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Cardiorespiratory Control 
Mechanisms

Dr Charlotte Manisty

Outline

• Cardiopulmonary exercise testing

• Sleep apnoea - a cardiovascular 
perspective

Clinical scenario

2 patients

55 year old males

30 pack year smoking

Known previous MI with impaired LV

Few scattered bibasal creps

⇒Both are short of breath on exertion 

⇒How would you proceed to investigate them to 

ascertain the severity of their heart failure and 

symptoms?

ASSESSING THE SEVERITY OF CHRONIC CARDIAC FAILURE

By CXR

ASSESSING THE SEVERITY OF CHRONIC CARDIAC FAILURE

By CXR, Hemodynamic Data, and Ejection Fraction

Resting Resting

CI (L/min/M2) 1.80 1.85
PCW (mmHg) 28 27
EF (%) 24 26

ASSESSING THE SEVERITY OF CHRONIC CARDIAC FAILURE

By Response to Exercise

Resting Exercise Resting Exercise

CI (L/min/M2) 1.80 3.43 1.85 6.00
PCW (mmHg) 28 42 27 40
EF (%) 24 -- 26 --

Exerc. capac. (sec) -- 492 -- 924
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THE GAS TRANSPORT SYSTEM

Normal Cardiopulmonary Response to 

Exercise

  

Rest 

 

Exercise 

 

Increase 

VO2, L/min 0.250 3.0-4.5 12-18 x 

HR, bpm 70 180 2.5-3 x 

SV, ml 70 105-140 1.5-2 x 

CO, L/min 5 20-25 4-5 x 

Ve, L/min 8 180 20-25 x 

 

 

What is Cardiopulmonary Exercise 

Testing (CPET)?

• Measurement of rate of oxygen uptake (VO2), 

rate of CO2 production (VCO2), minute 

ventilation and other ventilatory parameters 

while monitoring 12-lead ECG, BP and O2 

saturation during maximal “symptom-limited”

exercise

• Oxygen uptake is the best indicator of aerobic 

capacity

OXYGEN UPTAKE AND 
INCREMENTAL MUSCULAR WORK

Maximal O2 Uptake

VO2 = HR x SV x (CaO2 – CvO2)

Sinus node 

dysfunction

Drugs

Cardiomyopathies

Valvular heart dz

Conditioning

Genetic factors

PaO2

Hemoglobin

SaO2

Skeletal muscle 

dysfunction

Capillary density

Determinants of Peak VO2: the Fick

Equation
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THE GAS TRANSPORT SYSTEM CLASSIFYING FITNESSCLASSIFYING FITNESS

Maximal Oxygen Uptake (VO2 Maximal Oxygen Uptake (VO2 ---- ml/kg) ml/kg) 

MENMEN WOMENWOMEN

AGEAGE LOW       FAIR      AVG.      GOOD        HIGHLOW       FAIR      AVG.      GOOD        HIGH LOW       FAIR       AVG.        GOOD       HIGHLOW       FAIR       AVG.        GOOD       HIGH

2020--29    29    < 25      25< 25      25--33      3433      34--42      4342      43--52      > 5252      > 52 < 24       24< 24       24--30      3130      31--37       3837       38--48        > 48 48        > 48 

3030--3939 < 23      23< 23      23--30      3130      31--38      3938      39--48      > 4848      > 48 < 20       20< 20       20--27      2827      28--33       3433       34--44        > 44 44        > 44 

4040--4949 < 20      20< 20      20--26      2726      27--35      3635      36--44      > 4444      > 44 < 17       17< 17       17--23      2423      24--30       3130       31--41        > 41 41        > 41 

5050--5959 < 18      18< 18      18--24      2524      25--33      3433      34--42      > 4242      > 42 < 15       15< 15       15--20      2120      21--27       2827       28--37        > 37 37        > 37 

6060--6969 < 16      16< 16      16--22      2322      23--30      3130      31--40      > 4040      > 40 < 13       13< 13       13--17      1817      18--23       2423       24--34        > 3434        > 34

Mechanisms of Exercise Limitation

• “Reserve”: difference between predicted 

maximal values and measured values for a 

given variable

• Heart rate reserve (HRR) = predicted maximal 

HR - measured maximal HR

– Normal: <15 bpm

• Ventilatory reserve (VR) = MVV – VEmax, or 

VEmax/MVV

– Normal: >11L, or <75-85%

Heart Rate

• Predicted HRmax = 220-age

• Abnormal HR response may reflect disease 

of either the left or right heart

– Affected by other factors, including drugs, anxiety, 
anemia

– Resting HR: high -- suggests anxiety or disease, 

low -- suggests good conditioning or conduction 
problems

ECG

• CPET is also a stress test; done using a 12-lead 

ECG

• Observe for conduction problems, arrhythmias, 

ischaemia.

• Occasional PVCs and nonspecific ST-T changes 

not uncommon and usually of little clinical 

significance
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Blood Pressure

• Normal resting BP usually < 140/90

• At maximum exercise, SBP can increase to 

about 200 and diastolic to within 10 of resting 

(i.e., pulse pressure normally increases)

• Higher values suggest hypertension or CV 

disease

• Sometimes difficult to measure with exercise 

due to motion artifact

Ventilatory Response to Exercise
• Normal resting VE: 5-10 L/min

– higher suggests anxiety, low suggests either equipment 
problems or is of no significance

– increases with exercise up to 25x 

– up to AT this increase is linear with VO2

• MVV = ventilatory capacity = predicted maximum VE = 

FEV1x 40

• Ventilatory reserve = (ventilatory capacity – VEmax)

• Patients with respiratory disease typically have reduced 
MVV and increased ventilatory demand, resulting in 
reduced ventilatory reserve (<15%).

• VE v VCO2 or VE v VO2 used to assess ventilatory 
response to metabolic needs 

O2 Pulse

• O2 pulse = VO2/HR

– ml O2 consumed per beat

– taken to reflect stroke volume

• assuming PaO2 and C(a-v)O2 respond 
normally

– O2 pulse < 80% predicted is abnormal

• cardiovascular disease

• anemia (low O2 content), arterial hypoxemia, 
metabolic myopathies, deconditioning (affect a-
v O2 difference)

Anaerobic Threshold

• Direct measurement requires measuring 
lactate levels in blood 

– requires frequent blood sampling; impractical

• Noninvasive assessment using gas 

exchange parameters

– buffering of lactate by bicarbonate produces 

disproportionate increase in VCO2

– “V-slope method”

Anaerobic Threshold: V-Slope Method Approach to Interpretation of CPET

• Is the exercise capacity normal?
– peak VO2, max work rate

• Is the cardiovascular response normal?
– HR vs VO2, O2 pulse, anaerobic threshold, VO2 vs

work rate

• Is the ventilatory response normal?
– VE/MVV, max RR, PaCO2

• Is gas exchange normal?
– VE/VCO2, PaO2, P(A-a)O2, SpO2
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Cardiac Transplant Evaluation

Mancini et al, Circulation 1991; 83:778

Group 1: Peak VO2 < 14 ml/kg/min, 

transplanted

Group 2: Peak VO2 > 14 ml/kg/min, 

transplant deferred

Group 3: Peak VO2 < 14 ml/kg/min, 

not transplant candidates


