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  uptake	
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Muscle Mitochondria Lungs Heart 
Blood 

(Adapted from:  Wasserman et al. Principles of Exercise Testing and Prescription, Lea & Febiger,1987) 
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Muscle Mitochondria Lungs Heart 
Blood 

(Adapted from:  Wasserman et al. Principles of Exercise Testing and Prescription, Lea & Febiger,1987) 
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Fick’s	
  equasion	
  

§  Fick	
  
§  Cardiac	
  output	
  
§  a-­‐VO2	
  difference	
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EXAM!! EMphasima = plasticity of alveoli
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EXAM: Maximal heart rate with age decreases.-- With exercise... resting heart rate decreases

What are the heart rates of young/old?
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220 - age = estimated max heart rate
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Type 2b [fast, low endurance, use ATP CP and produce lactic acid]
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§  Adolf	
  Fick	
  
§  Cardiovascular	
  physiologist	
  
§  1870’s	
  
§  Develloped	
  formula	
  that	
  allowed	
  the	
  

rate	
  of	
  oxygen	
  consumption	
  to	
  be	
  
determined	
  if	
  the	
  cardiac	
  output	
  and	
  
the	
  arterial-­‐veneous	
  differnce	
  were	
  
known	
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Fick,	
  a	
  little	
  history	
  !	
  

www.acefitness.org/blog/
1545/the-­‐fick-­‐equation	
  

http://mathbench.umd.edu/modules/cell-­‐processes_diffusion/page07.htm	
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Fick’s	
  equation	
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= 

Heart rate 

VO2 Q x a−V
_
O2

Δ  

Stroke volume 

www.acefitness.org/blog/
1545/the-­‐fick-­‐equation	
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Cardiac	
  output	
  

§  Cardiac	
  output	
  
§  Volume	
  of	
  blood	
  pumped	
  by	
  the	
  heart	
  per	
  minute	
  (mL	
  

blood/min)	
  
§  Reflects	
  the	
  functional	
  capacity	
  of	
  the	
  cardiovascular	
  

system	
  
§  Heart	
  rate	
  x	
  stroke	
  volume	
  

§  Cardiac	
  index	
  
§  Cardiac	
  output	
  of	
  a	
  person	
  referenced	
  to	
  their	
  body	
  surface	
  

(l/min/m2)	
  
§  Stroke	
  volume	
  

§  Volume	
  of	
  blood	
  ejected	
  by	
  each	
  contraction	
  

www.acefitness.org/blog/
1545/the-­‐fick-­‐equation	
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Cardiac	
  output	
  
(Assessment-­‐Echocardiography)	
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Cardiac	
  output	
  
(Assessment-­‐Echocardiography)	
  

www.acefitness.org/blog/
1545/the-­‐fick-­‐equation	
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Cardiac	
  output	
  
(Assessment-­‐Echocardiography)	
  

www.acefitness.org/blog/
1545/the-­‐fick-­‐equation	
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Cardiac	
  output	
  
(Assessment-­‐others)	
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§  5	
  L	
  (average	
  males)	
  
§  An	
  average	
  heart	
  rate	
  

of	
  70	
  bpm	
  and	
  an	
  
average	
  stroke	
  
volume	
  of	
  71.4	
  mL	
  	
  

§  4	
  L	
  (average	
  	
  females)	
  
§  An	
  average	
  heart	
  rate	
  

of	
  70	
  bpm	
  and	
  an	
  
average	
  stroke	
  
volume	
  of	
  50-­‐60	
  mL	
  	
  

2012-­‐12-­‐04	
  APA	
  1161	
   14	
  

Cardiac	
  output	
  
(Distribution	
  -­‐	
  Rest)	
  

www.acefitness.org/blog/
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§  CO	
  increases	
  rapidly	
  
during	
  the	
  transition	
  
from	
  rest	
  to	
  steady-­‐rate	
  
exercise	
  

§  Then	
  rises	
  gradually	
  
until	
  it	
  plateaus	
  when	
  
blood	
  flow	
  meets	
  the	
  
exercise	
  metabolic	
  
requirements	
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Cardiac	
  output	
  
(Distribution	
  -­‐	
  Exercise)	
  

www.acefitness.org/blog/
1545/the-­‐fick-­‐equation	
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Sticky Note
This is the important chart
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Sticky Note
Cardiac reserve is bigger than stroke volume -- so raising heart rate is more benficial
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§  An	
  almost	
  
proportionate	
  increase	
  
in	
  maximum	
  cardiac	
  
output	
  accompanies	
  
increases	
  in	
  VO2max	
  
with	
  endurance	
  training	
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Cardiac	
  output	
  
(Distribution	
  -­‐	
  Exercise)	
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Cardiac	
  output	
  
(Quiz) 
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Cardiac	
  output	
  is	
  a	
  product	
  of	
  
which	
  of	
  the	
  following	
  variables?	
  

