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Single and serial measurements of lung function in the
diagnosis of occupational asthma
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INTRODUCTION

The objective diagnosis of asthma re-
quires the documentation of airways ob-
struction which is variable over short
periods of time. The variability can be
demonstrated either by measuring the
response to bronchodilators or by making
serial measurements of airways obstruc-
tion over short periods of time; these
measurements can be made in a worker
removed from occupational exposure.
Occupational asthma is asthma which is
due in whole or in part to agents met with
at work. It can be confirmed by
measurement of lung function in relation
to work or in relation to occupational
type bronchial provocation tests. The
benefits and pitfalls of these tests will be
discussed in this article.

MEASUREMENT OF LUNG
FUNCTION IN A WORKER
REMOVED FROM
OCCUPATIONAL EXPOSURE

The only practical method of making
detailed pulmonary physiological meas-
urements on a worker is to make the
measurements in a laboratory away from
work. It is then possible to make su-
pervised measurements that are inde-
pendent of the worker’s efforts (such as
airways resistance and specific conduc-
tance). Such tests were made on 34
electronics workers who had detailed
measurements of lung function on a day
away from work. All the workers had a

history of occupational asthma and
subsequently had the diagnosis confirmed
by bronchial provocation testing (1,4).
Fourteen/thirty-four had results of FEV,,
specific conductance, residual volume
and tests of small airways, within normal
limits. Figure 1 shows the FEV, before
and after salbutamol, results expressed as
per cent predicted. Only 5/34 showed an
increase in FEV,;>15 %, i.e., asthma was
not documented in 29/34. Some may have
shown no response to salbutamol because
their FEV, was normal at the time of
testing, others may have shown no
response because their continuing asthma
resembled that seen in the late asthmatic
reaction in which the response to bron-
chodilators is poor. From this experience
I feel that the detailed measurement of
lung function away from work is a poor
method of making the diagnosis of
asthma.

LONGITUDINAL MEASUREMENTS
OF FEV; AT WORK

Lung function is frequently measured
during periodical medicals in workers
exposed to a respiratory hazard. Figure 2
shows the results of 358 workers exposed
to toluene di-isocyanate, who had two
measurements of FEV, six to nine months
apart. Seven workers had a decrease in
FEV, of at least 20 %. It might be thought
that these are likely to be cases of
occupational asthma, but this is not so.
(The two workers with the greatest fall
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were asymptomatic and had negative
provocation tests to TDI).

Figure 3 shows the same results plotted
as a frequency distribution. The results
are normally distributed with a slight shift
to the right. In any normal distributions
there are individual results in the tails,
and it is unjustified to regard these as part
of a different population. Serial measure-
ments of this sort are good for showing
changes in the mean lung function of a
group, but are a poor method of picking
out individuals with early occupational
asthma.

The changes between the initial and
final FEV, will partly be due to changes in
an individual’s true FEV,, and partly due
to errors in its measurement. Those with
the greatest errors in measurement are
likely to be found in the tails of the
frequency distribution. True FEV, varies
in normal individuals. There is a normal
diurnal variation, with peak values 6—8
hours after waking, and trough values at
night or on waking. Figure 4 shows the
diurnal variation in a worker with asthma
on a day at home. His diurnal variation in
peak flow is 18.5% on that day. Most
normal people have a variation less than
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10% asthmatics at some times are greater
than 20 %. Serial measurements are rarely
standardised for the time since waking
and time since last occupational exposure.
The lack of standardisation increases the
variance of the readings and results in a
number of workers having a 15—20%
difference between two readings for no
sinister reason.

