Supplementary material

Methods

Echocardiography and speckle
tracking study

All subjects underwent a comprehen-
sive conventional 2D and Doppler
echocardiography study, by the same
certified operator. An ultrasound sys-
tem (Vivid 7 pro, General Electric
Medical Systems, Horten, Norway)
with a 2.5 MHz transducer was used.
All the data were stored for off-line
analysis (EchoPAC 113.05 version, GE
Healthcare, Horten, Norway). All im-
ages were obtained with a frame rate
>50 frames/sec.

The study protocol included a com-
plete conventional and Doppler assess-
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ment of ventricles, atriums, pericar-
dium and valves according to recent
recommendations (1-6). Left ventricle
(LV) volumes and ejection fraction
(EF) were calculated using Simpson’s
biplane method (2). Left atrium (LA)
volumes were derived from four and
two chamber apical view with biplane
method of disk (2). LV mass was es-
timated with area-length method (2).
LV diastolic function and filling pres-
sures were assessed according the new
recommended algorithm (1). The early
(Emv) and late mitral valve (Amv) in-
flow peak velocity were taken by pulse
wave Doppler, placing the sample vol-
ume at the tips of mitral leaflets. Aver-
aged (lateral and septal side of mitral
annulus) systolic (S) and diastolic early

(e’) and late (a’) peak velocities were
obtained using pulse-wave tissue Dop-
pler imaging techniques (1).

In modified apical four chamber view,
right ventricle (RV) areas and right
atrium volume were estimated (2). RV
diastolic function was assessed by the
ratio (E/A, tv) of early (Etv) and late
(Atv) tricuspid inflow waves velocities
and by the ratio of early diastolic veloc-
ities by pulse wave and tissue Doppler
(E/e’, tv) (7). Fractional area changing
(FAC), tricuspid annular longitudinal
excursion by M-mode (Tapse) and
peak systolic velocity (Stv) at tricuspid
annulus by pulsed-wave tissue Doppler
imaging were used for evaluating the
systolic performance of right ventricle
(2). Systolic pulmonary arterial pres-
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Supplementary Table 1. 1a. Associations between left ventricular function/structure and arterial haemodynamic parameters in systemic
sclerosis patients; 1b. Associations between left ventricular function/structure and left ventricular performance

1a. Arterial haemodynamics 1b. Left ventricular performance indices
AP75, (mmHg) AIx75 (%) SVI (%) Total arterial LV stroke LV stroke PVA, LV energetic
compliance work work index (kg cm) efficiency (%)
(mL/mmHg) (kg cm) (g/em?)
LV EDVi, (mL/m?) 0.035 0.018 0.07 <0.001 0.118 <0.001 0.008 <0.001
Rs=-0.23 Rs=-0.25 Rs=0.19 Rs=0.48 Rs=-0.53 Rs=0.28 Rs=-0.54
LV ESVi, (mL/m?) 0.33 0.16 0.262 0.009 0.469 <0.0001 0.079 <0.001
Rs=0.29 Rs=-0.52 Rs=-0.78
LVMi, (g/m?) <0.001 0.14 0.907 0.02 0.023 0.38 0.001 0.03
Rp=0.36 Rs=-0.26 Rs=0.33 Rs=0.36 Rs=-0.24
LV E/e’ <0.001 0.005 0.03 <0.001 <0.001 <0.001 <0.001 0.002
Rs=0.5 Rs=0.3 Rs=-0.23 Rs=-0.53 Rs=0.44 Rs=0.54 Rs=0.42 Rs=0.34
GLS LV, (%) 0.21 0.25 0.133 0.08 0.006 0.259 0.038 0.003
Rs=-0.3 Rs=-0.23 Rs=-0.33
GLSR, (sec™) <0.001 0.001 0.491 0.002 0.098 0.028 0.056 097
Rs=-043 Rs=-0.36 Rs=0.35 Rs=-0.25
GCS LV, (%) 0.82 09 0.225 0.69 0.012 0.007 0.08 <0.001
Rs=-0.29 Rs=-0.31 Rs=-0.42

LV: left ventricle; EDVi: end-diastolic volume index; ESVi: end-systolic volume index; LVMi: left ventricle mass index by 2D methods; EF: ejection frac-
tion; LV E/e’: ratio E pulsed-wave Doppler velocity at mitral valve over e’ averaged pulsed-wave tissue Doppler velocity at mitral annulus; GLS: global
longitudinal strain; GLSR: global longitudinal strain rate; GCS: global circumferential strain; AP75: augmentation pressure at HR 75 min'; SVI: suben-
docardial viability index; Alx: augmentation index at HR 75 min"'; PVA: pressure volume area; Rp: Pearson correlation coefficien Rs: Spearman’s rank

correlation coefficient.

sure was estimated from peak velocity
of tricuspid regurgitation (TVR) using
the Bernoulli equation and by right
atrial pressure derived from diameter
and collapsibility of inferior vena cava
(7). Evaluation for pulmonary arterial
hypertension was performed according
to a new proposed algorithm (8), us-
ing the peak TVR and supplementary
echocardiographic signs. For all the
above measurements three cardiac cy-
cles were averaged, indexing for body
surface area as appropriate.

