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We initially planned to do spirometry, however, he claimed that he could not do the procedure.  And so we opted to do IOS. We 

usually request for pulmonary function test because of the following indications. In our case, PFT is warranted because we want to qualify or 

differentiate abnormalities in the lung function.  

 

    
 

   These are the types of PFTõs available to us, and to assess the mechanics of breathing, these are the tests that we can request for.  In 

our patient, our initial plan was to do a spirometry. As we all know, spirometry is often done as a maximal expiratory manoeuvre which our patient 

cannot do.  Also, he recently underwent angioplasty and we are unsure as to the stability of his cardiovascular status. Hence, we opted to 

request for impulse oscillometry.  

 

 What is impulse oscillometry? As we proceed with the discussion, it is my hope that the following objectives will be met:  

Å To demonstrate how Impulse Oscillometry (IOS) is done 

Å To und erstand the physiologic significance of the parameters measured 

Å To review the principles in the interpretation of IOS 

Å To define the role of IOS in the diagnosis and management of patients with respiratory distress 



 
 

 What I intend to do is to discuss very superficially the physiology of the parameters measured in IOS.  Then we are going to show a video 

and discuss how the IOS is done. After that we are going dissect on how to interpret an IOS  and we will end with some expert opinion from 

our experts. 

 

     
 

 The main job of the respiratory system is to oxygenate and remove carbon dioxide from the blood. In order to fulfil these functions it needs 

to accomplish two processes which are ventilation and gas exchange. Ventilation which is the movement of the volume of air in and out of the 

lungs is dependent on the respiratory systemõs mechanical properties. Simplistically, when a person inhales and exhales, his respiratory muscles 

generate pressures that counteract the respiratory systemõs resistance, elastance and inertance.  This is in accordance with the law of motion. 

 

 

 



Resistance is primarily the frictional opposition offered by the airways to the flow of air. Elastance is the capacity of the respiratory system 

to go back to its original form after being distended. Inertance is the resistance of the respiratory system to movement. This law of motion 

equation is represented in the IOS as follows:  Impedance is equal to the sum of resistance and reactance. Impedance which is represented as 

Z is the opposition to flow. Resistance which is represented as R is the frictional opposition offered by the airways to flow.  Reactance which is 

represented as X combines the respiratory systemõs elastance and inertance which is represented as E and L respectively. The lesser the 

elastance the higher is the reactance. The higher the inertance the higher is the reactance.  Capacitance is the negative component of 

reactance and it is prominent at low frequencies.  Inertance is the positive component of reactance and dominates at high frequencies.  Simply 

put, reactance is the energy generated by the recoil of the lungs after distension by a pressure wave.    Hence, the interpretation of reactance 

would depend on the frequency range in which it was measured. Reactance at 5 Hz is commonly used clinically since unlike X in higher 

frequencies, it not interfered by respiratory frequencies and harmonics. 

 

Respiratory diseases increase impedance via two mechanisms.  First is by increasing the airway resistance such as in asthma or COPD, 

and by increasing reactance which happens when there is either loss of elastin tissues as seen in emphysema or when there is addition of non-

elastic tissues in the respiratory system such as in pulmonary fibrosis wherein the non-elastic tissue is added to the lung parenchyma and 

obesity wherein the non-elastic tissue is added to the chest wall. 

 

The IOS can identify the site of the increased airway resistance. Based on IOS semantics, the sites could either be in the central 

airways or in the peripheral airways.  Central airways are defined as the air passages with cartilages in its wall and they include the trachea and 

bronchi which are usually more than 2 mm in radius. Peripheral airways are the air passages without cartilages in its wall and therefore include the 

bronchioles.   

 

 Let me introduce a general term which is the forced oscillation technique.  This test measures breathing mechanics by using external 

pressure signals or oscillations superimposed on the spontaneous breathing of the patient.  Since external pressures are applied, this minimizes 

the demand on the patient and requires only passive cooperation on the subject.  The oscillations pressure signals may be mono or multi 

frequency.  It may be delivered continuously or in a time-discrete manner. 

 

 

 



Impulse oscillometry is a type of forced oscillation technique wherein the external pressure signals are delivered in a square wave, time-

discrete manner of 5 times per second.  It emits a continuous spectrum of frequencies, typically from 5 to 20 Hz.  This has the advantage of 

providing a more detailed characterization of respiratory function. 

 

Basically the IOS is a test wherein the patient is required to do tidal breathing for at least 30 seconds and ends up doing a slow vital 

capacity manoeuvre. The machine, via direct measurement of pressure, volume and flow, is able to compute for the resistance, reactance and 

impedance. These parameters are measured while the machine delivers a constant low amplitude pressure but with a gradually increasing 

frequency from 1 to 35 Hz. Thus , resistance, reactance and impedance are measured at a frequency from 1 to 35 Hz. The rationale of these 

measurements will be explained later.    

