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ou leur dignité. Même sous la contrainte, je ne ferai pas usage de mes 
connaissances contre les lois de l’humanité. 
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ABREVIATIONS 
 

- AF : Atrial Fibrillation 

- Apd-Amd : Pulmonary A wave duration - mitral A wave duration 
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- RA : Right Atrium 
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- RVFAC : Right Ventricle Fraction Area Change 

- RV LAI : Right Ventricular Load Adaptation Index 

- S’ : Pulsed Tissue Doppler lateral annular systolic velocity  

- RVOTTVI : RV Outflow Tract Time Velocity Integral 

- SBP : Systolic Blood Pressure 

- SD : Standard Deviation 

- SPAP : Systolic Pulmonary Artery Pressure  

- TR : Tricuspid Regurgitation 
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ABSTRACT:  

Introduction : Evaluating right ventricular (RV) function is a prognostic issue in many 

echocardiograms performed routinely. Guidelines propose to perform at least one parameter 

among Pulsed Tissue Doppler lateral annular systolic velocity (S') and Right Ventricle Fraction 

Area Change (RVFAC). The main objective of this study was to identify the mismatch situations 

and the factors likely to make a significant impact in the first place,  and secondly, to study the 

correlations of the right ventricular function parameters with the load parameters. Finally, 

considering these parameters seem to represent the arterial ventricle coupling, we tested 

non-validated parameters integrating the load to discriminate the right ventricular function.  

Methods & Results: The study group consisted of 210 patients undergoing an 

echocardiography. Using each of the 5 validated parameters, we found 58% of mismatch 

situations and were able to conclude between 67% and  88% of normal RV function. S 'and 

RVFAC discorded in 18% of the situations. In the healthy population, S’ and RVFAC did not 

mismatch but we identified 29% of isolated low RV strain. In the normal RVFAC/low S’ group, 

patients tented to be older (74 vs 68 years old , p=0, 033), with lower cardiac output (4.8 vs 

6.4 l/min, p<0,001), lower LVEF (56% vs 67%, p<0,01) and higher pulmonary pressures (37 vs 

26 mmHg, p= 0,023). Of the 5 parameters, Isovolumic Ventricular Acceleration (IVA) was the 

only one independent of load conditions whereas RV Strain was the most dependent one. S’ 

was correlated with cardiac output (r=0.26 (0.11; 0.39), p<0.001) and with mean SPAP (r=-0.15 

(-0.29; -0.01), p=0.034). RVFAC was correlated with flow indices such as RVOTTVI (r=0.23 

(0.09; 0.37), p<0,001), with preload indices such as IVC variation (r=0.26 (0.12; 0.39), p<0.001) 

and with afterload indices such as mean SPAP (r=-0.29 (-0.42; -0.16), p=0.034). New load 

indexed parameters such as S’*PVR seemed to be discriminative, with a 1.6 cut-off, a 75% 

specificity linked to 61% sensibility concluded to good RV function; whereas 80% specificity 

linked to 57% sensibility concluded to poor RV function. 

Conclusion: Evaluation of right ventricular function in routine situations requires a multi-

parametric approach, especially when preload, afterload and cardiac output are not normal. 

They are all load dependent except for IVA. Routine applicable and load-integrating 

parameters seem to be useful to discriminate RV function. New full and specific researches 

need to be carried out to validate this theory. 

 

Key words: echocardiography, right ventricular function, multiparametric, hemodynamic 

conditions, preload, afterload, cardiac output, mismatch. 
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RESUME 

Introduction : L'évaluation de la fonction du ventricule droit (VD) est un enjeu 

pronostique au quotidien. Les recommandations proposent de réaliser au moins un 

paramètre parmi le pic de vitesse en doppler pulsé à l'anneau tricuspide (S ') et le 

raccourcissement de surface du ventricule droit (FRSVD). Dans ce contexte, nous nous 

sommes demandés à quelle fréquence ces paramètres étaient discordants dans une 

population tout venant et si nous pouvions en identifier les facteurs de risque. Deuxièmement, 

nous avons identifié les facteurs notamment hémodynamiques favorisant la discordance. 

Enfin, ces paramètres semblant représenter le couplage ventriculo-artériel, que penser des 

facteurs indexés sur la charge pour approcher la contractilité du ventricule droit ? 

Méthodes et résultats : Deux cent dix patients consultant pour une 

échocardiographie ont été inclus. En utilisant chacun des 5 paramètres validés, nous avons 

trouvé 58% de discordance et pouvions conclure de 67% à 88% de fonction VD normale. S 'et 

RVFAC discordent dans 18% des situations. Cette discordance ne se retrouve pas dans le 

groupe de patients à cœur normaux, mais il y avait 29% de strain VD bas isolé. Dans le groupe 

FRSVD normal/S’ bas, les patients sont significativement plus âgés (74 vs 68 ans, p = 0, 033), 

le débit cardiaque significativement plus bas (4,8 vs 6,4 l / min, p <0,001). (56% vs 67%, p 

<0,01) et les pressions pulmonaires (PAPS) significativement plus élevées (37 vs 26mmHg, p = 

0,023). Parmi les 5 paramètres, l’accélération iso-volumique (IVA) est le seul à être 

indépendant des conditions de charge, le strain VD étant le plus dépendant. S’ est 

significativement corrélé au débit cardiaque (r = 0,26 (0,11; 0,39), p <0,001) et aux PAPS (r = -

0,15 (-0,29; -0,01), p = 0,034). RVFAC est corrélé au débit ( ITV sous pulmonaire (r = 0,23 (0,09, 

0,37), p <0,001)), à la pré-charge (variation de la veine cave inférieure (r = 0,26 (0,12; 0,39), p 

<0,001)), à la post-charge (PAPS (r = -0,29 (-0,42; -0,16), p = 0,034)). S’*PVR (Pulmonary 

Vascular Resistance), un paramètre intégrant la charge semble être discriminant pour un seuil 

à 1.6 :  pour conclure à une bonne fonction VD, on observe une spécificité de 75% pour une 

sensibilité à 61% ; pour conclure à une dysfonction VD, on observe une spécificité à 80% pour 

une sensibilité à 57%. 

Conclusion : L'évaluation de la fonction ventriculaire droite dans les situations 

quotidiennes nécessite une approche multiparamétrique, en particulier lorsque les conditions 

de pré-charge, de post-charge et de débit cardiaque ne sont pas normales. Ils sont tous 

dépendants de la charge en dehors de l'IVA. Un simple paramètre de charge indexé à la charge 

comme S '*PVR pourrait être utilisé comme paramètre discriminant mais d’autres études sont 

nécessaires pour l’affiner et le valider. 
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A multi-parametric approach is necessary in daily life to evaluate 
right ventricular function: a prospective monocentric study  

INTRODUCTION 
 

The Right Ventricle (RV) is described as a three-component cavity1 : the inlet portion, 

the trabeculate apical myocardium and the outlet portion. It is composed by a thin free-wall 

and a septum shared with left ventricle which contributes to ventricular interdependence2. 

 This anatomical situation illustrates why its hemodynamic differs significantly from the 

left ventricle’s. Fisrtly, according to the Starling law, the RV is highly compliant, thus enabling 

an increase in cardiac output by increasing its pre-load3. Secondly, according to the Laplace 

law, the RV can hypertrophy to normalize parietal stress in case of pulmonary hypertension 

however it is less likely to adapt to afterload, compared to the left ventricle.4  

 It is important to speak of ventricular-arterial coupling when referring to the right side 

heart since a balance between the RV contraction and pulmonary vascularization compliance 

is essential to ensure sufficient cardiac output. 

 The gold standard for right ventricle hemodynamic is Right Ventricular Stroke Work 

(RSW) = 1,25 x (mPAP – Right Atrial (RA) pressure) × RV systolic ejection volume measured by 

intracardiac catheterization - it cannot be measured on a daily basis however. 

