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Systemic sclerosis (SSc), or scleroder-
ma, is a systemic autoimmune disease
characterized by vascular damage and fi-
brosis within the skin and visceral organs.
Even though SSc is a heterogeneous disor-
der in terms of symptoms and clinical
course, organ involvement is common, fre-
quently affecting the kidneys, the gastroin-
testinal tract, the lungs and the heart1-6.

The cardiac involvement in SSc is his-
torically classified into primary and sec-
ondary. Primary heart disease depends on
the involvement of the myocardium and
microvasculature by the disease itself, with
impairment of the global diastolic function
and reduction of the coronary flow reserve,
even in the absence of abnormalities of the
epicardial coronary arteries2,7,8. Secondary
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Background. Systemic sclerosis (SSc) is a multisystem disorder characterized by widespread vas-
cular lesions and fibrosis of the skin and specific internal organs. Cardiac involvement is a common
finding in SSc, but often clinically occult. The aim of the present study was to analyze both left and
right ventricular (RV) myocardial function in patients with SSc, and their relation to other instru-
mental features of the disease.

Methods. Twenty-five healthy subjects and 23 age- and sex-comparable asymptomatic patients
classified as having either diffuse (11 patients) or limited cutaneous (12 patients) SSc underwent clin-
ical examination, serological analysis, high-resolution chest computed tomography, standard Doppler
echocardiography and pulsed Doppler myocardial imaging (DMI) of both the mitral and tricuspid
annuli. SSc was classified using the modified Rodnan skin score (mRSS) into high mRSS (score ≥ 10)
and low mRSS (score < 10).

Results. Serological antibody analysis revealed the presence of antinuclear antibody in all patients,
an anticentromere pattern in 8 patients, and anti-Scl-70 antibodies in 15 patients. Eleven patients
were diagnosed with interstitial pulmonary fibrosis at chest computed tomography. Standard
Doppler echocardiography revealed that the left ventricular mass index and ejection fraction were
comparable between the two groups, while the RV end-diastolic diameter was increased in SSc (p
< 0.01). The tricuspid inflow peak E and E/A ratio were slightly decreased in SSc (p < 0.01), while the
systolic pulmonary pressure was increased (p < 0.0001). DMI analysis revealed, in SSc, an impaired
RV myocardial early-diastolic (Em) peak velocity (p < 0.001) as well as a prolonged myocardial relax-
ation time (RTm) (p < 0.001) only at the tricuspid annulus level, even after correction for age, sex,
heart rate and left ventricular mass index. Independent inverse associations of the RV Em peak ve-
locity with both the Rodnan skin score (� coefficient = -0.62, p < 0.0005) and the pulmonary systolic
pressure (� coefficient = 0.71, p < 0.0001), as well as the independent inverse correlation of the same
RV Em peak velocity with interstitial pulmonary fibrosis (odds ratio 0.68, 95% confidence interval
0.45-0.83, p < 0.0005) in SSc patients were assessed at multivariate analysis. In addition, the RV Em
velocity was an independent predictor of the anti-Scl-70 antibody pattern (odds ratio 0.68, 95% con-
fidence interval 0.45-0.83, p < 0.01). Of note, a RV Em peak velocity < 0.11 m/s well selected SSc pa-
tients with pulmonary artery pressure > 35 mmHg, pulmonary fibrosis, a high mRSS, and an anti-
Scl-70 antibody pattern.

Conclusions. The relationships of RV myocardial diastolic dysfunction with both skin and pul-
monary involvement as well as with the serological antibody pattern emphasizes the ability of DMI to
identify patients with a more diffuse and severe form of SSc. This issue may be critical for the early
identification of those SSc patients who are at higher risk of cardiac impairment, ideally when they
are still asymptomatic before developing severe vasculopathy.
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form of cardiac disease develops in SSc patients with
vascular and/or interstitial lung disease, in which the fi-
brotic process leads to a marked reduction in the cross-
sectional area of the pulmonary vascular bed due to
obliteration of the alveolar capillaries and/or narrowing
of many small arteries5,6. In both cases, the pathologi-
cal hallmark of the cardiac impairment in SSc is my-
ocardial fibrosis, which is mainly located in deposits
within the interstitium9-15.

