EFL = Expiratory flow limitation
Women:
· Smaller lung volumes and diameter airways = smaller MFVL 
· More susceptible to EFL 
· Max and submax exercise 
· Trained and untrained 
· ↑ operational lung volumes, WOB & dyspnea  
·  Heliox:
	- ↑ flow rates and V’E
	- ↑ MFV curve 
	- ↓ EFL 
Purpose:
To determine the effects of unloading the respiratory system using a heliox inspirate on operational lung volumes, EFL, WOB, sensory perceptions (dyspnea and leg discomfort) and performance during exercise in healthy ET men and women.

Women are predisposed to mechanical ventilatory constraints breathing RA 
· Changes in EELV and expiratory flow rates are likely the main  contributors to development of EFL 
· He-O2 may not unload the respiratory system of sufficient magnitude to remove EFL and reduce the total WOB, to enable large and consistent gains in exercise performance 
· 



















RMT (respiratory muscle training) - cross talk-

The meta-analysis revealed ‘significant improvement in performance after RMT, which was detected by constant load tests, time trials and intermittent incremental tests.
· Respiratory muscle metaboreflex elicits sympathetically mediated vasoconstriction. 
Above a critical threshold of inspiratory muscle work, the accumulation of metabolites within exercising respiratory muscles stimulates group III and IV afferents, inducing sympatho-excitation (SHEEL)
· Functional repercussions include 
· accelerated time to fatigue during exercise
· [bookmark: _GoBack]exacerbation of exercise-induced locomotor muscle fatigue.
Specific inspiratory muscle training increases the intensity of inspiratory muscle work required to activate this reflex. As such, RMT influences exercise tolerance by increasing the intensity of inspiratory muscle work required to stimulate group III and IV afferents. 	- This effect may be mediated by an increase in the efficiency of the respiratory pump, but also in limb muscles, whereby limb training attenuates the decline in muscle blood flow during exhaustive exercise
Since respiratory muscle blood flow declines above 80% of peak work rate, we can suggest that RMT may attenuate this response, preserving respiratory muscle blood flow. 
	
Thus, RMT creates a ‘virtuous circle’ in which preservation of respiratory muscle blood flow reduces metabolite accumulation, delaying stimulation of group III and IV afferents, and reduces sympathoexcitation.



Group III and IV fibers project to a number of sites within the central nervous system. 
Use of a “μ-opioid” receptor agonist demonstrated that afferent feedback from locomotor group III and IV fibers makes an ‘essential contribution’ to both cardiorespiratory control and perceptual responses in the exercising human being. 
Finding is consistent with the observation that RMT attenuates both respiratory and peripheral effort perception, which may arise because of reduced feedback from group III and IV afferents in both respiratory and locomotor muscles.
feedback from group III and IV afferents is implicated in central fatigue mechanisms, via inhibition of central motor output.
Afferent feedback from exercising muscles protects locomotor and respiratory muscles from catastrophic fatigue.
The importance of group III and IV afferent feedback in regulating integrated exercise responses was illustrated in a cycle time trial with and without the selective μ-opioid receptor agonist ‘fentanyl.’
During a self-paced 5 k time trial, intrathecal fentanyl was associated with 
· Greater quadriceps fatigue,
· Higher central motor output
· Greater perceived exertion compared with placebo. 
A higher power output in the first half of the fentanyl time trial was offset by a lower power output in the second, resulting in no change in performance time. 
However, compared with placebo, the decline in quadriceps twitch force was greater with fentanyl (45.6% vs. 33.1%) and was associated with ambulatory problems post-exercise. 
The authors suggest their data, ‘emphasize the critical role of locomotor muscle afferents in determining the subject’s choice of the “optimal” exercise intensity that will allow for maximal performance while preserving a certain level of locomotor muscle “functional reserve” at end-exercise’. 
Thus, training-induced alterations in group III and IV afferent feedback from respiratory muscles most likely enhance exercise tolerance at multiple loci










PPT Q – How do you test the hypothesis?
· Ventilatory requirements during sustained high intensity exercise in healthy subjects leads to diaphragm fatigue and eventually compromised limb blood flow and fatigue.
· 
The fatiguing diaphragm reduces its output as a force generator during the latter stages of sustained endurance exercise and accessory inspiratory and expiratory muscles become the dominant effectors of a time-dependant hyperventilation

