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ABSTRACT 

Right ventricular function is frequently abnormal in patients with systemic 

sclerosis, but whether this is related to pulmonary vascular complications of the disease is 

unclear.   

A standard echocardiography with tissue Doppler imaging was performed at rest 

and at exercise for the study of the right ventricular function and the pulmonary 

circulation in 25 consecutive systemic sclerosis patients and in 13 age-matched healthy 

controls.  

As compared to the controls, the patients had no difference in systolic right 

ventricular pressure gradient, but a decreased pulmonary flow acceleration time, and 

increased right ventricular free wall thickness and end-diastolic dimensions. At the 

tricuspid annulus, the E maximal velocity was decreased (8.9±4 vs 11.7±2.3 

cm/sec;p=0.03) and isovolumic relaxation time corrected to RR interval was increased 

(6.5±2.9 vs 4.5±2.5%;p=0.03). The tissue Doppler imaging profile at the mitral annulus 

was similar in both groups. At exercise, the patients (n=18) had a decreased maximum 

workload and cardiac output, no change in systolic right ventricular pressure gradient, but 

an increase in the slope of pulmonary artery pressure/flow relationships.  

  These results suggest that patients with systemic sclerosis may present with latent 

pulmonary hypertension as a likely cause of right ventricular diastolic dysfunction, and 

revealed by stress echocardiography and tissue Doppler imaging. 

 

KEYWORDS: Systemic sclerosis; pulmonary hypertension; right ventricle; heart failure; 

echocardiography; tissue Doppler imaging 
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Systemic sclerosis is a generalized connective tissue disorder characterized by 

vascular lesions and extensive fibrosis of the skin and visceral organs, including heart, 

kidneys and lungs. The hallmark of systemic sclerosis heart disease is myocardial fibrosis 

and ischaemia leading to progressive hypertrophy and both diastolic and systolic 

dysfunction (1). Systemic sclerosis is also frequently complicated by pulmonary 

hypertension. An increase in pulmonary artery pressures has been reported in 5 to 50 % 

of patients (2), associated with poor prognosis, and identified as a cause of altered 

diastolic function of both right (RV) and left (LV) ventricles (2-6).  

 

Most recently, a pulsed-tissue Doppler imaging (TDI) study showed that systemic 

sclerosis patients often present with a predominantly early-diastolic RV dysfunction in 

the presence of a normal systolic pulmonary artery pressure as estimated from maximum 

velocity of tricuspid regurgitation (6). This observation raised the question as to whether 

abnormal RV function in systemic sclerosis without pulmonary hypertension could be 

related to the intrinsic effects of the disease or to associated latent pulmonary 

vasculopathy. The maximum velocity of tricuspid regurgitation, which is currently 

recommended in screening for pulmonary hypertension programs (2,7), could indeed lack 

sufficient sensitivity and specificity for the detection of mild pulmonary hypertension (8), 

and would not be able to predict daily activity exercise-related abnormal increases in 

pulmonary artery pressures (9). Doppler echocardiography for the detection of pulmonary 

hypertension could be possibly improved with an analysis of pulmonary artery flow 

waves or estimations of pulmonary artery pressures at exercise (2). 
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We therefore investigated pulmonary hemodynamics and RV and LV function at 

rest and at exercise using both standard echocardiography and TDI, in an unselected 

group of 25 consecutive patients with systemic sclerosis, most of whom had no 

pulmonary hypertension at rest. We tested specifically the hypothesis that an exercise 

stress test and analysis of pulmonary flow waves, added to the measurement of the 

maximum velocity of tricuspid regurgitation at rest, would improve the detection of mild 

or latent pulmonary hypertension in systemic sclerosis. The results confirm that altered 

cardiac function in systemic sclerosis is most often limited to the RV in diastole, and 

suggest that this may be related to latent pulmonary hypertension. 
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PATIENTS AND METHODS 

 

Study Population 

Twenty-five consecutive patients with systemic sclerosis, 23 women and 2 men, referred 

for echocardiographic screening of pulmonary hypertension, and thirteen healthy 

controls, 11 women and 2 men, with the same mean age (56 ± 12 years vs 54±12; p=0.7 

(mean±SD)) and the same body surface area (1.6±0.1 vs 1.7±0.2; p=0.6), gave written 

informed consent to the study, which was approved by the Institutional Review Board. 