The right ventricular (RV) chamber is often in-
volved in systemic pathologies as a consequence of a
direct injury extension, afterload changes or ventricular
inter-dependence which is mainly due to the close
anatomic association between the two ventricles16,17.
However, this issue has not often been explored by
means of non-invasive techniques because of the com-
plexity of the RV geometry which precludes an accu-
rate assessment of the dimensions of the RV chamber
and their changes during the cardiac cycle18-21. Using
standard Doppler echocardiography, other authors have
pointed out an impaired RV filling in a significant per-
centage of SSc patients in whom no other cause of al-
tered diastolic function had been detected9,10,12. To the
best of our knowledge, no report describing both the
left ventricular (LV) and RV regional myocardial in-
volvement in such a systemic disease has been pub-
lished to date.

The aim of the present study was therefore to ana-
lyze the systolic and diastolic myocardial function in
patients with SSc, and their relation to other instrumen-
tal features of the disease, by means of Doppler my-
ocardial imaging (DMI). This technique provides accu-
rate information about the segmental myocardial mo-
tion during the cardiac cycle and offers the advantage,
with respect to conventional Doppler echocardiogra-
phy, of assessing the systolic and diastolic function of
both ventricles at a regional level22-26.

Methods

Study population. From an initial cohort of 56 patients
with SSc, 23 asymptomatic patients classified as hav-
ing either the diffuse (11 patients) or limited form (12
patients) of SSc, and 25 age- and sex-comparable
healthy subjects were enrolled into the study after their
informed consent and approval of the Ethics Commit-
tee of the G. Rummo Hospital were obtained. The ex-
clusion criteria were: arterial hypertension, coronary
artery disease (angina and/or ECG signs of myocardial
ischemia), severe valvular heart disease, more than sec-
ond degree mitral regurgitation, NYHA functional
classes II, III and IV, atrial fibrillation, lung disease,
and inadequate echocardiograms.

All patients underwent clinical examination, sero-
logical tests, high-resolution chest computed tomogra-
phy (CT), standard Doppler echocardiography, and
pulsed DMI of both the mitral and tricuspid annuli.

Procedures. Standard Doppler echocardiography and
DMI were performed with the subjects in partial left
decubitus, using the Acuson Sequoia ultrasound system
(Mountain View, CA, USA) equipped with DMI capa-
bilities. A variable frequency phased-array transducer
(2.5-3.5-4.0 MHz) was used for two-dimensional, M-
mode and Doppler imaging. Doppler echocardiograph-
ic and DMI tracings were recorded on a magneto-opti-
cal disk. All the measurements were analyzed by two
experienced readers, who averaged the data of ≥ 3 car-
diac cycles.

M- and B-mode. Two-dimensional measurements of
the septal and posterior wall thickness were obtained at
end-diastole, in the parasternal short-axis view and in-
tegrated with those obtained in the parasternal long-ax-
is and apical views. Endocardial fractional shortening
was calculated as: LVEDD - LVESD/LVEDD � 100
where LVEDD = LV end-diastolic diameter and
LVESD = LV end-systolic diameter. LV mass was cal-
culated in accordance with the Penn convention27 using
the following formula:

LV mass (g) = 1.04 [(LVEDD+IVST+PWT)3 -
(LVEDD)3] - 13.6

where IVST = interventricular septal thickness, PWT =
posterior wall thickness. LV mass was indexed for
height2.7 (Cornell adjustment)28. LV ejection fraction
was measured using a commercially available software
program that applied Simpson’s rule on the 2- and 4-
chamber views. Stroke volume was obtained using the
LV outflow Doppler method as the product between the
outflow tract area and the LV output velocity integral29. 

The tricuspid annular plane systolic excursion
(TAPSE) was calculated as the index of the RV global
systolic function by determining the difference (in mm)
between the end-diastolic and end-systolic measure-
ments30.

RV end-diastolic diameter was measured in the api-
cal 4-chamber view at the basal, middle and apical lev-
els in accordance with the protocol of Foale et al.31.