 The RV ultrasound approach, more recent than the left one, focuses mainly on its 

hemodynamics (contractility, cardiac output) and its anatomy (volume, thickness) since it 

reflects its adaptation to an hemodynamic situation. Guidelines5 for the Echocardiographic 

Assessment of the Right Heart in Adults have been published by the American Society of 

Echocardiography jointly with the European Association of Echocardiography in 2010. 

Different parameters have been validated analyzing the global contraction (Right Ventricular 

Fraction Area Change (RVFAC), RV free-wall strain), the longitudinal contraction (TAPSE, S’), 

the different chronologic parts of contraction (Myocardial Performance Index (MPI), 

Isovolumic Acceleration (IVA)). Nevertheless, we can’t dissociate these data from the study of 

afterload (Systolic Pulmonary pressures (SPAP)using tricuspid regurgitation (TR) or pulmonary 

regurgitation (PR), pulmonary vascular resistance (PVR)), and preload (Inferior Vena Cava (IVC) 

collapse index).  
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In practice, Guidelines recommends to use at least one parameter among S’, RVFAC 

(and TAPSE). However, these different ultrasound parameters we use daily seem to be more 

representative of the coupling than the RV’s own contractility, for the reasons described 

above. 

More recently, some studies have tried to assess RV contractility by using indexed 

parameters including RV dimensions and pulmonary pressure   :  

- RV load-adaptation index (RV LAI), a composite echo-derived variable, is defined  

by the ratio of the systolic mean pressure-gradient between the RV and RA and RV 

end-diastolic area per long-axis length: ΔP(RV – RA) / (EDV/LED). For proper 

decision making, RV LAI was studied in a heart failure population before ventricular 

assist-device implantation and was supposed to approach RSWI6 7 

- TAPSE* SPAP and by analogy S’* SPAP may be a simplified approach to assess RV 

contraction by plotting fiber longitudinal shortening versus the force generated to 

overcome the imposed load. 

- RV end-systolic pressure–area ratio (ESPAR) is calculated as SPAP divided by RV 

end-systolic area and studied in both healthy and ventricular arrhythmia subjects, 

tested at rest and whilst exercising - to assess RV contractility. 8 

  

 

 OBJECTIVES 
 

On the basis of the Guidelines, we questioned first how often these parameters were 

discordant in a general patient population and whether we could identify the risk factors. 

Secondly, we tried to identify the influencing factors, especially the load indices, of the 5 

parameters proposed by Guidelines. Finally, since these parameters seem to represent the 

arterial ventricle coupling, we investigated the load indexed factors to approach right 

ventricle’s contractility. 
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MATERIAL AND METHODS 
 

1. Population 
 

The study group consisted of 210 patients recruited prospectively in the echocardiography 

laboratory at the Clinique Saint Augustin (Bordeaux) from January to April 2018. All patients 

underwent an echocardiography, related or non related to cardiac conditions, and consented 

to the study. 

2. Echocardiographic studies  
 

Echocardiographic studies were performed on a Vivid E95 ultrasound system. All 

examinations were performed according to ASE Guidelines. 

3. Echocardiographic measurements  
 

A modified apical four-chamber view focused on the RV was used to measure RV area, by 

tracing the RV endocardium both in systole and diastole and to measure 2D strain analysis of 

the right ventricle free wall. RVFAC (%) was defined as ([end-diastolic RV area - end-systolic 

RV area] / end-diastolic RV area) × 100. 

All measurements using pulsed-wave tissue Doppler imaging (TDI) were performed in a 

four-chamber view focused on the RV using a tissue Doppler mode with a pulsed- wave 

Doppler sample volume placed in the basal segment of the RV free wall. Special care was taken 

to ensure optimal image orientation, to avoid underestimation of velocities. The following 

data were obtained: S’ was defined as the peak longitudinal velocity of the basal RV free wall; 

MPI was defined as the ratio of the sum of isovolumic relaxation time and isovolumic 

contraction time divided by ejection time (S’ duration); IVA was defined as the isovolumic 

velocity divided by the time interval from onset of the isovolumic wave to its peak velocity 

(acceleration time). 

RV preload assessment included end-diastolic RA area and IVC maximal and minimal 

diameters obtained from a subcostal view at end-expiration, after sniff test. The IVC collapse 

index (%) was defined as ([maximal IVC — minimal IVC] / maximal IVC). Maximal IVC diameter 

and collapse index were used to assess preload according to the ASE guidelines  

RV afterload assessment included SPAP determined from peak TR velocity or PR velocity 

using the simplified Bernoulli equation and combined with an estimated RA pressure (based 
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on the IVC collapse index) and PVR estimated using peak TR velocity divided by RV Outflow 

Tract Time Velocity Integral (RVOT-TVI). 

BasED on the 5 RV validated parameters, we established 3 situations:  

 “Match population”: 5/5 parameters match for normal RV function, 

 “Mismatch population”: One or more parameters mismatch to conclude about RV 

function, 

 5/5 parameters concurred for RV dysfunction. 

 

 

4. Statistical Analyses 
 

We used the p-value software to perform our statistical analyses. Continuous data are 

expressed as means ± standard deviations and discrete parameters as absolute numbers and 

percentages. The groups were tested using a Fisher test and chi-2 test to compare categorical 

parameters. The clinical and echocardiographic data from the patients’ group were compared 

using the Welch parametric test or the Mann-Whitney non-parametric test, where 

appropriate, according to the variance R test. Relationships between hemodynamic indices 

and the validated RV function criteria were tested by means of Pearson’s correlation. Receiver 

operating characteristic curve analysis was performed to test the diagnostic accuracy for 

discrimination between patients with RV dysfunction and those with normal RV function, and 

to determine optimal cut- off values.
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RESULTS 

1. Clinical characteristics of the population  
 

The main clinical characteristics of our population are reported in Table 1. The mean 

age was 68 years old 28-97 years old, 72% were men -representative of a general patient 

population. We included people who underwent an ultrasound examination in the 

echocardiographic laboratory, related or non-related to cardiac conditions. 

2. Echocardiographic characteristics of the population 
 

The main echocardiographic characteristics of our population are reported in Table 2.  

In our general patient population, we registered 80% of normal S’ (S’10cm/s), 88% of 

normal RVFAC (RVFAC 35%), 82% of normal IVA (IVA 2,2m/s2), 82% of normal MPI (MPI < 

0,55) and 67% of normal RV Strain (RV strain - 21%). (Table 3). 

Combining them, we encountered only 40% (n=74) of situations which all matched a 

normal RV function (“match population”). In 58% (n=107) of the situations, one or more 

parameters mismatched others (“mismatch population”). We found only 2% (n=3) of 

situations where the five parameters concurred for an RV dysfunction. 

Focusing only on S’, we detected 18% of situations of mismatch with RVFAC, 23% with 

MPI, 26% with IVA and 29% with RV strain. Focusing on RVFAC, we detected 22% of mismatch 

situations with MPI, 24% with IVA and 29% with RV strain. RV strain scored highest with 29% 

to 42% of mismatch situations. (Table 4) 

The RV parameters feasibility is >95% for S’, RVFAC and Tei and 91% for IVA and strain. 

By coupling TR and PR results we obtained 94% of feasibility for SPAPS. 

 

3. Which situation furthering mismatch should retain our attention? 
 

There was no significant statistical and clinical difference between the 2 groups (match 

vs mismatch) in the case of consultation or hemodynamic conditions. (Annex 1) 

Furthermore, always following the Guidelines, taking into account the 2 major 

parameters RVFAC et S’, we compared patients with normal RVFAC and normal S’ against 
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patients with normal RVFAC et low S’:  in the “low S’ group”, patients proved significantly older 

(74 vs 68 years old , p=0, 033), cardiac output was significantly lower (4,8 vs 6,4 l/min, 

p<0,001), LVEF was significantly lower (56% vs 67%, p<0,01) and SPAP was significantly higher 

(37 vs 26 mmHg, p= 0,023). Other results are available in Table 5.  

