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Evaluating pulmonary impairment:
appropriate use of pulmonary function and
exercise tests

HERBERT P WIEDEMANN, MD

m Pulmonary impairment in patients with occupational lung diseases can frequently be detected and
quantified simply by measuring spirometric values (forced vital capacity, forced expiratory volume in 1
second), or single breath-diffusing capacity. When the results of such pulmonary function tests are
equivocal or inconsistent with clinical symptoms, cardiopulmonary exercise testing provides helpful
ancillary information. Published guidelines are available to assist in grading the severity of respiratory

impairment based on pulmonary function and exercise testing.
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CCUPATIONAL lung diseases have con-
cerned mankind throughout recorded his-
tory. In ancient times, Pliny (61 to 114
AD) noted that people involved in the
production and wearing of asbestos cloth often
developed a lung sickness.! More recently, in 1943, a
landmark article by Dr. VanOrdstrand, to whom this
symposium is dedicated, reported the first recognized
cases of pneumonitis in workers exposed to beryllium.?
Asbestos and beryllium, however, are just two of many
agents, both organic and inorganic, that are capable of
causing lung disease in occupationally exposed
workers.’
In recent years, the legal, social, and medical issues of
job-related pulmonary disease have become increasing-
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ly complex. The detection and measurement of impair-
ment is the physician’s first and primary task. Specifical-
ly, physicians are often asked to address a variety of
questions related to impairment and disability, such as:
(1) Is the patient physiologically impaired? (2) If so, is
the impairment related to occupational factors or to
problems unrelated to the workplace, such as smoking-
induced pulmonary disease, heart disease, and so on?
(3) Is the patient physically able to perform a specific
job? This article reviews the role of pulmonary function
testing and cardiopulmonary exercise testing in the ob-
jective evaluation of impairment.*

IMPAIRMENT V DISABILITY

The distinction between impairment and disability
is important.>” Impairment refers to reduced organ
function, usually indicated by deviation from predicted
normal values. The detection and measurement of im-
pairment is a medical issue and the physician’s respon-
sibility.
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Disability is the overall effect of impairment on a
person’s working ability. The rating of disability re-
quires the assessment of many factors including age,
motivation, educational background, and job
demands. Two individuals with identical impairment
may have vastly different disabilities. For example, a
file clerk and a heavy construction worker may have
identical reductions in pulmonary function, with the
same physiologic impairment, but the construction
worker is clearly more disabled.

Disability assessment and Workers’ Compensation
decisions are complex problems that are usually adjudi-
cated through legislative and administrative processes,
rather than by the medical profession. In some cir-
cumstances, disability determinations have become
quite removed from the supposed impairment, leading
some to argue for a more scientific foundation to dis-
ability ratings.®

mination of VO, max is the most important “lung func-
tion test” for assessing pulmonary impairment, because
“the major function of the lung is to meet the oxygen
requirements of the body as these vary from rest to
maximum exercise.” However, universal routine exer-
cise testing is limited by practical considerations, in-
cluding time and cost. Thus, traditional evaluation of
resting lung function, including mechanical properties
(lung volumes and airflow rates) and gas-exchange
capacity (diffusing capacity, or DLcp), is an ap-
propriate first step in the evaluation of lung disease.
Often, such pulmonary function tests are adequate to
detect and quantify pulmonary impairment. However,
in certain circumstances, as when pulmonary function
test results are equivocal or inconsistent with the degree
of symptoms, cardiopulmonary exercise testing may
provide important ancillary information.

PULMONARY FUNCTION TESTS
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Dyspnea grades

Pulmonary disease of any type almost uniformly
leads to the sensation of dyspnea, or shortness of
breath, at abnormally low levels of exertion or even at
rest. Although subjective grades of breathlessness cor-
relate reasonably well with objective measures of lung
function in some studies, subjective judgments have
some readily apparent limitations. Not surprisingly,
disability claimants have higher dyspnea scores than
do workers matched for physiologic characteristics
who are not applying for disability.*!! Furthermore,
dyspnea is a nonspecific symptom which may be caused
by nonpulmonary disorders including, most important-
ly, cardiac disease.

The limitations of dyspnea scoring were evident in a
recent study of 120 asbestos-exposed workers who
complained of breathlessness and impaired exercise
tolerance and who were involved in pending litigation
for asbestos-related injuries.’? Half of the workers had
no detectable limitation of exercise performance,
whereas 37% had a limitation resulting from cardiac
rather than ventilatory factors. Assessment of occupa-
tional lung impairment clearly requires the use of ob-
jective measurements, such as those obtained through
pulmonary function testing and exercise testing.

Pulmonary function tests v exercise tests
Contemporary cardiopulmonary exercise testing per-

mits the direct and accurate measurement of maximum

oxygen consumption (VO,max).* In a sense, deter-

To evaluate respiratory impairment, the American
Thoracic Society recommends that the first pulmonary
function tests include forced spirometric measure-
ments (forced vital capacity, or FVC, and forced ex-
piratory volume in 1 second, or FEV,) and tests for
single-breath diffusing capacity (DLco).

Spirometric measuremerits assess mechanical func-
tion of the airways and lung parenchyma. Spirometric
values can be decreased by either obstructive or restric-
tive pulmonary disorders. A low FEV, causes exercise
impairment through a reduction in maximum minute
ventilation.

