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Pulse Oximetry





Pulse Oximetry

• Based on 2 principles: 

 pulse photoplethysmography 

 spectrophotometric oximetry

• Light transmitted through tissues is absorbed

• Variation in light absorption with each pulse



Uses Red and Infrared light: absorbed differently by 

oxygenated and deoxygenated haemoglobin





Clinically…



Transmission and Reflectance

• Transmission – emitter and photodetector are opposite each other

• Reflectance – emitter and photodetector are next to each other on 
   top of the measuring site

  -  the light bounces from the emitter to the site and 
   back



Factors that may affect the reading

• Poor positioning

• Anaemia

• Hypotension/ hypovolaemia

• Peripheral vasoconstriction (hypovolaemia and hypothermia)

• Slow HR and/or arrhythmias 

• Patient movement 

• Extraneous light 

• Pigments in skin

• Equipment











Pulse Shape



Perfusion Index (PI)

• Represents the strength of the pulse at 
that site

• Calculated by expressing the pulsatile 
flow as a percentage of the non-pulsatile 
flow at the wavelength of infrared light 
(940 nm)

• The perfusion index generally changes in 
association with peripheral perfusion

• Measurements range between 0.02 – 20



Pulse pressure variation (PPV)

• Arterial line

• Percentage variation between the 
PPmax, which is usually recorded 
during the inspiratory cycle of 
mechanical ventilation, and the 
PPmin, which is recorded 
between tidal breaths





Pulse pressure variation

• In humans, PPVs > 12% to 13% are predictive of fluid 
responsiveness (ie, volume loading is expected to result in a 
substantial [> 15%] increase in stroke volume)

• Disadvantages: theoretically requires mechanical ventilation of 
the animal with a tidal volume of 8–10 mL/kg, and an arterial line



Plethysmographic Variability Index (PVI)

• Variation in amplitude of the plethysmograph in 
mechanically ventilated animals

• Calculated from changes in the absorption of 
light during blood flow to the pulse oximeter 
probe

• PVI = (PImax – PI min)/ Pimax x 100%

• Lower the number = less variability over the resp 
cycle











Pulsus paradoxus

• Cyclic respiratory changes in 

the arterial pulse are 

reflected by proportional 

changes in the pulse oximetry 

• In patients with acute 

respiratory failure, PVI 

depends almost exclusively on 

the magnitude of changes in 

pleural pressure (i.e on the 

respiratory effort



Capnography



• Capnometry is the numerical assessment of ETCO2 mmHg

• Capnography is the graphical and continuous representation of 
ETCO2  (RR and FiCO2)

• Capnogram is the graphical representation of PACO2 

• ETCO2  = PACO2 = PaCO2 

• 35 – 45 mmHG



ETCO2 affected by:

• Metabolism

• Circulation

• Ventilation



Beer-Lambert Law

• Amount of infrared light 
absorbed is proportional to 
the length and the 
concentration



Capnography

1) Mainstream

2) Sidestream

This Photo by Unknown Author is licensed under CC BY-NC-ND

https://emssolutionsint.blogspot.com/2016/12/emma-emergency-capnometer-emma.html
https://creativecommons.org/licenses/by-nc-nd/3.0/


Sidestream capnography

• Most common method

• Gas withdrawn from the circuit – 200 mls/min

• Gas goes to chamber

• Water vapour needs to be removed



Sidestream capnography

• Advantages: 

 Cheap lines, near patient, nasal measurement

• Disadvantages:

  Lag time, kinked tubing, water vapour, flow rate



Mainstream Capnography

• Sensing chamber is in a connector

• Placed within the circuit



Mainstream Capnography

• Advantages:

 no lag time, direct sampling

• Disadvantages:

 increased dead space, added weight to the circuit, 
expensive, risk of thermal burns



Capnogram



What can capnography tell us?

• Respiratory rate

• End-tidal carbon dioxide

• Inspired carbon dioxide

• ETT problem

• Indication of depth

• Hyperventilation

• Hypoventilation

• Arrest

• Adequacy of CPR



Abnormal waveforms…should we be worried?



Remember what is normal…



• Increasing inspired CO2. Could 
be due to expired soda lime, 
faulty one-way valves, too low 
fresh gas flow rates in a non-
rebreathing system



• High respiratory rate with low 
tidal volumes



•  Leak (in the cuff)





• “Cardiac” Oscillations



• Increased expiratory resistance 
to airflow e.g. cats with 
asthma





Decreased ETCO2

• Leak 

• Too high FGF -> dilution

• Hyperventilation

• Decreased CO: hypotension, 
bradycardia, hypovolaemia, 
hypothermia, haemorrhage, 
imminent cardiac arrest



• Cardiac arrest with mechanical 
ventilation still being performed







No capnograph/ flat line capnograph??

• Oesophageal intubation

• Disconnection

• Kink

• Blocked ETT

• APL valve closed

• Arrest













• In a world of monitors and machines, ♪ ♪ Where science meets the human 
beings, ♪ ♪ There's a tale of two heroes, silent and wise, ♪ ♪ Capnography and 
pulse oximetry, they arise. ♪

• Pulse oximetry, a beacon of light, ♪ ♪ Clipping on our fingers, oh so slight, ♪ ♪
Measuring oxygen levels, strong and true, ♪ ♪ Keeping us healthy, seeing us 
through. 

• Capnography whispers secrets untold, ♪ ♪ Revealing airway issues, a story 
unfold, ♪ ♪ From intubation to anesthesia deep, ♪ ♪ It paints a picture, our lives 
it keeps. ♪

• So let's celebrate these two unsung knights, ♪ ♪ Capnography and pulse 
oximetry's might, ♪ ♪ For in their quiet hum, they offer us peace, ♪ ♪ Ensuring 
our health, our worries they ease. ♪



THANK YOU FOR LISTENING ☺

QUESTIONS?
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