
Phys-04B11 Briefly explain how oximetry can be used to estimate the partial 
pressure of oxygen in a blood sample. 
 
Background 
 
Oximetry = measuring the oxygen carrying state of haemoglobin (i.e. saturation) 
using its absorption of visible light and infrared radiation at several wavelengths and 
employing the Beer-Lambert law 
 
Oximetry may be divided into: 

- direct co-oximetry – requires blood specimen and spectrophotometer 
- pulse oximetry – using a non-invasive finger or ear probe 

 
Principle 
 
Different haemoglobin molecules (e.g. oxyHb, deoxyHb, metHb, carboxyHb, sulfHb, 
fetalHb, etc) have different absorption spectra 
∴ by measuring the absorption spectrum of blood sample at multiple wavelengths ! 
enable extrapolation of the concentrations of various Hb species 
 
Commonly, oximetry usu. measures at least 2 wavelengths including 660 nm 
(deoxyHb) and 940 nm (oxyHb). 
 
OxyHb and deoxyHb have equal molar absorptivity at 805 nm ! isobestic point 
∴ this is another commonly measured wavelength 
 
The Beer-Lambert law is used, which states 
 
A = log(I0/It) = ε × c × l 
 
where, I0 and It are the baseline and transmitted intensities respectively, ε is the molar 
absorptivity (a constant), c is the concentration and l is the path length.  
 
Knowing I0, It, ε at each wavelength and l ! the concentration of deoxyHb and 
oxyHb can be calculated ! oxygen saturation can then be derived ! partial pressure 
of oxygen may then be extrapolated using the oxyhaemoglobin dissociation curve 
 
Oxyhaemoglobin dissociation curve 
 
Common values: 
 
PaO2 (mmHg) Hb saturation (%) 
0 0 
10 10 
27 50 
40 75 
60 91 
100 97 
150 99 
 



 

 
 
However, extrapolation of PaO2 from OHDC is complicated by the fact that the 
position of OHDC can be LEFT or RIGHT shifted 
 
Factors causing RIGHT shift = ↓pH, ↑PaCO2, ↑2,3-DPG, ↑temperature 
Factors causing LEFT shift = ↑pH, ↓PaCO2, ↓2,3-DPG, ↓temperature 
 
∴ need to either compensate or estimate above parameters 
 
Another inaccuracy results from the flat top portion of the OHDC ∴ small change in 
oxyHb saturation measured ! large change in extrapolated PaO2 
∴ any errors in measurement of oxyHb saturation is amplified 
 
Measuring SpO2 with Pulse Oximetry 
 
 

 
 



 
 
Light is absorbed by artery (A), vein (V) or tissue (T) 
Arterial absorption is pulsatile, venous and tissue absorptions are constant 
 
if ac = pulsatile arterial absorption 
if dc = non-pulsatile absorption 
 
R ratio is defined as (ac/dc)red/(ac/dc)infrared 
Then using look-up tables derived from healthy volunteers ! extrapolate SpO2 

 
 
Note, when R = 1, SpO2 = 85% 
Beer-Lambert model does not take into account scattering ∴ empirical calibration 
using a large number of healthy volunteers is frequently used. 



Examiner’s comments 
 
This question required integration and application of knowledge about oximetry and 
the oxygen haemoglobin dissociation curve. Candidates were expected to briefly 
cover how an oximeter measured haemoglobin saturation in a blood sample, the 
Beer Lambert law either as a formula or as a written description and the link 
between haemoglobin saturation and partial pressure of O2 via the oxygen 
haemoglobin dissociation curve with some common values. 
 
Better candidates also described the assumptions and the inaccuracies made in the 
link between haemoglobin saturation and partial pressure of O2, eg shift of the oxygen 
haemoglobin curve with changes in pH, pCO2, temperature, 2,3 DPG, the 
difficulty in deducing pO 2 when haemoglobin is fully saturated due to the flat 
upper portion of the oxygen haemoglobin curve. 


