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1. Introduction 

Elevated pulmonary arterial pressure, a condition with complex aetiology, results in an 

increased right ventricular (RV) afterload, which in turn triggers anatomical and biochemical 

responses, both adaptive and maladaptive. These processes lead in the end to the clinical 

syndrome of right heart failure, an important cause of morbidity and mortality.  

Among conditions with right heart overload, chronic obstructive pulmonary disease (COPD) is 

significant as a growing global epidemic, one of the leading causes of death, as well as 

representing a large health care burden and being an important cause of disability.  

 Dyspnoea and reduced functional capacity are common consequences with a multifactorial 

aetiology including parameters of the resting pulmonary function such as forced expiratory 

volume in the first second (FEV1), dynamic lung hyperinflation, pulmonary hypertension (PH), 

alterations of the cardiac function as well as other factors such as depression and skeletal 

muscle weakness. Among the potential cardiac causes of exercise intolerance, RV systolic 

failure with low cardiac output is rare in patients with COPD, but they often develop RV 

diastolic dysfunction with stress induced or resting elevation of filling pressures. Left 

ventricular (LV) diastolic dysfunction is also reported to be common in the COPD population. 

Nevertheless, data are scarce regarding the effect of the RV and LV diastolic dysfunction on 

the functional capacity in COPD.  

Systemic sclerosis (SSc), another condition associated with PH, is a connective tissue disease 

characterized by inflammation, microvascular damage, and generalized fibrosis of the skin and 

various internal organs. It has been proved that cardiac and pulmonary manifestations are 

present in a high proportion of patients and are recognized as powerful adverse prognostic 

factors. LV diastolic dysfunction is frequent in SSc and is often accompanied by impaired left 

atrial (LA) function. RV dysfunction was traditionally attributed to the development of 

pulmonary arterial hypertension (PAH) or pulmonary fibrosis. Subclinical RV dysfunction, 

however, was also proved in SSc patients without the resting elevation of the pulmonary 

pressure, by using tissue Doppler or speckle tracking measurements. Recent data suggest that 

right atrial (RA) size and mechanics correlate well with the functional capacity of the patients 

in conditions with known right heart involvement, such as in idiopathic PAH. In SSc, however, 
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little is known about the RA mechanics and about its correlation with the functional capacity 

and survival of the patients.  

Functional impairment of RV and RA is difficult to measure, but the novel echocardiographic 

methods such as tissue Doppler imaging (TDI) and the even more recently developed speckle 

tracking echocardiography (STE) are appropriately sensitive to recognise even the subclinical 

dysfunction of the right heart.  

 

2. Objectives 

The aim of the present work was the echocardiographic assessment of the right heart – 

focusing on the parameters of RA size and mechanics – in conditions with transient RV 

pressure overload, such as COPD and SSc. TDI and 2-dimensional STE-derived strain 

techniques were used to investigate the correlation between echocardiographic parameters 

and the functional capacity of the patients. Prognostic value of the RA size and mechanics was 

also investigated in SSc patients without manifest PAH.  
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3. Methods 

3.1. Correlation between echocardiographic parameters of LV and RV diastolic function 

and the functional capacity of the patients in COPD 

65 patients with COPD (61±9 years) in stages GOLD II-IV were investigated. Functional capacity 

was measured with 6-minute walk test (6MWT). RA and left atrial (LA) area index were 

measured; collapsibility index inferior vena cava was calculated. Parameters of the mitral and 

tricuspid inflow (E, A) as well as annular systolic (S), early (e’) and late (a’) diastolic myocardial 

longitudinal velocities were measured. E/A, E/e’ and e’/a’ ratios were calculated. Data of 34 

healthy volunteers without any cardiac disease were used as control.  

3.2. Significance of RA size and mechanics in SSc: correlation with functional capacity 

and prognostic value 

A total of 70 SSc patients (age: 57 ± 12 years) were investigated. Functional capacity was 

measured with 6MWT. At baseline, echocardiographic parameters of the RV systolic function 

(TAPSE, RVFAC), parameters of the tricuspid inflow (E, A), and tricuspid annular systolic (S), 

early- (e’) and late- (a’) diastolic myocardial velocities were measured. RV wall thickness was 

obtained. RA reservoir, conduit, and contractile strain were measured with 2D speckle 

tracking technique. RA stiffness was calculated as ratio of tricuspid E/e’ to reservoir strain. 

Echocardiographic data were compared with an age- and gender-matched group of 25 healthy 

volunteers. Survival was assessed after 5 years. All-cause mortality was chosen as outcome. 

