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Pertinence clinique de I’échographie thoracique pour le diagnostic
précoce de la pneumopathie interstitielle diffuse associée a la
sclérodermie systémique - étude pilote - PRECOSS

Résumé

Objectif : La pneumopathie interstitielle diffuse (PID) est la principale cause de mortalité dans
la Sclérodermie Systémique (ScS). Dans les séries autopsiques, sa prévalence est tres élevée.
Le scanner pulmonaire (TDM-Tx), examen de référence pour son diagnostic, pourrait manquer
de sensibilité. L’échographie thoracique (ET) est une technique émergente pour le diagnostic
de PID. L’objectif principal était de décrire la prévalence d’un syndrome interstitiel
¢chographique chez des patients atteints de ScS ayant un TDM-Tx et des EFR normaux.

Méthodes : Dans une étude transversale, monocentrique, 30 patients atteints de ScS et ayant
un TDM-Tx normal, une CVF > 80% et une DLCO > 70% ont été inclus. Des auto-
questionnaires, une échocardiographie, des EFR (spirométrie, pléthysmographie, mesure de
DLCO, oscillométrie) et une épreuve fonctionnelle a I’exercice étaient réalisés. Une ET était
effectuée par deux opérateurs, en aveugle. Les patients étaient classés en deux groupes en
fonction de la présence (INT+) ou non (INT-) d’un syndrome interstitiel échographique défini
par une somme des lignes B > 10 dans I’ensemble des aires thoraciques et/ou une épaisseur de
la ligne pleurale > 3mm sur au moins une aire thoracique et/ou un score d’irrégularité de la
ligne pleurale > 16%.

Résultats : Douze patients sur 30 (40%) étaient INT+. Il existait une trés bonne concordance
inter-observateurs de I’ET (Coefficient de Kappa = 0,93 [IC a 95% 0,79-1,00]) pour le
diagnostic du syndrome interstitiel. Les patients INT+ étaient plus jeunes (37 ans vs 53 ans,
p=0,009), avaient un délai d’évolution plus court (9 mois vs 114 mois, p=0,016) et plus souvent
des pittings scars (n=7/12 (58,3%) vs 3/18 (16,7%), p=0,045). Ils avaient une CVF (102 vs
110%, p=0,009), un VEMS (99 vs 108%, p=0,010), une CPT (114 vs 122%, p=0,042) et une
réactance du systéme respiratoire plus bas (-0,13 vs -0,10 kPa.s.L!, p=0,046), alors que la
DLCO ainsi que la ventilation d’espace mort et la SPO» a I’exercice étaient similaires.

Conclusion : L’ET a mis en évidence un syndrome interstitiel pulmonaire chez 12/30 patients
atteints de ScS sans PID avérée. Les patients INT+ présentaient des anomalies fonctionnelles
compatibles avec une PID débutante ou minime. Une étude longitudinale pourra définir si ces
patients développent ultérieurement des 1ésions de PID détectables par la TDM-Tx.



Clinical revelance of lung echography for the early diagnosis of
diffuse interstitial lung disease associated with systemic scleroderma —
Pilot study - PRECOSS

Abstract

Objective: Diffuse interstitial lung disease (ILD) is the leading cause of death in systemic
scleroderma (SSc). In autopsy series, its prevalence is very high. The gold standard for its
diagnosis, high-resolution computed tomography (HRCT), may lack sensitivity. Lung
ultrasound (LUS) is an emerging technique for the diagnosis of ILD. The main objective of this
project was to describe the prevalence of an ultrasound interstitial syndrome in SSc patients
with normal HRCT and PFT.

Methods: In a cross-sectional, single-center study, 30 SSc with a normal HRCT, FVC > 80%
and DLCO > 70% were included. Self-questionnaires, echocardiography, PFT (spirometry,
plethysmography, DLCO measurement, oscillometry) and a cardiopulmonary exercise testing
were performed. LUS was performed by two blinded operators. Patients were classified into
two groups according to the presence (INT+) or absence (INT—) of an ultrasound interstitial
syndrome defined as sum of B-lines in all thoracic areas was > 10 and/or pleural line thickness
> 3 mm on at least one thoracic area and/or pleural line irregularity score (IP) >16%.

Results: Twelve of the thirty patients (40%) were INT+. There was a very good inter-reader
agreement for the diagnosis of the LUS interstitial syndrome (Kappa coefficient = 0.93 [95%
CI0.79-1.00]). INT+ patients were younger (37 years vs 53 years, p=0.009), had a shorter time
to progression (9 months vs 114 months, p=0.016) and more often had pittings scars (n=7/12
(58.3%) vs 3/18 (16.7%), p=0.045). They had lower FVC (102 vs 110%, p=0.009), FEV1 (99%
vs 108%, p=0.010), TLC (114 vs 122%, p=0.042) and reactance of the respiratory system (-
0.13 vs -0.1010 kPa.s.L!, p=0.046). DLCO and exertional dead space ventilation and SPO2
were similar.

Conclusion: LUS showed ultrasound interstitial syndrome in 12/30 patients with SSc without
HRCT-defined ILD. INT+ patients had differences in lung function consistent with early or
minimal ILD. A longitudinal study may define whether these patients subsequently will develop
ILD lesions detectable by HRCT.

Key words: Systemic scleroderma, Interstitial lung disease, Lung ultrasound, Cardiopulmonary
exercise testing

Mots clés : Sclérodermie systémique, Pneumopathie interstitielle diffuse, Echographie
thoracique, Exploration fonctionnelle a I’exercice
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1. Introduction

Systemic sclerosis (SSc) is an autoimmune systemic disease leading to the development
of fibrosis and vessel obliteration in affected organs including the lungs (1). The diagnosis of
SSc is based on the criteria of the American College of Rheumatology (ACR) (2). SSc is

classified into limited or diffuse forms based on extension of skin changes (3).

SSc-related lung disease includes 1- fibrotic diffuse interstitial lung disease (SSc-ILD)
and 2- pulmonary arterial hypertension (PAH). SSc-ILD is a common and severe complication
of SSc (4,5), and is the leading cause of death in SSc (4,6). The 5-year survival of patients with
SSc is 85% for all forms combined (7). It is only 38% in patients with diffuse cutaneous SSc
(dcSSc)-associated ILD (8). SSc-ILD develops most commonly during the first 5 years of the
disease (8). SSc-ILD typically presents as an excessive shortness of breath (dyspnea) on

exertion and chronic cough. In advanced forms, SSc-ILD leads to respiratory failure.

The main objective of SSc-ILD treatment is to minimise development of fibrotic lesions,
which are mostly irreversible. SSc-ILD requires an early diagnosis, that is supported by recent
major advances in treatment. Current and future anti-fibrotic therapies represent a major source
of hope for patients with SSc-ILD (9,10). According to the European Scleroderma Trial
Research group (EUSTAR), routine screening for SSc-ILD is required for all patients with SSc

(11).

Diagnosis of SSc-ILD relies on high-resolution computed tomography (HRCT) of the
chest. HRCT is the gold standard for detecting and quantifying ILD (ground glass opacities,
reticular pattern and traction bronchiectasis) (12). This technique is not preferable for repetitive
use as being based on radiations. There is thus a need to develop new non-ionizing techniques

for the early diagnosis of SSc-ILD (13).

In addition to HRCT, staging of SSc-ILD relies on pulmonary function tests (PFT). PFT
aim to highlight two phenomena: 1- change in the mechanical properties of the lungs (mostly
reduction of lung compliance) and 2- alteration in pulmonary gas exchange. PFT have low
sensitivity for detecting SSc-ILD, especially in early and mild cases (14). The staging criteria
for SSc-ILD (Annex 1), proposed by Goh, combine data from both HRCT and PFT (15).

15



Lung Ultrasound (LUS) is an emerging technique for ILD diagnosis. LUS is not based
on radiation, quick, inexpensive, and easily accessible. Finally, LUS does not require the
patient’s cooperation. The ultrasound interstitial syndrome comprises three mains signs: B-
lines, irregularity and thickening of the pleural line. Each of these signs correlates with severity
of SSc-ILD on HRCT, and with severity of respiratory function impairment assessed by PFT
(16-18). Recently, the potential of LUS for the early diagnosis of SSc-ILD was suggested :
among 20 patients with SSc, 9 had SSc-ILD diagnosed with HRCT and LUS, and 2 patients
had a LUS interstitial syndrome but normal HRCT (19).

