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ABSTRACT

Objectives: This study aims to evaluate the diagnostic accuracy of the VECTOR software in patients with connective tissue diseases (CTDs), 
compared with the reference standard of high-resolution computed tomography (HRCT).
Patients and methods: The study included 98 consecutive patients of CTD (24 males, 74 females; median age 66 years; range, 24 to 85 years) with 
a recent HRCT. Patients were evaluated in a blindly manner by VECTOR and the results obtained by the algorithm were compared with the presence 
of interstitial lung disease (ILD) according to HRCT.
Results: Interstitial lung disease was detected in 42.8% of subjects. VECTOR correctly classified 81/98 patients, with a diagnostic accuracy of 82.6%; 
sensitivity and specificity were 88.1% and 78.6%, respectively. Only 5/42 patients with ILD were not correctly classified by VECTOR, while false 
positive cases were 21.4%. No significant differences were observed according to the radiologic pattern of ILD.
Conclusion: VECTOR showed high sensitivity, specificity and diagnostic accuracy, allowing selecting patients to be investigated with HRCT. The 
relatively high frequency rate of false positive results is acceptable if compared with the lack of effective screening methods for this complication 
of CTDs.
Keywords: Connective tissue diseases, diagnosis, interstitial lung disease, screening, VECTOR, velcro crackles.

Interstitial lung disease (ILD) represents one 
of the more frequent pulmonary manifestations 
in connective tissue diseases (CTDs) and it is 
characterized by severe implications in morbility 
and overall prognosis.1-3 To date, high-resolution 
computed tomography (HRCT) represents 

the gold standard for the diagnosis and the 
characterization of ILD;4 moreover, an increasing 
role for radiology has been observed in the last 
years; it allows to classify the different possible 
patterns with high specificity5 and to quantify 
the evolution over the time of the lung disease.6 
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Despite the potentially deep impact of lung 
involvement on clinical course and prognosis, 
a routine assessment of ILD is not properly 
defined for all CTDs. It is probably better defined 
in patients with systemic sclerosis (SSc),7 while 
it is not so common for other CTDs, such as 
primitive Sjögren’s syndrome (SS) or systemic 
lupus erythematosus (SLE) that can also be 
complicated by ILD.1,8-10 Moreover, increasing 
data suggest a higher prevalence than expected 
of severe ILD, also in CTDs other than SSc; 
nevertheless, the absence of a routine screening 
for ILD can frequently delay the diagnosis.11,12 
On the other side, the routine use of HRCT 
is not feasible for the high costs and radiation 
exposure and alternative screening methods are 
needed.

Clinical examination and lung auscultation 
are mandatory for detection of pulmonary 
disease, and velcro-type crackles have been 
considered typical of lung fibrosis and early 
detectable in the course of the disease.13-16 
Crackles, best detected during slow, deep 
breaths, are discontinuous, short explosive 
non-musical sounds predominating during 
inspiration and best heard over dependent 
lung regions. Fine crackles are softer, shorter 
in duration, and higher in pitch than coarse 
crackles, similar to the sound heard when gently 
separating the joined strip of velcro on the blood 
pressure cuff. Crackles are present early in the 
course of idiopathic pulmonary fibrosis (IPF), 
appearing first in the basal areas of the lung 
where the disease process initiates, with further 
progression to the upper zones. Although not 
specifically studied according to the stage of 
IPF, crackles may be present in virtually any 
patient with IPF according to current diagnostic 
criteria.13-17 For these reasons, they have been 
proposed as a simple and reliable screening for 
the early diagnosis of ILD.13-16

Recently, Sgalla et al.13 observed a close 
correlation between pulmonary fibrosis and 
“velcro-type” crackles; in their study reticulation, 
honeycombing, ground-glass opacities, and 
traction bronchiectasis were all independently 
associated with velcro-type crackles in the lung 
parenchyma.