	
  
a)  Heart	
  rate	
  and	
  a-­‐vO2	
  difference	
  
b)  Stroke	
  volume	
  and	
  heart	
  rate	
  
c)  Heart	
  rate	
  and	
  blood	
  flow	
  
d)  V·∙O2max	
  and	
  heart	
  rate	
  

www.acefitness.org/blog/
1545/the-­‐fick-­‐equation	
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Cardiac	
  output	
  
(Quiz) 
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Endurance	
  athletes	
  achieve	
  
higher	
  cardiac	
  outputs	
  through	
  
large	
  increases	
  in	
  which	
  variable	
  
of	
  the	
  cardiac	
  output	
  formula?	
  

	
  
a)  Stroke	
  volume	
  
b)  Heart	
  rate	
  
c)  VO2max	
  
d)  Blood	
  pressure	
  

www.acefitness.org/blog/
1545/the-­‐fick-­‐equation	
  

Jarrett
Sticky Note
3.5L max for sedentary
~5.5L max for endurance athletes
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  equation	
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= VO2 Q x a−V
_
O2

Δ  
www.acefitness.org/blog/

1545/the-­‐fick-­‐equation	
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§  During	
  rest	
  there	
  is	
  an	
  
a-­‐vO2	
  difference	
  of	
  5	
  
mL	
  of	
  oxygen	
  per	
  
deciliter	
  of	
  blood	
  
perfusing	
  the	
  tissue–
capillary	
  bed	
  

§  15	
  mL	
  of	
  oxygen	
  or	
  
75%	
  of	
  the	
  blood’s	
  
original	
  oxygen	
  load	
  
still	
  remains	
  bound	
  to	
  
hemoglobin	
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a-­‐VO2	
  difference	
  

Oxygen	
  extraction	
  during	
  rest	
   www.acefitness.org/blog/
1545/the-­‐fick-­‐equation	
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§  During	
  maximum	
  exercise	
  Hb	
  	
  
releases	
  a	
  considerable	
  quantity	
  
of	
  its	
  “reserve”	
  oxygen	
  from	
  
blood	
  that	
  perfuses	
  active	
  tissues	
  

§  Exercise	
  oxygen	
  consumption	
  
increases	
  by:	
  
§  Increased	
  cardiac	
  output	
  
§  Expanded	
  a-­‐vO2	
  difference	
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a-­‐VO2	
  difference	
  

Oxygen	
  extraction	
  during	
  exercise	
   www.acefitness.org/blog/
1545/the-­‐fick-­‐equation	
  

Jarrett
Sticky Note
a-VO2 difference between arterie and vein after and before heart

Jarrett
Sticky Note
Understand this concept
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§  Factors	
  of	
  influence	
  
§  Central	
  and	
  peripheral	
  factors	
  interact	
  to	
  

increase	
  oxygen	
  extraction	
  in	
  active	
  tissue	
  
during	
  exercise:	
  
§  A	
  large	
  portion	
  of	
  the	
  cardiac	
  output	
  is	
  

diverted	
  to	
  active	
  tissue	
  
§  Some	
  tissues	
  temporarily	
  decrease	
  their	
  

blood	
  supply	
  to	
  make	
  more	
  oxygen	
  
available	
  

§  Exercise	
  training	
  redirects	
  a	
  greater	
  
portion	
  of	
  the	
  central	
  circulation	
  to	
  active	
  
muscle	
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a-­‐VO2	
  difference	
  
(Factor	
  of	
  influence)	
  

http://www.unchainedfitness.com/blog/cardio-­‐
respiratory-­‐training-­‐what-­‐is-­‐vo2max	
  

www.acefitness.org/blog/
1545/the-­‐fick-­‐equation	
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a-­‐VO2	
  difference	
  
(Factor	
  of	
  influence)	
  

§  Factors	
  of	
  influence	
  
§  Central	
  and	
  peripheral	
  factors	
  interact	
  to	
  

increase	
  oxygen	
  extraction	
  in	
  active	
  
tissue	
  during	
  exercise:	
  
§  An	
  increase	
  in	
  skeletal	
  muscle	
  microcirculation	
  	
  
§  An	
  increased	
  capillary-­‐to-­‐fiber	
  ratio	
  	
  
§  An	
  increase	
  in	
  the	
  size	
  and	
  number	
  of	
  

mitochondria	
  	
  
§  Augmenting	
  aerobic	
  enzyme	
  activity	
  	
  
§  Local	
  vascular	
  and	
  metabolic	
  improvements	
  

within	
  muscle	
  enhance	
  its	
  capacity	
  to	
  produce	
  
ATP	
  aerobically	
  

www.acefitness.org/blog/
1545/the-­‐fick-­‐equation	
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§  The	
  highest	
  oxygen	
  
consumption	
  during	
  arm	
  
exercise	
  averages	
  20	
  to	
  30%	
  
lower	
  than	
  leg	
  exercise	
  

§  Arm	
  exercise	
  produces	
  lower	
  
maximal	
  values	
  for	
  heart	
  rate	
  
and	
  pulmonary	
  ventilation	
  

§  These	
  differences	
  relate	
  to	
  
the	
  relatively	
  smaller	
  muscle	
  
mass	
  activated	
  in	
  arm	
  
exercise	
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a-­‐VO2	
  difference	
  
(Factor	
  of	
  influence)	
  

Upper	
  vs	
  lower	
  extremities	
   www.acefitness.org/blog/
1545/the-­‐fick-­‐equation	
  

Jarrett
Sticky Note
Arms oxygen consumption is higher than lower limbs... which is why we rest more between sets.

