
ɄŮɟɘɞɟɘůɛɧɠ Űɖɠ Ɏůəɖůɖɠ ůŰɖ ɉȷɄ 

Ʉɩɠ (ɛŮ ˊɞɘɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ) ɔɑɜŮŰŬɘ ɞ 

ˊŮɟɘɞɟɘůɛɧɠ Űɖɠ Ɏůəɖůɖɠ ůŰɖ ɉȷɄ   

 

 

  

 

 

 

Ɇˊɨɟɞɠ ȻŬəɡɜɗɘɜɧɠ 
 

 

 

ȽŬŰɟɘəɐ Ɇɢɞɚɐ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȷɗɖɜɩɜ 

ȷô Ⱦɚɘɜɘəɐ ȺɜŰŬŰɘəɐɠ ŪŮɟŬˊŮɑŬɠ əŬɘ ɄɜŮɡɛɞɜɞɚɞɔɑŬɠ 

ɁɞůɞəɞɛŮɑɞ óȺɡŬɔɔŮɚɘůɛɧɠô 
 



Exercise intolerance in COPD  

 

Exercise intolerance is the hallmark  of COPD, is due to symptoms 

(dyspnea, leg discomfort/fatigue) and results to physical inactivity  

and limited capacity to carry  out daily activities  

Exercise intolerance is a condition where the patient is unable to 

do physical exercise at the level or for the duration that would be 

expected of someone in his or her age and general physical 

condition 

 

Exercise intolerance is an important  predictor of mortality  



Normal exercise tolerance   

Depends on the in-series system (ventilation, gas exchange, blood 

flow, muscle O2/CO2 transport and O2 utilization/CO 2 production) 

that ultimately provides adequate oxygen transfer from the 

atmosphere to, and/or utilization of O2 by, the mitochondria 

 

Requires co-ordination between 3 systems: 

1) Respiratory 

2) Cardiovascular 

3) Peripheral muscles 



Reason of limited exercise tolerance in COPD 

may be located at    

1) Respiratory system  

 Limited ventilatory capacity to suffice the ventilatory 

requirement  

2) Cardiovascular system 

 Imbalance between the high blood/oxygen requirement of the leg 

and/or respiratory muscles and the limited blood/oxygen supply 

to these muscles  

3) Leg muscles  

 Dysfunction/weakness and reduced oxygen utilization capacity  

 

 



Symptoms limiting exercise tolerance in 

COPD 

2.   LEG DISCOMFORT  / FATIQUE  

 

1.   DYSPNEA    



Factors limiting exercise tolerance in 

COPD 

2. Limited  blood flow to Leg Muscles and Leg muscle     

Dysfunction/Weakness  Ÿ LEG DISCOMFORT  / FATIQUE  

 

1. Respiratory Mechanical derangement  Ÿ  DYSPNEA    



Reason of limited exercise tolerance in COPD 

may be located at    

1) Respiratory system  

 Limited ventilatory capacity to suffice the ventilatory 

requirement  

2) Cardiovascular system 

 Imbalance between the high blood/oxygen requirement of the leg 

and/or respiratory muscles and the limited blood/oxygen supply 

to these muscles  

3) Leg muscles  

 Dysfunction/weakness and reduced oxygen utilization capacity  

 

 



Ventilatory Limitation   

Mismatch of ventilatory capacity and ventilatory demand/workload  

Heliox 

Air  

Vogiatzis I, and Zakynthinos S. Comprehensive Physiology, 

Am Physiol. Society, 2011 



Leaver and Pride  

Scand J Respir Dis Suppl. 1971  

Flow-volume curves during rest and maximal exercise in 

Normals and COPD  



Expiratory flow limitation                   Dynamic Hyperinflation 

 



Healthy Elderly vs Moderate-to-severe COPD 
Dynamic regulation of lung volumes during exercise  

 

Vogiatzis I, and Zakynthinos S. Comprehensive Physiology,  

Am Physiol. Society, 2011 



Why and how do patients with COPD  

terminate exercise early because of dyspnea ?   
 



