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Atrial fibrillation and exercise tolerance

• VO2 = Q x (a-v)O2diff

• Q = HF x SV

• SV = EDV – ESV

• Atrial fibrillation

– Variable diastolic filling because of variable RR-interval

– Decreased efficacy of the heart pump

– Q (cardiac output) decrease by 10%

? Exercise tolerance (peakVO2) 



Atrial fibrillation is associated with a lower 

exercise capacity in male CHF patients

Pardaens et al, Heart, 1997; 78: 564-568

Diff 19% Diff 10%

Atrial fibrillation is associated with a 19% lower 

peak VO2 in patients with CHF

Atrial fibrillation reduces exercise capacity



Exercise tolerance: peak VO2

Variable Control    Atrial 

fibrillation 

Total database 

Number of patients  (n) (m/f) 44 (41/3) 19 (17/2) 2116 (1951/165) 

Reason for referral to program: 

   -  Ischemic heart disease 

   -  Artificial valve 

   -  Other 

 

23 (52.3 %) 

21 (47.7 %) 

- 

                        

10 (52.6 %) 

9 (47.4 %) 

- 

 

1625 (77.2 %) 

70 (3.3 %) 

409 (19.4 %) 

Age (years ) 63.2  3.9 63.3  5.9 54.2  9.2 

Body mass index (kg/m2) 24.7  2.4 24.7  2.7 25.4  3.1 

Cholesterol level (mg/100ml) 221  48 203  42 226  45 

History of hypertension 9 (20.4 %) 6 (31.6 %) 506 (23.9 %) 

History of Diabetes 1 (2.3 %) 0 (0 %) 85 (4.0 %) 

Smoking habits : 

   -  current smoking 

   -  past smoking 

 

1 (2.3 %) 

29 (66 %) 

 

0 (0 %) 

12 (63.2 %) 

 

177 (8.4 %) 

1605 (75.9 %) 

 

Vanhees et al, J Cardiopulm Rehabil 2000; 20: 346-352 



Exercise tolerance: peak VO2
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• Peak VO2 in patients with AF was significantly lower compared with control

CAD group (1271 ± 368 versus 1496 ± 414 ml/min, p<0.05)

Vanhees et al, J Cardiopulm Rehabil 2000; 20: 346-352 

Difference -15%



Exercise tolerance: peak VO2

Variable Control group Atrial fibrillation 

group 

Number of patients (n ) 44 19 

Peak VO2 (ml/min) 1496  414 1271  368 * 

Peak VO2/weight (ml/min/kg) 20.2  5.5 16.9  5.2 * 

Peak oxygen pulse (ml/beat) 11.7  2.9 9.8  3.2 * 

Heart rate at rest (beats/min) 72  12 81  18 * 

Heart rate at 80 watt (beats/min) 108  17 119  37 

Peak heart rate (beats/min) 129  22 135  35 

Resting systolic blood pressure  (mmHg) 139  22 142  16 

Resting diastolic blood pressure (mmHg) 83  9 78  11 

R at peak exercise (VCO2/VO2) 1.09  0.08 1.08  0.10 

VEO2 at peak exercise (VE/VO2) 39  7.5 39.6  7.6 

 

Vanhees et al, J Cardiopulm Rehabil 2000; 20: 346-352 



Exercise tolerance: peak VO2

Variables entered in the model  R² model        Partial R of AF 

 

Atrial fibrillation 0.0066   *** -0.0812        *** 

Atrial fibrillation + age ,sex ,BMI 0.3155   *** -0.0434        ** 

Atrial fibrillation + age , sex, BMI    

+ other significant covariates § 

0.5707   *** -0.0597        ** 

Atrial fibrillation + age, sex , BMI + 

significant covariates § 

+ significant medications $ 

0.5783   *** -0.051          * 

 
* p<0.05; ** p<0.01; p<0.001;

§ other significant co-variants were dyspnea, previous smoking habits, resting systolic blood pressure,

resting heart rate, peak heart rate, ST depression, myocardial infarction, hypertension, PTCA and claudication;

$ significant medications were beta-blockers, angiotensin conversion enzyme inhibitors and calcium antagonists.

