the 
modified Rodnan skin score (mRSS) as a clinical variable. 
A positive correlation was found between the number of B 
lines and the HRCT score (r = 0.81, p < 0.0001); the authors 
showed a negative correlation between the number of B lines 
and DLCO (r = − 0.63, < 0.0001), while no significant cor-
relation was obtained between the LUS and mRSS data.

Forty-eight consecutive SSc patients were also evaluated 
by Cakir et al. [28] in a study aimed at investigating the abil-
ity of the LUS to assess the severity of the ILD-SSc. In this 
study, the authors demonstrated a good correlation between 
the B lines and HRCT (r = 0.89; p = 0.0001) and, interest-
ingly, with the Medsger disease scale (r = 0.55; p = 0.0001). 
Sensitivity, specificity, positive predictive value and nega-
tive predictive value of the LUS data were 100, 84.2, 90.6 
and 100%, respectively, when chest HCRT was taken as the 
gold standard.

Tardella et al. [29] in 2018 designed a cross-sectional 
study to determine a cutoff point of the number of B lines to 
detect the presence of significant ILD in 40 consecutive SSc 
patients in relation to the Warrick HRCT score. The authors 
adopted the previous LUS score of 14 LIS [17] for the evalu-
ation of each patient and showed that a value of 10 B lines 
is highly predictive for the significant presence of SSc-ILD 
in HCRT, using as external criterion a Warrick score of 7. 
They also found a strong correlation between the total LUS 
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score and the DLco and a moderate correlation between the 
total LUS score and quality of life measures.

Also in 2018, Hassan et al. [30] conducted a prospective 
cohort study to demonstrate that LUS is a useful screening 
tool for ILD in patients with SSc versus HRCT. This study 
involved 67 patients with SSc. In 29 patients with abnormal 
HRCT (Warrick score > 7) and LUS, two had a low score 
(6–15 B lines) and 27 had moderate or severe scores (≥ 16 
B lines). Of the 38 patients with negative HRCT, 25 had 
some degree of lung involvement on LUS. LUS reported a 
sensitivity of 100% and a specificity of 34%. A significant 
relationship between the number of B lines and the presence 
of ILD on HRCT was demonstrated (area under the curve, 
0.80; 95% confidence interval, 0.69–0.90).

The previous studies were designed to evaluate ILD in 
SSc patients using LUS, demonstrating a good correla-
tion with chest HRCT. The next discussed studies included 
patients with different CTDs.

Aghdashi M. et al. [31] evaluated a cohort of 31 con-
secutive patients affected by RA with suspected pulmonary 
involvement. The included patients underwent HRCT and 
LUS evaluations. Taking HRCT as the gold standard, the 
authors obtained sensitivity, specificity, positive and nega-
tive predictive values of LUS of 73.58%, 88.23%, 95.12% 
and 51.72%, respectively.

Cogliati et al. [32] designed a monocentric study to verify 
the accuracy of LUS in the diagnosis of ILD in RA patients. 
They included 39 patients and evaluated LUS with both 
standard equipment and a pocket US device (PS-USD) as 
a screening tool. A full LUS scanning of 72 LIS (28 ante-
rior and 44 posterior) was performed, and the number of B 
lines > 10 was considered as positive. The sensitivity and 
specificity of the LUS standard versus chest HRCT were 
92% and 56%, respectively. The B-line score was highly cor-
related with the HRCT score. A total of 29 patients were 
studied with a PS-USD, whose sensitivity and specificity 
with respect to chest HRCT were 89% and 50%, respectively.