Heliox 

Air  

OôDonell Proc Am Thor  Soc 2006 

Relationship between Breathing Frequency and Tidal 

Volume during symptom limited incremental exercise 

COPD 

COPD 



Heliox 

Air  

OôDonell Proc Am Thor  Soc 2006 

Relationship between Minute Ventilation and VO2  

during symptom limited incremental exercise 

COPD 

COPD 

COPD 



Heliox 

Air  

OôDonell Proc Am Thor  Soc 2006 

Relationship between Dyspnea intensity and VO2 during 

symptom limited incremental exercise 

COPD 



Heliox 

Air  

OôDonell Proc Am Thor  Soc 2006 

Relationship between Tidal Volume (VT) and Tidal Esophageal 

Pressure (effort) during symptom limited incremental exercise 

COPD 

COPD 

Normals 

COPD 



OôDonell Proc Am Thor  Soc 2006 

 

Effort ï Displacement Ratio in COPD and age-matched Healthy   

Healthy 

COPD 

Interstitial Lung 

Disease 

Pulmonary Vascular Disease 

Pulmonary Vascular  Disease 



Dyspnea and Effort ï Displacement Ratio  

Dyspnea = distressing sensation of unsatisfied inspiration  

because of mismatch between central neural drive and 

respiratory mechanical/muscular response (i.e., neuro-

mechanical dissociation / uncoupling) 

 

Effort ï Displacement Ratio = tidal  Pes/Pimax : VT/VC pred 



OôDonell Proc Am Thor  Soc 2006 

Relationships between Neuromechanical Dissociation , Dynamic 

Hyperinflation, and Dyspnea  

during exercise 

COPD 

COPD 

Normals 

COPD 



Why and how do patients with COPD  

terminate exercise early because of dyspnea ?  

 
Because Dyspnea is associated with, and expressed by, 

Neuromechanical Dissociation (i.e., increased Effort ï 

Displacement Ratio) and Dynamic Hyperinflation   

 



Measures to relieve dyspnea by reducing 

hyperinflation, thus increasing exercise tolerance     

1) Reduce Minute Ventilation Ÿ Reduce Hyperinflation 

 Oxygen therapy, Rehabilitation   

2) Reduce Hyperinflation  

 Lung volume reduction surgery  

3) Improve dynamic airway function  

 Pursed-lip breathing, Bronchodilators  

 

 

 



     Bronchodilators       Reduce hyperinflation 

bronchodilation 



Reason of limited exercise tolerance in COPD 

may be located at    

1) Respiratory system  

 Limited ventilatory capacity to suffice the ventilatory 

requirement  

2) Cardiovascular system 

 Imbalance between the high blood/oxygen requirement of the leg 

and/or respiratory muscles and the limited blood/oxygen supply 

to these muscles  

3) Leg muscles  

 Dysfunction/weakness and reduced oxygen utilization capacity  

 

 



Levison and Cherniack J Appl Physiol 1968 

Relationship between Minute Ventilation and whole-body VO2 and its 

Respiratory and Non-Respiratory components during exercise  

in COPD and age-matched Healthy   

Healthy COPD 

Interstitial Lung 

Disease 

Pulmonary Vascular Disease 

Pulmonary Vascular  Disease 



Blood flow redistribution from locomotor to respiratory muscles 

Dempsey et al., Respir Physiol Neurobiol 2002, 2006 

Respiratory muscle unload 

Leg blood flow 



Reduced cardiac output due to negative 

mechanical interactions between respiratory 

and cardiovascular systems 

 

Hyperinflation Ÿ heart compression, intra-thoracic hypovolemia, 

          increase pulmonary vascular resistance 

High positive expiratory pressures Ÿ decrease venous return in 

          both ventricles 

High negative inspiratory pressures Ÿ increase left ventricular 

             afterload 

 

 



Pulmonary Vascular Resistance at rest and during exercise  

in Healthy, COPD and other chronic lung diseases  

 

Vogiatzis I, and Zakynthinos S. Comprehensive Physiology,  

Am Physiol. Society, 2011 

Healthy 
Healthy 

Interstitial  

Lung 

Disease 
COPD 

Pulmonary Vascular 

Disease 

Interstitial  

Lung 

Disease 

COPD 

Pulmonary Vascular 

Disease 



Vogiatzis I, and Zakynthinos S. Comprehensive Physiology,  

Am Physiol. Society, 2011 

Mean Pulmonary Artery Pressure versus Cardiac Output  

during exercise in Healthy, COPD and other chronic lung diseases  

Healthy 

COPD 

Interstitial Lung 

Disease 

Pulmonary Vascular Disease 

Pulmonary Vascular  Disease 



Reduced cardiac output due to negative 

mechanical interactions between respiratory 

and cardiovascular systems 

 

