Practical 3 
Assessment of airways resistance by forced expiration

Prof Mary Morrell (m.morrell@imperial.ac.uk) 
Learning Objectives

1. Briefly describe two methods that can be used (indirectly) to evaluate airways resistance.

2. Define FVC and FEV1.

3. Explain why FEV1 may be reduced in both obstructive and restrictive lung disease.

4. Explain the significance of the ratio FEV1/FVC and state an approximate normal value in a young healthy subject.

5. Predict and explain the change (if any) in the ratio FEV1/FVC in obstructive lung disease.

6. Predict and explain the change (if any) in the ratio FEV1/FVC in restrictive lung disease

7. Explain why the Wright Peak Flow meter may be particularly useful for patients with asthma or COPD.

8. State which values for FVC, FEV1, FEV1/FVC and PEFR generally increase with increase in subject size as measured by the subject’s height.

9. State which values for FVC, FEV1, FEV1/FVC and PEFR generally decrease with age after peaking at about 20 years.

10. State which values for FVC, FEV1 and PEFR are lower in females than in males of the same age and height.

Aim

Understand the methods used to identify disorders involving increased airways resistance: measurement of the FEV1 /FVC ratio and the Peak Expiratory Flow Rate (PEFR). Be able to perform basic lung function tests carried out by individuals involved in respiratory management of patients.
Resistance to Air Flow

The airways of the lungs conduct air between the atmosphere and the alveoli where gaseous exchange takes place.  A sufficient pressure difference must be developed to overcome the resistance that these tubes offer to the flow of air.  Many (obstructive) respiratory disorders result in a reduction of the diameter of the airway lumen and hence an increase in the resistance to flow making breathing more difficult.  Indicators of airways resistance (airways resistance itself is rarely measured – see below) can provide useful information on the severity and progression of respiratory disease and on the efficacy of any treatment.

Airways resistance is the pressure difference between alveoli and mouth divided by the rate of air flow.  Measurement of this pressure difference is technically tricky and this is not routinely done for testing a patient’s respiratory function.  Simpler tests are used and we shall use two of these in this practical: the ratio between the maximum volume of air that can be expired within one second in a forced expiration and the maximum volume that can be expired (with no time limit) in a forced expiration (FEV1/FVC) and the Peak Expiratory Flow Rate (PEFR).

In both methods, measurements made during a forced expiration following a maximal inspiration are used to indicate abnormal airways resistance. If the airways are narrowed by disease then flow rates during forced expiration will be lower than expected.  Values obtained will depend upon the age, size and gender of the subject and the test results are usually expressed as a % of the predicted value for that individual.

Forced Vital Capacity (FVC) and FEV1 are measured using a Vitalograph.  
The FEV1 and FVC procedure:
Measurements of FEV1 and FVC will be meaningless unless the following protocol is followed. FEV1 and FVC in this practical will be measured with a vitalograph. You MUST inspire MAXIMALLY and then you MUST breathe out AS FAST and AS FAR as you possibly can. If at all possible, don’t breathe in again until the vitalograph reaches the end of its “run”    
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Applying FVC, FEV1 and FEV1% to the patient with lung pathology:

An individual with an obstructive respiratory disorder (chronic obstructive pulmonary disease (COPD) will have impaired ability to exhale within the time period of this test - because of obstruction to air flow - reduced airway calibre (mucus, smooth muscle hypertrophy, bronchospasm (constriction of the muscles in the walls of the bronchioles), bronchial oedema, and floppy airways) a low FVC & a low FEV1 is the norm, in these pathologies

An FEV1% predicted < 75% = indicates a mild case of air flow limitation

An FEV1% predicted < 60% = indicates a moderate case of air flow limitation

An FEV1% predicted < 40% = indicates a severe case of air flow limitation

An individual with a restrictive respiratory disorder (pulmonary fibrosis, chest wall disorder or some neuromuscular conditions preventing “normal” lung inflation) will typically have a lower than normal FVC. Since they do not have any pathological impediment to airflow, FEV1/FVC ratio will be at least normal. In some restrictive disorders in which the alveoli and bronchioles become stiff as collagen fibres replace elastic fibres (pulmonary fibrosis), expiration may occur even faster than normal causing an above normal FEV1/FVC ratio. In normal compliant lungs expiration is dependent on elastic recoil of the alveoli which produces a more measured expiratory flow. Replacement of elastic fibres with less compliant collagen tends to produce alveoli that recoil more aggressively leading to a more rapid expiration resulting in the observation of a faster rise in the spirometry trace. 
In these restrictive disorders FEV1 may be higher than normal. However, in any condition in which FEV1 is preserved or enhanced and where FVC is simultaneously lower than normal, the resultant FEV1% will always be higher than normal i.e. > 70%. Hence a restrictive condition is condition in which lung expansion is impaired, but the ability of the lung to empty is preserved.

