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Learning Objectives

1. Describe spirometry procedures to measure lung volumes and capacities.

2.
State approximate values for lung volumes in a young healthy adult.

3. 
Appreciate how body height, weight, age and gender influence lung volumes, and can be used to predict these values.

4. 
List lung volumes/capacities that can be measured by simple spirometry.

5. 
Be aware of how these volumes may change during exercise. 

6. 
Identify lung volumes/capacities (including: RV, FRC, VC, TLC) that are affected by: (1) severe chronic restrictive lung disorder (2) severe chronic obstructive pulmonary disorder, and be able to give reasons for these changes.
Introduction

The volumes of air present in the lungs/airways are described in terms of “Volumes” and “Capacities” (a capacity is made up of 2 or more volumes). 

The standard lung volumes are:

Tidal Volume (VT or TV). The volume of air inspired (or expired) in a single “spontaneous” breath.

Inspiratory Reserve Volume (IRV). The additional volume (i.e. in reserve) of air that could be inspired at the end of a VT inspiration.

Expiratory Reserve Volume (ERV). The additional volume (i.e. in reserve) of air that could be expired at the end of a VT expiration.

Vital Capacity (VC). The maximum volume of air that it is possible to exhale from the lungs following a maximal inspiration. (VC = IRV + VT + ERV).

Inspiratory Capacity (IC) The volume of air that it is possible to inspire at the end of a normal quiet expiration. (IC = VT + IRV).

*Residual Volume (RV). The volume of air remaining within the lungs/airways at the end of a maximal expiration. (Maximum Expiratory Level in diagram)

Functional Residual Capacity (FRC). The volume of air contained within the lungs/airways at the end of a quiet VT expiration (Resting Expiratory Level in diagram). This is the equilibrium volume at which the elastic recoil forces of the lungs pulling inwards exactly balance the forces pulling the chest wall structures outwards. (FRC = RV + ERV)
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Total Lung Capacity (TLC). The volume of air contained within the lungs/airways at the end of a maximal inspiration. (Maximum Inspiratory Level in diagram). (TLC = RV+ERV+VT+IRV).

Measurement of lung volumes with simple spirometry
Some volumes and capacities can be measured directly by breathing in and out of a spirometer which produces a trace like the one shown. 

Procedure 

Record your height and weight for later use:  Ht =        m;   Wt =                kg

The lung volumes you will measure in this practical are made without having to breathe out as fast as possible; the respiratory movements can be carried out slowly.

Use a spirometer FRESHLY filled to the 5/6 litre mark with room air.  While seated comfortably and wearing a nose-clip, breathe from the spirometer for 5 normal breaths, then record on the computer 3 more normal breaths (VT) followed by a maximum inspiration, hold for 1-2 seconds; then a slow maximum expiration, hold for few seconds; then breathe normally again for 2 normal breaths. Stop recording and print out your result.  From the trace, measure the 5 volumes/capacities that it is possible to determine in this way.
Correction to BTPS (body temperature & pressure & saturated)

The volumes measured from a spirometer trace (ATPS: i.e. with the air at atmospheric temperature & pressure & saturated) underestimate the volume actually occupied by that amount of gas in the lungs for two reasons:

1.  the gas temperature falls from body temperature to that of the spirometer, thus reducing the volume

2.  in the lungs the gas is saturated with water vapour at body temperature.  On cooling in the spirometer, some of this water vapour condenses.

Using the program on the laboratory computers to assist you, calculate the following lung volumes in ATPS and BTPS.

	
	VT (litres)
	IRV (litres)
	ERV (litres)
	VC (litres)


	IC (litres)



	ATPS
	
	
	
	
	

	BTPS


	
	
	
	
	


Normal values

Using the program on the computer, calculate your predicted FRC _________
Now assume that this is your actual FRC and together with the results from the spirometric measurements above calculate your RV: ___________

What happens in Lung Disease?

Many (although not all) lung disorders can be pigeonholed into one of two categories: they are either “restrictive” or “obstructive”

Restrictive lung disorders

Restrictive lung disorders are characterised by an abnormally low thoracic “compliance” [This is a term that was explained in Professor Hughes lecture on pulmonary mechanics]. In consequence, the ability of the patient to expand the lungs is “restricted”. An example of such a disorder is interstitial pulmonary fibrosis, in which (as its name implies) there is a substantial increase in the amount of collagen contained within the pulmonary interstitium.

Obstructive lung disorders

In obstructive lung disorders, some or all of the airways are “obstructed” i.e. narrowed. The most common lung diseases including asthma and chronic obstructive pulmonary disorder (COPD; bronchitis and emphysema) have a large obstructive component.

Question:

VC is often reduced in patients suffering from chronic obstructive pulmonary disorder.  Suggest an explanation good enough to convince the demonstrator.

Clue: what factors limit your ability to remove all the air from your lungs?  How might these change in a patient with emphysema?
Normal values for lung volumes depend on gender, age and body size. 








Typical values for vital capacity and residual volume are shown








