
Physiol-09A16 Outline the effects of acute exposure to air at an altitude where 
barometric pressure is 347mmHg. What compensatory mechanisms occur with 
gradual exposure to increasing altitude? 
 
Background 
 
Barometric pressure – pressure exerted by air above earth’s surface 
 
Acute exposure to altitude  = before mechanisms of acclimatisation has occurred  
 
At barometric pressure (PB) of 347 mmHg, FIO2 remains at 21% 
Before any compensatory mechanisms, PACO2 = 40 mmHg 
 
PAO2  ≈  FIO2  ×  (PB – PH2O)  –  PACO2/RQ 
 
PAO2  ≈  21%  ×  (347 – 47)  –  40/0.8 = 13 mmHg 
∴ PaO2 ≤ 13 mmHg 
 
Without any compensatory mechanisms, this is degree of hypoxaemia: 

- unable to sustain aerobic metabolism 
- not compatible with life 

 
Physiological effects 
 
Profound hypoxaemia (PaO2 < 60 mmHg) is sensed by carotid and aortic bodies ! 
stimulate respiratory centre + ↑sympathetic tone 
 
(1) ↑Respiratory drive 
↑RR + ↑TV ! ↑MV ! ↓PACO2 
↓PACO2 ! ↓CSF CO2 partial pressure ! CSF alkalosis ! feedback inhibit ↑↑MV 
! initially, the extent of increase in ventilation is limited 
 
Over several days, HCO3

– excreted by kidneys + H+ actively transported into CSF ! 
fall in CSF pH ! delayed increase in ventilation 
 
∴ ventilatory changes is biphasic (slight increase then significant increase) 
 
(2) ↑Cardiac output 
↑SNS ! ↑HR + ↑contractility ! ↑cardiac output ! compensatory ↑oxygen flux 
 
(3) Hypoxic pulmonary vasoconstriction 
 
(4) Shift of oxyhaemoglobin dissociation curve (OHDC) 
Upregulation of 2,3-DPG ! RIGHT shift of OHDC (predominates at lower altitude) 
Hyperventilation ! ↓PaCO2  + ↑pH ! LEFT shift of OHDC (predominates at very 
high altitudes) 
 
(5) ↑Erythropoiesis 



↓PaO2 ! sensed by kidneys ! ↑erythropoietin ! ↑normoblast maturation ! ↑RBC 
production ! ↑O2 carriage capacity + ↑blood viscosity 
 
(6) ↑Tissue O2 utilisation 
↓PaO2 ! ↑number of mitochondria + ↑oxidative enzymes ! ↑efficiency of O2 
utilisation 
 
(7) ↑Angiogenesis 
↓PaO2 ! ↑hypoxia inducible factor (HIF) ! ↑angiogenesis 
 
(8) Other effects at altitude 

- ↓Temperature 
- ↓Humidity 
- ↑UV radiation 

 
Pathological Effects 
 
Acute mountain sickness (AMS) 
 
High altitude pulmonary oedema (HAPE) 
 
High altitude cerebral oedema (HACE) 
 
Over time, 
 
HPV ! ↑pulmonary vascular resistance ! ↑RV hypertrophy ! RV failure 
Chronic hyperventilation ! barrel chest 
 
Examiner’s comments – 48% of candidates passed this question. 
 
Main Points expected for a pass: 
" Definition of acute exposure 
" Correct use of the alveolar gas equation to calculate PAO 2 
" How the body senses reduced oxygen levels and what compensatory mechanisms 

are triggered (esp.respiratory and cardiovascular) 
" Some mention of acute adverse effects 
" Definition of "gradual exposure" 
" Explanation of biphasic changes in alveolar minute ventilation 
" Increased tissue oxygen uptake and utilisation 
" Increased Hb and mechanism 
" Mechanisms that act on moving the HbODC 
Additional points could be gained for: 
" Description of other effects at altitude: temperature, humidity, UV light, radiation. 
" Upper limits of human survival 
" Physiological differences between high-altitude and low-altitude natives 
" Long term adaptation 
" Changes at the cellular level 
 


