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Relationship between respiratory symptoms
and medical treatment in exacerbations of
COPD
P. Calverley*, R. Pauwels#,{, C-G. Löfdahl", K. Svensson+, T. Higenbottam1,
L-G. Carlsson+ and E. Ståhl",+

ABSTRACT: Exacerbations of chronic obstructive pulmonary disease (COPD) can be defined
symptomatically or by healthcare contacts, yet the relationship between these events is unknown.
Data were collected during a 1-yr study of the budesonide/formoterol combination in COPD
patients, where exacerbations, defined by increases in treatment, were compared with daily
records of respiratory symptoms, rescue medication use and peak expiratory flow (PEF).
The relationship between changes in these variables and the medical event was examined
using different modelling approaches. Data from the first exacerbation treated with oral
corticosteroids and/or antibiotics and/or hospitalisation (event based) were available in 468
patients.
Patients exacerbating were significantly more breathless and more likely to report cough than
healthy patients, but did not differ in baseline spirometry. Exacerbations defined by changes in
individual symptoms were only weakly related to event-based exacerbations; however, defined
with 63% of such events being predicted from symptom changes. Changes in rescue medication
use or PEF were poor predictors of event-based exacerbations. The mean peak change in
symptoms was closely related to the onset of therapy.
In conclusion, event-based exacerbations are a valid way of identifying acute symptom change
in a chronic obstructive pulmonary disease population. However, daily symptom monitoring is too
variable using the current diary cards to make individual management decisions.
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hronic obstructive pulmonary disease
(COPD) is a major cause of morbidity
and mortality, and is the only leading
cause of death that is increasing in prevalence [1].
Acute exacerbations of COPD contribute significantly to the individual’s disease burden, and an
increased frequency of these episodes may hasten
disease progression and possibly accelerate rate
of decline in lung function [2–4]. Acute exacerbations are also associated with a poor prognosis,
with hospital mortality rate ranging from 3–10%
in severe patients [5, 6]. If intensive care unit
admission is required, the rate is substantially
higher, with .30% mortality in patients .65 yrs
of age [7].

