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VT1 VT2

• Rest to VT1: PETCO2 increases and PETO2 
decreases, similarly to VE/VO2.

• VT1 to VT2: PETO2 typically begins to increase 
frankly in concert with the increase in 
VE/VO2. PETCO2 increases slightly and reaches 
its highest value at VT2, inversely to VE/VCO2 
which reaches its lowest value at VT2.

• VT2 to the end of exercise:  PETCO2 drops 
and PETO2 rises frankly.





Santa Cruz’s CPET report



PETCO2

PETO2

• PETCO2 = PCO2 (mmHg) at the end of an 
exhalation. Commonly, the highest PCO2 
measured during the alveolar phase of the 
exhalation.

• Normal values at rest: 36 - 44 mmHg

• PETO2 = PO2 (mmHg) at the end of an 
exhalation. Is usually the lowest PO2 during 
the alveolar portion of the exhalation. 

• Normal values at rest: 100 - 120 mmHg



Arroyo JP, Schweickert AJ. Chapter 4 - The Respiratory Cycle. https://doi.org/10.1016/B978-0-12-801768-5.00004-6

https://doi.org/10.1016/B978-0-12-801768-5.00004-6


PETO2 | changes

At rest

Normal values at rest: 100 - 120 mmHg.

• Lower PETO2 levels are associated with:

• Age: slightly lower values in the elderly due
to changes in pulmonary function.

• Pulmonary diseases: restrictive pulmonary
diseases (eg, pulmonary fibrosis) and PAH, 
reduce pulmonary perfusion and increase
the alveolar-arterial oxygen gradient.

• Cardiovascular diseases: HF can affect
pulmonary perfusion and gas exchange.

• Neuromuscular diseases: the weakness of
the respiratory muscles can lead to a 
decrease in alveolar ventilation.

Exercise

Normal Response:

• Usually, there is short decrease until VT1 and an

increase from VT1 until the peak effort.

• The interpretation of PETO2 should always

consider the patient’s clinical picture, including a 

history of pulmonary or cardiac diseases.

• The isolated use of PETO2 is rare in 

cardiopulmonary exercise testing.

• Other CPET parameters (VO2, VCO2, VE, SpO2) are 

essential for a comprehensive assessment.





• PaCO2 = Partial pressure of CO2 in the pulmonary artery

• PACO2 = Partial pressure of CO2 in the alveoli

• PETCO2 = Partial pressure of CO2 at the end of exhalation 
measured at the mouth peace

PACO2



PETCO2

• PETCO2 is an indirect measurement of pulmonary perfusion and ventilatory 
efficiency, being the result of PACO2 and ventilation changes.

• PETCO2 at rest is ~ 2 mmHg below PaCO2, but the relation of PETCO2 is much less 
exact during exercise and it will be overridden by an exaggerated response to 
exercise.

• An arbitrary scale for maximum PETCO2 is:
• Normal: > 35 - 45
• Mildly reduced =30-35
• Moderated reduced = 25 - 30
• Severely reduced < 25 

• During exercise, it’s normal when it increases by 3 - 8 mmHg till VT2



PETCO2 | pathological responses

Rest

• Hypocapnia (< 35 mmHg) may indicate:

• Hyperventilation

• Anxiety

• Pulmonary diseases

• Hypercapnia (> 45 mmHg) may indicate:

• Hypoventilation

• Obstructive pulmonary diseases

• Neuromuscular diseases.

Exercise

• A reduced variation may indicate airflow

limitation, decreased cardiac output, or

impaired gas diffusion.

• A sharp decrease may indicate heart failure, 

excessive hyperventilation, ventilation / 

perfusion mismatch, or an increase in 

physiological dead space.

• Elevated values (hypercapnia) generally

indicate hypoventilation, meaning

inadequate ventilation to eliminate the CO2.



PETCO2 |Cardiac Surgery Operating Room

• 200 patients underwent cardiac surgery with cardiopulmonary bypass 

(CPB), from Jun 1996 to Jun 1997. PETCO2 measurement at the end of CPB. 

• When metabolism and ventilation are controlled, PETCO₂ reflects
pulmonary blood flow and, therefore cardiac output (CO): 

• A PETCO2 < 20 mmHg is associated with low CO (< 2L/min), even when
other hemodynamic parameters are within normal ranges. 

• A PETCO2 ~ 27 mmHg indicates that the CO is sufficient for CPB 
weaning, provided that other hemodynamic and metabolic
parameters were adequate.

• No patient required to return to CPB due to cardiopulmonary failure
if PETCO2 > 26.

Serginando Laudenir Ramin et al. DOI: 10.1590/S0102-76381998000400010



Cardiac patients = 112
Normal individuals = 29









MEDICINE & SCIENCE IN SPORTS & EXERCISE, 2008.DOI: 10.1249/MSS.0b013e318184c945

• 48 HF patients |13 normal subjects
• Compared regarding CO and CI at VT and 

peak exercise if PETCO2 < 36 vs > 36 at VT



MEDICINE & SCIENCE IN SPORTS & EXERCISE, 2008.DOI: 10.1249/MSS.0b013e318184c945









PETO2 |summary

• Lower PETO2 levels are found in restrictive lung disease and PAH, 
heart failure and neuromuscular diseases.

• A decrease in PETO2, indicates exercise-induced hypoxemia.

• An abrupt increase at the start of exercise may indicate R-L 
shunt or nonspecific hyperventilation.

• PETO2 should be used with other CPET parameters (VO2, VCO2, 
VE, SpO2) for a comprehensive assessment.



PETCO2 |summary

• The interpretation of PETCO2 changes in a non-invasive CPET must be
cautious. Nevertheless, its abnormalities suggest:

• at rest:
• PETCO2 < 35 mmHg (hypocapnia): hyperventilation due to anxiety or

pulmonary disease.
• PETCO2 at rest > 45 mmHg (hypercapnia): hypoventilation, obstructive

pulmonary diseases or neuromuscular disease.

• during exercise:

• A significant drop suggests hyperventilation and/or V/Q mismatch.

• A significant increase in PETCO2 means alveolar hypoventilation, eg, severe
COPD, obesity, hypoventilation syndrome, or neuromuscular disease.

• PETCO2 decrease or non-increase may mean low cardiac output, with a 
prognostic value similar to circulatory power and VE/VCO2 slope.



Merci pour vôtre attention!
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