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Determinants of accuracy and reproducibility of left ventricular function assessment by real-time three-dimensional echocardiography
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Objectives: To investigate the effect of frame rate during real-time three-dimensional echocardiographic (RT3DE) acquisition of the left ventricular (LV) full volume on its reproducibility and accuracy as compared to cardiac magnetic resonance (CMR).
Background: Compared to CMR, RT3DE underestimates LV volume with a varying inter-observer variability for global function and regional dyssynchrony. Advances in ultrasound hardware and software technology could improve RT3DE results.
Methods: Twenty-four patients (mean age 51 plus (minus) 12 years, 16 men) in sinus rhythm with a wide range of LV function (from normal to severe heart failure) and adequate 2D image quality underwent RT3DE and CMR within one day. RT3DE was performed twice using double frame rates (mean A = 14 vs. mean B =35 Hz). Off-line 3DE LV volume analysis was performed by two blinded experts unaware of the study objectives. Semi-automated border detection with bi-plane projections was performed using QLAB. MRI-derived volumes were quantified from long-axis-short axis series of the cine-MRI images.
Results: The frame rate in protocol A ranged from 11 to 16 (mean 14 Hz), and ranged from 30 to 37 Hz (mean 35 Hz) in protocol B. There were an improved correlations (R = 0.95, 0.94 and 0.93 vs. 0.98, 0.97and 0.98) between CMR and RT3DE protocol A and B, respectively for global LV end-diastolic volume, end-systolic volume and ejection fraction. There were significant reductions for volume underestimation in protocol B by Bland-Altman analysis: for EDV, B (-7.7 ml plus (minus) 5.7 ml) and A (-16.6 ml ( 12.7ml.  For ESV, B (-5.8 ml plus (minus) 5.9 ml) and A (-8.8 ml plus (minus) 11.4 ml). LV-EF ranged by plus (minus) 2.5% and plus (minus) 3.2% for both B and, respectively. Inter-observer variability was 5%, 9% of EDV, 5%, 10% of ESV, and 5%, 8% of EF, and 12%, 22% for regional mechanical dyssynchrony index for B and A, respectively. There was a linear positive correlation between the increase in frame rate and both accuracy (r= 0.79) and inter-observer agreement (r= 0.88). 
Conclusions: RT3DE with high frame rate is essential for accurate assessment of global and regional LV function. 
