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ABSTRACT

Objectives

Scleroderma is a connective tissue disease characterized by extensive fibrosis of the
skin and various organs. Heart failure and pulmonary hypertension are cardiovascu-
lar syndromes associated with this entity that determine prognosis. Doppler echocar-
diography plays a key role in anatomical and functional assessment of scleroderma
and allows the diagnosis of early alterations in ventricular relaxation or segmental
contraction, as well as assessing the presence and degree of pulmonary hypertension.

Objectives
The aim of the study was to describe relevant echocardiographic findings in patients
with scleroderma without history of cardiovascular disease.

Methods

A cross-sectional, descriptive study was conducted in 46 patients with confirmed di-
agnosis of scleroderma, who underwent a routine echocardiographic study. Left ven-
tricular systolic function (LVSF) was assessed through ejection fraction (EF). Left
ventricular systolic function impairment was defined as EF < 50%, systolic diameter
(LVSD) and diastolic diameter (LVDD), wall thickness, regional assynergies (RA),
diastolic function (E and A waves and transmitral flow ratio, defined as normal, type
I (impaired relaxation), type II (pseudonormal), and type III (restrictive), and septal
and lateral tissue Doppler (LVTD) with S, E and A waves and the E/E’ ratio. The left
atrial (LA) area was assessed in cm2 and LA dilation was defined as area > 20 cm2.
Right ventricular assessment included: qualitative systolic function (RVSF), TAPSE
(tricuspid annular plane systolic excursion), diastolic diameter (RVDD) at the basal
level, lateral tissue Doppler (RVTD) with measurement of S, E and A waves, and
diastolic function (RVDF) by means of E and A waves and tricuspid flow. Systolic
pulmonary pressure (SPP) was measured from the sum of the tricuspid reflux gradi-
ent and right atrial pressure (inferior vena cava diameter and inspiratory collapse).
Presence of significant valve disease was quantified.

Results

Forty-six patients with mean age of 50+ 7.7 years were include in the study. Eighty-
four percent of patients were female, 26% had hypertension and 24% smoking hab-
its. Echocardiographic findings showed preserved LVSF in 98% of patients, mean
EF of 62+9.95%, interventricular septum 9.7+2 mm, LVDD 43+8.5 mm, and RA
in 2% of patients (n = 1). Normal LVDF was present in 48% of patients, type I in
44%, type II in 2% and type III in 4%. Mean left ventricular tissue Doppler S wave
was 11+0.16 cm/s and values < 11 were found in 45% of cases, with an E/E’ ratio of
5 (0% > 10). The LA area was 18+3.1 cm2 and 24% of patients presented dilation.
Normal RVSF was found in 96% of patients (n = 44), RVDD was 32+3.6 mm, TAPSE
24+3.1 mm, impaired RV relaxation was found in 26% of cases and RVTD S wave
was 14 cm/s. Mean SPP was 40+11.7 mm Hg (range 25-110 mm Hg), with diagnosis
of pulmonary hypertension in 48% of patients (n = 22). An increase in SPP > 50 mm
Hg (moderate-severe) was present in 15% of patients (n = 7). Pericardial effusion
was found in 4 patients. There was no significant valve disease.

Conclusions

The echocardiographic findings of patients with scleroderma without history of car-
diovascular disease showed a high prevalence of mild LV and RV diastolic dysfunc-
tion, LA dilation, decreased LVTD S wave (lower regional longitudinal contraction)
and high incidence of pulmonary hypertension (48%).
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INTRODUCTION

Systemic scleroderma is a connective tissue disease
characterized by extensive fibrosis of the skin and
various organs such as the lungs, the kidneys and the
heart.

Cardiac manifestations occur in 15 to 35% of patients,
though most cases remain in subclinical form (2).
The most common cardiovascular findings are hyper-
tension, heart failure and pulmonary hypertension.
The most prevalent associated cardiovascular mani-
festations are pericarditis, pericardial effusion, myo-
cardial fibrosis, heart failure, myocarditis, microvas-
cular disease, conduction disorders, arrhythmias and,
less frequently (in rare cases), valve disorders. (3)
The development of cardiac injury is an indicator of
poor prognosis and is used in rheumatology to define
therapeutic conducts (4).

Doppler echocardiography allows anatomical and
functional assessment of cardiac structures, and is
of great utility in scleroderma to estimate chamber
diameters and function, endocavitary flow, presence
and degree of pulmonary hypertension and the diag-
nosis of incipient alterations in ventricular segment
contraction or relaxation. The aim of this study was
to describe relevant echocardiographic findings in a
group of patients diagnosed with systemic scleroder-
ma without history of cardiovascular disease.