Standard Doppler. Pulsed Doppler assessment of the
LV inflow was performed in the apical 4-chamber view,
with the sample volume placed at the level of the valve
tips. The following measurements of the global LV di-
astolic function were determined: peak velocities of the
E and A waves (m/s) and their ratio, deceleration time
of the E wave (ms), isovolumic relaxation time (ms),
measured as the time interval between the end of the
systolic output flow and the onset of the transmitral E
wave measured by placing the pulsed Doppler sample
volume between the outflow tract and the mitral
valve32. The pulsed Doppler RV diastolic indexes were
determined in the apical 4-chamber view, placing the
sample volume at the tips of the tricuspid valve. The
following measurements of global RV filling were de-
termined: E and A peak velocities (m/s), E/A ratio, and
E wave deceleration time. The RV isovolumic relax-
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ation time was measured in the parasternal long-axis
view of the RV outflow tract, by measuring the time in-
terval from the end of pulmonary LV outflow to the on-
set of tricuspid inflow33. Non-invasive measurement of
the pulmonary artery systolic pressure was calculated
in all the patients of the study using Doppler recordings
of tricuspid regurgitation, using the modified Bernoulli
equation. In particular, the pulmonary artery systolic
pressure was considered as equal to 4 times the square
of the peak velocity of the tricuspid jet, plus the right
atrial pressure34.

Pulsed Doppler myocardial imaging. Pulsed DMI
was performed using spectral pulsed Doppler signal fil-
ters, adjusting the Nyquist limit until 15-20 cm/s (ap-
proximately equal to myocardial velocities), and using
the minimal optimal gain. In the apical 4-chamber
view, a 5 mm pulsed Doppler sample volume was
placed at the level of the LV mitral annulus and RV tri-
cuspid annulus. The apical view was chosen to obtain a
quantitative assessment of the regional wall motion al-
most simultaneously to the Doppler inflow and outflow
and to minimize the incidence angle between the
Doppler beam and the longitudinal wall motion. Pulsed
DMI is characterized by a myocardial systolic wave
(Sm) and two diastolic waves – early (Em) and atrial
(Am). The myocardial peak velocity of Sm (m/s), my-
ocardial pre-contraction time (from the onset of ECG
QRS complex to the beginning of Sm), and the contrac-
tion time (from the beginning to the end of the Sm wave)
(all in ms) were calculated as systolic indexes. Em and
Am peak velocities (m/s), the Em/Am ratio, and the re-
gional relaxation time (RTm) (ms) – the time interval
between the end of Sm and the onset of Em – were de-
termined as diastolic measurements22-26.

Statistical analysis. The analyses were performed us-
ing SPSS for Windows release 11.0 (Chicago, IL,
USA). Variables are presented as mean ± SD. The Stu-
dent’s t-test for unpaired data was used to estimate dif-
ferences between the two groups. The reproducibility
of the measurements of the DMI parameters was deter-
mined in 20 subjects (10 SSc and 10 controls), in ac-
cordance with previously reported methods. The inter-
and intraobserver variability was examined using
Bland-Altman analysis. The 95% confidence limits of a
single estimate of the measurements were calculated as
2*SD/√2, and reported as a percent of the mean value.
Linear regression analyses and a partial correlation test
(either Pearson’s or Spearman’s method) were per-
formed to assess univariate relations. Receiver-operat-
ing characteristic (ROC) curve analysis was performed
to select optimal cut-off values of DMI measurements.
Stepwise, forward, multiple regression analyses or lo-
gistic regression analyses were performed to weigh the
independent effects of potential determinants on a de-
pendent variable. Differences were significant at p
< 0.05.

Results

Clinical characteristics of the study population. The
two groups were comparable for age (56.3 ± 8.2 in SSc
vs 55 ± 9.3 years in controls), gender (3 males/20 fe-
males vs 5 males/20 females), mean blood pressure
(83.5 ± 4.5 vs 80.2 ± 3.3 mmHg), heart rate (78.1 ± 7.6
vs 76.9 ± 10.2 b/min), and body surface area (1.85 ±
0.11 vs 1.82 ± 0.08 m2).

The skin thickness was quantified using the modi-
fied Rodnan skin score (mRSS), in accordance with the
preliminary American College of Rheumatology crite-
ria. SSc was classified as high mRSS (score ≥ 10; 11
patients) and low mRSS (score < 10; 12 patients). At
chest CT, 11 patients showed interstitial pulmonary fi-
brosis. Immunofluorescence analysis detected an anti-
centromere antibody pattern in 8 patients, and anti-Scl-
70 antibodies in 15 patients.

