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Abstract 
Objectıve: The aim of the study was to determine usefulness of isovolumic acceleration to assess 
right ventricular function in patients with pulmonary hypertension. Background: Right ventricular 
dysfunction is a powerful predictor of adverse outcomes in patients with pulmonary hypertension. 
Although isovolumic acceleration is a sensitive and relatively load-independent parameter for 
ventricular contractile function, it has not been widely used. So, the aim of the study was to deter- 
mine the usefulness of isovolumic acceleration in assessing right ventricular function in patients 
with pulmonary hypertension. Methods: A single center, prospective observational case-control 
study has been carried out for the period of one year at Osmania general hospital (Hyderabad). A 
total of 32 consecutive patients with pulmonary hypertension and 32 age matched healthy con- 
trols were recruited in the study as per the inclusion and exclusion criteria of the study. Receiver 
operator characteristic curves were used to study sensitivity, specificity, positive predictive value, 
negative predictive values as well as pearson’s correlation coefficients. Results: The results of 
the study showed that isovolumic acceleration has good significant correlation with right ven- 
tricular fractional area change (r = 0.554, p = 0.001) and tissue Doppler myocardial performance 
index (r = −0.599, p = 0.001) whereas a lesser but significant correlation was observed with tri- 
cuspid annular plane systolic excursion (r = 0.327, p = 0.034). Isovolumic acceleration showed 
higher specificity (81%) and positive predictive value (88%) in diagnosing right ventricular dys- 
function in pulmonary hypertension compared to tricuspid annular systolic excursion velocity 
and tissue Doppler myocardial performance index parameters. Therefore isovolumic acceleration 
may be a better variable for diagnosing right ventricular dysfunction. Conclusions: Isovolumic ac- 
celeration is a sensitive and specific marker of right ventricular function in pulmonary hyperten- 
sion. 
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1. Introduction 
The assessment of right ventricular (RV) function is essential in patients with pulmonary hypertension (PH) as 
RV dysfunction is a powerful predictor of adverse outcomes. RV failure is the main cause of death in patients 
with PH. The ability of the RV to adapt to the progressive increase in pulmonary vascular resistance (PVR), 
which is usually associated with changes in the pulmonary vasculature during PH, is the main determinant of a 
patient’s functional capacity and survival [1]. However, assessment of RV function using conventional methods 
is often difficult due to the complexity of RV anatomy. 

Tissue Doppler echocardiography (TDE) has been used to assess RV global and regional systolic function [2]. 
Isovolumic acceleration, derived from tissue velocity, is a load-independent measure of contractility and corre- 
lates with right ventricular end-systolic elastance [3]. This correlation is less pronounced in clinical studies [4]. 

Isovolumic acceleration (IVA) is a newer parameter of global RV systolic function. In contrast to tissue 
Doppler derived peak systolic velocities, strain and strain rate, IVA is more robust and relatively pre-load and 
after-load independent [5] [6]. 

Although it appears to be relatively load independent than other methods, its routine use in the assessment of 
RV systolic function is not yet recommended as there are no standard reference ranges available. Our study aims 
to determine the efficacy of IVA in assessing global RV systolic function in patients with PH. 

2. Methods 
2.1. Study Design 
A single-centred, prospective observational case-control study was carried out at Osmania general hospital be- 
tween January 2012 and December 2012. The protocol of the study was approved by institutional ethics com- 
mittee of the hospital before the commencement of the study. Informed consents were obtained from all the pa- 
tients enrolled in the study. A single-centred, prospective observational case-control study was carried out at 
Osmania general hospital between January 2012 and December 2012. The protocol of the study was approved 
by institutional ethics committee of the hospital before the commencement of the study. Informed consents were 
obtained from all the patients enrolled in the study. 

In this study, a total of 32 consecutive patients with PH and 32 age matched healthy people with normal pul- 
monary arterial systolic pressure (PASP) < 36 mm of Hg were included as a control group. We excluded patients 
with 1) severe tricuspid regurgitation, 2) rhythm other than sinus rhythm, 3) pacemaker lead in the RV, 4) 
co-existent left heart disease, and 5) right or left bundle branch block. 