Upper body is more efficient 
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a-­‐VO2	
  difference	
  
(Quiz) 
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How	
  does	
  oxygen	
  consumption	
  
during	
  submaximal	
  exercise	
  
compare	
  for	
  arms	
  and	
  legs?	
  

	
  
a)  Arms	
  have	
  a	
  higher	
  VO2max	
  
b)  Legs	
  have	
  a	
  higher	
  VO2max	
  
c)  They	
  are	
  the	
  same	
  
d)  They	
  can’t	
  be	
  compared	
  

www.acefitness.org/blog/
1545/the-­‐fick-­‐equation	
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Measurement	
  of	
  VO2	
  

§  Direct	
  
§  Indirect	
  
§  Prediction	
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Martin Noël, Ph.D.  
ACSM certified Exercise Specialist®  

martin.noel@uottawa.ca 

www.derksformals.com/measurements.php	
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§ Direct	
  measurement	
  
§  MIR,	
  Mass	
  spectroscopy	
  

§  Indirect	
  measurement	
  
§  Calorimetry	
  
§  Open	
  and	
  closed	
  circuit	
  

§  Estimated	
  measurement	
  
§  Astran,	
  Leger-­‐Lambert	
  

Measurement	
  of	
  VO2	
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www.derksformals.com/measurements.php	
  

Jarrett
Highlight

Jarrett
Sticky Note
Most precise methods up first.
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Measurement	
  of	
  VO2	
  
(Direct	
  measurement)	
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Magnetic	
  Resonance	
  Imaging	
  (MRI)	
  

www.ironhealthalliance.com/diagnostics/lic-­‐measurement/mri/in-­‐practice/equipment.jsp	
   http://www.sciencephoto.com/media/264730/enlarge	
  

www.derksformals.com/measurements.php	
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Measurement	
  of	
  VO2	
  
(Direct	
  measurement)	
  

2012-­‐12-­‐04	
  

APA	
  1161	
  

29	
  

Mass	
  spectometry	
  

http://www.youtube.com/watch?v=OKxRx0ctrl0&feature=related	
  

http://science.howstuffworks.com/mass-­‐
spectrometry3.htm	
  

www.derksformals.com/measurements.php	
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§  All	
  of	
  the	
  body’s	
  metabolic	
  
processes	
  result	
  in	
  heat	
  
production	
  

§  The	
  calorie	
  is	
  the	
  basic	
  unit	
  of	
  
heat	
  measurement	
  	
  

§  Calorimetry	
  defines	
  the	
  
measurement	
  of	
  heat	
  transfer	
  
§  Direct	
  calorimetry	
  	
  
§  Indirect	
  calorimetry	
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Measurement	
  of	
  VO2	
  
(Calorimetry)	
  

www.derksformals.com/measurements.php	
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§  Directly	
  measures	
  energy	
  expenditure	
  
during	
  rest	
  and	
  physical	
  activity	
  

§  Has	
  considerable	
  theoretical	
  
implications	
  but	
  limited	
  practical	
  
applications	
  in	
  humans	
  

§  Accurate	
  measurements	
  of	
  heat	
  
production	
  in	
  the	
  calorimeter	
  require	
  
considerable	
  time	
  and	
  expense	
  and	
  
formidable	
  engineering	
  expertise	
  

§  Calorimeters	
  remain	
  inapplicable	
  for	
  
energy	
  determinations	
  for	
  most	
  sport,	
  
occupational,	
  and	
  recreational	
  activities	
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Measurement	
  of	
  VO2	
  
(Direct	
  calorimetry)	
  

www.derksformals.com/measurements.php	
  Direct	
  calorimetry	
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§  Indirect	
  calorimetry	
  
§  All	
  energy-­‐releasing	
  reactions	
  in	
  humans	
  depend	
  on	
  

oxygen	
  use	
  so	
  measuring	
  oxygen	
  consumption	
  during	
  
physical	
  activities	
  provides	
  an	
  indirect	
  yet	
  accurate	
  
estimate	
  of	
  energy	
  expenditure	
  

§  Is	
  simpler	
  and	
  less	
  expensive	
  
§  Yields	
  results	
  comparable	
  to	
  direct	
  measurement	
  in	
  the	
  

human	
  calorimeter	
  
§  Two	
  types:	
  	
  

§  Closed-­‐circuit	
  spirometry	
  	
  
§  Open-­‐circuit	
  spirometry	
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Measurement	
  of	
  VO2	
  
(Indirect	
  calorimetry)	
  

www.derksformals.com/measurements.php	
  

Copyright	
  Martin	
  Noel	
  2012	
  

2012-­‐12-­‐04	
  APA	
  1161	
   33	
  

Measurement	
  of	
  VO2	
  
(Indirect	
  calorimetry)	
  

www.derksformals.com/measurements.php	
  

§  Indirect	
  calorimetry	
  
§  Closed-­‐circuit	
  spirometry	
  	
  