More recently, we developed the software 
VECTOR (VElcro Crackles detecTOR) which 

is able to identify velcro crackles in pulmonary 
sounds recorded by an electronic stethoscope 
(ES) in rheumatoid arthritis (RA) patients. This 
previous study was performed on 137 RA patients 
and showed a diagnostic accuracy for VECTOR of 
83.9% with a specificity and sensitivity of 76.9% 
and 93.2%, respectively.14 However, the results 
obtained in RA cannot be translated in CTDs, 
because of the heterogeneity of clinical and 
radiological manifestations of lung involvement 
in these diseases. Therefore, in this study, we 
aimed to evaluate the diagnostic accuracy of 
the VECTOR software in patients with CTDs, 
compared with the reference standard of HRCT.

PATIENTS AND METHODS

This study was conducted at University Hospital 
of Modena between September 2018 and April 
2019. The study included 98 consecutive patients 
of CTD (24 males, 74 females; median age 
66 years; range, 24 to 85 years). All patients 
satisfying the current classification criteria for 
a CTD, namely dermatomyositis (DM), SSc, 
primitive SS, antisynthetase syndrome, SLE, 
and undifferentiated connective tissue disease 
(UCTD)18-22 and those who underwent HRCT in 
the last 12 months before the study were included. 
Overlap syndromes and secondary forms of SS 
were excluded. The appearance of symptoms 
suggestive for lung disease (cough, dyspnea) in 
patients without a previous history of ILD or the 
presence of pleural effusion or pneumothorax at 
HRCT also entailed the exclusion by the study; 
when possible, a new HRCT was requested. The 
study protocol was approved by the University 
Hospital of Modena Ethics Committee. A written 
informed consent was obtained from each patient. 
The study was conducted in accordance with the 
principles of the Declaration of Helsinki.

All patients were evaluated in a blinded manner 
by means of VECTOR and the results (presence 
or absence of velcro crackles) were compared with 
HRCT (presence or absence of ILD).

According to our previous study, lung 
auscultation was performed bilaterally in four 
pulmonary fields (two at the basal fields and one 
at the medium and upper fields, respectively; 
Figure 1). Auscultations were realized in a silent 
environment, with a commercially available ES 
(Littmann 3200TM 3M, St. Paul, MN, USA). 
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Then, registrations were digitized, anonymized, 
saved as a Waveform Audio file, and analyzed by 
means of VECTOR.14

Similarly, all HRCT images were anonymized 
and transferred on Digital Imaging and 
Communications in Medicine format, coded, 
and evaluated for the assessment of ILD by an 
expert thoracic radiologist5 blinded to the clinical 
condition of the patients and the presence of 
velcro crackles.

All HRCTs were performed by means of 
different multidetector scanners with a slice 
thickness of less than 2 mm, from the lung apices 
to below the costophrenic angles, reconstructed 
by using an edge-enhancing algorithm. The 
scan was performed in the supine position 
at full inspiration. All images were viewed at 
window setting optimized for assessment of lung 
parenchyma (width 1500 HU; level -700 HU). 
High-resolution computed tomography images 
were evaluated by an expert chest radiologist 

Table 1. Demographic and clinico-radiological features of connective tissue disease patients

