
1 a4 '3 

Quality Assurance in Pulmonary Function Laboratories 
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Routine preventive maintenance, calibration, 
and quality control are important to assure 
clinically useful results and a well-functioning, 
efficient pulmonary function testing labora­
tory (1-13). 

Because of the physiologic complexity of 
pulmonary function testing with interrelation 
of the subject, the instructions of the labora­
tory personnel, and the testing equipment, 
wide-scale proficiency testing is currently not 
feasible. However, using laboratory person­
nel as "unknown subjects" and performing 
intralaboratory and inter-laboratory testing 
can be helpful. Properly developed quality 
assurance programs should result in more con­
sistent intra- and inter-laboratory data report­
ing. A number of regulatory agencies in the 
United States are concerned about the qual­
ity control and validity of laboratory results 
(2-4). 

This document describes the general com­
ponents of a quality assurance program rec­
ommended for pulmonary function labora­
tories and also includes recommendations re­
garding quality control procedures for 
commonly performed tests such as spirome­
try, measurements of lung volumes by dilu­
tion techniques or body plethysmography, and 
single breath diffusing capacity. In order to 
develop the highest quality pulmonary func­
tion testing laboratory, this document should 
be used in conjunction with the previously 
published ATS personnel standards (1). The 
committee recognizes that because of the 
variability of existing equipment and study 
populations, additions to the guidelines rec­
ommended here may be required for specific 
laboratories. 

Procedure Manual 

A procedure manual is an important base for 
a quality assurance program and should be 
available for each test the laboratory per­
forms. The manual should be compiled by 
the laboratory staff; appropriate sections of 
a current manufacturer's instrument manual 
may be extracted and modified for day-to­
day laboratory use. The procedure manual 
should include a quality control plan, guide­
lines for medical staff to order appropriate 
pulmonary function tests, action to be taken 
in case of incomplete or uncertain physician 
orders, and guidelines for reporting results 
of tests in a timely manner. Pertinent litera­
ture references for testing procedures and for 
reference value equations should be included. 
If the testing involves the use of a computer, 
the manual should have a special section 
which describes the operation of the computer 

and the exact role it plays in the test proce­
dure and calculations of results. The manual 
should be updated at least annually with 
changes approved by the medical and techni­
cal directors of the pulmonary function Jab­
oratory. 

The laboratory procedure manual should 
contain the following at a minimum: 
I. Name of test, general description of the 
test, parameters measured (FVC, FEV,, etc.), 
and include a summary of the physiological 
basis for the test. 
2. Purpose of the test and guidelines for or­
dering the test. 
3. List of all equipment and supplies needed 
as well as methods of cleaning and steriliza­
tion with corresponding schedule. 
4. Calibration check protocols and schedules. 
5. Quality control protocols with schedules 
for control testing and defines limits for results 
of controls or standards, and corrective ac­
tion to be taken ifTesults are outside these 
limits. 
6. Step-by-step directions about how to per­
form, measure, calculate, and interpret tests, 
including specific instructions to the patient. 
If a computer is part of the system, these direc­
tions should also include the procedure to be 
used in case of computer failure. 
7. All equations used for calculating results 
and an example of a calculation. Also an in­
dication of the conditions at which the results 
are reported (e.g., ATPS). 
8. Details of methods for all test procedures 
controlled by computers: 

a. List special procedures, calculations or 
results, e.g., back extrapolation method for 
calculation of FEV,. 
b. Location of software source code list­
ings. Where appropriate, details of signal 
acquisition and processing algorithms 
should be described. 
c. Personnel to be contacted if changes in 
software become necessary. Manufac­
turer's name and phone number if labo­
ratory personnel are not qualified to make 
software changes. Numbers for manufac­
turer's customer service and other contacts 
should be available. 
d. Availability of software and back-up 
discs or tapes. 
e. Schedule for developing back-up discs 
or tapes. 
f. Procedure to be used in case of com­
puter failure. 
g. Guidelines for protection of confiden­
tial patient data, and a Jist of the person­
nel who have access to information and 
software security codes. Security codes 
SHOULD NOT be recorded in the proce­
dure manual. 