The diagnosis of systemic sclerosis conformed to the criteria of the American 

Rheumatism Association (10). Ten patients had limited cutaneous systemic sclerosis, 13 

had diffuse cutaneous systemic sclerosis, and 2 had polymyositis/scleroderma 

overlapping syndrome. 

 

Functional evaluation 

NYHA classification omitted. Exercise capacity was measured by a self-paced 

unencouraged 6-minute walk test in the patients (2) as well as in the controls. Heart rate 

and arterial oxygen saturation (Sa02) were measured, before and at the end of the test, by 

pulse oximetry (Nellcor, Tyco Healthcare, Mechelen, Belgium). 

Lung function tests were performed in the patients within the month of the 

echocardiographic examination.  

 

Echocardiography 

Data acquisition 
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Echocardiography was performed with a Vivid 7 ultrasound system (GE Ultrasound, 

Norway) equipped with a 3 MHz transducer and TDI technology. Pulsed-TDI recordings 

were acquired from an apical 4-chamber view during a short end-expiration pause. 

Pulsed-TDI volume samples were recorded on the lateral side of the mitral annulus and 

on the free-wall side of the tricuspid annulus (11).  

Exercise echocardiography was performed on a supine ergometer (Ergoline, model 900 

EL, Germany). The exercise table was tilted laterally by 20 to 30 degrees to the left. After 

obtaining Doppler echocardiographic images at rest, exercise was started at an initial 

workload of 20 W. Workload was increased by 20 W every 2 min, and blood pressure 

and 12-lead electrocardiogram was recorded (12,13).   

 

Data analysis and measurements 

A single observer performed the on-line and the off-line analyses. The off-line analyses 

were done in a blinded fashion. All measurements were made in triplicate and results are 

presented as means. 

Aortic cardiac output was calculated from the velocity-time integral of the pulsed-

Doppler tracing in the LV outflow tract. Pulmonary artery pressure was estimated from 

the maximal velocity of the tricuspid regurgitant jet to calculate a systolic RV pressure 

gradient. Pulmonary hypertension was defined by a tricuspid regurgitant jet maximal 

velocity ≥ 2.8 m/sec (gradient=30mmHg) (7). The Doppler velocity profile was recorded 

in the RV outflow tract, to measure pulmonary acceleration time and ejection time (14). 

RV free wall thickness was measured by Mmode in a parasternal axis. End-systolic and 

end-diastolic LV areas and volumes were measured, from an apical 4-chamber view, to 
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calculate LV ejection fraction. Systolic and diastolic RV function was assessed by the RV 

area shortening fraction, the RV on LV end-diastolic area ratio (16), the tricuspid annular 

plane systolic excursion (TAPSE) (17), as well as by the RV myocardial performance 

index defined by (RV isovolumic contraction time+RV isovolumic relaxation time)/RV 

ejection time and calculated as the ratio (tricuspid closing to opening time-RV ejection 

time)/RV ejection time (15). Mitral and tricuspid Doppler inflow patterns were obtained 

from an apical 4-chamber view to measure early (E) and late (A) diastolic wave peak 

velocities.  

From pulsed-TDI traces, mitral and tricuspid annuli peak velocities during isovolumic 

contraction (IVC), systolic ejection (S), early diastole (E) and late diastole (A) were 

measured. The acceleration of the ICV (ICA) was calculated as the difference between 

baseline and peak velocity divided by their time interval (18). The isovolumic relaxation 

time (IRT) was measured as the time between the end of S wave and the beginning of E 

wave, and �time to E�, as the time between the onset of the QRS complex and the onset 

of E wave. To minimize the influence of the heart rate, all times were corrected to the RR 

interval between 2 QRS complexes (11). 