We hypothesized that LUS allowed the identification of patients with early SSc-ILD
under the threshold of detection by HRCT. The main objective of this pilot study was to describe
the prevalence of the ultrasound interstitial syndrome (INT) in patients with SSc with normal
HRCT and lung function. The secondary objectives were to determine if INT was associated
with respiratory symptoms, alteration in lung mechanics, and alteration in pulmonary gas

exchange at rest and at exercise.

2. Methods

2.1. Study design and study population

A prospective, cross-sectional, monocentric study was carried out at Tours University
Hospital, France. The whole cohort of SSc patients followed at the rare diseases centre of Tours
University Hospital was screened and suitable patients were invited to participate.

Thirty patients with a diagnosis of SSc without lung damage were included between
March 1% 2021, and June 31% 2022. Patients were included if, 1- they had a diagnosis of SSc
according to the 2013 ACR criteria (2), 2- they were older than 18 years of age, 3- at least one
pulmonary HRCT confirmed absence of SSc-ILD in the last 12 months, 4- the last PFT showed
FVC > 80% of the predicted value (pred) and DLCO > 70% pred, and 5- they were able to
perform cardiopulmonary exercise testing (CPET). Patients were not included if they, 1- had
any other connective tissue disease, 2- had any chronic diseases or history that may possibly
affects the results of CPET, 3- had any restrictive and/or obstructive respiratory diseases, 4- had
echocardiographic signs of PAH (maximum tricuspid flow velocity superior to 2,8m/s or flow
velocity inferior to 2,8m/s but associated with indirect signs of PAH) (20) or left heart disease,

5- had a total smoking burden > 10 pack years, 6- had lower respiratory tract infection within
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90 days of inclusion, 7- had any acute respiratory disease requiring hospitalization in the year
prior to inclusion, 8- were pregnant of breastfeeding women and 9- had chest HRCT signs of
interstitial lung anomalies or interstitial syndrome. All patients gave written consent. Approval
of the Committee for the protection of persons was obtained (“Comité de Protection des
Personnes” research project n°2021-008 B). All tests were done on the same day in a hospital
setting.

The expected prevalence of INT was 30%. This expectation was based on the
observation of fibrotic lung lesions in almost all SSc patients in autopsy series (4,21). The
objective recruitment for this study was 30 patients. Assuming a 30% prevalence of INT, 9
patients were expected in the group with ultrasound interstitial syndrome (INT+) and 21

patients were expected in the other group (INT-).

2.2. Intervention
2.2.1. Patient characteristics

Demographic data, SSc diagnosis and classification criteria, history of disease (date of
onset of Raynaud phenomenon, time to diagnosis, duration of disease, immunological profile,
history of digital ulcers, previous and ongoing treatments) were obtained retrospectively from
clinical records or during the evaluation. Cutaneous damage was assessed by clinical
examination and graded with the modified Rodnan skin score (mRSS) on the day of inclusion.
Digestive signs and cardiopulmonary examination were obtained. Patients answered the
Dyspnea-12 scale (22), Leicester Cough questionnaire (23), the Saint George’s Respiratory
questionnaire(24), the modified medical research council (mMRC) dyspnea scale, and the
Cochin Functional scale (25) (Annex 2-6). A capillaroscopy was performed for each patient by

an internist (ED) and staged according to Cutolo (26).
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2.2.2. High-resolution computed tomography

Noncontrast-enhanced chest HRCT examinations were acquired in the supine position
at sustained end-inspiration. These examinations were performed either on a Siemens
SOMATOM Definition Edge (Siemens Healthineers, Germany) with a tube voltage of 120 kV,
adaptive tube current modulation, collimation of 2x64x0.6 mm with a z-flying focal spot,
rotation time of 0.6 s, pitch 1.2, or a Toshiba Aquilion PRIME (Toshiba Medical Systems
Europe, Netherlands) with a tube voltage of 120 kV, adaptive tube current modulation,
collimation of 0.5x80 mm, rotation time of 0.4 s, pitch 1.38. Images were reconstructed using
iterative reconstruction algorithms on both scanners, with a pulmonary kernel, a 512x512
matrix, a field of view adapted to patient morphology, with 0.6 mm thin slices on the Siemens
scanner and 0.5 mm thin slices on the Toshiba scanner. Radiologist immediately reviewed the
examinations and performed a supplementary prone acquisition at end-inspiration when it was
a needed to clear position-induced changes. Each HRCT was analysed by 2 researchers (SMA,
AP). Patients were excluded if HRCT revealed anomalies such as honeycombing, reticulations,
groundglass opacities, non-emphysematous cysts, traction bronchiectasis or any other anomaly

that could impact lung ultrasound.

2.2.3. Echocardiography

A cardiologist performed echocardigraphy as a routine examination with a cardiac probe
(1-5 MHz). All the echocardiographies were done with Philips ultrasound system IE33. The
TM and two-dimensional acquisition modes were used for the measurements of the cavities and
axes. The flows were measured using Doppler mode. The evaluated parameters were:
dimension of cardiac cavities, systolic function and filling of each cardiac ventricle. The left
ventricle ejection fraction (LVEF) was measured using the Simpson method. Exclusion criteria
such as left-heart disease or pulmonary hypertension measured via maximum tricuspid flow

velocity were verified.
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2.2.4. Pulmonary function tests

Forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV1) were
measured by spirometry. Total lung capacity (TLC) and functional residual capacity (FRC)
were measured by plethysmography. DLCO was measured by the single-breath method and
was corrected for haemoglobinemia and carboxyhemoglobinemia (DLCOc). Impulse
oscillometry (IOS) was used to measure respiratory system resistance at 5 and 20 Hz (Rrs5 and
Rrs20) and respiratory system reactance at 5 Hz (Xrs5). Resonance frequency (Fres) was
estimated from linear regression of X and frequency; Fres was calculated as the frequency
where X = 0. The area under the reactance curve (AX) was estimated from Fres and Xrs5 with
the formula AX = Xrs5 x (Fres-5). All PFT were conducted on masterscreen and IOS equipment
(Jaeger, Germany) according to ATS and ERS guidelines (27). Spirometry, plethysmography
and DLCO measurements were expressed as percentages of the predicted value calculated using
predicted equations from the Global Lung Function Initiative (28,29). Patients were excluded

if they had FVC<80%pred or FEV1/FVC<0.7 or DLCO<70%pred.

2.2.5. Lung ultrasound

LUS was performed using a Sparq ultrasound system (Philips Healthcare) with a convex
probe (1-5 MHz). The patient was placed in right lateral decubitus then left. LUS was timed,
recorded and anonymised. Each thoracic area was recorded for 6 seconds. LUS was practised
by experienced sonographers (TS, SL) according to a predefined protocol allowing to explore
14 thoracic areas (Annex 7), as described by Gutierrez et al. (30). LUS was performed blinded
to all other results (clinical, HRCT and PFT). All LUS images were reviewed both by the
operator and by an independent reader to measure inter-reader variability. Results were blindly

reviewed.

