MODULE D – PULMONARY FUNCTION MEASUREMENTS

CHAPTER 4

Definition of Terms

“C-BABE”: Obstructive Lung Diseases

Chronic Obstructive Pulmonary Disease (COPD) or Chronic Obstructive Lung Disease (COLD)

DLCO
Effort Dependent Forced Expiratory Maneuver

Effort Independent Forced Expiratory Maneuver

Expiratory Reserve Volume

Forced Vital Capacity

Flow-Volume Curve (Loop)

Forced Expiratory Volume Timed (FEVT)

Forced Expiratory Volume  0.5 seconds (FEV 0.5)

Forced Expiratory Volume  1.0 second (FEV 1.0) 

Forced Expiratory Volume  2.0 seconds (FEV 2.0)

Forced Expiratory Volume 3.0 seconds (FEV 3.0)

Forced Expiratory Volume 1 second/Forced Vital Capacity Ratio (FEV1/FVC)

Forced Expiratory Flow 200-1200 (FEF 200 – 1200)

Forced Expiratory Flow 25 – 75% (FEF 25 – 75%)

Inspiratory Capacity

Inspiratory Reserve Volume

Maximum Voluntary Ventilation (MVV)

Peak Expiratory Flowrate (PEFR)

Residual Volume

Restrictive Lung Disease

RV/TLC%

Spirogram

Tidal Volume

Total Lung Capacity

Vital Capacity
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I. Lung Volumes
A. The total amount of air that the lungs can hold is divided into four separate lung volumes: 

1. Tidal Volume

a. The volume of air normally moved into or out of the lungs in one quiet breath.

b. 500 mL (5-8 mL/kg)

2. Inspiratory Reserve Volume
a. The maximum volume of air that can be inhaled after a normal tidal volume inhalation.

b. 3100 mL

3. Expiratory Reserve Volume
a. The maximum volume of air that can be exhaled after a normal tidal volume exhalation.

b. 1200 mL

4. Residual Volume
a. The amount of air remaining in the lungs after a maximal exhalation

b. 1200 mL

II. Lung Capacities
A. Lung Capacities are formed from two or more lung volumes.

1. Vital Capacity (VC)
a. The maximum volume of air that can be exhaled after a maximal inspiration.

b. (IRV + Vt + ERV)

c. Slow Vital Capacity (SVC) – exhalation is performed slowly.

d. Forced Vital Capacity (FVC) – exhalation is performed as rapidly as possible.

i. SVC = FVC

e. 4800 mL

2. Inspiratory Capacity (IC)

a. The maximum volume of air that can be inhaled after a normal exhalation.

b. Vt  + IRV

c. 3600 mL

3. Functional Residual Capacity (FRC)

a. The volume of air remaining in the lungs after a normal exhalation

b. (ERV + RV)

c. 2400 mL

4. Total Lung Capacity (TLC)

a. The maximum amount of air in the lungs

b. IC + FRC

c. 6000 mL

5. Residual volume/Total Lung Capacity (RV/TLC x 100)

a. Normal value is 20%

III. Measurement of Lung Volumes

A. Volume/Capacities measured with simple spirometry: 

1. Vt
2. IRV

3. ERV

4. VC

5. IC

B. Volumes/Capacities that cannot be measured directly

1. RV

2. FRC

3. TLC

4. These three volumes/capacities can only be measured indirectly by the following tests:

a. Nitrogen Washout

b. Helium dilution



c. Body Plethysmography (most accurate for patients with COPD)

C. Abnormal Measurements

1. Changes in volumes and capacities are seen in trauma and disease.  Changes in lung function can be classified as either obstructive lung disorders or restrictive lung disorders.
a. Obstructive lung disorders are the C-BABE diseases:
i. Asthma

ii. Bronchiectasis

iii. Chronic Bronchitis

iv. Emphysema

v. Cystic fibrosis

vi. Also includes foreign body obstruction (not really a chronic disorder).

vii. Obstructive lung disorders result in an increase in the RV, FRC, TLC, and RV/TLC ratio.

viii. The FVC is less than the VC or SVC.

b. Restrictive lung disorders result in decreased VC, IC, RV, FRC, Vt and TLC.

