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Introduction Pulmonary Function Testing 

The primary function of lung can be stated as 

two folds: first, the oxygenation ofmixed venous 
Pulmonary -Function tests provide objective 
quantifiable measures of lung function. They 

are used to evaluate and monitor diseases that 

effect heart and lung function, to monitor the 

effects of environmental, ocupational and drug 

exposures, to assess risks of surgery, and to 

assist in evaluations performed before 

employment or for insurance purposes. The 

blood: second the removal of carbon dioxide 

from that same blood. The two functions depend 

on the integrity of the airways, the vascular 

system and the alveolar septa. While treating 

patients suffering from breathing difficulties 

of various nature (asthma, COPD etc.) it is 

difficult to detect the actual degree of their 
indications for pulmonary-function tests are 

airway obstruction. Vague symptoms and 

physical examination may often provide us 

misleading information about the degree of 

summarized in Table-I. Spirometry is the 

measurement of the movement of air into and 

obstruction. out of the lungs during various breathing 

maneuvers. Such examinations, should be 
It is well known that no physician would treat 

hypertension without measuring blood 

pressure as the treatment depends to a great 

extent on the level of hypertension. So in 

modern treatment approach, assessment of 

the actual degree of illness through proper 

readily available and routinely used in doctor's 

chamber, diagnostic laboratory and hospitals 
where patients with heart and lung diseases 

are treated. Other common tests of lung 
function include the measurement of lung 
volumes, airway resistance, carbon monoxide investigation is a rational approach for effective 
diffusion capacity, and arterial-blood gas management of a patient. Similarly, 
analysis. assessment and treatment of asthma and 

patients with COPD are becoming easier as 

many diagnostic tools are now being used to 
assess the actual condition and prognosis of 

the disease. Computer based spirometry 
(Pulmonary function testing) is now available 

Diagnostic Indications 

Pulmonary-function tests are useful in 
diagnosing and managing pulmonary diseases. 
The recommendations of the National Asthma 

in our country which is found to be a valuable 
assessment tools to know the degree of illness 

of the patient. 

Education Program indicate that such testing is essential in the diagnosis and managemen t of asthma because of evidence that both 
patients and physicians have inaccurate 
perceptions of the severity of asthma that 
contribute to delays in treatment. Indeed, 

So in our clinical practices it would be helpful to 
review the update knowledge regarding 
pulmonary function testing. underestimation of the exent of airflow (air way) 
Institute of Diseases of the Chest and Hospilal, Mohakhali, Dhaka. 
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obstruction is associated with increased in accelerated decline in the maximal volume of 

air exhaled, after a maximal inhalation, in the 
mortality in asthma?. 

first second of a forced exhalation (e.e). the 
Pulmonary-function tests can identify forced expiratory volume in one second, or 
abnormalities of lung function that might 

FEV): ultimately, this condition leads to airflow 

obstruction and the possibility of early disability 

and death from chronic obstructive pulmonary 

otherwise be over-looked and can exclude the 

possibility of some respiratory disorders such 

as chronic obstructive pulmonary disease. 

Physicians cannot identify obstructive or 

restrictive patterns reliably from history taking 

and physical examination alone-5. 

disease8, Although the rates of loss of FEV, in 

smokers and nonsmokers overlap, nonsmokers 

tend to lose FEV, at a rate of 20 to 30 ml per 

year, whereas "sensitive" smokers (those with 

When physicians ordering lung-function tests 

were asked to predict the results, they correctly 

an accelerated decline in FEV,) loss FEV, ata 

rate of 60-100ml/year. In people under 35 year 

of age, cessation of smoking is associated with 

improved lung function: for those older than 35 
restrictive patterns were correct in only 50% the accelerated decline in lung function slows to 

ageing8-10 

Smokers with one normal spirometry cannot 

abnormality to be quantified and the presence rest easy: they may still have an accelerated loss 

of lung functon that is detectable only by serial 

predicted an obstructive pattern 83 percent of 

the time. However, predictions of normal or 

cases, Besides identifying abnormalities. lung-
allow the severity of an 

the normal rate associated with 

function tests 

of reversible airflow obstruction to be 

determined. measurements. Smokers are more likely to stop 

smokingif they are informed of such functional 
Pulmonary-function testing is sometimes 

abnormalities. 
indicated when there may be more than one 

Serial measurement of lung function 

(1monitoring)may be useful in tracking 

pulmonary expressions of diseases, quantifying 
responses to therapy, and making early 

diagnoses of lung injury after occupational 

exposures and drug or radiation therapy. 

