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Lesson Plan o Objectives
= Overview of 02 uptake * Understand the basic concepts of
= Pulmonary system pulmonary ventilation
= Anatomy
= Volumes * Identify the adaptive mechanism of
= Minute ventilation ventilation during exercise
= Valsalva
= Gaz exchange | Hb + Describe the interaction among cardiac
= Ventilation control output and heart rate

Cardiovascular system
= Anatomy

= Blood pressure

= Blood Flow

* Heart Rate

Differentiate estimated vs measured
heart rate

Discuss cardiovascular response during
exercise
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Review, from last week
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Energy systems

Mitochondria
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Energy systems
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Energy systems
(In brief)
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Jarrett
Sticky Note
Is lactic acid a bas thing? IT DEPENDS
Lactic acid can be used by the heart but in abundance causes muscles fatigue.


Muscle fibres
(Biopsie)

= Fibre types

2012-11-26

= 1, 1A, 1B

Muscle fibres
(Biopsie)

[ | typelfibers(red) | Typeliafibers (red) | Type b fibers (white)

Contraction time Slow

Moderately Fast Very fast
Size of motor neuron Small Medium Very large
Resistance to fatigue High Fairly high Low.
Activity Used for Aerobic Long-term anaerobic Short-term anaerobic
r:ex umdurstionier Hours <30 minutes <1 minute
Power produced Low Medium Very high
Mitochondrial density Very High High Low
Capillary density High Intermediate Low
Oxidative capacity High High Low
Glycolytic capacity Low High High

o 5 5 ine phosphate, "
Major storage fuel Triglycerides Crealine phosphale. - arp Greatine phosphate
Note CrEmn TRk Produce lactic acid and Consume Creatine

Creatine phosphate phosphate

Muscle contraction

APA1E



Jarrett
Sticky Note
Type 1 slow (aerobic) fibres (RED)
TYPE 2 B Faster (anaerobic) fibres (WHITE)

Type 2 A (Traitors) mix of the both

Jarrett
Highlight

Jarrett
Highlight

Jarrett
Highlight

Jarrett
Sticky Note
Note that Calcium is important for muscle contraction.


Energy systems

(Recoyvery)

- Recuparation time

Minimum Incomplete 90-95% Complete

PCr 2 min 5 min
Glycolisis 5 hrs 18 hrs 72 hrs

Oxidative 30min-1h 2-3 hrs 18 hrs 48 hrs

APATIE! o 2onn26 |
uOttawa
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Energy systems

(Recoyvery)

APATIE! " 2onn26 |
uOttawa

Resting energy expenditure

MET
Metabolic equivalent
3.5mlO, * kg * min-!

APATIE! n 2onn26 |
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Jarrett
Sticky Note
to re-create energy sources faster... Train more or eat something afterwards.

(we manage the energy of the athletes, not necessarily the exercises)

Jarrett
Sticky Note
Dont record in MET in this class... USE: # mlO2*kg-1*min-1


Lesson Plan

Overview of 02 uptake

Pulmonary system

\natorr

Gaz exchange [ Hb
tilation control

system

Anatorr

Blood press

Blood Flow
Heart Rate

M, ortawa
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Oxygen uptake

Muscle activity 02 and COz ‘Ventilation

delivery V4V,

. Dilate Recruitment
Phvei toco, tsv tvr
'810. response .
¥ P 100, tHR L
(Agapta rom: . Loa & Fobiger1987)
APA 1161 19 2024126 uonuwa

Oxygen uptake

Muscle activity 02 and CO: ‘Ventilation

delivery VeV,

Dilate Recruitment

(acapted tom: . Loa & Febigar 1987) .
APA1E 15 2026 [T
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Lesson Plan

= Pulmonary system
= Anatomy
= Volumes
= Minute ventilation
= Valsalva
= Gazexchange/Hb
= Ventilation control

APA 161 ®

ﬁ uOttawa
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Volumes
= Minute ventilation
= Valsalva

= Gazexchange [ Hb
= Ventilation control

”

2021126

Pulmonary system

(Anatomy; and structure)

= Anatomy of ventilation

= Pulmonary ventilation is the process of moving and

exchanging ambient air with air in the lungs

= Air enters the nose and mouth - trachea and adjusts to
body temperature, is filtered and humidified > two

bronchi - bronchioles > alveoli

APA1E ®

ﬁ uOttawa
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Pulmonary system
A d