An interesting element was introduced by Hasan et al. 
[33] who studied the accuracy of LUS in ILD diagnosis 
by comparing it with HRCT chest data (including ground 
glass, reticular, nodular or honey combing) and with PFT. 
Sixty-one patients with ILD secondary to several diseases 
were included, including eight cases with CTD. The eval-
uation of LUS was performed using a 3.5-MHz convex 
probe. They divided the chest into four areas and consid-
ered a positive region when they found three or more B 
lines in a longitudinal plane between two ribs and defined 
an examination as positive when there were two or more 
positive regions bilaterally. All patients showed bilateral 
B lines that correlated positively with the severity of the 
disease on chest HRCT. They showed a positive correla-
tion between the bilateral B lines detected by the LUS 
and the severity of the HRCT score proposed by Warrick 

et al. The new element of this study was the evaluation of 
the distance between two adjacent B lines: the opacity of 
the ground-glass on HRCT correlated with a distance of 
3 mm, while extended fibrosis and honeycombing corre-
lated with a distance of 7 mm.

Moazedi-Fuerst et al. [34] proposed a transverse study to 
estimate the value of LUS as a diagnostic screening tool in 
patients with RA who did not show clinical signs or symp-
toms of ILD. Sixty-four patients with RA and 40 healthy 
volunteers were included as a control group. They inves-
tigated not only the presence of B lines, but also pleural 
irregularities, introducing this new aspect in the study of 
ILD in RA. All patients underwent PFTs and DLco deter-
mination, chest HRCT and LUS evaluation. LUS detected 
pleural nodules or B-line artifacts in 28% of patients with 
AR. In these patients, HRCT scans showed signs of incipient 
subclinical interstitial lung disease. On the other hand, LUS 
showed sporadic abnormalities in 7% of healthy controls.

Recently, the same authors [14] conducted a new study 
with the aim of determining the diagnostic value of LUS 
in the diagnosis of ILD in patients with CTDs [RA, SSc 
and systemic lupus erythematosus (SLE)] and, as a second 
aim, to determine the possible correlation between the fre-
quency of pathological results of LUS and the underlying 
disease. Forty-five patients (25 with RA, 14 with SSc and 
six with SLE) and 40 healthy subjects were involved as con-
trol groups. Chest HRCT was adopted as the gold stand-
ard for ILD diagnosis. In addition, in this study, B lines, 
subpleural nodes and pleural irregularities were considered 
features of the LUS examination. Twenty-eight percent of 
the RA cohort, 64% of SSc patients and four out of six SLE 
patients showed some degree of ILD on HRCT. Pathological 
US findings were significantly more frequent in the group 
of patients with ILD than without ILD (B lines: 100% vs. 
12%, p < 0.001; subpleural nodes: 55% vs. 17%, p = 0.006; 
pleural line thickening: 95% vs. 12.5%, p < 0.001). Sub-
pleural nodules were present ultrasonographically in 100% 
of patients with AR versus 22% of SSc patients (p = 0.003) 
and 50% of SLE patients (p = 0.049) with ILD. An irregular 
pleural line > 3 mm was documented in 100% of SSc and 
SLE patients with ILD, compared to 86% of ILD patients 
with RA.

Pinal-Fernandez et al. [35] proposed pleural irregulari-
ties as a new LUS sign for ILD detection in patients with 
SSc and antisynthetase syndrome (ASS). In their study, all 
patients performed HRCT, PFTs, DLCO and LUS. US pleu-
ral irregularities and B lines were evaluated using a score of 
72-LUS, while lung abnormalities in HRCT were quantified 
by the Warrick score. Thirty-seven patients were included 
(21 with ASS-2 without ILD and 16 with SSc-6 without 
ILD). This study reported a positive correlation between the 
LUS pattern of pleural irregularities and a Warrick score in 
both SSc and ASS patients, showing superior performance 
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Table 2   Feasibility, reliability, sensitivity and specificity of US in the studies included in the review

KV kappa values, N/A not applicable, CI confidential interval

Reference 
author

Feasibility Interobserver 
reliability (k)

Intraobserver 
reliability (k)

Interreader 
reliability 
(k)

Intrareader 
reliability (k)

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Gargani [13] 100% N/A N/A N/A N/A N/A N/A N/A N/A
Barskova [24] 100% N/A N/A N/A N/A 100% 59% 78% 100%
Gutierrez [17] 100% 0.76–0.88 0.85–0.95 N/A N/A N/A N/A N/A N/A
Tardella [16] 100% 0.28–0.98 N/A N/A N/A N/A N/A N/A N/A
Moazedi-