Many diseases, including 

explanation for a patient's symptoms. For 

example., a smoker who presents with dyspnoea 

and obvious signs of congestive heart failure 

may also have obstructive lung disease. Failure 

to recognize and treat both disorders may limit 

the therapeutic response. 
heart failure. 

rheumatoid arthrities, inflammatory bowel 

disease, and vasculitis affect the lungs either 
directly or as a result of the adverse effects of 

treatment. Monitoring lung function allows 
the physician to identily pulmonary involvement 

Screening and Monitoring 

Pulmonary function tests are included in many 

evaluations offitness and some routine physical 

examinations. Such testing may provide 

interesting information, but in the absence of 

symptoms, physical findings, or risk factors its 

clinical usefulness is questionable. There is 

little evidence to support a policy of sereening 

in such diseases. For example, serial 
measurements of vital capacity (VC) may help 
a physician. 

the general population with spirometrys, Somne 

subgroups (i.g.. cigarette smokers and people 

exposed to known agents of lung injury, such as 

asbestos or di-isocyanates) are at higher riskof 
lung discase: screening and monitoring arc 

appropriate for them:7, Il has becn suggested 

that about 15 percent of cigarette smokers have 

Quantifiy a patient's to therapeutic agents in 

congestive heart failure. In the Framingham 
study, deercases in VC were a better predictor 
of heart failure thaun were symptomms, 
Cxaminations, or radiographic findings, 
lmproveents in VC nay also indicate recovery 
Irom congestive heart failure 
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Table-I 

Diagnostic 
To evaluate symptoms, signs and abnormal results of laboratory tests 

Symptoms: cough, dyspnoea, wheczing orthopnoca, or chest pain 

Signs Overinllation, expiratory slowing cyanosis, chest deformity, wheezing, or unexplained 

crackles. 
Abnormal results of laboratory tests: hypOxaemia, hypercapnia. polycythemia, or abnormal chest 

radiographs. 
To measure the effect of disease on pulmonary function. 

To screen persons at risk for pulmonary discase. 

Smoker 

Persons with occupational exposure to injurious substances. 

Some persons at time of a routine physical examination. 

To assess preoperative risk. 

To assess prognosis. 

Monitoring 
To assess effectiveness of therapeutic interventions. 

bronchodilator therapy. 
Steroid treatment for asthma, interstitial lung disease, and the like 

management of congestive heart failure. 

Others 
To provide information on the course of diseases affecting lung function. 

Pulmonary disease, such as obstructive airways disease and interstitial lung disease, 
Cardiac disease, such as congestive heart failure. 

Neuromuscular disease, such as Guilain-Barre syndrome 

To assess current status of persons with occupational exposure to injurious substances. 

To assess adverse reactions to drugs with known pulmonary toxicity. 
Evaluation of disability or impairment. 

To assess patients as part of a rehabilitation program. 

Medical 

Industrial 

To assess risks for an insurance evaluation. 

To assess the condition of persons for legal reasons etc. 
Public health 

Epidemeological surveys 

Numerous drugs are associated with lung 

injury4-lb, The role of pulmonary-function 

testing in monitoring for drug toxicity is not 

clearly defined. In the case of amiodarone 

hydrochloride, an anti-arrhythmic agent. it is 

quite controversial, but monitoring of lung 
function may confirm or provide an early 
indication that an adverse pulmonary reaction 
has begun. The development of pulmonary 
fibrosis can be monitored with lung-funntion 
testing in-patients undergoing cancer 
chemotherapy or radiation therapy involving 
lung parenchyma. Lung-transplant recipients 

are commonly monitored with lung-function tests to detect early evidence of bronchiolitis 
obliteransl6-17 