Non-ILD ILD Total

n % Median IQR n % Median IQR n % Median IQR p

Number 57.2 42 42.8 98

Sex
Female 73.2 33 78.6 74 75.5 0.61

Median age (year) 64 21 68.5 13 66 18 0.08

Disease duration (month) 60 112 78.5 99 72 103 0.58

Smoking 76.8 32 76.2 75 76.5 0.96

Antinuclear antibodies 53 94.6 39 92.8 92 92.8 0.91

ENA
Anti-SSA

39
25

69.6
44.6

29
19

69.0
45.2

68
44

69.4
44.9

0.98
0.89

Rheumatoid factor 10 17.8 9 21.4 19 19.4 0.79

Pattern HRCT
UIP
OP
NSIP
LIP
Other

-
-
-
-
-

-
-
-
-
-

19
6
13
1
3

19.4
6.1

13.3
1

3.1

19
6
13
1
3

19.4
6.1

13.3
1

3.1

Rheumatic diseases
DM
SLE
ASSD
pSS
SSC
UCTD

3
7
2
21
10
13

5.3
12.5
3.6
37.5
17.8
23.2

4
1
4
8
22
3

9.5
2.3
9.5
19.0
52.4

-

7
8
6

29
32
16

7.1
8.2
6.1

29.6
32.6
16.3

ILD: Interstitial lung disease; IQR: Interquartile range; ENA: Extractable nuclear antigen; Anti-SSA: Anti-Sjögren’s syndrome type A; HRCT: High-resolution computed 
tomography; UIP: Usual interstitial pneumonia; OP: Organizing pneumonia; NSIP: Nonspecific interstitial pneumonia; LIP: Lymphoid interstitial pneumonia; 
DM: Dermatomyositis; SLE: Systemic lupus erythematosus; ASSD: Antisynthetase syndrome; pSS: Primitive Sjögren’s syndrome; SSc: Systemic sclerosis; UCTD: 
Undifferentiated connective tissue disease.

Figure 1. Lung auscultation. All patients were auscultated 
bilaterally in four pulmonary fields at the dorsal level: two 
at the basal field, one at the middle field and one at the 
upper field.
Lung auscultation. All patients were auscultated bilaterally in four 
pulmonary fields at the dorsal level: two at the basal field (A and B, 
I and L), one at the middle field (D and G) and one at the upper field 
(E and F).
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who classified the radiologic ILD pattern 
according to American Thoracic Society (ATS)/
European Respiratory Society (ERS)/Japanese 
Respiratory Society (JRS)/Latin American 
Thoracic Association (ALAT) statement for the 
diagnosis of IPF.5 The pattern of interstitial 
pneumonia was classified as definite, possible, 
and inconsistent with usual interstitial pneumonia 
(UIP) (Table 1). If a pattern inconsistent with UIP 
was recorded, the radiologist further specified if 
it was compatible with an organizing pneumonia, 
nonspecific interstitial pneumonia, or lymphoid 
interstitial pneumonia (LIP).5 Moreover, in the 
absence of ILD, the presence of nodules, pleural 
effusion or other isolated manifestations of 
pulmonary disease such as consolidation was 
also recorded.

Statistical analysis

Data were reported as median and interquartile 
range and analyzed using STATA version 11 
statistical software (StataCorp. LP, College 
Station, Texas, USA). Chi-square test was used 
to analyze categorical variables, while differences 
between the medians were evaluated using the 
Mann-Whitney U test for unpaired samples. 
Finally, we calculated the diagnostic accuracy, 
sensitivity, and specificity of the VECTOR. 
P values <0.05 were considered statistically 
significant.

RESULTS

Of the CTD patients enrolled, seven had 
DM, 32 had SSc, 29 had primitive SS, six had 
antisynthetase syndrome, eight had SLE, and 16 
had UCTD. The indications for the HRCT were 
presence of velcro crackles at lung auscultation 
(23.4%), dyspnea (22%), a suggestive thorax 

X-ray (14.1%), and cough (4%). In the remaining 
patients, HRCT was requested for other reasons 
including infections, screening for tumor or 
other lung diseases, and monitoring of lung 
nodules. Clinical, demographic, and serological 
characteristics of the 98 patients investigated are 
described in Table 1.

An ILD was detected in 42 patients (42.8%). 
VECTOR showed a diagnostic accuracy of 
82.6%, classifying in a correct manner 81/98 
patients; sensitivity and specificity were 88.1% 
and 78.6%, respectively. Seventeen patients 
were not correctly classified by VECTOR: 5/42 
among patients with ILD, and 12/56 among 
control group. Among the latter, the majority 
showed signs of airway disease (8/12) while two 
patients presented an acute inflammatory event.