Exercise-induced diaphragmatic fatigue: cardiovascular effects
Q- What are the consequences of fatiguing the diaphragm?
· Fatiguing contractions and accumulation of metabolites in the inspiratory and expiratory muscles activates unmylenated type IV phrenic afferents, which in turn increases sympathetic vasoconstrictor activity via a supra-spinal reflex
· Increase MSNA and a reduction in vascular conductance and bloodflow in the resting limb ( SHEEL)
· transient infusion of lactic acid specifically into the diaphragm via the phrenic artery reduced blood flow to the limb ( dog exercise)
Can be avoided if using a PAV b/c it decreases the WOB
PAV (proportional assist ventilator) with exercise at same workload
· Diaphragm pressure, inspiratory muscle force output and diaphragm to esophageal pressure ratio are all decreased when using a PAV
· WOB is lower on PAV
· VO2 max is lower on PAV showing that lungs muscles need lots of O2
↑ sympathetic efferent discharge and active limb vasoconstriction, thereby decreasing exercise performance.
Exercise-induced diaphragm fatigue: effects on endurance performance.
· Loading decreased and unloading increased time to exhaustion
· Coincidentally with increases or decreases in the rate of rise of effort perception both for limb discomfort and for dyspnea.
The metaboreflex is initiated by fatigue of the inspiratory muscles, mediated supra-spinally via phrenic afferents, leading to sympathetically mediated vasoconstriction of limb locomotor muscle vasculatures, exacerbating exercise induced peripheral locomotor muscle fatigue and (via feedback) intensifying effort perceptions and contributing to limitation of high intensity, endurance exercise performance.

Exercise-induced diaphragmatic fatigue: effects on locomotor muscle fatigue
We performed supra-maximal femoral nerve stimulation before and immediately following high intensity cycle exercise under conditions of control, loading the respiratory muscles and unloading.
· 90% of maximum work rate (292 W for 13.2 min) under control conditions, reduced force output of the quadriceps about 30%
· reduce the work of breathing by 50–60%, limb fatigue was significantly less than in control by about one-third 
Conditions under which the effects of respiratory muscle work on limb flow and fatigue might be significant
· Environmental hypoxia and especially chronic hypoxic exposure potentiates the hyperventilatory response to exercise and markedly increases ventilatory work
· COPD patients limb muscles are more fatigable than in healthy subjects and the work of breathing is substantial during exercise
· CHF patients typically have both an abnormally high hyperventilatory response to exercise together with a reduced stroke volume and cardiac output during exercise and high levels of sympathetic vasoconstrictor outflow
· High metabolic demand in the face of reduced O2 trans- port could conceivably cause diaphragm fatigue and compromised limb blood flow even during submaximal exercise intensities
· 
· We have recently observed in a canine model of heart failure that respiratory muscle unloading (via PAV) increased stroke volume and limb blood flow even during mild intensity exercise (Miller et al., 2005a). This effect was attributable in part to a reduced after-load on the left ventricle (via less negative intra-thoracic pressures) and in part to a reduced work of breathing relieving the diaphragm metaboreflex.




Fatigue: “central/peripheral”?
In summary, relieving respiratory muscle work had a positive effect on endurance exercise performance coincident with a significant increase in muscle blood flow and oxygen transport and a reduction in locomotor muscle fatigue and reduced perceptions of effort—both dyspnea and limb discomfort.
The metaboreflex corrects the miss match b/w blood supply and demand via CO.
Combined maximal vascular conductance of arms and legs outweighs the maximal pumping capacity of the heart, implying that muscular vasodilatory response during maximal exercise must be restrained to maintain perfusion pressure.
Patients with COPD have ↓ blood flow to peripheral muscles and O2 extraction during exercise due to redistribution of CO and O2 from lower limbs to the ventilatory muscles 
Helium-Hyperoxia as a solution to ↑ exercise tolerance.
-post rehab people on HH were able to exercise longer (CLT) and showed less leg discomfort and less dyspnea and a high HRQOL. Via decrease work of breathing.
RMT techniques
· voluntary isocapnic hyperpnea
· Flow resistive loading
· Pressure threshold loading
· 








Implications of group III and IV muscle afferents for high-intensity endurance exercise performance in humans –Ammand
Fentanyl blocks afferent feedback.
· On placebo people can exercise longer than on Fentanyl…WHY?
· fentanyl group worked harder, and fatigued quicker.
· For a given period of time, the EMG when using fentanyl is higher.
- 

Ventilation is lower with fentanyl, as such saturation is lower, causing the PCO2 to increase. Causing the arterial O2 content to decrease.