However, if we start from an S’ normal population, no significant difference appeared 

between low and normal RVFAC groups. 

Finally, if we look at patients with a “normal heart” consulting for non-cardiac issues, 

of the 31 patients measured with 5 parameters, we found 19 match (61%), 12 4/5 match 

parameters  (39%) - in the latter case the failing parameters were mainly RV strain (76%), MPI 

(16%), IVA (8%) but never S’ or RVFAC. 

 

4. Correlation analysis  
 

IVA was the only RV function parameter where we did not find any load indices 

correlation with.  

S’ was correlated with cardiac output (r=0.26 (0.11; 0.39), p<0.001) and inversely with 

mean SPAP (r=-0.15 (-0.29; -0.01), p=0.034).  It was also correlated with IVRT (r=-0.27 (-0.40; 

-0.14), p<0.001) which is an index of diastolic function. It was independent of preload 

indices. 

RVFAC was correlated with flow indices like RVOTTVI (r=0.23 (0.09; 0.37), p<0,001), with 

preload indices like IVC variation (r=0.26 (0.12; 0.39), p<0.001) and inversely with afterload 

indices like mean SPAP (r=-0.29 (-0.42; -0.16), p=0.034). 

MPI was moderately correlated with RVOTTVI (r=-0.19 (-0.32; -0.05), p<0.01). 

RV strain was correlated with flow indices like RVOTTVI (r=0.25 (0.10; 0.38), p<0,001), 

with preload indices like IVC variation (r=0.33 (0.12; 0.46), p<0.001), inversely with afterload 

indices like PVR (r-0.17 (-0.32; -0.01)), p=0.039) and inversely with size indices like base-to-

apex length (r=-0.27 (-0.40; -0.13), p<0.001). 

Apart from IVA, all parameters were correlated to LVEF like RV strain (r=0.24 (0.10; 0.37), 

p<0.001) and MPI (r=-0.47 (-0.56; -0.34), p<0.001).  

Complete results are available in Table 6. 
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5. Could load indexed parameters help us classify RV between good function and 
true dysfunction?  

 
We established 2 groups:  

- « highly probable RV normal function » where 4 or 5 out of 5 parameters 

concluded to normal function. (n=140) 

-  highly probable RV dysfunction when 4 or 5 out of 5 parameters concluded to 

dysfunction. (n= 13) 

- All other patients in the “grey area” were excluded from this analysis.  

We calculated means and standard deviations of each load indexed parameter and 

based on these results, we defined an arbitrary cut-off based on mean less one standard 

deviation. From there, we tried to evaluate the rate of match and mismatch between these 

new load indexed parameters and the high probable RV function. 

“S’*SPAP” ranked correctly RV function in 92% of situations and “RV STRAIN*SPAP” in 

90% of situations. ESPAR ranked correctly RV function in 84% of situations and “LAI” in 85% 

of situations. Complete results are available in Table 7. 

Considering the imbalance between the 2 groups (match and mismatch population) 

in terms of their numbers, these results can hide an important disparity between sensibility 

and specificity. 

That’s why we calculated sensibility and specificity to detect both good RV and poor 

RV function.  

Using LAI with a 40 cut-off, to be able to conclude to good RV function, a 90% 

specificity was observed; on the other hand, to be able to conclude to poor RV function, a 

100% sensibility was observed. 

Using ESPAR, with a 2.2 cut-off, to be able to conclude to good RV function, a 90% 

specificity was observed; on the other hand, 89% specificity was observed with a 2.1 cut-off, 

to be able to conclude to poor RV function. 

Concerning S’*PVR, with a 1.6 cut-off, to be able to conclude to good RV function, a 

75% specificity and a 61% sensibility were observed; whereas, to be able to conclude to poor 

RV function, an 80% specificity and a 57% sensibility were observed. 

Complete results are available Table in 8. 
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DISCUSSION 

In the present study, we have shown that there is significant mismatch between the 5 RV 

function parameters, which limits the possibility of using one single parameter to define the 

RV function - especially in pathological situations. These parameters are dependent on 

preload, afterload and flow, each at different degrees, which may at least explain the 

mismatch. IVA is however less independent of the load conditions. Finally, we have shown 

that simple parameters integrating the load are close to the combination of the 5 validated 

parameters in order to discriminate a good from a poor right ventricle – which could prove an 

easy, quick way to analyze RV contractility. 

 

1. Population characteristics 
 

The day-to-day population assessed in our study reflects a standard cardiology population 

and offers a valuable clinical impact. The men/women ratio of about 3/1 reflects a standard 

cardiology population according to the French registry9. We obtained 25% of high pulmonary 

pressure, which is interesting taking into account its presumed accountability in mismatch. 

Due to the enrolment of patients  who were either ambulatory or hospitalized in a 

conventional unit, we obtained an authentic routine population varying in consultation issues, 

including both healthy subjects and a few severely ill patients.  

 

2. Global results 
 

Based on our classification into three groups: “match for normal RV function”, “one 

mismatch at least between the 5 parameters” and “match for RV dysfunction situation”, it is 

reassuring to note that match situations for normal RV function stay common for parameters 

all validated by international Guidelines.5  

We noticed on the other hand that having 5 parameters inferring dysfunction is extremely 

rare and that mismatched situations remain the more frequent.  

 

Taking people with a “Normal heart”, S’ et RVFAC never failed and we observed mostly 

5/5 match or at least 4/5 match parameters. On the other side, we cannot trust RV strain 
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alone because, it often tented to be the only abnormally low parameter in this same 

population. This theory concords with the Guidelines which doesn’t recommend RV strain for 

routine clinical use.5 

It seems relatively easy to come to the right conclusion in a “normal” situation whereas 

pathological situations further mismatch.  

 

3. RV parameters  

a. S’ & clinical and hemodynamic conditions 
 

Classically, older patients with higher pulmonary pressure or lower cardiac output showed 

lower S’ despite a normal RVFAC. The “one at least” can’t be applied here, it relates  to 

research data which show a decrease of S ' with age on a small core of healthy subjects.10 It 

would be presumptuous to assume that S’ fails all the time in these  situations given that other 

parameters are also significantly lower. 

S’, was correlated with pulmonary pressures and cardiac output. The example of the old 

Heart Failure patient with preserved Ejection Fraction is a typical, very frequent clinical case 

we should be careful about. 

In literature, S’ is known as easily to obtain, offers prognostic data, and shows good 

correlation with RVEF by angiography and then MRI; on the other hand, it is angle-dependent, 

it is influenced by overall heart motion and does not always match global RV systolic function 

5 . Its dependency with afterload has already been described in a study on 17 healthy subjects 

exposed to increased preload by rapid infusion of saline, and to increased afterload simulated 

in a 16- to 18-hour stay in a controlled hypoxic environment : S’ was reduced by 2 points11. 

However, no data is available concerning cardiac output. What we can affirm is that S’ seems 

to pass screening healthy situations but should be interpreted with caution in pathological 

situations. As written in Guidelines : “ S’ < 10 cm/s should raise the suspicion for abnormal RV 

function, particularly in a younger adult”5. 

 

b. IVA and hemodynamic conditions 
 

The absence of correlation we noted between IVA and load indices reflects most of the 

literature data : Initially described by Vogel et al.12 as an index of RV contractile function, its 
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independency from preload and afterload changes has been validated in healthy subjects13 

and in valvular disease comparing RV function parameters before and after percutaneous 

transverse mitral commissurotomy in 58 patients14.  IVA has also been validated as a 

prognostic parameter in various studies especially in post-operative cardiac surgery15. Proving 

again its load independency, IVA should occupy a prominent place in the Guidelines as a 

second discriminant parameter when hemodynamic conditions may affect other RV function 

parameters. 

 

c. MPI and hemodynamic conditions 

The absence of correlation between MPI and load that we highlighted is more disputed. 

