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Exercise assessments : why?

Diagnosis 
} Most patients with HFpEF have

symptoms mainly or only on exertion

} Haemodynamic abnormalities such as
reduced stroke volume, reduced CO,
and elevated LV filling pressures may be
absent at rest

Follow-up
} Effects of treatments

} Detection of decline

Aetiology
} Some causes or comorbidities may require 

specific managements
} Ischaemia

} Chronotropic incompetence

} Arrhythmias

} Hypertensive response



Exercise assessments : when?
} The HFA-PEFF diagnostic algorithm

} Step P : pre-test assessment
} « Cardiopulmonary exercise testing provides objective evidence of exercise capacity and may 

differentiate between cardiac and non-cardiac causes (pulmonary, peripheral) for dyspnoea”

} Step F1 Functional testing
} “The absence of isolated cardiac structural and/or functional abnormalities at rest does not always 

diagnosis of HFpEF”

} “Assessment during exercise is recommended, either by non-invasive exercise stress 
echocardiography or by invasive haemodynamics”

} Step F2 : aetiological workup
} « Aetiological workup may include a standard exercise stress test that may identify myocardial 

ischaemia, an abnormal blood pressure response to exercise, chronotropic incompetence, or 
supraventricular and ventricular arrhythmias »

} “These findings can immediately translate into management strategies, such as anti-ischaemic 
therapy, improved blood pressure control, removal of bradycardic agents (such as betablockers
often prescribed for hypertension), and control of exercise-induced cardiac arrhythmias”



Exercise assessments : how?

} Six-minute walking test

} Echocardiography (diastolic stress test)

} Cardiopulmonary exercise test (bicycle / treadmill) 

} Imaging of ischaemia

} Right heart catheterization





6-minute walk test

} Strengths
} low cost and ease of use in daily practice

} may be used for serial therapeutic evaluations

} Weaknesses
} influenced by extracardiac factors (orthopaedic, neurologic…)

} limited diagnostic interest



6-minute walk test in HFpEF

<166 m

166–285 m
≥285 m

Fig. 1 ROC curve for the comparison of the 6MWT and the CPET to detect 
severely reduced functional capacity (VO2max<14 mL/kg/min)
Cut-off value 358.50 m. Cavero-Redondo et al. Sports Medicine - Open (2024) Fujimoto Y. International Journal of Cardiology 379 (2023) 76–81

Predicts peak VO2 Predicts survival



6-minute walk test in HFpEF : effects of treatments

Lewis GD. Circ Heart Fail. Nov 2023 

Garcia-Pavia P. Eur J Heart Fail (2021) 23, 895–905 



Cardiopulmonary exercise test (CPET)

} Strengths
} gold standard technique to measure aerobic capacity
} determination of the principle organ system involved in exercise limitation
} detection of non-cardiac causes of dyspnoea
} well-established capacity to predict outcomes across the various HF phenotypes

} Weaknesses
} elderly patients
} orthopaedic / neurologic / cognitive comorbidities



Causes of exercise limitation in HFpEF

Dyspnoea on 
exertion

Fick principle
VO2 = CO x (a – v O2)

Guazzi M. Eur J Heart Fail 2022



Causes of exercise limitation in HFpEF
} Cardiac causes

} Impaired myocardial performance and cardiac energetics

} Chronotropic incompetence (33-77%)

} Left atrial myopathy and atrial functional mitral regurgitation

} Systemic arterial and venous system abnormalities
} Vascular stiffening

} Endothelial dysfunction and impaired vasodilation

} Impairment in the venous capacitance

} Abnormal lung mechanics, pulmonary hypertension and vascular disease

} Muscle and mitochondrial pathology

} Comorbidities
} Anaemia and iron deficiency

} Obesity 



Cardiopulmonary exercise test
} Prerequisite for interpretation

} Exercise duration 8-12 min

} Respiratory exchange ratio > 1.1

} accurate detection of ventilatory thresholds and slopes

} Ventilatory limitation 
} reduction in breathing reserve (<15%)

} Pulmonary vascular involvement
} significant elevation in VE/VCO2 slope

} well-established prognostic role of VE/VCO2 slope (>40)

} Typical cardiac limitation
} Reduced O2 pulse (VO2/HR)

} Chronotropic incompetence

} Diagnostic value
} peak VO2 <14 ml/kg/min : HFpEF very likely

} peakVO2 >20 ml/kg/min : HFpEF very unlikely

} 14–20 ml/kg/min : further testing with stress echo or exercise cath is required. (Guazzi M. European Journal of Heart Failure (2022) 24, 1327–1345)



Abnormal CPET measures
• Peak VO2 <14 mL/kg/min
• VE/VCO2 slope >30

Cardiopulmonary exercise testing variables provided 
greater risk discrimination in HFpEF than HFrEF



Exercise echocardiography

} Step 3 (F1) of the HFA-PEFF recommendations
} Patients with HFpEF may present with typical signs and symptoms, but 

without increased levels of NT-proBNP or resting LV diastolic 
impairment 

} Strengths
} allows the study of LV filling adaptations/maladaptations during dynamic 

exercise

} Simple measurements
} Average E/e’ ratio

} TR velocity

} Weaknesses
} Mitral E velocity may be difficult to measure in case of E and A overlap

} TR velocity cannot be reliably assessed in approximately 30% of cases 



Case report 1

} 72 year-old woman
} BMI 28 kg/m²

} Hypertension treated with irbesartan and amlodipine

} Paroxysmal AF treated with apixaban and amiodarone

} NYHA II-III

} NT proBNP 215 pg/ml

} Echocardiography
} LVEF 64%

} GLS -19%

} LVMi 90 g/m², RWT 0.4

} Septal e’ 7.6 cm/s, lateral e’ 7.8 cm/s

} Average E/e’ 10

} LA volume 32 ml/m²

} TR velocity 2.6 m/s





Case report 1

} Diastolic stress test 60 Watts
} Average E/e’ 27

} TR velocity 3.6 m/s

} Bilateral pulmonary B lines



Invasive exercise test

} Invasive measurement of left ventricular filling 
pressures in the gold standard to confirm that 
symptoms are due to heart failure

} However, pressures may be normal at rest

} Impaired LV filling may be disclosed by fluid 
challenge or exercise











Case report 2

} 74 year-old woman
} BMI 21,6 kg/m²

} Hypercholesterolemia treated with rosuvastatin 10

} Intermittent LBBB

} LAD stenting 2022 (aspirin 75 mg, bisoprolol 2,5 mg)

} Paroxysmal exercise dyspnoea, normal coronary angiography

} NT-proBNP 413 pg/ml



Case report 2
} Echocardiography

} LVEF 71%

} GLS -23,4%

} Normal LVMi

} Septal e’ 6.5 cm/s, lateral e’ 7.4 cm/s

} Average E/e’ 10.2

} LA volume 38 ml/m², reservoir strain 10%

} Mild MR

} No TR



Case report 2
} Exercise echocardiography

30 Watts



Case report 2
} Recovery LBB area pacing

(Pr C. Guenancia)



Take home messages

} Exercise explorations in HFpEF may be useful

1. To assess the degree of functional impairment

2. To look for differential diagnoses (respiratory causes, deconditioning)

3. To confirm diagnosis

4. To assess prognosis

5. To refine treatment (ischaemia, chronotropic incompetence, hypertension)

6. To improve follow-up