Sequential chi2 analysis was used to evaluate the incremental prognostic benefit of adding RA 

volume, strain or stiffness to tricuspid S.  
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4. Results 

4.1. Correlation between echocardiographic parameters of LV and RV diastolic function 

and the functional capacity of the patients in COPD 

6MWT distance was 330 ± 76 m. LV diastolic dysfunction was found in 48 (74%) patients. LV 

and RV filling pressures were elevated in 28 (43%) and in 29 (45%) patients, respectively. In 

univariate analysis LA area index as well as various echocardiographic parameters of the right 

heart showed significant correlation with the functional capacity, as shown in Table 1. In 

stepwise multiple linear regression analysis tricuspid e’/a’ (r = 0.611; p = 0.000), collapsibility 

index (r = 0.505; p = 0.000), RA area index (r = −0.445; p = 0.000) and body surface area 

(r = 0.314; p = 0.011) were independent predictors of 6MWT distance (Figure 1). 

 

Table 1. Predictors of the 6MWD (m) in patients with COPD: univariate and multivariate regression 
analyses (Unstandardized (B) and standardized (β) regression coefficients).  

 Univariate analysis Multivariate analysis 

 B r p B β p 

Age (years) -2.297 -0.273 0.029    

BSA (m2) 91.399 0.314 0.011 96.914 0.359 0.000 

LA area index (cm2/m2) -15,515 -0.319 0.011    

RV basal diameter index (mm/m2) -10.627 -0.290 0.021    

RV longitudinal diameter index (mm/m2) -6.357 -0.271 0.031    

RA area index (cm2/m2) -22.522 -0.445 0.000 -15.606 -0.304 0.001 

Collapsibility index (%) 2.677 0.505 0.000 1.384 0.270 0.005 

Tricuspid a’ (cm/s) -17.858 -0.525 0.000    

Tricuspid e’/a’ 355.493 0.611 0.000 213.688 0.377 0.000 

Statistically significant p-values are formatted in bold (p<0.05) 
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Figure 1. Main predictors of the 6MWD in patients with COPD 

 

4.2. Significance of RA size and mechanics in SSc: correlation with functional capacity 

and prognostic value 

RA reservoir strain (49.3 ± 10.7 vs 59.6 ± 9.9%, p = 0.000) and conduit strain (26.8 ± 8.1 vs 

34.3 ± 7.3%, p = 0.000) were significantly lower in SSc patients. No significant difference was 

found in contractile strain (22.9 ± 5.8 vs 25.3 ± 5.7%, p = 0.082). RA stiffness was significantly 

increased in SSc patients (0.11 ± 0.04 vs 0.08 ± 0.02, p = 0.001). Echocardiographic parameters 

of SSc patients compared to healthy controls are shown in Table 2. 6MWT distance was 

391 ± 95 m. In stepwise multiple linear regression analysis RV wall thickness (r = − 0.289, 

p = 0.030) and RA stiffness (r = − 0.418, p = 0.002) became independent predictors of 6MWT 

distance (Figure 2).  
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Table 2. Echocardiographic data of the SSc population and comparison with healthy subjects 

Variable 
Systemic sclerosis 

(n=70) 

Healthy subjects 

(n=25) 
p 

Age (years) 57±12 54±7 0.239 

BSA (m2) 1.75±0.19 1.83±0.18 0.071 

Female gender n (%) 63 (90%) 19 (76%) 0.082 

LV ejection fraction (%) 60.8±4.5 63.3±2.5 0.011 

LV diastolic function n (%) 

Normal 20 (28.6) 25 (100) 

<0.001 Impaired relaxation 35 (50)  

Pseudonormal 15 (21.4)  

Grade of tricuspid 

regurgitation n (%) 

Mild 63 (90) 25 (100) 

0.259 Moderate 5 (7)  

Severe 2 (3)  

PASP (mmHg) 26.2±5.7 25.8±2.9 0.724 

RV basal diameter index (mm/m2) 18.4±2.4 17.5±1.6 0.924 

RV mid-cavity diameter index (mm/m2) 13.5±2.1 13.0±1.5 0.175 

RV longitudinal diameter index (mm/m2) 31.7±3.6 32.3±2.8 0.392 

IVC (mm) 14.0±3.8 14.8±4.7 0.469 

Collapsibility index (%) 55.5±11.5 55.0±13.4 0.874 

RV wall thickness (mm) 5.0±1.0 4.8±0.8 0.329 

RVFAC (%) 47.5±7.2 54.1±6.6 0.000 

TAPSE (mm) 21.1±2.6 23.6±1.6 0.000 

Tricuspid E (cm/s) 47.5±9.2 54.3±8.9 0.002 

Tricuspid A (cm/s) 39.5±8.8 39.0±5.6 0.771 

Tricuspid e’ (cm/s) 9.5±2.3 11.7±2.8 0.002 

Tricuspid a’ (cm/s) 13.2±2.6 13.6±3.3 0.533 

Tricuspid S (cm/s) 12.4±2.3 13.6±2.3 0.027 

Tricuspid E/e' ratio 5.3±1.5 4.9±1.4 0.278 

RA Vmax index (ml/m2) 19.4±5.5 19.5±5.9 0.943 

RA reservoir strain (%) 49.3±10.7 59.6±9.9 0.000 

RA contractile strain (%) 22.9±5.8 25.3±5.7 0.082 

RA conduit strain (%) 26.8±8.1 34.3±7.3 0.000 

RA stiffness 0.11±0.04 0.08±0.02 0.001 

Statistically significant p-values are formatted in bold (p<0.05) 
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Figure 2. Main predictors of the 6MWD in patients with SSc are RA stiffness (A) and RV wall thickness 

(B).  

