Ultrasound in the Assessment of Pulmonary Fibrosis in
Connective Tissue Disorders: Correlation with
High-Resolution Computed Tomography

MARIKA TARDELLA, MARWIN GUTIERREZ, FAUSTO SALAFFI, MARINA CAROTTI, ALARICO ARIANI,
CHIARA BERTOLAZZI, EMILIO FILIPPUCCI, and WALTER GRASSI

ABSTRACT. Objective. To investigate the correlation between ultrasound (US) B-lines and high-resolution comput-

ed tomography (HRCT) findings in the assessment of pulmonary fibrosis (PF) in patients with connec-
tive tissue disorders (CTD).

Methods. Thirty-four patients with a diagnosis of CTD were included. Each patient underwent clinical
examination, pulmonary function test (PFT), chest HRCT, and lung US by an experienced radiologist
or rheumatologist. A second rheumatologist carried out US examinations to assess interobserver agree-
ment. In each patient, US B-line lung assessment including 50 intercostal spaces (IS) was performed.
For the anterior and lateral chest, the IS were the second to the fifth along the parasternal, mid-clavic-
ular, anterior axillary, and medial axillary lines (the left fifth IS of the anterior and lateral chest was not
performed because of the presence of the heart, which limits lung visualization). For the posterior chest,
the IS assessed were the seventh to the eighth along the posterior-axillary and subscapular lines. The
second to eighth IS were assessed in the paravertebral line. In each IS, the number of US B-lines under
the transducer was recorded, summed, and graded according to the following semiquantitative scoring:
grade 0 = normal (< 10 B-lines); grade 1 = mild (11 to 20 B-lines); grade 2 = moderate (21 to 50 B-
lines); and grade 3 = marked (> 50 B-lines).

Results. A total of 1700 IS in 34 patients were assessed. A significant linear correlation was found
between the US score and the HRCT score (p < 0.001; correlation coefficient p = 0.875). A positive cor-
relation was found between US B-line assessments and values of DLCO (p = 0.014). Both x values and
overall percentages of interobserver agreement showed excellent agreement.

Conclusion. Our study demonstrates that US B-line assessment may be a useful and reliable addition-
al imaging method in the evaluation of PF in patients with CTD. (J Rheumatol First Release July 1

2012; doi:10.3899/jrheum.120104)
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Pulmonary fibrosis (PF) is one of the manifestations of lung
involvement in connective tissue diseases (CTD) that may
lead to severe impairment of respiratory function and gas
exchange!?3#. Conventional chest radiography has been
widely used as the first imaging approach to assess PF°, but
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low sensitivity in the early stages has limited its use in daily
clinical practice®. Currently, high-resolution computer tomog-
raphy (HRCT) is the most common imaging technique used in
the assessment of PF7-8. However, its use involves high doses
of ionizing radiation.

Although the role of ultrasound (US) in different lung dis-
eases has been described”-10-1112:13.14.15.16.17 "only in recent
years has its criterion validity in the assessment of PF been
investigated in patients with systemic sclerosis (SSc)'®. This
has opened a new research field focused on the use of US for
assessment of PF in CTD.

Our main aim was to investigate the correlation between
US and HRCT findings in the assessment of PF in patients
with CTD. Our secondary aims were to determine the inter-
observer agreement in the assessment of US findings and the
correlation between the US and clinical data.

MATERIALS AND METHODS
Patients. We included in the study consecutive patients with diagnosis of
CTD [SSc, Sjogren’s syndrome (SS), antisynthetase syndrome, dermato-
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myositis (DM), mixed CTD, and undifferentiated CTD] attending the outpa-
tient and inpatient clinics of the Rheumatology Department of Universita
Politecnica delle Marche, Italy. The diagnoses were made according to the
respective international criteria. The inclusion criteria were age > 18 years,
nonsmoker, and having a diagnosis of CTD. To avoid overlap of lung find-
ings, patients were excluded if they had a history of pulmonary diseases other
than secondary PF, such as chronic obstructive pulmonary disease and pul-
monary edema due to heart failure, and if they had ever undergone pulmonary
surgical procedures. The exclusion of other causes of PF was made mainly on
the basis of clinical manifestations. In those patients with a minimal suspicion
of heart failure, echocardiography was done to exclude cardiac involvement.

