RESpIrat@ny: AnERCAEIBYASEHIAN:
eﬁaptations LOREXENCISE

* Modul BIO 406 — 17/05/2011

VETUESESamUE]
CRINSERWM, FIP2 Laggrziona(Lile4) dessean Setids e Univesinyg Cisnasls
EXEICISERESECIUNITRCH BASTEROHIE

Cardiorespiratory exercise
response

Respiratory
system

Cardio-
vascular
system

O, transport
capacity

Muscle O,
delivery and
utilization

ERGOMETRY




Incremental protocol /
Constant-load protocol

Incremental
protocol

Constant-load
protocol

Incremental protocol /
constant-load proetocol

- Incremental NESHRLIREX e NSHEN
i -
-/Constant-load LESIRIGREXEISHET

- FIME TRIAL (carstant disteges);

3000 rr1 rurinirief igsi, 40 Kin eyelirief igsi
L ————

- TIME TRIAE (tlifle conlstent);
42 rriin) Cogger e




A.pulmonalis

—
l rechter Vorhof linker Vorhof

rechte Kammer linke Kammer

P ——
T
R T

Sinoatrial Node
(SAN)
HIS Bundle
Right Atrium Left Bundle
Branch (LBB)

Atrioventricular Node < Left Posterior
(AVN) Fascicle (LPS)

Right Bundle ¢ .
Branch (RBB) - o \ Left Ventricle

Left Anterior
Venteicl Fascicle (LAF)
Right Ventricle
Purkinje Fibers.
(PF)




HEART RATE:
MEASUREMENT

HEART RATE MONITOR
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Heart rate abnormalities

Normal Signal

Bradicardia
7

Tachicardia

Atrioventricular blocks
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Ventricular fibrillation




Heart rate:
resting values

Alter oder Trainings-Status Schléage pro Minute
Babys, bis 1 Jahr: 100 - 160
Kinder, 1 bis 10 Jahre: 60 — 140
Kinder, >10 Jahre und Erwachsene: 60 — 100

Gut trainierte Athleten: 40 - 60

Heart rate during exercise

L

Moderate

Constant load exercise
(LOW, MODERATE.and-HIGH.INTENSITIES)

Heart rate during exercise

Incremental running test




Maximal heart rate: ageing

70
Lebensalter (Jahre)

Maximal heart rate: ageing
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Heart rate: effect of training

Workload at maximal
Heart Rate Increased
Maximal Heart Rate Unchanged

——— Befors Training
— After Training

Heart Rate

Heart rate decreased at any
submaximal workload

Resting Heart Rate Decreased

Absolute Exercise Intensity




Heart rate variability:
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Spectral analysis of heart rate variability

Heart rate variability.
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Muscle sympathetic
nerve activity

Blood pressure measurement

Blood pressure measurement
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Blood pressure measurement

Blood pressure measurement

Hypertension

Hypertension is consistently
high blood pressure of

at least 140 (systolic)

over 90 (diastolic)
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Increased blood pressure

systolisch diastolisch
Kategorie (mmHg) (mmHg)

Normal <120 <80

Hochnormal 120-139 80-89
Bluthochdruck
Stadium 1 140-159 90-99
Stadium 2 > 160 > 100

Classification for adults

Blood pressure
during exercise

5 20

10 15
Cardiac Output
(liters/min)

Blood pressure
during exercise

~&= Arms, systolic <>~ Arms, diastolic
4 Legs, systolic & Legs, diastolic

Blood pressure (mmHg)

50 70
%VO,max




Blood flow measurement

DOPPLER ULTRASOUND

Blood flow
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Blood flow during exercise
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Blood flow and training status
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Maximal bleod flow
and training status

MAXIMAL BLOOD FLOW

SV (ml) HR (min) Qc (I'minY)

Non trained 90 200 18

Endurance trained 200 36
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Respiratory system

Respiratory measurement

Spirometer zur Bestimmung
der Lungenvolumina
und -kapazitaten
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Respiratory measurement

Respiratory measurement

Messprinzip der Pneumotachographen

Inspiration Exspiration

Respiratory measurement

LILLY PNEUMOTACHOGRAPH
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Respiratory measurement

Expiration

Inspiration

Flow volume curve

Ageing and FEV1

FEV1 (L) males

70

Age (yr)

Einsekunden-Kapazitat (FEV;)

Abnormal lung function
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Respiratory measurement

i ﬂ

Volume (L)

Maximal voluntary ventilation

Ageing and MV/V/

Maximal voluntary ventilation

Respiratory measurement

Helium dilution method
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Respiratory measurement

BODY PLETHYSMOGRAPHY

Respiratory measurement

Rib cage signal
Abdominal signal

INDUCTION PLETHYSMOGRAPHY

Respiratory measurement

v
(Chest Wall GCompartmental
Violume Changes
(Vicp, Vic,a, Viab, Vew)

OPTOELECTRONIC PLETHYSMOGRAPHY
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Posture sensor

(ther sensors
BP, POZ

LifeShirt
recarder

LIFESHIRT®

Respiratory muscles

Inspiration Expiration

Respiratory muscle pressure
measurements

Rest

End Exp. End Insp.