@, oo
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* Lungs
= Provide the gas exchange surface that separates blood
from the surrounding alveolar gaseous environment
= Oxygen transfers from alveolar air into alveolar
capillary blood while the blood’ s carbon dioxide
moves into the alveoli and then into ambient air

= Anaverage-sized adult’ s lungs weigh approximately 1
kg, and has a volume of 4-6 L

= Lung tissue consists of 10% solid tissue and the rest is
filled with air and blood

sonver o sonas
ll()l!il\wl

Pulmonary system
A d

= Alveoli

= There are more than 600 million alveoli that
provide the surface for gas exchange between
lung tissue and blood
Alveoli receive the largest blood supply of all
the organs
Capillaries and alveoli lie side by side with the
surface as thin as possible to facilitate rapid
exchange of gases
Each minute at rest, 250 mL of O2 leaves the
alveoli and enters the blood and 200 mL of CO2
diffuses in the opposite direction

ﬁllol!il\wl
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Jarrett
Sticky Note
No little dinky questions like that (left) just comprehension
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Highlight
EXAM TYPE QUESTION
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Pulmonary system
(A

Where is air almost completely
humidified?

In the lungs
b) Inthe trachea
c) Inthealveoli
In the nose

ApAer » oo uOll'l\\r’l
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Pulmonary system
A d

= Ventilatory system:
= Conducting zones

= Considered anatomic
dead space
““Functions
= Air transport,
humidification, warming,
particle filtration,
vocalization,
immunoglobulin
secretion

ApAer K oo uOll'l\\r’l

= Ventilatory system:
= Transitional and respiratory

zones
= Functions
= Gas exchange, surfactant
production, molecule
activation and inactivation,

blood clotting regulation,
and endocrine function

ApAer B oo uOll'l\\r’l
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Jarrett
Sticky Note
drink more water in cold or high environments because water is needed to keep air humidified.
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Highlight

Jarrett
Sticky Note
NO EXCHANGE OF GASSES**

Jarrett
Sticky Note
Gas exchange only here


Pulmonary system
A d

@, oo
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= Fick's Law

= Adolf Eugen Fick, German physiologist
= Also invented contact lenses
= Governs the diffusion of gas across a fluid membrane

= States that a gas diffuses through a sheet of tissue at a
rate:

Directly proportional to the tissue area, a diffusion constant,
and the pressure differential of the gas on each side of the
membrane

Inversely proportional to tissue thickness

= The pressure differential between the air in the lungs and
the lung—chest wall interface causes the lungs to adhere
to the chest wall and follow its every movement

.IIOHH\WI

Pulmonary system
A d

= Breathing (Inspiration)

1. Diaphragm contracts, flattens, and moves
downward toward the abdominal cavity

2. Elongation and enlargement of the chest
cavity expands the air in the lungs,
causing its intrapulmonic pressure to
decrease to slightly below atmospheric
pressure

3. Lungs inflate as the nose and mouth suck
air inward

4. Finishes when thoracic cavity expansion
ceases, causing equality between
intrapulmonic and ambient atmospheric
pressure

uOttawa



Jarrett
Sticky Note
emphasima* (sp?) and is when the elasticity of alveoli decreases... we will die from this one day.. with age.

Jarrett
Sticky Note
pressure in chest is important for air diffusion in lungs... Everest dead zone is dangerous not due to low oxygen, but for it's low pressure.
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Pulmonary system
Anatomy,and .

= Breathing (Expiration)

During rest and light exercise represents a
passive process of air movement out of the
lungs resulting from:

Natural recoil of the stretched lung tissue
and relaxation of the inspiratory muscles
Phases:

1. Sternum and ribs drop, diaphragm rises,
decreasing chest cavity volume and
compressing alveolar gas so air moves from
respiratory tract to atmosphere
Ends when the compressive force of
expiratory muscles ceases and intrapulmonic
pressure decreases to atmospheric pressure

~

APA 161 = 20121126

Pulmonary system
Anatomy,and .