B-lines were defined as vertical hyperechoic reverberation artefacts from the pleural
line, extending to the bottom of the screen without attenuation and moving with breathing
(Annex 8). Irregularity of the pleural line was defined as a loss of the linear contour of the
hyperechoic pleural line, and was graded by the pleural line irregularity score (IP) as described
by Pinal-Fenandez et al. (18) (Annex 9). The pleural line was considered abnormally thickened
when it exceeded 3 mm (Annex 10). The LUS interstitial syndrome (INT+) was defined (31)
as either 1- the sum of B-lines in all thoracic areas was > 10 (32), 2- and/or the thickness of the
pleural line was > 3 mm on at least one thoracic area (17), 3- and/or the pleural line irregularity

score (IP) was greater than 16% (18).
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2.2.6. Cardiopulmonary exercise testing

Symptom-limited incremental CPET was performed according to ATS guidelines (33)
using a cycle ergometer (Schiller, Germany) and Ergocard equipment (Medisoft, Belgium).
Tests consisted of a 2-minute rest stage, followed by an incremental work period at a slope of
10-20 W/min rate, and a 3-minute recovery stage. Subjects were asked to pedal at a frequency
of 60 to 70 cycles/minute. Exercise tests were terminated at the point of symptom limitation.
Twelve-lead electrocardiography and non-invasive blood pressure measurements were
monitored throughout exercise. Breath-by-breath ventilation and metabolic data were collected
through a mouthpiece fitted with an antimicrobial filter (34). Minute ventilation, oxygen uptake
(VO»), carbon dioxide production (VCO.), end-tidal CO; partial pressure, tidal volume and
breathing rate were recorded. The first ventilatory threshold (VT1) was determined by the V
slope or VE/VO> nadir methods. Predicted maximal voluntary ventilation was calculated as 35
x forced expiratory volume in 1 second (FEV) (35). Ventilatory reserve (VR) was expressed
as a percentage of predicted maximal voluntary ventilation. Predicted values were calculated
according to the reference equations of Wassermann (36). Transcutaneous CO2 partial measure
(PtcCO2) and peripheral capillary oxygen saturation (SpO2) were monitored with a TCM5
sensor (Radiometer, Copenhagen, Denmark) positioned at the earlobe (37). PtcCO»-based
Vd/Vt was calculated by the Bohr-Enghoff equation with correction for instrument dead space
(38). Inspiratory capacity was measured every 2 minutes. FEV1 was measured before CPET

and at the end of the recovery period. The attending physician (LP) was blinded to LUS data.

2.2.7. Statistical analysis

The primary aim of the study was to describe the prevalence of the ultrasound interstitial
syndrome in SSc patients without HRCT-detectable ILD. The secondary objectives were to
determine if patients with the ultrasound interstitial syndrome (INT+) had more respiratory
symptoms and altered lung mechanics and pulmonary gas exchange in comparison with patients
with normal LUS (INT-).

Continuous variables were expressed as median (interquartile range IQR) and were
compared with Wilcoxon rank sum test according to the INT status. Categorical variables,
expressed as total and proportion, were compared by Fisher’s exact test or Pearson’s Chi-
squared test in the same grouping variable, as appropriate.

Inter-reader agreement was assessed using kappa coefficients for agreement on binary

variables and intra-class correlation coefficient (ICC) was used for quantitative data.
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The association between the INT+ status and functional data were assessed by a linear
regression model adjusted on age.

Analyses were performed using R software, version 4.1.1 (R Foundation for Statistical
Computing, Vienna, Austria; http://www.R-project.org). All statistical tests were fixed at the

significance threshold of 5%. No intermediate analysis was done.

3. Results

3.1. Baseline characteristics

Among the 170 SSc patients followed at our centre, 34 fulfilled inclusion criteria and 33
agreed to participate. Three patients were excluded: two had DLCO < 70 % pred and one had
ILD at HRCT on the day of the study visit. Consequently, 30 patients were analysed (Fig 1).

170 patients SSc
followed

34 fulfilled
inclusion criteria

1 patient refused to
participate

33 patients
included

3 patients excluded
(2 DLCO < 70, 1 ILD)

Total population :
30 patients

Figure 1. Flowchart of the study

Abbreviations: DLCO: diffusing capacity for carbon monoxide; ILD: interstitial lung disease; SSc:

systemic sclerosis.
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The study population included 27 women (90%). Patient characteristics are reported in
Table 1. Median age at SSc onset was 48 (38 - 58) years. Median follow up since diagnosis
was 8 (1 - 12) years. Patients had almost exclusively limited cutaneous SSc (n=29, 96.7%).
Anti-centromere antibodies were detected in 24 patients (80%), while 3 patients had anti-
topoisomerase I antibodies and 3 had no SSc-specific antibody. The median mRSS was 5 (4 -
6); 43.3% had gastroesophageal reflux symptoms. mMRC stage 1 dyspnea was reported by 12
(30%) patients and 4 (13.3%) had chronic cough. All patients had normal heart and lung sounds
at auscultation. Six (20%) patients were active smokers with a median total smoker burden of
4.5 (3.6 —7.3) pack years. Sixteen (53.3%) patients were treated with calcium channel blockers.
Three (10%) patients were treated with angiotensin convertase inhibitors. One patient was
treated with an endothelin receptor antagonist for digital ulcer. One patient was treated with

methotrexate. Nine patients took antiacid drugs.

Table 1. Patient characteristics

n N=30'

Sex: Female 30 27 (90.0%)
Age (years) 30 58 (46 - 64)
BMI (Kg/m?) 30 24 (22-27)
Age at SSc onset (years) 30 48 (38 - 58)
Follow-up duration (years) 30 8(1-12)
Delay Raynaud-disease (months) 30 26 (4 - 148)
Limited cutaneous SSc 30 29 (96.7%)
mRSS 30 53-6)
Puffy fingers 30 21 (70.0%)
Sclerodactylia 30 9 (30.0%)
Digital ulcers 30 2 (6.7%)
Pitting scars 30 10 (33.3%)
Telangiectasias 30 23 (76.7%)
Capillaroscopy (Cutolo stage) 30

Early 3 (10.0%)

Active 15 (50.0%)

Late 12 (40.0%)
Gastrooeasophageal reflux 30 13 (43.3%)

22



Dyspnea mMRC cotation 30

Class 0 18 (60.0%)
Class I 12 (40.0%)
Cough 30 4 (13.3%)
Systolic BP (mmHg) 30 126 (112 - 141)
Diastolic BP (mmHg) 30 72 (67 - 87)
Anti-centromere Ab 30 24 (80.0%)
Anti-topoisomerase I Ab 30 3 (10.7%)
PFT 30
pFVC (%) 108 (101 - 116)
pFEVI1 (%) 106 (99 - 111,5)
pDLCOc (%) 84 (78 - 92)
pTLC (%) 117 (113 - 127)
pFRC (%) 134 (117 - 140)
VO2/Fc max 0.008 (0.007 — 0.010)
Xrs5 28 -0,11 (-0,13 —-0,07)
SPAP (TTE, mmHg) 30 27 (24 -29)

N (%); Median (IQR). Number of patients with available data (n).

Abbreviations: Ab: antibodies; BMI: body mass index; mMRC: modified medical research council;
mRSS: modified Rodnan skin score; pDLCOc: predicted hemoglobin-corrected transfer coefficient
for carbon monoxide in the lung; pFEV1: forced expiratory volume in 1 sec; PFT: pulmonary
functional tests; pFRC: predicted functional residual capacity; pFVC: predicted forced vital capacities;
pTLC: predicted total lung capacity; sPAP: systolic pulmonary artery pressure; SSc: systemic
sclerosis; TTE: transthoracic echocardiogram; VO2/Fc max: maximum oxygen consumption at
maximum heart rate; Xrs5: respiratory system reactance at SHz.

Unities: Kg/m?: kilogram per square meter; mmHg: millimeter of mercury.

3.2.  Diagnostic of INT and inter-rater agreement

For reader 1, the INT+ was observed in 12 patients (40%). Details of LUS findings are
reported in Table 2. Four patients (13.3%) had a total number of B-lines > 10. Five patients
(16.7%) had a pleural line irregularity score > 16% and 3 patients (10%) had pleural line
thickness > 3 mm on at least one thoracic area. For reader 2, 11 patients (36.7%) were INT+
with 3 patients reaching criteria (10%) for the B-lines, 8 patients (26.7%) for the irregularity
score and 2 patients (6.7%) for pleural thickness. Only one patient presented 2 criteria of

ultrasound interstitial syndrome and none of them met all three criteria. The median duration

of LUS was 5 (5 - 6) min.
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Table 2. Lung ultrasound characteristics

n N=30!
Reader 1
Number of B-lines 30 2.5(1.0-6.0)
Number of patients with sum of B-lines >10 30 4 (13.3%)
Irregularity (%) 30 14.3 (7.1 - 13.3)
Number of patients with irregularity >16% 30 5(16.7%)
Pleural line thickness (mm) 30 1.5(1.4-1.6)
Number of patients with thickness >3 mm 30 3 (10.0%)
Presence of INT (total) 30 12.0 (40.0%)
Reader 2
Number B-line 30 2.0(1.0-4.0)
Number of patients with sum of B-lines >10 30 3 (10.0%)
Irregularity (%) 30 10.7 (7.1 - 19.6)
Number of patients with irregularity >16% 30 8 (26.7%)
Pleural line thickness (mm) 30 1.6 (1.4-1.6)
Number of patients with thickness >3 mm 30 2 (6.7%)
Presence of INT (total) 30 11 (36.7%)

Procedure time: Median 5 min (5 — 6, min 2 max 7).
N (%); Median (IQR). number of patients with available data (n).
Abbreviations: INT: interstitial syndrome.