-5 cmH,0 -8 cmH,0

+8 cmH,O | +13cmH,0

+13 cmH,0 | +21 cmH,0

Esophagus and
gastric balloons

19



Respiratory musecle work

W = AP x AV

Respiratory muscle force

Phrenic nerve magnetic stimulation

Respiratory muscle force
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Respiratory muscle force: ageing

- Moles

Rsq = 04244
"o Fomales

Rsq = 0.4646

EXPIRATORY PRESSURE (cmH,0)

MAXIMAL INSPIRATORY PRESSURE (cmH,

JT

MAXIMAL INSPIRATORY MAXIMAL EXPIRATORY
PRESSURE PRESSURE

Energy consumption: measurements

DIRECT CALORIMETRY

Gas exchange measurements

|
INDIRECT CALORIMETRY
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Gas exchange measurements

e .\
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INDIRECT CALORIMETRY

Gas exchange measurements

Air to/from the
| L3

In- and Exhaled
Through Mouth

'l
= —
Air In ' e
Gas Analyse Pneumotachograph From Room Into Device

2-WAY VALVE 3-WAY VALVE

Gas exchange measurements

V) = 100 Limin Ve = 100 L/min
VO, = V) X FiO, — Vg X FgOp
VO, = 100 L/min % 0.21 ~ 100 Lmin x 0.16
VO, = 21 Umin — 16 Limin = 5 L/min
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Gas exchange calculation

PESTISINate enengyEeqUIVEIENCER
Clrles 4.1 kezil/g
FEl 9.4 kezil/g
Blroisin: 4.1 kezil/e)

ﬂé}’gy/ﬁr Litar of oxyegsn;
CHO: 5.0 kezll/L
Faui A7 kezll/L
Proizin: 4.5 kezil/L

/B [ —

Yoy Rest = 0,300 Limin, 60U min/n, 24 hfd, 4.8 keal/LO),
Totzl VO, = 452 L/
Totzl ansrey consumoiion = 2074 Kezl/d

Respiratory exchange ratio

" RER = V[CO}/ VO

Rasine valug: 0,78 - 0,80

——— R ——————

Respiratory exchange ratio

Energy % kcal
kcal/lL O, Carbohydrates
4.69 0.0
4.74 15.6
4.80 334
4.86 50.7
4.92 67.5
4.99 84.0
5.05 100.0




Ventilation and gas exchange
7~ during exercise

Incremental protocol /
Constant-load protocol

Incremental
protocol

Constant-load
protocol

Ventilation during exercise

Pulmonary ventilation (L/min)

Exercise

-2-1 0 1 2 3 4 5 6 7

Ventilation during constant-load exercise

24



Ventilation during exercise

Incremental

protocol
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min)

O, consumption:
FICK Equation

0, consumption (VO,)
4 =

Cardiac output (CO)
X
Arterio-venous O;-Difference (Da-vO,)

O, consumption during
exercise

Initiation of
exercise

Constant load test
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O, consumption during
exercise

VO, (mlsminckg?)

5 7 9 11 13 18 17 18 2
Treadmill velocity (kmeh-1)

Incremental test

Substrate utilization during exercise

H Protein
H Glycogen
© Fat

Light- High-intensity High-intensity
Moderate Sprint Endurance

Substrate utilization during exercise

% Total energy expenditure
100

pey Carbohydrate
60|

40|

R ] 2 3 4 5 6
Exercise time in hours

Constant-load moderate intensity
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Maximal oxygen consumption:

ageing

EN
(20-73 years)

Vo, e (m min! kg-1)

Regresions R
(mLmin~" kg~)

58.33-04574
Women... 413003334

A:age nyeany).

Reference Hossack and BRucs, J.appl. Physil, 53,799 1982).

Maximal oxygen consumption:

effect of training
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Maximal oxygen consumption:
effect of training

Untrained
females

athletes

Male
athletes
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Anaerobic threshold

Minute Ventilation Response to Exercise Intensity
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Minute Ventilation (Limin)
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A Incremental test

Anaerobic threshold
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Anaerobic threshold
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Anaerobic threshold

Lactate Response to Running Intensity

-
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lactate threshold
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Percent of VO2max




Anaerobic threshold

Anaerobic threshold:
effect of training

Blood lactate (mmoll)
Blood lactate (mmokL)

C I

12 14 16 18 20 0 40 S0 60 70 B0 90 100
speed (km/h) % VO,max
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