* Breathing (Inspiration)
= During exercise
= the scaleni and external intercostal muscles

between the ribs contract, causing the ribs to
rotate and lift up and away from the body

= Inspiratory action increases during exercise when
the diaphragm descends, the ribs swing upward,
and the sternum thrusts outward

Athletes often bend forward from the waist to
facilitate breathing following exercise because:
Promotes blood flow back to the heart

= Minimizes antagonistic effects of gravity on the
usual upward direction of inspiratory movements

uOttawa

P

Inspiration during exercise  Expiration during exercise

= During exercise, the scaleni and = Internal intercostal and abdominal
external intercostal muscles between muscles act powerfully on the ribs and
the ribs contract, causing the ribs to abdominal cavity to reduce thoracic
rotate and lift up and away from the dimensions
body = By reducing the dimensions, exhalation
= Inspiratory action increases during becomes more rapid and extensive

exercise when the diaphragm
descends, the ribs swing upward, and
the sternum thrusts outward

Athletes often bend forward from the
waist to facilitate breathing following
exercise because:

= Promotes blood flow back to the heart
Minimizes antagonistic effects of gravity
on the usual upward direction of

inspiratory movements
uOttawa
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Pulmonary system
(A

What law governs gas
diffusion through the
alveolar membrane?

a) Fick’s law
b) Kohn’s law

¢) Law of gas diffusion

d) Newton’s third law of motion

APA 161

a6
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— tnhalation
5000 ML spirstory
INSPIRATORY _VITAL rorAL
CATACITY CATACTTY LUNG
VOLUME Extulation — Sl Mol oy
GuomD  Gloom  aoon
1500 )
4000m, Y @200
3000 mL
oAl
VOLUME 560 .
EXPIRATORY
RESERV
2000mL TEEEE Endof Start of
1200 mL. record record. FUNCTIONAL
omiy RESIDUAL
1000 ML kesibuAL 2400 L.
VoLome (00 mL)
1200 .
Q100 m)
LUNG VOLUMES LUNG CAPACITIES
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Sticky Note
Residual volume is kept to prevent lung collapsing.
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Pulmonary system

5000 mL iwseiratory

v
VoLUME
S100mi
1500 )
4000 m P
3000 mL
oA
VOLUME 560 i
EXPIRATORY
RESERV
2000 mL - CoiNE Endof
oomt record
oy
1000 ML gesiuaL
VoL
Q100
LUNG VOLUMES
APt 34

2 3 Forced Expiratory

1second Volume in 1 sec. (FEV,)

Start of
record

Forced Vital
Capacity (FVC)

\ 4 _
kil el i A
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Pulmonary system

APA 161 3

s
* o uOuuwzu

Pulmonary system

Normal values

Measurements Values

Male Female
Forced Volume

capacity (FVC) @S 37k

Tidal volume el oml

vt) 5 39

Total lung

volume (TLC) GolL i
SaErer

2007 0f 3,600 subjects aged 4-80 years.

nd. 75t

Stanojevic s, Wade A, Stocks J et al.(February 2008)."Reference Ranges for Spirometry
‘Across All Ages: A New Approach. Am . Respir, Cri.Car Med. 77 (3): 253-66.

APA1E 36
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Jarrett
Sticky Note
Pulmonary fibrosis is a worse disease, the % air passage is high because breathing the bronchioles (passage ways) are not blocked.
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Highlight
Exam? Size depends on size of person...
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Pulmonary system
(Vol

Nunn AJ, Gregg | (Apri
1980). "New regrssion
equations for predicting
peak expiratory low in
adults". BMJ 298 (6680):
1068-70

@, oo

Calculate your
predicted residual lung
volume

RLV =0.0275 + AGE + 0.0189 « Ht (cm) — 2.3967

@, oo

Pulmonary system

(Ventilation

= Minute ventilation

= The volume of air breathed each minute

= Averages 6 L
Minute ventilation (V) = Breathing rate + tidal volume
Can be increased by an increase in the rate or depth of
breathing, or both
Breathing rate can increase to 35-45 bpm during strenuous
exercise in healthy young adults and 60-70 bpm in some
elite endurance athletes
TVs for trained and untrained individuals rarely exceed 60%
of vital capacity

@, oo
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Highlight
NOT NEEDED TO KNOW FOR EXAM
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Highlight
Can tell alot about lung health.
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Highlight
This is an important concept
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Ventilation