§  Simple	
  method	
  and	
  is	
  able	
  to	
  
directly	
  measure	
  O2	
  consumption	
  
but	
  has	
  limited	
  practical	
  
applications	
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Measurement	
  of	
  VO2	
  
(Indirect	
  calorimetry)	
  

www.derksformals.com/measurements.php	
  §  Indirect	
  calorimetry	
  
§  Closed-­‐circuit	
  spirometry	
  	
  

http://jiscmediahub.ac.uk/record/display/006-­‐00001357	
  

http://effiwe.net/Resources/Preclinics/Physiology/PICTURES/	
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§  Indirect	
  calorimetry	
  
§  Open-­‐circuit	
  spirometry	
  

§  Provides	
  a	
  relatively	
  simple,	
  practical	
  way	
  to	
  measure	
  O2	
  
consumption	
  and	
  infer	
  energy	
  expenditure	
  

§  Procedure:	
  	
  
§  Subject	
  inhales	
  ambient	
  air	
  with	
  a	
  constant	
  composition	
  

(20.93%	
  O2,	
  0.03%	
  CO2	
  ,	
  79.04%	
  nitrogen)	
  	
  
§  Changes	
  in	
  O2	
  and	
  CO2	
  %	
  in	
  expired	
  air	
  compared	
  with	
  the	
  %	
  in	
  

inspired	
  ambient	
  air	
  indirectly	
  reflect	
  the	
  ongoing	
  process	
  of	
  
energy	
  metabolism	
  

§  Types:	
  
§  Bag	
  technique	
  
§  Portable	
  spirometry	
  
§  Computerized	
  instrumentation	
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Measurement	
  of	
  VO2	
  
(Indirect	
  calorimetry)	
  

www.derksformals.com/measurements.php	
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§  Indirect	
  calorimetry	
  
§  Open-­‐circuit	
  spirometry	
  

§  Douglas’s	
  Bag,	
  Claude	
  G.	
  Douglas	
  (1882-­‐1963)	
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Measurement	
  of	
  VO2	
  
(Indirect	
  calorimetry)	
  

www.derksformals.com/measurements.php	
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§  Indirect	
  calorimetry	
  
§  Closed-­‐circuit	
  spirometry	
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Measurement	
  of	
  VO2	
  
(Indirect	
  calorimetry)	
  

www.derksformals.com/measurements.php	
  

Electronic	
  interface	
  to	
  computer	
  

Flow	
  meter	
  /	
  Breathing	
  valve	
  

Sampling	
  chamber	
  for	
  expired	
  air	
  

Electronic	
  
O2	
  

analyzer	
  

Electronic	
  
CO2	
  

analyzer	
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§  Indirect	
  calorimetry	
  
§  Closed-­‐circuit	
  spirometry	
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http://heart.bmj.com/content/93/10/1285.full	
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Measurement	
  of	
  VO2	
  
(Indirect	
  calorimetry)	
  

www.derksformals.com/measurements.php	
  

Adolf Loewy during a walk experiment.

§  Indirect	
  calorimetry	
  
§  Closed-­‐circuit	
  spirometry	
  

§  Portable	
  -­‐	
  Nathan	
  Zuntz	
  (1847-­‐1920)	
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Measurement	
  of	
  VO2	
  
(Indirect	
  calorimetry)	
  

www.derksformals.com/measurements.php	
  §  Indirect	
  calorimetry	
  
§  Closed-­‐circuit	
  spirometry	
  

§  Portable	
  –	
  Today	
  !	
  

Huayna Potosi 2006	
  

Cuando la pasión del saber 
encuentra el amor de la montaña
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The	
  team	
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Logistic	
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• 	
  Camps	
  #1	
  
• 	
  Le	
  Relais	
  -­‐	
  353m	
  

• 	
  Camps	
  #2	
  
• 	
  La	
  Paz	
  -­‐	
  4	
  000m	
  

• 	
  Camps	
  #3	
  
• 	
  Le	
  refuge	
  -­‐	
  4	
  750m	
  

• 	
  Camps	
  #4	
  
• 	
  Campo	
  de	
  Roca	
  -­‐	
  5	
  300m	
  

Mecanistic	
  study	
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The	
  tests	
  

432	
  tests	
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Measurement	
  of	
  VO2	
  
(Quiz) 

2012-­‐12-­‐04	
  APA	
  1161	
  

Which	
  of	
  the	
  following	
  is	
  an	
  
example	
  of	
  direct	
  

calorimetry?	
  
	
  

a)  Portable	
  spirometry	
  
b)  Bag	
  technique	
  
c)  Computerized	
  instrumentation	
  
d)  Storage	
  calorimetry	
  

www.derksformals.com/measurements.php	
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Measurement	
  of	
  VO2	
  
(Predictive	
  equation)	
  

www.derksformals.com/measurements.php	
  

Are	
  all	
  predictive	
  
equation	
  good	
  ?	
  