2.2. Echocardiographic Evaluation 
All patients underwent tissue Doppler imaging (TDI) using ultrasound equipment (Phillips I E 33, transducer 
S5.1, 5 Hz) with simultaneous electrocardiogram recording. An evaluation of ventricular size and function was 
performed using standard 2-dimensional echocardiography. Right ventricular end-diastolic area (RVEDA) and 
end-systolic areas (RVESA) were measured from the two-dimensional apical 4-chamber view in order to calcu- 
late right ventricular fractional area change [RV fractional area change (RVFAC) = (RVEDA − RVESA)/RVEDA 
× 100%]. Right ventricular systolic pressure (RVSP) or systolic pulmonary arterial pressure (SPAP) was calcu- 
lated with the tricuspid regurgitation (TR) jet velocities. Mean pulmonary arterial pressure (MPAP) and pulmo- 
nary arterial diastolic pressure (PADP) were estimated from the end-diastolic pulmonary regurgitation velocity. 
The myocardial performance index (MPI) or Tei index, also known as right ventricular index of myocardial 
performance is defined as the ratio of the isovolumic time and the ejection time (ET). It was obtained from two 
methods: the pulsed Doppler method (d-MPI) and the tissue Doppler method (t-MPI). Tricuspid annular plane 
systolic excursion (TAPSE) was acquired by placing an M-mode cursor through the tricuspid annulus from a 
standard apical 4-chamber view. Tricuspid annular systolic excursion velocity (Sm) was measured by TDI in the 
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apical 4-chamber view. The RV IVA during isovolumic contraction is defined as the peak isovolumic myocar- 
dial velocity (IVV) divided by time to peak velocity and was typically measured for the RV by Doppler tissue 
imaging at the lateral tricuspid annulus. 

2.3. Statistical Analysis 
Statistical analysis was conducted using Statistical Package for Social Sciences (SPSS) version 20.0 (SPSS, inc., 
Chicago, IL, USA). Statistical significance was defined as p < 0.05. Descriptive data for continuous variables 
are expressed as mean ± standard deviation. Pearson’s correlation coefficients were calculated to analyse the 
association of echocardiographic parameters. Sensitivity, specificity, positive predictive value and negative pre- 
dictive values of the IVA, Sm, and TAPSE variables are calculated using receiver operator characteristic (ROC) 
curves. 

3. Results 
Among 32 PH patients enrolled with majority of women (60% women, mean age 38.4 years, mean PASP: 76.1 
± 19.4 mmHg), there were 9 patients with idiopathic pulmonary arterial hypertension, 4 patients with Eisen- 
mengers syndrome, 3 patients with left to right shunts, 13 patients were diagnosed with lung diseases, 1 patient 
with extra-hepatic portal hypertension, and 2 patients with Human Immunodeficiency Virus-positive. 

Echocardiographic parameters in patients with PH and control group were described in Table 1. IVA, which 
is a measure of global RV systolic function, was found to be significantly different in PH patients (2.71 ± 1.1) 
and in controls (3.71 ± 0.61). The echocardiographic parameters such as t-MPI, RVFAC, Sm, TAPSE also 
showed significant difference between two groups. 

ROC curve was analyzed to determine the specificity and sensitivity of parameters in two diagnostic groups 
(diseased/normal). All the three variables (Sm, t-MPI, IVA), were tested for sensitivity, specificity, positive pre- 
dictive value and negative predictive value by ROC curve which has been depicted in Figures 1(a)-(c) respec- 
tively. 

Among the PH patients, the higher specificity (81%) and positive predictive value (88%) was observed in 
IVA as compared to Sm and t-MPI parameters (Table 2). Therefore IVA may be a better variable for diagnosing 
RV dysfunction. 

We had correlated IVA with established RV systolic function parameters, RVFAC and t-MPI as well as with 
TAPSE using Pearson’s correlation coefficient (Table 3). 

 
Table 1. The baseline data and echocardiographic characteristics of right ventricular systolic dysfunction of the study popu- 
lation. 