MPI has been initially described as a discriminative RV function parameter by Tei  who 

studied 170 subjects -both normal and heart failure ones16 then proved its correlation with 

RSWI. 17 

In a paper comparing different congenital heart diseases – representing changes in 

preload, afterload, or both - before and after repair of their congenital heart lesion, MPI 

appears to be relatively independent of changes. 18 On the other hand, other papers - 

described above16 -proved afterload dependency.  

Compared to RVEF, MPI showed  high sensitivity and negative predictive value for 

detecting abnormal RV systolic function19 20 .  Considering all of these elements, MPI remains 

a useful and sensitive index to screen RV dysfunction although it may lack specificity.  

d. RV strain and hemodynamic conditions 
 

Our data underline the need to interpret RV strain with load conditions due to its 

correlation with preload, afterload and cardiac output.  

We have known for a long time that LV strain is load dependent, for instance under aortic 

stenosis. By analogy, and considering the importance of RV-arterial coupling described in the 

introduction21, it does not come as a surprise that our data prove RV strain load dependency. 

For example, studying 187 patients undergoing pulmonary vasodilator therapy, Wright L. And 

al identified a strong afterload dependency of RV strain22. For this very reason, and due to 

“the lack of reproducibility, the paucity of data (...)and  the large degree of variability”, 

Guidelines don’t recommend it for routine clinical testing 5.  
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However, RV strain is acclaimed as a new sophisticated index in a lot of recent studies. Its 

excellent correlation with MRI RVEF is spotlighted in many studies such as Capelli and Al., who 

compared all RV function parameters and found RV strain most correlated with MRI RVEF – 

which can be explained  by the global function they both represent -, but MRI RVEF shows the 

same limitations as regards the load dependency. 

Nevertheless, many other studies proved its clinical prognostic impact in specific 

pathologies such as in advanced heart failure where it is correlated with RSWI2324 . This could 

provide us with some further specific information such as RV suffering in inferior infarction25 

and cardiac amylosis26. Finally, it remains a very promising index to approach the physiological 

and required “peristatism” or “desynchrony” of RV contraction to assure arterial-ventricle 

coupling.27 

 

e. RVFAC and hemodynamic conditions 
 

According to the Laplace and the Starling laws and consistent with literature data, RVFAC 

was dependent of preload, afterload and cardiac output.  

We can’t isolate situations where RVFAC is at risk to fail and which require a certain degree 

of caution, so we need to remain vigilant at all times. 

As strain, RVFAC has the advantage to be correlated to MRI RVEF – the gold standard - , as 

described  in a meta-analysis included 1,280 patients, comparing RVFAC and TAPSE to MRI 

RVEF ; however MRI RVEF shows however the same dependency with load28.  

RVFAC  reflects global RV function well, because it represents radial and longitudinal 

contraction. Brown and Al. studied both healthy subjects and pulmonary arterial hypertension 

subjects before and after vasodilator therapy : they noted an improvement of RVFAC following 

pulmonary vasodilator therapy, and more interestingly, a noted effect on longitudinal 

contraction which should be the most load dependent part of RV.29  This confirms our data 

where RVFAC is the most load dependent one, similar to RV strain .  

Nevertheless, RVFAC was frequently described as a prognostic factor – for instance in the 

VALIANT ECHO study where each 5% decrease in baseline RVFAC was associated with an 

increased risk of fatal and nonfatal CV outcomes. 30 
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Making sure to trace the limit of the RV free wall including trabeculations, RVFAC occupies 

a key place in Guidelines – however, considering its load dependency, it might be controlled 

by a second parameter when load conditions are not normal. 

 

4. Correlation between the 5 RV parameters 
 

We found significant correlation between the 5 validated parameters of RV function - 

however the higher correlation coefficient was 0.4 which seems quite low for parameters 

which are supposed to convey the same message but if we consider that we don’t analyze the 

same thing here, it becomes very useful to approach different aspects of the RV function : 

RVFAC analyzes global and segmented kinetics, RV strain takes an interest in global and 

longitudinal contraction , S’ in longitudinal contraction, whereas IVA covers the isovolumic 

contraction time and MPI of chronology and systolic and diastolic function,  

 This proves even more important when part of this function can be affected : RV strain is 

the highest prognostic parameter in cardiac amyloidosis31 or S’ is often low in post-operative 

cardiac surgery32.   

 

5. Load indexed parameters 
 

We found that in our population, simple parameters integrating the load (S’PVR, LAI) 

approach the combination of the 5 parameters validated to discriminate a good from a 

bad right ventricle. 

We used some parameters found in literature data such as LAI or ESPAR, but we also 

created new ones such as S’*SPAP/S’*PVR or RV strain*SPAP/RV strain*PVR by analogy of 

TAPSE*SPAP. 

  The most discriminative one was “S’*SPAP”, with 92% of match combining the 5 

validated parameters, this in a population with a large proportion of normal RV function. 

S’*PVR seems to show both correct sensibility and specificity to conclude to either good 

or poor RV function. This parameter could be refined and weighted to improve its 

discriminative power. 

LAI is supposed to approach RSWI in a specific population of advanced heart failure with 

LVAD discussion patients showing remodeled RV, due to long exposure to pre and post load 

surcharge33. In our population, for LAI> 40, we scored a high specificity of good RV function, 
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and  for LAI<40 , a good sensibility of poor RV function.  This data could be used as reassuring 

when normal or as an alert for suspected RV dysfunction. 

ESPAR was studied in a population with low RVFAC to identify good contractile reserve 

during exercise. Its utility at rest has never been studied34. In our population, for ESPAR>2.2, 

we scored a high specificity of good RV function and for ESPAR<2.1, a good sensibility of poor 

RV function. This data could be used as reassuring when normal or as an alert  for suspected 

RV dysfunction.  

These parameters have proven their feasibility in our study, they may help  to discriminate 

RV function  but further, specific research needs to be carried out to improve our data and to 

establish ideal cut-off. 

 

6. Perspectives and utility in clinical practice 
 

In the light of our study, we can’t use RV strain alone because it often shows falsely low 

results. We have to be careful to use S’ alone in elderly people. 

Our study calls into question current recommendations which propose to use at least one 

parameter to study the right ventricular function, given the high daily percentage of 

discordance between them. 

Considering these parameters are all load dependent except from IVA, it would be useful 

to systematically realize IVA as a second parameter when load conditions are not perfect. 

The load-integrating parameters we studied could be realized daily and help us to 

discriminate RV function. Best cut-off could be refined in more important studies. 

Nevertheless, we should keep in mind that one abnormal validated parameter should not 

be viewed as a result and should prompt a second measure - even more so because 

pathological hemodynamic situations can underrate one isolated measure35.  

 

7. Limitations 
 

We did not include TAPSE to avoid duplicates since it offered the same information as S’ 

but in a less reproducible manner; neither did we include 3D because it is not a validated 

parameter we can use daily. Moreover, the study only concerned echocardiograms. MRI used 
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for etiological purposes and intracardiac catheterization used  before LVAD have no place in 

first intention.  

We focused on the hemodynamic question, and MRI - validated as gold standard due to 

its excellent reproducibility – shows the same limitations as US parameters in terms of 

hemodynamic dependency.  

The results being based on a heterogeneous population study group might have limited 

the correlation coefficient statistics. Even if the cohort size was correct, the group might have 

been too small for significant subgroup analysis results.   

Some recruitment bias may exist because the study was monocentric, the same applies to 

measurement bias since no inter-observer reproducibility was performed even if 3 different 

cardiologists followed Guidelines acquisitions. We did not conduct any multivarious analysis 

because too many correlated parameters were present in univarious analysis ; the point of 

our study was not to demonstrate a strong correlation between 2 parameters but to highlight 

any impacts, even slight,  to alert cardiologists to remain vigilant in daily routine situations. 
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CONCLUSION  

 

Our study raises concerns about the current recommendations which propose to use 

at least one parameter to study the right ventricular function – given the high percentage of 

mismatch between them on a daily basis. 