Fuerst [23]
N/A N/A N/A N/A N/A N/A N/A N/A N/A

Agdashi [31] N/A N/A N/A N/A N/A 73.5% 88.23% 95.12 51.72%
Hasan [33] N/A N/A N/A N/A N/A N/A N/A N/A N/A
Cogliati [32] N/A 0.96 N/A N/A N/A Standard 

method 
(HRCT) 
92% (95% 
CI 78, 100). 
Simplified 
method was 
69% (95% 
CI 44.94)

Standard 
method 
56% (95% 
(HRCT) 
CI 38, 75). 
Simplified 
method was 
88% (95% 
CI 76.1)

N/A N/A

Moazedi-
Fuerst [34]

N/A 0.92 N/A N/A N/A 97.1% 97.3% 94.3% 98.6%

Mohammadi 
[25]

N/A N/A N/A N/A N/A 73.58% 88.23% 95.12 51.72

Sperandeo 
[15]

0.60 0.80 Reticular 
pattern 80% 
Reticular 
nodular 
pattern (and 
honeycomb-
ing) 74.3% 
Honeycomb-
ing 90.1%

Reticular 
pattern 99% 
Reticular 
nodular 
pattern (and 
honeycomb-
ing) 99% 
honeycomb-
ing 99%

Moazedi-
Fuerst [14]

N/A N/A N/A N/A N/A N/A N/A N/A N/A

Buda [26] N/A N/A N/A N/A N/A Blurred pleura 
line 59%. 
White lung 
syndrome 
95%

Blurred pleura 
line 82% 
white lung 
syndrome 
99%

N/A N/A

Pinal-Fernan-
dez [35]

79% 100%

Gigante [27] N/A N/A N/A N/A N/A N/A N/A N/A N/A
Delle Sedie 

[22]
N/A N/A N/A N/A N/A 85% 70% N/A N/A

Çakır [28] N/A 0.96 N/A N/A N/A HRCT as the 
gold stand-
ard; 100%

HRCT as the 
gold stand-
ard 84.2%

90.6% 100%

Vasco [36] N/A N/A N/A N/A 1.0 (?) Int-
raRater

100% 89% N/A N/A

Tardella [29] N/A N/A N/A N/A N/A For a cut value 
of 10 B lines 
96.30%

For a cut value 
of 10 B lines 
92.31%

N/A N/A

Hassan et al. 
[30]

N/A N/A N/A N/A N/A 100% 34.21% 53.7% 100%



995La radiologia medica (2019) 124:989–999	

1 3

Ta
bl

e 
3  

T
ec

hn
ic

al
 c

ha
ra

ct
er

ist
ic

s o
f U

S 
an

d 
ty

pe
s o

f s
co

rin
g 

us
ed

 in
 th

e 
stu

di
es

 in
vo

lv
ed

 in
 th

e 
re

vi
ew

Re
fe

re
nc

e 
au

th
or

Tr
an

sd
uc

er
 p

ro
be

 (M
H

z)
G

ra
y 

sc
al

e
PD

/
co

lo
r 

do
pp

le
r

Ty
pe

 o
f m

ac
hi

ne
N

um
be

r o
f i

nt
er

co
st

al
 sp

ac
es

G
ar

ga
ni

 [1
3]

2.
5–

3.
5 

M
H

z 
ca

rd
ia

c 
se

ct
or

 p
ro

be
Ye

s
N

/A
H

P 
So

no
s 7

50
0 

Ph
ili

ps
 a

nd
 M

yL
ab

 2
5,

 E
sa

ot
e

62
B

ar
sk

ov
a 

[2
4]

2.
5–

3.
5 

M
H

z 
ca

rd
ia

c 
se

ct
or

 p
ro

be
Ye

s
N

/A
M

yL
ab

50
, E

sa
ot

e
N

/A
G

ut
ie

rr
ez

 [1
7]