C

To understand the causes and evaluate treatment
that could change the severity or frequency of
exacerbations, a robust and reproducible definition of what constitutes an exacerbation is
required. Several approaches to defining an
406
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exacerbation have been proposed and each has
its disadvantages [8]. The most commonly used,
and the one recognised most easily by patients
themselves, involves a sustained increase beyond
the normal variability in respiratory symptoms
(dyspnoea, cough, sputum volume and sputum
purulence) [9]. Other symptom-based definitions
have been developed, but none have been
validated in terms of their reliability and responsiveness [2, 10–14]. An alternative approach to
definition identifies episodes where symptoms
increase and there is a medical ‘‘event’’, e.g. a
change of therapy (antibiotics or oral corticosteroids) or management (admission to hospital)
[15–19]. This practical definition avoids the
subjectivity of a change in symptoms and usually
requires the involvement of a medical professional in the diagnostic process.
Although most clinicians assume that these
approaches are broadly comparable, there has
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not been any direct comparison of events defined using these
different approaches. The hypothesis presented here is that
there would be a consistent increase in one or more key
symptoms in the period around the time of any medical
consultation defined as being an exacerbation. This would
allow identification of discrete episodes that could form the
basis of an automated exacerbation-detection algorithm. These
concepts were tested by retrospectively analysing data
collected as part of a large clinical trial, where event-based
exacerbations were prospectively defined, and in which
patients had recorded daily symptom and peak expiratory
flow (PEF) data using a diary card approach validated in
bronchial asthma [20]. The primary analysis of this clinical trial
data has already been published [18].
METHODS
Study design and patients
The present study utilised data from a 12-month, randomised,
placebo-controlled, parallel-group study of 796 patients with
available data (patients experiencing at least one exacerbation)
in 11 countries (mean age 64 yrs, mean forced expiratory
volume in one second (FEV1) 0.99L, 36% predicted). Subjects
were randomly assigned to take two inhalations b.i.d. of the
following: 9 mg formoterol; 400 mg budesonide; budesonide/
formoterol combination in a dose of 320/9 mg respectively per
inhalation; or placebo [18]. The study included one enrollment
visit, one visit after a 2-week run-in period (visit two) and six
subsequent visits during the treatment period.
Diary cards were distributed at visits one to seven and collected
at visits two to eight. The diaries were carefully reviewed by
the investigator together with the patient. Comments judged by
the investigator to indicate an adverse event were noted in the
appropriate section of the clinical record form.
The diary cards included the following daily recordings: 1)
PEF morning and evening; 2) whether rescue medication was
taken during the 6 h prior to PEF measurement; 3) daytime
COPD symptom scores; 4) night-time awakenings due to
COPD symptoms; 5) intake of study medication morning and
evening; 6) intake of rescue medication and cough medicines
(anti-tussives) morning and evening; and 7) intake of oral
steroids, antibiotics, healthcare contacts and sick-leave related
to COPD symptoms.
A mini-Wright peak flow meter (Clement Clark, Harlow, UK)
and a diary card were dispensed at visit one. The patients were
carefully instructed in the use of the peak flow meter. All
measurements were to be made while standing. Rescue
medication (bricanyl turbuhaler 0.5 mg?dose-1) was not to be
taken for 6 h prior to PEF measurement. The patients were
instructed to perform three manoeuvres twice daily (morning
and evening), the highest value on each occasion being
recorded in the diary. The morning measurement was made
immediately upon rising before taking the study medication.
Similarly, the evening measurement was made before going to
bed and before the evening dose of study medication.
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worsening in the patient’s respiratory symptoms at the
discretion of their usual physician. These events were captured
as severe exacerbations in the original study [18].
Symptom-based exacerbations
Symptom-based exacerbations were defined retrospectively in
a variety of ways (see below) using data recorded daily in
diary cards. Four symptoms (shortness of breath, cough, chest
tightness and night-time awakenings) were each assessed on a
scale of 0–4. The specific questions asked are listed in table 1.
In addition, patients recorded daily use of short-acting b2agonist (rescue medication) and morning and evening PEF
values. Diary cards were collected at each visit. Only diary
card data related to the first event-based exacerbation during
the 12-month follow-up are presented in the present study.
The day an event-based exacerbation was deemed to have
occurred (i.e. day 0) was defined as the day on which hospital
admission occurred or drug therapy was initiated, as identified
on the diary card and/or a specific supplementary medicine
record kept by the patient during the study and reviewed at the
regular review visits. The number of symptom-based exacerbations occurring within 7 days of an event-based exacerbation
was determined. Where overlap was seen, this was classified as
‘‘concurrence’’ and considered to be the same event. The
maximum level of concurrence was, therefore, 100%.
Descriptive analysis
The event-based exacerbation defined in the clinical study was
used as the ‘‘gold standard’’. The relationship between the
change in symptoms, increased rescue medication use and per
cent predicted morning and evening PEF were compared with
the first event-based exacerbation that occurred. The definitions
used for change in symptoms are described below. Table 1
shows the percentage of days during the run-in phase where the
indicated score was recorded. For each, the average score for
each patient during run-in was calculated and used as a variable.
This was an exploratory analysis in which statistical assessment of differences between groups was not appropriate, since
there was no a priori hypothesis to test between the different
classification systems.
Proposed classification systems
Simple symptom, rescue medication and PEF algorithm
Table 2 lists the analyses performed using a simple algorithm
based on symptoms, rescue medication use and change in
morning PEF. Further exploration by varying the time window
for the exacerbation (3, 5 and 7 consecutive days, respectively)
and time lag (28, 14 and 7 days before an event-based
exacerbation, respectively) was also investigated.
Combined symptom scores
The various combined symptom scores explored in these
analyses are also described in table 2. An arbitrary scale was
developed for use in clarifying external rules that would allow
definition of an exacerbation objectively or by automated
means.

Definitions
Event-based exacerbations
Event-based exacerbations were defined as use of oral
corticosteroids and/or antibiotics and/or hospitalisation for a

Subdivision of patients with event-based exacerbations
In order to examine the relationship between event- and
symptom-based exacerbations, a number of exploratory
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Baseline age and forced vital capacity in one second (FEV1) % predicted normal, and symptoms during run-in
Symptoms

Patients with

Patients with no

exacerbation#

exacerbation#

Age yrs

64.1

64.1

FEV1 % pred

36.3

39.3

p-values

Shortness of breath scores
0

None: unaware of any difficulty

1

Mild: noticeable during more strenuous activity, e.g.