This can be explained by the fact that these parameters are dependent on preload, 

afterload and flow - excluding IVA which is less dependent of the load and which should have 

a place of choice as a second parameter to complete the right ventricular function analysis.  

We demonstrated that routinely applicable and load-integrating parameters appear to 

be nearly as effective as the combination of the 5 validated parameters to discriminate right 

ventricular function. New full and specific researches need to be carried out to validate this 

theory. 
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 TABLES 
 

 

Table 1 : Clinical characteristics

  mean (SD) median [Q25-75] min max 

Age (years) 69 (13) 69 [61; 79] 28 97 

Weight (kg) 77 (16) 75 [65; 86] 42 120 

Size (cm) 169 (9) 171 [162; 176] 146 187 

Body Surface (m2) 1.9 (0.2) 1.9 [1.7; 2.0] 1.3 2.46 

Systolic BP (mmHg) 144 (23) 144 [128; 159] 88 220 

Heart Rate (bpm) 72 (13) 70 [63; 80] 38 110 

Rhythm sinus 198 (94.3%)  

 AF 12 (5.7%)   

Sex H 151 (72%)   

 F 59 (28%)   

Dyspnea NYHA 1 84 (41%)   

 NYHA 2 85 (42%)   

 NYHA 3 31 (15%)   

  NYHA 4 3 (1.5%)     

Aortic disease 5 (2.4%)   

Dilated cardiomyopathy 12 (5.7%)   

Ischemic cardiomyopathy 21 (10%)   

Dialysis  5 (2.4%)   

Dyspnea  13 (6.2%)   

Atrial Fibrillation  7 (3.3%)   

Pulmonary artery 

hypertension 

 1 (0.48%)   

Aortic regurgitation  2 (0.95%)   

Mitral regurgitation  9 (4.3%)   

Tricuspid regurgitation  2 (0.95%)   

Normal  49 (23%)   

Aortic stenosis  50 (24%)   

Absence of indication 38 (18%)   
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Table 2 : Echocardiographic characteristics 

RVFAC = right ventricle fraction area change, IVA= isovolumic acceleration, RV strain = right ventricle strain, 
MPI=myocardium performance index, RVOTVI= right ventricle Outflow Tract Time Velocity Integral, RA=right 
atrium, IVC= inferior vena cava, IVCT=isovolumic contraction time, IVRT=isovolumic relaxation time, Apd-Amd= 
difference between mitral wave A less pulmonary wave A, LAVI= left atrium indexed volume, LVEF=left ventricle 
ejection fraction, SPAP=systolic pulmonary arterial pressure, TR=tricuspid regurgitation, PR=pulmonary 
regurgitation, PVR=pulmonary vascular resistance

  mean (SD) median [Q25-75] min max missing values (%) 

S' (cm/s) 12.0 (3.5) 12.0 [10.0; 15.0] 5.0 25 5 

RVFAC (%) 45 (10) 45 [38; 53] 14 66 4 

IVA(m/s2) 3.3 (1.5) 3.0 [2.3; 4.0] 0.8 10.5 9 

RV strain (%) -23.8 (7.7) -24.0 [-28.0;-19.0] -5.0 -36.0 9 

MPI 0.43 (0.20) 0.41 [0.30; 0.51] 0.08 1.40 3 

Cardiac Index (l/min/m2) 3.3 (1.1) 3.1 [2.7; 3.7] 1.3 11.4 19 

RVOTTVI (cm) 15 (4) 15.0 [12; 17] 4 25 7 

Cardiac Output (l/min) 6.4 (2.1) 6.0 [4.9; 7.0] 2.2 22.8 18 

Base to apex length (mm) 70 (15) 71 [64; 80] 10 100 5 

RV Diastolic Area (cm2) 19 (6.2) 18.0 [14.0; 23.0] 8.0 42.0 4 

RV Systolic Area(cm2) 10 (4.1) 10.0 [7.50; 12.5] 3.0 26.0 3 

RA (cm2) 18 (7) 16 [13; 21] 6 51 7 

IVC variation 0.79 (0.22) 0.800 [0.643; 1.00] 0.08 1.00 7 

IVCT (ms) 68 (21) 67 [53; 79] 16 162 2 

IVRT (ms) 52 (35) 49 [31; 69] 0 205 2 

Ejection time (ms) 289 (45) 294 [255; 318] 168 425 2 

E/E’ 12 (7) 10[7; 14] 3 56 10 

Peak E wave velocity (cm/s) 74 (30) 70 [53; 90] 10 180 3 

Apd-Amd (ms) -16 (37) -13 [-34; 0] -140 75 0 

LAVI (ml/m2) 41 (21) 36 [27; 49] 8 155 5 

LVEF (%) 63 (13) 65 [58; 72] 18 85 3 

SPAP using PR (mmHg) 43 (17) 39 [30; 51] 19 87 55 

SPAP using TR (mmHg) 39 (13) 35 [30; 45] 20 82 15 

PVR  0.23 (0.13) 0.18 [0.15; 0.27] 0.10 0.89 20 
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Parameters 
Normal 
values 

Function n (%) 

S’   10cm/s normal 161 (80%) 

   low 39 (20%) 

IVA   2.2m/s2 normal 157 (82%) 

   low 35 (18%) 

MPI  < 0.55 normal 167 (82%) 

   low 37 (18%) 

RVFAC   35% normal 177 (88%) 

   low 25 (12%) 

RV Strain   - 21% normal 128 (67%) 

   low 64 (33%) 

 

Table 3 : Repartition of echocardiographic parameters between normal and abnormal value 

RVFAC = right ventricle fraction area change, IVA= isovolumic acceleration, RV strain = right ventricle strain, 
MPI=myocardium performance index 
 

 

 

Parameters S' IVA MPI RVFAC RV strain 

S'   26% 23% 18% 29% 

IVA 26%   27% 24% 38% 

MPI 23% 27%   22% 42% 

RVFAC 18% 24% 22%   29% 

RV strain 29% 38% 42% 29%   

 

Table 4 : Percentage of mismatch between the 5 validated RV function parameters 

RVFAC = right ventricle fraction area change, IVA= isovolumic acceleration, RV strain = right ventricle strain, 
MPI=myocardium performance index
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Normal S’ (n = 146) Low S’ (n = 23) p 