During exercise echocardiography, the aortic cardiac output and the systolic RV pressure 

gradient were recorded at each step (12,13). The regression equation between systolic RV 

pressure gradient and cardiac output was calculated for each subject, and the slope of this 

relationship was considered as the dynamic pulmonary vascular resistance (PVR) (19,20).  

 

Statistical analysis 
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Results are expressed as means ± S.D. The analyses were performed with the use of 

Statview 5.0 (SAS Institute Inc). Comparisons between patients and controls were made 

with unpaired Student tests on the main endpoints and the exploratory secondary 

endpoints, without correction for multiple comparisons. Linear regressions were 

calculated using the least squares method on pressure and flow coordinates from each 

individual patient and subject. Linear correlations between pulsed-TDI indices and 

exercise echocardiography variables were also calculated. A p<0.05 was considered 

significant (21). 
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RESULTS 

 

Functional evaluation  

Six patients complained of exertional dyspnea, for more than ordinary efforts. Four of 

them had a right heart catheterization. The other two declined the exercise test because of 

fatigue and respiratory discomfort. The 6-minute walked distance was 471±123 m with a 

Borg scale of 5±2 in the patients, and 624±103 m with a Borg scale of 2±1 in the controls 

(p<0.001).  Heart rate (84±14 vs 83±13bpm; p=0.8) and SaO2 (99±1 vs 99±2%; p=0.9) at 

rest were similar in both groups. At the end of the 6-minute walk test, SaO2 was similar 

in both groups (97±5 vs 98±2%; p=0.3), however, the maximum heart rate was lower in 

the patients (112±22 vs 130±20bpm; p=0.02).  

 

Conventional echocardiography (Table 1).  

Heart rate (76±11 vs 70±12 bpm, p=0.1), mean systemic arterial pressure (91±11 vs 92±9 

mmHg, p=0.69) and cardiac output (table 1) were similar in both groups. Three patients 

had a maximum velocity of tricuspid regurgitation of more than 2.8m/sec. These patients 

underwent a right heart catheterization, which allowed the identification of pulmonary 

arterial hypertension in one patient (patient A, Table 2) and postcapillary pulmonary 

hypertension revealed at exercise in the two other patients (patients B and C, Table 2).   

As compared to the controls, the patient population group as a whole had a normal 

systolic RV pressure gradient, RV area shortening fraction and TAPSE, but presented a 

decreased pulmonary acceleration time, a slightly increased RV free wall thickness and 
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RV/LV end-diastolic area. The RV performance index remained within normal limits, but 

may have shown a tendency to increase (p=0.07), and the tricuspid flow E and E/A ratio 

were decreased, suggesting RV diastolic dysfunction. The patients and the controls were 

otherwise similar for LV ejection fraction and mitral inflow pattern.  

 

Annular planes pulsed-TDI (Table 3). 

The patients and the controls had comparable indices of RV and LV systolic function 

(ICV, ICA and S). However, in the patients, tricuspid annulus E was decreased and IRT, 

IRT/RR and time to E/RR were increased. At the mitral annulus, E and IRT/RR showed a 

similar trend, but the changes did not reach a P<0.05 level of significance (p=0.06) and 

the time to E/RR was significantly increased. As shown in figure 1, the relationship 

between mitral flow E and age did not differ in the patients and in the controls, but the 

relationship between mitral flow E/mitral annulus E ratio, and index of left atrial 

pressure, was abnormal in 3 patients. Two of them were patients B and C (see Table 2) 

who had exercise-induced pulmonary hypertension with diastolic dysfunction as 

indicated by abnormally high resting and/or exercise pulmonary artery occluded pressure. 

The third of these patients had a moderate LV hypertrophy.  

 

Exercise echocardiography (Table 4) 

The patient with confirmed pulmonary arterial hypertension at rest (patient A) was not 

proposed for exercise testing, one patient had ascendant aortic aneurism contraindicating 

exercise, and 3 patients could not perform the test, because of chronic hip pain (n=1) and 
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invalidating dyspnea and fatigue (n=2). We excluded 2 patients because of insufficient 

acoustic quality. Thus 18 patients underwent an exercise-stress echocardiography. 

