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Abstract 

Introduction: Chronic pulmonary heart is the main cardiovascular complication of chronic obstructive pulmonary 

disease. The aims of our study were to evaluate the right ventricular systolic function in patients with chronic obstructive 

pulmonary disease and to investigate the relationship between parameters of right ventricular function and pulmonary 

function testing data. 

Methodology: A multicenter cross-sectional study was conducted between January 2013 and July 2013 in cardiology 

and pulmonology department in Dakar. Was included all in or outpatient diagnosed for chronic obstructive pulmonary 

disease. 

Results: 30 patients were evaluated in this cohort. The mean age was 62.4 years. Male predominance was noted (sex 

ratio of 9). Right heart failure was found in 7 patients (23.3%) had. Right ventricule enlargement was noted in 12 patients 

(40%). Mean sPAP was 58.58 ± 23.59 mmHg. Pulmonary arterial hypertension was found in 16 (53.3%) patients. TAPSE 

was impaired in 7 patients (23.3%). Reduction of right ventricule fractional area change was present in 14 (46.6%) 

patients. S’ of the tricuspid annulus velocity was reduced in 11 (33%) patients. Parameters correlated with the severity 

of chronic obstructive pulmonary disease were: TAPSE (p= 0.0099), right ventricule fractional area change (p = 0.0095), 

S’ of the annular tricuspid (p= 0.0173) TEI index (p= 0.038) and Pulmonary arterial hypertension (p= 0,023). 

Conclusion: Evaluation of right ventricular systolic function in chronic obstructive pulmonary disease is fundamental 

and must use multiple parameters. 
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Introduction 

The study of the right ventricle has seen a renewed interest in recent years 

in many pathologies.  Unfortunately, even if its prognostic importance is 

no longer to be proven, the evaluation of the systolic function of the right 

ventricle is still not systematic.  The chronic pulmonary heart (CPC) and 

right ventricular dysfunction are considered to be the main cardiovascular 

complications during chronic obstructive pulmonary disease (COPD) [1, 

2]. They mark a turning point in the evolution of respiratory disease and 

conditions the establishment of specific therapies. It is therefore essential 

to look for a cardiac impact by clinical examination and cardiac Doppler 
ultrasound [2]. 

In Senegal, few studies have been devoted to the cardiovascular 
manifestations of COPD. The objectives of our study were:  

- to assess the systolic function of the right ventricle in patients with 

chronic obstructive pulmonary disease, at different stages of disease 
severity; 

- to analyze the relationship between the different echocardiographic 

parameters of right ventricular systolic function and the degree of severity 
of COPD. 

Methodology 

This is a cross-sectional, descriptive, multicenter study, conducted from 

January 2013 to July 2013 carried out in the pulmonology departments of 
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the FANN University Hospital Center and the cardiology departments of 

the Aristide Le Dantec CHU. 

Included was any hospitalized or outpatient patient for COPD with or 

without evidence of heart dysfunction or exacerbation of COPD. The 

patients benefited from a complete clinical examination as well as a 

paraclinical assessment (biological parameters, electrocardiogram, chest 

chest X-ray, EFR, echocardiography).  

Doppler echocardiography made it possible to measure the cavity 

dimensions, the systolic function of the left ventricle (LV) but especially 

of the right ventricle (RV).  Several parameters of the systolic function of 

the RV were used: the tricuspid annular plane excursion (TAPSE), the 

fraction of shortening of the LV (FSLV), the longitudinal speed or peak 

of the Sa tricuspid wave, the isovolumic acceleration, the TEI index and 

max dP / dt index.  The LV eccentricity index corresponding to the ratio 

of the anteroposterior and septo-lateral diameter of the left ventricle was 

measured on a mid-ventricular minor axis section, in telesystole and 
telediastole.   

The diastolic function of the RV was also appreciated.  The pulmonary 

arterial pressure was evaluated by Doppler by the flows of tricuspid 

insufficiency and / or pulmonary insufficiency.  A value below   35 mm 

Hg was considered normal, however age is taken into account 

[3].  Pulmonary arterial hypertension (PAH) was severe for a systolic 

pulmonary arterial pressure (sPAP) value greater than 60 mm Hg. The 

standards for the various echocardiographic parameters studied were 

those recommended by the American Society of Echocardiography (ASE) 
as shown in Table 1 [3].  