2–
7 

M
H

z 
co

nv
ex

 p
ro

be
Ye

s
N

/A
M

yL
ab

 7
0 

X
V

G
, E

sa
ot

e
50

 (c
om

pr
eh

en
si

ve
), 

14
 b

ila
te

ra
l (

si
m

pl
ifi

ed
)

Ta
rd

el
la

 [1
6]

2–
7 

M
H

z 
co

nv
ex

 p
ro

be
Ye

s
N

/A
M

yL
ab

 7
0 

X
V

G
, E

sa
ot

e
50

 (2
8 

an
te

rio
r/2

2 
po

ste
rio

r)
M

oa
ze

di
-F

ue
rs

t [
23

]
3.

5 
M

H
z 

co
nv

ex
 p

ro
be

 fo
r p

ar
en

ch
ym

a 
an

d 
lin

ea
r p

ro
be

 fo
r p

le
ur

al
 c

ha
ng

es
Ye

s
Lo

gi
q 

7 
ge

ne
ra

l e
le

ct
ric

N
/A

A
gd

as
hi

 [3
1]

7–
10

 M
H

z 
lin

ea
r p

ro
be

Ye
s

N
/A

Lo
gi

q 
7 

ge
ne

ra
l e

le
ct

ric
Te

n 
bi

la
te

ra
l

H
as

an
 [3

3]
3.

5-
M

H
z 

co
nv

ex
 p

ro
be

Ye
s

N
/A

G
-4

0S
on

ol
in

e,
 S

ie
m

en
s

Fo
ur

 c
he

st 
ar

ea
s p

er
 si

de
 c

on
si

de
re

d 
fo

r c
om

-
pl

et
e 

lu
ng

 U
S 

ex
am

in
at

io
n.

 A
re

as
 1

 a
nd

 2
 

de
no

te
 th

e 
up

pe
r a

nt
er

io
r a

nd
 lo

w
er

 a
nt

er
io

r 
ch

es
t a

re
as

, r
es

pe
ct

iv
el

y.
 A

re
as

 3
 a

nd
 4

 d
en

ot
e 

th
e 

up
pe

r l
at

er
al

 a
nd

 b
as

al
 la

te
ra

l c
he

st 
ar

ea
s, 

re
sp

ec
tiv

el
y

C
og

lia
ti 

[3
2]

5–
3 

M
H

z 
co

nv
ex

 p
ro

be
Ye

s
N

/A
SS

D
-3

50
0,

 A
lo

ka
Ea

ch
 in

te
rc

os
ta

l s
pa

ce
 av

ai
la

bl
e;

 7
2 

se
gm

en
ts

 
w

er
e 

co
ns

id
er

ed
 (2

8 
an

te
rio

rly
 a

nd
 4

4 
po

ste
-

rio
rly

). 
A

 si
m

pl
ifi

ed
 m

et
ho

d 
(e

ig
ht

-r
eg

io
n 

te
ch

-
ni

qu
e)

 fo
r i

nt
er

sti
tia

l p
at

te
rn

 e
va

lu
at

io
n 

w
as

 
al

so
 a

pp
lie

d:
 T

he
 a

nt
er

ol
at

er
al

 c
he

st 
w

al
l w

as
 

di
vi

de
d 

in
to

 fo
ur

 a
re

as
 o

n 
ea

ch
 si

de
 a

nd
 th

e 
pr

es
en

ce
 o

f a
t l

ea
st 

th
re

e 
B

 li
ne

s i
n 

th
e 

sa
m

e 
sc

an
 id

en
tifi

ed
 a

 p
os

iti
ve

 (B
+

) a
re

a
M

oa
ze

di
-F

ue
rs

t [
34

]
3.

