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Exercise intolerance in COPD

Exercise intoleranceas a condition where the patient is unable to
do physical exercise at théevel or for the duration that would be
expected of someone Iin his or her age and general physical
condition

Exerciseintolerance is the hallmark of COPD, is due to symptoms
(dyspnea,leg discomfort/fatigue) and results to physical inactivity
and limited capacityto carry out daily activities

Exerciseintoleranceis an important predictor of mortality



Normal exercise tolerance

Depends on the irseries systenfventilation, gas exchange, blood
flow, muscle @/CO2 transport and O2 utilization/CO 2 production)
that ultimately provides adequate oxygen transfer from the
atmosphere to, and/or utilization of @ by, the mitochondria

Requires ceordination 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 le
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




Factors limiting exercise tolerance In
COPD

1. Respiratory Mechanical derangementY DYSPNEA

2. Limited blood flow to Leg Muscles and Leg muscle
Dysfunction/WeaknessY |LEG DISCOMFORT / FATIQUE



Reason of limited exercise tolerance in COPD
may be located at

Limited ventilatory capacity to suffice the ventilatory
requirement

2) Cardiovascular system

Imbalance between the high blood/oxygen requirement of the le
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

Breathlessness

t Ventilatory Demand/Workload

/ 1. ! Airway Resistance \

2. 1 Intrisic PEEP
{ Ventilatory Capacity 3.1 VE

VD /VT
/ \ '} Pa0:
1. Expiratory Limitation K 4 pH /

2. Dynamic Hyperinflation

Vogiatzis I, and Zakynthinos S. Comprehensive Physiolog
Am Physiol. Society, 2011




Flow-volume curves during rest and maximal exercise |
Normals and COPD

NORMAL AIRWAYS OBSTRUCTION

FE fC  3-0/40L. r:v,/vc 1-1/30L.

Full Insp"
VOLUME

Leaver and Pride
Scand J Respir Dis Suppl. 1971




Expiratory flow limitation ‘ Dynamic Hyperinflation



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

Healthy elderly
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Relationship between Breathing Frequency and Tidal
Volume during symptom limited incremental exercise
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Relationship between Minute Ventilation and VG
during symptom limited incremental exercise
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Relationship between Dyspnea intensity and V&during
symptom limited incremental exercise
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Relationship between Tidal Volume (M) and Tidal Esophageal
Pressure (effort) during symptom limited incremental exercise

Normals
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Effort T Displacement Ratio in COPD and agenatched Healthy
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Dyspnea and EffortT Displacement Ratio

Effort T Displacement Ratio= tidal Pes/Pmax : VT/VC pred

Dyspnea = distressing sensation of unsatisfied inspiration
because of mismatch between central neural drive and
respiratory mechanical/muscular response (i.e.,, neuro-
mechanicaldissociation/ uncoupling)



Relationships between Neuromechanical Dissociation , Dynamic
Hyperinflation, and Dyspnea
during exercise

Mauromachanical dissociation Crynamic hyparinflation

{Pes/Plmax: VL VC) (EELWYTLEC)

O6Donel | Proc Am Thor



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 Effoit
Displacement Ratio) and Dynamic Hyperinflation



Measures to relieve dyspnea by reducing
hyperinflation, thus increasing exercise tolerance

1) Reduce Minute VentilationY Reduce Hyperin
Oxygen therapy, Rehabilitation

2) Reduce Hyperinflation
Lung volume reduction surgery

3) Improve dynamic airway function

Pursedip breathing, Bronchodilators



Bronchodilatorsms) Reduce hyperinflation

Volume

Time

bronchedilationt L-s-1

Volume



Reason of limited exercise tolerance in COPD
may be located at

1) Respiratory system

Limited ventilatory capacity to suffice the ventilatory
requirement

Imbalance between the high blood/oxygen requirement of the le
and/or respiratory muscles and the limited blood/oxygen supply
to these muscles

3) Leg muscles

Dysfunction/weakness and reduced oxygen utilization capacity



Relationship between Minute Ventilation and wholebody VO2 and its

Respiratory and Non-Respiratory components during exercise
iIn COPD and agematched Healthy

Healthy COPD
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Levison and Cherniack J Appl Physiol 1968