Study design. All patients underwent the following procedures in the same
day: (1) a complete clinical evaluation by an expert rheumatologist. Particular
attention was paid to the detection of fine crackles and of a “Velcro sound” at
the lung bases during auscultation. Health-related quality of life was calcu-
lated using a validated Italian translation of the self-administered Medical
Outcomes Study Short-Form 36 (SF-36; IQOLA SF-36 Italian Version
1.6)19-2021; (2) pulmonary function test (PFT) and DLCO measure; and (3)
chest US examination, carried out by 2 rheumatologists to evaluate the inter-
observer reliability. The first rheumatologist (MG) had 8 years of experience
in musculoskeletal US and 4 years of experience in sonographic lung assess-
ment, and was blinded to clinical and spirometric data. The second (MT) had
2 years of experience in musculoskeletal US and 1 year of sonographic lung
assessment, and was blinded to clinical and spirometric data and to the first
operator’s results. Prior to our study, the investigators reached a consensus on
the US scanning technique and on interpretation of US findings.

HRCT examinations were carried out at the Radiology Department of the
same university and performed within 7 days after US assessment by an
expert radiologist who was blinded to clinical, PFT, and US findings.

Our study was conducted according to the Declaration of Helsinki and
local regulations. The local Ethics Committee gave approval for the study and
informed consent was obtained from all patients.

Pulmonary function tests. Standard spirometric measurements of lung vol-
umes, flow indices, and DLCO were performed in the Lung Function
Laboratory of the Pulmonary Department (Ospedale “Carlo Urbani”, Jesi,
Ancona, Italy). Forced vital capacity (FVC) and forced expiratory volume in
the first second (FEV1) were measured with a computerized lung analyzer
(Masterscreen PFT-PRO, Viasys Jaeger, Hochberg, Germany). The DLCO
was determined as the single-breath diffusing lung capacity and corrected for
hemoglobin and CO levels. The results were expressed as a percentage of pre-
dicted values.

US assessment. US examinations were performed using a MyLab 70 XVG
(Esaote Biomedica, Genoa, Italy) equipped with a 2-7 MHz broadband con-
vex multifrequency transducer, with patients in the supine or near-supine
position (with the arms elevated and hands clasped behind the neck) for ante-
rior and lateral scanning, and in the sitting position (with the arms along the
trunk) for posterior scanning.

Anterior chest wall was defined from clavicles to diaphragm and from
sternum to anterior axillary line. The lateral chest wall was defined from
armpit to diaphragm and from anterior to posterior axillary line, whereas the
posterior chest wall was delineated from a line at the first dorsal spinal apoph-
ysis to that at the tenth dorsal spinal apophysis, from the posterior axillary line
to the paravertebral line.

For the anterior and lateral chest wall, US assessment was performed
bilaterally on the parasternal, mid-clavicular, anterior axillary, and medial
axillary lines. On the right side, US assessment was performed from the sec-
ond to the fifth intercostal space (IS), whereas on the left side the last IS was
not evaluated because the heart limits lung visualization?>23, US examination
of the posterior chest wall was performed including the seventh and eighth IS,
assessing the posterior-axillary and subscapular line. Finally, in the paraver-
tebral line, US examination was performed from the second to the eighth IS.
Figures 1 and 2 show the IS assessed by US and the relative patient and probe
positions. The scanning protocol included assessment of 50 IS for each
patient (28 for the anterior chest and 22 for the posterior chest).

In the IS the elementary finding evaluated was the US B-lines, artefacts
generated from the thickened interlobular septa at lung surface level. It was
defined as a hyperechoic narrow-based reverberation type of artefact, spread-
ing like a laser ray up to the edge of the screen. The global number of US B-
lines was recorded, summed, and graded according to the following semi-
quantitative scoring: grade 0 (normal) < 10 B-lines; grade 1 (mild) 11 to 20
B-lines; grade 2 (moderate) 21 to 50 B-lines, and grade 3 (marked) > 50 B-
lines?*. The US B-line data were classified according to the semiquantitative
score to correlate with the HRCT findings. The semiquantitative score was
obtained using the distribution of percentile analysis. US examinations were
performed independently by 2 sonographers blinded to clinical and HRCT
data. They recorded representative samples of the full examination.

HRCT assessment. HRCT examination was performed using a standard pro-
tocol with a CT 644E Light Speed VCT scanner (GE Healthcare) and a scan-
ning time of 0.65 s. Scans were obtained at full inspiration with the patients
in the supine position, at 120 kV and 300 mAs, with a slice thickness of 1.25
mm and slice spacing of 7 mm. The scans were then reconstructed with a
high-resolution “bone” algorithm (window level 7500-7600 HU; window
width 1800-2000 HU). In cases showing increased opacification in the pos-
terobasal segments, a limited number of sections was also acquired through
the lower zones of the lung, with the patient in the prone position, to ensure
that opacification was not due to gravity-dependent perfusion.