Units: mm: millimeter.

Inter-reader agreement was good for the diagnosis of the ultrasound interstitial
syndrome (kappa coefficient 0.93 [0.79 to 1.00]). Kappa coefficients and interclass correlation

coefficients for each individual LUS sign are reported in table 3.
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Table 3. Inter-reader agreement of the categorical classification relating to INT presence base

on echography items

Kappa

coefficient fee %l
Number of B-lines
INT based on B-lines 0.84 - 0.53 to 1.00
Absolute B line quotation - 0.77 0.76 to 0.77
Pleural irregularity
INT based on irregularity 0.71 - 0.41 to 1.00
Absolute irregularity quotation - 0.57 0.56 to 0.59
Pleural thickness
INT based on thickness 0.78 - 0.37 to 1.00
Absolute pleural thickness quotation - 0.32 0.31t0 0.33
Total INT assessment 0.93 - 0.79 to 1.00

Abbreviations: ICC: interclass correlation coefficient 95% CI :95% confidence interval; INT:

interstitial syndrome.

3.3.  Association between INT status and lung function

The Table 4 shows differences between INT+ and INT- patients. There were no

differences in sex, BMI, mRSS, and symptoms.

The INT+ patients were younger, and the age at diagnosis of SSc was lower. Time
between onset of Raynaud’s phenomenon and diagnosis of SSc was shorter. The INT+ patients
had more frequently pitting scars (n=7/12 (58.3%) vs 3/18 (16.7%), p=0.045). There was no
difference in the Leicester cough questionnaire, mMRC dyspnea scale, the Dyspnea-12 scale,
the Saint George’s Respiratory Questionnaire, and the Cochin 17-item Scleroderma Functional

Scale.

Significant differences in lung function were observed between INT+ and INT—
patients. INT+ patients had lower FEV1 (99% pred vs 108%, p=0.010), FVC (102% vs 110%,
p=0,009), TLC (114% vs 122%, p=0.042), and trended to have lower FRC (120% vs 137%, p=
0.054). INT+ patients also had lower Xrs5 (-0.13 vs -0.10 kPa.s.L"!, p=0.046). There was no
significant difference in DLCOc.

At CPET, INT+ patients did not show reduced exercise capacity or alteration of
pulmonary gas exchange compared to INT—. For instance, INT+ patients had higher peak VO,
while SpO2 and Vd/Vtat VT1 were similar. No patients had dynamic hyperinflation or exercise-

induced bronchoconstriction (Figure 2).
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Table 4. Comparison according to the presence of ILD on LUS

INT+ INT- -
n N=12! N=18!
Age (years) 30 47 (36 - 54) 60 (58 - 67) 0.003
Age onset (years) 30 37 (22 - 50) 53 (43 -59) 0.009
Delay Raynaud-disease (months) 30 9(2-26) 114 (14 - 294) 0.016
mRSS 30 50@-7) 53-5) 0.617
Pufty fingers 30 6 (50.0%) 15 (83.3%) 0.102
Sclerodactylia 30 6 (50.0%) 3 (16.7%) 0.102
Digital ulcer 30 2 (16.7%) 0 (0.0%) 0.152
Pitting scars 30 7 (58.3%) 3 (16.7%) 0.045
Telangiectasias 30 9 (75.0%) 14 (77.8%) >0.999
Anti-centromere Ab 30 10 (83.3%) 14 (77.8%) >0.999
Anti-topoisomerase I Ab 30 1 (10.0%) 2 (11.1%) >0.999
PFT
pFEV1 (%) 30 99 (92 - 106) 108 (104 - 122) 0.010
pFVC (%) 30 102 (93 - 109) 110 (105 - 122) 0.009
pDLCOc (%) 30 80 (77 - 86) 88 (80-94) 0.162
pTLC (%) 30 114(110-118) 122 (115 - 131) 0.042
pFRC (%) 30 120 (115 - 136) 137 (129 - 143) 0.054
Xrs5 28  -0.13(-0.14,-0.11)  -0.10(-0.11, -0.07) 0.046
Rrs5 28  0.36(0.33, 0.46) 0.35(0.30, 0.40) 0.428
AX 28  0.36(0.27,0.44) 0.17 (0.12,0.27) 0.065
Fres 28 11.30(10.28,13.33)  9.02(8.39, 10.98) 0.070
CPET
Peak load (W) 30 112 (90, 154) 100 (74, 114) 0.103
Peak VO2 (L.min-1) 30 1.48 (1.31, 2.08) 1.10 (0.90, 1.41) 0.008
VE/VCO2 slope 30 31 (27, 35) 32 (29, 36) 0.384
Vd/Vtat VTI 30 0.15(0.11,0.17) 0.20 (0.14, 0.22) 0.078
VR 30 30 (24, 45) 43 (30, 49) 0.112

N (%); Median (IQR); Mean (SD). Number of patients in each subset (N). Number of patients with available

data (n).

ZFisher’s exact test; Pearson’s Chi-squared test; Wilcoxon rank sum test.

Abbreviations: Ab: antibodies; AX: area under the reactance curve; CPET: cardiopulmonary exercise testing;

Fres: resonance frequency; INT: ultrasound interstitial syndrome; mRSS: modified Rodnan skin score;
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pDLCOc: predicted hemoglobin- corrected transfer coefficient for carbon monoxide in the lung; pFEV1:
forced expiratory volume in 1 sec; PFT: pulmonary functional tests; pFVC: predicted forced vital capacities;
pTLC: predicted total lung capacity; pFRC: predicted functional residual capacity; Rrs5: respiratory system
resistance at 5 Hz; VO2: oxygen uptake; VCO2: carbon dioxide production; Vd/Vt at VT1: dead space
ventilation at first ventilatory threshold; VE: ventilatory flow; VR: ventilatory reserve; Xrs5: respiratory
system reactance at SHz.

Unities: Kg/m?: kilogram per square meter; mmHg: millimeter of mercury; W: Watt ; L.min-1: Liter per min.
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Figure 2. Boxplot for IOS and CPET data

Legend: Boxplot of impulse oscillometry (I0S) [panels A, B, C and D] and cardiopulmonary exercise testing
(CPET) [panels E and F] parameters according to the INT (interstitial syndrome) status in ultrasound (LUS).
Alpha risk = 0,05.

Abbreviations: INT: presence of ultrasound interstitial syndrome; No INT: no ultrasound interstitial syndrome;
pDLCOc: Predicted hemoglobin-corrected transfer coefficient for carbon monoxide; pFVC: predicted forced
vital capacity; pFRC : predicted functional residual capacity; pTLC: predicted total lung capacity; Vd/Vt VT1:

dead space ventilation at first ventilatory threshold; Xrs5: respiratory system reactance at 5 Hz.

Unities:kPa: kilopascal; L/s: liter per sec.
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Because INT+ patients were markedly younger than INT— patients, additional analyses
were conducted to adjust comparison of I0OS and CPET data for age. After adjustment for age
(Table 5), there was association between INT+ status and Xrs5 (coef: -0.0502, p=0.0039), AX
(coef: 0.2480, p=0.022), and Fres (coef: 4.2257, p=0.014). Of note, at CPET the VR was
negatively associated with INT+ status (i.e. ventilatory reserve was lower in INT+ patients,
coef: -16.79, p=0.023). By contrast, there was no significant association between INT status
and either peak load, peak VO2, the VE/VCO2 slope, PtcCO2-based Vd/Vt at VT1, or SPO2

at peak exercise (all p-value >0.05).