METHODS

This was a descriptive, cross-sectional study of 46 consecu-
tive patients with confirmed diagnosis of systemic scleroder-
ma, referred from a specialized outpatient clinic to the echo-
cardiography laboratory of Sanatorio San José for a routine
exam, on Octoberl5 and 16, 2010.

All patients underwent two-dimensional echocardiography
and color Doppler, as recommended by the American Society
of Echocardiography. (4)

Left ventricular systolic function (LVSF) was assessed
through ejection fraction (EF) measured using Simpson’s
biplane method. Left ventricular systolic function impair-
ment was defined by EF < 50 %, systolic diameter, diastolic
diameter (NV < 55 mm) and wall thickness (NV < 12 mm),
measured in M mode from the left parasternal view. Pres-
ence of regional assynergies (RA) was evaluated in paraster-
nal views and in the 3 apical views (4, 2 and 3 chambers).
Left atrial (LA) function was analyzed through the anter-
oposterior diameter (NV < 40 mm) and area (NV < 21 cm2).
Right ventricular (RV) function was evaluated measuring di-
astolic diameter at the basal level (NV <42 mm), qualitative
systolic function, and tricuspid annular plane systolic excur-
sion (TAPSE) (NV > 20 mm).

Diastolic function was assessed by pulsed Doppler measur-
ing transmitral flow E and A waves and their ratio which

Left ventricular diastolic function SPP
Left ventricular systolic function
Left ventricular tissue Doppler

Echocardiography - Scleroderma - Tissue Doppler.

RVDF Right ventricular diastolic function

RVSF Right ventricular systolic function

Systolic pulmonary pressure

TAPSE: Tricuspid annulus plane systolic excursion
NV Normal value

was defined as normal, type I (prolonged relaxation), type
IT (pseudonormal) and type III (restrictive). Transtricuspid
flow E and A wave velocities were measured and their ratio
was calculated.

Systolic pulmonary pressure (SPP) was calculated from the
sum of the tricuspid reflux gradient and right atrial pressure
(estimated by the inferior vena cava diameter (IVCD) and
the degree of inspiratory collapse) Pulmonary hypertension
was classified as mild, moderate or severe, according to sys-
tolic pressure between 35 and 45 mmHg, 45 and 60 mmHg
and > 60 mmHg, respectively.

Septal and lateral tissue Doppler were used to measure S,
E and A wave velocities and the E/E’ ratio was calculated
(averaging septal and lateral E’). Right ventricular free wall
S, E and A wave velocities were also measured.

In addition, pulsed and continuous color Doppler was used
to search for valve disorders and quantify their severity.
The echocardiographic study was performed using an Esaote
MyLab™ 30 Gold ultrasound machine with 2.5 MHz trans-
ducer, in supine gurney and with the patient lying in lateral
decubitus position.

Statistical analysis

Continuous variables with normal distribution were ana-
lyzed using Student s t test and dichotomous variables were
assessed using the chi-square test. An alpha error < 0.05
was defined.

RESULTS

Forty-six patients with mean age of 50+7.7 years
were included in the study. Thirty-eight patients were
women (84%), prevalence of hypertension was 26%
and that of smoking 24% (Table 1).
Echocardiographic findings are shown in Table 2.
Left ventricular systolic function impairment oc-
curred in one patient (2%). Mean ejection fraction was
62+9.95%, interventricular septum thickness 9.7+2
mm, LV diastolic diameter 43+8.5 mm, and regional
assynergies were found in 2% of patients (n = 1).
Left ventricular diastolic function measured by mitral
flow pulsed Doppler was normal in 22 patients (48%),
with type I dysfunction in 20 (44%), type II in one
(2%) and type III in 2 (4%) patients.

Mean S wave measured by left ventricular tissue Dop-
pler was 11+0.16 cm/s and values < 11 cm/s were
found in 21 patients (45%). Mean E/E‘ratio was
5+1.1, and in no patient was higher than 10.

Left atrial area was 18 +3.1 cm2 and 11 patients (24%)
presented dilation.