Characteristics PH Group N = 32 Control Group N = 20 p-value 

Age, years (mean ± SD) 38.4 ± 11.21 33 ± 10.7 - 

Heart rate, (bpm) (mean ± SD) 82.3 ± 6.7 76.9 ± 4.42 <0.01 

Gender Male, n (%) 12 (37.5) 10 (50) - 

RVS, (mmHg) (mean ± SD) 76.1 ± 19.4 25.33 ± 3.67 <0.01 

t-MPI (mean ± SD) 0.6 ± 0.26 0.34 ± 0.077 <0.01 

Sm, (cm/sec) 11.9 ± 2.35 13.11 ± 2.09 <0.01 

IVRT, (mean ± SD) 73.34 ± 26.33 39.15 ± 10.94 <0.01 

TAPSE, (mean ± SD) 1.83 ± 0.622 2.24 ± 0.31 <0.01 

IVA, (mean ± SD) 2.71 ± 1.1 3.71 ± 0.61 <0.01 

RVF, (mean ± SD) 35.59 ± 8.84 49.15 ± 3.85 <0.01 

RVS: Right ventricular systolic function, t-MPI: Tissue Doppler—myocardial performance index, Sm: Tricuspid systolic annular velocity, IVRT: 
Intraventricular relaxation time, TAPSE: Tricuspid annular plane systolic excursion, IVA: Isovolumic acceleration, RVF: Right ventricular fraction 
area change. 
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Figure 1. Receiver operator characteristic curves of: (a) Tricuspid annular systolic excursion velocity (Sm); (b) Tissue 
Doppler myocardial performance index (t-MPI); (c) Isovolumic acceleration (IVA) to diagnose right ventricular dysfunction. 
 
Table 2. Comparison of sensitivity, specificity, positive and negative predictive valves of isovolumic acceleration, tricuspid 
annular systolic excursion velocity and tissue Doppler myocardial performance index. 

Variable Cut-off 
Value AUC p value Sensitivity 

(%) 
Specificity 

(%) 
Positive Predictive 

Value (%) 
Negative Predictive 

Value (%) 
Sm ≤11.8 0.705 <0.01 74.10 62.20 64.70 66.66 

t-MPI >0.37 0.861 <0.01 100 70.3 81.57 96.15 

IVA ≤3 0.731 <0.01 70.40 81.10 88.46 76.31 

IVA—Isovolumic acceleration; Sm—Tricuspid annular systolic excursion velocity and t-MPI—tissue Doppler myocardial performance index. 
 
Table 3. Correlation between isovolumic acceleration and other echocardiographic parameters. 

IVA t-MPI RVFAC TAPSE 

Pearson’s correlation coefficient 0.599 0.554 0.327 

Sig (1-tail) 0.001* 0.001* 0.034** 

*Correlation is significant at 0.01 levels; **Correlation is significant at 0.05 levels; IVA—Isovolumic acceleration; t-MPI—tissue Doppler myocardial 
performance index; RVFAC—Right ventricular fractional area change; TAPSE—Tricuspid annular plane systolic excursion. 

 
It was found that IVA has good correlation with RVFAC (r = 0.554, p = 0.001) [Figure 2(a)] and t-MPI (r = 

−0.599, p = 0.001) [Figure 2(b)] whereas a lesser but significant correlation was observed with TAPSE (r = 
0.327, p = 0.034). 

4. Discussion 
Being less muscular, more thin walled, compliant, and less frequently or obviously involved than the left ventri- 
cle in diseases such as myocardial ischemia, cardiomyopathy, or valvulopathy, the RV has generally been con- 
sidered a victim of pathological processes affecting the cardiovascular system [7]. 

The function and size of the RV are not only indicators of the severity and chronicity of PH but impose an 
additional cause of symptoms. RV function is the most important determinant of longevity in patients with PAH 
[1] [8]-[10]. So the parameters which have to be reported includes a measure of right ventricular size, right atrial 
(RA) size, SPAP, PADP, along with an assessment of RV systolic function. Several echocardiographic parame- 
ters have been reported to assess the RV function, namely, MPI, TAPSE, 2D RV FAC, 2D RV EF, TDI, ratio of 
RV transverse diameter to left ventricular transverse diameter (RVETD/LVETD), IVA and Sm. Other than 
echocardiography, cardiac magnetic resonance (CMR) and right heart catheterization can be performed for the 
diagnosis of PAH. 

MPI provides an index of global RV function in which MPI > 0.40 by pulsed Doppler and >0.55 by tissue 
Doppler indicates RV dysfunction. But pulsed Doppler MPI is unreliable when RV ET and TR time are measured  
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Figure 2. Correlation of isovolumic acceleration (IVA) with: (a) Right ventricular fractional area change 
(RVFAC); (b) Tissue Doppler myocardial performance index (t-MPI). 

 
with differing R-R intervals, as in atrial fibrillation. Moreover, it is load dependent and unreliable when RA 
pressure is elevated [11]. In our study, the MPI values were found to be 0.48 ± 0.23 by pulsed Doppler and 0.60 
± 0.26 by tissue Doppler, which clearly indicates RV dysfunction in PH group. 

