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Εργοσπιροµετρία 
= 

 Καρδιοαναπνευστική  
Δοκιµασία (Μέγιστης) Άσκησης 

= 
Cardiopulmonary 
 Exercise Testing 

(CPET) 



+Περίγραµµα παρουσίασης 

n Η φυσιολογία της άσκησης επιγραµµατικά 

n  Τι είναι, τι µελετά και σε ποιες ερωτήσεις απαντά η 
εργοσπιροµετρία? 

n  Κλινικές εφαρµογές της εργοσπιροµετρίας . 

n Μεθοδολογία της εργοσπιροµέτρίας. 

n  Ερµηνεία εργοσπιροµετρίας 

n Παραδείγµατα εργοσπιροµετρίας 



+Βιβλιογραφία 



+Karlman Wasserman 
 



+Η Φυσιολογία της 
Άσκησης 



+Η Φυσιολογία της Άσκησης 

Dilation 
Recruitment 

éSV 
éHR 

éVT 
éf 
 
 

éQCO2 
éQO2 
 

Dilation 
Recruitment 

Στόµα/µύτη 



+Oxygen Uptake (VO2) 
Τhe amount of O2 in liters that the body consumes per minute 
Represents the internal metabolic work and is directly proportional to the external work rate 
(in watts) applied through the cycle ergometer or treadmill.  
 

VO2 max 



+Maximal O2 uptake (VO2 max) 

n  VΟ2max is the maximal volume of O2 that can be consumed during maximal 
aerobic exercise. 

n  VO2max is considered the best index of the maximum aerobic capacity of the 
large muscle groups(maximum exercise capacity) and the gold standard for 
cardiorespiratory fitness.  

n  In clinical testing situations, a clear plateau may not be achieved before 
symptom limitation of exercise. Consequently, VO2peak is often used as an 
estimate for VO2max.  

n  The main determinants of the predicted Vo2max are genetic factors and 
quantity of exercising muscle. VO2max is also dependent on age, sex, and body 
size, and it can be affected by training.  

n  Vo2 can increase from a resting value of about 3.5 ml/min/Kg (about 250 ml/
minute in an average individual) to values about 15 times the resting value (30–
50 ml/min/Kg). Athletes may attain values over 20 times their resting values 
(up to 80 ml/min/Kg).  



+Η φυσιολογία της άσκησης 

Aerobic Metabolism 
 

Energy source: Glucose, Pyruvic Acid, Free Fatty Acids. 
Oxygen Use: Required 

Products: 38 ATP per Glucose, CO2, H2O 
Duration of energy provision: Hours 

 
 

 
Anaerobic Metabolism 

 

Energy source: Glucose 
Oxygen Use: None 

Products: 2 ATP per Glucose, Lactic acid 
Duration of energy provision: 30-60 sec 

 

 
 



+Η φυσιολογία της άσκησης 



+Αναερόβιο κατώφλι 

n  Anaerobic threshold (AT) 

n  Lactate threshold 

n  Lactic acid threshold 

n  Gas exchange threshold 

n  Ventilatory threshold 

n  AT is considered an estimator of the onset of 
metabolic acidosis caused predominantly by the 
increased rate of rise of arterial lactate during 
exercise.  

n  AT demarcates the upper limit of a range of exercise 
intensities that can be accomplished almost entirely 
aerobically.  

n  AT is determined predominately by the CV system. 

n  Whereas work rates below the AT can be sustained 
essentially indefinitely, a progressive increase in work 
rate above AT is associated with a progressive 
decrease in exercise tolerance.  

n  AT is helpful as an indicator of level of fitness, for 
exercise prescription, and to monitor the effect of 
physical training.  

n  AT determination is age, modality & protocol specific. 



