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Physiol-15A2 Outline the role of carbon dioxide in the maintenance of ventilation. 
 
Background 
 
CO2 is a product of aerobic metabolism and participates in the negative feedback loop 
critical in the control of ventilation 
 
Control Loop 
 
Overview 

- aim = match ventilation to metabolism 
- ↑metabolic rate  ↑CO2 production  ↑PaCO2  sensed  ↑ventilation  ↓PaCO2 
- thus PaCO2 normally kept tightly controlled around set point of 40 mmHg (range: 35 

~ 45) 
 
Sensors 

- central chemoreceptors 
o location = ventral medulla (near exit of CN IX and X) 
o sense [H+] in CSF 
o ↑CO2  diffuse across BBB  catalysed by carbonic anhydrase to form 

H2CO3  dissociates to H+ + HCO3–  ↑[H+] in CSF  stimulate 
respiratory centre 

o more potent (contributes to 80% of ventilation control) but slower response 
than peripheral chemoreceptors 

- peripheral chemoreceptors 
o location = carotid body (more important), aortic body (less) 
o type I glomus cells sense PaCO2 (but also PaO2 and pH) 
o carotid body  CN IX glossopharyngeal; aortic body  CN X vagus; 

projects mainly to dorsal respiratory group 
o faster response but less potent (contributes 20%) than central chemoreceptors, 

thus responsible for acute fluctuations of PaCO2 
 
Central Controllers 

- divided into 3 groups – DRG is most important; VRG and pneumotaxic center modulate 

DRG signals 
- dorsal respiratory group 

o located in length of medulla (nucleus tractus solitarius) 
o Pre-Bötzinger complex generates the basic rhythm of respiration 
o receive inputs from central and peripheral chemoreceptors  alter respiratory 

rate and depth 
- pneumotaxic center 

o located in pons (nucleus parabrachialis) 
o limits inspiration (and thus indirectly increases RR) 

- ventral respiratory group 
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o located in medulla (nucleus ambiguus) 
o normally inactive during quiet respiration 
o switched when ↑↑ventilation required  contributes to both inspiration and expiration 

 
Effectors 

- ventilation is ultimately due to cyclic contraction of respiratory muscles  inflation 
and deflation of lung 

o diaphragm (innervated by phrenic n. via C3,4,5) 
o intercostal muscles 
o accessory muscles (e.g. SCM, scalenes, pectoralis, etc)  
o abdominal muscles 

- the effect of increasing ventilation is given by alveolar ventilation equation: 

 𝑷𝑨𝑪𝑶𝟐 ∝
𝑽𝑪𝑶𝟐

𝑽𝑨
 

 where,  
o VCO2 = rate of CO2 production in the body 
o VA = alveolar ventilation 

- thus, doubling alveolar ventilation  halving PaCO2 
 

Relationship between PaCO2 and alveolar ventilation 
 

 
Figure from Guyton and Hall 11ed. p517 
 
Features of CO2 vs VA relationship (red line) 

- as PaCO2 rises  ventilation increases near linearly  VA increases  reduces 
PaCO2 (negative feedback loop) 
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- at very high levels of PaCO2 (around 90 ~ 120 mmHg)  profound cerebral acidosis and 
swelling affect medullary respiratory centers  CO2 narcosis  alveolar ventilation 
plateaus (or even falls) 

- at very low levels of PaCO2  respiratory drive resulting from hypoxaemia 
secondary to hypoventilation  alveolar ventilation plateaus 

 
Factors that influence the CO2-ventilation response curve 
 

  
- factors can be divided into: 

o altered threshold (i.e. left or right shift of curve), or 
o altered sensitivity/gain (i.e. slope changes), or 
o both 

- factors that stimulate ventilation 
o ↓PaO2  increase sensitivity 
o metabolic acidosis  decrease threshold 

- factors that depress ventilation 
o ↑↑PaO2  decrease sensitivity 
o sleep  NREM increase threshold, REM both 
o opioids  increase threshold (low doses); both (high doses) 
o propofol and benzodiazepines  mainly decrease sensitivity 
o volatiles  both (at anaesthetic doses); variable (at low doses) 

 
(from Miller Anaesthesia) 
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Examiner’s Comments 
 
29.2% of candidates achieved a pass in this question  
Candidates were expected to point out that as a product of metabolism, carbon dioxide (CO2) 
provides a key link in the control loop that matches ventilation with metabolic rate to 
maintain a stable PaCO2 level.  It was expected that the elements of this control loop and its 
negative feedback nature were described.  
 
In particular, the central and peripheral chemoreceptors with their relative contributions, the 
central controlling by the respiratory centre in the brain stem, the ultimate effect on minute 
ventilation via the respiratory muscles and the consequent changes to PaCO2.  
 
Describing factors that influence the gain and threshold of this system such as:  

- PaO2 (both increased and decreased) 
- anaesthesia 
- sleep 
- blood pH. 

Discussing the blunted nature of the ventilation response at low and high PaCO2 also 
gained marks.  
 
Drawing the graph of ventilation versus PaCO2 gained marks only if drawn correctly.  
 
Common mistakes included:  
• confusing the location of the central chemoreceptors  

• reversing the rapidity of response between central and peripheral chemoreceptors  

• writing an equation showing PaCO2 inversely proportional to ventilation then drawing a 
graph that demonstrated a direct relationship between ventilation and PaCO2 but not 
explaining that these related to different parts of the control loop.  
• stating that CO2 could not cross the blood-brain barrier but hydrogen ions could  
Marks were not awarded for:  
• Describing how CO2 is carried in the blood  
• Explaining how CO2 influences the oxygen haemoglobin dissociation curve. 