6.8

13.9

25.5

29.3

41.7

37.6

21.0

16.7

5.0

2.5

,0.001

morning exercises, walking more than one block or
up more than one flight without stopping
2

Moderate: noticeable during light activity, such as
making beds or taking out the garbage, walking one
block or up one flight of stairs, running or jogging

3

Marked: noticeable when washing or dressing in the
morning, after slowly walking less than one block or
up to one flight of stairs

4

Severe: almost constant, present even when resting

Cough scores
0

No cough: unaware of coughing

22.7

26.4

1

Rare: cough now and then

34.7

34.8

2

Occasional: less than hourly

27.3

26.2

3

Frequent: one or more times an hour

11.9

10.9

4

Almost constant: never free of cough or feeling free of

3.5

1.7

,0.001

the need to cough
Chest tightness scores
0

None: unaware of any discomfort

34.7

39.7

1

Mild: noticeable now and then, but is not bothersome

29.4

31.7

2

Moderate: noticeable less than hourly, limits activity

22.6

21.6

10.9

10.5

1.7

2.8

0.055

and passes quickly, does not limit activity
and is aggravated or brought on by moderate activity
3

Marked: noticeable one or more times an hour, may be
accompanied by dyspnoea, limits activity and is
aggravated or brought on by normal activity, such as
walking

4

Severe: almost constant, accompanied by dyspnoea,
present even when resting and limits all activity

Night-time awakening scores"
0

Slept through the night

44.7

44.4

1

Symptoms caused waking once or early awakening

23.9

26.2

2

Symptoms caused wakening twice or more during the

21.1

20.4

0.57

night (including waking early)
3

Symptoms caused wakefulness for most of the night

7.5

6.8

4

Symptoms so severe that patient did not sleep at all

2.7

2.2

Data presented as % unless otherwise stated. #: per cent of days during the run-in period in which the indicated score was recorded for patients with and without eventbased exacerbations; ": due to respiratory symptoms.

approaches were applied. Patients with event-based exacerbations were subdivided into different groups according to the
following. 1) Three groups were subdivided according to the
Global Initiative for chronic Obstructive Lung Disease (GOLD)
definitions of severity: moderate stage II, severe stage III and
very severe stage IV. 2) Three groups were subdivided on the
basis of treatment approach, i.e. those receiving antibiotics, oral
corticosteroids or hospitalisation. These groups included all
patients receiving each approach and, therefore, there was
some overlap between the groups.
408
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Occurrence of symptoms, rescue medication and PEF in
exacerbation-free intervals
The median change in symptoms, rescue medication and
morning PEF from baseline to 2 days before an event-defined
exacerbation (day 2) was calculated for the exacerbating
(event-based) patients. This was compared on a daily basis
for all patients to determine what proportion of patients
exceeded the median values for each variable. The intention
was to determine whether patients with an event-defined
exacerbation also exhibited a change in symptoms, rescue
EUROPEAN RESPIRATORY JOURNAL
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Symptom algorithms

TABLE 2

Basis

Criteria

Compare the symptom score each day with the

If an increase in score of o1 is seen for

Single assessments
Simple algorithm

score 7 days prior to each day

3 consecutive days

Rescue medication use

Increase in inhalation of rescue medication

One, two or three inhalations more than the number

Change in PEF

PEF measurement

Drop of 10%, 15% or 20% in morning PEF

recorded 7 days earlier for 3 consecutive days
compared with the 7 days before for 3
consecutive days
Combined symptom scores
Combined algorithm

Mean of the four symptoms for each day compare
each days’ mean with that obtained 7 days before

Complex algorithm

Mean of the four individual symptom scores, mean

Exceeding set mean symptom level

Mean symptom value exceeds a set level for 3

Increase in mean score of o1.0 for 3
consecutive days
Increase in mean score of at least 0.5, 0.75 or 1.0

of last 3 days compared with same function 1 week earlier
Set level: 1.5, 2.0 or 2.5

consecutive days
Exceeding values from 2-week trial

Mean symptom level exceeds run-in values for 3

run-in period

consecutive days

Exceed mean symptom run-in scores by 0.25,
0.5 or 0.75

PEF: Peak expiratory flow.

medication use or morning PEF in the days prior to an eventbased exacerbation, thereby identifying any variable that was
potentially predictive for an event-based exacerbation.
RESULTS
Of the 796 patients randomised to receive treatment, 468
patients experienced at least one event-based exacerbation, as
defined by episodes requiring antibiotics and/or corticosteroids and/or hospital admission (fig. 1). All patients were
classified in GOLD stages II-IV. The mean age of these patients
was 64.1 yrs and the mean FEV1 % pred was 36.3. The mean

Diary cards were well completed. The available number of
records (days with data) averaged 87.8% during the study
period (4 weeks after the day of exacerbation).