+Respiratory Exchange Ratio (RER) 
  
 n  The amount of CO2 the body 

produces for each liter (mole) of 
O2 it consumes as measured by 
the exhale air at the mouth: the 
ratio of  VCO2/VO2 

n  Conventionally, RER > 1.15 is 
considered to define maximal 
effort. 

n  Under steady state conditions, 
the RER equals the Respiratory 
Quotient, whose value is 
determined by the fuels used 
for metabolic processes.  

n  Note: RER greater than 1.0 
could also be caused by CO2 
derived from lactic acid or by 
hyperventilation. 

§  RER should not exceed 1.3 at 
peak exercise. If so, it indicates a 
gas-exchange abnormality.  
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Εργοσπιροµετρία 
 Καρδιοαναπνευστική  

Δοκιµασία Άσκησης 
 

Cardiopulmonary 
 Exercise Testing 

(CPET) 



+
Εργοσπιροµετρία: 
Τι µελετά? 

Ø  Δυνατότητα ταυτόχρονης µελέτης της απόδοσης των τριών 
κύριων συστηµάτων που ευοδώνουν την άσκηση:  

Καρδιοαγγειακό – Αναπνευστικό – Μυικό 

µέσα από καταγραφή βιολογικών και υποκειµενικών 
παραγόντων κατά τη σωµατικής διάρκεια άσκησης ελεγχόµενου 

και αυξανόµενου βαθµού δυσκολίας.  



+Εργοσπιροµετρία:  
Βασικές ερωτήσεις που απαντά. 

1.  Είναι η ικανότητα για (αερόβια) άσκηση 
µειωµένη;  

2.  Περιορίζεται η ικανότητα άσκησης από 
αναπνευστικούς παράγοντες (µηχανική 
αναπνοής/ανταλλαγή αερίων); 

3.  Περιορίζεται η ικανότητα άσκησης από την 
µειωµένη παροχή οξυγόνου στην περιφέρεια; 

4.  Περιορίζεται η ικανότητα άσκησης στο 
επίπεδο µεταβολισµού των µυών; 

5.  Η ικανότητα άσκησης είναι µειωµένη λόγω 
κακής φυσικής κατάστασης (deconditioning) ή 
µειωµένης προσπάθειας; 

6.  Υπάρχει πρόωρη γαλακτική οξέωση? 



+Εργοσπιροµετρία: Ενδείξεις 1/2 



+Εργοσπιροµετρία: Ενδείξεις 2/2 



+Εργοσπιροµετρία:  
Αντενδείξεις 

Απόλυτες   Σχετικές 



+Εργοσπιροµετρία: Μεθοδολογία: 
Κυλιόµενος Τάπητας ή Κυκλοεργόµετρο 



+Εργοσπιροµετρία:  
Μεθοδολογία 



+Εργοσπιροµετρία:  
Μετρήσεις παραµέτρων  

Κυλιόµενος Τάπητας ή Κυκλοεργόµετρο 

1.  Έργο άσκησης σε Watt 

Αναπνευστικό Monitoring 
1.  Αναλυτής αερίων 

•  εκπνεόµενο και εισπνεόµενο Ο2 και CO2. 
2.  Οξύµετρο 

•   SpO2 
3.  Αρτηριακή γραµµή 

•   SaO2, PaO2, PaCO2, pH, HCO3-, P(A–a)O2,Hb, γαλακτικό. 

4.  Κλίµακα Borg  
•  δύσπνοια 

5.  Σπιρόµετρο  
•  VE, VT, fr, καµπύλη ροής-όγκου, εισπνευστική χωρητικότητα, 
δυναµική υπερδιάταση. 

Kαρδιαγγειακό Monitoring  
1.  ΗΚΓ 
2.  Αρτηριακή πίεση 
3.  Καρδιακή συχνότητα 



+
Εργοσπιροµετρία:  
Μεθοδολογία 



+
Εργοσπιροµετρία:  
Μεθοδολογία 



+Εργοσπιροµετρία:  
Μεθοδολογία 

1.  Maximal incremental cycle ergometry protocols 
o  5 to 25 W/min. increments 

o  Incremental (progressive) 
o  Ramp (continuous)  

o  Duration: 8-12 min 

2.  Maximal incremental treadmill protocols.  
o  Manipulation of speed and/or elevation, eg., constant speed at 3.3 mph and 

increasing elevation by 1% per min. 
o  Incremental (progressive) 
o  Ramp (continuous)  

3.  Constant work rate protocol.  
o  The same work rate (approximating the subject’s usual daily activities) e.g., up to 

3.0 mph on a treadmill, or up to 50 W on a cycle ergometer  
o  Duration: 5-30 mins. 