‘yes	
  and	
  no’	
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Measurement	
  of	
  VO2	
  
(Predictive	
  equation)	
  

www.derksformals.com/measurements.php	
  

Jarrett
Highlight
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Measurement	
  of	
  VO2	
  
(Predictive	
  equation)	
  

www.derksformals.com/measurements.php	
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§  Units	
  
§  Speed 	
   	
  :	
  m·∙min-­‐1	
  	
  
§  Body	
  mass 	
  :	
  kg	
  
§  Slope	
  /	
  Grade 	
  :	
  inclination	
  in	
  %	
  	
  	
  
	
   	
   	
   	
  :	
  in	
  decimal:	
  10%	
  =	
  0,1	
  

§  Power 	
   	
  :	
  Watts	
  :	
  ~6	
  kgm·∙min-­‐1	
  

§  Height	
  of	
  step 	
  :	
  m	
  

§  Rhythm 	
   	
  :	
  min-­‐1	
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Measurement	
  of	
  VO2	
  
(Predictive	
  equation)	
  

www.derksformals.com/measurements.php	
  

http://www.ehow.com/
how_6556796_measure-­‐
length-­‐width.html	
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Measurement	
  of	
  VO2	
  
(Predictive	
  equation)	
  

www.derksformals.com/measurements.php	
  

Exercise 

Walk VO2= 
mLO2 � kg-1 �min-1 0,1 x S + 1,8 x S x G +3,5 

Running 
(Treadmill) 

VO2= 
mLO2 � kg-1 �min-1 0,2 x S + 0,9 x S X G +3,5 

Ergocycle VO2= 
mLO2 � kg-1 �min-1 + 10,8 x W x M-1 +7 

Arm crank VO2= 
mLO2 � kg-1 �min-1 + 18 x W x M-1 +3,5 

Stairs VO2= 
mLO2 � kg-1 �min-1 0,2 x f + 1,33 x 1,8x H x f +3,5 

Jarrett
Sticky Note
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Jarrett
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§  Walk	
  1,9-­‐3,7	
  mph	
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Measurement	
  of	
  VO2	
  
(Predictive	
  equation)	
  

www.derksformals.com/measurements.php	
  

VO2	
  (mLO2	
  ·∙	
  kg-­‐1	
  ·∙	
  min-­‐1)	
  =	
  (0,1·∙S)	
  +	
  (1,8	
  ·∙S·∙G)	
  +	
  3,5	
  

Gross	
  consumption	
   =	
   +	
   +	
  

Flat	
  at	
  	
  3,4	
  mph:	
  

• 	
  3,4	
  ·∙	
  26.8	
  =	
  91.12	
  m	
  ·∙	
  min-­‐1	
  

=	
  [0,1·∙(91,12)] + [1,8·∙(91,12)	
  ·∙0,0]	
  +	
  (3,5)	
  	
  

=	
  9,112	
  +	
  0	
  +	
  3,5	
  	
  

=	
  12,61	
  mLO2	
  ·∙	
  kg-­‐1	
  ·∙	
  min-­‐1	
  	
  

S = speed ( m ·min-1) 
M = Body mass (kg)   
f = Step rhythm (min-1) 
G = Grade  ( % in decimal) 
W= power (watts) 
H = Height of step (m) 
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§  Running	
  <5	
  mph	
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Measurement	
  of	
  VO2	
  
(Predictive	
  equation)	
  

www.derksformals.com/measurements.php	
  

VO2	
  (mLO2	
  ·∙	
  kg-­‐1	
  ·∙	
  min-­‐1)	
  =	
  (0,2·∙S)	
  +	
  (1,8	
  ·∙S·∙G)	
  +	
  3,5	
  

Goss	
  consumption	
   =	
   +	
   +	
  

S = speed ( m ·min-1) 
M = Body mass (kg)   
f = Step rhythm (min-1) 
G = Grade  ( % in decimal) 
W= power (watts) 
H = Height of step (m) 

at a slope of 10% 

= [0,2 x (5 x 26,8)]	
  +	
  [0,9 x (5 x 26,8) x 0,1] + (3,5)  

= 26,8 + 12,06 + 3,5 

= 42,36	
  ml · kg-1 · min-1 
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§  Ergocycle	
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Measurement	
  of	
  VO2	
  
(Predictive	
  equation)	
  

www.derksformals.com/measurements.php	
  

VO2	
  (mLO2	
  ·∙	
  kg-­‐1	
  ·∙	
  min-­‐1)	
  =	
  (10,8	
  •	
  W	
  •	
  M-­‐1)	
  +	
  3,5	
  

S = speed ( m ·min-1) 
M = Body mass (kg)   
f = Step rhythm (min-1) 
G = Grade  ( % in decimal) 
W= power (watts) 
H = Height of step (m) 

Power	
  100	
  W	
  et	
  Body	
  masslle	
  65	
  kg:	
  

=	
  (10,8	
  ·∙	
  100	
  ·∙	
  65-­‐1) +	
  (7)	
  	
  

=	
  23,6 ml	
  ·∙	
  kg-­‐1	
  ·∙	
  min-­‐1  

Jarrett
Sticky Note
Important to account for what active level/age/conditions patients are in.