109

237

96

14
2

9

values of symptom scores (minimum 0; maximum 4) at
baseline for these patients were as follows: 1) shortness of
breath 1.9; 2) cough 1.4; 3) chest tightness 1.2; and 4) night-time
awakenings 1.0. The remaining 328 patients had a mean age of
64.1 yrs and a mean FEV1 % pred of 39.3. The mean symptom
scores at baseline were somewhat lower: 1.6, 1.0, 1.3 and 1.0 for
the four symptoms, respectively. Table 1 shows the age, FEV1
% pred and symptoms scores separated into two groups, one
experiencing at least one event-based exacerbation and the
other with no event-based exacerbation during the study
period. There was a statistically significant difference in the
symptoms, shortness of breath and cough between the groups
(both p,0.001).

1

Population changes
The four individual symptom scores in the days preceding and
following the first event-based exacerbation are shown in
figure 2. The mean scores for the 468 patients clearly show a
similar pattern across all symptoms, increasing steadily in the
2 weeks prior to an exacerbation and returning to baseline
values ,2 weeks later. This pattern was seen irrespective of the
medication used to treat the exacerbation, with a similar
absolute change in symptom score for episodes treated with
antibiotics alone or with corticosteroids.
Rescue medication use in the days pre- and post-exacerbation
is shown in figure 3. Again, a change was noticed beginning
,2 weeks before an exacerbation, with increasing number of
inhalations, and then a slow return to baseline values.

steroids n5219; $: hospitalisation n525.

Morning and evening PEF, expressed as a per cent of the
predicted values, in the days pre- and post-exacerbation are
shown in figure 4. As with the symptom scores, a clear change
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Event-based exacerbations. #: Antibiotics n5369; $: oral
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in PEF is seen during the exacerbation, with PEF falling
steadily (decreases in morning PEF of 9.0% and evening PEF of
7.7% being recorded) in the 2–3 weeks before and returning to
baseline values after ,1 week.
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Individual changes: simple algorithm, rescue medication
and PEF
Simple symptom-based exacerbation calculations
The results of the analyses to identify concurrence between
changes in each of the four individual symptoms and eventdefined exacerbations are shown in table 3. For breathlessness,
660 out of 796 patients experienced a symptom-based exacerbation, as defined by the simple criteria, and 411 of these 660
patients also experienced an event-based exacerbation.
However, only 206 of these 411 exacerbated within 7 days
before and after the symptom-based exacerbation occurred,
meaning that 44% of the event-based exacerbations were also
captured by a change in breathlessness. Assessment of the
other three symptoms showed a similar range of concurrence,
with the change in cough symptoms occurring in 51.7% of the
event-based exacerbations. For all symptoms, varying the time
window to 5 and 7 days, or time lag from baseline to 14 and 28
days, had no notable influence on the results.
Increased use of rescue medication
The lowest condition (an increase of one inhalation for 3
consecutive days) was recorded by almost all patients at some
time-point during the study (table 3). Approximately half of
these were within 7 days of an event-based exacerbation.
Restricting the criteria to two or three inhalations resulted in
fewer symptom-based exacerbations, but also in a considerably
lower percentage of concurrence.
Changes in morning PEF
Assessment of change in morning PEF % pred was only
weakly correlated with event-based exacerbations, with even
TABLE 3

FIGURE 3.

Results of analysis of single assessments

Mean values of intake of rescue medication. &: rescue medication

Patients with

Patients with

symptom-based

event-based

exacerbations

exacerbations

Breathlessness

660

411

Chest tightness

608

382

182 (38.9)

Cough

649

416

242 (51.7)

(day); $: rescue medication (night); - - -: day 0, first day of exacerbations.
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-21

-14

-7

Night-time awakening

543

353

149 (31.8)

Any symptom

737

451

330 (70.5)

1

672

424

239 (51.1)

2

469

314

130 (27.8)

3

246

183

65 (13.9)

20

235

162

40 (8.6)

15

352

241

63 (13.5)

10

573

373

128 (27.4)

Increased inhalations

Fall in morning PEF %
l

-28

206 (44.0)

of rescue medication

l

l

40
39

Concurrence

0
Day

7

14

21

28

Morning peak expiratory flow (PEF) around the first exacerbation.