The patients presented with a decrease in maximal workload, heart rate and cardiac 

output, but no differences in RV pressure gradient and mean systemic artery pressure. 

The individual correlation coefficient of the relationship between systolic RV pressure 

gradient and cardiac output was more than 0.90 in all the subjects, except for one control 

subject who was excluded from the exercise analysis. The mean dynamic PVR was 

increased twofold in the patients compared to the controls (figure 2).  

In one patient with a very abnormal pulmonary pressure response to exercise (maximal 

systolic RV pressure gradient=70mmHg), a right heart catheterization confirmed the 

presence of a mild pulmonary arterial hypertension (mean Ppa=27 mmHg), worsened by 

exercise (patient D, Table 2). 

 

Pulmonary function tests 

The pulmonary function tests in the patients showed a carbon monoxide transfer of 

65±24% predicted and a total lung capacity of 96±23% predicted. Only 3 patients had a 

total lung capacity less than 70% predicted. Of these 3 patients, 2 had a mild lung fibrosis 

at CT examination of the chest and no increased maximum velocity of tricuspid 

regurgitation at rest, but did not perform an exercise test. The third was a 57 years-old 

woman with exercise-induced pulmonary hypertension and LV diastolic dysfunction 

(patient B in Table 2).  

   

Relationship between RV function and functional evaluation 
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No correlation was found between TDI indices of RV function, the NYHA class 

(OMITTED) and the 6-minute walk distance. However, the tricuspid annulus IRT/RR 

was correlated to the Sa02 measured at the end of the six minute walk test. Two patients 

had SaO2<90% at the end of the test and were the patients with pulmonary arterial 

hypertension at rest (Sa02=89%), and at exercise (SaO2=77%). The tricuspid annulus 

IRT/RR was correlated to the carbon monoxide transfer (Figure 3). 

  

Relationship between RV function and indices of the pulmonary circulation 

Tricuspid annulus E and IRT/RR were correlated to systolic RV pressure gradient and 

pulmonary acceleration time measured at rest (Figure 3), and IRT/RR was correlated to 

the dynamic PVR, at exercise (Figure 4). Typical tricuspid annulus TDI tracings in a 

normal subject and in the patient suffering from exercise pulmonary arterial hypertension 

are shown in Figure 4.  
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DISCUSSION 

 

The present results confirm that systemic sclerosis patients frequently present with 

an altered diastolic function of the right ventricle, and suggest that this is possibly related 

to latent pulmonary hypertension. 

 

There has been interest in recent years in the use of pulsed-TDI for the study of 

RV function. As compared to standard Doppler echocardiographic approaches, TDI 

allows for a high recovery rate of sufficient quality signals (11), direct measurements of 

long axis myocardial tissue velocity changes which are most relevant to RV performance 

(22,23), and relative preload-independence (18,24). Pulsed-TDI has been reported to be 

more sensitive than conventional echocardiography for the detection of latent LV 

function alterations, in particular LV diastolic function and noninvasive estimation of 

end-diastolic pressure by the measurement of mitral flow/annulus E waves (18,24,25).  

 

In the present study, pulsed-TDI measurements showed an isolated or 

predominantly RV diastolic dysfunction in the presence of normal pulmonary artery 

pressures. This could be explained by a preferential RV sensitivity to the effects of 

systemic disease. However, there is no previous report of asymmetric intrinsic 

cardiomyopathy in systemic sclerosis (1). A more likely explanation would relate altered 

RV diastolic function to pulmonary hemodynamics. The IRT/RR in our patients was 

correlated to the systolic RV pressure gradient, even though this measurement was not 
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significantly different from the controls. This result is in keeping with previous studies 

that used simultaneous phonocardiography and Doppler echocardiography to establish an 

inverse relationship between RV isovolumic relaxation time and systolic pulmonary 

artery pressures (26).  