Pulmonary system
e

= Maximum voluntary ventilation

Evaluates ventilatory capacity with rapid and deep breathing for 15

seconds

= Extrapolated to the volume if the subject continued for 1 minute

= ~25% > ventilation in maximal exercise since exercise does not maximally
stress how a healthy person breathes

Normal values

= 140 and 180 L - min in healthy, college-aged men

= 8oand 120 L-min" in healthy, college-aged women

Exercise

= Exercise training of ventilatory muscles improves their strength and
endurance, increasing inspiratory muscle function and MVV

@, oo
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Pulmonary system
e

Ventilation

= Alveolar ventilation
= Anatomic dead space is the air in each breath that does not enter the

alveoli and participate in gaseous exchange with the blood

= ranges between 150-200 mL

Physiological dead space is the small portion of air distributed to either
poorly ventilated or poorly perfused alveoli
About 350 mL of the 500 mL of

inspired TV at rest enters into

and mixes with existing alveolar

air

= Alveolar ventilation is the portion of

inspired air reaching the alveoli
and participating in gas

@, oo

Ventilation

Pulmonary system
e

= During exercise and typical values

@, oo
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Pulmonary system
A d

Which of the following best describes
residual lung volume?

The air volume normally in the lungs

b) The air volume remaining in the lungs
even after exhaling as deeply as

~ possible

c) The air volume in the lungs after

inhaling as deeply as possible

The air volume between the lung tissues

@, oo

Pulmonary system
e

Ventilatio

= War of the gender!
= Compared to men, women have a reduced lung size and
airway diameter, a smaller diffusion surface and static
and dynamic lung function measures
= Leads to expiratory flow limitations, greater respiratory
muscle work and use of ventilatory reserve during maximal
exercise, particularly in highly trained women

@, oo

Pulmonary system

(Valsalvaimaneuver)

= Closing the glottis following a
full inspiration while
maximally activating the
expiratory muscles, creating
compressive forces that
increase intrathoracic
pressure above atmospheric
pressure

Occurs commonly in activities
that require a rapid,
maximum application of
force of short duration

@, oo

2012-11-26
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Used to push (excrete or lift) harder 


Pulmonary system

(Valsalvaimaneuver)

= Physiological consequence

= Performing a prolonged Valsalva maneuver during static,
straining-type exercise dramatically reduces venous
return and arterial blood pressure
This diminishes the brain’s blood supply, often producing
dizziness or fainting
Once the glottis reopens and intrathoracic pressure
normalizes, blood flow reestablishes with an
“overshoot” in arterial blood pressure
Does not cause relatively large increases in blood
pressure durin% heavy resistance exercises; these
exercises greatly increase resistance to blood flow in
active muscle with a resulting rise in blood pressure

@, oo
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= Physiological consequence

Phase 1: Normal breathing
Phase 2: Straining exercise

with accompanying Valsalva
maneuver

@, oo

P m

Which of the following techniques
provides better alveolar ventilation for
an athlete during exercise?

a) Afaster breathing rate
b) Deeper breathing to increase tidal
volume

Forced expiration after a normal tidal
volume breath

d) Nothing can provide better alveolar
ventilation

~ S

APA1E
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Pulmonary system
(Gaz exch

= Concentration of ambient air

Partial pressure =

% concentration  Total pressure
of specific gaz of gaz mixture

20,93 /100 X 760 mmHg
0,2003 x 760

159mmHg

@, oo
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= Definitions

= PAO2: Partial pressure of oxygen in alveolar chambers
Pa02: Partial pressure of oxygen in arterial blood

Sa0,%: Percent saturation of arterial blood with oxygen
PvO,: Partial pressure of oxygen in venous blood

PaCO,: Partial pressure of carbon dioxide in alveolar
chambers

PaCO,: Partial pressure of carbon dioxide in arterial blood
PvCO,: Partial pressure of carbon dioxide in venous blood

@, oo

= Definitions
= SvO,%: Percent saturation of venous blood with oxygen

a-vO, diff: Arteriovenous oxygen difference; difference
between oxygen carried in arterial blood and carried in
venous blood

a-v'0, diff: Arterial-mixed-venous oxygen difference;
difference between oxygen carried in arterial blood and
carried in mixed-venous blood