Monitoring is useful only when adequate base-line studies are available for commparison. A change from a patient's base-line value is more likely to indicate pulmonary injury than is the traditional comparison of values measured in the patient with reference values obtained from population studies. Changes from base line that are as small as 5 to 10 percent may be substantial for a person and could be missed if only reference values are used in the comparison. 46 
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For other surgery, the risk of postoperative 

pulmonary complications generally declines as 

the distance from the chest to the surgical site 

increases. Upper abdominal and thoracic 

operations not involving lung resection are 

associated with increased risks of pulmonary 
complications. Snmokers and people with signs 

and symptoms suggesting of lung disease are 

most likely to benefit from preoperative screening 
with spirometry and blood gas analysis. Lower 

abdominal and head-and-neck surgery are 

associated with lower surgical risks. Spirometric 

testing and blood gas analysis are likely to help 

only patients without prior lung-function tests 

whose preoperative evaluation suggests the 

presence of pulmonary disease2 

Consider, for example, a 40 year-old man who 

is 175 cm tall. His predicted VC. based on 

referecne values, is 4.99 liters (normal range, 

2.79 to 6.11). If his VC at base line was 7 liters. 

it could decrease by up to 37 percent before his 

test results fell below the normal range. 

The frequency and kinds of pulmonary function 

tests vary with the situation. If the primary 

involvement is in the airways (for example, in a 

lung-transplant recipient at riskof bronchiolitis), 
spirometric testing is adequate. If involvement 

ofthe lung parenchyma is likely (for example, in 

a patient receiving bleomycin), lung volumess 

and the carbon monoxide diffusing capacity 

(DLCO; also known especially in Europe, a 

"transfer factor") should also be measured. In 
Risk and Prognosis in Patients With Known Lung 

Dysfunction 
Low levels of lungfunction even in patients who 

have never smoked cigarettes, are associated 
with a poor prognosis in patients with heart and 

lung disease. Studies consistently find that 
reduced lung function (usually FEV,) is 

associated with an increased risk of death from 

congestive heart failure, lung volumes are 

primarily affected. and VC is the best index to 

monitor. 

Preoperative Evaluation 

Although the role of preoperative pulmonary-

function testingremains conroversial, its goals 
are now more clearly defined9-21.They include 

helping to identify patients for whom the risk of 

surgery is prohibitive and helping to identify 

patients at increased risk of pulmonary 

complications, for whom better-informed 

decisions about preoperative and postoperative 

chronic obstructive pulmonary disease, non-

neoplastic respiratory diseases. Vascular 
diseases, lung cancer, and all cases of death 
considered together 2225. These findings are 

consistent among groups of patients, but it is 

not possible to predict the symptoms or mortality 
of individual patients accurately on the basisof 
FEV, alone. 

care can then be made. 

There is general agreement that at the least. the 

preoperative pulmonary testing of patients for 

whom lung resection is being considered should 

include spirometry and measurement ofarterial-

blood gases. The abnormalities that suggest an 

increased risk of postoperative pulmonary 

complications and the need for further 

Interpretation of Lung-Function Tests 
Test quality remains the most important concerm 
in lung-function testing. Variability (noise) is 
greater in pulmonary-function tests than in 

most other clinical laboratory tests because of 
the inconsistency of efforts by patients26, The 
American Thoracic Society (ATS), the European 
Respiratory Society, and other organizations 
have published standards designed to minimize 
the variability in these tests2/-3. The elements 
that lead to high-quality test results are accurate 
cquipment, good test procedures, an ongoing 
program ol quality control, appropriate reference 
values and good algorithms for the interpre-
lation of results. It is tempting to assume that 
all equipment on the marker is accurate. 
However, a 1990 evaluation. of spironmeter 

evaluation are as follows: VC less than 50 

percent of the predicted value, FEV, less than 2 

liters or less than 50 percent of predicted, or the 

presence of substanital hypoxaemia or 

hypercapnia. Studies designed to predict 

postoperative FEV, from ventilationor perfusion 

Scans and in some cases, DLCO and exercise 

studies may help in further delining the 

risk19-21. Patients whose predicted postoperative 

FEV, is less than 0.8 liter or 40 percent of the 

predicted value are at very high risk. 
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revealed that only 57 percent met the standards 
of the ATS for accuracy'"2, Purchascrs should 

inlornnlion needed to interpr'cl a spirometry 

TCport. 