Vanhees et al, J Cardiopulm Rehabil 2000; 20: 346-352 



Permanent atrial fibrillation affects exercise 

capacity in CHF patients

Agostoni et al, Eur Heart J 2008; 29: 2367-2372

Diff 12%

 Diff 8%



Oxygen uptake kinetics and cardiopulmonary 

performance in lone atrial fibrillation

• Conclusion: 

higher HRpeak at AT and at 

maximal exercise

23% lower peakVO2 at AT 

and at maximal exercise

Lok et al, Chest 1997; 111: 934-940



• Conclusion:

during constant submaximal exercise: larger oxygen deficit in AF 

patients!

Oxygen uptake kinetics and cardiopulmonary 

performance in lone atrial fibrillation

Lok et al, Chest 1997; 111: 934-940



Effect of catheter ablation of the atrioventricular junction 

on exercise tolerance in paroxysmal atrial fibrillation

6 weeks after ablation of the AV junction

Treadmill exercise duration increased from 6.4 ± 4.6 to 9.9 ± 2.6 

minutes (p = 0.03) (Diff 35%) and correlated strongly with changes 

in functional capacity measured with the McMaster Health Index (r 

= 0.70, P = 0.03). 

Kay et al, Am J Cardiol 1988; 62: 741-744



Delayed improvement in exercise capacity after 

cardioversion of atrial fibrillation to sinus rhythm

Lipkin et al, Br Heart J 1988; 59: 572-577

Delayed improvement in 

exercise capacity / peak VO2 

after cardioversion:

No effects on day 1, significant 

higher peak VO2 on day 28 

Diff 23%



The effect of cardioversion on maximal exercise 

capacity in patients with chronic atrial fibrillation

• Conclusion: ± 39 days after cardioversion:

Decrease in resting heart rate of 37 beats/min (113 +/- 16 versus 

76 +/- 10 beats/min, p<0.001)

Submaximal exercise: mean heart rate was ± 50 beats/min lower 

following cardioversion (p<0.001), but VO2 was not different

Maximal exercise: heart rate was reduced (192 +/- 24 to 144 +/- 21 

beats/min, p<0.001) and peakVO2 was ± 10% higher (1.86 +/- 0.5 

to 2.06 +/- 0.5 L/min, p<0.05) 

Atwood et al, Am Heart J 1989; 118: 913-918



Peak VO2 Resting HR Exercise duration

Improvement in exercise performance after successful 

cardioversion in patients with persistent atrial fibrillation 

and symptoms of heart failure

Wozakowska-Kaplon et al, Kardiol Pol 2003; 59: 213-223
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Conclusion

• Patients with atrial fibrillation in comparison to control cardiac

patients in sinus rhythm have

• Lower Peak VO2 : -10 to -23%

• Higher heart rate at rest and peakHR

• Lower workload

• Lower peak O2pulse and lower O2pulse at anaerobic threshold

• Lower peak VO2 and higher VO2 at anaerobic threshold

• Higher peak HR and higher HR at anaerobic threshold

• Patients with atrial fibrillation, compared to themselves in 

sinus rhythm have

• Lower Peak VO2 : -10 to -38%

• Higher heart rate at rest and peakHR

 Atrial Fibrillation is associated with a reduced exercise capacity
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Atrial fibrillation and heart failure  

CHF and AF frequently coexist:

Framingham study (Benjamin et al., JAMA, 1994): 

CHF is associated with a 5- to 6-fold increased risk of AF.

Euro Heart Failure Study (Cleland et al., Eur Heart J, 2003):

up to 45% patients with CHF presented with AF. 

 In patients with CHF, AF is a marker of increased

mortality.