9. Pre-testing patient information: 
a. Loose clothing; recommendations for 
abstinence from use of cigarettes, alcohol, 
or therapeutic drugs affecting the lungs 
prior to testing. 

b. Infection control precautions (TB, hep­
atitis, AIDS) for personnel and other pa­
tients. 
c. Absolute and relative contraindications 
to testing. 

10. Safety procedures for fire, electrical, gas 
tank, or other hazards for personnel and pa­
tients. 
11 . A current set of reference value equations 
with the age range and other appropriate 
population parameters listed along with their 
journal references. Simply listing the equa­
tion reference is not adequate since many ar­
ticles contain more than one set of reference 
value equations. 
12. Publications and bibliography concern­
ing equipment, limitations of testing, and 
quality control. 
13. Values requiring special physician notifi­
cation. 
14. Effective date of the manual and sched­
ule for review. 
15. Signed. and approved by the medical and 
technical directors. 

Preventive .Maintenance 

Equipment maintenance should be performed 
according to the manufacturer's operation or 
maintenance manual, and a maintenance log 
should be established. In general, daily main­
tenance includes visual inspection of systems 
prior to use, and monthly maintenance should 
include evaluating equipment for common 
problems. For example, water spirometer bells 
can be evaluated for a leak by placing weights 
on the bell and recording the change in vol­
ume over several minutes. Some spirometers 
can be tested by attaching a 3-liter syringe to 
the mouthpiece, expelling the air and waiting 
for several minutes to determine whether there 
has been a Joss of volume. The procedure 
manual should also include testing methods 
for all equipment used in the laboratory. An­
nual maintenance includes cleaning and oil­
ing the pumps and replacing tubing that is 
aged, worn, or cracked. The gas analyzers 
should have their calibrations checked at least 
every 6 months or more frequently if recom­
mended by the manufacturer. Electrical safety 
checks should be conducted on each item 
of equipment according to the ANSI stan­
dards (14). 

Quality Control and Calibration 

For spirometry, the volume should have a cal­
ibration check (a test performed to determine 
the deviation of the observed value from the 
standard value) at least daily with a calibrated 
syringe with a volume of at least 31iters. Dur­
ing industrial surveys or other field studies, 
the equipment should be calibrated each 
morning and 2 times during the day. Although 

Reprints may be requested from your state or local 
Lung Association. 
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there is minimal day-to-day variation in vol­
ume calibration, daily calibration checking 
is highly recommended so that the onset of 
a problem can be determined within one day, 
thus eliminating needless reporting of false 
values for several weeks or months. At least 
quarterly, volume spirometers should be cal­
ibration checked over their entire volume 
range (in 3-liter increments) using a calibrated 
3-liter syringe. Testing should be made at least 
at 3 different injection speeds such as 0.5 to 
1.0 second, 1.0 to 1.5 seconds and 5.0 to 5.5 
seconds. Spirometer systems should be evalu­
ated for leaks on a daily basis. Devices for 
testing FEV, and FEY,._,.., have been devel­
oped, but such calibration equipment is not 
readily available (10-13) . Assessing the 
recorder speed with a stopwatch should be 
performed quarterly in all laboratories. If 
equipment is changed or relocated, e.g., in­
dustrial surveys, calibration checking, and 
quality control procedures should be repeated 
prior to initiating further testing. Trouble­
shooting limits should be determined and 
documented for these calibration checks, e.g., 
a variation of greater than 3 to 50Jo. 

Lung volumes measured by gas dilution 
methods should be evaluated at least quar­
terly by connecting a device of known vol­
ume (e.g., 3.0-liter calibrating syringe) to the 
system and measuring the volume after ap­
propriate correction for apparatus dead space. 
Apparatus dead space for gas dilution equip­
ment should be redetermined whenever the 
equipment is repaired or modified. Inspec­
tion and testing for leaks in the tubing or the 
bell should be performed daily. Calibration 
checking for accuracy and linearity (at least 
a two point calibration check) of the gas 
analyzers should be confirmed every 6 months 
for techniques using a dilution method (6-9) 
or more frequently if suggested by the manu­
facturer's operation manual. For the body ple­
thysmograph, a 3-liter container filled with 
pure copper sponges can be utilized for cali ­
bration checks (8, 9); resistance can be as­
sessed by using calibrated flow resistors. 

