
Physics-1992 Write short notes on principles of measurement of end tidal carbon 
dioxide tension 
 
Background 
 
Capnography = continuous measurement of CO2 concentration (and thus CO2 partial 
pressure, PCO2) in respiratory gases 
 
Usually, capnograph displayed as PCO2 plotted against time 
 
How it works 
 
General principle as follows: 

- respiratory gases continuously directed past CO2 analyser (usu. infrared) 
- analyser measures infrared absorbance at preset wavelength 
- absorbance signal sent to electric processor 
- CO2 concentration is calculated using Beer-Lambert’s law (corrected for 

confounding respiratory gases, which alter absorbance signal) 
- result displayed in real-time 

 
Principle of Infrared Analyser 
 

 
 

- IR radiation emitted by hot wire 
- IR radiation filtered ! selects out 4280 nm (i.e., the absorbance of CO2 

asymmetric stretch) 
- IR radiation passed through sample and reference ! IR absorption 
- Intensity of transmitted IR radiation measured by detector 
- Beer-Lambert Law: A = log(Iemitted/Idetected) = εcL; where I is intensity, ε is 

molar absorptivity, c is concentration, L is path length. 
- Knowing Iemitted/Idetected (corrected for reference), ε and L ! able to calculate 

concentration of CO2 
- Process is rapidly repeated ! allows monitoring CO2 concentration in real 

time 
 
Main vs Side Stream Capnograph 
 
There are 2 common types of capnograph: 

(1) main-stream capnograph – CO2 sensor series with breathing circuit 
(2) side-stream capnograph – respiratory gas continuously aspirated from 

breathing circuit and directed to external CO2 sensor 



 
 Main Stream Side Stream 
Advantages No sampling tube Cheaper running cost 
 No obstruction Minimal weight at patient end 
 Rapid response time (no delay) Easier to connect 
 No alteration to circuit pressure 

∴suitable for neonates 
Adapts easily to various patient 
positioning (e.g. prone) 

 Not affected by water vapour 
pressure 

Can be used with nasal prongs 

Disadvantages Adds weight to patient end Delay in signal 
 Long electrical cord Sample tube may obstruct 
 Sensor window may clog with 

airway secretions 
Water vapour may condense in 
sample tube ! alter PCO2 

 Bulkier ! may be difficult to 
use during prone positioning 

Drops pressure within breathing 
circuit ! may not be used for 
neonates 

 More costly  
 
Interpretation of the Capnograph 
 
Capnography yields important clinical information: 

(1) Is the patient apnoeic? 
(2) Respiratory rate 
(3) End tidal PCO2 (? normocapnic, hypocapnic, hypercapnic) 
(4) Inspired PCO2 (? rebreathing) 
(5) Waveform – obstructive pattern? curare cleft? falling cardiac output? etc 
(6) Estimate size of physiological deadspace (Bohr equation) 

 

 
 
End-tidal CO2 is PCO2 value at the end of expiration, which roughly corresponds to the 
highest PCO2 value on the capnograph 
 
Clinically, PETCO2 is often used to approximate PaCO2 
 
As per Bohr equation, the discrepancy between PETCO2 and PaCO2 increases with 
increasing physiological deadspace 