TM mode 2D mode Doppler mode 

RVd : 9-26 mm 

LV : 

TDD : 38 à 57 mm(H) et à 53 

mm (F) 

SF : 28-44 % 

EF : 55-83 % 

IVC <21 mm 

Pulmonary ring : 10-22 mm 

EF: LV > 55% 

RV (mm) 

basal : 24-42 

Median : 20-35 

Apex base : 56-86 

RA Surface : 10-18 cm2 

 

SF : RV >35% 

 

Tricuspid 

Et : 34-68 cm/s 

At : 19-35 cm/s 

E/A 0.8<x<2.1 

E/E’<6 

ITVt : 12,6±1,9 cm 

TRIV : <70 ms 

TAPSE : ≥ 16 mm 

 

Pulmonary 

Max speed : 60-90 cm/s 

ITVp : 16,1±2,7 cm 

 

Sa tricuspid> 10 cm/s 

Isovolumetric accélération > 2,2m/s² 

TEI Index 0.10<x<0.40 

dP/dt> 400mmHg/s 

RVd = right ventricle diastolic diameter, LV = left ventricle, TDD = telediastolic diameter, SF= shortening fraction, EF = ejection fraction, IVC= 

inferior vena cava, RA = right atrium ITVt= Integral tricuspid velocity time, ITVp =Intégral pulmonary velocity time 

Table 2: ECG abnormalities 

A systematic respiratory functional exploration (RFE) made it possible to 

explore the pulmonary ventilatory function in search of an obstructive, 

restrictive or mixed syndrome and to assess its severity using the GOLD 

classification [4].   

All of the data collected was entered by the Epi data software and 

analyzed with SPSS 16.0 and Excel software. The description of the 

qualitative variables was done using percentages and that of the 

quantitative variables using means and standard deviations. Chi2 and 

Fisher tests allowed the comparison of proportions. A value of p <0.05 

was considered as a threshold of statistical significance. 

Results 

 A total of 30 patients were included over a period of 6 months 15 days. 

The average age of the patients was 62.4 years [40-83 years]. The age 

group included [50-64 years] represented 53.3%. The male gender was 

predominant and represented 90% of the population. The sex ratio 

(male/female) was 9. A history of pulmonary tuberculosis was found in 5 

cases and that of pulmonary embolism in one patient. The average 

duration of evolution of COPD was 5.08 years.  

Signs of right heart failure were found in 23.3% of cases. The average 

hemoglobin level was 17g/dl. On the electrocardiographic level, a sinus 

rhythm was found in 27 patients (90%). The electrocardiogram (ECG) 

was normal in 6 patients (20%). The anomalies were dominated by the 

right atrial hypertrophy found in 43.3% of the cases (Table 2).  
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Figure 1: Image of two dimensional echocardiography in apical section with 4 cavities showing dilation of the right cavities associated with 

pericardial effusion. 

Radiological anomalies Effective Perrcentage 

Cardiomégaly 12 40% 

PAH 6 20% 

Emphysema 5 16,6% 

Pulmonary venous hypertension 3 10% 

Pulmonary Opacities 2 6,6% 

Pleural effusion 1 3,3% 

Table 3: The main radiological anomalies 

Dimensions (mm) Mean and standard deviation Extreme 

Right ventricle (TM mode) 30,82 ± 9,58 16 et 52 

Right ventricle in basal 44,82 ± 13.18 22 et 70 

Right ventricle in médian 39 ± 10.11 24 et 57 

Proximal diameter 35,42 ± 10.60 20 et 60 

Distal diameter 27,4 ± 4,31 19 et 35 

Free wall of RV 5,8 ± 1,85 3  et 10 

Table 4: Results of the evaluation of the right heart at echocardiography 

Nine patients presented with echocardiographic signs of chronic 

pulmonary heart. There was left atrial and ventricular dilation in 7 cases 

(23.33%) and 3 cases (10%), respectively. Left ventricular systolic 

function was impaired in 4 (13.3%) patients. sPAP was measured in 27 

patients. Its average was 58.58 mmHg. PAH was noted in 20 patients 

(74%). It was severe in 13 patients, moderate and mild in 5 and 2 patients, 

respectively. There was a significant correlation between the presence of 

PAH and the stage of severity of COPD (p = 0.023).  

