
Physiol-06A10 List the physiological factors which increase respiratory rate. 
Include a brief explanation of the mechanism by which each achieves this 
increase. 
 
Background 
 
Three main factors govern respiratory rate: 

(1) neural control 
(2) chemical control (normally this is the most important) 
(3) mechanical control 

 
Neural Control 
 
Respiratory rate is under both: 
 
(1) voluntary control 
cerebral cortex  respiratory motor neurones  respiratory muscles  RR 
 
(2) involuntary control 
anticipation of exercise + stress, fear and pain (e.g. ANZCA PEx)  autonomic 
inputs  pontine and medullary respiratory centres  respiratory motor neurones  
respiratory muscles  RR 
 
Chemical Control 
 
Stimuli include PaCO2, PaO2 and pH  all result in RR 
 
(1) PaCO2 
Sensors: 

- central chemoreceptors – ventral medulla 
PaCO2  CO2 diffuses across BBB  forms H2CO3  dissociates into H+ 
 pH sensed by central chemoreceptors  signal to medullary respiratory 
centre  RR 

- peripheral chemoreceptors – carotid bodies > aortic bodies 
PaCO2  directly sensed by peripheral chemoreceptors  
glossopharyngeal (carotid) and vagus (aortic) afferents to medullary 
respiratory centre  RR 

 
Central chemoreceptor = slower but sustained response to PaCO2 
Peripheral chemoreceptor = rapid but weaker response to PaCO2 
 
(2) PaO2 
Sensors = mainly the carotid bodies (> aortic bodies) 
Weak activation when PaO2 < 100 mmHg  effect usu. overridden by PaCO2 sensors 
Strong activation when PaO2 < 60 mmHg  overrides PaCO2 signal  RR 
 
e.g. high altitude  PaO2  sensed by O2-sensitive K+ channels  firing  
signal carried by glossopharyngeal and vagus nerves (dopamine via D2 receptors)  
medullary respiratory centre  RR 



(3) pH 
Sensor = mainly carotid body 
e.g. ketoacidosis (starvation) or lactic acidosis (exercise)  pH  carotid body 
firing  glossopharyngeal afferent  stimulate medullary respiratory centre  RR 
 
Note: the chemical triggers for respiratory have synergistic effects on chemoreceptors 
i.e. in the setting of PaO2  PaCO2 results in greater respiratory drive, vice versa 
 

 
 
Mechanical Control 
 
Muscle/tendon stretch receptors 
exercise  stretch receptors  vagal afferent  stimulate respiratory centre  RR 
 
Pulmonary J receptors (juxtacapillary) 
pulmonary stretch/engorgement of pulmonary capillaries  vagal C afferents  RR 
+ feeling of dyspnoea 
 
Irritant receptors (nose, larynx, trachea, bronchi) 
noxious gases  vagal afferent  RR + bronchoconstriction 
 
Arterial baroreceptors 
MAP  high pressure baroreceptors  direct stimulation of respiratory centers  
RR 
 
Examiner’s comments – 62% of candidates passed this question. 
 
Points required for a pass were: Listing and understanding of the mechanisms by 
which hypoxia, hypercapnia, and acidosis induce hyperpnoea plus some of the other 
common causes of tachypnoea (e.g. exercise, increased BMR, hypotension, 
activation of skeletal muscle stretch, various pulmonary 
conditions/receptors/work of breathing, CNS causes - voluntary control and in 
response to pain, age, pregnancy.) 
 



Additional marks were given for: quantitative description of various stimuli, 
synergistic interactions. 
 
Whilst some marks were awarded for description of the various brain-stem centres 
that control breathing, the descriptions were often not directly linked to tachypnoea.  
 
Some candidates wasted time describing factors that slowed respiratory rate, and with 
definitions of alveolar ventilation. 
 