Blood flow redistribution from locomotor to respiratory muscles

RESPIRATORY MUSCLE METABOREFLEX

-1 Sympathetic efferent discharge

- T Limb vasoconstriction

Respiratory muscle unload " A -4 0, transport
! ‘v - T Locomotor muscle fatigue

- T Effort perceptions

- Fatiguing contractions of the diaphragm, Leg blood flow

expiratory and accessory respiratory muscles

- T Reflex activating metabolites

- T Group lII/IV phrenic afferent discharge

Dempseyet al, Respir Physiol Neurobiol 2002, 2006




Reduced cardiac output due to negative
mechanical interactions between respiratory
and cardiovascular systems

Hy per i nf heartconpnessidn, intrathoracic hypovolemia,
Increase pulmonary vascular resistance

Hi gh posi ti ve eXx pacneasdvenous refumm|ms
both ventricles

Hi gh negati ve 1| nsipcrease leftoventricularr e
afterload



Pulmonary Vascular Resistance at rest and during exercis
In Healthy, COPD and other chronic lung diseases
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Mean Pulmonary Artery Pressure versus Cardiac Output
during exercise in Healthy, COPD and other chronic lung disease:

Pulmenary\WasculamhRisease

Pulmenaky\WasculahRisease
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Vogiatzis |, and Zakynthinos S. Comprehensive Physiology
Am Physiol. Society, 2011



Reduced cardiac output due to negative
mechanical interactions between respiratory
and cardiovascular systems

Hy per i nf heartconpnessidn, intrathoracic hypovolemia,
Increase pulmonary vascular resistance

Hi gh posi ti ve eXx pacneasdvenous refumm|ms
both ventricles

Hi gh negati ve 1| nsipcrease leftoventricularr e
afterload

Hi gh pul monary vascul iacreasedeight s
ventricular pressure/volume, interventricular interdependence




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

Restricted

Venus return S

: \ Locomotor Respiratory
Ether L [ muscles compatition muscles

<4mmmm \/cnus return

Vogiatzis I, and Zakynthinos S. Comprehensive Physiolog
Am Physiol. Society, 2011




Can limited blood/oxygen supply to leg muscles
be the reason to early terminate exercise due to le
discomfort/fatigue ?



Respiratory muscle unoading by heliox administration
during exercise in COPD

A Heliox
A Air

>

©
o

Total respiratory muscle
power (cal/ min)
Rib cage muscles power
(cal/ min)

PTPdi (cmH;0.s /min)
PTPab (cmH,0. s /min)

T 1 T
100% 115% 100%
WRpeak WRpeak

Vogiatzis et al. Am J Physiol Regul Integr Comp Physiol 201




Heliox administration during exercise in COPD:
Central hemodynamic responses

o

A Heliox
A Air

Cardiac output (L /min)
Heart rate (beats/ min)
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Systemic O, delivery (L / min)

Vogiatzis et al. Am J Physiol Regul Integr Comp Physiol 2(
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Quadriceps and Intercostal muscle blood flovand oxygen delivery
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Effect of Helium and Oxygen on exercise performance in
COPD
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Effect of variably decreasing respiratory muscle workload
by using PAV, Helium, Oxygen or combinations on
exerciseinduced guadriceps fatigue in COPD

About 30% of exerciseinduced quadriceps fatigue was prevented
when respiratory muscle workload was reduced and/or arterial @
Increased.

About 30% of exerciseinduced leg fatigue might be due to airway

disease pulmonary limitations affectingO2 transport to working leg
muscles

The majority (about 70%) of this fatigue was due tanuscle
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 le
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 le
and/or respiratory muscles and the limited blood/oxygen supply

to these muscles

Dysfunction/weakness and reduced oxygen utilization capacity



Characteristics of muscle fibers




Leg muscles in COPD
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Leg muscles in COPD

A Fiber level

I @ype |l tolla
I Increased strength
I Increased fatigue

ncreased fatigue
Decreased strength (atrophy)
Reduced exercise capacity

o To I




Quadriceps Muscle Strength and Fiber type | distribution
as a function of FEV1 predicted in COPD

Vogiatzis |, and Zakynthinos S. Comprehensive Physiology
Am Physiol. Society, 2011