+ Maximal symptom-limited cardiopulmonary incremental 
cycle ergometry protocol 

at a fixed 
speed 



+
Εργοσπιροµετρία:  
Κριτήρια µέγιστης προσπάθειας  

1.  The patient achieves predicted peak oxygen uptake and/or a 
plateau is observed. 

2.  Predicted maximal work rate is achieved. 

3.  Predicted maximal heart rate is achieved (HRmax= 220 - age). 

4.  There is evidence of ventilatory limitation, that is, peak exercise 
ventilation approaches or exceeds maximal ventilatory capacity. 

5.  Although no one RER value defines maximal effort, values 
greater than 1.15 are more likely to be associated with near 
maximal or maximal effort.  

6.  Patient exhaustion/Borg Scale rating of 9–10 on a 0-to-10 scale.  



+Η κλίµακα Borg 



+Εργοσπιροµετρία: 
Ενδείξεις Άµεσου Τερµατισµού 



+



+



+Εργοσπιροµετρία: Τα δεδοµένα 



+Εργοσπιροµετρία: Τα δεδοµένα 



+
Εργοσπιροµετρία:  
Συσχετίσεις µεταξύ παραγόντων 



+Συσχετίσεις µεταξύ παραγόντων: 
Οι 9 καµπύλες του Wasserman 



+H Εργοσπιροµετρία ΔΕΝ είναι Καρδιολογική 
Δοκιµασία Κόπωσης, έιναι πολλά περισσότερα.. 

•  Μελετά την Αναπνευστική, 
Καρδιαγγειακή και Μυική 
απάντηση στην άσκηση. 

•  Καταγραφή πολλαπλών 
βιοφυσιολογικών παραγόντων. 

•  Απαντά σε πληθώρα 
ερωτηµάτων σχετικά µε την 
ικανότητα για άσκηση. 

•  Μελετά την Kαρδιαγγειακή 
απάντηση στην άσκηση  

•  Καταγραφή αρτηριακής πίεσης, 
καρδιακής συνχότητας, ΗΚΓ 

•  Διαγνωστικό µέσο για στεφανιαία 
νόσο, αρρυθµίες και άλλες 
παθήσεις του καρδιαγγειακού. 

•  ΔΕΝ µελετά την ικανότητα 
µέγιστης άσκησης   

Δοκιµασία Καρδιοαναπνευστικής 
Άσκησης 

Καρδιολογική Δοκιµασία 
Κόπωσης 



+
Εργοσπιροµετρία: 

Ερµηνεία 



+Εργοσπιροµετρία: 
Ερµηνεία 



+
Εργοσπιροµετρία: 
Ερµηνεία 



+VO2–Work Rate Relationship  
 
The slope Vo2/WR  reflects the efficiency of the metabolic conversion of chemical potential 
energy to mechanical work and the mechanical efficiency of the musculoskeletal system. 
Normally it is about 8.5–11 ml/min/watt and is independent of sex, age, or height. 

Normal COPD Heart Failure Interstitial Lung Disease Pulmonary Vascular Disease  



+Εργοσπιροµετρία: 
 Το Καρδιαγγειακό 
Σύστηµα 



+Heart Rate versus VO2:  
The Normal Response; Aerobic Exercise 



+Heart Rate versus VO2 
Normally we are exercise-limited by our heart, that is, we stop exercising 
when we achieve our maximum HR. Achievement of age-predicted values 
for maximal HR during exercise is often used as a reflection of maximal or 
near maximal effort and presumably signals the achievement of VO2max.  
[Predicted HRmax=220−age].  