Two basie types ol lung dyslinction can be 

defined by spironetry : obstruclive patlterns 

and reslrictive paalterns. The priary crilcrion 

forairllow obstruction isa rcduced FEV,/FVC%. 

Oher casurennents ol Ilow can be uscd to 

Support conelusions bascd on this variable or to 

ilssist in making decisions when lEV, /FVC% is 

borderline. 

insist on evidence that an instrument meets thc 

trial program for spirometer that uses 

calibrated 3.0 liter syringe and a few other 
simple checks" can be conducted casily in a 
physician's chamber. The accuracy of 

instruments that measure diffusing capacily, 

lung volume, and blood gases in some clillicult. 
These machines are best used in setting where 

there are larger volumes of paticnts. A restrictive pattern means that lung volumes 

ue snall. The primary critcrion lor this diagnosis 

is a reduction in total lung capacity (TLC), the 

volume of air in the lungs at the end of a 

1lximal inhalation. Howevcr, the prescnce of 

restriction is comunnonly inlerred from decreased 

FVC. FVC may also be reduced inthe prcsence 
of airllow obstruetion, especially when 

exhalation time is short. When there is airllow 

The interpretation of lung-function tests usually 
involves comparingvalues measured in palients 
with reference values from studies of populations 
of health nonsmokers. There are substantial 

differences between the equations usccd to 

predict normal lung function, because of 

differences among the populations studied as 

well as technical and procedural dilferences. obstruction and FVC is reduced, the possibility 
of restriction can usually be climinated with 
cvidence of over inllation from the physical 
Cxanination or chest radiography 

The first step in interpreting a lung-function 

tests is to assess and comment on test quality. 

Spirometric tracings should be examined to 
make sure they represent adequate effort by the 

patient, are reproducible,and contain no 

artifacts that would alter the test results 

(Table-111). if the requirements for quality are 
not met, tests should be interpreted (Table-IV) 

with caution. Some technical problems are so 

important that they prevent any interpretive 

statements from being made; other problem but 

do not totally eliminate the amount of 

interpretable information. For example, a set of 

spirometry may contain good information about 

VC but not about FEV,., With computerized 

equipment, more than 20 different spirometrie 

parameters can be reported. It is important to 

resist the temptation to use more than a few 

When there is any question about the cause of 
a reduced FVC, TLC should be measured. Even 

though restriction is defined by a reduced TLC. 
FVC has frequently been demonstrated to be 

more useful in following the course of restrictive 
chest diseases. 

Table-V lists the criteria of the ATS for evaluating 
a response to the administration of a 

bronchodilator in the laboratory and assessing the importance of changes in FVC and FEV1. 
over time", Trcating a patient with a 
bronchodilator medication is a clinical, not a 

laboratory decision. A response to this therapy in the laboratory makes a clinical response to therapy more likely: nevertheless, the lack of such a response does not preclude a clinical response to long-term bronchodilator therapy. I the clinical evaluation suggests that such therapy may be elfective, a long-term bronchodilator therapy can be imstituted and followed by a reevaaluation, both clinical and spirometric, in lour to six weeks. As wlien paticnts are monitored in otherways. patterns ol change are lore apparent witlh serial 

such parameters in the basic interprctation. 