Age (years)  68 (±13) 74 (±14) 0.033 

Body Surface (m2)  1.9 (±0.24) 1.9 (±0.2) 0.48 

sBP(mmHg)  148 (±22) 137 (±27) 0.093 

Heart Rate (bpm)   71 (±12) 71 (±11) 0.99 

S' (cm/s)  13.4 (±3.0) 8.0 (±1.2) <0.001 

RVFAC (%)  47 (±8) 48 (±11) 0.85 

IVA(m/s2)  3.4 (±1.5) 2.5 (±1.0) <0.01 

RV strain (%)  -25 (±8) -22 (±7) 0.03 

MPI    0.4 (±0.2) 0.5 (±0.3) <0.01 

Cardiac Index (l/min/m2)  3.4 (±1.1) 2.7 (±0.7) <0.001 

RVOTTVI (cm)  15 (±4) 13 (±5) 0.042 

Cardiac Output (l/min)   6.4 (±2.2) 4.8 (±1.3) <0.001 

Base to apex length (mm)  71 (±14) 69 (±14) 0.24 

 RV Diastolic Area (cm2)  19 (±6) 19 (±7) 0.77 

RV Systolic Area (cm2)   10 (±3) 10 (±5) 0.46 

RA (cm2)  17 (±6) 16 (±8) 0.017 

IVC variation   0.80 (±0.19) 0.81 (±0.30) 0.35 

IVCT (ms)  65 (±20) 75 (±20) <0.01 

IVRT (ms)  47 (±29) 73 (±53) 0.01 

Ejection time (ms)   291 (±45) 288 (±47) 0.79 

E/E’  12 (±7) 11 (±7) 0.24 

Peak E wave velocity (cm/s)  75 (±29) 71 (±36) 0.38 

Apd-Amd (ms)  -16 (±37) -13 (±37) 0.87 

LAVI (ml)  40 (±20) 36 (±17) 0.41 

LVEF (%)   67 (±10) 56 (±16) <0.01 

SPAP using PR (mmHg)  41 (±15) 47 (±22) 0.48 

SPAP using TR (mmHg)  38 (±12) 42 (±16) 0.41 

PVR    0.21 (±0.10) 0.31 (±0.21) 0.048 

Table 5: Comparison between normal and low S' in a normal RVFAC population 

RVFAC = right ventricle fraction area change, IVA= isovolumic acceleration, RV strain = right ventricle strain, 
MPI=myocardium performance index, RVOTVI= right ventricle Outflow Tract Time Velocity Integral, RA=right atrium, 
IVC= inferior vena cava, IVCT=isovolumic contraction time, IVRT=isovolumic relaxation time, Apd-Amd= difference 
between mitral wave A less pulmonary wave A, LAVI= left atrium indexed volume, LVEF=left ventricle ejection fraction, 
SPAP=systolic pulmonary arterial pressure, TR=tricuspid regurgitation, PR=pulmonary regurgitation, PVR=pulmonary 
vascular resistance
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Table 6: RV function parameters and clinical and load parameters correlation 

 
RVFAC = right ventricle fraction area change, IVA= isovolumic acceleration, RV strain = right ventricle strain, MPI=myocardium performance index, RVOTVI= right ventricle 
Outflow Tract Time Velocity Integral, RA=right atrium, IVC= inferior vena cava, IVCT=isovolumic contraction time, IVRT=isovolumic relaxation time, LVEF=left ventricle 
ejection fraction, SPAP=systolic pulmonary arterial pressure, TR=tricuspid regurgitation, PR=pulmonary regurgitation, PVR=pulmonary vascular resistance 

 

Correlation 
coefficient  (CI95) 

S'  p RVFAC  p MPI  p IVA p RV Strain p 

Age (years) -0.12 (-0.26; 0.02) 0.091 -0.05 (-0.19; 0.08) 0.45 0.022 (-0.12; 0.16) 0.76 -0.12 (-0.25; 0.03) 0.11 -0.10 (-0.24; 0.04) 0.18 

Systolic BP (mmHg) 0.23 (0.09; 0.36) <0.01 0.16 (0.02; 0.29) 0.031 -0.13 (-0.27; 0.01) 0.065 0.03 (-0.12; 0.17) 0.82 0.16 (0.017 ;0.30) 0.029 

Cardiac Index 
(l/min/m2 

0.24 (0.09; 0.38) <0.01 0.17 (0.02; 0.32) 0.026 -0.06 (-0.21; 0.09) 0.43 0.03 (-0.13; 0.18) 0.74 0.20 (0.05; 0.35) 0.011 

RVOTTVI (cm) 0.23 (0.09; 0.37) <0.01 0.36 (0.23; 0.48) <0.001 -0.19 (-0.32; -0.05) <0.01 0.03 (-0.12; 0.17) 0.73 0.25 (0.10; 0.38) <0.001 

RV Diastolic Area 
(cm2) 

0.07 (-0.07; 0.21) 0.31 -0.11 (-0.25; 0.03) 0.12 -0.06 (-0.20; 0.08) 0.4 -0.05 (-0.19; 0.10) 0.4 -0.23 (-0.36; -0.09) <0.01 

RV Systolic Area 
(cm2) 

-0.02 (-0.16; 0.12) 0.79 -0.54 (-0.63; -0.43) <0.001 -0.02 (-0.16; 0.12) 0.79 -0.06 (-0.20; 0.08) 0.64 -0.29 (-0.40; -0.15) <0.001 

RA (cm2) 0.07 (-0.07; 0.21) 0.34 -0.29 (-0.41; -0.15) <0.001 -0.11 (-0.25; 0.03) 0.12 0.01 (-0.14; 0.15) <0.01 -0.08 (-0.23; 0.06) 0.27 

IVC variation -0.03 (-0.17; 0.12) 0.73 0.26 (0.12; 0.39) <0.001 0.05 (-0.10; 0.19) 0.51 0.04 (-0.11; 0.20) 0.23 0.33 (0.12; 0.46) <0.001 

LVEF (%) 0.43 (0.31; 0.54) <0.001 0.31 (0.17; 0.43) <0.001 -0.47 (-0.56; -0.34) <0.001 0.08 (-0.07; 0.22) 0.3 0.24 (0.10; 0.37) <0.001 

SPAP using PR 
(mmHg) 

-0.03 (-0.24; 0.17) 0.76 -0.26 (-0.44; -0.05) 0.014 0.10 (-0.10; 0.30) 0.32 0.07 (-0.14; 0.27) 0.33 -0.06 (-0.27; 0.15) 0.57 

SPAP using TR 
(mmHg) 

0.04 (-0.11; 0.19) 0.6 -0.12 (-0.27; 0.03) 0.1 -0.02 (-0.16; 0.13) 0.84 0.08 (-0.08;  0.23) 0.98 -0.15 (-0.30; 0.001) 0.05 

Mean SPAP (mmHg) -0.15 (-0.29; -0.01) 0.034 -0.29 (-0.42; -0.16) <0.001 0.07 (-0.07; 0.21) 0.31 -0.002 (-0.15; 0.14) 0.9 -0.13 (-0.27; 0.02) 0.083 

PVR  -0.12 (-0.27; 0.03) 0.12 -0.21 (-0.35; -0.05) <0.01 0.08 (-0.07; 0.23) 0.3 -0.002 (-0.16; 0.16) 0.94 -0.17 (-0.32; -0.01) 0.039 
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Table 7: Match & mismatch between RV function established by a combination of the 5 validated 
parameters and load indexed parameters. 
 
* Established with a combination of the 5 validated parameters: 4 or 5 out of 5 parameters match for normal 
function to conclude normal and 4 or 5 out of 5 parameters match for dysfunction function to conclude 
dysfunction. Other patients were excluded. 
**Cut off based on the mean in match population less 1 standard deviation 
 

RV=right ventricle, ESPAR=RV end-systolic pressure–area ratio, LAI=load-adaptation index , SPAP=systolic 
pulmonary arterial pressures, PVR=pulmonary vascular resistance 

   

Load index 
parameters 

ESPAR** LAI** S*SPAP** S*PVR** 
RV 
STRAIN*SPAP** 

RV 
STRAIN*PVR** 

Match with RV 
function* 

84% 85% 92% 75% 90% 80% 

Mismatch with 
RV function* 

16% 15% 8% 15% 10% 20% 
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IN TERMS OF GOOD RV FUNCTION         

 cut-off value sensibility specificity PPV NPV TP TN FP FN 

RV strain*SPAP 170 0.91 0.38 0.94 0.28 127 5 8 13 

RV strain*PVR 1.6 0.73 0.50 0.94 0.15 88 6 6 33 

S'*SPAP 154 0.87 0.62 0.96 0.31 122 8 5 18 

S'*PVR 1.6 0.61 0.75 0.96 0.16 74 9 3 47 

ESPAR 2.2 0.16 0.90 0.96 0.07 22 9 1 117 

LAI 40 0.10 1.00 1.00 0.09 14 13 0 126 

 
 
IN TERMS OF POOR RV FUNCTION 

        

 cut-off value sensibility specificity PPV NPV TP TN FP FN 

RV strain*SPAP 289 0.22 0.91 0.14 0.94 2 115 12 7 

RV strain*PVR 1.5 0.14 0.99 0.50 0.94 1 88 1 6 

S'*SPAP 153 0.44 0.92 0.27 0.96 4 122 11 5 

S'*PVR 1.6 0.57 0.80 0.17 0.96 4 74 19 3 

ESPAR 2.1 0.89 0.17 0.07 0.96 8 22 111 1 

LAI 40 1.00 0.24 0.12 1.00 6 14 44 0 

 

