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Background: We have developed the novel software which permits us to generate
angle-independent flow velocity vector maps deduced from color Doppler ultrasound data
and to assess left ventricular blood flow dynamics. We sought to elucidate the relationship
between left ventricular blood flow dynamics variables and cardiopulmonary exercise test
variables.

Methods: The color Doppler ultrasound data sets in the apical long axis view from 37
patients were used to generate flow velocity vector maps with the software (coronary artery
disease, n = 20: dilated cardiomyopathy, n = 12: hypertrophic cardiomyopathy, n = 3:
hypertensive heart disease, n = 2; ejection fraction 15 to 83%). The momentum (M) and
mean velocity (Vm) of left ventricular blood flow were calculated. The standard
echocardiographic parameters, including left ventricular ejection fraction, transmitral E wave
velocity, early diastolic mitral annular velocity (E’) and TEI index were measured. Every
patient also underwent cardiopulmonary exercise test to measure peak oxygen consumption
(peak VO2) and the relation of the ventilation to carbon dioxide production (VE/VCO2 slope).
Results: Systolic M significantly correlated with peak VO2 (r = 0.57, p = 0.0003) better
than early diastolic M, systolic and early diastolic Vm (r = 0.33, p = 0.04;r =0.38, p = 0.02; r
= 0.43, p = 0.009, respectively). Of the standard parameters, left ventricular ejection
fraction and E/E’ showed significant, but poor correlations with peak VO2 (r = 0.43, p =
0.007; r = 0.29, p = 0.02, respectively). Systolic and early diastolic Vm significantly
correlated with VE/VCO2 slope (r = 0.56, p = 0.0004; r = 0.58, p = 0.0002, respectively)
better than systolic and early diastolic M (r = 0.50, p = 0.002; r = 0.37, p = 0.02, respectively).
The best correlation was found for combined systolic and early diastolic Vm and VE/VCO2
slope (r=0.62, p <0.0001). Of the standard parameters, left ventricular ejection fraction, E’
and TEI index showed significant, but weaker correlations with VE/VCO2 slope (r =0.58, p =
0.0001; r = 0.44, p = 0.007; r = 0.36, p = 0.03, respectively). ROC curves showed that
systolic M was able to identify patients with peak VO2 < 14 ml/min/kg with sensitivity of 88 %
and specificity of 64 % (cut-off value: 419 g/s) and combined systolic and early diastolic Vm
was able to identify patients with VE/VCO2 slope > 35 with sensitivity of 100 % and
specificity of 82 % (cut-off value: 26.4 cm/s)

Conclusions: LV blood flow dynamics variables predict exercise capacity and ventilatory
response to exercise better than the standard echocardiographic parameters in patients with
cardiac disease.
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