· With more fatigue, and less O2, to a given tissue we need to recruit more muscle to do the work and we can see that by the increase in iEMG.

info related to muscle fatigue is sensed and helps plan the appropriate exercising measures. Afferent feedback dictates, in part, pacing strategies.
	

 Key control was making sure the muscle was stimulated the same amount


Influences of Spinal Anesthesia on Exercise Tolerance in Patients with Chronic Obstructive Pulmonary Disease-Gagnon
This study provides evidence that spinal anesthesia enhances cycling exercise tolerance in patients with COPD, mostly by reducing ventilatory response and dyspnea during exercise; these effects were possibly mediated through the inhibition of central feedback from group III/IV lower limb sensory muscle afferents.
· The endurance time during CWT was significantly improved with fentanyl spinal anesthesia when compared with placebo,
COPD tend to have an increase of anaerobic metabolism, increase blood lactate. 
· since these are in the periphery and u take this away, they will have a greater exercise performance.

· We conclude that spinal anesthesia enhanced cycling exercise tolerance in patients with COPD, by reducing the ventilatory response and dyspnea during exercise. 
· through the inhibition of group III/IV lower limb sensory muscle afferents. This study illustrates the importance of considering exercise intolerance in COPD from an integrative point of view considering the critical interplay between limb muscles, ventilatory system, and the central nervous system during exercise.
· 

 Key Control: 
They took a 2nd quad strength and CO2 rebreathing values to show that fentanyl does not have central effects.
	- They made sure the pre and post PCO2 and ventilation values were similar.



The Mechanism of the Exercise Hyperpnea

Interrupting afferent neural signals from the exercising muscles yields a reduction in the ventilatory response to exercise in healthy subjects.
In fact, ventilatory response was appreciably reduced during spinal anesthesia in the patients with COPD. Exercise duration at a constant work rate was thereby prolonged, in close correlation with the delay in ventilatory limitation.
If ventilatory response to a given level of exercise is reduced by spinal anesthesia, it would be expected that PaCO2 would rise. Instead, Gagnon observed no change in PaCO2 between exercise studies with and without spinal. This implies a substantial rise in pulmonary gas exchange efficiency (i.e., a fall in VD/VT). This is all the more true because the ventilatory reduction was not associated with a fall in tidal volume, which, in itself, would be expected to lower VD/VT.




Disordered Breathing –HF
Influence of cardiomegaly on disordered breathing during exercise in chronic heart failure – Olson. T, Johnson. B	
Looked at heart size and breathing patterns during exercise for patients with HF
Primary findings:
Symptoms of chronic heart failure (HF) include shortness of breath, particularly on exertion and develop obstructive changes in pulmonary function.
· HF patients have rapid shallow (tachypnea) and oscillatory breathing during exercise.
· HF patients breathe at reduced end-expiratory lung volume and breathe rapidly near residual volume despite adequate inspiratory reserve volume
· HF patients with the greatest cardiac volume have the lowest static lung volumes


Results suggest a relationship between cardiac volume and changes in tidal volume and respiratory rate during exercise. An increase in cardiac volume plays a role in the breathing architecture during exercise and contributes to dyspnea and fatigue.
	
Pulmonary function in HF:
HF patients have reduced pulmonary function at rest and during exercise. 
HF patients often demonstrate restrictive and obstructive changes that are detrimental to pulmonary function. Including respiratory muscle weakness, changes in lung fluid balance and overt pulmonary edema, and neuro-hormonal changes.
Because the cardiac and pulmonary systems are linked haemodynamically, mechanically, and spatially, one would anticipate that changes in one system would influence the other. In fact, increases in cardiac volume within the closed thoracic cavity have been shown to negatively influence resting lung volumes and pulmonary function in patients with HF.