The average index of eccentricity in telesystole was 1.255; that in 

telediastole of 1.33. An increase in both indices, witnessing a barometric 

overload, was noted in 12 (40%) of our patients.  Diastolic DV function 

was abnormal in 12 cases (40%). No cases of relaxation disorder were 

found.  We had 9 cases of pseudo-normal aspect and 3 cases of restrictive 

disorders. The results of the evaluation of the systolic function parameters 

were a function of the sPAP and of the existence or not of an exacerbation 

(Table 5).  
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Index Average without 

exacerbation 

Average if 

exacerbation 

Average if 

PAHT 

Frequency of 

anomalies 

TAPSE (mm) 19,93 ± 4,65 14,75 ± 5,01 16 ± 5,16 7 (23%) 

Shortering of the RV area (%) 38 ± 8,27 28,87  ± 10,71 29,28 ±7,77 14 (46,6%) 

Tricuspid Sa (cm/s) 12,5 ± 3,33 10,37 ± 3,23 10,92 ±4,06 11 (33%) 

Isovolumetric myocardial 

acceleration (m/s²) 

3,72 ± 1,56 3,12  ± 1,21 3,00 ±1,26 6 (20 %) 

TEI index 0,59 ± 0,37 0,61 ± 0,40 0,71 ± 0,42 17/23 

(73%) 

dP/dt index (mmHg/s) 569,25 ± 183,7 549,75 ± 220,6 510 ± 198,2 5/16 

(31%) 

Table 5: Results of the evaluation of systolic function according to the parameter used 

The TAPSE was altered in 7 patients and the mean found was 18.20 

mm. Its alteration was significantly correlated with the stage of COPD (p 

= 0.0099). The RV shortening fraction was impaired in 14 patients 

(46.6%), with an average of 34.95% ± 10.12. The alteration was 

significantly correlated with the stage of COPD (p-0.0095). The Sa 

tricuspid index was altered in 11 patients (33%) and was significantly 

correlated with the stage of COPD (p = 0.0173). 

The isovolumic acceleration was abnormal in 6 (20%) of our patients, and 

not correlated at the stage of COPD (p = 0.09). The TEI index could be 

calculated in 23 patients and was abnormal in 17 (73.9%) patients. Its 

mean value was 0.60 and it was significantly correlated with the severity 

of COPD (p = 0.038). The dP/dt index could be assessed in 16 patients. It 

was less than 400 mmHg/s in 5 of them (26%) and not correlated at the 

stage of COPD (p = 0.3296), with an average of 539.5 mmHg/s. Thirteen 

patients, or 43% of the study population, had an impairment of at least 

three of the systolic function indices.   

The data collected from the RFE made it possible to classify the patients 

according to the progressive stage of COPD (Table 6). Two patients had 

an improvement in their sub-bronchodilator numbers, no total 

reversibility was noted. 

 

 

 

 

Table 6: Distribution of patients according to the stage of COPD and signs of clinical exacerbation 

Discussion 

The prevalence of right heart failure in our study was 23.3%. Gūder G [5] 

found a prevalence of 17%. Right atrial hypertrophy and RV hypertrophy 

were present in 43.3 and 36.6% of the cases, respectively. These two 

electrocardiographic signs were mainly found when the stage of COPD 

was advanced; a finding found in the study of Sharma et al [6] and in that 

of Warnier et al [67], more, Holtzman et al [8] demonstrated that the 

sensitivity, specificity, positive and negative predictive value of the ECG 

relating to RVH in COPD were 50%, 100%, 100%, and 75%, 

respectively. The chest chest X-ray showed cardiomegaly and signs of 

PAH in 40% and 20% of the cases, respectively. Himelman et al [9] found 

cardiomegaly and signs of PAH in 18% and 21% of their patients, 

respectively.  Gupta S et al [10] found 20% cardiomegaly and 36.6% signs 

of PAH. We found left ventricular dysfunction in Simpson biplane in 4 

(13.3%) patients and longitudinal systolic dysfunction in 5 patients 

(16.6%). The mean EFLV value for the Simpson biplane was 63%; and 

the results obtained in other studies seem, on the whole, similar to those 

described in the literature [11, 12, 13].  