Measurement of DLco is also important because
some pneumoconioses (particularly asbestosis) can
cause a profound decrease in DL, even in the ab-
sence of significant mechanical lung dysfunction. A
low DL is associated with functional limitation for
at least two reasons. First, clinically significant arterial
oxygen desaturation during exercise is likely if the
DLco is less than about 55% of predicted, and the
severity of such desaturation generally increases in
relationship to the degree of reduction in DLcp.'%1
Second, a low DLcQ is a marker for a constricted or
obliterated pulmonary microvasculature, which may
cause pulmonary hypertension, especially during exer-
cise.

Arterial blood gases at rest or during exercise
generally do not provide helpful independent informa-
tion regarding impairment in patients with lung dis-
ease, including the pneumoconioses.*!*'® Patients with
significant resting or exercise-induced hypoxemia (or
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TABLE 1
RATING OF IMPAIRMENT BY PULMONARY FUNCTION TESTS

(% predicted value)*

Pulmonary function test Mild Moderate  Severe
Forced expiratory volume

in 1 sec (FEV,) 60-79 41-59 <40

or or or

Forced vital capacity 60-79 51-59 <50

(FVC) or or or

DL 60-79 41-59 <40

co

*From the American Thoracic Society.®

hypercapnia) caused by respiratory disease will also
have spirometry or DL values that indicate impair-
ment'(),lil‘)

Table 1 provides a scheme by which the degree of
impairment can be appropriately categorized in most
individuals.® If resting lung function is markedly abnor-
mal (FEV, less than 40% predicted, FVC less than 50%
predicted, or DL less than 40% predicted), then
aerobic capacity is significantly impaired. Such
patients are usually unable to meet the physical
demands of even sedentary occupations (including
travel to work).

On the other hand, normal resting lung function
(FEV,, FVC, and DL 80% of predicted value or
greater) essentially rules out a pulmonary cause for
exercise limitation. The major exception is asthma, in
which intermittent attacks of bronchospasm, some-
times triggered by occupational exposures, may cause
functional impairment. The grading of impairment
and disability in occupational asthma is made difficult
by the variable nature of the airflow obstruction. Al-
though widely accepted standard criteria are not avail-
able, an approach to the assessment of functional im-
pairment in asthmatic patients has recently been
proposed.”

EXERCISE TESTING

Information from exercise testing

Most clinical exercise tests measure physiologic
responses during short-term, progressive incremental
work up to the symptom-limited maximum. Nonin-
vasive technology (including expired gas analysis)
makes it possible to answer two pertinent questions:
(1) What is the maximum aerobic power (VO,max)?
(2) Is aerobic power limited by pulmonary disease or by
cardiovascular factors?”!

In normal individuals, maximum exercise is limited

Receptionist
Clerk/secretarial
Sedentary professional
Active professional
Housework

Postman

Factory (assembly)

Farmwork

Construction

Mining

Steelworker

Stevedore

Walk/run speed mph

O, intake (L/min)
Kcal/min

FIGURE 1. Estimated oxygen and energy demands of selected
occupations (solid bars) compared with various running and
walking speeds. Short-term or “peak” requirements are also in-

dicated (broken bars).

by cardiac output rather than ventilation (at peak ex-
ercise, the minute ventilation is only about 70% of the
maximum voluntary ventilation). As a consequence,
mild lung disease usually does not reduce VO, max, but
reduces the “ventilatory reserve” that normally exists
at peak exercise.

Indications for exercise testing

Many patients being evaluated for respiratory im-
pairment do not require exercise testing. This is espe-
cially true if spirometry and DLcQ values are normal or
only mildly reduced, indicating that impairment from
pulmonary disease is extremely unlikely, or if such pul-
monary funcion tests are severely reduced, making oc-
cupational disability almost inevitable.

Exercise testing is helpful when lung function tests
indicate intermediate degrees of impairment or when
the patient’s symptoms are discordant with results of
lung function tests. As shown by several studies of
asbestos-exposed individuals,'*?*% exercise testing in
such circumstances may provide a more precise assess-
ment of functional capacity than is achieved by lung
function tests alone and often uncovers clinically un-
suspected cardiovascular disease.

Impairment measured by exercise testing
Although many factors influence work capacity, an
individual’s maximum aerobic power plays a critical
role.”® Because exercise testing is a measure of maxi-
mum aerobic power, it is often assumed that the results
of such testing would easily determine whether a
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FIGURE 2. Approximate percentage of maximum work
capacity that can be maintained for given work durations
(adapted from Erb*’).

patient is physically able to perform a particular job. In
fact, arriving at such a conclusion is more difficult than
might be suspected. It is difficult to assess reliably the
energy demands of a specific job. In addition, there is a
complex relationship between short-term maximum
aerobic power and the ability to meet submaximal and
intermittent energy demands over a period of time.

Portable gas collectors and analyzers have allowed
the oxygen cost of many activities to be estimated for a
variety of situations. The oxygen demands of selected
occupations are shown in Figure I.

The physician who is assessing impairment usually
must resort to this or similar published data to estimate
the energy demand of a patient’s job. However, such
data provide only a rough guideline, because few jobs
are characterized by well-defined standard activities.
Furthermore, variations in training skills and
anthropometric characteristics among individuals may
alter the aerobic demands even for those doing an
identical task.”

Several aspects of applied work physiology also need
to be considered when evaluating the adequacy of a
patient’s aerobic power in relation to job energy
demands. One important feature of normal exercise
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