BEFORE AND AFTER WORK
MEASUREMENTS OF LUNG
FUNCTION

Measurement of lung function before and
after work is the simplest method of
confirming occupational asthma. Failure
to show a drop in lung function in
workers with occupational asthma is
however common. Table 1 shows the
results of before and after shift measure-
ments of lung function in a group of
electronics workers. Forty nine workers
gave a history of work related wheeze or
breathlessness. They were compared with
46 workers without respiratory symptoms
who worked in the same part of the
factory. FEV, FVC and flow at 75, 50 and
25% of vital capacity were measured
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Figure 2. Longitudinal measurements of FEV, in workers exposed to isocyanates. Initial FEV, plotted
against the FEV | measured six to nine months later
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before, during and after one Monday and
two Friday shifts. Only 22 % of the cases
had a 10% fall in FEV, over at least one
shift, similar changes were seen in 11 % of
the controls. The coefficient of variation
for the measurements of flow were much
larger, making these tests non-specific.
Although occupational asthma was con-
firmed in a few workers, most were
missed. To understand the reason for
this, the patterns of asthmatic reaction at
work must be examined.

PATTERNS OF ASTHMATIC
REACTION AT WORK

There are three main patterns of asthmat-
ic response to a single day’s work
exposure; the immediate, the late and the
flat response.

The immediate response resembles the
immediate asthmatic reaction seen in
bronchial provocation testing, in that it

At home

Figure 4. Diurnal variation in peak
flow on a day away from work in a
22 worker with occupational asthma
due to hexamethylene di-isocyanate.

starts within minutes of exposure. How-
ever, in the work situation exposure
continues, resulting in increasing asthma,
which often takes several hours to resolve
on leaving work. An example is shown in
Figure 5 in a laboratory animal worker
who spent the day cleaning out mouse
cages.

The late asthamatic response starts some
hours after first contact with the occu-
pational allergen. In this respect it
resembles the late asthmatic reaction seen
on bronchial provocation testing. Its
form at work depends on the shift being
worked, as it will be superimposed on the
normal diurnal variation. In general the
interval starting work and the onset of
symptoms will be longer for morning than
afternoon shifts, since the morning shift
will be superimposed on the rising part of
the normal diurnal variation and the
afternoon shift on the falling part. The
intervals for night workers depend on the

TABLE 1. Maximum before and after shift drops in lung function in electronics workers, measurements
on one Monday and two Fridays.

History of occupational asthma

Coefficient of

variation

Present N=49 Absent N=46
FEV,>10% 22% 11% 2.1%
FVC >10% 18% 2% 2.7%
V 75>20% 41% 26% 8.3%
V 50>20% 41 % 43% 8.1%
V25>20% 47 % 57% 10.6%





[image: image5.png]interval between waking and starting
work. Late reactions may start during the
working shift, or may only start after
leaving work. Figure 6 shows the records
of a printer with tolune di-isocyanate and
diphenylmethane di-isocyanate exposure.
On a day at home at the end of a holiday
he has a diurnal variation of 12.5%. On a
6 a.m. — 2 p.m. shift his peak flow is
higher at the end of the shift than at the
beginning. A late asthmatic reaction with
a 42% fall in peak flow occurs leaving
work. The lower part of the record shows
the same worker on an afternoon shift.
Peak flow falls three hours after starting
work with a 53% fall in peak flow.
However, by the fourth day the drop has
decreased to 20 %, as he is developing a
flat record.

Immediate and late asthamatic reactions
are only seen when there is reasonable
recovery by the next day. Repeated
exposure often reduces this recovery,
resulting in a flat pattern, where the peak
flow is depressed fairly uniformly for the
whole day (Fig. 7). The flat record is the
most common pattern seen with repeated
exposure, and accounts for most of the
poor results found from before and after
shift measurements of lung function.
Many workers with occupational asthma
are in this state for prolonged periods.
Their airways obstruction responds
poorly to bronchodilators, and they are
usually diagnosed as having chronic
obstructive bronchitis. Prolonged periods
away from work may be required to make
the correct diagnosis (vide infra).