Table 5. Comparison of IOS and CPET data adjusted for age

n Coefficient p?
PFT
Xrs5 28 -0.0502 0.004
Rrs5 28 0.0334 0.486
Rrs20 28 7.2216 0.476
AX 28 0.2480 0.022
Fres 28 4.2254 0.014
CPET
Peak load 30 16.8908 0.355
Peak VO2 30 0.2238 0.333
VE/VCO2 slope 30 -3.4572 0.166
Peak SpO2 29 0.1689 0.566
PtcCO2-based. Vd/Vt VT1 30 -0.0143 0.653
VR 30 -16.7918 0.023
Vd/Vt VTl 30 -0.0285 0.329

'n (%); number of patients with available data (n).

2Association between the INT and the IOS and CPET data assessed by a linear regression model adjusted on
age.

Abbreviations: AX: area under the reactance curve; CPET: cardiopulmonary exercise testing; Fres: resonance
frequency; INT: presence of ultrasound interstitial syndrome; PFT: pulmonary functional tests; Rrs5:
respiratory system resistance at 5 Hz; Rrs20: respiratory system resistance at 20 Hz; peak SpO2: peripheral
capillary oxygen saturation at peak exercise; PtcCO2: transcutaneous CO2 partial pressure; VO2: oxygen
uptake; VCO2: carbon dioxide production; Vd/Vtat VT1: dead space ventilation at first ventilatory threshold;

VE: ventilatory flow; VR: ventilatory reserve; Xrs5: respiratory system reactance at 5 Hz.
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4. Discussion

In this cross-sectional study, LUS showed signs of ILD in more than a third of SSc
patients without ILD according to the usually carried out imaging and lung function tests. There
was strong inter-reader agreement for the diagnosis of the LUS interstitial syndrome. In
addition, in comparison to patients with normal LUS, patients with LUS abnormalities 1- were
younger, had disease of more recent onset, and more frequently had pitting scars, and 2- had

reduced lung volumes and low-frequency respiratory system reactance.

The field of LUS is currently expanding in respiratory medicine. LUS utilization is
already well established for the diagnostic of pneumothorax, pneumonia, pleural effusion and
acute pulmonary oedema (39,40). LUS is not radiation-based and is easily accessible and quick.
In the present study, the median time for performing LUS was 5 minutes using the 14-
acquisition protocol recommended by Gutierrez et al. (30). High inter-reader agreement

supports the concept that LUS can be readily implemented in the clinic for routine practice.

Previous studies had reported the association between LUS interstitial syndrome signs
and severity of HRCT-defined SSc-ILD (16-18,32,41,42). The key finding of the present study
was that LUS identified interstitial abnormalities with 12 out of 30 SSc patients with normal
HRCT. This result is consistent with a previous study (19), and raises the hypothesis that LUS
may be more sensitive than HRCT for the diagnosis of SSc-ILD, although a histopathological
gold standard would be required to reach such a conclusion. Indeed, 50 to 100% of patients
were found to have some degree of parenchymal involvement in autopsy series (21,43,44),

whereas HRCT-defined ILD is reported in 19 to 52% of patients SSc(45,46).

Although LUS may be highly sensitive for ILD, the specificity of the LUS interstitial
signs for ILD remains to define. In particular, B-lines are present in pulmonary oedema,
pneumonia or the acute respiratory distress syndrome (39,40). In the present study, patients
with left heart disease, chronic respiratory disease or any patient with recent acute respiratory
injury were not included. B-lines can also observed in 7 to 27% of healthy subjects (47,48) and
in 25% of the healthy elderly (49). In our study, patients with B-lines were younger thus these
could not be attributed to healthy aging but rather to disease. By contrast, abnormalities of the
pleural line are more specific: 1- Sperandeo et al. demonstrated a strong association between
pleural line thickness and HRCT lesion: pleural thickness greater than 3 mm is associated with

the presence of reticulations on HRCT in 175 patients with SSc-ILD with a sensitivity of 80%
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and a specificity of 99% (17) and 2- Pinal-Fernandez et al. showed that the score of irregularity
of pleural line is strongly associated with the Warrick score, which reflects the severity and
extent of ILD on HRCT, and had a higher performance to detect ILD than using B-lines (18).
We used a composite criteria including the number of B-lines, irregularity of pleural line and/or

thickness of pleural line, as previously reported (31).

It is remarkable that lung interstitial abnormalities were observed in a population of
patients with predominant IcSSc and anti-centromere antibodies. Although ILD is typically
associated with the dcSSc form, positive anti-topoisomerase I antibody, male gender and
occupational exposure (50-52), recent data show that ILD can occur in patients with 1cSSc,
anti-centromere antibodies and late disease. In a study by Nihtyanova et al, among 654 patients
with clinically significant ILD, 139 had anti-centromeres antibodies, 328 had 1cSSc and some

developed ILD after 5 years of disease (Before 5 years: 7.5%, After 10 years 8.4%) (53).

In comparison to INT— patients, the 12 INT+ patients were younger, had shorter follow-
up and more frequent pitting scars. This finding is consistent with the higher prevalence of ILD
in patients with pitting scars in the EUSTAR cohort comprising 9671 patients (48.1% vs 28.9%)
(54). An important finding was that INT+ patients had reductions in lung volumes (FVC, FEV1,
TLC) and alterations or trends to alteration of low-frequency respiratory system reactance
(Xrs5, AX, Fres) in comparison with INT—. These results are consistent with reduced lung
compliance and suggest that lung abnormalities evidenced by LUS were actually related to ILD
in SSc patients. Although invasive measurements would be required to prove that LUS
abnormalities were associated with reduced lung compliance, the lack of extensive skin
sclerosis and chest sclerosis in all patients suggests that chest wall compliance was probably

normal in the present study.

While reduced lung volumes were robustly observed in INT+ patients, no difference
was observed in terms of pulmonary gas exchange as there was no difference in either DLCO
at rest and SpO; or Vd/Vt at exercise. It is possible that the lack of a significant difference in
DLCO was due to insufficient study power since measurement variability of DLCO is quite
higher than lung volumes (55) and that such slight differences in lung function as evidenced
between INT+ and INT— patients may be undetectable by CPET. INT+ patients did not report
increased symptoms. In particular, the Leicester cough questionnaire, Dyspnea-12 scale, the
Saint Georges respiratory questionnaire and the Cochin 17-item Scleroderma Functional scale
were not different between INT+ and INT-. We supposed that the mild lung damage
demonstrated by LUS, PFT and CPET did not have any detectable functional impact.
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The main limitations of this study were the small sample size, heterogeneity in disease
duration, and the cross-sectional design. These limitations preclude drawing conclusions on the
clinical significance of the LUS interstitial syndrome. In particular, it is unclear whether
patients with LUS abnormalities will develop clinically significant ILD. The single-center
design reduced transferability of results but allowed optimal reproducibility of patient

characterization.

5. Conclusion

This study showed that more than a third of SSc patients with normal HRCT had LUS
interstitial syndrome. These patients had functional abnormalities suggesting slight abnormality
of pulmonary mechanics. Overall, these data raise the hypothesis that LUS may have high
sensitivity for the early diagnosis of SSc-ILD. Prospective studies will define whether SSc

patients with LUS interstitial abnormalities develop ILD lesions detectable by HRCT.
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Annex

Annex 1: Goh criteria 2008

TDM thoracique
% extension

indéterminé

CVF 270 %

ATTEINTE LIMITEE

CVF<70%

ATTEINTE EXTENSIVE
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Annex 2: Dyspnea-12 questionnaire - French translation

Ce questionnaire est con¢u pour nous aider a comprendre comment votre essoufflement vous
dérange.

Veuillez s’il vous plait lire chaque item puis cocherla case qui correspond le mieux a votre
essoufflement ces jours-ci. Si vous ne ressentez pas un item, cochez la case « aucunement ». Veuillez
s’il vous plait répondre a tous les items.