“““““ R

= v mixed-venous blood

@, oo
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This is all needed to know here
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Pulmonary system
(A

partial pressure of oxygen
in arterial blood?

a) PAO,
b) PvO,
c) Pao,
d) Sa0,%

a6
o uOllu\wl

APA 161
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Pulmonary system

(Gaz exchange)

0, travels from a higher to lower pressure
as it dissolves and diffuses through the
alveolar membranes into the blood
* CO, exists under a slightly greater pressure
in returning venous blood than in the
alveoli, causing net diffusion of CO, from
the blood into the lungs
N, remains essentially unchanged in
alveolar—capillary gas

Alveolar gas-blood gas equilibrium takes
placein % sec

ApAer s oo uOll'l\\r’l
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Good exam questions


Pulmonary system
(Gaz exch

= Gaz transfer in tissues

APA 161

Atrest, PO, in the fluid outside a muscle cell
averages 40 mm Hg and intracellular PCO,
averages 46 mm Hg

In vigorous exercise, PO, within muscle tissue
falls toward o mm Hg, the PCO, approaches 90
mm Hg

Pressure differences between gases in plasma
and tissues establish diffusion gradients

0, leaves the blood and diffuses toward cells, e
while CO, flows from cells into the blood
Blood then passes into the venous circuit for
return to the heart and delivery to the lungs

5 oo uOl!u\wl
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APA 161

= Transport of 02 in the blood
= The blood carries oxygen in two ways:

1. In physical solution dissolved in the fluid
portion of blood

2. Inloose combination with hemoglobin,
the iron-protein molecule within the red
blood cell

uOttawa

= Transport of 02 in the blood
= Hemoglobin

APA1E

= Hemoglobin is the iron-containing
globular protein pigment

= Carries 65-70 times more oxygen
than normally dissolves in plasma

* Each of the four iron atoms in the
hemoglobin molecule can loosely
bind one oxygen molecule: Hb4 + 4
0, | Hb408

= The partial pressure of oxygen
dissolved in physical solution dictates
the oxygenation of hemoglobin to
oxyhemoglobin

57 2011121
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Pulmonary system
(Gaz exch

= And exercise

Arteriovenous oxygen difference

= The a-vO2 difference describes the difference between the

oxygen content of arterial blood and mixed-venous blood

Averages 4-5 mL of O2 per deciliter of blood

02 release from hemoglobin can occur without any increase in

local tissue blood flow

= The amount of 02 released to the muscles increases almost 3
times above that normally supplied at rest

= An active muscle’s uncompromising capacity to use available 02
inits large blood flow supports the position that O2 supply, not
muscle O2 use, limits aerobic exercise capacity

@, oo
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= And exercise

@, oo

Pulmonary system

(Gaz exchange)

Myoglobin

An iron-containing globular protein in skeletal
and cardiac muscle fibers

Provides intramuscular oxygen storage
Resembles hemoglobin because it also
combines reversibly with oxygen but each
molecule contains one iron atom while
hemoglobin contains four

Myoglobin adds additional oxygen to the
muscle: Mb + 0, ) MbO,

Myoglobin facilitates oxygen transfer to the
mitochondria when exercise begins and during
intense exercise when cellular PO, declines e
rapidly

During rest and moderate exercise, myoglobin
maintains high oxygen saturation

ﬁllol!il\wl
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Jarrett
Sticky Note
Increase in myoglobin means there is an injury in the system


Pulmonary system
A d

What does the arteriovenous oxygen
difference describe?

The difference in oxygen content in the blood
pre- and post-exercise

b) The difference in oxygen content of arterial
blood and mixed-venous blood

The range of oxygen content in blood from
forced exhale to inhaled deep breath

The amount of oxygen attached to
hemoglobin immediately preceding a breath

c

d

APA 161
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Pulmonary system
(R

Complex mechanisms adjust breathing rate and depth to
the body’s metabolic needs

Intricate neural circuits relay information from higher
brain centers, lungs, and other sensors throughout the
body to coordinate ventilatory control

The gaseous and chemical states of the blood that
bathes the medulla and aortic and carotid artery
chemoreceptors also mediate alveolar ventilation
These control mechanisms maintain relatively constant
alveolar gas pressures throughout a broad range of
exercise intensities