IV. Flowrate Measurements

A. Forced Expiratory Volume Timed (FEVT)
1. This is the maximum volume of gas that can be exhaled over a specific time period.  This measurement is obtained from the FVC.

a. FEV0.5  - Forced expiratory volume in 0.5 seconds

b. FEV1  - Forced expiratory volume in 1 second

c. FEV2 – Forced expiratory volume in 2 seconds

d. FEV3 – Forced expiratory volume in 3 seconds

2. With obstructive lung disease, the FEVT  measurements are decreased.

B. Peak Expiratory Flowrate (PEFR)
1. The maximum flow rate that can be achieved.  Also known as the peak flow rate.

2. This measurement is obtained from the FVC maneuver.

3. Normal values for a healthy male is 10 L/sec or 600 L/min and for a female 450 L/min.

4. PEFR are often measured before and after giving a bronchodilator drug in the asthmatic patients.

C. Forced Expiratory Flowrate 200 – 1200 (FEF 200-1200)
1. The average rate of airflow between 200 mL and 1200 mL of the FVC.

2. This is a measurement of the integrity of the large airways.

3. Normal value for the healthy male is 8 L/sec (480 L/min).

4. This measurement will be decreased in obstructive lung disease.

D. Forced Expiratory Flowrate 25-75% (FEF 25-75%)
1. The average flowrate during the middle 50% of an FVC measurement.

2. This reflects the status of the medium to small airways.

3. Normal value for the healthy lung is 4 – 5 L/sec.

4. This measurement will be decreased in obstructive lung disease.

E. Maximum Voluntary Ventilation (MVV)
1. The largest volume of gas that can be breathed voluntarily in an out of the lungs in 1 minute.  (NOTE: The patient only performs the test for 12 or 15 seconds).

2. The MVV is a general test that evaluates the performance of the respiratory muscles, the compliance of the lung and thorax and the airway resistance.

3. The average MVV for the healthy male is 170 L/min.

4. The MVV will be decreased in obstructive lung disease

F. Forced Expiratory Volume Timed/Forced Vital Capacity Ratio

1. This is the ratio of the volume of gas that can be forcefully exhaled in a certain time period compared to the FVC

a. FEV0,5/FVC: Forced expiratory volume in 0.5 seconds/FVC

b. FEV1.0/FVC: Forced expiratory volume in 1 second/FVC

c. FEV2.0/FVC: Forced expiratory volume in 2 seconds/FVC

d. FEV3.0/FVC: Forced expiratory volume in 3 seconds/FVC

2. Normal Values

a. FEV0,5/FVC is 60%

b. FEV1.0/FVC is 70% (minimum acceptable value is 70%, “normal is technically around 83%)

c. FEV2.0/FVC is 94%

d. FEV3.0/FVC is 97%
3. The FEVT/FVC is decreased in obstructive lung disorders and is normal in restrictive lung disorders.
G. Flow-Volume Curves (Loops)

1. Graphic Presentation

a. The F-V loop is a graphic presentation of a forced vital capacity (FVC) maneuver followed by a forced inspiratory volume (FIV) maneuver.  When the FVC and FIV are plotted together, the graphic illustration by the two curves is called the flow volume loop.

2. Measurements

a. Peak Expiratory Flowrate (PEFR)

b. Peak Inspiratory Flowrate (PIFR)

c. Forced Vital Capacity (FVC)

d. Forced Expiratory Flow 25%, 50%, 75%

3. Interpretation of the F-V Loop

a. COPD patients will display a scooped out appearance.

b. Restrictive patients will display a narrow curve with decreased FVC.

Factors Influencing Flow Rates

4. Effort Dependent: During the first 30% of the forced vital capacity maneuver, the maximum peak flowrate is dependent on the amount of muscular effort exerted by the individual.  Therefore the first 30% of a FVC is called effort dependent portion of the curve.

5. Effort Independent: The flowrate during the last 70% of the FVC is effort independent.  This means that once a maximum flow rate has been attained, the flow rate cannot be increased by further muscular effort.

6. Lung Volumes: The lung volume at which a patient initiates a forced expiratory maneuver also influences the maximum flow rate.  As lung volumes decline, flow also declines.
V. Diffusion Capacity of Carbon Monoxide (DLCO)

A. Carbon Monoxide Single-Breath Technique/Steady State Technique

1. This test is used to measure the amount of CO that moves across the alveolar-capillary membrane.  

2. CO has an affinity for Hb that is about 210 times greater than that of oxygen.

3. Normal value is 25 ml/min/mm Hg for steady state.

4. The DLCO may increase 3 times in a normal individual during exercise

5. The DLCO is decreased in emphysema.  When interpreting a PFT, if you determine the patient has an obstructive lung disease, then measure DLCO to determine if the obstruction to airflow is due to emphysema