	
Influence of cardiomegaly on lung volume and pulmonary function at rest
The lungs are more compliant than the heart and thus an increase in cardiac volume within the thoracic space may limit the ability of the lungs to fill adequately.
Patients with severe HF who underwent cardiac transplant had a significant improvement in lung volumes and pulmonary function due to the  reduction of cardiac volume and thus a reduction in the thoracic space occupied by the heart.
Reduced lung volume reduces the effectiveness of the elastic recoil component of exhaustion due to insufficient stretch of the lungs and would reduce maximal volumes and expiratory flows including FVC and FEV1. 
HF patients with the largest cardiac volume have significant reduction in FVC and FEV1 compared with control patient or HF patients with less severe disease.



Breathing pattern during exercise in HF
To meet ventilatory needs, patients with HF have an augmented breathing frequency in the face of a reduced tidal volume. 
This is accentuated during increasing intensity of physical activity and worsening disease severity. 
In healthy individuals, normal changes in breathing pattern during exercise include a primary increase in tidal volume with increasing intensity up to 50–60% of the vital capacity. 
However, HF patients have a reduced vital capacity at rest and use a smaller percentage of this vital capacity during exercise, resulting in a plateau of tidal volume closer to 40% of vital capacity. This change in tidal volume dynamics during exercise would require an increase in breathing frequency to adequately meet the ventilatory needs necessitated by the increase in activity level.
In healthy individuals, tidal volume is increased by encroaching on the inspiratory reserve volume. This is in contrast to patients with HF in that they exhibit reduced EELV at rest and during exercise resulting in a low-lung volume breathing pattern. 
during exercise HF patients breathe at extremely low lung volumes despite significant room to increase the tidal breath and ventilation by encroaching on the inspiratory reserve volume. 
This tachypnoeic breathing pattern differs from periodic breathing at rest or exercise oscillatory breathing. These two forms of Cheyne–Stokes respiration are characterized by a cyclic hyperpnoea (increased depth) and hypopnoea without apnoea whereas the more commonly recognized central sleep apnoea results in cyclic hyperpnoea with subsequent apnoeic pauses in ventilation.
The pulmonary edema and resultant changes in lung compliance stimulate the pulmonary J receptors responsible for the development of tachypnea in experimental animal preparations. 
in an anaesthetized cat preparation on artificial ventilation, that pulmonary congestion produced by occlusion of the aorta or left a-v junction, injection of alloxan, or the addition of chlorine to the inspirate resulted in stimulation of the pulmonary J receptor nerve endings.
the direct relationships between tidal volume and cardiac size suggest that the increased cardiac volume contributes to a constraint on the tidal volume expansion during exercise. In particular, those patients who had the largest cardiac volume demonstrated the lowest percent increase in tidal volume from rest to exercise.
Clinical implications
Cardiomegaly is common in HF, particularly as the severity of the disease progresses. Understanding the complex interactions between the cardio-pulmonary systems is integral in the treatment of these patients. Clearly, cardiomegaly represents one target where individualized therapeutic strategies would be of great benefit

PPT:
· HF severity is based on ejection fraction
· SV= EDV-ESV
· EF=SV/EDV
· Normal person is 60% avg at rest

Describe the difference in Obstructive vs. Restrictive HF.
· Restrictive: both FEV and FVC are reduced. The FEV1sec/FVC % is normal or slightly increased.
· Obstructive: FEV1 is reduced much more than FVC, giving a low FEV/FVC%
Types of Oscillation patterns
· Some noise but considered none exercise oscillatory breathing
· Initial and intermediate phase od exercise but disappearing after 60%
· Very wide amplitude that persists for the entire exercise
What does the FVL of CHF look like vs. control?
Explain the Study:
Results of study:
At 75% peak exercise:
· Controls had better VO2, VCO2, VE compared to group A and B
· A and B had higher VE/VCO2 than control
· Control had higher VE
· Reduced VE in A caused by lower RR (respiratory rate)
· Reduced VE in B caused by reduced VT

For all groups at all points in time, cardiac size was significantly related to the reduced VT in HF patients.
· HF patients VT increased along similar trajectories where, at higher exercise intensities, those with larger hearts (reduced intra-thoracic space) demonstrated a leveling off of VT.
· The RR increased along similar trajectories where at higher exercise intensities, those patients with larger cardiac volumes demonstrated elevated RR as a compensatory mechanism to maintain adequate VE.