ﬁllol!il\wl

Pulmonary system
(R

@, oo
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Sticky Note
Increased breathing is triggered by an increase in CO2 Volume


Lesson Plan

= Overview of 02 uptake
Pulmonary system

= Anatomy

= Volumes

= Minute ventilation

= Valsalva

= Gazexchange /Hb

= Ventilation control

uOttawa
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Muscle activity 02 and CO: ‘Ventilation

delivery VeV,

Dilate Recruitment

(Adapted rom: . Lea & Febiger, 1987)
APA 161 65 20121126

uOttawa

Oxygen uptake

Muscle activity

02 and COz ‘Ventilation
delivery V’A + V',, 7

Dilate Recruitment

(Adaped from: . Lea & Febiger, 1987)
APATIE! 66 2onn26 |
uOttawa
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Lesson Plan

of 02 uptake

stem

entilation control

= Cardiovascular system
= Anatomy

- Blood pressure
- Blood Flow
* Heart Rate

M, ortawa

Cardiovascular system

= Anatomy
= Blood pressure

= Blood Flow
= Heart Rate
= Cardiac output

APA 161 68 2001126

Cardiovascular system

(Anatomy)

M, ortawa

23



Cardiovascular system
(Anatomy)

The Heart

Provides the drive for blood flow
Four-chambered organ

Weighs 11 oz for the average male, 9 oz for
the average female

Pumps ~70 mL for each beat

At rest, ~1900 gals/day or 52 million gals
over a 75-year lifetime

The heart muscle is called myocardium and
its muscle fibers interconnect in latticework
fashion to allow the heart to function as a
unit

2012-11-26

Cardiovascular system
(Anatomy)

Cardiovascular system

Hollow chambers on the right
side of the heart perform which
of the following functions?

a) Pump blood throughout the body
b) Pump blood into the lungs
c) Pump blood into the aorta
d) Pump blood into the myocardium

24
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Cardiovascular system
(Anatomy)

APATIE! » 20121126 uou-:wa
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Cardiovascular system
(Anatomy)

APATIE! 7 20121126 uou-:wa

Cardiovascular system
(Blood pressure)

APATIE! s 20121126 uou-:wa

25


Jarrett
Sticky Note
Muscle in arteries to push blood away from heart 

Jarrett
Sticky Note
No muscles in veins (pushed through body by vaso-constriction)

Jarrett
Sticky Note
BP lowest during sleep and highest during exercise

Systolic pressure is when heart is contracted (120mmHG)
Diastolic Pressure is when heart is relaxed (80mmHG)

Sphygmomanometer (equipment)

PARASYMPATHETIC NS used to dialate blood vessels to facilitate blood flow through muscles during exercise.


Cardiovascular system

APA 161

= Peripheral vessels do not permit blood to “run off”
into the arterial system as rapidly as it ejects from
the heart
The aorta “stores” a portion of blood, which
creates pressure within the entire arterial system
Arterial blood pressure reflects the combined
effects of arterial blood flow per minute and
resistance to that flow in the peripheral
vasculature
= Blood pressure = Cardiac output x Total peripheral
resistance (TPR)

@, oo
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Cardiovascular system

APA 161

Blood pressure represents the force exerted by
blood against the arterial walls during a cardiac
cycle

Systolic Blood Pressure (SBP): Provides an estimate
of the work of the heart and force that blood exerts
against the arterial walls during ventricular systole
Diastolic Blood Pressure (DBP): The relaxation
phase of the cardiac cycle

Indicates peripheral resistance or the ease that
blood flows from the arterioles into the capillaries

@, oo

Cardiovascular system

APA1E

@, oo
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Cardiovascular system
(Blood pressure)

APATIE! 7 20121126 uou-:wa

2012-11-26

Cardiovascular system
(Blood pressure)

APATIE! 80 20121126 uou-:wa

Cardiovascular system
(Blood pressure)

Systolic BP

Phase 3

Phase 3
Diastolic BP

APATIE! ) 20121126 uou-:wa
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Cardiovascular system