Jarrett
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Principle	
  of	
  exercise	
  testing	
  

§  VO2max	
  /	
  peak	
  
§  Ventilation	
  
§  RQ	
  /	
  RER	
  
§  BP	
  
§  Maximum	
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Martin Noël, Ph.D.  
ACSM certified Exercise Specialist®  

martin.noel@uottawa.ca 

http://www.illustrationsource.com/stock/image/81063/
man-­‐on-­‐rollerblades-­‐standing-­‐on-­‐moving-­‐treadmill/?

&results_per_page=1&detail=TRUE&page=52	
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Principle	
  of	
  exercise	
  testing	
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Principle	
  of	
  exercise	
  testing	
  

Black 
box 
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§  Rate	
  of	
  oxygen	
  consumption	
  
§  V	
  =	
  volume	
  ;	
  O2	
  =	
  Oxygen	
  ;	
  •	
  =	
  rate	
  

§  mLO2	
  ·∙	
  min-­‐1	
  	
  or	
  LO2	
  ·∙	
  min-­‐1	
  

§  Energy	
  cost	
  of	
  activities	
  not	
  involving	
  body	
  
mass	
  
	
  

§  mLO2	
  ·∙	
  kg-­‐1	
  ·∙	
  min-­‐1	
  

§  Comparison	
  of	
  persons	
  of	
  different	
  weight	
  
§  Energy	
  cost	
  of	
  activity	
  involving	
  body	
  mass	
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Principle	
  of	
  exercise	
  testing	
  

VO2

O2 consumption at rest      O2 consumption during exercise 

 

 

 

Net	
  VO2 

Gross	
  VO2 
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Principle	
  of	
  exercise	
  testing	
  

§  In	
  general	
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Principle	
  of	
  exercise	
  testing	
  

§  Max	
  vs	
  peak	
  ?	
  

VO2 peak VO2max 

Workload 

VO2

Jarrett
Sticky Note
VO2 max is the best choice of method... VO2 peaks can be overestimated.

Jarrett
Sticky Note
Very Important slide
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Principle	
  of	
  exercise	
  testing	
  

§  Step	
  vs	
  peak	
  ?	
  

Ramp Step 

Time 

W
or

kl
oa

d 
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Principle	
  of	
  exercise	
  testing	
  

§  Step	
  vs	
  peak	
  ?	
  
J	
  Am	
  Coll	
  Cardiol.	
  1991	
  May;17(6):1334-­‐42.	
  
	
  
Comparison	
  of	
  the	
  ramp	
  versus	
  standard	
  exercise	
  protocols.	
  
	
  
Myers	
  J,	
  Buchanan	
  N,	
  Walsh	
  D,	
  Kraemer	
  M,	
  McAuley	
  P,	
  Hamilton-­‐Wessler	
  M,	
  Froelicher	
  VF.	
  
	
  
Cardiology	
  Section,	
  Long	
  Beach	
  Veterans	
  Affairs	
  Medical	
  Center,	
  California	
  90822.	
  
To	
  compare	
  the	
  hemodynamic	
  and	
  gas	
  exchange	
  responses	
  of	
  ramp	
  treadmill	
  and	
  cycle	
  ergometer	
  tests	
  with	
  standard	
  exercise	
  protocols	
  used	
  
clinically,	
  10	
  patients	
  with	
  chronic	
  heart	
  failure,	
  10	
  with	
  coronary	
  artery	
  disease	
  who	
  were	
  asymptomatic	
  during	
  exercise,	
  11	
  with	
  coronary	
  artery	
  
disease	
  who	
  were	
  limited	
  by	
  angina	
  during	
  exercise	
  and	
  10	
  age-­‐matched	
  normal	
  subjects	
  performed	
  maximal	
  exercise	
  using	
  six	
  different	
  exercise	
  
protocols.	
  Gas	
  exchange	
  data	
  were	
  collected	
  continuously	
  during	
  each	
  of	
  the	
  following	
  protocols,	
  performed	
  on	
  separate	
  days	
  in	
  randomized	
  order:	
  
Bruce,	
  Balke	
  and	
  an	
  individualized	
  ramp	
  treadmill;	
  25	
  W/stage,	
  50	
  W/stage	
  and	
  an	
  individualized	
  ramp	
  cycle	
  ergometer	
  test.	
  Maximal	
  oxygen	
  uptake	
  
was	
  16%	
  greater	
  on	
  the	
  treadmill	
  protocols	
  combined	
  (21.4	
  +/-­‐	
  8	
  ml/kg	
  per	
  min)	
  versus	
  the	
  cycle	
  ergometer	
  protocols	
  combined	
  (18.1	
  +/-­‐	
  7	
  ml/kg	
  per	
  min)	
  
