
Phys-10A15 Explain how cardiac output is measured using a thermodilution 
technique. (also Physiol-05B13,Physiol-00A1) 
 
Background 
 
Cardiac output (CO) = volume of blood ejected from the heart per unit time 
 
Resting CO of typical 70 kg male = 5 Lmin–1 
 
Thermodilution technique using right heart catheterisation is currently the gold 
standard method of measuring cardiac output 
 
Procedure of performing the thermodilution technique 
 

 
(image from Perel – anest.ee) 
 
(1) Insert pulmonary artery (Swan-Ganz) catheter into the internal jugular vein 
(2) Position tip of PAC lumen 1 at SVC/RA junction 
(3) Position tip of PAC lumen 2 (which contains thermistor) in pulmonary artery 
(4) Inject small bolus (e.g. 10 mL) of cold fluid (e.g. saline) of known temperature 
(e.g. 3 ºC) through lumen 1 
(5) Collect thermistor reading and construct temperature vs time curve 
(6) Repeat steps (4) and (5) ! obtain average 
(7) Calculate cardiac output from the T vs time curve constructed (mathematical 
derivation detailed below) 
 
Basic principles of the thermodilution technique 
 
The thermodilution technique is a modification of the indicator-dilution technique, 
where the indicator is the cold fluid of known heat content (i.e., temperature and heat 
capacity) 
 
After bolus injection of cold fluid into SVC ! mixing of cold fluid bolus with warm 
blood drops temperature of blood (detected by thermistor) 
As more warm blood flows through heart ! cold fluid bolus is “washed-out” ! 
temperature gradually returns to baseline 
 



Faster rate of blood flow through heart (i.e. ↑CO) ! faster the cold fluid bolus is 
“washed out” ! faster temperature returns to baseline ! smaller area under the 
temperature-time curve 
 
∴ knowing the area under the temperature-time curve enables calculation of cardiac 
output 
 
Mathematical derivation of cardiac output 
 
Removal of the injected cold saline bolus from the heart could be modelled using 
single compartment pharmacokinetics 
 

Where the single compartment is the heart, and thus 

€ 

CO = clearance =
dose
AUC

  

 
When this is applied to heat transfer, 
 
Dose = heat from indicator = 

€ 

ρ ×V × Cp × (Tinject −Tblood )  

AUC = area under heat-time curve = 

€ 

ρ × Cp × ΔT(t)dt
0

∞

∫  

 
Where, 
ρ = density of blood (assumed to be same as injectate) 
V = volume injected 
Cp = heat capacity of blood (assumed to be same as injectate) 
Tinject = temperature of injectate 
Tblood = initial temperature of blood 
ΔT(t) = temperature difference from baseline as a function of time 
 
Therefore,  
 

€ 

CO =
dose
AUC

=
V × (Tinject −Tblood )

area under Δtemp − time curve
 

 
Which is the Stewart-Hamilton equation for thermodilution 
 
Sources of error 
 
Measurement error 
(1) thermistor 
(2) volume injected/dead space of PAC 
(3) integration of temp-time curve 
 
Assumptions 
(1) assume injectate and blood have same density and heat capacity 
(2) assume thermal equilibrium established by the time mixture reaches thermistor 
(3) assume injectate is warmed by blood only (not true in low flow states ! injectate 
is also warmed by wall of vessels/myocardium) 
(4) assume unidirectional blood flow (not true in tricuspid regurgitation) 



(5) assume cold injectate does not impact cardiac output (may transiently depress CO) 
 
Advantages and Disadvantages 
 
Advantages 
(1) easy to repeat 
(2) does not need blood sampling 
(3) does not need injection of dye ∴ nil toxicity 
(4) no recirculation error (when compared to dye-dilution method, e.g. LiDCO) 
 
Disadvantages 
(1) invasive – requires PAC ∴ carries all the risks associated with PAC insertion 
(2) cold fluid may induce arrhythmias 
(3) fluid load (very small) 
 
 
Examiner’s comments - 60% of candidates passed this question. 
 
Interpretation: This question asked for an explanation of a specific technique of 
measuring cardiac output. Not directly relevant are: 

1. A detailed discussion on cardiac output and the factors affecting it 
2. Other techniques of cardiac output measurement 
3. Explanation on how a thermistor functions 

 
Content: The main points in the answer should include: 

1. A discussion of the basic principles involved. Thermodilution is based on the 
law of conservation of matter where heat lost from the blood = heat gained 
by injectate 

2. A description on the specifics of the technique mentioning the requirement 
of a Swan-Ganz catheter, nature of injectate and temperature measurement 
using a thermistor in the pulmonary artery. 

3. An appreciation on how cardiac output is calculated from this technique 
4. A discussion of sources of errors which might affect the accuracy of the 

technique 
Errors or common mistakes: 
" Some candidates erroneously conclude that cardiac output IS the area under the 

curve. Other candidates confuse the PiCCO as a thermodilution technique. 
Organisation: 
" Better answers include a short list of advantages and disadvantages of the 

technique. 
Clarity: 
" Good answers mentioned that the thermodilution technique is a variation of 

the indicator dilution technique which uses the temperature decrease as the 
indicator. Additional marks were given for a discussion on the Stewart-Hamilton 
equation used to calculate flow/Q. 