Both TAPSE and Sm reflect the longitudinal systolic function of the RV. Although TAPSE is simple, less 
dependent on optimal image quality and reproducible, but it is angle dependent. It also assumes that the dis- 
placement of a single segment represents the function of a complex 3D structure. Sm is also angle dependant 
and assumes that the function of a single segment represents function of the entire RV which is not likely in 
conditions that include regionality, such as RV infarction or pulmonary embolism. 

The rate of pressure rise in the ventricles (dP/dt) is evaluated and validated as an index of systolic function. 
But because of the lack of data in normal subjects and in pathologic conditions, as well as being load dependent, 
RV dP/dt cannot be recommended for routine uses.  

Strain and strain rate values have been studied in a number of conditions affecting the right heart, and found 
to have close correlation with myocardial contractility in in-vitro and in-vivo experimental settings. But one di- 
mensional strain is not a method of choice because it is angle dependent and has a poor signal-to-noise ratio. 
Two dimensional strains is not angle dependant and possesses an improved signal to noise ratio, but, strain and 
strain rate is a complex measure with a high degree of variability that requires additional software and offline 
analysis. Finally, because of lack of reproducibility and paucity of data this technique is not recommended for 
routine clinical use. 

RV IVA is a relatively load independent measure of global RV systolic function that has been shown to cor- 
relate with severity of illness in conditions affecting right heart function. It is an angle dependent Doppler meas- 
urement that appears to vary with age and heart rate. Because of the broad confidence interval around its lower 
reference limit (2.2 m/s2 with a broad 95% confidence interval of 1.4 to 3.0), no reference value can be recom- 
mended [11]. 

Several studies have shown that the small changes in contractile function can be detected by measuring IVA 
while changes in the preload and afterload within the physiological range did not affect this parameter. In con- 
trast to tissue Doppler derived peak systolic velocities, strain and strain rate, IVA is most robust and relatively 
pre and after load independent [5] [6]. 

In earlier clinical studies, it was shown that IVA measured at the level of the RV tricuspid annulus detects re- 
duced RV systolic function in relation to the degree of pulmonary regurgitation in patients after repair of tetrol- 
ogy of fallot [12]. TDI derived IVA has been used to assess a reduction in functional reserve of both ventricles 
in patients after atrial repair of dextro-position of the great arteries [13]. 

IVA is also a reliable, non-invasive parameter to assess the positive effect of continuous positive airway 
pressure (CPAP) therapy in patients with obstructive sleep apnea syndrome on right ventricular systolic function 
[14]. It may be used for the early detection of right ventricular systolic dysfunction in patients with mitral steno- 
sis without signs of systemic venous congestion [15]. 

Like all Doppler measurements, IVA is angle dependent. Furthermore, IVA is age dependent. The highest 
IVA will be found in the 2nd decade of life, with a progressive decline of IVA in each following decade [16]. 
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IVA correlates closely with invasively derived hemodynamic indices of contractility, such as dp/dt and end sys- 
tolic elasticity [17]. 

It is well known that there may be regional heterogeneity in RV function. Dambruskaite et al. [18] have 
shown that in patients with pulmonary arterial hypertension, the regional function will first exhibit depression in 
the smooth inlet portion of the RV. In this setting, regional analysis of myocardial function may enable the early 
diagnosis of imminent RV failure before irreversible damage may occur. 

Our study also found a good correlation of IVA with t-MPI and RV FAC and a lesser but significant correla- 
tion with TAPSE. 

The limitations were: 
1) Cardiac catheterisation was not done to assess the pulmonary artery pressures. 
2) Cardiac magnetic resonance was not used as a comparator for the estimation of RV function. 
3) We did not use angle correction for the measurement of either TDI or pulsed Doppler as we do not con- 

sider that this is a major source of error since we were measuring time intervals that are minimally affected by 
angle of incidence. 

5. Conclusion 
IVA has a good sensitivity and a higher specificity and positive predictive value than Sm and t-MPI in assessing 
right ventricular function in patients with PH. Therefore IVA can be considered as a better variable for diagnos- 
ing RV dysfunction. 
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