Heart Rate Reserve (HRR) =  

Pred. HR max−max. ach. HR 
Normally < 15 beats/min; decreased in 

cardiac disease; increased in lung & 
muscle disease. 

HRR 



+Heart Rate & O2 pulse versus VO2 
 
 
 

  
  
 

Normal COPD Heart Failure Interstitial Lung Disease Pulmonary Vascular Disease  

The ratio of VO2 to HR is termed the “oxygen pulse” and reflects the amount of 
O2 extracted by the skeletal muscle per heart beat and SV. It is considered a 
noninvasive surrogate marker of SV. [Vo2/HR = SV x 1.34 x Hgb x  C(a–v)O2]. 
 
 
 



+CO2 production versus VO2 
 

The V-Slope method for identification of AT. 
 

  
 

n  In normal sedentary  individuals, the AT 
occurs at ~ 50–60% VO2max pred. (range 
35 to 80%). 



+Αναερόβιο Κατώφλι 



+CO2 production versus VO2 
 

The V-Slope method for identification of AT. 
AT is determined predominately by the CV system. 
 

Normal COPD Heart Failure Interstitial Lung Disease Pulmonary Vascular Disease  

AT 



+Arterial Lactate versus VO2 
 

Invasive determination of AT   

Heart Failure COPD 



+Εργοσπιροµετρία: 
 Το Αναπνευστικό 
Σύστηµα 



+Minute ventilation versus VO2: 
The Normal Response; Aerobic Exercise. 



+Minute Ventilation versus VO2: 
The Normal Response; Aerobic Exercise. 
 
 
 

•  Unlike HR, the maximum RR (50/min) 
is not reached normally at peak exercise 
allowing for some reserve in VE    
(∼30–40% of the predicted VEmax).  

•  If VE max is achieved during exercise, 
then the patient is generally exercise-
limited by ventilatory parameters, and 
stops exercise because of dyspnea. 

•  Normally >11 L 

AT 

Ventilatory reserve= Predicted − measured VE max   
                   = MVV − VE max = [FEV1 × 40] - VE max 



+Minute Ventilation versus VO2: 
The Normal Response. 
 



+Minute ventilation versus VCO2  
 

Normal COPD Heart Failure Interstitial Lung Disease Pulmonary Vascular Disease  

Ventilatory reserve= Predicted − measured VE max   
  



+Tidal Volume &  
Respiratory Frequency versus VO2 

Normal COPD Heart Failure Interstitial Lung Disease Pulmonary Vascular Disease  



+VD/VT ratio & PaCO2 versus VO2 
  
The dead space ventilation (in absolute terms) increases with exercise; however, the dead space–tidal volume 
ratio (Vd/Vt) falls. There is a tendency for VD/VT to increase slightly near peak exercise as fr increases and in 
some cases VT falls. VD/VT =(PaCO2 - PeCO2)/PaCO2 or, VD/VT =(PETCO2 - PeCO2)/PETCO2 (noninvasive). 

COPD Heart Failure Interstitial Lung Disease Pulmonary Vascular Disease  



+Ventilatory equivalent for O2 (VE/VO2)* & 
Ventilatory equivalent for CO2 (VE/VCO2)** 
versus VO2. 
 
 

Normal COPD Heart Failure Interstitial Lung Disease Pulmonary Vascular Disease  

*the amount of VE at a given level of VO2 (WR) 
** the amount of VE at a given level of VCO2 

AT frank 
metabolic 
 acidosis 



+PaO2, PAO2 & SpO2 versus VO2  

Normal COPD Heart Failure Interstitial Lung Disease Pulmonary Vascular Disease  

PaCO2 normally remain stable until AT is reached, then it starts to decrease due to 
the increased VE. In some ventilatory disorders, however, PaCO2 can increase due 
to a relative hypoventilation.  

At rest, P(A–a)O2 is normally <10 mmHg and increases with exercise to >20 mmHg, as PAO2 normally 
increases with exercise and PaO2 remains normal. However, any increase in P(A–a)O2 of >35 mmHg with 

exercise is considered abnormal and indicates a gas-exchange abnormality. 