 

    
 

This is how the apparatus looks like externally.  This is the loudspeaker where the pressure signals are generated.  It is connected to the 

y-adapter.  The upper arm of the y-adapter is connected to the terminal resistor which serves as a conduit or exit for flow.  The other arm is 

connected to the pneumotachograph which measures flow. One end of the pneumotachograph is connected to the transducer while the open 

end is attached to the mouthpiece. 



 
 

 Similar to spirometry, the patient is asked to sit in the upright position.  He should be well balanced and free of stress, with the head in 

the neutral position, the nose clipped and the cheeks supported with the hands.  The lips should be firmly closed around the mouthpiece.  The 

patient is then asked to breathe quietly through the mouthpiece for around 30 seconds.  The test is repeated 3-5 times. 

 
Internally, this is how it looks like.  The loudspeaker generates the impulses.  The flow of the impulse is represented by this shaded line.  

From the loudspeaker, some of the impulses will flow out into the terminal resister and the rest would flow through the pneumotachograph , the  

mouthpiece and the rest of the respiratory system.  The breathing activities coming from the patient is represented by this line and it flows 

through the pneumothachograph then out thru the terminal resistor.  Flow is measured by the pneumotachograph, the distal side of which is 

attached to the flow transducer and the proximal side is attached to the pressure transducer.  The pneumotachograph and transducers 

registers composite signals from the respiratory flow and the impulse flow and sends it to the computer for further processing.  The parameters 

that are actually measured are flow and pressure and the rest are extrapolated by the computer. 

 



 

 

   
 

 

 IOS deliv ers oscillations ranging from 5 to 20Hz.  Smaller frequency oscillations are able to reach the proximal airways as well as the 

lung periphery while larger frequency oscillations are only able to reach the proximal airways.  Resistance at 5Hz or R5 therefore represents 

airway resistance of both the central and peripheral airways while resistance at 20 Hz or R20 represents airway resistance of only the central 

airways. 

 

Therefore if there is an increase in peripheral airway resistance only the R5 will be elevated while the R20 is normal. The difference 

between R5 and R20 will widen while the increase in airway resistance is dependent on frequency. If there is an increase in central airway 

resistance both the R5 and R20 will be elevated. The difference between R5 and R20 is maintained while the increase in airway resistance is 

independent of frequency. This is known as frequency independent increase in airway resistance. 

 

 



    
 

 One way of summarizing the airway resistance profile is the plotting of the spectra graph wherein the x axis is the frequency while 

the y axis is the resistance. The broken line is the normal resistance at different frequencies from 5 to 35 Hz . 

 

    
  

 This is a spectral graph of resistance of a patient whoõs R5 & 20 are elevated regardless of the frequency. Since this is 

frequency independent, then this is compatible with increased central airway resistance such as in asthma or a COPD patient with 

predominantly chronic bronchitis. 

 

 



    
 

 This  is a spectral graph of resistance of a patient whose R5 is elevated but at higher frequency the resistance is within the 

acceptable limits. Since this is frequency dependent, then this is compatible with increased peripheral airway resistance such as in asthma or 

COPD patient with predominantly emphysema. 

 

 Just like in resistance, reactance at 5 Hz or X5 represents the reactance throughout the respiratory system. This is primarily 

dependent on the elastic property of the respiratory system. This is represented as Ers.   Reactance at 20 Hz or X20 represents the 

reactance in the central airways. This is primarily dependent on the inertance of air in the central airways. This is represented as Lz. 

 

By convention, reactance has negative value. Due to its negative value it sometimes gives rise to some confusion with regards its 

interpretation. The principle involved is that òthe more negative the value of the reactance, the higher is the reactanceó. So if for example if the 

normal value of reactance is -0.1, and the patientõs measured reactance is -0.3, it means that the patientõs reactance is abnormally high.  

 

 



  
 

One way of summarizing the reactance profile is the plotting of the spectra graph wherein the x axis is the frequency while the y axis is 

the reactance. The broken line represents the limit of normality for reactance at different frequencies.  

Notice that unlike resistance, the reactance is frequency dependent with the low frequency representing lung elastic property while the 

high frequency represents inertance Notice that unlike resistance, the reactance is has negative value. T he more negative the value, the higher 

is the reactance.  

 

 
 

This is a spectral graph of reactance of a patient whose X5 is more negative than normal, which means that the patient has high 

reactance such as you see in a patient with pulmonary fibrosis, emphysema or obesity.   

 


