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Abstract





Previous observations having reported a transient hypoxia at the onset of incremental exercise, we investigated the existence of concomitant ventilatory and heart rate (HR) breakpoints.


33 subjects executed a maximal cycling exercise with averaging for successive 5-s periods of HR, ventilation, tidal volume (VT), mean inspiratory flow rate (VT/Ti), and end-tidal partial pressures of O2 (PETO2) and CO2. In 10 subjects, the transcutaneous partial pressure of O2 (PtcO2) was recorded and the venous blood lactic acid (LA) concentration measured.


At the beginning of exercise, PETO2 decreased, reaching a nadir, then progressively increased until the exercise ended. PtcO2 varied in parallel. Whether or not a 0-W cycling period preceded the incremental exercise, the rate of changes in VE, VT, VT/Ti and HR significantly increased when the nadir PO2 was reached. The ventilatory/ HR breakpoint was measured at 33±4% of VO2max, whereas the ventilatory threshold (VTh) was detected at 67±4% of VO2max and LA began to increase at 45 to 50% of VO2max.


During incremental cycling exercise, we identified the existence of HR and ventilatory breakpoints in advance of both lactate and ventilatory thresholds which coincided with modest hypoxia and hypercapnia.







[bookmark: N10CA7]
Key words

incremental cycling - 
hypoxemia - 
ventilatory breakpoints - 
heart rate breakpoint - 
breathing pattern





 

[bookmark: ]

[bookmark: N11937]
	
References


	
[bookmark: R3359-0001]1 Aguilanu B, Flore P, Maitre J, Ochier J, Lacour JR, Perrault H. Early onset of pulmonary gas exchange disturbance during progressive exercise in healthy active men. J Appl Physiol 2002; 92: 1879-1884 





PubMedGoogle Scholar





	
[bookmark: R3359-0002]2 Amann M, Blain GM, Proctor LT, Sebranek JJ, Pegelow DF, Dempsey JA. Group III and IV muscle afferents contribute to ventilatory and cardiovascular response to rhythmic exercise in humans. J Appl Physiol 2010; 109: 966-976 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0003]3 Bell HJ. Respiratory control at exercise onset: An integrated systems perspective. Respir Physiol Neurobiol 2006; 152: 1-15 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0004]4 Cooper CB, Storer TW. Exercise testing and interpretation. Cambridge, Melbourne, Madrid, Cap Town: Cambridge university press; 2005.  278 





Google Scholar





	
[bookmark: R3359-0005]5 Davis JA, Frank MH, Whipp BJ, Wasserman K. Anaerobic threshold alterations caused by endurance training in middle-aged men. J Appl Physiol 1979; 46: 1039-1046 





PubMedGoogle Scholar





	
[bookmark: R3359-0006]6 Decherchi P, Dousset E, Jammes Y. Respiratory and cardiovascular responses evoked by tibialis anterior muscle afferent fibers in rats. Exp Brain Res 2007; 183: 299-312 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0007]7 Delpierre S, Grimaud C, Jammes Y, Mei N. Changes in activity of vagal bronchopulmonary C fibers by chemical and physical stimuli in the cat. J Physiol 1981; 316: 61-74 





PubMedGoogle Scholar





	
[bookmark: R3359-0008]8 Dempsey JA. New perspectives concerning feedback influences on cardiorespiratory control during dynamic rhythmic exercise and on exercise performance. J Physiol 2012; 590: 4129-4144 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0009]9 Duffin J, McAvoy GV. The peripheral chemoreceptor threshold to carbon dioxide in man. J Physiol 1988; 406: 15-26 





PubMedGoogle Scholar





	
[bookmark: R3359-0010]10 Eldridge FL, Millhorn DE, Kiley JP, Waldrop TG. Stimulation by central command of locomotion, respiration and circulation during exercise. Respir Physiol 1985; 59: 313-337 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0011]11 Fontana GA, Pantaleo T, Bongianni F, Cresci F, Manconi R, Panuccio P. Respiratory and cardiovascular responses to static handgrip exercise in humans. J Appl Physiol 1993; 75: 2789-2796 