PROLONGED RECORDS OF PEAK
FLOW AT HOME AND WORK

The low sensitivity of before and after
shift measurement of lung function
means that prologned records are often
required. The only practical method of
obtaining these is for the worker to make
his own records. Care is needed to obtain
good quality records. My current practice
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is to make readings every two hours from
waking to sleeping. On each occasion at
least three readings are made, the best two
readings must be within 20 litres/min of
each other. A few workers develop
bronchoconstriction from a forced ex-
piratory manoeuvre, in these a few
minutes are required between each blow.
Reproducible readings can usually be
obtained using a Wright peak flow meter
or gauge, a mini Wright peak flow meter
or vitalograph pulmonary monitor (al-
though some of these have a scale that is
very difficult to read). Workers are asked
to keep their treatment the same on days
at home and work. Occupational asthma
can sometimes be diagnosed from short
records, but before a record can be called
negative it should include at least a week
at work followed by ten days off work
followed by two weeks at work. It is
clearly important to see that work
involves exposure to the suspected cause
of the disease.

The records are of little value unless
they are evaluated to the best advantage. I
have found that subjective evaluation of
the plotted records is superior to a
statistical evaluation of the records. The
mean ’daily’ peak flow should be plotted
with the daily maximum and minimum
peak flow (Figures 12—14 and 16—18)
with differentiation between days at home
and work (and any changes of treatment),
Since the first reading each morning is
likely to relate to the previous day, I start
each ’day’ with the first reading at work
and continue until the last reading before
work the next day (or include the first
reading on a day away from work).

The patterns of reactions that emerge
are due largely to the speed of recovery.
They can be divided into the hourly
changes within one day (already discuss-
ed), the changes from day to day within
each work week, and the changes from
week to week.
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If recovery is substantial by the following
day the deterioration can be equivalent
each workday (Fig. 8, week 1). Equivalent
daily patterns are ususally associated with
immediate asthmatic reactions and rapid
weekend recovery. They were found in
13 % of weeks recorded from electronics
workers with occupational asthma due to
colophony (2) and 4% of weeks from
workers with occupational asthma due to
isocyanates (3).

Progressive daily deterioration is the
most common daily pattern seen. Recov-
ery is incomplete by the following
morning and each day is worse than the
day before. Sometimes a plateau is reach-
ed at the end of the week. Recovery is
usually longer at the weekends (Fig 9).
Progressive daily deteriorations were seen
in 46 %o of weeks from electronics workers
and 26% of weeks from isocyanate
workers with occupational asthma.

Deterioration maximal on the first

workday with subsequent recovery, de-
spite continuing exposure, is a special
situation, which is classically seen in
byssinosis. It is not a regular feature of
occupational asthma, except in a few
specific circumstances. Figure 10 shows
such a record from a printer with
humidifier fever, in which symptoms
classically occur on the first day of
exposure.
Daily patterns are only seen when there is
substantial recovery over restday breaks.
For those with two day weekends their
recovery must have started by the end of
the second day. One and two day recovery
patterns are shown in Figures 8 and 9.
When recovery takes three days to
become evident and work exposure results
in a late hourly pattern, then the first
workday is the best of each week (Fig 11).
Such patterns were seen in less than 10 %
of weeks from workers with occupational
asthma.

When recovery takes longer than 2—3

days daily patterns will not be seen. The
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patterns that result depend again on the
time taken for recovery to start and the
resilience of the worker to repeated
exposures. Some workers become pro-
gressively worse until they are forced to
take time off work (Fig 12) while others
appear to reach a plateau when no further
deterioration occurs (Fig 13). Weekly
deterioration patterns were seen in 67 %
of workers with occupational asthma due
to isocyanates and were rare in elctronics
workers with colophony sensitivity. The
start of recovery was sometimes delayed
for up to twelve days after leaving work,
and in one case continued for three
months.