Standard Doppler echocardiographic analysis (Ta-
ble I). LV mass index, diameters and ejection fraction
were comparable between the two groups, while RV
end-diastolic diameter was increased in SSc (p
< 0.01). The tricuspid inflow peak E velocity and the
E/A ratio were slightly decreased in SSc (p < 0.01),
while systolic pulmonary artery pressure was increased
(p < 0.001). In particular, 10 SSc patients (43.2%) had
pulmonary hypertension (systolic pulmonary pressure
> 35 mmHg).

Pulsed Doppler myocardial imaging analysis (Table
II). DMI analysis detected, in SSc, impaired myocar-
dial RV Em peak velocities (p < 0.001), as well as a pro-
longed RTm (p < 0.001) only at the level of the tricus-
pid annulus, even after correction for age, sex, heart
rate, and body surface area (Fig. 1).

Systemic sclerosis subgroup analysis. We performed
a separate subgroup DMI analysis dividing SSc pa-
tients according to whether they had a high (≥ 10) or
low (< 10) mRSS. These measurements revealed that
patients with greater skin involvement showed a more
impaired RV myocardial diastolic function (RV Em
peak 0.118 vs 0.153 m/s in high vs low mRSS, p
< 0.0005; RV RTm 41.1 vs 33.6 ms in high vs low
mRSS, p < 0.01).

Reproducibility of Doppler myocardial imaging
measurements. The interobserver variability was
±2.6% for Em peak velocity, ±3.2% for Sm peak veloci-
ty and ±4.2% for RTm. The intraobserver variability
was similar: ±2.2% for Em peak velocity, ±3.0% for Sm
peak velocity, ±3.8% for RTm.

Univariate relations of Doppler myocardial imaging
indexes. In the SSc group, Em peak velocity of the tri-
cuspid annulus was inversely related to both the Rodnan
skin score and systolic pulmonary pressure (Figs. 2 and
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3). Conversely, RV RTm appeared to be directly related
to the same parameters (Figs. 2 and 3). The negative cor-
relation between skin involvement and RV Em peak ve-
locity was observed even in the subgroup of SSc pa-
tients without detectable pulmonary hypertension or fi-
brosis (Fig. 4). In addition, close associations were ob-
served between the severity of interstitial pulmonary fi-

brosis as assessed using CT scan and both RV Em (� =
-0.73, p < 0.0005) and RV RTm (� = 0.69, p < 0.001). RV
Em peak velocity was also inversely associated with the
presence of the anti-Scl-70 antibody pattern.

Multivariate analysis. Stepwise forward, multiple linear
regression or logistic regression analyses were performed
in the SSc group to weigh the independent associations
between the RV myocardial parameters and other clinical
or instrumental features of the disease. Using these mod-
els, in SSc patients the independent inverse association of
RV Em peak velocity with both the Rodnan skin score (�
coefficient = -0.62, p < 0.0005) and pulmonary systolic
pressure (� coefficient = 0.71, p < 0.0001) as well as the
independent inverse correlation of the same RV Em peak
velocity with the severity of interstitial pulmonary fibro-
sis (odds ratio 0.68, 95% confidence interval 0.45-0.83, p
< 0.0005) were confirmed even after adjusting for poten-
tial determinants such as age, sex, body surface area,
heart rate, ventricular diameters and wall thicknesses. In
addition, RV Em was an independent predictor of the an-
ti-Scl-70 antibody pattern (odds ratio 0.68, 95% confi-
dence interval 0.45-0.83, p < 0.01).

Sensitivity and specificity of standard Doppler and
Doppler myocardial imaging. The sensitivity and
specificity of DMI-measured Em peak velocity of the
tricuspid annulus was determined to compare patients
with either diffuse or limited cutaneous SSc. A cut-off
point of DMI RV Em peak velocity < 0.11 m/s (ROC
curve) well differentiated SSc patients with a high Rod-
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Table I. Standard Doppler echocardiographic comparison between the two groups.