Right ventricular systolic function was normal in
96% of patients (n = 44), mean diastolic diameter
was 32+3.6 mm, and TAPSE 24+3.1 mm. Twenty-six
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Table 1. Baseline characteristics of the population

Age, years 50
Female gender, % 84
Hypertension, % 26
Smoking, % 11
Pulmonary fibrosis, % 5
Dyspnea, % 11

Table 2. Echocardiographic findings

Preserved LVSF, % 98
LVDF %
Normal 48
Type | 46
Type I 2
Type Il 4
LVTD S wave, cm/s 11
LA area, cm2 18
LA dilation, % 24
Preserved RVSF, % 96
Altered RVDF, n (%) 21 (45)
TAPSE, mm 24.5
RVTD S wave, cm/s 14
SPP, mm Hg 40

Pericardial effusion, n (%)

LA: Left atrial. LVDF: Left ventricular diastolic function. LVSF: Left ventricular
systolic function. LVTD: Left ventricular tissue Doppler. RVDF: Right ventricu-
lar diastolic function. RVSF: Right ventricular systolic function. RVTD: Right
ventricualr tissue Doppler. SPP: Systolic pulmonary pressure. TAPSE:Tricuspid
annular plane systolic excursion.

percent of patients (n = 12) presented relaxation dis-
orders and tissue Doppler peak S wave velocity was
14+2.1 cm/s.

Systolic pulmonary pressure evaluation was feasible
in 94% of patients and mean SPP was 40+11.7 mm
Hg (range 25-110 mm Hg). Pulmonary hypertension
criteria was present in 22 patients (48%), with moder-
ate-severe hypertension (SPP > 50 mm Hg) in 15% of
patients (n = 7).

Pericardial effusion was observed in 4 patients, with
severe criteria in one patient.

No significant valve disease was found.

DISCUSSION

Scleroderma is a collagen disease characterized by
excessive fibrosis and vascular dysfunction. Its patho-
genesis involves immune activation, vascular damage
and excessive extracellular matrix synthesis charac-
terized by significant collagen deposition. (5)

The term scleroderma, Greek for “sclerus” is used to
describe a thickened and hardened skin. This may be
the clinical finding of a disease that only affects the
skin and underlying tissues or it can be associated
with systemic involvement when it affects several or-
gans such as the lungs, the kidneys and the cardiovas-
cular system.

The most characteristic clinical manifestation of vas-
cular damage in systemic scleroderma is Raynaud’s
phenomenon, and others, such as pulmonary hyper-
tension, contribute to the pathogenesis of cardiac
manifestations of the disease.

The primary cardiac involvement in systemic scle-
roderma, excluding that secondary to pulmonary or
systemic hypertension, is due to the underlying vascu-
lar pathology which may generate microvascular dys-
function and small vessel recurrent vasospasm result-
ing in myocardial fibrosis with distribution of typical
patches in histological findings (6).

When clinical manifestations of cardiac involvement
become evident patient prognosis is poor, with a mor-
tality risk 2.8 times greater than in patients not pre-
senting them. Therefore, identification in preclinical
stages is important for patient prognosis and thera-
peutic decision making.

In this context, Doppler echocardiography and spe-
cially tissue Doppler have demonstrated their efficacy
in previous studies.

Pulsed tissue Doppler imaging, described towards
the end of the 1980s by Izaas et al., allows measuring
myocardial wall motion velocities at different times of
the cardiac cycle.

Systolic tissue velocities (S’) are reduced in the walls
presenting segmental wall motion abnormalities as
well as in the walls presenting subtle changes in con-
tractility that segment wall motion, evaluated subjec-
tively by two-dimensional images, fail to demonstrate
In our population systolic function parameters as-
sessed in both ventricles were normal in most patients
while measurements of systolic left ventricular tissue
velocities and diastolic function parameters in both
ventricles showed significant alterations in a high per-
centage of studied patients.

These altered tissue Doppler parameters could be
predictors of poor outcome in this group of patients
who would benefit from more aggressive treatment
schemes, although this must be demonstrated in long-
term monitored studies.

Our findings are consistent with those reported in the
literature, as in the work of Menue et al., (8) who de-
scribed left ventricular systolic velocity (S’) as a sen-
sitive parameter of subclinical systolic dysfunction in
this group of patients. Moreover, the present study
describes an increased left atrial diameter compared
to healthy controls and frequent alterations in left
ventricular diastolic relaxation, as well as increased
pulmonary pressure.

In a population of patients with systemic scleroderma
and unknown heart disease, Kahan et al. (9) found a
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very low percentage of patients with left ventricular
systolic dysfunction and 40 % incidence of abnormal
diastolic relaxation assessed by the transmitral flow
pattern.

Pulmonary arterial pressure and pericardial effusion
findings are similar to those previously reported in
the literature.

Development of pulmonary hypertension is a marker
of poor outcome, with a significant decrease in sur-
vival. In this sense, the purpose and added value of
Doppler echocardiography is represented by its ear-
lier detection of functional class I-II patients and the
potential benefit of a timely onset of different drug
regimens.