Peak expiratory flow rate (PEFR)
PEFR is measured with a Wright Peak Flow meter.  The peak flow meter is an inexpensive and simple device to use and may be loaned to patients with asthma or COPD so that they can monitor their condition at home.  The peak expiratory flow meter provides a quick objective measure of expiratory flow rates and therefore of airways resistance to air flow.

This simple lung function test assesses the ease with which expiration can occur by obtaining a measure of the highest flow rate achieved during a forced expiration from full inspiration. 

This particular lung function test does have its limitations, namely that it only measures resistance to airflow in the larger – more central airways. 

How is the peak flow meter used clinically?

The peak expiratory flow meter has 2 main uses, it may form part of an array of tests to confirm / refute a possible diagnosis and it may also form a convenient means of monitoring a patient’s progress, deterioration and response to a drug regime etc.
The PEFR Procedure:

To assess some-ones PEFR, you will need to:

Standardise the test position. An un-standardised test will not produce accurate and reliable data that is reproducible on subsequent occasions and allows comparisons to be made at a later date.

You should:
· Adopt an upright position – ideally standing erect as possible. 

· Use the equipment correctly and to use effort. (Test is highly effort dependent). 

· Repeat the test 3 times – resting in between test. Tests that incorporate an element of repetition are admitting a learning effect or element of skill acquisition to the test. 
· Ensuring meter is zeroed. Place meter in mouth, making a tight seal with the lips, slightly extend neck and blow into the meter as hard and fast as possible. 
· Note this expiratory manoeuvre is not sustained; since the meter measures only the highest expiratory flow rate, it is not interested in volume.

· Measurement of FEV1, FVC and PEFR will be demonstrated.  Each of you should make these measurements on yourself.  Repeat each measurement 3 or 4 times and take the highest value.

· Measure your height in metres and use the lab computers to calculate the predicted values for FVC, FEV1 and FEV1/FVC for someone of your age, height and gender and complete the table below.

· PEFR also varies with age, height and gender but the relationship is more complicated than with FEV1 and FVC.  Compare your values with those from the graph available at the end of this section.

Results
	Personal FEV1 and PEFR



	
	Measured
	Predicted
	% of Predicted

value

	FEV1  in litres


	
	
	

	FVC in litres


	
	
	

	FEV1/FVC as %


	
	
	

	PEFR litres/min


	
	
	


Forced expiratory volume in 1 second (FEV1): This is the total amount of air that you can forcibly blow out after full inspiration at one second, measured in litres.
Forced vital capacity (FVC): This is the total amount of air that you can forcibly blow out after full inspiration, measured in litres.
Peak expiratory flow rate (PEFR): This is the speed of the air moving out of your lungs at the beginning of the expiration, measured in litres per minute.

Questions

1. Suppose the values measured in a particular subject differ from the predicted values.  Why might this be?  (NB There is more than one possible explanation.)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2. Obstructive and restrictive lung disorders (see P2 if you are uncertain what these terms mean) give characteristically different Vitalograph traces.   One of each (A & B) is shown below.  In both cases the predicted FVC was 5.6 litres and FEV1 3.9 litres. 

A                                            B
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Which is which?
A_______________________

B_______________________
3. FEV1 is reduced in both obstructive and restrictive lung disease.  In each case, explain why

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
4. In which type of disorder is FEV1/FVC reduced below normal?

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
5. Briefly indicate the type of changes in lung structure/function which could result in an increase in airway resistance.
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
6. Fill in the blanks about peak expiratory flow rate (PEFR) data:
An adult without lung pathology should score between _____and_______ l.min-1.

Since the test is effort dependent, results will _________depending on the effort one puts in.
To make an individual score meaningful it is common practice to refer to normative data. Basically this is data that has been obtained from a  _________________ and categorised according to gender age and build etc.
An adult of the same aged with obstructive disease will score significantly ______________   than an individual with healthy pair lungs. With patients it is important to note intra-subject variability. 

How to use the data:

We are interested in the ______________ score only.
We need to assess ______________ how does the values obtained differ from previous values / over a 24 hour period / change as patient recovers from / gets worse from a period of exacerbation.
7. How might you classify the following conditions? Restrictive or obstructive? 
Remember to ask yourself if the condition a - limits the ability of the lung to fill

B - limits the ability of the lung to empty

Asthma
Bronchiectasis

Cystic fibrosis

Non-productive pneumonia

Pulmonary fibrosis

COPD

Pneumothorax

Kyphoscoliosis

Neurological and neuromuscular disorders resulting in difficulties activating respiratory muscles like Guillan – Barre,motor neurone disease, multiple sclerosis, polio, myasthenia gravis,

PEFR normal value curve
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