Among false negative cases, three patients 
had very advanced lung disease and the result 
of VECTOR probably derived from the difficulty 
to breathe deeply properly. The other two false 
negative cases included a patient with LIP and 
a patient with the only evidence of ground-glass 
at HRCT (without clear signs of fibrosis). No 
significant differences were observed according 
to the radiologic pattern of ILD (Table 2).

DISCUSSION

Interstitial lung disease represents one of the 
most harmful clinical manifestations in the course 
of CTDs, associated to very poor quality of life 
and increased mortality.1-3

Although CTD-ILD represents an important 
field of research for both pulmonologists and 
rheumatologists, there is a lack of prospective data 
about prevalence, follow-up, and efficacy of the 

Table 2. Diagnostic accuracy according to high-resolution computed tomography pattern

n % Diagnostic accuracy (%)

Usual interstitial pneumonia 19 19.4 89.5

Nonspecific interstitial pneumonia 13 13.3 92.3

Organizing pneumonia 6 6.1 100

Lymphoid interstitial pneumonia 1 1 100

Other 3 3.1 100

Normal 56 57.1 89.8
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treatment. For this reason, we may speculate that 
the data concerning prognosis can underestimate 
the real impact of the disease.

According to the available literature data, 
ILD can occur in every stage of the disease, 
sometimes preceding the diagnosis of the 
rheumatic disease and sometimes in long-
standing CTDs.11,23 At the moment, a screening 
for ILD secondary to rheumatic disease is not 
feasible mainly because of the X-ray exposure 
and high cost of HRCT; moreover, any method 
other than HRCT shows a relatively low 
diagnostic accuracy, resulting in mis- or delayed 
diagnosis.4,24-26

The present study confirmed the high 
diagnostic accuracy, sensitivity, and specificity 
of VECTOR in the identification of ILD in 
CTD patients. Our previous study conducted 
in patients with RA showed a very good 
diagnostic accuracy (83.9%) for VECTOR, 
and a specificity and sensitivity of 76.9% and 
93.2%, respectively, considering HRCT as 
the reference method for diagnosis of ILD.14,15 
Despite the higher heterogeneity of ILD in 
CTDs rather than in RA, the specificity of 
VECTOR remained very high. At the same 
time, the sensitivity of the software was also 
preserved and it allowed us to identify virtually 
all patients with ILD. In fact, only five patients 
were not detected by VECTOR, and, among 
them, three had very advanced pulmonary 
disease while their clinical status allowed a 
correct identification.

VECTOR showed a relatively high frequency 
rate of false positive results; nevertheless, we 
can consider this acceptable compared with 
the lack of effective screening methods for this 
severe complication of CTDs. As reported by 
Cottin and Cordier, although crackles are not 
specific for IPF, they must prompt a thorough 
diagnostic process. They may occasionally be 
heard in healthy individuals27,28 or in patients with 
congestive heart failure.29 Moreover, crackles 
may also be heard occasionally in patients 
with chronic obstructive pulmonary disease or 
bronchiectasis, probably due to greater traction 
forces being exerted on the small airways.30 
In these cases, patients’ clinical history and 
condition may assist in discriminating those with 
fibrosing lung involvement. The introduction 

of an easy-to-use tool helpful in the screening 
of patients to undergo HRCT evaluation can 
significantly support early diagnosis improving 
clinical and therapeutic management of CTD-ILD 
patients while reducing the cost of inappropriate 
radiological evaluations.

The retrospective design represents the 
main limitation of the study; however, it was 
decided to avoid further exposure of patients to 
X-rays and to use the recent radiological data 
available.14 Nevertheless, prospective studies 
are required to compare the predictive value 
of VECTOR with other possible screening 
methods, such as lung ultrasonography31 or 
pulmonary function tests.32

In conclusion, we believe that VECTOR 
can efficiently support the clinical practice of 
rheumatologists involved in the care of CTD 
patients. This device can be helpful in the 
enrolment of CTD-ILD patients for prospective 
studies to clarify certain epidemiological, clinical, 
and prognostic needs in these diseases.
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