Variable SSc Controls p

Left ventricle
Septal wall thickness (mm) 9.8 ± 3.2 9.7 ± 0.8 NS
Posterior wall thickness (mm) 8.4 ± 1.1 8.3 ± 1.2 NS
End-diastolic diameter (mm) 47.4 ± 3.7 49.4 ± 3.2 NS
End-systolic diameter (mm) 27.0 ± 4.7 30.8 ± 1.9 NS
Endocardial fractional shortening (%) 38.7 ± 4.7 39.2 ± 6.2 NS
Stroke volume (ml) 64.7 ± 12.5 69.6 ± 6.9 NS
Mass index (g/m2.7) 64 ± 9.7 60.6 ± 5.5 NS
Mitral peak E velocity (m/s) 0.68 ± 0.09 0.71 ± 0.2 NS
Mitral peak A velocity (m/s) 0.66 ± 0.06 0.68 ± 0.1 NS
Mitral peak E/A ratio 1.04 ± 0.4 1.2± 0.8 NS
Mitral deceleration time (ms) 164.4 ± 30.9 162.1 ± 14.8 NS
Mitral IVRT (ms) 82.0 ± 10.5 78.5 ± 9.7 NS

Right ventricle
Wall thickness (mm) 5.1 ± 0.4 4.3 ± 1.2 NS
Outflow tract (mm) 26.4 ± 2.2 21.2 ± 3.8 < 0.001
TAPSE (mm) 19.1 ± 3.5 20.1 ± 2.6 NS
Tricuspid peak E velocity (m/s) 0.57 ± 0.2 0.64 ± 0.1 < 0.05
Tricuspid peak A velocity (m/s) 0.45 ± 0.09 0.46 ± 0.2 NS
Peak E/A ratio 1.21 ± 0.09 1.49 ± 0.56 < 0.01
Tricuspid deceleration time (ms) 128.2 ± 9.2 120.8 ± 8.5 NS
Tricuspid IVRT (ms) 79.8 ± 11.2 76.8 ± 9.2 NS
Pulmonary artery systolic pressure (mmHg) 44.2 ± 9.8 21.2 ± 5.8 < 0.001

IVRT = isovolumic relaxation time; SSc = systemic sclerosis; TAPSE = tricuspid annular plane systolic excursion.

Table II. Doppler myocardial imaging analysis of the mitral and
tricuspid annuli.

Variable SSc Controls p

Mitral annulus
Sm peak (m/s) 0.15 ± 0.02 0.16 ± 0.03 NS
Q-Sm (ms) 77.2 ± 10.7 74.7 ± 12.3 NS
CTm (ms) 259.7 ± 13.2 250 ± 13.5 NS
Em peak (m/s) 0.18 ± 0.03 0.20 ± 0.04 NS
Am peak (m/s) 0.10 ± 0.02 0.11 ± 0.01 NS
Em/Am ratio 1.9 ± 0.6 1.8 ± 0.5 NS
RTm (ms) 63.4 ± 12.9 59.2 ± 10.6 NS

Tricuspid annulus
Sm peak (m/s) 0.12 ± 0.03 0.12 ± 0.01 NS
Q-Sm (ms) 89.2 ± 8.9 75.6 ± 8.2 < 0.001
CTm (ms) 243 ± 58 240.6 ± 55.3 NS
Em peak (m/s) 0.13 ± 0.03 0.20 ± 0.05 < 0.0001
Am peak (m/s) 0.14 ± 0.5 0.09 ± 0.01 < 0.0010
Em/Am ratio 0.92 ± 0.38 2.2 ± 0.5 < 0.0001
RTm (ms) 42.8 ± 7.8 18.8 ± 6.1 < 0.0001

Am = atrial myocardial diastolic wave; CTm = myocardial con-
traction time; Em = early myocardial diastolic wave; Q-Sm = my-
ocardial pre-contraction time; RTm = myocardial relaxation time;
Sm = myocardial systolic peak velocity; SSc = systemic sclerosis.



nan skin score (sensitivity 89%, specificity 90%; area
under the curve 0.96), interstitial pulmonary fibrosis
(sensitivity 89%, specificity 91%; area under the curve
0.95) and pulmonary hypertension (sensitivity 88%,
specificity 82%; area under the curve 0.92). What is
more, the same cut-off value of RV Em was able to pre-
dict the presence of the anti-Scl-70 antibody pattern at
serological analysis (Fig. 5).