Left ventricular dysfunction during COPD is due to many factors, such as 

hypoxemia and acidosis, involvement of the coronary arteries, or 

ventricular interdependence. In addition, some studies claim that if LV 

systolic dysfunction is possible during COPD without PAH, it worsens 

with the value of PAPS [10, 14]. Nine patients (30%) had 

echocardiographic signs of chronic pulmonary heart. Gupta [10] and 

Maula [15] found 17.5% and 32.7% respectively during their studies. The 

alteration of the diastolic function of the RV, found in 40% of the cases, 

would be related to the hypertrophy / dilation of the latter. The study by 

Tei et al [16] effectively shows that PAH leads to an impairment of the 

systolic and diastolic function of RV; this was confirmed by Vizza et al 

[17] who highlighted the diastolic dysfunction of RV during COPD. We 

found PAH in 72.7% of cases as well as a positive correlation between 

the stage of COPD and PAH. Gupta [10] and Maula [15] found 42.5% 

and 65.4% respectively of patients who had PAH, and also found a 

significant correlation between the stage of COPD and the severity of 

PAH. This correlation can be explained by that which exists between 

variations in PaO2 and pulmonary arterial pressure [18]. There is a 

monumental worsening of PAH during episodes of exacerbation of COPD 

which is explained by the worsening of hypoxemia and hypercapnia [2, 

19]. The right ventricular function ultrasound assessment is complex due 

to the anatomy and position of the LV, thus requiring the combination of 

several parameters. 

Stade copd Average  vems Average tiffeneau Exacerbation Effective 

1=Legere 80,85 ± 16,85 63,85 ± 10,89 1 7(23,3%) 

2=Moderate 53,57 ± 16.16 59,57 ± 10,60 2 7(23,3%) 

3=Severe 41,55 ± 16,22 52,5 ± 11,09 4 10(33,3%) 

4=Very severe 25,23 ± 16,86 46,46 ± 11,25 1 6(20%) 

 Total 8 30 
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During our study, we were able to highlight a relation between the 

deterioration of the indices of systolic function of the RV and the stage of 

the COPD and the presence or not of signs of clinical exacerbation on the 

one hand, and the presence and the severity of PAH on the other hand. In 

fact, if we compare a group of patients with mild to moderate COPD to 

that of severe to very severe COPD, the impairment of SFRV is 

significantly more marked in the moderate to severe COPD group (p = 

0.0095). This correlation is significant for TAPSE (p = 0.0099), Sa 

tricuspid (p = 0.0173) and the Tei index (p = 0.038), but not significant 

for isovolumic acceleration (p = 0.09). Concerning the Tei index, if its 

alteration seems more marked in patients with PAH (0.71 + 0.42), it seems 

less sensitive to the presence or not of an exacerbation, with an average 

of 0, respectively. 61 ± 0.40 and 0.59 ± 0.37.   

Botelho [19] as well as Ozben [20] also found, by comparing the results 

before and after the treatment of the COPD exacerbation, a relatively 

stable Tei index, but there was a significant difference notably for the 

isovolumic acceleration [20] (p = 0.013). The alteration of at least 3 

indices of the systolic function of RV in the same subject was present in 

62.5% of patients with severe or very severe COPD against 21.4% of 

cases of mild to moderate COPD (p = 0.0235  ). 

Right ventricular systolic dysfunction is commonly associated with 

PAH. Moreover, the recommendations issued by the European 

Cardiology Society [21] on the diagnosis of PAH in ultrasound, confirm 

the need to assess the right ventricular function in PAH. Concerning the 

disparity of the results obtained between the indices used during our 

study, it would be linked to the fact that all the parameters of evaluation 

of the right ventricular function, starting with the EFRV which is however 

considered as the "gold standard", are very sensitive to load 

conditions. Indeed, there is no real parameter of contractility of the RV 

which is independent of it, apart from perhaps the pulmonary elastance 

measured from the pressure/volume loops in hemodynamics [22]. In 

addition, if the TAPSE has already shown its interest in the evaluation of 

the EFRV with an excellent correlation coefficient between the TAPSE 

and the EFRV, it has however limits linked to the fact that the evaluation 

relates only to the longitudinal function of the free wall of the RV, without 

taking into account the contribution of the interventricular septum, the 

radial function, or the circumferential function, whereas these could have 

an important role in maintaining the right ventricular function when the 

contraction  longitudinal decreases [23]. Finally, if the SFRV is well 

correlated with the EFRV evaluated by myocardial MRI and is superior 

to other two-dimensional evaluation methods [24], it also has the main 

advantage of taking into account the participation of the interventricular 

septum.  However, the numerous RV trabeculations make it difficult to 

define the endocardium and are therefore a source of bias [25].   

Conclusion 

For the past few years, we have known the prognostic importance of RV 

dysfunction, especially in COPD.  The estimation of the right cardiac 

repercussion is essential because it marks an evolutionary turning point in 

the evolution of respiratory disease.  

Conflicts of interest: none 
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