Table 8 : Sensibility and specificity of new load indexed parameters depending on  
- good RV function 
- poor RV function 

 

RV=right ventricle, ESPAR=RV end-systolic pressure–area ratio, LAI= load-adaptation index , SPAP=systolic 
pulmonary arterial pressures, PVR=pulmonary vascular resistance, PPV=positive predictive value, NPV=negative 
predictive value, TP=true positive, TN, true negative, FP=false positive, FN=false negative
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ANNEX 
 

 
 

Parameters  Function   Low S' (n = 39) Normal S’  (n = 161) n p 

IVA low 12 (32%) 23 (15%) 35 0.034 

 normal 26 (68%) 130 (85%) 156 - 

MPI  low 14 (37%) 22 (14%) 36 <0.01 

 normal 24 (63%) 136 (86%) 160 - 

RVFAC  low 13 (36%) 11 (7%) 24 <0.001 

 normal 23 (64%) 146 (93%) 169 - 

RV Strain low 21 (62%) 41 (27%) 62 <0.001 

 normal 13 (38%) 109 (73%) 122 - 

      

Parameters  Function   Low RVFAC  (n = 25) Normal RVFAC  (n = 177) n p 

IVA  low 7 (29%) 27 (17%) 34 0.16 

 normal 17 (71%) 135 (83%) 152 - 

MPI  low 8 (32%) 27 (16%) 35 0.053 

 normal 17 (68%) 146 (84%) 163 - 

RV Strain low 15 (68%) 47 (28%) 62 <0.001 

 normal 7 (32%) 120 (72%) 127 - 

S’ low 13 (54%) 23 (14%) 36 <0.001 

 normal 11 (46%) 146 (86%) 157 - 

      

      

Parameters  Function   high MPI (n = 37) Normal MPI (n = 167) n p 

IVA low 9 (26%) 26 (17%) 35 0.32 

 normal 26 (74%) 129 (83%) 155 - 

RVFAC low 8 (23%) 17 (10%) 25 0.053 

 normal 27 (77%) 146 (90%) 173 - 

RV Strain low 10 (29%) 54 (35%) 64 0.59 

 normal 25 (71%) 100 (65%) 125 - 

S’ low 14 (39%) 24 (15%) 38 <0.01 

 normal 22 (61%) 136 (85%) 158 - 

      

      

Parameters  Function   Low IVA (n = 35) Normal IVA  (n = 157) n p 

MPI low 9 (26%) 26 (17%) 35 0.32 

 normal 26 (74%) 129 (83%) 155 - 

RVFAC low 7 (21%) 17 (11%) 24 0.16 

 normal 27 (79%) 135 (89%) 162 - 

RV Strain low 13 (41%) 49 (34%) 62 0.6 

 normal 19 (59%) 96 (66%) 115 - 

S’  low 12 (34%) 26 (17%) 38 0.034 

 normal 23 (66%) 130 (83%) 153 - 

      

      

Parameters  Function   Low RV Strain (n = 64) Normal RV Strain (n = 128) n p 

IVA low 13 (21%) 19 (17%) 32 0.6 

 normal 49 (79%) 96 (83%) 145 - 

MPI low 10 (16%) 25 (20%) 35 0.59 

 normal 54 (84%) 100 (80%) 154 - 

RVFAC  low 15 (24%) 7 (5.5%) 22 <0.001 

 normal 47 (76%) 120 (94.5%) 167 - 

S’  low 21 (34%) 13 (11%) 34 <0.001 

 normal 41 (66%) 109 (89%) 150 - 

Annex 1: Details of discordance between the five validated parameters 
RVFAC = right ventricle fraction area change, IVA= isovolumic acceleration, RV strain = right ventricle 
strain, MPI=myocardium performance index 
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  Mismatch  
(n = 107) 

Match (n = 74) p 

Age (years) 69 (±13) 68 (±14) 0.56 
Body Surface (m2) 1.89 (±0.2) 1.89 (±0.3) 0.24 
sBP (mmHg) 142 (±24) 148 (±21) 0.0492 
Heart Rate (bpm) 73 (±13) 72 (±12) 0.51 

S' 12.0 (±3.5) 13.4 (±3.3) <0.001 
RVFAC (%) 44 (±10) 48 (±8) <0.01 
IVA(m/s2) 3.0 (±1.6) 3.7 (±1.4) <0.01 
RV strain -21.4 (±6.9) -27.2 (±8.1) <0.001 
MPI 0.48 (±0.22) 0.36 (±0.14) <0.001 

Cardiac Index (l/min/m2) 3.2 (±0.818) 3.4 (±1.4) 0.34 
RVOTTVI (cm) 14 (±5) 15 (±3) 0.067 
cardiac Flow (l/min) 6.0 (±1.5) 63 (±2.8) 0.42 

Base to apex length (mm) 72 (±13) 68 (±17) 0.19 
 RV Diastolic Area 19.2 (±6.0) 18.8 (±6.6) 0.65 
RV Systolic Area 10.8 (±4.1) 9.8 (±4.1) 0.091 

RA 18 (±7) 17 (±7) 0.97 
IVC variation 0.78 (±0.22) 0.80(±0.21) 0.65 

IVCT 72 (±23) 61 (±16) <0.001 
IVRT 57 (±37) 43 (±29) <0.01 
Ejection time 285 (±45) 295 (±44) 0.12 

LVEF 62(±14) 66 (±12) 0.049 

SPAP using PR 44 (±16) 40 (±17) 0.35 
SPAP using TR 38 (±14) 40 (±12) 0.41 
PVR  0.24 (±0. 0.21 (±0.10) 0.16 

Rhythm 10 (7.8%) 2 (2.6%) - 
Sex 95 (74%) 52 (68%) 0.38 
 33 (26%) 25 (32%) - 
Dyspnea 53 (43%) 29 (39%) 0.54 
 48 (39%) 36 (48%) - 
 20 (16%) 10 (13%) - 
  2 (1.6%) 0 (0%) - 
Mismatch         

4/5 
3/5 
2/5 
1/5 

7 (5.5%)   - 
14 (11%)  - 
39 (30%)  - 
68 (53%)  - 

Aortic disease 2 (2%) 3 (4.1%) 0.65 
Dilated cardiomyopathy  7(7%) 2 (2.7%) 0.31 
Ischemic cardiomyopathy 11 (11%) 9 (12%) 0.98 
Dialysis 5 (5%) 0 (0%) 0.074 
Dyspnea 10 (5%) 2 (2.7%) 0.7 
Atrial fibrillation 4 (4%) 2 (2.7%) 1 
Aortic regurgitation 0 (0%) 2 (2.7%) 0.18 
Mitral regurgitation 3 (3%) 4 (5.4%) 0.46 
Tricuspid regurgitation 1 (0.78%) 0 (0%) 0.46 
Normal 21 (21%) 19 (26%) 0.56 
Aortic stenosis 25 (25%) 20 (27%) 0.87 
   - 

Annex 2:  Comparison between match and mismatch population 

 RVFAC = right ventricle fraction area change, IVA= isovolumic acceleration, RV strain = right ventricle strain, 
MPI=myocardium performance index, RVOTVI= right ventricle Outflow Tract Time Velocity Integral, RA=right atrium, 
IVC= inferior vena cava, IVCT=isovolumic contraction time, IVRT=isovolumic relaxation time, LVEF=left ventricle 
ejection fraction, SPAP=systolic pulmonary arterial pressure, TR=tricuspid regurgitation, PR=pulmonary regurgitation, 
PVR=pulmonary vascular resistance 
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Annex 3 : Correlation between RV function parameters  

RVFAC = right ventricle fraction area change, IVA= isovolumic acceleration, RV strain = right ventricle strain, MPI=myocardium performance index,

Correlation 
coefficient  
 (CI95) 