5 
M

H
z 

co
nv

ex
 p

ro
be

 fo
r p

ar
en

ch
ym

a 
an

d 
lin

ea
r p

ro
be

 fo
r p

le
ur

al
 c

ha
ng

es
Ye

s
N

/A
Lo

gi
q 

7,
 g

en
er

al
 e

le
ct

ric
N

/A

M
oh

am
m

ad
i [

25
]

7–
10

 M
H

z 
br

oa
d 

ba
nd

 li
ne

ar
 m

ul
tif

re
qu

en
cy

 
tra

ns
du

ce
r

Ye
s

N
/A

Lo
gi

q 
7,

 g
en

er
al

 e
le

ct
ric

Te
n 

in
te

rc
os

ta
l s

pa
ce

s

22
Sp

er
an

de
o 

[1
5]

3.
5–

5 
M

H
z 

co
nv

ex
 p

ro
be

Ye
s

N
/A

M
ed

is
on

 A
cc

uv
ix

 V
20

, S
am

su
ng

A
ll 

in
te

rc
os

ta
l s

pa
ce

s. 
Pl

eu
ra

l l
in

e 
th

ic
kn

es
s w

as
 

re
co

rd
ed

 o
n 

th
e 

ba
si

s o
f p

os
te

rio
r b

as
al

 m
ea

s-
ur

em
en

ts
 [l

ow
 p

le
ur

al
 li

ne
 th

ic
kn

es
s)

 a
nd

 th
os

e 
ta

ke
n 

at
 th

e 
up

pe
r t

hi
rd

 o
f t

he
 c

he
st 

th
at

 is
 a

t 
th

e 
le

ve
l o

f t
he

 se
ve

nt
h 

to
 e

ig
ht

h 
rib

s, 
D

7–
D

8 
[u

pp
er

 p
le

ur
al

 li
ne

 th
ic

kn
es

s)
M

oa
ze

di
-F

ue
rs

t [
14

]
3.

5 
M

H
z 

co
nv

ex
 p

ro
be

 fo
r p

ar
en

ch
ym

a 
an

d 
lin

ea
r p

ro
be

 fo
r p

le
ur

al
 c

ha
ng

es
Ye

s
N

/A
Lo

gi
q 

7,
 G

en
er

al
 E

le
ct

ric
In

 to
ta

l, 
18

 p
oi

nt
s a

re
 e

va
lu

at
ed

, n
in

e 
po

in
ts

 
on

 th
e 

le
ft 

an
d 

rig
ht

 si
de

 o
f t

he
 th

or
ac

ic
 w

al
l 

(a
nt

er
io

r a
pi

ca
l, 

an
te

rio
r m

ed
ia

l a
nd

 a
nt

er
io

r 
ba

sa
l/l

at
er

al
 a

pi
ca

l, 
la

te
ra

l m
ed

ia
l a

nd
 la

te
ra

l, 
po

ste
rio

r/p
os

te
rio

r a
pi

ca
l, 

po
ste

rio
r m

ed
ia

l a
nd

 
po

ste
rio

r b
as

al
)



996	 La radiologia medica (2019) 124:989–999

1 3

Ta
bl

e 
3  

(c
on

tin
ue

d)

Re
fe

re
nc

e 
au

th
or

Tr
an

sd
uc

er
 p

ro
be

 (M
H

z)
G

ra
y 

sc
al

e
PD

/
co

lo
r 

do
pp

le
r

Ty
pe

 o
f m

ac
hi

ne
N

um
be

r o
f i

nt
er

co
st

al
 sp

ac
es

B
ud

a 
[2

6]
8–

11
 M

H
z 

lin
ea

r p
ro

be
 a

nd
 3

.5
–5

 M
H

z 
co

nv
ex

 
pr

ob
e

Ye
s

N
/A

Lo
gi

q 
7,

 G
en

er
al

 E
le

ct
ric

Ea
ch

 in
te

rc
os

ta
l s

pa
ce

 av
ai

la
bl

e

Pi
na

l-F
er

na
nd

ez
 [3

5]
5 

M
H

z 
lin

ea
r p

ro
be

Ye
s

N
/A

M
yL

ab
Tw

ic
e 

sy
ste

m
 (E

sa
ot

e,
 G

en
oa

)
A

nt
er

io
r a

nd
 a

nt
er

ol
at

er
al

 so
no

gr
ap

hi
c 

po
in

ts
 

(u
p 

to
 2

8)
, a

nd
 in

 si
tti

ng
 p

os
iti

on
 fo

r t
he

 p
os

te
-

rio
r a

nd
 p

os
te

ro
la

te
ra

l o
ne

s (
up

 to
 4

4)
G

ig
an

te
 [2

7]
2.