Exercise-induced arterial hypoxemia
· excessive alveolar-to-arterial PO2 difference (A-aDO2) (>25–30 Torr) 
· inadequate compensatory hyperventilation (arterial PCO2 >35 Torr) 
· acid and temperature-induced shifts in O2 dissociation at any given arterial PO2. 

· Expiratory flow limitation puts a mechanical constraint to exercise hyperpnoea (increase depth of breathing), 
· whereas ventilation-perfusion ratio maldistribution and diffusion limitation contribute about equally to the excessive A-aDO2. 

An inadequate hyperventilatory response is attributable to feedback inhibition triggered by mechanical constraints and/or reduced sensitivity to existing stimuli. 


EIAH has detrimental effects on maximal O2 uptake

Exercise-induced arterial hypoxemia defined
· Excessive alveolar-to-arterial PO2 difference; ventilation-perfusion ratio maldistribution; hyperventilatory compensation; maximal oxygen uptake limitation; airway inflammation
The problem is the lungs capability to maintain homeostasis of arterial blood O2 content and acid-base status during exercise 


Defining EIAH:
EIAH is reduced arterial oxygenation, from a fall in PaO2 (and also in SaO2), from a rightward shift of the O2 dissociation curve without a fall in PaO2 or from a combination of these processes.

	What is EIAH
· Failure to maintain blood gas homeostasis
· >10 mmHg ↓ in PaO2, compared to rest
· >3% ↓ in SaO2 compared to rest (below 95%)
· PaCO2 > 35 mmHg during maximal exercise • Inadequate compensatory hyperventilation


· Preventing EIAH by using supplementary inspired oxygen increase VO2 max.
· 1% reduction in SaO2 (or CaO2 ) causes a ~1–2% reduction in V ̇O2max
· 
SaO2 may be reduced in heavy exercise due to reductions in PaO2 but also by a pH- and temperature-induced rightward shift of the HbO2 dissociation curve

EIAH as an indicator of inadequacies in ventilation and gas exchange.
· all normal subjects develop an increased A-aDO2 with exercise, and values of 15–25 Torr are common at V ̇ O2max. 
· Arterial PCO2 usually falls to 30–35 Torr. 
· an A-a DO2 in the 25–30 Torr range is excessive 
· if A-aDO2 exceeds 35–40 Torr, severe inefficiencies in gas exchange are present.
· Correspondingly, PaCO2 in the 35–38 Torr range indicates a borderline effective alveolar hyperventilation, 
·  PaCO2 >38 Torr suggests the absence of a compensatory hyperventilatory 
Relationship of EIAH to V ̇ O2max and Habitual Activity Levels

The prevalence of EIAH near sea level has been estimated at ~50% of young, adult, highly fit male athletes

EIAH and Exercise Intensity
· Usually peaks at or near maximal exercise intensity, consistent fall in PaO2 is not obvious until very heavy or maximum exercise
· The trend toward EIAH clearly begins at moderate intensity workloads, as A-aDO2 widens abnormally with little or no accompanying hyperventilatory compensation

The mode and duration of exercise
· The general impression is that treadmill running and walking cause greater and more consistent EIAH than does cycle ergometry.
· Prolonged exercise at moderate exercise intensities (<80% VO2max) only rarely caused EIAH.
· The major protective mechanism in long-term exercise is the greater hyperventilatory response.
· 
Methods of Quantifying EIAH

· Identified by direct measurements of arterial blood gases, and these measurements should be corrected to the in vivo arterial blood temperature
· The temperature correction is very important, because the temperature commonly increases ~1.5–2°C over the course of a standard progressive exercise test

EIAH IN ANIMALS
· highly athletic species (dog, horse) develop a large A-aDO2 at maximal effort.
· the trained Thoroughbred horse, A-aDO2 is high, alveolar hypoventilation occurs, and there is considerable EIAH

CAUSES OF EIAH
-Severity correlates consistently and inversely with A-a DO2.
· Inter-individual differences in PaCO2 or the ventilatory equivalent for V ̇ O2 (or VCO2) are also commonly found to correlate significantly with EIAH
· Severe EIAH have equal contributions from the absence of hyperventilation and widened A-aDO2 to their hypoxemia