Accuracy of the single breath diffusing ca­
pacity equipment can be evaluated by check­
ing with a calibrated 3-liter syringe and test­
ing for air leaks in the system daily. Two point 
calibrations of the gas analyzers (zero and full 
scale) should be done just prior to each pa­
tient. The gas analyzers should be calibrated 
at multiple points over their entire range at 
least every 6 months. The recording speed 
should be checked quarterly. A CO-He dilu­
tion test can be performed by withdrawing 
I liter of air into a 3-liter calibrating syringe 
and placing the syringe into the mouthpiece 
opening, withdrawing 2 liters of the CO-He 
gas mixture into the syringe, waiting 10 sec­
onds, and then emptying the syringe into the 
collection system and measuring the CO and 
He. These values should be identical to within 
+ or - 3 percent. The test should be repeated 
using 1 liter of the CO-He gas mixture. It is 
important that an air leak in the gas sampling 
system be detected, because the test gas is 
"pulled" through most gas analyzers rather 

than blown through. A small amount of con­
tamination from room air "pulled" in with 
the sample gas can cause a large error. 

Performance Assurance Testing 

Proficiency testing has been developed for ar­
terial blood gas analyzers (9), but it is diffi­
cult for spirometry, lung volumes, and diffus­
ing capacity because pulmonary function test­
ing utilizes the "whole" person as part of the 
testing process, not quantifiable "products" 
such as serum or pleural fluid. However, in 
addition to personnel and quality control stan­
dards for pulmonary function laboratories, 
the following approach to proficiency testing 
is recommended. First, a log should be es­
tablished with recorded results of spirome­
try, lung volumes, and diffusing capacity for 
at least 3 healthy subjects corresponding 
to a population studied in the laboratory 
and for which the reference value equations 
were derived. This might include laboratory 
personnel. These measurements should be re­
p~ated quarterlY and wl!enever questions arise 
regarding the accuracy of test results. When 
sufficient data are available on a given sub­
ject, these results can provide the basis to 
evaluate the instrument, operator, or meas­
urement failures. Any results which are greater 
than 2 standard deviations from the mean for 
each subject should result in a complete sys­
tems check to remedy potential problems. Af­
ter the problems are fixed, repeat testing to 
validate the repair should be conducted. Sec­
ond, it is highly recommended that inter­
laboratory testing be performed at least an­
nually by testing these "known" subjects at 
two or more laboratories in the region. Fi­
nally, it is important to assess the reference 
value equations that have been selected for 
each laboratory test by testing 10 nonsmok­
ing healthy subjects and comparing their 
results with the predicted results from the ref­
erence value equations. 

Glossary 

Definition of terms used in quality control 
will assist in better understanding its concepts. 
Accuracy is the quality of freedom from mis­
take or error, that is, of conformity to truth 
or a rule. 

Calibration is the process of comparing a 
measure of performance to a reference stan­
dard and adjusting instrumentation so that 
the performance characteristic equals the 
standard. A calibration check is the test per­
formed to determine the deviation of the ob­
served value from the standard value. 
Linearity is a property of a component or sys­
tem describing a constant ratio of incremen­
tal cause (input) and effect (output). 
Maintenance includes activities intended to 
assure that mechanical equipment and com­
puterized components are safe and in proper 
working order. 
Performance assurance testing is a process of 
confirming that the accuracy and precision 
of test results meet acceptable criteria. 
Precision is the quality of being exactly or 
sharply defined, that is, the quality of repeal ­
ability of measurement data. 
Preventive maintenance is scheduled or an 
ticipated maintenance designed to reduce the 
incidence of equipment failure. 
Proficiency testing is the process of determin­
ing the value .of an "unknown" measurement 
and comparing it -to either cl predetermined 
standard or results from reference laborato­
ries. 
Repair is unscheduled or unanticipated main­
tenance needed to correct observed equipment 
failures. 
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