Aucunement | Légérement | Modérément | Séveérement

Je n’arrive pas a respirer a fond

Ma respiration me demande plus d’effort

J’ai 'impression d’avoir le souffle court

J’ai du mal a reprendre mon souffle

Je n’arrive pas a avoir assez d’air

Ma respiration est inconfortable

Ma respiration est épuisante

Ma respiration me déprime

Ma respiration me mine

Ma respiration m’angoisse

Ma respiration me rend trés nerveux

Ma respiration me rend irritable

Nous ne recommandons pas |'utilisation de I'instrument s’il manque plus de 3 réponses. La méthode pour calculer le
score du Dyspnea 12 est détaillé ci dessous (en cas de réponses manquantes)

bre de ré q Calcul pour prendre en compte Calcul du score du Dyspnea-12
les réponses manquantes
1 36 +33=1.09 1.1 x score total du Dyspnea 12
2 36+30=1.2 1.2 x score total du Dyspnea 12
3 36+27=13 1.3 x score total du Dyspnea 12

Calcul du score : additionner le score obtenu a chaque item : on obtient ainsi un score entre 0 et 36 (qui représente
une dyspnée maximale)

Aucunement : 0

Légerement : 1

Modérément : 2

Sévérement : 3
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Annex 3: Cough: Leicester Cough Questionnaire - French translation

LEICESTER COUGH QUESTIONNAIRE (version frangaise)

Ce questionnaire a été congu pour évaluer I'impact de la toux sur de différents aspects de votre vie. Lisez attentivement
chaque question et répondez-y en ENTOURANT la réponse qui convient le mieux a votre situation. Merci de répondre a
TOUTES les questions, en toute franchise.

1. Aucours des 2 derniéres semaines, avez-vous ressenti des douleurs thoraciques ou des douleurs a I’estomac qui étaient
en lien avec votre toux ?

Tout letemps  La plupart du temps Une bonne partie du temps Parfois Peu de fois  Presque aucune fois  Aucune fois
1 2 3 4 5 6 7

2. Aucours des 2 derniéres semaines, avez-vous été dérangé(e) par des expectorations (mucus) lorsque vous toussiez ?

Chaque fois La plupart des fois Plusieurs fois Quelques fois Occasionnellement Rarement Jamais
1 2 3 4 5 6 7

3. Aucours des 2 derniéres semaines, avez-vous été fatigué a cause de votre toux ?

Tout letemps  La plupart dutemps  Une bonne partie du temps  Parfois Peude fois  Presque aucune fois  Aucune fois
1 2 3 4 5 6 7

4. Aucours des 2 derniéres semaines, avez-vous éprouvé le sentiment que vous contréliez votre toux ?

Aucune fois  Presque aucune fois  Peude fois  Parfois ~ Une bonne partie dutemps  La plupart dutemps  Tout le temps
1 2 3 4 5 6 7

5. Aucours des 2 derniéres semaines, quand vous étes-vous senti(e) embarrassé(e) a cause de votre toux ?

Tout letemps  La plupart dutemps  Une bonne partie dutemps  Parfois Peudefois Presque aucune fois  Aucune fois
1 2 3 4 5 6 74

6. Au cours des 2 derniéres semaines, je me suis senti(e) angoissé(e) a cause de ma toux

Tout letemps  Laplupart dutemps  Une bonne partie dutemps  Parfois  Peudefois Presque aucune fois  Aucune fois
A, 2 3 4 5 6 7

7. Aucours des 2 derniéres semaines, ma toux a entravé le bon déroulement de mon travail ou celui d’autres taches
quotidiennes

Tout letemps  Laplupart dutemps Une bonne partie dutemps  Parfois Peudefois Presque aucune fois  Aucune fois
1 2 3 4 5 6 74

8. Au cours des 2 derniéres semaines, j'ai senti que ma toux m’empéchait de profiter pleinement de ma vie

Tout letemps  Laplupart dutemps  Une bonne partie dutemps  Parfois  Peudefois Presque aucune fois  Aucune fois
A, 2 3 4 5 6 7

9. Aucours des 2 derniéres semaines, étre en présence de peintures ou de fumées m’a fait tousser

Tout letemps  Laplupart dutemps  Une bonne partie dutemps  Parfois Peudefois Presque aucune fois  Aucune fois
1 2 3 4 5 6 7

10. Au cours des 2 derniéres semaines, votre toux a-t-elle perturbé votre sommeil ?

Tout letemps  Laplupart dutemps  Une bonne partie dutemps  Parfois Peudefois Presque aucune fois  Aucune fois
1 2 3 4 5 6 7]

Reychler G., Chron Respir Dis. 2015 Nov;12(4):313-9
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LEICESTER COUGH QUESTIONNAIRE Date:__/__/ ___

11. Au cours des 2 derniéres semaines, combien de fois par jour avez-vous eu des quintes de toux ?

Tout letemps  La plupart des fois Plusieurs fois Quelques fois Occasionnellement  Rarement Aucune fois
(en continu) pendant la journée pendant la journée pendant la journée pendant la journée
1 2 3 4 5 6 7

12. Au cours des 2 derniéres semaines, je me suis senti(e) frustré(e) a cause de ma toux

Tout letemps  La plupart dutemps  Une bonne partie dutemps ~ Parfois  Peude fois  Presque aucune fois  Aucune fois
1 2 3 4 5 6 7

13. Au cours des 2 derniéres semaines, je me suis senti(e) exaspéré(e) a cause de ma toux

Tout letemps  La plupart dutemps  Une bonne partie dutemps ~ Parfois  Peu defois  Presque aucune fois  Aucune fois
4§ 2 3 4 5 6 7

14. Au cours des 2 derniéres semaines, avez-vous eu la voix rauque a cause de votre toux ?

Tout letemps  La plupart dutemps  Une bonne partie dutemps  Parfois Peude fois Presque aucune fois  Aucune fois
1 2 3 4 5 6 7

15. Au cours des 2 derniéres semaines, avez-vous eu beaucoup d’énergie ?

Tout letemps  La plupart dutemps  Une bonne partie dutemps  Parfois Peudefois Presque aucune fois  Aucune fois
1 2 3 4 5 6 7

16. Au cours des 2 derniéres semaines, vous étes-vous tracassé(e) a I'idée que votre toux pouvait étre le signe d’une maladie
grave ?

Tout letemps  La plupart dutemps  Une bonne partie dutemps  Parfois Peude fois Presque aucune fois  Aucune fois
1l 2 3 4 5 6 7

17. Au cours des 2 derniéres semaines, vous étes-vous inquiété(e) a I'idée que votre toux puisse amener d’autres personnes a
penser que quelque chose n’allait pas chez vous?

Tout letemps  La plupart dutemps  Une bonne partie du temps  Parfois  Peude fois  Presque aucune fois  Aucune fois
1 2 3 4 5 6 7

18. Au cours des 2 derniéres semaines, ma toux a interrompu des conversations, en face a face ou au téléphone

Chaque fois La plupart des fois Une bonne partie du temps Parfois Peu de fois Presque aucune fois Aucune fois
1 2 3 4 5 6 7

19. Au cours des 2 derniéres semaines, je sens que ma toux a ennuyé mon (ma) partenaire, ma famille ou mes amis

Chaque fois La plupart des fois Plusieurs fois Quelques fois Occasionnellement ~ Rarement  Jamais
que je tousse ol je tousse ol je tousse ol je tousse quand je tousse
1 2 3 4 5 6 7
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lere PARTIE

Annex 4: Saint George’s Respiratory Questionnaire (SGRQ)

Les questions qui suivent cherchent a déterminer 'importance des probléemes
respiratoires que vous avez pu ressentir AU COURS DES 12 DERNIERS MOIS
(Mettez une croix dans la case correspondant & votre réponse a chaque question)

Presque Plusieurs Quelques Seulement Pas
tous les jours par jours par pendantune du
jours de la semaine mois infection tout
semaine (2-4jours) respiratoire
(5-7jours)

1) Au cours des 12 derniers mois,
avez-vous toussé ?

2) Au cours des 12 derniers mois,
avez-vous craché ?

3) Au cours des 12 derniers mois,
avez-vous été essoufflé(e)?

4) Au cours des 12 derniers mois,
avez-vous eu des crises de
sifflement dans la poitrine?

5) Au cours des 12 derniers mois, combien de fois

avez-vous eu de crises graves ?