Hyperinflation Ÿ heart compression, intra-thoracic hypovolemia, 

          increase pulmonary vascular resistance 

High positive expiratory pressures Ÿ decrease venous return in 

          both ventricles 

High negative inspiratory pressures Ÿ increase left ventricular 

             afterload 

High pulmonary vascular resistance/pressure Ÿ increased right 

ventricular pressure/volume, inter-ventricular interdependence 

 



Heliox 

Air  

Vogiatzis I, and Zakynthinos S. Comprehensive Physiology,  

Am Physiol. Society, 2011 

Limitation of Energy Supply 
Reduced O2 delivery to respiratory and locomotor muscles 



Can limited blood/oxygen supply to leg muscles  

be the reason to early terminate exercise due to leg 

discomfort/fatigue ?   
 



Respiratory muscle unoading by heliox administration  

during exercise in COPD 

Heliox 

Air  

Vogiatzis et al. Am J Physiol Regul Integr Comp Physiol 2011 



Heliox administration during exercise in COPD: 

Central hemodynamic responses   

Heliox 

Air  

Vogiatzis et al. Am J Physiol Regul Integr Comp Physiol 2011 



Heliox administration during exercise in COPD: 

Quadriceps and Intercostal muscle blood flow and oxygen delivery  

Heliox 

Air  

 

Vogiatzis et al. Am J Physiol Regul Integr Comp Physiol 2011 



Effect of Helium and Oxygen on exercise performance in 

COPD   

 

Laude et al Am J Respir Crit Care Med 2006 

Healthy 
Healthy 

Interstitial  

Lung 

Disease 
COPD 

Pulmo 

Disease 

Interstitial  

Lung 

Disease 

COPD 

Pulmonary Vascular 

Disease 



Effect of variably decreasing respiratory muscle workload 

by using PAV, Helium, Oxygen or combinations on 

exercise-induced quadriceps fatigue in COPD 

 
About 30% of exercise-induced quadriceps fatigue was prevented 

when respiratory muscle workload was reduced and/or arterial O2 

increased. 

 

About 30% of exercise-induced leg fatigue might be due to airway 

disease pulmonary limitations affecting O2 transport to working leg 

muscles.  

 

The majority (about 70%) of this fatigue was due to muscle 

dysfunction/weakness.  

 

 

 

Amann et al  Am J Physiol Reg Integr Comp Physiol 2010 



Can limited blood/oxygen supply to leg muscles  

be the reason to early terminate exercise due to leg 

discomfort/fatigue ? 

 
YES, but rather contributes to leg discomfort/fatigue  

up to a limit    

 



Reason of limited exercise tolerance in COPD 

may be located at    

1) Respiratory system  

 Limited ventilatory capacity to suffice the ventilatory 

requirement  

2) Cardiovascular system 

 Imbalance between the high blood/oxygen requirement of the leg 

and/or respiratory muscles and the limited blood/oxygen supply 

to these muscles  

3) Leg muscles  

 Dysfunction/weakness and reduced oxygen utilization capacity  

 

 



Characteristics of muscle fibers 



Leg muscles in COPD 

Maltais et al Eur Respir J 1999;13:850-4 

Healthy COPD 



Leg muscles in COPD 

ÅFiber level 

ïɇype I to IIa 

ïIncreased strength  

ïIncreased fatigue  

ÅIncreased fatigue  

ÅDecreased strength (atrophy) 

ÅReduced exercise capacity 

 



Quadriceps Muscle Strength and Fiber type I distribution 

as a function of FEV1 predicted in COPD   

 

Vogiatzis I, and Zakynthinos S. Comprehensive Physiology,  

Am Physiol. Society, 2011 

Healthy 
Healthy 

Interstitial  

Lung 

Disease 
COPD 

Pulmonary Vascular 

Disease 

Interstitial  

Lung 

Disease 

COPD 

Pulmonary Vascular 

Disease 