+End-tidal pressure for O2 (PETO2) &  
End-tidal pressure for CO2 (PETCO2) versus VO2 
 
 

Normal COPD Heart Failure Interstitial Lung Disease Pulmonary Vascular Disease  

AT 
Frank metabolic 
acidosis 



+
Εργοσπιροµετρία:  
Φυσιολογικές τιµές 
 



+Εργοσπιροµετρία: 
Μέτρηση  
Πνευµονικών 
Όγκων 



+Εργοσπιροµετρία: 
Μέτρηση Εισπνευστικής Χωρητικότητας (IC) 



+Η φυσιολογική καµπύλη ροής-όγκου σε 
νεαρό και ηλικιωµένο άτοµο 



+Εργοσπιροµετρία: 
Δυναµική Πνευµονική Υπερδιάταση 

-1             0              1               2   

Μέγιστη 
άσκηση 

Ηρεµία Προθέρµανση Μέγιστη άσκηση 

Όγκος (L) 

Ροή (L/s) 

-1             0              1               2   

VT 

EILV TLC 

IRV IRV 

ERV ERV ERV 

EELV 



+Η καµπύλη ροής-όγκου στη ΧΑΠ 



+Πνευµονική Υπερδιάταση 

COPD Normal 



+Η καµπύλη ροής-όγκου στην χρόνια 
Καρδιακή Ανεπάρκεια 



+Η καµπύλη ροής-όγκου στην 
Διάµεση Πνευµονοπάθεια 



+Εργοσπιροµετρία 



+Normal Exercise Limitation  

n  In a normal individual, ventilation does not appear to be the limiting 
factor, because at maximal exercise there is significant ventilatory reserve 
with PaCO2 decreasing, indicating that the bellows are capable of 
removing CO2 efficiently  

n  Pulmonary gas exchange does not appear to limit exercise, because blood 
SpO2 and content are kept near baseline values despite some widening of 
the P(A–a)O2. 

n  The metabolic and contractile properties of the skeletal muscles are not the 
limiting factors. There is good evidence that the muscles are capable of 
utilizing whatever O2 is supplied to them (i.e., good metabolic reserve)  

n  Maximal exercise appears limited by O2 delivery (=cardiac output & 
arterial O2 content); there is a linear relationship between O2 delivery and 
VO2. As arterial O2 content is normally maintained even at peak exercise, 
cardiac output is likely the limiting link.  



+Exercise Limitation in 
Cardiopulmonary Patients 
n  Exercise limitation in patients 

with reduced VO2max is often 
multifactorial and as such not 
limited by any single 
component of the O2 transport/ 
utilization process but rather by 
their collective quantitative 
interaction(s).  

n  In contrast to normal subjects, 
in whom physiologic limitation 
to O2 transport may be evident, 
patients are often symptom 
limited and may stop exercise 
before reaching limits of 
metabolic or gas transport 
capacity.  



+Exercise Limitation in 
Cardiopulmonary Patients 
Cardiovascular Limitation 
Functional disturbances of the heart and/or 
the pulmonary and systemic circulation, 
and/ or the blood (e.g anemia, carboxyHb). 

Reduced O2 delivery to the exercising muscle 
(HR, systolic & diastolic cardiac dysfunction, 
imapaired peripheral circulation), abnormal 
pulmonary vascular responses, skeletal muscle 
dysfunction, deconditioning. 
 

Respiratory Limitation  
Ventilatory (mechanical) & gas exchange 
factors. 

Decreased ventilatory capacity (mostly due to 
mechanical factors), abnormal gas exchange 
(hypoxemia and increased VD), respiratory and 
peripheral muscle dysfunction, deconditioning, 
cardiovascular abnormalities (cor pulmonale, 
hemodynamic consequences of dynamic 
hyperinflation. 

Peripheral Limitation 
Neuromuscular, microvascular, and 
metabolically related abnormalities that 
could impact tissue O2 conductance, O2 
utilization, and mechanisms of contraction.  
 