Executive summary of the Position Paper of the Working Group on Cardiac 

Rehabilitation and Exercise Physiology of the European Society of Cardiology 

(ESC): core components of cardiac rehabilitation in chronic heart failure

Corra et al, Eur J Cardiovasc Prev Rehabil 2005; 12: 321-325



Principles of exercise prescription for 

patients with chronic heart failure

Myers, Heart Fail Rev 2008; 13: 61-68



Principles of exercise prescription for 

patients with chronic heart failure

Myers, Heart Fail Rev 2008; 13: 61-68



Cardiovascular Prevention and 

Rehabilitation (EACPR)

• Figure 19-5? Figure 19-6



Exercise training in patients with chronic

atrial fibrillation

• Exercise training

unsupervised walking

5 times/week, 1 year

intensity: pace based on 60% to 80% of the peakVO2

• Results

peakVO2 increased with 15%

Mertens et al, J Cardiopulm Rehab 1996; 16: 193-196



Exercise performance and training in 

cardiac patients with atrial fibrillation

Data in patients with AF (n=19) were compared with a

matched control group of patients in sinus rhythm (n=44). 

Exercise training

 ambulatory, supervised

 aerobic training, calisthenics, relaxation

 90min, 3 times/week, 3 months

 intensity (Karvonen) 60-90% Hrpeak

Vanhees et al, J Cardiopulm Rehabil 2000; 20: 346-352
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Exercise performance and training in 

cardiac patients with atrial fibrillation

Vanhees et al, J Cardiopulm Rehabil 2000; 20: 346-352 
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Short-term exercise training in patients with 

chronic AF: effects on exercise capacity, …

• Exercise training

3 times/week, 2 months, 75min 

aerobic training, strengthening exercises

intensity 70-90% Hrpeak

• Results:

Cumulated work at Borg scale 17 increased by 41% +/- 36%. 

Heart rate at rest and after 10 minutes of exercise decreased:      

75 ± 14 to 68 ± 14 bpm and 145 ± 19 to 137 ± 21 bpm

Health related QOL and symptoms during exercise testing 

improved

Hegbom et al, J Cardiopulm Rehabil 2006; 26: 24-29

Hegbom et al, Int J Cardiol 2007; 116: 86-92



Effects of short-term exercise training on 

symptoms and QOL in pts with chronic AF

Hegbom et al, Int J Cardiol 2007; 116: 86-92



Recommendations for exercise training

Guidelines focus on

maintaining ventricular

response to 

- 60-80 bpm at rest

- 90-115 bpm during

moderate exercise

No recommendations

on ET

Fuster et al, JACC 2006; 48: 854-906



Recommendations for training

Gillis et al, Canadian J Cardiol 2011; 27: 7-13



Recommendations for training

Heidbüchel et al, Eur J Cardiovasc Prev Rehab 2006; 13: 475-484



Cardiovascular prevention and 

rehabilitation



Risk factors for the development / 

maintenance of atrial fibrillation

• Age

• Heart disease (most important: heart failure)

• High blood pressure

• Alcohol consumption

• Family history/ genetic predisposition

• Obesity

• Metabolic syndrome

• Sleep apnea

• Anger / stress

Therefore: CARDIAC REHABILITATION: focus on

decreasing these risk factors
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Endurance sport practice as a risk factor for 

atrial fibrillation and atrial flutter

Endurance sport practice increases  2 to 10 times the probability 

of suffering AF, after adjusting for other risk factors

Mont et al, Europace 2009; 11: 11-17



Endurance sport practice as a risk factor for 

atrial fibrillation and atrial flutter

Endurance sport practice increases  2 to 10 times the 

probability of suffering AF, after adjusting for other risk 

factors

Mont et al, Europace 2009; 11: 11-17



Endurance sport practice as a risk factor for 

atrial fibrillation and atrial flutter

The possible mechanisms are still unclear: 

Mont et al, Europace 2009; 11: 11-17



Complications during exercise training in 

atrial fibrillation during training

• Stroke or TIA

• Anticoagulation: no contact sports

• Hemorrhage; 

• Arrhythmias

– AF with low ventricular response – arrest

– Ventricular arrhythmias



Complications during exercise training



Conclusions

• Decreased exercise tolerance in chronic AF

• Few studies reporting effects of exercise training

– Increase in exercise tolerance, comparable to control patients 

in sinus rhythm

– Few recommendations on exercise training

• Exercise training is feasible, but safety precautions 

should be taken since complications during exercise 

may occur 