(p	
  less	
  than	
  0.01),	
  although	
  no	
  differences	
  were	
  observed	
  in	
  maximal	
  heart	
  rate	
  (131	
  +/-­‐	
  24	
  versus	
  126	
  +/-­‐	
  24	
  beats/min	
  for	
  the	
  treadmill	
  and	
  cycle	
  
ergometer	
  protocols,	
  respectively).	
  No	
  major	
  differences	
  were	
  observed	
  in	
  maximal	
  heart	
  rate	
  or	
  maximal	
  oxygen	
  uptake	
  among	
  the	
  various	
  treadmill	
  
protocols	
  or	
  among	
  the	
  various	
  cycle	
  ergometer	
  protocols.	
  The	
  ratio	
  of	
  oxygen	
  uptake	
  to	
  work	
  rate,	
  expressed	
  as	
  a	
  slope,	
  was	
  highest	
  for	
  the	
  ramp	
  
tests	
  (slope	
  +/-­‐	
  SEE	
  ml/kg	
  per	
  min	
  =	
  0.80	
  +/-­‐	
  2.5	
  and	
  0.78	
  +/-­‐	
  1.7	
  for	
  ramp	
  treadmill	
  and	
  ramp	
  cycle	
  ergometer,	
  respectively).	
  The	
  slopes	
  were	
  poorest	
  for	
  
the	
  tests	
  with	
  the	
  largest	
  increments	
  in	
  work	
  (0.62	
  +/-­‐	
  4.0	
  and	
  0.59	
  +/-­‐	
  2.8	
  for	
  the	
  Bruce	
  treadmill	
  and	
  50	
  W/stage	
  cycle	
  ergometer,	
  respectively).
(ABSTRACT	
  TRUNCATED	
  AT	
  250	
  WORDS)	
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Principle	
  of	
  exercise	
  testing	
  
(Interpretation)	
  

§  VE	
  (ventilation	
  /	
  min.)	
  
§  =Breathing	
  frequency	
  �	
  Tidal	
  

volume	
  
§  =	
  12	
  �	
  0,5	
  L	
  
§  =	
  6	
  L	
  �	
  min-­‐1	
  

	
  
§  MVV	
  (maximal	
  voluntary	
  

ventilation)	
  
§  =	
  37,5	
  •	
  FVC	
  

§  *	
  MVV	
  (25%)	
  <	
  VEmax	
  
§  **	
  MPOC	
  -­‐	
  VEmax	
  normal	
  =	
  40%	
  MVV	
  

Breathing 
rate 

(Breathing�min-1) 
Tidal volume 
(L�ventilation-1) 

VE 
(L�min-1) 

Rest 12 0,5 6 
Moderate ex. 30 2,5 75 
Vigourous ex. 50 3,0 150 

MVV (L � min-1) 
Male (  30 ans) 140-180 
Female (  30 ans) 80-120 
Athlete 
(Cross-country skiing) 192 

Max. measured 239 

Jarrett
Sticky Note
For most accuracy**** Reach max work at 8-12 minutes

--> this method is the best method 
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Principle	
  of	
  exercise	
  testing	
  
(Interpretation)	
  

§ Respiratory	
  quotient	
  
§  RQ	
  =	
  CO2	
  produced	
  ÷	
  O2	
  consumed	
  
§  Carbohydrate,	
  fat,	
  and	
  protein	
  require	
  different	
  

amounts	
  of	
  O2	
  for	
  complete	
  oxidation	
  of	
  each	
  
molecule’s	
  carbon	
  and	
  hydrogen	
  atoms	
  to	
  the	
  CO2	
  
and	
  water	
  end	
  products	
  
§ Provides	
  a	
  convenient	
  guide	
  to	
  approximate	
  the	
  

nutrient	
  mixture	
  catabolized	
  for	
  energy	
  during	
  
rest	
  and	
  aerobic	
  exercise	
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Principle	
  of	
  exercise	
  testing	
  
(Interpretation)	
  

§  Respiratory	
  quotient	
  
§  Carbohydrate	
  	
  

§  C6H12O6	
  +	
  6O2	
  "6	
  CO2	
  +	
  6H2O	
  
§  RQ	
  =	
  6	
  CO2	
  /	
  6	
  O2	
  =	
  1	
  
§  Because	
  gas	
  exchange	
  during	
  glucose	
  oxidation	
  produces	
  a	
  number	
  of	
  CO2	
  

molecules	
  equal	
  to	
  the	
  number	
  of	
  O2	
  molecules	
  consumed	
  

§  RQ	
  =	
  1	
  

§  Protein	
  
§  C16H32O2	
  +	
  23	
  O2	
  "	
  16	
  CO2	
  +	
  16	
  H2O	
  
§  QR	
  =	
  16	
  CO2	
  /	
  23	
  O2	
  =	
  0,818	
  (0,8)	
  
§  Because	
  proteins	
  require	
  more	
  oxygen	
  in	
  relation	
  to	
  carbon	
  

§  RQ=0,82	
  	
  

§  Fat	
  	
  
§  C72H112O22S+77	
  O2	
  "	
  63	
  CO2+38	
  H2O+SO3+9	
  CO(NH2)2	
  
§  QR	
  =	
  63	
  CO2	
  /	
  77	
  O2	
  =	
  0,696	
  (0,7)	
  
§  Because	
  fat	
  catabolism	
  requires	
  more	
  O2	
  in	
  relation	
  to	
  CO2	
  production	
  	
  

§  RQ=0.70	
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Principle	
  of	
  exercise	
  testing	
  
(Interpretation)	
  

§  Respiratory	
  quotient	
  
§  Carbohydrate	
  :	
  RQ	
  =	
  1	
  
§  Protein	
  :	
  RQ=0,82	
  	
  
§  Fat	
  :	
  RQ=0.70	
  

	
  

Jarrett
Sticky Note
About 1.1RQ - person producing alot of co2, indicates the glycolysis system active and he/she will reduce muscular activity.