Discussion

SSc is a multisystem disorder characterized by
widespread vascular lesions and fibrosis of the skin and

specific internal organs. Cardiac involvement is a com-
mon finding in SSc, but is often clinically occult. In
fact, clinical evidence of myocardial disease may be
found in 20-25% of patients with SSc, while at post-
mortem examination the heart is found to be involved in
up to 80% of patients. A diagnosis of a subclinical car-
diac involvement may be therefore essential for ade-
quate long-term management of such patients6,10,11.

Although several reports have previously described
the global diastolic function in SSc by means of stan-
dard Doppler echocardiography9, myocardial perfusion
single-photon emission CT15 and integrated backscat-
ter13, little is known about DMI myocardial patterns in
such patients10. The present study underscores the use-
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Figure 1. Systemic sclerosis patient. A: modified Rodnan skin score, used to quantify the skin involvement; B: immunofluorescence analysis for the de-
tection of the anti-topoisomerase antibody pattern; C: high-resolution chest computed tomography scan showing interstitial pulmonary fibrosis; D:
Doppler myocardial imaging pattern of the tricuspid annulus showing an impaired early diastolic function (Em/Am ratio < 1). Am = myocardial atrial
diastolic wave; Em = myocardial early diastolic wave; Sm = myocardial systolic peak velocity.

Figure 2. Scatter plots of both right ventricular myocardial early diastolic wave (RV Em) peak velocity and right ventricular myocardial relaxation time
(RV RTm) using the modified Rodnan skin score in the systemic sclerosis group.



fulness of pulsed DMI to assess RV myocardial func-
tion in SSc patients without clinically evident cardiac
disease in whom no other cause of diastolic dysfunc-
tion was detected. To the best of our knowledge, this is
the first attempt to assess RV involvement in SSc using
this technique.

Experimental studies have reported that in normal
conditions the right ventricle, unlike the left, begins to
eject after a minimal isovolumic systolic contraction
time, and starts its diastolic filling without an isovolu-
mic relaxation interval, since it works against a lower
vascular impedance16,17. However, the present study
emphasizes early RV diastolic dysfunction in patients
with SSc since significantly lower early diastolic peak
velocities and prolonged relaxation time intervals were
observed at the level of the tricuspid annulus, despite
slightly reduced Doppler measurements. Conversely,

LV myocardial indexes in the two groups were compa-
rable.

In our experience we have found, using DMI, pro-
longed RTm and decreased RV myocardial peak veloc-
ities in several pathologic conditions involving the right
ventricle. These anomalies were related to either the in-
creased pulmonary load or to intrinsic RV myocardial
dysfunction19,24-26,35,36.

As for the RV regional systolic function, SSc pa-
tients showed, at the level of the tricuspid annulus, nor-
mal systolic peak velocities and prolonged pre-contrac-
tion times even after correction for age and heart rate.
Vogel et al.37 reported that in an animal model myocar-
dial acceleration during isovolumic contraction, an in-
dex comparable to our myocardial pre-contraction
time, was a sensitive indicator of the RV contractile
function unaffected by preload and afterload changes
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Figure 3. Scatter plots of both right ventricular myocardial early diastolic wave (RV Em) peak velocity and right ventricular myocardial relaxation time
(RV RTm) and Doppler-measured pulmonary systolic pressure in the systemic sclerosis group.

Figure 4. Scatter plots of the negative correlation between skin involvement and right ventricular myocardial early diastolic wave (RV Em) peak veloc-
ity in the subgroup of systemic sclerosis patients without detectable pulmonary hypertension or fibrosis.



and able to measure the force-frequency relation. The
prolongation of such a systolic myocardial parameter in
our population of SSc patients is therefore suggestive
of an early impairment even of the RV myocardial con-
tractile function, despite normal TAPSE measure-
ments.