Arbitrary criteria have been developed
for the assessment of the records (2). The
criteria were designed to make the assess-
ment specific rather than sensitive; the
criteria for a positive record could prob-
ably be relaxed a little with benefit. The
criteria for positive and negative records
are shown in Table 2. The record was
called equivocal when the assessment fell
between the two groups. The sensitivity
and specificity of the assessments of 32
records from electronics workers and 18
records from isocyanate workers are
shown in Table 3.
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Figure 8. Mean daily peak flow in an electronics
worker. Days at work have a shaded background.
The record shows equivalent deterioration in the
S : first workweek, a one day recovery pattern at the
Work Home Work wekend and progressive daily deterioration in the se-
Days cond workweek.

Mean daily peak flow (1/min)

e
3
=3

Mean daily peak flow (1 /min)
.

Figure 9. Mean daily peak flow in an
electronics worker. The record shows
progressive daily deterioration each
workday with a two day recovery pattern
at the weekend.
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Figure 10. Mean daily FEV, in a printer with humi-

difier fever. The record shows maximal deterioration

At home At work on the first workday, with subsequent recovery de-
(Days) spite repeated exposure.
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worker. The record shows progressive daily deterio-

3 ration in both workweeks with a three day recovery
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Figure 12. Daily maximum, mean and minimum

peak flow in a worker cleaning PVC cables in a PVC

moulding shop. The record shows progressive dete-

12.30 12.30 rioration without weekend recovery until she takes
Days time off work.
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Figure [3. Daily maximum, mean
and minimum peak flow in a slitter
of flexible packaging which has been
laminated with adhesives containing
MDI and TDI. Days at work on the
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= 400 morning shift are shaded and cross-
Ese0 hatched on a night shift. The record
= started after a prolonged period at
& 320 work. Improvement started four
2 o504 days later and was largely complete

after 26 days. A return to work was
followed by rapid deterioration until
a plateau was reached. Sustained re-
covery was delayed for nine days af-
ter leaving work the second time.
(reprinted by permission from Tho-
(Days) rax)
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TABLE 2. Criteria used in the subjective assessment of peak flow records.

Work related asthma

Daily deterioration or recovery
pattern
Weekly pattern

>75% of weeks

3 episodes of recovery or
deterioration

No work related asthma

<25% of weeks

<1/3 episodes of recovery of
deterioration

TABLE 3. Diagnosis of occupational asthma from the subjective assessment of peak flow records.

Sensitivity Specificity
Electronic workers
bronchodilator only 10/13 77 % /1 100 %
steroids or Intal 5/12 2%
Isocyanate workers
exposed 8/ 8 100 % 4/4
moved 5/6 83%

The sensitivity reached 77 % for electron-
ics workers taking bronchodilators alone
during the record, but fell to 42% in
those taking steroids or cromoglycate
which tended to mask the changes due to
work. Those with isocyanate asthma
tended to have more severe asthma which
was apparent despite treatment. As there
were few workers with isocyanate ex-
posure without occupational asthma, six
workers with occupational asthma had
repeat records when working in other
positions in their factories (Fig 14). One
sixth had a positive assessment which

Peak flow (I/min)

could still have been to indirect work
exposure. It is therefore possible to
achieve acceptable sensitivity and speci-
ficity from these records provided that
they are made without steroid or cromo-
glycate treatment. They clearly need the
cooperation and enthusiasm from those
making the records. This is generally
possible with symptomatic workers whose
future depends on a correct diagnosis. It
is less easy to get good results from
randomly selected workers during epi-
demiological surveys.

Figure 14. Daily maximum, mean
and minimum peak flow in a printer
with occupational asthma who was
working away from isocyanate expo-
sure. It shows him working on three
separate shifts over six weeks. There is

1400 - 2000
0600 - 1400

no daily or weekly petterns and the
diurnal variation never exceeds 20 %
— a negative record.




[image: image11.png]LIMITATIONS OF PEAK FLOW
RECORDS

Peak flow records are much less helpful
when exposure to the cause of occu-
pational asthma is intermittent. Since
symptoms can persist for several days
after a single exposure it can be very
difficult to identify specific intermittent
exposures as the cause of symptoms.
Maintenance workers are a particular
problem as their exposures may vary
widely from day to day. They often
receive the heaviest exposures during
breakdowns and they tend to have few
days off work. These features are all
shown in Figure 15, of a maintenance
worker with intermittent exposure to
MDI fumes. Only when the worker takes
three weeks off work is recovery
apparent.