2012-­‐12-­‐04	
  

24	
  

Copyright	
  Martin	
  Noel	
  2012	
  

2012-­‐12-­‐04	
  APA	
  1161	
   70	
  

Principle	
  of	
  exercise	
  testing	
  
(Interpretation)	
  

§ Respiratory	
  Exchange	
  Ratio	
  (RER)	
  
§  Is	
  computed	
  in	
  the	
  same	
  manner	
  as	
  RQ	
  
§ Reflects	
  the	
  ratio	
  of	
  CO2	
  produced	
  to	
  O2	
  

consumed	
  when	
  	
  factors	
  other	
  than	
  food	
  
combustion	
  alter	
  the	
  exchange	
  of	
  O2	
  and	
  
CO2	
  	
  in	
  the	
  lungs	
  and	
  the	
  ratio	
  of	
  gas	
  
exchange	
  no	
  longer	
  reflects	
  only	
  the	
  
substrate	
  mixture	
  of	
  energy	
  metabolism	
  

§  Strongly	
  associated	
  with	
  exercise	
  intensity	
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Principle	
  of	
  exercise	
  testing	
  
(Interpretation)	
  

§  Respiratory	
  Exchange	
  Ratio	
  (RER)	
  
VCO2

VO2

Production	
  of	
  carbon	
  dioxide	
  

Oxygen	
  consumption	
  
=	
   =	
   RER	
   RER	
   	
  1,00	
  

HLa	
  +	
  NaHCO3	
  "	
  NaLa	
  +	
  
H2CO3	
  "	
  H2O	
  =	
  CO2	
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Principle	
  of	
  exercise	
  testing	
  
(Interpretation)	
  

§  Lactate	
  threshold	
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Principle	
  of	
  exercise	
  testing	
  
(Interpretation)	
  

§  Blood	
  pressure	
  

Fletcher et al. (2001) Circulation; 104:1694-1740  
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Principle	
  of	
  exercise	
  testing	
  
(Interpretation)	
  

§  Criteria	
  for	
  stopping	
  test	
  
§  Patient's	
  request	
  (to	
  stop)	
  
§  Suspicion	
  of	
  a	
  myocardial	
  infarction	
  or	
  acute	
  myocardial	
  infarction	
  (heart	
  attack)	
  
§  Onset	
  of	
  moderate-­‐to-­‐severe	
  angina	
  (chest	
  pain)	
  
§  Drop	
  in	
  systolic	
  blood	
  pressure	
  (SBP)	
  below	
  standing	
  resting	
  pressure	
  or	
  drop	
  in	
  SBP	
  with	
  

increasing	
  workload	
  accompanied	
  by	
  signs	
  or	
  symptoms	
  
§  Signs	
  of	
  poor	
  perfusion	
  (circulation	
  or	
  blood	
  flow),	
  including	
  pallor	
  (pale	
  appearance	
  to	
  the	
  

skin),	
  cyanosis	
  (bluish	
  discoloration),	
  or	
  cold	
  and	
  clammy	
  skin	
  
§  Severe	
  or	
  unusual	
  shortness	
  of	
  breath	
  
§  CNS	
  (central	
  nervous	
  system)	
  symptoms	
  

§  e.g.,	
  ataxia	
  (failure	
  of	
  muscular	
  coordination),	
  vertigo	
  (An	
  illusion	
  of	
  dizzying	
  
movement),	
  visual	
  or	
  gait	
  (pattern	
  of	
  walking	
  or	
  running)	
  problems,	
  confusion)	
  

§  Serious	
  arrhythmias	
  (abnormal	
  heart	
  rhythms)	
  
§  e.g.:	
  second	
  /	
  third	
  degree	
  AV	
  block,	
  atrial	
  fibrillation	
  with	
  fast	
  ventricular	
  response,	
  

increasing	
  premature	
  ventricular	
  contractions	
  or	
  sustained	
  ventricular	
  tachycardia)	
  
§  Technical	
  inability	
  to	
  monitor	
  the	
  ECG	
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Principle	
  of	
  exercise	
  testing	
  
(Interpretation)	
  

§  Acheived	
  maximum	
  ?	
  
§  Plateau	
  of	
  VO2	
  

§  Plateau	
  of	
  HR	
  
§  RER	
  >1.10	
  
§  Exercise	
  perception	
  >8/10	
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 Heart Transplant   =14 mlO2
-1 -1 

 Dads 50ans            =35 mlO2
-1 -1 

 Olympic athletes   =90 mlO2
-1 -1 

 Highest                =102 mlO2
-1 -1 

 Hockey player   = 50 mlO2
-1 -1 
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Fletcher et al. (2001) Circulation; 104:1694-1740  
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