 

The estimation of systolic RV pressure gradient from the maximum velocity of 

the tricuspid regurgitation has been recommended for the purpose of non invasive 

screening for pulmonary hypertension in populations at risk (2,7). While this strategy has 

indeed entered clinical practice, pulmonary artery pressures can also be estimated from 

the acceleration time of pulmonary flow velocity (2,14). In our patients, pulmonary 

acceleration time, although on average within the limits of normal, was decreased and 

inversely correlated to the tricuspid annulus E and IRT/RR. This was also recently found 

in a study on a similar systemic sclerosis patient population (6). Pulmonary flow waves in 

pulmonary hypertension typically show a decreased acceleration time and late or mid-

systolic deceleration (14). These changes have been explained by increased pulmonary 

arterial elastance and wave reflection (14,27). In fact, pulmonary acceleration time 

decreases with increasing characteristic impedance, which is a major determinant of right 

ventricular hydraulic load (27,28). Therefore, decreased pulmonary acceleration time in 

our patients would be a reflection of early remodeling of the pulmonary vasculature. 

 

While Doppler echocardiography remains an indispensable tool for the detection 

of pulmonary hypertension in populations at risk, it remains unsatisfactory because of a 

lack of sensitivity and specificity, particularly for the detection of mild pulmonary 
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hypertension (2,7,8). In addition, resting measurements may not reflect exercise-induced 

pulmonary hypertension, which can be prominent during daily activities in systemic 

sclerosis patients. (9). A �Raynaud�s phenomenon of the pulmonary vasculature has been 

proposed as a potential mechanism in labile pulmonary hypertension associated with 

systemic sclerosis (29), but a pulmonary pressor response has not been reported in these 

patients during central cold tests or by hand immersion cold challenges (30). Exercise 

Doppler echocardiography has been used to reveal abnormal pulmonary vascular 

response in high altitude pulmonary edema susceptible subjects or in asymptomatic 

carriers of primary pulmonary hypertension gene (12,13). In the present study, we 

combined resting and exercise-stress echocardiography, and thereby detected 4 abnormal 

responses in our population of 25 consecutive systemic sclerosis patients. Right heart 

catheterization confirmed pulmonary arterial hypertension in 2 of these patients. This 

result is in accordance with the recently reported prevalence of 7.85% of pulmonary 

arterial hypertension associated with systemic sclerosis in France (31). It is of interest to 

note that one of these 2 patients had normal systolic RV pressure gradient at rest but a 

very abnormal pressure response to exercise (dynamic PVR=16mmHg/l/min). The 

diagnosis of pulmonary arterial hypertension would have been missed in this patient with 

the conventional echocardiographic screening at rest.  

 

In the present study, the patients presented with a decreased exercise capacity, 

with decreased maximum workload, heart rate, cardiac output and 6-min walked distance. 

Exercise capacity in systemic sclerosis may be decreased because of skeletal muscle 

involvement and deconditioning (32), or because of RV flow output limitation in the 
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presence of increased PVR (33,34). In our study, the patients achieved the same systolic 

RV pressure gradient at maximum exercise than in the controls in spite of a lower 

maximum cardiac output, clearly indicating an increased PVR. This was confirmed by an 

increased slope of multipoint systolic pulmonary artery pressure/flow relationships, or 

�dynamic� PVR. Pulmonary artery pressure/flow plots may be more sensitive than 

isolated PVR determinations to detect subtle changes in the functional state of the 

pulmonary circulation (19,20,35). In our study, dynamic PVR was increased twofold in 

the patients compared to the controls, despite the fact that none of these patients had 

pulmonary hypertension at rest. Altogether, our data are suggestive of significant changes 

in the pulmonary circulation with impact on RV function in systemic sclerosis patients 

with a normal RV systolic pressure gradient at rest. 

  

The mechanisms of pulmonary vasculopathy in systemic sclerosis are complex. 