S'  p RVFAC  p MPI  p IVA p RV Strain   p 

S’   0.15 (0.01; 0.28) 0.041 -0.22 (-0.35; -0.09) <0.01 0.42 (0.30; 0.53) <0.001 0.22 (0.08; 0.35) <0.01 

RVFAC 0.15 (0.01; 0.28) 0.041   -0.07 (-0.21; 0.07) 0.33 0.03 (-0.11; 0.18) 0.64 0.24 (0.10; 0.37) <0.01 

MPI -0.22 (-0.35; -0.09) <0.01 -0.07 (-0.21; 0.07) 0.33   -0.16 (-0.30; -0.018) 0.028 -0.07 (-0.22; 0.07) 0.31 

IVA 0.42 (0.30; 0.53) <0.001 0.03 (-0.11; 0.18) 0.64 -0.16 (-0.30; -0.02) 0.028   0.08 (-0.07; 0.22) 0.32 

RV STRAIN  0.22 (0.08; 0.35) <0.01 0.24 (0.09; 0.37) <0.01 -0.07 (-0.215; 0.07) 0.31 0.08 (-0.07; 0.22) 0.93   



 35 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  mean (standard deviation) median [Q25-75] min max n 

ESPAR 1.57 (0.912) 1.32 [0.960; 1.92] 0.448 5.71 191 

LAI 33.2 (11.0) 31.0 [25.9; 39.2] 16.5 75.6 92 

S’*SPAP 333 (197) 280 [195; 442] 88.0 1190 189 

S’*PVR 2.70 (1.65) 2.36 [1.64; 3.17] 0.884 11.5 129 

STRAIN/SPAP 620 (347) 533 [375; 798] 156 1918 181 

STRAIN*PVR 4.77 (2.11) 4.37 [3.25; 5.80] 1.34 13.9 126 

 

Annex 4: Load indexed parameters characteristics 

 

RV=right ventricle, ESPAR=RV end-systolic pressure–area ratio, LAI : load-adaptation index , 
SPAP=systolic pulmonary arterial pressures, PVR=pulmonary vascular resistance 
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ABSTRACT:  

Introduction : Evaluating right ventricular (RV) function is a prognostic issue in many 

echocardiograms performed routinely. Guidelines propose to perform at least one parameter 

among Pulsed Tissue Doppler lateral annular systolic velocity (S') and Right Ventricle Fraction 

Area Change (RVFAC). The main objective of this study was to identify the mismatch situations 

and the factors likely to make a significant impact in the first place,  and secondly, to study the 

correlations of the right ventricular function parameters with the load parameters. Finally, 

considering these parameters seem to represent the arterial ventricle coupling, we tested 

non-validated parameters integrating the load to discriminate the right ventricular function.  

Methods & Results: The study group consisted of 210 patients undergoing an 

echocardiography. Using each of the 5 validated parameters, we found 58% of mismatch 

situations and were able to conclude between 67% and  88% of normal RV function. S 'and 

RVFAC discorded in 18% of the situations. In the healthy population, S’ and RVFAC did not 

mismatch but we identified 29% of isolated low RV strain. In the normal RVFAC/low S’ group, 

patients tented to be older (74 vs 68 years old , p=0, 033), with lower cardiac output (4.8 vs 

6.4 l/min, p<0,001), lower LVEF (56% vs 67%, p<0,01) and higher pulmonary pressures (37 vs 

26 mmHg, p= 0,023). Of the 5 parameters, Isovolumic Ventricular Acceleration (IVA) was the 

only one independent of load conditions whereas RV Strain was the most dependent one. S’ 

was correlated with cardiac output (r=0.26 (0.11; 0.39), p<0.001) and with mean SPAP (r=-0.15 

(-0.29; -0.01), p=0.034). RVFAC was correlated with flow indices such as RVOTTVI (r=0.23 

(0.09; 0.37), p<0,001), with preload indices such as IVC variation (r=0.26 (0.12; 0.39), p<0.001) 

and with afterload indices such as mean SPAP (r=-0.29 (-0.42; -0.16), p=0.034). New load 

indexed parameters such as S’*PVR seemed to be discriminative, with a 1.6 cut-off, a 75% 

specificity linked to 61% sensibility concluded to good RV function; whereas 80% specificity 

linked to 57% sensibility concluded to poor RV function. 

Conclusion: Evaluation of right ventricular function in routine situations requires a multi-

parametric approach, especially when preload, afterload and cardiac output are not normal. 

They are all load dependent except for IVA. Routine applicable and load-integrating 

parameters seem to be useful to discriminate RV function. New full and specific researches 

need to be carried out to validate this theory. 

 

Key words: echocardiography, right ventricular function, multiparametric, hemodynamic 

conditions, preload, afterload, cardiac output, mismatch. 
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RESUME 

Introduction : L'évaluation de la fonction du ventricule droit (VD) est un enjeu pronostique au 

quotidien. Les recommandations proposent de réaliser au moins un paramètre parmi le pic de vitesse 

en doppler pulsé à l'anneau tricuspide (S ') et le raccourcissement de surface du ventricule droit 

(FRSVD). Dans ce contexte, nous nous sommes demandés à quelle fréquence ces paramètres étaient 

discordants dans une population tout venant et si nous pouvions en identifier les facteurs de risque. 

Deuxièmement, nous avons identifié les facteurs notamment hémodynamiques favorisant la 

discordance. Enfin, ces paramètres semblant représenter le couplage ventriculo-artériel, que penser 

des facteurs indexés sur la charge pour approcher la contractilité du ventricule droit ? 

Méthodes et résultats : Deux cent dix patients consultant pour une échocardiographie ont été 

inclus. En utilisant chacun des 5 paramètres validés, nous avons trouvé 58% de discordance et pouvions 

conclure de 67% à 88% de fonction VD normale. S 'et RVFAC discordent dans 18% des situations. Cette 

discordance ne se retrouve pas dans le groupe de patients à cœur normaux, mais il y avait 29% de 

strain VD bas isolé. Dans le groupe FRSVD normal/S’ bas, les patients sont significativement plus âgés 

(74 vs 68 ans, p = 0, 033), le débit cardiaque significativement plus bas (4,8 vs 6,4 l / min, p <0,001). 

(56% vs 67%, p <0,01) et les pressions pulmonaires (PAPS) significativement plus élevées (37 vs 

26mmHg, p = 0,023). Parmi les 5 paramètres, l’accélération iso-volumique (IVA) est le seul à être 

indépendant des conditions de charge, le strain VD étant le plus dépendant. S’ est significativement 

corrélé au débit cardiaque (r = 0,26 (0,11; 0,39), p <0,001) et aux PAPS (r = -0,15 (-0,29; -0,01), p = 

0,034). RVFAC est corrélé au débit ( ITV sous pulmonaire (r = 0,23 (0,09, 0,37), p <0,001)), à la pré-

charge (variation de la veine cave inférieure (r = 0,26 (0,12; 0,39), p <0,001)), à la post-charge (PAPS (r 

= -0,29 (-0,42; -0,16), p = 0,034)). S’*PVR (Pulmonary Vascular Resistance), un paramètre intégrant la 

charge semble être discriminant pour un seuil à 1.6 :  pour conclure à une bonne fonction VD, on 

observe une spécificité de 75% pour une sensibilité à 61% ; pour conclure à une dysfonction VD, on 

observe une spécificité à 80% pour une sensibilité à 57%. 

Conclusion : L'évaluation de la fonction ventriculaire droite dans les situations quotidiennes 

nécessite une approche multiparamétrique, en particulier lorsque les conditions de pré-charge, de 

post-charge et de débit cardiaque ne sont pas normales. Ils sont tous dépendants de la charge en 

dehors de l'IVA. Un simple paramètre de charge indexé à la charge comme S '*PVR pourrait être utilisé 

comme paramètre discriminant mais d’autres études sont nécessaires pour l’affiner et le valider. 
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