6. DLCO can also be decreased in restrictive lung disease.
VI. Complete the following table


A. TLC  =  ______________ + _________________ + __________________


B. TLC  =  _________ + ______________ + ________________ + _____________


C. TLC  =  ______________ + __________________


D. TLC  =  ______________+__________________


E. TLC  =  ______________+__________________+_________________


F. FRC  =  ______________+__________________


G. FRC  =  ______________-___________________


H. IC  =  ________________+__________________


I. IC  =  ________________-__________________


J. VC  =  _______________+__________________


K. VC = ________________+__________________+__________________



L. VC  =  _______________-__________________

VII. Pulmonary Function Interpretation
A. Pulmonary Function Tests are used to evaluate for:

1. Obstructive Diseases

a. C – Cystic Fibrosis

b. B – Bronchiectasis

c. A – Asthma

d. B – Bronchitis

e. E – Emphysema

f. Croup & Epiglottitis

g. Foreign Bodies

h. Tumors in the airway

2. Restrictive Diseases

3. Diffusion Defects

B. Interpretation of Obstructive Disease

1. FVC can be decreased or normal

2. SVC will be greater than the FVC  

3. Decreased Flowrates
a. FEF200 – 1200
b. FEF25 – 75%
c. FEV1
d. PEFR

e. FEVT/FVC will be decreased

f. Increased RV, FRC, TLC

g. If the FVC cannot be completed in 3 seconds, obstructive disease is present.

h. **If a patient is diagnosed with obstructive disease, a Pre- and Post-Bronchodilator Test should be ordered to determine if a patient is responsive to bronchodilators.

C. Interpretation of Restrictive Lung Diseases

1. Decreased Volumes (( FVC and TLC)

2. Flowrates may be decreased because the FVC is decreased. BUT: FEVT/FVC is normal
D. Combined Obstructive and Restrictive Disorders

a. Decreased Flowrates

b. Decreased Volumes

E. Diffusion Defect

a. DLCO
b. Diffusion Defects can occur in Obstructive and Restrictive Diseases

c. The only Obstructive disease that results in a diffusion defect is emphysema.

F. Classification of Interpretation

1. 80 – 120% of predicted = normal PFT

2. 65 – 79% of predicted = mild obstructive or restrictive disease

3. 50 – 64% of predicted = moderate obstructive or restrictive disease

4. Less than 49% of predicted = severe obstructive or restrictive

VIII. Interpret the following PFT exams:

	Test
	Predicted
	Actual/Observed
	% Predicted

	FVC (L)
	4.3
	4.0
	93%

	FEV1 (L)
	3.44
	3.23
	93.8%

	FEV1/FVC%
	
	81%
	


** FEV1/FVC%:  minimum acceptable value is 75%

**Predicted values are based on age, height, sex

Interpretation: ______________________________________________________________

	Test
	Predicted
	Actual/Observed
	% Predicted

	FVC (L)
	5.10
	3.30
	64.7%

	FEV1 (L)
	3.83
	3.18
	83%

	FEV1/FVC%
	
	96%
	


Interpretation: _______________________________________________________________

	Test
	Predicted
	Actual/Observed
	% Predicted

	FVC (L)
	6.10
	4.99
	81.9

	FEV1 (L)
	4.58
	2.04
	44.6

	FEV1/FVC%
	
	41
	


Interpretation: _______________________________________________________________

	Test
	Predicted
	Actual/Observed
	% Predicted

	FVC (L)
	5.2
	3.9
	75%

	FEV1 (L)
	4.5
	4.16
	92.4%

	FEV1/FVC%
	
	94%
	



Interpretation: ___________________________________________________________

	Test
	Predicted
	Actual/Observed
	% Predicted

	FVC (L)
	5.0
	3.0
	60

	FEV1 (L)
	4.0
	2.0
	70%

	FEV1/FVC%
	
	94%
	

	DLCO
	34
	15.9
	47%


Interpretation: ______________________________________________________________

Complete the following tables

	Test
	Actual
	Predicted
	% Predicted

	FVC (L)
	3.4
	4.8  
	

	TLC (L)
	5.0
	6.0 
	

	FRC (L)
	1.8
	2.4 
	

	RV (L)
	0.6
	1.2 
	


Does the patient have obstructive or restrictive disease? _____________________________

	Test
	Actual 
	Predicted
	% Predicted

	FVC (L)
	3.4 
	4.3 
	

	TLC (L)
	6.8 
	5.8 
	

	RV (L)
	2.0
	1.0 
	

	FRC (L)
	3.3
	2.3 
	


Does the patient have obstructive or restrictive disease? ______________________________


	Test
	Actual
	Predicted
	% Predicted

	FVC
	3.6
	4.15
	

	FEV1
	1.66
	3.45
	

	FEV1%
	46%
	83% 
	


Does the patient have obstructive or restrictive disease? ______________________________

	Test
	Actual
	Predicted
	% Predicted

	FVC
	3.2
	4.65
	

	FEV1
	2.7
	3.87
	

	FEV1%
	84%
	83%
	


Does the patient have obstructive or restrictive disease? _____________________________