Our patients had normal lung volumes, which rules out a significant contribution of 

interstitial fibrosis. Resting oxygen saturation was normal. There was an exercise-

associated decrease in oxygen saturation, but this was not severe enough to be associated 

with hypoxic pulmonary vasoconstriction, excepted possibly for two of the patients with 

end of exercise Sa02 below 90 %. The carbon monoxide transfer was decreased, and this 

has shown to be predictive of subsequent pulmonary arterial hypertension in patients with 

the CREST syndrome (36). Diastolic dysfunction can also lead to an abnormal increase in 

pulmonary artery pressures, due to upstream transmission of associated increase in LV 

diastolic pressure. The three patients with LV diastolic dysfunction (1 had LV 
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hypertrophy at the echocardiography and 2 patients had diagnosis confirmed by right 

heart catheterization) had dynamic PVR values between 5.6 and 10 mmHg/l/min.  

 

In conclusion, patients with systemic sclerosis present with pulsed TDI indices 

indicative of predominant diastolic RV dysfunction, and we speculate that this is related 

to latent pulmonary hypertension revealed by an exercise stress test and pulmonary artery 

flow wave analysis.  
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Table 1. Conventional echocardiographic measurements in patients with systemic 

sclerosis (n=25) and control subjects (n=13).  

 Controls Systemic sclerosis  P 

Aortic cardiac output, l/min/m² 2.9±0.4 3±0.7 0.68 

Tricuspid regurgitant jet maximal velocity, m/sec 2.2±0.3 2.4±0.4 0.2 

Systolic RV pressure gradient, mmHg 20±5 23±8 0.2 

Pulmonary acceleration time, msec 141±17 123±24 0.02 

Pulmonary acceleration time/ejection time, % 45±6 40±7 0.03 

RV end-diastolic free wall thickness, mm 3.7±6.5 5.6±2.0 0.01 

RV end-diastolic area, cm² 9.4±2.6 11.1±2.7 0.06 

RV/LV end-diastolic area ratio, % 32.8±6.2 39.9±9.2 0.02 

RV area shortening fraction, % 59.8±9.9 54.8±8.5 0.1 

RV performance index 0.19±0.05 0.27±0.15 0.07 

TAPSE, cm 2.7±0.3 2.4±0.5 0.1 

Tricuspid flow E, cm/sec 56±12 44±11 0.007 

Tricuspid flow A, cm/sec 32±11 36±11 0.4 

Tricuspid flow E/A 1.9±0.6 1.3±0.4 0.008 

LV ejection fraction, % 71.6±7.9 70.5±9.1 0.7 

Mitral flow E, cm/sec 84±19 80±23 0.6 

Mitral flow A, cm/sec 70±16 71±28 0.9 

Mitral flow E/A 1.3±0.4 1.3±0.5 0.9 

 

Values are mean ± SD. 
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LV=left ventricle. RV=right ventricle. TAPSE=tricuspid annular plane systolic 

excursion. E=early-diastolic wave, A=late-diastolic wave. 
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Table 2. Invasive measurements and dynamic PVR in the 4 patients who underwent a 

right heart catheterization. 

 
 

 Ppa, mmHg Ppao, mmHg Cardiac output, 
l/min 

Dynamic PVR, 
mmHg/l/min 

 rest maximal 
exercice 

 rest  maximal 
exercise 

rest maximal 
exercice 

Invasive  Echography 
 

Patient A 37 - 8 - 4,6 - - - 

Patient B 16 41 5 23 6,6 8,6 13 9 

Patient C 23 33 17 23 4,5 6,2 5 6 

Patient D 27 44 13 14 4,1 5,2 17 16 

 
Ppa= mean pulmonary artery pressure, Ppao= pulmonary artery occluded pressure, PVR= 

pulmonary vascular resistance. 
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Table 3. Pulsed-TDI measurements in patients with systemic sclerosis (n=25) and control 

subjects (n=13). 