Abnormalities in skeletal muscle oxidative 
capacity, O2 utilization, muscle metabolism  



+Μέγιστη Δοκιµασία Άσκησης: 
Χαρακτηριστικά ασθενούς 

Measured %Predicted 

Age (yr) 62 - 

Height (cm) 173 - 

Weight (kg) 78 - 

FEV1 (L) 0.75 23 

FVC (L) 1.67 38 

FEV1/FVC (%) 45 - 

IC (L) 1.22 42 

TLC (L) 8.30 121 

MVV (L/min) 30 24 

TLCO (ml/mmHg/min) 18.5 60 

PaO2 (mmHg) 78.0 - 

PaCO2 (mmHg) 47.0 - 

pH 7.35 - 



+Μέγιστη Δοκιµασία Άσκησης: 
Τυπικό παράδειγµα ασθενούς 

 Time 
min 

 Work rate 
 watts 

VO2    
L/min  

VCO2 
L/min  

R  HR 
  min -1 

VO2/ HR  
 ml/beat 

VE 
L/min 

f 
   min-1 

Rest 0.24 0.22 0.92 110 2.2 9.8 20 

Rest 0.18 0.16 0.89 112 1.6 8.4 20 

Rest 0.22 0.20 0.91 108 2.0 9.1 19 

Unloaded 040 0.35 0.88 121 3.3 14.2 23 

Unloaded 0.34 0.30 0.88 119 2.9 13.1 25 

Unloaded 0.44 0.39 0.89 117 3.8 15.3 24 

1.0 10 0.42 0.38 0.90 121 3.5 14.8 25 

2.0 20 0.48 0.42 0.88 124 3.9 16.3 25 

3.0 30 0.64 0.56 0.88 128 5.0 18.6 22 

4.0 40 0.72 0.64 0.89 130 5.5 21.1 24 

5.0 50 0.77 0.72 0.94 136 5.7 23.9 28 

6.0 60 0.86 0.81 0.94 135 6.4 25.6 28 

7.0 70 0.94 0.91 0.97 138 6.8 29.0 32 

8.0 80 0.96 1.02 1.20 124 6.9 32.1 37 



+Μέγιστη Δοκιµασία Άσκησης: 
Τυπικό παράδειγµα ασθενούς 

   Time 
      min 

Workrate 
    watts pH 

Po2, mmHg Pco2, mmHg 
VD/VT 

ET a ( A – a ) ET a ( a –ET ) 

Rest 102 42 

Rest 103 41 

Rest 7.35 102 78 21 42 47 6 0.42 

Unloaded 96 45 

Unloaded 98 44 

Unloaded 7.35 99 71 25 43 49 6 0.42 

1.0 10 99 43 

2.0 20 7.35 97 68 27 44 49 6 0.42 

3.0 30 7.35 94 46 

4.0 40 7.35 94 61 36 47 48 1 0.36 

5.0 50 96 46 

6.0 60 7.35 96 57 42 48 49 1 0.35 

7.0 70 95 48 

8.0 80 7.32 101 53 51 48 53 5 0.38 



+Μέγιστη Δοκιµασίας Άσκησης:  
Πρo και Μετά Οξυγόνου 

21% O2 Predicted 

Endurance time (min) 8 - 

WRpeak (Watt) 80 48 

VO2peak (L/min) 0.96 45 

HRpeak (beats/min) 140 88 
O2pulse (ml/beat) 6.9 51 

ΔVO2/ΔWR (ml/Watt) 8.3 10.3 

AT (L/min) not reached - 

VEpeak (L/min) 32.1 55 

VE/MVV (%) 107 - 

fb (breaths/min) 37 - 

ΔIC from rest (L) -0.600 - 

VD/VT  0.38 - 

100% O2 isotime 100%O2peak 

8 12 

80 120 

144 165 
16 16 

28.9 40.1 

99 

37 37 

-0.450 -0.620 

0.42 0.37 



+Ευχαριστώ 