PubMedGoogle Scholar





	
[bookmark: R3359-0012]12 Grassi B, Ferretti G, Xi L, Rieu M, Meyer M, Marconi C, Cerretelli P. Ventilatory response to exercise after heart and lung denervation in humans. Respir Physiol 1993; 92: 289-304 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0013]13 Hanada A, Sander M, Gonzales-Alonzo J. Human skeletal muscle sympathetic activity, heart rate and limb haemodynamics with reduced blood oxygenation and exercise. J Physiol 2003; 551: 635-647 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0014]14 Haouzi P, Bell HJ. Respiratory effects of changing the volume load imposed on the peripheral venous system. Respir Physiol Neurobiol 2010; 171: 175-180 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0015]15 Harriss DJ, Atkinson G. Update – ethical Standards in Sport and Exercise Science Research. Int J Sports Med 2011; 32: 819-821 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R3359-0016]16 Hopkins SR, Barker RC, Brutsaert TD, Gavin TP, Entin P, Olfert IM, Veisel S, Wagner PD. Pulmonary gas exchange during exercise in women: effects of exercise type and work increment. J Appl Physiol 2000; 89: 721-730 





PubMedGoogle Scholar





	
[bookmark: R3359-0017]17 Jammes Y, Fornaris M, Guillot C, Grimaud C. Pattern of the ventilatory response to transient hypoxia in man: differences from transient hypercapnic test. Arch Int Physiol Biochim 1979; 87: 229-243 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0018]18 Jammes Y, Mathiot MJ, Roll JP, Prefaut C, Berthelin F, Grimaud C, Milic-Emili J. Ventilatory responses to muscular vibrations in healthy man. J Appl Physiol 1981; 51: 262-269 





PubMedGoogle Scholar





	
[bookmark: R3359-0019]19 Jammes Y, Askanazi J, Weissman C, Milic-Emili J. Ventilatory effects of biceps vibration during leg exercise in healthy humans. Clin Physiol 1984; 4: 379-391 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0020]20 Lagier-Tessonnier F, Balzamo E, Jammes Y. Comparative effects of ischemia and acute hypoxemia on muscle afferents from tibialis anterior in cats. Muscle Nerve 1993; 16: 135-141 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0021]21 Lahiri S, Mokashi A, Delaney RG, Fishman AP. Arterial PO2 and PCO2 stimulus threshold for carotid chemoreceptors and breathing. Respir Physiol 1978; 34: 359-375 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0022]22 Lamb TW, Falchuk KH, Mithoefer JC, Tenney SM. Mechanical and chemical ventilatory stimulus interaction at low and high altitudes. J Appl Physiol 1966; 21: 399-403 





PubMedGoogle Scholar





	
[bookmark: R3359-0023]23 Lang CJ, Heckmann JG, Erbguth F, Druschky A, Haslbeck M, Reinhardt F, Winterholler M. Transcutaneous and intra-arterial blood gas monitoring: a comparison during apnoea testing for the determination of brain death. Eur J Emerg Med 2002; 9: 51-56 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0024]24 Martin RJ, Robertson SS, Hopple MM. Relationship between transcutaneous and arterial oxygen tension in sick neonates during mild hyperoxemia. Crit Care Med 1982; 10: 670-672 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0025]25 Mohan R, Duffin J. The effect of hypoxia on the ventilatory response to carbon dioxide in man. Respir Physiol 1997; 108: 101-115 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0026]26 Ozcelik O, Ward SA, Whipp BJ. Effect of altered body CO2 stores on pulmonary gas exchange dynamics during incremental exercise in humans. Exp Physiol 1999; 84: 999-1011 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0027]27 Wasserman K. Determinants and detection of anaerobic threshold and consequences of exercise above it. Circulation 1987; 76: 129-139 





PubMedGoogle Scholar





	
[bookmark: R3359-0028]28 Weil JV, Byrne-Quinn E, Sodal IE, Friesen WO, Underhill B, Filley GF, Grover RF. Hypoxic ventilatory drive in normal man. J Clin Invest 1970; 49: 1061-1072 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0029]29 Whipp BJ. Physiological mechanisms dissociating pulmonary CO2 and O2 exchange dynamics during exercise in humans. Exp Physiol 2007; 92: 347-355 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3359-0030]30 Whipp BJ, Ward SA, Lamarra N, Davis JA, Wasserman K. Parameters of ventilatory gas exchange dynamics during exercise. J Appl Physiol 1982; 52: 1506-1513 





PubMedGoogle Scholar





	
[bookmark: R3359-0031]31 Wimberley PD, Pedersen KG, Thode J, Fogh-Andersen N, Sørensen AM, Siggaard-Andersen O. Transcutaneous and capillary PCO2 and PO2 measurements in healthy adults. Clin Chem 1983; 29: 1471-1473 





PubMedGoogle Scholar





	
[bookmark: R3359-0032]32 Young ICH, Woolcock AJ. Changes in arterial blood gas tensions during undsteady-state exercise. J Appl Physiol 1978; 44: 93-96 





PubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 54.165.238.209
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  