Of note, in our population of SSc patients, RV Em
peak velocity (inversely) and RTm (directly) were both
significantly related to the pulmonary systolic pressure,
the severity of pulmonary interstitial fibrosis and to the
mRSS. In addition, a parallel impairment of both the
skin and RV diastolic regional function was observed
even in patients without detectable pulmonary hyper-
tension or fibrosis. These correlations indicate how an
impaired RV regional diastolic function and relaxation
may occur simultaneously with the skin involvement
and the increase in systolic pulmonary pressure. Multi-
variate analysis provided further information about this
association by adjusting for several confounders, cho-
sen according to the heart physiology. By this model,
RV Em peak velocity was the only independent deter-
minant of the Rodnan skin score, pulmonary systolic
pressure and pulmonary fibrosis, and a RV Em peak ve-
locity < 0.11 m/s selected SSc patients with more se-
vere skin involvement, pulmonary hypertension and fi-
brosis with a high sensitivity and specificity.

The main involvement of the RV wall as well as the
close relationship of the RV regional dysfunction with
pulmonary hypertension suggest that myocyte hypoxia

with a consequently impaired intracellular calcium
transport may determine sufferance in diastolic relax-
ation secondary to pulmonary pressure overload5,23.

On the other hand, a previous report demonstrated
that both systolic and early diastolic regional velocities
evaluated by DMI are directly dependent on the my-
ocardial structure, characterized by the percent of in-
terstitial fibrosis and the myocardial beta-adrenergic re-
ceptor density assessed by endomyocardial biopsy38.
Therefore, as recently confirmed in the invasive analy-
sis of Fernandes et al.14, which identified cardiac re-
modeling characterized by diffuse myocardial fibrin
deposits in SSc patients, in our patients the RV my-
ocardial function could have been further impaired by a
direct involvement of the ventricular walls by the myo-
pathic process.

Study limitations. Our study has some limitations. The
first one, intrinsic to the Doppler technique, is the angle
dependence of pulsed DMI and the possible presence
of artifacts. However, we used the same angle inci-
dence of transmitral Doppler and our DMI repro-
ducibility was good. We also have to point out that the
overall cardiac motion in space influences DMI region-
al velocities, thus limiting the evaluation of myocardial
heterogeneity22. In our study, however, the concept of
impaired myocardial function in SSc arises from the
comparison of the regional DMI variables between the
two different groups.
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Figure 5. Interactive plot diagrams (receiver-operating characteristic curve analysis) of right ventricular myocardial early diastolic wave (RV Em) peak
velocity in systemic sclerosis patients. For RV Em velocity, a cut-off point < 0.11 m/s showed a high sensitivity and specificity for the detection of more
severe skin and pulmonary involvement, as well as of the serological antibody pattern with the worst long-term prognosis (anti-Scl-70).



Besides, the gold standard for the assessment of the
diastolic function and pulmonary artery pressure is
based on invasive methods. An assessment of the sys-
tolic pulmonary artery pressure by heart catheterization
might have provided more accurate information about
RV and right atrial pressures in our patients. However,
a number of studies have pointed out that pulmonary
hypertension may be accurately determined by means
of Doppler-measured tricuspid regurgitation5,6.

Also, the data of the present study may not be ex-
trapolated to the overall population of SSc patients be-
cause of the exclusion of severe heart failure classes
which may have eliminated patients with advanced sys-
tolic impairment from statistical analyses. However, we
intentionally selected relatively asymptomatic patients
in order to examine the early changes of the DMI re-
gional diastolic properties in SSc.

Finally, our SSc population includes a small number
of male patients. However, this is in accordance with
the general epidemiological features of the disease1,2.
What is more, the control group was sex-comparable,
and excluding 3 male patients from the analysis did not
change the results.

Clinical implications. The present study proposes that
pulsed DMI could represent a valuable non-invasive
and easily repeatable tool for the evaluation of the RV
involvement in SSc. The relationships of the RV my-
ocardial diastolic dysfunction with both the skin and
pulmonary involvement as well as with the serum an-
tibody pattern emphasizes the ability of DMI to iden-
tify patients with a more diffuse and severe form of
SSc.

Further longitudinal studies using DMI will be
needed to follow the progression from early RV my-
ocardial impairment to the onset of RV chamber dys-
function and the development of overt congestive heart
failure. This issue may be critical for the early identifi-
cation of SSc patients who are at a higher risk of car-
diac and pulmonary impairment, ideally when they are
still asymptomatic prior to the development of severe
vasculopathy, when it may be most feasible to modify
the disease process using new potential therapies.
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