Why Inadequate Hyperventilatory Compensation?
· First, the level of ventilatory stimuli (including circulating H+ [ ], K+[ ], O2, and catecholamines plus powerful neural feedforward and feedback influences) 
· Second, the mechanical influences of airway diameter and respiratory muscle force production may prevent expression of the full ventilatory response to existing stimuli.
· Third, is the inter-individual difference in sensitivity to both existing stimuli and to mechanical constraints.
· mechanical constraint on minute ventilation (V ̇E) appears to be imposed by the airways that have an upper limit to flow rate, especially on expiration, as defined by the maximum volitional flow-volume envelope
· Experimentally, removal of expiratory flow limitation via He-O2 breathing resulted in only a 15–20% increase in V ̇ E, a reduction in PaCO2 of 5–7 Torr, and prevention of 30–40% of the EIAH

Why an Increase in A-aDO2 with Exercise?
· ventilation-perfusion (V ̇ A/Q ̇ ) inequality
· failure of alveolar-end capillary diffusion equilibration
· right-to-left shunt

· At rest, it is clear that the entire A-aDO2 is accounted for by V ̇ A/Q ̇ inequality
· During heavy exercise, V ̇ A/Q ̇ inequality still accounts for much, and sometimes all, of the A-aDO2
· At or near V ̇O2max, diffusion limitation appears to develop.
· no matter what the physiological basis may be for an increased A-aDO2, the reduction in mixed venous PO2 that normally accompanies exercise acts to further lower PaO2. Mixed venous PO2 falls because V O2 increases relatively more than Q ̇ from rest to exercise. The effect is to cause more diffusion limitation and also to reduce end-capillary PO2 in regions of the lung where low V ̇ A/Q ̇ ratios exist
· In summary, both diffusion limitation and greater V ̇ A/Q ̇ mismatch contribute to the increased A-a DO2 during exercise.
· The contribution of V ̇ A/Q ̇ inequality to the A-aDO2 is generally constant from rest to V ̇O2max
· diffusion limitation is not seen until heavy or even maximal exercise 
· Current data suggest that, on average, these two processes contribute similarly to the A-aDO2 at or near V ̇O2max (52). The reduced mixed venous PO2 further reduces PaO2, but both intrapulmonary and extrapulmonary shunts appear to be negligible.
· 
Demand vs capacity- an explanation of EIAH
· Does EIAH occur because the highly trained human or animal has undergone adaptation in nonpulmonary (i.e., cardiovascular and metabolic) determinants of maximum O2 transport and V ̇ O2max but not at the level of the lung and airways?
· EIAH can be shown to occur in many cases, even in submaximal exercise,

Consequence of EIAH on VO2
EIAH prevention studies in humans are consistent in showing that EIAH will reduce V ̇O2max  
at ~3–4% O2 desaturation below resting levels



	EIAH in women may be attributed to their increased mechanical constraints to ventilation owing to smaller airway diameters. 
Subjects with EIAH were fitter had a greater VEMax and had an increased resistive WOB; for the EIAH and non-EIAH groups respectively. Six untrained subjects developed EIAH and 18/20 of the EIAH group were hypoxemia at submaximal intensities. 
Six distinct patterns of hypoxemia were observed indicating multiple mechanisms are responsible for EIAH in women. 
· Fourteen subjects developed EFL (expirtory flow limitations) and 12/14 who showed flow limitation also displayed EIAH.
· Inspiring heliox gas decreased the WOB by ~32% and partially reversed any EIAH.
·  In conclusion, the pulmonary system response to progressive treadmill exercise in healthy young women is variable and distinct patterns of EIAH exist. 
· EIAH appears to start at submaximal intensities and untrained women can develop hypoxemia. Mechanical ventilatory constraints can lead to or exacerbate EIAH in women, while inspiring heliox gas can partially reverse EIAH.
· 
· Compared to trained men, trained women appear to develop EIAH more often 
· Unlike untrained men, some untrained women can develop EIAH. 
· 
· In contrast to untrained men, untrained women develop mechanical ventilatory constraints during exercise, which could be a mechanism to explain EIAH in untrained women. 
· 
· Relieving EIAH by inspiring heliox gas will partially offset the decrease in PaO2, through increase ventilation, and the effect is greater in subjects who demonstrate EFL. 
· 
· In conclusion, the pulmonary systems response to dynamic exercise in women appears to be highly variable and unique to each subject. 