CONCLUSIONS

Among the echocardiographic findings in scleroderma
patients without history of cardiovascular disease, the
study showed high prevalence of mild LV and RV di-
astolic dysfunction, LA dilation, decreased S wave in
LV tissue Doppler and high percentage of pulmonary
hypertension.

RESUMEN

Hallazgos ecocardiograficos en la esclerodermia sin an-
tecedentes cardiovasculares

Introduccién

La esclerodermia es una enfermedad del tejido conectivo que
se caracteriza por extensa fibrosis cutdnea y de diversos or-
ganos. La insuficiencia cardiaca y la hipertensiéon pulmonar
son sindromes cardiovasculares asociados con esta entidad
que determinan pronéstico. La ecocardiografia Doppler
cumple un papel fundamental en el examen anatémico y
funcional de las estructuras cardiacas en la esclerodermia y
permite el diagnéstico de alteraciones incipientes, en la re-
lajacién o la mecanica segmentaria ventricular, entre otras,
ademas de la evaluacién de la presencia y el grado de hiper-
tensién pulmonar.

Objetivo

Describir los hallazgos ecocardiograficos relevantes en pa-
cientes con diagnéstico de esclerodermia sin antecedentes
cardiovasculares.

Material y métodos

Estudio de corte transversal y descriptivo de 46 pacientes
con diagndstico establecido de esclerodermia, que asistieron
al laboratorio de ecocardiografia por control de rutina.

Se realiz6 el analisis del ventriculo izquierdo (VI) que com-
prendié funcién sistélica (FSVI) a través de la fraccion de
eyeccion (FEy) y se definié deterioro de la FSVI ante una
FEy < 50%, determinacién de didmetro sistélico (DS) y dias-
télico (DD), espesores parietales, asinergias regionales (AR),
funcién diastdlica (ondas E y A, relacién del flujo transmi-
tral), que se definié como normal, tipo I (alteracién de relaja-
cién), tipo II (seudonormal) y tipo III (restrictivo), y Doppler
tisular septal y lateral con ondas S, E y A, relaciéon E/E”.
En la auricula izquierda (Al) se cuantific6 el drea en cm2;
se consider6 dilatacién ante valores > 20 cm2. En el ventri-
culo derecho se evalué funcion sistélica (FSVD) cualitativa,

TAPSE (excursion del anillo tricuspideo), didmetro diastoli-
co (DDVD) a nivel basal, Doppler tisular lateral (DTVD) con
determinacién de ondas S, E y A, funcién diastélica (FDVD)
por ondas E y A y relaciéon del flujo tricuspideo. Se calcularon
la presion pulmonar sistélica (PPS) a través de la suma del
gradiente del reflujo tricuspideo y la presion de la auricula
derecha (didmetro de la vena cava inferior y colapso inspira-
torio). Se evalué la presencia de valvulopatias significativas.

Resultados

La edad media de los pacientes fue de 50 + 7,7 anos, el 84%
de sexo femenino, el 26% tenia hipertension arterial y el
24%, tabaquismo. Entre los hallazgos ecocardiograficos se
observaron: FSVI conservada en el 98%, FEy promedio del
62 + 9,95%, septum interventricular de 9,7 = 2 mm, DDVI
de 43 + 8,5 mm, AR en el 2% (n = 1); la FDVI fue normal en
el 48%, tipo I en el 44%, tipo II en el 2% y tipo III en el 4%. E1
DTVI presenté una onda S promedio de 11 + 0,16 cm/seg y
valores < 11 en el 45%, con una relacién E/E’ de 5 (0% > 10).
El area promedio de la Al fue de 18 = 3,1 cm2 y se observo
dilatacién en el 24%. VD: FSVD normal en el 96% (n = 44),
DDVD de 32 = 3,6 mm, TAPSE 24 + 3,1 mm, trastorno de
relajacion del VD en el 26%, onda S DTVD 14 * 2,1 cm/seg;
la PPS promedio fue de 40 mm = 11,7 Hg con un rango de
25-110 mm Hg y con diagnéstico de hipertensién pulmonar
en el 48% (n = 22). El incremento de los valores de PPS > 50
mm Hg (moderada-grave) alcanzé el 15% (n = 7). Se hall6
derrame pericardico en 4 pacientes. No se observaron valvu-
lopatias significativas.

Conclusiones

Entre los hallazgos ecocardiograficos de los pacientes con
esclerodermia sin antecedentes cardiovasculares se observo
una prevalencia elevada de disfuncién diastélica leve del VI
y del VD, dilatacion de la Al, disminucién de la onda S en el
DTVI (menor contraccién longitudinal regional) y un por-
centaje elevado de hipertensién pulmonar (48%).

Palabras clave > Ecocardiografia - Escleredermia
Doppler tisular
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