Figure 16 shows the record of a
laboratory animal technician who has her
most severe symptoms when cleaning out
the animal cages, resulting in maximum
deterioration in the middle of each week.
It also shows lessened reaction during the
last two weekends when respiratory
protection was worn. Intermittent expo-
sure can therefore sometimes be due to
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changes in job from day to day or in
changes of respiratory protection or
exhaust ventilation. It can also occur due
to environmental factors, such as wind
direction and humidity. Figure 17 shows
the record of a worker gluing loud
speaker parts with a cyanoacrylate ad-
hesive. Her symptoms were much less on
humid days. Cyanoacrylate polymerises
on contact with water vapour, so more
monomer becomes volatile on dry days.
Irregular treatment can also be a serious
confounding factor. Workers quite rea-
sonably tend to take less treatment when
not exposed, masking the improvement
when away from work and the deterio-
ration at work.

Figure 18 shows the record of a labora-
tory animal technician who took sal-
butamol only on days at work, and took
cromoglycate during the middle work
week and following weekend. The record
shows an irregular pattern of mean peak
flow throughout, but the maximum peak
flow is reduced and the minimum peak
flow increased on days away from work,
suggesting lack of treatment on these
days.

Figure 15. Daily mean peak flow in a
maintenance engineer with MDI ex-
posure. The period at work shows an
irregular pattern but there is sustain-
ed recovery during the period off
work, with continuing improvement
for 15 days.
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Figure 16. Daily maximum, mean
and minimum peak flow in a lab-
oratory animal worker. Exposure
to rodent antigens was much lar-
ger on days when their cages were
cleaned, resulting in maximum de-
terioration in the middle of the
week. The record also shows vari-
able exposure resulting from respi-
ratory protection, which lessens
but does not abolish the symptoms
(data kindly supplied by M.
Dally).
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Figure 17. Daily maximum, mean
and mimimum peak flow in a
worker using a cyanoacrylate
adhesive. Her symptoms are
lessened on humid days, when less
acrylic monomer becomes volatile.

Figure 18. Daily maximum, mean and minimum
peak flow in a laboratory animal technician who
took salbutamol only on days at work, and who
took cormoglycate during the second workweek and
the following weekend. The record shows an
irregular pattern of mean peak flow, but the
maximum peak flow is reduced and the minimum
increased during days off work, sugesting
occupational asthma that responds to treatment,
some symptoms returning when treatment is stopped
on days away from work.
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There is no substitute for a good history
in making a diagnosis of occupational
asthma, but objective tests are required.
Detailed measurement of lung function
on a single occasion away from work is a
poor method of diagnosing occupational
(or wild) asthma. Longitudinal measure-
ments of lung function are a good method
for assessing chronic loss of lung function
in a group, but a poor method of making
the diagnosis of occupational asthma in
individuals. Supervised before and after
shift measurements of lung function are
the simplest method of confirming occu-
pational asthma, but are very insensitive.
Measurement can be made more sensitive
if they are made on the first day of work
after a holiday, but these records are
surprisingly difficult to achieve.

Prolonged records of peak flow at
work have increased our understanding of
the patterns of occupational asthma as
seen at work. They can be used to make
the diagnosis of occupational asthma, but
not usually to find a specific cause. The
various confounding factors of these
records are poor recording technique,
intermittent (and unknown) exposure and
variable treatment. If these are controlled
and the records continued to include a
period of at least ten days away from
work between periods at work. Then
acceptable diagnostic sensitivity and good
specificity can be achieved. Occupational
type bronchial provocation testing will
always be required for a few individuals,
particularly those who have had severe
reactions at work, in whom it is safer to
expose them under supervision in hospital
than to send them back to work with a
peak flow meter.
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