What limits VO2
Past:
· gradient exercise better than speed
· since 55 there are WHO guidelines
· Lactate made by aerobic muscle too

cardiac function reaching its limit before skeletal muscle could explain the plateau phenomenon, and skeletal before cardiac could explain the termination of exercise in individuals who do not reach a plateau

Heart in the bottleneck:
The heart is the primary bottleneck in oxygen transport from air to mitochondria.

Healthy person with normal haemoglobin concentration, combined arm & leg exercise or running uphill, at sea-level oxygen pressure, after initial warm-up maintained at maximal work-rate, a leveling-off of oxygen uptake versus exercise intensity is found in most individuals.
-People often have limitations
	- If the individual is anemic – then this highest possible VO2 is not reached because, during maximal exercise, no other link in the oxygen transport system can compensate for the blood’s reduced capacity to carry oxygen.
-If there is raised arterial hemoglobin concentration or acutely elevated blood volume – the same cardiac output and blood pressure are seen as in the normal situation, yet V_ O2max is increased 
- During max-exercise, there is competition b/w muscles for the available cardiac output.

-Studies found no signs of a reduction in motor output during maximal exercise through such a feed-forward mechanism thereby going against the central governor theory of hill  EMG increased with more intense exercises.

-At exercise intensities somewhat above V_ O2max, the heart is not working at its maximum (flow X pressure) rate.
When the pericardium was opened in these animals, V_ O2max was increased; this was mainly due to higher stroke volume. Pericardiectomy did not change either heart rate or blood pressure during maximal exercise, showing that the body was able to regulate the circulation in the new situation with its increased cardiac output.

Peter Wagner: A distributed system
if a high cardiac output is to benefit oxygen transport, all other steps need to function better in athletes than sedentary individuals, especially the final step of oxygen diffusion from red cells in the microvasculature to the muscle mitochondria. Otherwise, oxygen extraction would be compromised by the high cardiac output that reduces red cell transit time through the muscle capillaries.
Hence the correct observation, that fractional muscle oxygen extraction is similar in athletes and sedentary individuals, demands that the ability to move oxygen from red cells to mitochondria by diffusion must be greatly increased in the athletes to compensate for that reduced transit time.
CO is no more (or less) important in limiting V_ O2max than are all the other steps of the oxygen transport pathway.
Tim Noakes: The head is in control
50% or so in most accounts don’t display a plateau, but go on taking in oxygen faster and faster until they stop exercising.
-Increasing gradient alters motor unit recruitment patterns, so the interpretation is by no means clear-cut.
exercise with a single leg can produce not half, but more than 70%, of the power produced when both legs are contributing, so its hard to say they reached their maximum power output,
opiate-inhibitor, nalaxone, which increases the sense of effort at any given work rate, caused everyone tested by Sgherza et al. (2002) to stop sooner.
‘‘governor’’, is not in the heart itself, but alternatively in the CNS, regulates the intensity of exercise so that it stopped before a critical organ or organs suffered ischaemic damage.
ensure that pulmonary blood flow did not become too rapid for adequate oxygenation and that myocardial ischaemia did not develop
‘skeletal muscle cells do not become anaerobic’’‘average intracellularPO2 remains above PO2crit, even at maximal exercise in hypoxia’’
After all, even in such an individual undergoing a V_ O2max test, termination (plateau or no plateau) occurs with many motor units in the working muscles still inactive, just as it does at altitude (Albertus, 2008). That is a decision by the brain.
Challenges and responses
COPD: umbrella term for emphysema and chronic bronchitis.
Progressive condition that causes air flow limitations.
Not fully reversible but treatment can alleviate the adverse effects
· Physical activity can positively mediate COPD symptoms  not only at the periphery but at the level of the lungs
· Physical activity can positively mediate COPD symptoms  not only at the periphery but at the level of the lungs (dyspnea/RPE)
· 

· Provide two systemic defects of COPD
· Type 1 fibers converted to type 2
· Protein degradation via increase H+
· Provide two pulmonary defects of COPD
· VA/Q
· hyperinflation
· Argue either for or against COPD being a direct cause of lower limb dysfunction  
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