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Working with Data

Calculating the Functional Residual Volume
(Textbook Figure 37.7)
[image: image1.jpg]RESEARCH TOOLS

The person
breathes through
the mouthpiece...

...and the computer
plots the rate of air
flow of the flowmeter
as change in lung

Flowmeter

Mouthpiece

Inspiratory reserve volume is an additional capacity
of the lungs that enables the deepest breath.
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Tidal volume is the
normal amount of air

exchanged in breathing
when at rest.

Expiratory reserve
volume is the
additional air that can

be forcefully exhaled.

Residual volume is

the amount of air

left in the lungs after

maximum exhalation.

PRINCIPLES OF LIFE, Figure 37.7

© 2012 Sinauer Associates, Inc.





Introduction
Spirometry is an important diagnostic tool for pulmonologists (physicians who specialize in lung diseases). Any change in the health or structure of the lung tissues affects the various lung volumes that are measured with spirometry. One critical diagnostic that can’t be measured directly with the spirometer, however, is the residual volume—the amount of air that remains in the lungs after maximum exhalation. The expiratory reserve volume and the residual volume constitute the functional residual volume (FRV) that is a critical factor in lung health. For a resting person, the fresh air inhaled with each breath is mixed with the stale air of the FRV and therefore limits the amount of oxygen that is available to the blood circulating through the pulmonary capillaries.

Several indirect methods have been developed to measure the FRV and therefore the RV. One of these is the helium dilution method. In this exercise, you will use the helium dilution method to compare the lung characteristics of a normal individual with those of a patient suffering from emphysema. The subject in these tests is asked to breathe from an air reservoir (spirometer) of known volume with a known concentration of helium. Breathing from the spirometer is started at the end of a tidal exhalation. The subject then breathes only the air in the spirometer for approximately 5 to 7 minutes, and ends on another tidal exhalation.

During this test, the volume of air in the subject’s lungs and in the spirometer has not changed. However, the helium that was originally only in the spirometer is now evenly distributed throughout the lungs and the reservoir. Since helium cannot pass through the alveolar membranes, the total amount of helium (He) in the system is the same as when the test began. So, we can create the following equality: Heinital = Hefinal

Since the amount of He is equal to its concentration times the volume that contains it, we can expand this equality to the following:

[Heinitial]  Vspir = [Hefinal]  (Vspir + FRV)

Where Vspir is the volume of the spirometer.

Since FRV = RV + IRV, and we can measure IRV, we can calculate the RV once we know the FRV.

Emphysema is a disease of the lungs in which the tissues of the alveoli are gradually destroyed, so that the alveolar spaces are enlarged. This tissue loss also leads to less elastic recoil of the lungs. Respiratory air flows are slower in patients with emphysema, and they have to work to deflate their lungs. Let’s see what else we can learn about lung volumes in these patients.

Analyze the Data

Question 1
Calculate the values needed to complete the table below.

	
	Normal subject
	Patient with emphysema

	Tidal volume
	500 ml
	900 ml

	IRV
	3000 ml
	1100 ml

	ERV
	1000 ml
	1000 ml

	Vspir
	50 l
	50 l

	Heinital
	10%
	10%

	Hefinal
	9.6%
	9.2%

	FRV
	
	

	RV
	
	

	TLC
	
	


Question 2
Using the data in the completed table, describe the differences between the lungs of the normal person and the lungs of the size-, age-, and sex-matched patient with emphysema.
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