Left Ventricular Suction during Exercise was Associated with Exercise Capacity in Patients with Heart
Failure Regardless of Ejection Fraction
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Background: Exercise intolerance is an independent predictor of all-cause mortality in heart failure patients
regardless of left ventricular (LV) ejection fraction (EF). In normal conditions, LV suction augments early
diastolic intra left ventricular pressure difference (IVPD) and maintains or even increases diastolic filling
during exercise, resulting in higher exercise capacity. However, the impact of LV suction during exercise on
exercise capacity in heart failure patients has not been fully elucidated.

Methods: The cardiopulmonary exercise testing and exercise-stress echocardiography were performed in 47
heart failure patients (6016 years old, ischemic etiology 17%) within 7 days. Peak oxygen uptake (VO2)
was measured by a respiratory gas analysis with an upright bicycle ergometer as a parameter of exercise
capacity. Apical 4- and 2-chamber views and color M-mode Doppler image of LV inflow were obtained at rest
and peak exercise. LV EF was measured by method of disks. The early-diastolic IVPD from mitral annulus to
the LV apex was determined using color M-mode Doppler data to integrate the Euler equation as a parameter
of LV suction.

Results: LV EF was 39+15% at rest in overall heart failure patients; 27 patients had a reduced LV EF (<40%,
HFrEF), whereas 20 patients had a relatively preserved LV EF (>40%, HFpEF). Peak VO, was lower in HFrEF
than in HFpEF (1645 vs 20+6 mL/kg/min, P<0.05). IVPD at rest was also lower in HFrEF than in HFpEF
(1.6£1.0 vs 2.6+1.0 mmHg, P<0.05). During exercise, LV EF (HFrEF: 30+9% to 33+13%, HFpEF: 54+12%
to 63+15%) and IVPD (HFrEF: 1.6+1.0 to 3.1+1.4 mmHg, HFpEF: 2.6+1.0 to 5.2+2.7 mmHg) were
significantly increased in both groups (P<0.05 for all). In overall patients, IVPD at peak exercise significantly
correlated with peak VO, (R=0.70, P<0.01), whereas IVPD at rest did not. LV EF at peak exercise also
correlated with peak VO, (R=0.36, P<0.05). In a multivariable analysis, IVPD at peak exercise determined
peak VO independently from LV EF (IVPD: 3=0.67, P<0.01; LV EF: 3=0.03, NS). Moreover, similar findings
were observed even in either types of heart failure (Table).

Conclusion: LV suction at peak exercise was closely associated with whole-body exercise capacity in heart
failure patients regardless of LV EF.



Correlations of IVPD and LV EF at peak exercise to Peak VO

HFrEF HFpEF
Univariable = Multivariable Univariable Multivariable
R P value B P value R P value B P value

IVPD 0.71 <0.01 051 0.02 0.67 <0.01 0.67 <0.01

LVEF 0.60 0.01 027 NS 0.02 NS 0.07 NS
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Correlations of IVPD and LV EF at peak exercise to Peak VO:

HFrEF HFpEF
Univariable Multivariable Univariable Multivariable
R P value B P value R P value B P value

IVPD 0.71 <0.01 0.51 0.02 0.67 <0.01 0.67 <0.01

LVEF 0.60 0.01 027 NS 0.02 NS 0.07 NS
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