Pulmonary involvement was evaluated according to the Warrick, et al

score?. To correlate the US B-lines with HRCT findings, the following semi-
quantitative score was used: grade 0 = absence of abnormalities (0 points),
grade 1 =< 8, grade 2 = 8-15, and grade 3 = > 15 points.
Statistical analysis. Statistical analysis was performed using MedCalc, ver-
sion 10.0 (MedCalc Software, Mariakerke, Belgium). Standard descriptive
results were expressed as mean and SD and median. Categorical data were
expressed as proportions. Chi-square analysis was used for comparison
between the US and HRCT, while Spearman’s correlation coefficient was
used for correlation of the US and HRCT. P values < 0.05 were considered
statistically significant. Box and whisker plots by Kruskal-Wallis test were
used to represent the correlation between the DLCO and US findings.

The interobserver agreement between the 2 investigators has been calcu-
lated in terms of semiquantitative scoring by weighted K statistic and overall
agreement. A ¥ value of 0.01-0.20 was considered poor, 0.21-0.40 fair,
0.41-0.60 moderate, 0.61-0.80 substantial, and 0.81-1.00 almost perfect. The
minimal detectable difference was calculated by analysis of Bland-Altman
plots for any anatomical chest line.

RESULTS

Thirty-four patients (30 women, 4 men) with a diagnosis of
CTD (26 SSc, 2 SS, 2 antisynthetase syndrome, 2 DM, 1
mixed CTD, and 1 undifferentiated CTD) were included in our
study. Demographic and clinical data are reported in Table 1.

A total of 1385 US B-lines in 1700 IS of 34 patients were
found. Globally (data obtained from both imaging tech-
niques), 14 patients (41.1%) showed grade 3 of PF according
to the semiquantitative scoring, 6 patients (17.6%) grade 2,
and no patients grade 1.

When the imaging techniques were analyzed separately, 16
patients (47.1%) showed a grade 3 of PF according to the US
semiquantitative scoring. Eight patients (23.6%) showed a
grade 2 and 4 patients (11.8%) showed a grade 1. Five patients
(14.8%) did not show US signs of PF. Regarding the HRCT
findings, 16 patients (47.1%) showed a grade 3 of PF accord-
ing to Warrick score. Ten patients (29.4%) showed a grade 2,
and no patient showed a grade 1. Eight patients (23.5%) did
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Figure 1. Lung intercostal spaces assessed by ultrasound. I: parasternal line; II: mid-clavicular line; III: anterior-axillary line; IV: medial-axillary line; V: posteri-

or-axillary line; VI: subscapular line; VII: paravertebral line.

not show HRCT signs of PF. Five patients (14.8%) reported
pulmonary hypertension in the echocardiography (considering
> 25 mm Hg the cutoff value for mean pulmonary arterial
pressure).

The mean time spent on each US examination (including
50 IS) was 23 min (SD 4.5, range 16-30).

The IS with the most US B-lines was the eighth of the sub-
scapular line, followed by the eighth of the posterior-axillary
line, whereas the one with the fewest B-lines was the second
of the median-axillary line. Globally, through the posterior
wall a higher number of B-lines was found concerning both
anterior and lateral aspects of the chest (Table 2).

A significant linear correlation was found between the US
and the HRCT scores (p < 0.001; coefficient of rank correla-
tion, p = 0.875; Figure 3A). This correlation was also calcu-
lated using the chi-square test that confirmed the data (p =
0.0006, contingency coefficient 0.745). Moreover, a positive
correlation between US B-line assessments and values of
DLCO and DLCO/FVC was found (p = 0.014, p = 0.032,
respectively; Figure 3B). Figure 4 shows the various US
scores of PF involvement.

Both the k values and percentages of overall agreement of
US B-lines in semiquantitative interobserver assessments
showed almost perfect agreement in results between the 2
sonographers (Table 3).

DISCUSSION

Our study demonstrates a significant positive correlation
between US and HRCT scores in the assessment of PF in
patients with CTD. Such a correlation should be interpreted

considering that our cohort of patients showed varying grades
of PF severity (from mild to severe), unlike the patients in pre-
vious studies. The potential of US in the assessment of PF in
patients with SSc has been suggested. Gargani, e al'® showed
a positive correlation between US and HRCT data using a car-
diac sector transducer (2.5-3.5 MHz). We obtained similar
results in a heterogeneous group of patients, confirming the
usefulness of this technique.

Moreover, we proposed a semiquantitative system for the
assessment of US B-lines that showed itself to be highly
reproducible. An excellent interobserver agreement was found
between the 2 investigators. This is important for medical
training and for the development of standardized teaching
programs for use of this technique.