5–
3.

5-
M

H
z 

co
nv

ex
 p

ro
be

.
Ye

s
N

/A
To

sh
ib

a 
(m

od
el

 n
ot

 p
ro

vi
de

d)
A

nt
er

io
r a

nd
 la

te
ra

l h
em

ith
or

ac
es

, s
ca

nn
in

g 
al

on
g 

th
e 

pa
ra

ste
rn

al
, m

id
cl

av
ic

ul
ar

, a
nt

er
io

r 
ax

ill
ar

y 
an

d 
m

id
ax

ill
ar

y 
lin

es
D

el
le

 S
ed

ie
 [2

2]
2.

5–
3.

5 
M

H
z 

ca
rd

ia
c 

se
ct

or
 p

ro
be

 a
nd

 
6–

12
 M

H
z 

lin
ea

r p
ro

be
 (u

se
d 

at
 6

 M
H

z)
O

pt
ig

o,
 P

hi
lip

s a
nd

 P
ow

er
vi

si
on

 6
00

0,
 T

os
hi

ba
62

Ç
ak

ır 
[2

8]
5–

10
 M

H
z 

lin
ea

r p
ro

be
Ye

s
N

/A
So

no
si

te
 M

ed
ro

m
ax

 (S
on

os
ite

 In
c)

14
 b

ila
te

ra
lly

 lu
ng

 sp
ac

es
 p

ar
as

te
rn

al
 li

ne
, t

he
 

fo
ur

th
 m

id
cl

av
ic

ul
ar

, t
he

 a
nt

er
io

r a
xi

lla
ry

 a
nd

 
th

e 
m

id
ax

ill
ar

y 
lin

es
. P

os
te

rio
r c

he
st:

 p
ar

av
er

-
te

br
al

, s
ub

-s
ca

pu
la

r a
nd

 p
os

te
rio

r a
xi

lla
ry

 li
ne

Va
sc

o 
[3

6]
2–

5.
5-

M
H

z 
lin

ea
r p

ro
be

Ye
s

N
/A

H
ea

lth
ca

re
 L

O
G

IQ
e 

(G
en

er
al

 E
le

ct
ric

)
Ei

gh
t z

on
es

 o
f t

he
 lu

ng
s, 

us
in

g 
th

e 
pa

ra
ste

rn
al

, 
an

te
rio

r a
nd

 p
os

te
rio

r a
xi

lla
ry

 li
ne

s
Ta

rd
el

la
 [2

9]
4–

13
 M

H
z 

br
oa

db
an

d 
lin

ea
r t

ra
ns

du
ce

r
Ye

s
N

/A
M

yL
ab

 T
w

ic
e 

(E
sa

ot
e.

 G
en

oa
, I

ta
ly

)
14

 in
te

rc
os

ta
l s

pa
ce

s:
 fo

r t
he

 a
nt

er
io

r p
ar

as
te

rn
al

 
lin

es
 a

nd
 th

e 
m

id
cl

av
ic

ul
ar

, a
nt

er
io

r a
xi

lla
ry

 
an

d 
m

id
ax

ill
ar

y 
lin

es
; P

os
te

rio
r c

he
st,

 th
e 

pa
ra

ve
rte

br
al

, s
ub

-s
ca

pu
la

r a
nd

 p
os

te
rio

r a
xi

l-
la

ry
 li

ne
s

H
as

sa
n 

et
 a

l. 
[3

0]
3.