 

During the follow-up period of 4.7 ± 0.9 years, 6 patients (8.6%) died. When added to tricuspid 

S in sequential Cox model, RA stiffness significantly improved the diagnostic performance of 

the model (Δchi2 = 3.950; p = 0.047) and remained independent predictor of the outcome 

(HR 2.460 (1.005-6.021); p = 0.049). Vmax index and strain parameters did not show 

incremental prognostic value over tricuspid S (Table 3). Using ROC analysis, RA 

stiffness ≥ 0.156 was the best predictor of mortality (sensitivity = 83.3%, specificity = 89.1%, 

AUC = 0.859) as shown on Figure 3.  

When evaluated by comparing groups above and below the cut-off value (10 cm/s for tricuspid 

S and 0.156 for RA stiffness) for each parameter, patients with high tricuspid S AND low RA 

stiffness (n=55) showed the lowest mortality rate (1 event (1.8%)). Compared with this 

reference group, patients with low tricuspid S OR high RA stiffness (n=10) had significantly 

higher mortality rate (2 events (20%); log-rank p=0.008) whereas the highest mortality rate 

was observed in patients with low tricuspid S AND elevated RA stiffness (n=5, 3 events (60%), 

log-rank p<0.001) (Figure 4). 
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Table 3. Models of sequential Cox regression analysis for predicting outcome in SSc. C-statistics 
represents the overall performance of the predictive model. Δchi2 reflects the incremental prognostic 
value of the RA variables over tricuspid S, when added to the model.  

  Model 1 Model 2 Model 3 

C-statistics 0.721 0.737 0.820 0.849 

Δchi2  2.376; p=0.123 2.536; p=0.111 3.950; p=0.047 

Variables in model 
HR (95%CI)  

p-value 
HR (95%CI)   

p-value 
HR (95%CI)   

p-value 
HR (95%CI)  

 p-value 

Tricuspid S (cm/s) 
0.548 (0.355-

0.848); p=0.007 
0.687 (0.421-

1.122); p=0.134 
0.599 (0.399-

0.901); p=0.014 
0.768 (0.464-

1.271); p=0.304 

RA Vmax index (ml/m2)  
1.114 (0.967-

1.283); p=0.135 
  

RA contractile strain (%)   
0.867 (0.716-

1.049); p=0.141 
 

RA stiffness    
2.460 (1.005-

6.021); p=0.049 

Statistically significant p-values (p < 0.05) are formatted in bold.  

 

 

 

 

Figure 3. ROC curve and Kaplan–Meier survival curve demonstrating the performance of RA stiffness in 

predicting all-cause mortality (χ2: chi2) 
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Figure 4. Kaplan–Meier survival curve demonstrating the incremental prognostic value of RA stiffness 

when added to tricuspid S (TriS) in predicting all-cause mortality. The cohort was stratified by tricuspid 

S and RA stiffness profile of the patients. (χ2: chi2) 
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5. Conclusion  

In our work we proved that RV diastolic function and filling pressure have strong influence on 

the functional capacity in patients with COPD. Similarly, our results suggest that speckle 

tracking-derived RA stiffness is increased in SSc compared with healthy subjects and shows 

strong correlation with the functional capacity of the patients. Besides, RA stiffness is 

significantly associated with all-cause mortality in SSc patients without PAH independent of 

and incremental to the RV longitudinal systolic function.  

A possible explanation to these results is the pathological increase of pulmonary arterial 

pressure on exercise, leading to transient pressure overload of the right heart, which in turn 

results in decreased functional capacity as well as a latent functional impairment of RV and 

RA, which may be identified with the modern, sensitive echocardiographic techniques applied 

in our studies.  

Our results suggest that these relatively simple, resting echocardiographic parameters may be 

useful in screening high risk populations and identifying patients with potential exercise PH 

and worse prognosis. 

  

6. Novel findings  

 Echocardiographic parameters of the RV diastolic function and filling pressure show 

strong correlation with the functional capacity of COPD patients. 

 Right atrial reservoir and conduit strain are impaired, whereas RA stiffness is increased 

in SSc compared with healthy subjects.  

 Right atrial stiffness is one of the main determinants of the functional capacity in SSc 

patients. 

 Right atrial stiffness is associated with all-cause mortality in SSc patients without PAH 

independent of and incremental to the RV longitudinal systolic function.  
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