The mean time spent to perform a complete US B-line
assessment for each patient was 23 min (range 16-30). This
result is controversial, because some authors have indicated
that a comprehensive US B-line assessment could be per-
formed in < 10 min'82%, We believe that this is possible in
patients without severe PF. The count of B-lines is more pro-
longed in patients with severe PF because of the higher num-
ber of B-lines to evaluate and the more challenging assess-
ment of US B-lines at IS of the upper part for the slanting
position of ribs.

The positive correlation between US B-lines and DLCO
and DLCO/FVC is a further element supporting the construct
validity of US B-line assessment in PF evaluation.
Considering that DLCO reduction is not specific for the pres-
ence of PF?7, an US B-line count could add further data that
can be used for both diagnostic and monitoring purposes. As
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Figure 2. Patient positions showing the exact points where the US probe was placed. A. Second left intercostal space along the paraster-
nal line. B. Fourth along the mid-clavicular line. C. Fourth along the anterior axillary line. D. Fourth along the mid-axillary line.
E. Eighth along the posterior axillary line. F. Eighth along the subscapular line. G. Eighth along the paravertebral line.

Table 1. Clinical, spirometric, and health-related quality of life data.

Mean SD Median  95% CI
Age, yrs 57.02 12.96 58.5 49-69
Disease duration, mo 85.58 84.37 60.0 11-156
DLCO, % 73.46 21.03 76.65 57.4-87.9
FEVI, % 93.52 24 .93 948 77.2-106.9
FVC, % 97.35 26.37 101.05 82.3-119.9

FEV1: forced expiratory volume in the first second; FVC: forced vital
capacity.

well, elderly people could not always perform breathing
maneuvers correctly, resulting in tests that were not applicable.

We found a higher number of US B-lines in the lower IS of
the posterior chest. This is in accord with the typical features

of PF in CTD, which involves mainly the lower parts of the
lung. Thus, the lower IS of the posterior chest could be used
to reveal US B-lines in the early phase of the disease.

The advantages of US techniques are well known. It is a
widely available bedside procedure, nonionizing, inexpen-
sive, and accepted by the patients. These features are also of
value in the assessment of US B-lines. Even portable
machines and transducers with large surfaces and frequencies
between 5 and 7.5 MHz permit a complete and detailed lung
assessment>8,

Although HRCT remains the most frequent imaging tech-
nique to assess PF, our results indicate that US is a useful tool
for systematic evaluation of the patient who may have pul-
monary involvement, together with the PFT and DLCO.
Moreover, US characteristics make this technique ideal for
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Table 2. Distribution of the ultrasound B-lines.

Anterior Chest Lines Lateral Chest Lines Posterior Chest Lines
Parasternal ~ Mid-clavicular Anterior- Medial- Posterior- Subscapular Paravertebral
axillary axillary axillary
Intercostal space (bilateral)
I 68 11 12 8 NA NA 20
111 38 21 25 27 NA NA 13
v 30 40 42 51 NA NA 24
A\ 23 39 34 40 NA NA 47
VI NA NA NA NA NA NA 68
VII NA NA NA NA 73 151 96
VIII NA NA NA NA 116 166 102
159 111 113 126 189 317 370
Total 270 428 687

NA: not applicable.

A 11oF © patients who should avoid ionizing radiation tests, such as
- -~ young patients or pregnant women.
100 - —|_ T . Our study has some limitations. The low number of
00 N - patients did not permit accurate evaluation in terms of sensi-
- tivity and specificity that could better support these data.
80F T -~ Second, a test for intraobserver agreement to support our reli-
g 70 i l ability data more consistently was not performed. Finally, the
0 L - findings were not correlated to stratified HRCT findings such
% 60 - i J_ . as ground-glass or alveolitis. In this way, our US results do not
50 ~ necessarily reflect the whole dimension of pulmonary disease
i - in patients with CTD. However, Lichtenstein, et al showed
40 ~ that US B-lines have a sensitivity of 92.5% and a specificity
30 i - " of 65.1% for diagnosis of alveolar-interstitial syndrome?3.
! Our study shows that US B-line assessment may be a valid
20 I | L | . and reliable additional imaging method in the evaluation of PF
0 1 2 3 - in patients with CTD and provides evidence justifying further
US semiquantitative scoring investigation and multicenter studies. Additional investigations
B © may be useful to support these observations; additional studies
14 . . * should involve a larger series of cohorts and should include
Warrick scoring ~ sensitivity and specificity, predictive value, and stratification
12 g0 @2 =3 - of Warrick score into fibrosis and ground-glass/alveolitis, to
10 | ~ demonstrate which correlate better with HRCT findings.
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