5 
M

H
z 

C
on

ve
x 

pr
ob

e
Ye

s
N

/A
Ph

ili
ps

 E
nv

is
or

 H
D

72
 in

te
rc

os
ta

l s
pa

ce
s s

ca
nn

ed
: a

nt
er

io
r, 

an
te

ro
-

la
te

ra
l, 

pa
ra

ste
rn

al
, h

em
ic

la
vi

cu
la

r, 
an

te
rio

r, 
po

ste
rio

r a
nd

 m
id

ax
ill

ar
y 

lin
es

, a
nd

 p
os

te
rio

r 
pa

ra
ve

rte
br

al

N
/A

 n
ot

 a
pp

lic
ab

le



997La radiologia medica (2019) 124:989–999	

1 3

in detecting ILD with pleural irregularities compared to the 
use of B lines.

Recently, Vasco et al. [36] studied the accuracy of LUS 
to diagnose ILD in Sjögren’s syndrome, in patients with 
PFT alterations or respiratory symptoms. LUS was corre-
lated with chest HRCT showing a sensitivity of 1 (95% CI 
0.398–1.0), a specificity of 0.89 (95% CI 0.518–0.997) and a 
positive probability of 9.00 (95% CI 7.1–11.3) to detect ILD. 
LUS achieved an excellent correlation with HRCT data in 
Sjögren’s syndrome with ILD.

Table 2 shows the feasibility, reliability, sensitivity and 
specificity of LUS, while the technical characteristics of 
LUS and the type of score used in all studies involved in the 
review are represented in Table 3.

Discussion

Identification and quantification of early manifestations of 
ILD in CTDs are an important objective to improve the qual-
ity of life of patients affected by CTDs and for prognosis [1, 
37–41]. In this regard, LUS has recently demonstrated a high 
sensitivity in the detection of signs indicative of ILD, even in 
the early stages of the disease and, especially, a high nega-
tive predictive value. LUS has therefore been proposed as a 
potential screening tool in ILD evaluation. HRCT remains 
the gold standard in ILD identification; however, LUS, due 
to the absence of ionizing radiation and its simplicity of 
execution, even in the patient’s bed, can be considered as an 
excellent screening tool. LUS has demonstrated encourag-
ing validity, reliability and feasibility, and currently, it could 
be considered as an excellent methodology to establish the 
correct timing of HRCT in ILD assessment.

How to behave in the preclinical stages of disease, how-
ever, remains a topic of debate [30]. In this regard, a recent 
study conducted by our group on the diagnostic possibilities 
of LUS in the detection of subclinical ILD in 133 patients 
with SSc revealed that 40.6% of patients with SSc show 
signs of subclinical ILD, compared to healthy controls 
(4.8%) (p = 0.0001). Preliminary data demonstrate that the 
sensitivity and specificity of LUS in detecting even greater 
ILD are 91.2% and 88.6%, respectively [42]. Interesting the 
“cutoff point” of ten B lines to detect the presence of SSc-
ILD proposed as a reference on the basis of which to send 
patients to perform a HRCT [29].

Despite the progress of studies in the literature, there is 
still much to be done, and some crucial points need to be 
discussed. In the first instance, the studies currently available 
(Table 1) have included small cohorts of patients. Secondly, 
how to perform a standardized ultrasound examination of 
the lung should be precisely defined, particularly in terms of 
which and how many LIS to assess. Currently, the number 
of LIS used in the studies is very variable, from 10 to 72 

(Table 2). Thirdly, there is no consensus on the semiquanti-
tative scoring system for ILD quantification.

On the other hand, new possibilities of interpretation 
of pathological findings are emerging, in particular with 
regard to pleural abnormalities. Pleural abnormalities appear 
to be adequately related to specific HRCT findings such 
as ground-glass opacity and extensive fibrosis and could 
therefore be considered an ILD imaging biomarker [15]. 
Moreover, in the future, there will be an increasing interest 
in pocket-sized ultrasound machines, which can be used to 
evaluate lung diseases without the need for top of the range 
machines to acquire reliable information.

In conclusion, this review showed how LUS can become 
an important technique for assessing lung disease in rheu-
matic diseases with suspected lung involvement. Applica-
tions of this imaging method are still growing, and further 
opportunities are likely to arise in the light of the vibrant 
field of research.
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