 TRICUSPID ANNULUS MITRAL ANNULUS 

 Controls Systemic sclerosis p Controls Systemic sclerosis p 

RR, msec 952±181 849±147 0.06 928±164 839±143 0.1 

ICV, cm/sec 10±3 11±3 0.5 6±1 6±2 0.7 

ICA, cm/sec² 0.4±0.1 0.3±0.1 0.5 0.3±0.1 0.3±0.1 0.7 

S, cm/sec 13±2 13±2 0.6 10±3 9±2 0.3 

E, cm/sec 12±2 9±4 0.03 11±3 9±3 0.06 

A, cm/sec 14±3 15±5 0.5 10±3 11±4 0.3 

E/A 0.9±0.3 0.7±0.4 0.2 1.3±0.6 1.1±0.5 0.3 

IRT, msec 41±15 53±20 0.04 74±29 81±21 0.4 

IRT / RR, % 4.5±2.5 6.5±2.9 0.03 8±3.2 9.8±2.5 0.07 

Time to E, msec 424±36 431±35 0.6 451±42 449±39 0.9 

Time to Et /RR, % 46±9 52±8 0.03 46±13 55±8 0.01 

 

Values are mean ± SD. 

ICV, S, E, A=isovolumic contraction, systolic ejection, early and late-diastolic waves 

maximal velocities. ICA=isovolumic contraction wave acceleration. IRT=Isovolumic 

relaxation times. Time to E=Time from the onset of the QRS complex on the ECG trace 

and onset of E wave.  
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Table 4. Exercise measurements in patients with systemic sclerosis (n=18) and controls 

subjects (n=12) 

 Controls Systemic sclerosis p 

Maximal mean systemic arterial pressure, mmHg 118±14 119±14 0.8 

Maximal workload, W 106±30 71±26 0.002 

Maximal heart rate, bpm 141±12 126±19 0.04 

Maximal aortic cardiac output, l/min 11.6±3.1 8.7±2 0.007 

Maximal systolic RV pressure gradient, mmHg 40±9 39±12 0.7 

Dynamic pulmonary vascular resistance, mmHg/l/min 5.5±3.4 2.9±1.1 0.02 

 

Values are mean ± SD. 

RV=right ventricle.  



  

 28

FIGURES LEGENDS 

 

Figure 1. 

Relationship between mitral flow E/A and age (left) and between mitral flow E/mitral 

annulus E and age (right), in systemic sclerosis patients and controls. Mitral flow E/mitral 

annulus E versus age was abnormal in 3 of the patients.  

 

 

Figure 2.  

Mean regression equation lines between systolic RV pressure gradient and cardiac output 

during exercise, in patients with systemic sclerosis (in red) and controls subjects (in 

blue). The pressures were recalculated at 4, 5 and 6 L/min from individual linear 
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regressions.  The slope of the relationship, defining dynamic pulmonary vascular 

resistance, was increased in the patients compared to the controls. The figure also shows 

tricuspid regurgitant and aortic flow recorded at exercise in a normal subject (left) and in 

an SSc patient with exercise pulmonary arterial hypertension (right).  

 

 

Figure 3. 

Linear correlation between tricuspid annulus TDI early-diastolic indices (IRT/RR) and 

carbon monoxide transfer and pulmonary acceleration time SaO2, in patients with 

systemic sclerosis (red squares) and in controls (blue circles).  
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Figure 4. 

Left: Tricuspid annulus pulsed-TDI traces (left), tricuspid regurgitant jet at rest (middle) 

and at exercise (right), in a 65 yr-old normal subject (above) and in a 70 yr-old patient 

with systemic sclerosis and increased dynamic PVR at exercise, invasively confirmed 

afterwards. The normal subject had a IRT of 50 msec, a systolic RV pressure gradient of 

25 mmHg at rest and 45 mmHg at 75W. The patient had an IRT of 115 msec and an 

abnormal pressure response during exercise (maximal systolic RV pressure gradient of 

70mmHg at 50W) despite the fact that the systolic RV pressure gradient at rest was 

normal (=27 mmHg).  
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Right: Linear correlation between tricuspid annulus TDI early-diastolic indices (IRT/RR) 

and dynamic pulmonary vascular resistance (PVR), in patients with systemic sclerosis 

(red squares) and in controls (blue circles).  

 