Increasing the number of variables usel in thc 

test increases the number of flalse posilive 

results, In spiromctry. there are several basic 
variables. VC is the maximal volume of air 1lat 
can be exhaled after a maximal inhalation. Il 

can be measured as two variables: Forccd vital 
111casurenients. 

capacity (FVC) and slow vilal capacity (SVC) 
Two other variablcs are FEV, and FEV, /FVC 
(calculated as FEV,/FVC x 100). In nost cases 
these variables suffice to provide all the 

Classilying the severily of discase involves several complex issucs. As general discussion and specilic guidelines are provided in the statement by tlhe ATS", 
48 
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Table-III 
Technical Requirements for Spirometry of Good Guality 

At least 3 acceptable tests 

Full inhalation before stat of test 

Satisfactory start of exhalation 
Evidence of maximal efforts 

No hesitation 
No cough or glottal closure during the first second 

Satisfactory duration of test 
Al least 6 secondds 
Up to 15 seconds in patients with airflow obstruction 

No evidence of leack 
No evidence of obstruction of the mouthpiece. 
Reproducible results 
For FVC and FEV,. the 2 largest values should be within 5 percent or 0.1 liter (whichever is larger) 
of cach other 
If these criteria are not met, continue testing 
ff the criteria are not met after 8 trials, stop testing and proceed with the interpretation, using the 
3 best acceptable tests 

Selection of tests value for interpretation 
Selection from tests of acceptable quality 
Selection of the largest value for FVC and FEV. regardless of the test used 
For indexes of average or instantaneous flow, use values from the test with the largest value for FVc 
and FEV, combined 

* From the statement of the American Thoracic Society2 

Table-IV 

Guidelines for the interpretation of Spirometry * 

Choose statistically acceptable lower limits of normal 

Evaluate and comment on test quality 

Use FVC, FEV,, and FEV,/Vc% as the primary guides for interpretation. (Increasing the number 
of parameters in the interpretation increases the inciclence of false positive results). Values that are 
well above or well below the lower limits of normal can be interpreted with conlidence. Interpret borderline values with caution, using clinical information to make decisions. 

The primary indicator of airflow obstruction is a reduced FEV1/Vc% 
Once obstruction is diagnosed, classify the severity using FEVl expressed as a percentage of the predicted value 

Determine the response to bronchodilator therapy (See (table-V). 
A restrictive pattern may be cautiously diagnosecd irom the spirometric examination when VC is reduced and FEV,/VC% is normal. However, the definitive findings for a restrictive pattern is a reduced TLC. 

The severity of restriction should be based on TLC if that value is available, and otherwise from VC. 

Restriction cannot be diagnosed irom the spiromctric examination in the presence of moderate-to-severe airflow bstruction. 

*From the statement of the American Thoracic Socicty:, 
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Table-V 

Response to Bronchodilator therapy and changes Over time 

Comment 
Percent change in FVC or 

or FVE, Required for a 

substantial response 

Measure of response 

Both a percent improvement 

and an absolute improvement 

of 200 ml are required 

12 Current ATS recommendation 

12 Change from week to week 

Normal subject 
20 Patients with chronic 

obstructive pulmonary disease 

From the statement of the American Thoracic Society" 

Changes in FVC must not be due to a longer total exhalation time in persons with airilow 

obstruction 

Hankinson JL. Pulmonary function testing in the 

screening ofworkers: guidelines for instrumentation. 

perlormance, and interpretation. J Occup Med 1986: 

7 Conclusions 

Sometimes only pulmonary function testingis 
the way to diagnose or differentiate a pulmonary 

disease. There are good reasons to seek 

quantifiable data about lung function. 
Interpreting the results of pulmonary-function 
testing requires careful attention to the 

equipment used, the patient's performance. 

and the reference values chosen. In cases in 

28: 1081-92. 

8. Fletcher C. Peto R. Tinker C, Speizer FE. The natural 

history of chronic bronchitis and emphysema: an 

eight-year study of early chronic obstructive lung 

disease in working imen in London. Oxford, England 

:Oxford University Press, 1976. 

Camilli AE, Burrows B, Knudson RJ. Lyle SK. 

Lebowitz MD. Longitudinal changes in forced 

expiratory volume in one second in adults: effects of 
smoking ancd smoking cessation. An Rev Respir Dis 

9. 
which disease or lung injury may develop over 

time, a person's own base-line values provide 

the best reference data. 

1987: 135: 794-9. 
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