Plus de 3 crises

3 CIISES.cuererererneseereseeneseenes
2crises.............................
LeBISe: o s
Aucunecrise.................

(passez a la question 7 si vous n'avez pas eu de crise grave)

6) Au cours des 12 derniers mois, combien de temps Une

a duré la crise la plus pénible?

lou

semaine ou plus....

3joursouplus........ .

2jours...................

Moins d’'une journée.....

7) Au cours des 12 derniers mois, dans une semaine Aucune journée.............

ordinaire, combien avez-vous eu de journées sans lou2jours...............
rand probléme respiratoire? .

g p P 3oudjours..............

8) Quand vous avez des sifflements, est-ce pire le oui

matin ?

Presque tous les jours..
Touslesjours...............

)
)
|
|
)
|
)

m
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2éme PARTIE

SECTION 1  Mettez une croix dans la case correspondant a votre réponse a chaque
question.

QUE PENSEZ-VOUS DE VOTRE ETAT RESPIRATOIRE ?

Cest mon plus gros probléme...................cooooiiioiiie e m)
Cela me pose pas mal de problémes.....................ccocooiiiiiicieeee e m
Cela me pose quelques problémes..................ocoooiiiiiiiiii e m)
Cela meme pose aucun Probleme. ... neiiis m

SI VOUS AVEZ OU SI VOUS AVEZ EU UNE ACTIVITE

PROFESSIONNELLE

Mes problémes respiratoires m’ont obligé(e) & ne plus travailler................. m
Mes problémes respiratoires m'empéchent parfois de travailler................. 0
Mes problémes respiratoires ne m'empéchent pas de travailler................ 0

SECTION 2  VOICI QUELQUES SITUATIONS QUI, HABITUELLEMENT, VOUS
ESSOUFFLENT.

Répondez en mettant une croix dans la case correspondant a votre

situation ces jours-ci

VRAI FAUX
Etire as8iS At BED08: cvosmnvomssmnsmssismsim s s s e 0] 0
Faireisa teiletteion g habillet....commnmmumnmammnnasmsmsessamsmn 0 m
Marcher dans 1a maiSon. ..o 0 0
Marcher a I'extérieur sur terrain plat................coooocooiiiiiiiiei 0 0
MoOnter Un ELAZE. .............oooieeeee oo O m
1 o301 723 0 18T 01 = RS m m
Pratiquer une activité physique ou sportive....................ccocoooiiiiiiiee 0 0
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SECTION 3 VOICI ENCORE QUELQUES SITUATIONS CONCERNANT VOTRE
TOUX ET VOTRE ESSOUFFLEMENT.

Voulez-vous signaler celles qui correspondent a votre état ces jours-ci ?

VRAI FAUX

Ca me fait mal quand je touSSe.............ocoooovioiieioee e ) m

Ca me fatigue quand je LOUSSE............oc.oovvioii oo m m

Je suis essoufflé quand je parle.................ocooooiiiii i m )

Je suis essoufflé quand jeme penche..................coooooiiiiiiiiii e, m )

Ma toux ou ma respiration perturbe mon sommeil.......................oocooii 0] M

Jg m’épuise_vite en fais?nt une activité quotidienne (par exemple : m| J
toilette, habillement, ménage).................cccccoooooiiiioiie e

SECTION4 VOICI D’AUTRES EFFETS QUE VOS PROBLEMES

RESPIRATOIRES PEUVENT ENTRAINER CHEZ VOUS.
Voulez-vous signaler celles qui s'appliquent ¢ vous ces jours-ci ?

Devant les autres je me sens géné de tousser ou d'étre essoufflé................

Mes problémes respiratoires génent ma famille, mes amis ou mon

VOISINAZE. ..o

Jai peur ou je panique quand je n'arrive plus & respirer ...................c...co.o....

Je sens que je ne peux pas controler ma respiration .................................

Je pense que mon état respiratoire ne va pas saméliorer ...........................

Je suis devenu un grand malade en raison de mon état respiratoire ..........

L'exercice physique est dan

Tout me demande un effort.

GETEUX POUL IMOL. ... oo

VRAI FAUX

a
I A A i

SECTION 5 CETTE

SECTION CONCERNE VOTRE

(Médicaments, aérosols, oxygéne, kinésithérapie...)

Mon traitement ne maide pas beaucoup.................cccooooiiiiiiiiiiiii

Devant les autres, je me sens géné de suivre mon traitement...................

Mon traitement a des effets désagréables chez moi......................ccocoee

Mon traitement me géne beaucoup dans ma vie de tous les jours...............

TRAITEMENT
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SECTION 6 CETTE SECTION CONCERNE LES ACTIVITES QUOTIDIENNES
QUI POURRAIENT ETRE GENEES PAR VOTRE RESPIRATION
VRAI FAUX
J'ai besoin de beaucoup de temps pour faire ma toilette ou pour 7] m
MV hADIIEr. ..o

Je ne peux pas prendre un bain ou une douche, ou alors jai besoin de -
béaticoiip de temps Polit & Taite o nimmemennnnnrer sy

Je marche plus lentement que les autres ou je m'arréte pour me reposer (7]

Des travaux comme le ménage me prennent beaucoup de temps ou je H)
dols M aTTetelr POUF ME TEDOSEY . cov s s e as

Si je monte un étage, je dois aller lentement ou m'arréter............................. ]
Si je me dépéche ou si je marche vite, je dois m'arréter ou ralentir.............. J

Ma respiration rend pénible les activités telles que monter une cote,
porter des objets en montant un étage, effectuer des travaux légers de a
jardinage, danser, jouer auxboules....................co.cooooiiii i

Ma respiration rend pénible les activités telles que porter des charges
lourdes, bécher le jardin, déblayer la neige, faire du jogging ou marcher )
rapidement, jouer au tennis, nager

0 ad g a aq

Ma respiration rend pénible les activités telles que les travaux manuels
lourds, la course a pied, le vélo, la natation rapide ou les sports de (7] 0
(e 810 =] L) e

SECTION 7 DECRIVEZ AVEC QUELLE INTENSITE VOTRE ETAT
RESPIRATOIRE RETENTIT DOORDINAIRE SUR VOTRE VIE
QUOTIDIENNE ?

VRAI FAUX
Je ne peux pratiquer aUCUN SPOTt...........cocooiiiiviiiiie e J 0
Je ne peux pas sortir pour me distraire ou me détendre................................. m m
Je ne peux pas sortir faire les courses..................ccoocooooiiiiiiie e ) m
Je ne peux pas faire le ménage ou bricoler....................cococoooiiiiii 0 0
Je ne peux pas m'éloigner beaucoup de mon lit ou de mon fauteuil.............. 0 m

MAINTENANT, POURRIEZ-VOUS COCHER LA CASE CORRESPONDANT A
CE QUI DECRIT LE MIEUX, SELON VOUS, LA MANIERE DONT VOTRE
ETAT RESPIRATOIRE VOUS GENE

(Ne cochez qu'une seule case)
Cela ne m'empéche pas de faire ce que je veUuX.................ccoocoooiiiiiiii . 0

Cela m'empéche de faire une ou deux choses que jaurais envie de faire..... 7]
Cela m'empéche de faire la plupart des choses que j'aurais envie de faire. (7]

Cela m'empéche de faire tout ce que jaurais envie de faire................... . (7]