150 Men

140

130

120 /_//
g 1o
£ 100

%
80

n| ——

150 Women
140
130
120
%’ 110
E 100
920
80

70 /__\

20-29 30-39 4049 5059 6069 7079
Age

APA 161 5

2029 3039 4049 50-59 60-69 7079
Age

Wilkins et al. Health Rep 2010;21:37-46
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Cardiovascular system

High blood pressure
Tobacco

High cholesterol
Underweight

High BMI
Physical inactivity| |
Alcohol | |

-1

Indoor smoke from solid fuels

|

Proportion of

S|
Unsafe sex Deaths Attributable
_ 1

to Leading Risk
Factors Worldwide
(2000)

Iron deficiency| |

WHO 2000 Reprt. Lancet 2002601347-1360
U T T l

APA 161

12 3 4 5 6 7 8
 Attributable Mortality uom,w;.

Cardiovascular system

Category Systolic Diastolic
Optimal <120 and/or <80
Normal <130 and/or <85
High-Normal 130-139 and/or 85-89
Grade 1 (mild hypertension ) 140-159 and / or 90-99
Grade 2 (moderate hypertension) 160-179 and / or 100-109
Grade 3 (severe hypertension) =180 and / or =110
Isolated Systolic Hypertension (ISH) =140 and <90

The category pertains to the highest risk blood pressure J Hypertens 2007:25:1105-87

*ISH=Isolated Systolic Hypertension.

28


Jarrett
Sticky Note
normal BP should be for young men/women is [[120/80]] mmHG


Cardiovascular system

(Blood pressure)

= Exercise and blood pressure

APA 161 85

ﬁ uOttawa

2012-11-26

Cardiovascular system

(Blood pressure)

= Exercise and blood pressure

APA 161 86

ﬁ uOttawa

Cardiovascular system

(Blood pressure)

= Exercise and blood pressure

APA1E 8

ﬁ uOttawa
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Valsalva maneuver will increase the blood pressure... So breathe out when you push hard, to reduce blood pressure when lifting heavy.


Cardiovascular system

(Quiz),

Blood pressure is a product of:

a) Stroke volume and heart rate
b) Heart rate and total peripheral
resistance

Cardiac output and total peripheral
resistance

Stroke volume and total peripheral
resistance

C

[

d

2012-11-26

Cardiovascular system
(Blood flow)

Equasion:
= Mean arterial pressure

* Represents the average force exerted by the blood
against the arterial walls during a cardiac cycle

= Averages 93 mm Hg at rest
= MAP = DBP + [0.333 (SBP- DBP)]
= Cardiac output
= Cardiac output = MAP = Total peripheral resistance

= MAP and cardiac output estimate the change in total
resistance to blood flow in the transition from rest to
exercise

= Total peripheral resistance = MAP + Cardiac output

uOttawa

APA 161

Cardiovascular system
(Blood flow)

= Capilaries

= The arterioles branch and form smaller and less
muscular vessels called metarterioles
These vessels end in microscopically small blood

vessels called capillaries, which contain 6% of
total blood volume

The capillary wall usually consists of a single layer
of rolled up endothelial cells

Some capillaries are so narrow that only one
blood cell at a time can squeeze through

uOttawa
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Cardiovascular system

(Blood flow)

APATIE! 0 20121126 uou-:wa

w

Cardiovascular system

(Blood flow)

APATIE! 9 20121126 uou-:wa

Cardiovascular system

(Heart Rate)

= Cardiac muscle
maintains its own
rhythm and, if left
to its inherent
rhythmicity, would
beat at about 100
bpm

APATIE! % 20121126 uou-:wa

2012-11-26
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Sticky Note
Capillary pressure is higher than other larger arteries. 

Jarrett
Sticky Note
As long as they contract at the same time... 


Cardiovascular system
(Heart Rate)

APATIE! 9 20121126 uou-:wa
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Cardiovascular system
(Heart Rate)

= Electrocardiogram (ECG)

APATIE! 95 20121126 uou-:wa

Cardiovascular system
(Heart Rate)

= Electrocardiogram (ECG)

o e o s

APA1IE % 20121126 uou-:wa
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Cardiovascular system

(Heart Rate)

= Electrocardiogram (ECG) and R-R interval
R-R Interval |

| [

p | T l
N
a

|
S

APA 161 97
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Cardiovascular system

(Heart Rate)

= Ventrolateral medulla

APA 161 98

ﬁ uOttawa

Cardiovascular system

(Heart Rate)

= Parasympathetic vs sympathetic

APA1E 99

ﬁ uOttawa
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RR interval is the interval between 2 heart beats. (Heart rate) Normal resting heartrate 72 bpm
---> With a healthier more trained heart, muscles are more efficient at pumping blood, therefore less pumps per minute.