For 2D speckle tracking echocardiog-
raphy four, two, and three apical cham-
ber views were obtained. Multilayer
strain analysis was performed by a
specific software (EchoPAC PC, ver-
sion 113.05, GE Healthcare) according
to recommendations (9, 10). Global
longitudinal strain (GLS) was derived
from mid-myocardium using peak val-
ues (11, 12). GLSendo and GLSepi
were measured as GLS, by using the
region of interest on the endocardium
and epicardium, respectively (11, 12).
Global longitudinal strain rate in early

diastole (GLSRed) was derived from
mid-myocardium. In parasternal short
axis at the level of papillary muscle, we
measured the peak global circumferen-
tial strain (GCS) as well as GCSendo
and GCSepi, with the same method as
GLS. Radial strain and other cardiac
mechanics indices were not derived
due to the differences in reproducibil-
ity (13). In modified apical four cham-
ber view, using the same software and
adjusting the region of interest accord-
ing to thickness of RV wall, we cal-
culated the peak longitudinal strain of
free wall (GLS) by adding the value
of basal, mid and apical segment and
dividing by three (2). With the same
method and using the region of inter-
est of endocardium and epicardium, we
measured the GLSendo and GLSepi,
respectively. When an inadequate view
or two or more segments were not cor-
rectly visualised, we did not perform
strain analysis (9, 10). All the meas-
urements at baseline and at follow-up
were obtained and analysed from the
same operator.

Arterial haemodynamics,
ventricular-arterial coupling and
cardiovascular performance indices
All participants, after a 12-hour absti-
nence from food, caffeine, smoking,
alcohol, and drugs, underwent arterial
haemodynamics measurements by the
same physician. Brachial blood pres-
sure (BP) assessment was performed
after a five-minute supine rest by a val-
idated electronic sphygmomanometer
(microlife WatchBP pro). The average
of three measurements was used to cal-
culate the systolic, diastolic and pulse
pressure. After a 10-min resting period
in the supine position, the carotid to
femoral pulse wave velocity was non-
invasively calculated with the available
SphygmoCor system (Sphygmocor At-
cor medical, Australia) (14). Using the
same system and a validated transfer
function, aortic pressures were ob-
tained from the radial artery waveform,
calibrated to branchial systolic and di-
astolic pressure (15). Further analysis
of radial artery waves determined the
subendocardial viability index, and the
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aortic augmentation pressure (AP) and
index (Alx), defined as the difference
between the second and first peaks of
central arterial waves and expressed as
a percentage of pulse pressure (14, 16).
Given the influence of heart rate on
the above measurements, a correction
for a steady heart rate of 75 bpm was
performed. Also, aortic stiffness index
was measured by echocardiography as
the percentage of change of diameter
of ascending aorta in systole and dias-
tole (17). To further investigate arterial
and left ventricular properties, several
indices were calculated combining the
above measurements (18-20). The ef-
fective arterial elastance (Ea), a meas-
ure of arterial stiffness, was calculated
as central end-systolic pressure divided
by stroke volume (21). The total arte-
rial compliance estimated by the ratio
of stroke volume to pulse pressure, and
the total peripheral resistance calculat-
ed by the mean arterial pressure divided
by cardiac output*80, were determined
to further characterise the arterial load-
ing. Moreover, end-systolic elastance
(Ees, central end-systolic pressure/
end-systolic volume), LV stroke work
(central end systolic pressure*stroke
volume) and stroke work index (stroke
work/end-systolic volume) were calcu-
lated to characterise LV systolic stiff-
ness and the performance and contrac-
tility of LV, respectively (22). Also,
the ratio Ea/Ees was used as index
of ventricular-arterial coupling (19,
22). Finally, the pressure-volume area
[=(end-systolic pressure*stroke vol-
ume) + (end-systolic pressure*(end-
systolic volume)/2)] and LV energetic
efficiency (stroke work/PVA) were
also determined (19).
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