Annex 5: mMRC scale

MRC mMRC
Essoufflée seulement pour des efforts intenses 0
Essoufflée en hatant le pas ou en légere cote 1
Marche sur terrain plat plus lentement que les sujets de son age ou doit s’arréter en 2
marchant a son rythme sur terrain plat
Doit s’arréter apres 100m ou quelques minutes de marche 3
Trop essoufflée pour sortir de la maison 4
Annex 6: Quality of life: Cochin 17-item Scleroderma Functional Scale (CSF-17)
Questionnaire CSF-17 (Cochin 17-item Scleroderma Functional scale)
NOM, Prénom..............ooi i
Date............oooiii
IVEC A CICTIL vttt sttt A S SO SRS
0|1 [2|3 |4 |5 |6|7]|8|9]10
A cause de ma sclérodermie systémique, je suis | i‘:;
géné(e) pour réaliser les activités quotidiennes | 5 E
suivantes : :f =
g =
: G 2
(Ne cochez qu'une seule case par ligne) i &
O
Partie A. Mobilité
Lo , s ofr1(2|13|14|5|6|7|8|9]10
1. | Ecrire a I’aide d’un stylo ou d’un crayon ololololaolalolololalo
2. | Changer la position de mon corps glilai3fs)s6)d|8)2flo
) O|o|o|jgo|ojo|jojo|jo|Oo|O
01 213451678910
3. | Me relever, me mettre debout seul(e) ololololololololololo
4 Soulever et porter des objets ou des charges 0|1 (2|3 |4|5]|]6|7|8]9]10
" | y compris en me déplagant O|jo|jo|jog|go|jgo|jo|jojojo|o
: ; ’ . ofr1y(2|13|4|5|6|7|8|9]10
5. | Manipuler de petits objets ou des objets fins olololaolololololololo
. 0] 1 2134516718910
6. | Bouger les bras (lever, plier, tendre) olololololalololololo
7 | Marcher ofr1 (2|13 |4|5|6|7|8|9]10
: O|0|l0|g|g|jo|jojo|jo|O|O0
8 | Courir of1 (2|3 |4|5|6|7|8|9]10
] O|lo|jg|jg|jg|jo|jojojo|jo|O
9 Utiliser les transports en commun (bus, o| 1|23 [4|5|6]|7|8]9]10
" | métro, tramway) O|jojo|jg|jo|jo|jo|jojojo|o
10 Bricoler, jardiner, nourrir et prendre soin de oO| 1|23 [4|5|6]|7|8]9]10
" | mes animaux de compagnie O|jo0ojo|jo|jo|jo|jo|jojojo|o
TOTAL PARTIE A || |__|/100

45



(=}
—
(]
w
S
»m
(=)
2
=]

—
]

A cause de ma sclérodermie systémique, je suis
géné(e) pour réaliser les activités quotidiennes
suivantes :

(Ne cochez qu’une seule case par ligne)

Aucune géne

Géne maximale

Partie B. Taches et demandes générales

11. | Apprendre de nouvelles choses I% é] é é él é él I; é é‘ g
12. | Fixer mon attention AR EARARS RN AR A
O|o|g|jg|jgjo|jo|jo|jo|o|d

’ : . of1{2|3|4|5|6|7|8]|9]10

13. | Résoudre les probléemes du quotidien ololololaolalalolololo
14 Entreprendre une tache complexe nécessitant | 0 | 1 [ 2 | 3 |4 [ 5|6 |7 [ 8] 9|10
" | plusieurs étapes O|gojg|jo|jo|jo|jojo|jo|o|o
15 Adapter mes activités quotidiennes a mon oO| 1|23 [4|5]|]6|7[8]9]10
" | niveau d’énergie O|jojo|jog|jgo|jgo|jojojo|jgo|o
16. | Gérer la pression et le stress o(Ll&l2(4]|2|6(Z]|8]2 (%0
O|lo|g|jg|jg|jgo|jo|jo|jo|o|d

17 Assumer mes responsabilités dans ma vie O| 1|23 [4|5]|]6|7]|8]9]10
" | personnelle et professionnelle O|gojg|jojojo|jojo|jo|jo|o
TOTAL PARTIE B | 70

Annex 7: List of the 14 thoracic areas explored

Liste des 14 espaces inter-costaux explorés par le protocole

Lignes Droite Gauche
Antérieur Para-sternale 2°™ EIC 2°™ EIC
Médio claviculaire 4™ EIC 4™ EIC
Axillaire Axillaire antérieure 4™ EIC 4™ EIC
Médio axillaire 4™ EIC 4™ EIC
Axillaire postérieure 8™ EIC 8™ EIC
Postérieur Sous scapulaire 8™ EIC 8™ EIC
Para vertébrale 8™ EIC 8™ EIC




Annex 8: Pictures of HRCT and LUS images of different stages of fibrotic lung disease in
SSc: no fibrosis, intermediate, severe stage of fibrotic disease. The worsening of the Warrick
score, which reflects the severity and extent of pulmonary fibrosis on CT, correlates with an
increase in the number of B-lines on chest ultrasound. From the article Ultrasound lung
comets in systemic sclerosis: a chest sonography hallmark of pulmonary interstitial fibrosis.

Gargani et al. Rheumatology 2009.

No fibrosis: Mild fibrosis: Moderate/severe fibrosis:
Warrick score =0 Warrick score =8 Warrick score = 14

No ULCs Mild ULCs Moderate/severe ULCs

Annex 9: Pictures showing the pleural line: normal appearance of the pleural line (A) and
irregularity of the pleural line (B). From the article Pleural irregularity, a new ultrasound sign
for the study of interstitial lung disease in systemic sclerosis and antisynthetase syndrome.

Pinal-Fernandez et al. Clin Exp Rheumatol 2015.
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Annex 10: Picture of a 42-year-old female patient with SSc and moderate interstitial lung
involvement. Chest X-ray showing pulmonary fibrosis (A). HRCT showing sub pleural
reticulation with traction bronchiectasis (B). Ultrasound scan of the lung showing an increase

in the thickness of the pleural line to 8 mm (C). From the article Ultrasound signs of

pulmonary fibrosis in systemic sclerosis as timely indicators for chest computed tomography.

Sperandeo el al. Scand J Rheumatol. 2015
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Résumé :

Objectif : La pneumopathie interstitielle diffuse (PID) est la principale cause de mortalité dans la Sclérodermie
Systémique (ScS). Dans les séries autopsiques, sa prévalence est trés élevée. Le scanner pulmonaire (TDM-Tx),
examen de référence pour son diagnostic, pourrait manquer de sensibilité. L’échographie thoracique (ET) est une
technique émergente pour le diagnostic de PID. L’objectif principal était de décrire la prévalence d’un syndrome
interstitiel échographique chez des patients atteints de ScS ayant un TDM-Tx et des EFR normaux.

Méthodes : Dans une étude transversale, monocentrique, 30 patients atteints de ScS et ayant un TDM-Tx normal,
une CVF > 80% et une DLCO > 70% ont été inclus. Des auto-questionnaires, une échocardiographie, des EFR
(spirométrie, pléthysmographie, mesure de DLCO, oscillométrie) et une épreuve fonctionnelle a 1’exercice étaient
réalisés. Une ET était effectuée par deux opérateurs, en aveugle. Les patients étaient classés en deux groupes en
fonction de la présence (INT+) ou non (INT-) d’un syndrome interstitiel échographique défini par une somme des
lignes B > 10 dans I’ensemble des aires thoraciques et/ou une épaisseur de la ligne pleurale > 3mm sur au moins
une aire thoracique et/ou un score d’irrégularité de la ligne pleurale > 16%.

Résultats : Douze patients sur 30 (40%) étaient INT+. Il existait une trés bonne concordance inter-observateurs
de ’ET (Coefficient de Kappa = 0,93 [IC a 95% 0,79-1,00]) pour le diagnostic du syndrome interstitiel. Les
patients INT+ étaient plus jeunes (37 ans vs 53 ans, p=0,009), avaient un délai d’évolution plus court (9 mois vs
114 mois, p=0,016) et plus souvent des pittings scars (n=7/12 (58,3%) vs 3/18 (16,7%), p=0,045). IIs avaient une
CVF (102 - 110%, p=0,009), un VEMS (99 - 108%, p=0,010), une CPT (114 - 122%, p=0,042) et une réactance
du systéme respiratoire plus bas (-0,13 vs -0,10 kPa.s.L"!, p=0,046), alors que la DLCO ainsi que la ventilation
d’espace mort et la SPO: a I’exercice étaient similaires.

Conclusion : L’ET a mis en évidence un syndrome interstitiel pulmonaire chez 12/30 patients atteints de ScS sans
PID avérée. Les patients INT+ présentaient des anomalies fonctionnelles compatibles avec une PID débutante ou
minime. Une étude longitudinale pourra définir si ces patients développent ultérieurement des lésions de PID
détectables par la TDM-Tx.

Mots clés : Sclérodermie systémique, Pneumopathie interstitielle diffuse, Echographie thoracique,
Exploration fonctionnelle a I’exercice
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