Exercise Physiology

1) Mathematical approach
a) Fick equation

i) VO2 = CO x arterial-venous O2 output

b) Ohm’s Law

i) V=IR

ii) Mean arterial pressure = Qc x Total peripheral resistance

iii) MAP = CO x TPR

c) Fick equation

i) VO2 = Qc x A-VO2
ii) Oxygen uptake and VO2max
iii) VO2
(1) O2 consumption or uptake

(2) Relative percent of given person’s max = VO2max
(a) A representation of how hard you are working

(3) VO2 increases with exercise

(a) Skeletal muscle oxidative metabolism increases

(4) VO2max = Qcmax x A-VO2max
(a) Average person 3 L/min

(b) Elite trained athlete 6 L/min

(c) Jogging @ 2L/min (for average person, 2/3 of maximum vs athlete)

(d) Absolute workload will not change, but relative capacity will make a difference

2) Cardiac output (Qc) = HR x SV
a) At rest: 5-7 L/min

b) Max: 20-25 L/min

c) Why does Qc increases during exercise

i) Active skeletal muscle requires increased O2 to sustain exercise

ii) Increased O2 requirements increases blood flow driving increased CO

iii) Math answer

(1) Increased Qc increases heart rate

(2) SV does not markedly increase

(3) HR increases from 70 – 195 beats/min under exercise conditions

3) Arterial-venous O2  difference
a) Difference between arterial and venous O2 content – index of O2 extraction

b) As O2 need increases, the extraction increases

c) At rest: 4.5 mL O2/ 100 mL blood (23% extraction)

d) At max: 17 mL O2/ 100 mL blood (80-85% extraction)

e) During exercise, most of the time the lower body consumes more O2, thus the femoral venous O2 content is less oxygenated than the systemic mixed venous O2 content
4) Limitations of VO2max
a) Respiration limitations

i) O2 diffusion into blood (i.e. asthma, COPD)

b) Peripheral circulation (CV system)

i) Limiting for most normal healthy people

c) Muscle metabolism

i) Limiting for patients with muscular dystrophy or muscle metabolic disorders

5) MAP = CO x TPR (think about TPR as how wide your pipes are)
a) MAP increases during aerobic exercise

b) MAP at rest = 80 mmHg (calculated as 1/3 systolic + 2/3 diastolic /3)

c) MAPmax = 115-125 mmHg

d) Increased systolic pressure, no change in diastolic blood pressure

e) MAP during static exercise = 105 mmHg @ 1 min, very rapid in BP

f) Why does MAP increase?

i) Muscle afferents, exercise pressor reflex

ii) Increased MAP supplies adequate driving pressure to sustain increased blood flow

iii) Increased flow (a lot) and decreased TPR (a little) drive increased MAP (net increase despite TPR decrease)
6) TPR
a) Related to r4, constriction/dilation impacts this greatly

b) Exercising TPR decreases by 60%

i) Qc redistributes with exercise

(1) Skeletal muscle and heart need more blood flow

(2) Skin, renal, splanchnic do not need as much flow

(3) 80% of exercising Qc flows through dilated vascular beds

(4) Dilation > constriction overall

7) Dual control of blood flow during exercise

a) Vasodilation: local factors

i) Increased blood flow to meet metabolic demands of active muscle

ii) Metabolic dilators: ADO, decreased PO2, increased PCO2, decreased pH, K+
iii) Endothelial dilators: NO, prostacyclin, EDHF

b) Vasoconstriction: neural factors

i) Shunts blood from inactive tissue to muscle

ii) Offsets dilation to defend mean arterial pressure

iii) NE binds to alpha adrenergic receptors on vascular smooth muscle

c) Net result is a decrease in TPR
8) Regional BF during exercise: skeletal muscle
a) Increase flow to muscle, blood shunted from other beds

b) How does it increase during exercise?

i) Capillary recruitment in muscles

ii) Local vasodilation

c) Maximum vasodilation in muscle can far outstrip the max cardiac output, thus neural constriction muscle balance local dilation to maintain mean arterial pressure

9) Shunted regions

a) Skin flow will decrease to almost nothing

b) Renal and glut are the major contributors of flow to the skeletal muscle

i) Relatively overperfused at rest, serve as blood reservoirs

10) Coronary blood flow during exercise

a) Increases from 200 to 1000 mL/min

b) Both values are roughly 4% of total Qc
c) Local metabolic vasodilation is critical, parallels myocardial O2 uptake

11) Cerebral blood flow during exercise

a) Autoregulation > metabolic VD > neural vasoconstriction

i) Maintains constant blood flow to brain in face of fluctuating MAP

ii) If skeletal muscle were fully dilated, drop in MAP would exceed autoregulatory buffering capacity

12) CV responses after endurance training
a) VO2max increases

i) Increased CO

(1) No change in HRmax, but the rate at rest decreases (increased parasympathetic and decreased sympathetic output)

(2) Submax heart rate will decrease for a given absolute workload, but will be the same for given relative workload

(3) Stroke volume increases dramatically at rest
(a) Increased filling time since heart rate at rest has decrased

(b) Increased left ventricular volume

(c) Left ventricular contractility

(d) Increased left ventricular compliance

(e) Increased left ventricular filling

ii) No change in A-V O2 (arterial, venous oxygen difference)

iii) A workout that used to push you to a high relative VO2, now won’t since your capacity has increased

13) How does increased CO lead to extended exercise endurance
a) The increased CO will route exclusively to exercising muscle for additional O2 delivery

b) Extra muscle dilation will not endanger MAP, even though TPR reduces further, increased CO will ensure adequate MAP

