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Increased oxygen uptake and utilization in the peripheral muscles, rather than cardiac function
reserve, may be determinants of increased peak VO2 by cardiac rehabilitation in heart failure
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Background: Peak oxygen consumption (peak VO2) is a major prognostic
parameter in heart failure (HF). Previous studies have shown a relationship
between peak VO2 and impaired oxygen uptake and utilization in the pe-
ripheral muscles. The purpose of this study was to clarify the determinant
of increased peak VO2 by cardiac rehabilitation (CR) in patients with HF.
Methods: We performed echocardiography during upright ramp bicycle
cardiopulmonary exercise test in 30 HF patients (61±1 years of age, 80%
male) before and 6 months after CR. HR reserve was determined as the
change in HR from rest to peak exercise, expressed as a percentage of the
predicted maximal HR reserve. Elastance index (EAI) and LV end-systolic
elastance index (ELVI) were derived as the ratio of end-systolic pressure
to stroke volume index and end-systolic volume index, respectively. End-
systolic pressure was estimated from the equation 0.9 × brachial systolic

blood pressure. Ventriculo-arterial coupling (VAC) was calculated as the
quotient of EAI and ELVI. The ratio of LDEDVI to E/e’ mean was used to
evaluate LV diastolic compliance. Systemic vascular resistance index was
calculated as mean arterial pressure divided by echocardiography calcu-
lated cardiac index and multiplied by 80. The arterial venous oxygen con-
tent difference (C (A-V) O2 gradient) was calculated by using the Fick equa-
tion as: VO2/echocardiography calculated cardiac output.
Results: Peak VO2 and C (A-V) O2 gradient were increased by CR. How-
ever, heart rate reserve, systolic reserve, VAC, diastolic reserve and va-
sodilation reserve were unchanged by CR (Table 1).
Conclusions: Increased oxygen uptake and utilization in the peripheral
muscles, rather than cardiac function reserve, may be determinants of in-
creased peak VO2 by CR in HF.

Table 1
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