Cardiovascular system

(Heart Rate)

= Parasympathetic

vs sympathetic

APA 161

ﬁ uOttawa
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Cardiovascular system

(Quiz)

The inherent rhythmicity or

beating of the heart is
approximately how many beats
per minute?

a) 65 beats
b) 100 beats
c) 75beats
d) 50 beats

APA 161

ﬁ uOttawa

APA1E

Cardiovascular system

(Heart Rate)

Maximal HR

Resting HR
+70 bpm

ﬁ uOttawa
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Cardiovascular system

(Heart Rate)

= Resting Heart Rate

s 1825 2635 3645 46-55 56-65

ATHLETE 54-60 54-59 54-59 54-60 54-59 54-59
EXCELLENT 61-65 60-64 60-64 61-65 60-64 60-64
GOOD 66-69 65-68 65-69 66-69 65-68 65-68
ABOVE AVERAGE 70-73 69-72 70-73 70-73 69-73 69-72
AVERAGE 74-78 73-76 74-78 74-77 74-77 73-76
BELOW AVERAGE 79-84 77-82 79-84 78-83 78-83 77-84
POOR 85+ 83+ 85+ 84+ 84+ 84+

M, ortawa

2012-11-26

Cardiovascular system

(Heart Rate)

= Resting Heart Rate

A 1825 2635 36-45 46-55 56-65 65+

ATHLETE 49-55 49-54 50-56 50-57 51-56 50-55
EXCELLENT 56-61 55-61 57-62 58-63 57-61 56-61
GOOD 62-65 62-65 63-66 64-67 62-67 62-65
ABOVE AVERAGE 66-69 66-70 67-70 68-71 68-71 66-69
AVERAGE 70-73 71-74 71-75 72-76 72-75 70-73
BELOW AVERAGE 74-81 75-81 76-82 77-83 76-81 74-79
POOR 82+ 82+ 83+ 84+ 82+ 80+

M, ortawa

Cardiovascular system

(Heart Rate)

= Heart rate vs intensity

M, ortawa
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Cardiovascular system

(Heart Rate)

= Heart rate vs training

W

APATIE! 106 20121126 uou-:wa

Cardiovascular system

(Heart Rate)

= Predicted heart rate
= Sid Robinson (1938)
= 220-age
= Astrand and Karvenon
- not max. HR

= Raw mean data
compiled in 1971

= Fox etal. Ann Clin Res
1971,3:404-432

A reproduced figure from the data of Fox et al. which was used
to derive the original HRmax=220-age formula. Blue line
represents line of best ft. Red line represents 220-age.

APATIE! 107 20121126 uou-:wa

Cardiovascular system

(Heart Rate)

= Predicted heart rate

30 studies

APATIE! 108 20121126 uou-:wa
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Maximal heart rate will always stay the same, but age will decrease it.
Exercise does reduce the resting heart rate (which is good)


Cardiovascular sy
(Heart Rate);

= Predicted heart rate

30 studies

Regression lines from data obtained from 220-age, the
mean of 30 studies from Table 3, and the meta analyses of
Londeree and Tanaka.

ApAer 109 oo u()ﬂ:l\vu
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Cardiovascular system

204 bimin

Predicted max. heart rate

[200 - age]

Max Heart Rate (bpm)

PPPP PP PSP
Age (years)

APA 1161 o 2001126 u()uu\vu

Cardiovascular system

(Heart:Rate)

= Karvonen methods
* Heartratereserve
= Training heart rate = [(Mg-Ryz) ® % intensity] +Ryq
= http://www.briancalkins.com/HeartRate.htm

Martti Karvonen
(1918-2009)

APA 1161 m 2001126 u()uu\vu
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we should know this to prescribe exercise for heart rate.
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Cardiovascular system

(Heart Rate)

2onn26 |
uOttawa
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