Data presented as n or n (%). PEF: peak expiratory flow.

&: PEF (evening); $: PEF (morning); - - -: day 0, first day of exacerbation.
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the smallest change (10%) resulting in only 27.4% concurrence
(table 3).
Individual changes: combined symptom scores
Combined algorithm
An arbitrary scale was developed for use in clarifying external
rules which would allow definition of an exacerbation
objectively or by automated means. The degree of concurrence
achieved with this score is shown in table 4, for both a 0.5 and
a 0.75 change in combined symptom score (as defined in
table 2). A large number of patients met the criteria defining a
change in symptom score of o0.5, but only 224 of these
occurred in the time frame considered to be the same event as
those described as event-based exacerbations. Increasing the
condition to a change in symptom score of 0.75 selected fewer
patients, but markedly reduced the degree of concurrence.
Complex symptom-based definition
This represents a moving average for 3 days compared with
the average 7 days earlier, the objective being to minimise
individual variation (as defined in table 2). A symptom-based
criteria of an increase in mean symptom score of 0.5 resulted in
almost 60% concurrence (table 4). Changing the criteria to an
increase of 0.75 or 1.0 resulted in fewer symptom-based
exacerbations and also a lower rate of concurrence.
Symptom mean exceeding a set value
Symptom-based events, defined as a mean symptom value
exceeding a 1.5, 2.0 or 2.5 increase for 3 consecutive days,
showed a relatively high degree of concurrence at the lower
levels (table 4). A symptom-based exacerbation, defined as an
increase of 1.5 for 3 days, was seen in almost all patients at
TABLE 4

Results of analysis of combined symptoms scores
Patients with

Patients with

symptom-based

event-based

exacerbations

exacerbations

some point, 63.3% correlating with an event-based exacerbation. Similar results were seen when symptom-based exacerbations were defined as an increase over the run-in period
(table 4).
Effect of COPD severity and therapeutic intervention
Patients with an event-based exacerbation were classified into
groups according to the GOLD definitions of severity (very
severe stage IV: n5158; severe stage III: n5246; and moderate
stage II: n564) and the pattern of symptoms around the first
event-based exacerbation assessed. While the symptom mean
was seen to increase markedly in the 7–14 days preceding an
event-based exacerbation and decline gradually with resolution, no difference in symptom curve was seen between the
three severity groups. Assessment of individual symptoms
showed a similar pattern, with only breathlessness separating
into three distinct peaks at the point of an event-based
exacerbation, with the very severe stage IV patients having
the highest degree of breathlessness and the moderate stage II
patients the lowest.
There was no significant difference in mean symptom scores if
the patients were divided according to treatment (formoterol,
budesonide, budesonide/formoterol combination or placebo).
Occurrence of symptoms, rescue medication and PEF in
exacerbation-free intervals
As shown in figure 5, an increase in symptoms 2 days prior to
an event-defined exacerbation was not seen to be predictive, as
a similar proportion of patients had increased levels without
resulting in an exacerbation. The same was evident for rescue
medication use and PEF levels.
DISCUSSION
Although few clinicians have difficulty in recognising a patient
with an exacerbation of COPD, agreeing on a comprehensive
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FIGURE 5.

Rescue

Sleep

Cough

Evening PEF

values

Morning PEF

Increase over run-in

Chest tightness

Level

10

Breathlessness

symptom score of

Mean percentage of days where symptoms, rescue medication

and peak expiratory flow (PEF) exceed the median value for patients with eventData presented as n or n (%).

based exacerbations 2 days before their first exacerbation. &: no event-based
exacerbation; h: event-based exacerbation.
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definition has been surprisingly difficult and is limited by the
lack of studies where different approaches to defining an
exacerbation have been compared. The present data, relating
event-based episodes to changes in symptom intensity, are the
first where such a comparison has been possible. Although, on
average, symptom intensity peaked around the time therapy
was initiated and declined thereafter. Individual symptombased episodes showed only limited agreement with episodes
when the patient sought medical help. Combining the selected
symptoms worsened rather than improved the degree of
agreement between definitions.
There may be several reasons for this surprising finding. The
patients might not have completed their diary cards around
the time of an exacerbation (or have reported only one
symptom of note). This was not the case as judged by the
surprisingly good data completion in the weeks before and
after event-based episodes. Retrospective completion of data
cannot be excluded in some cases, but given the large number
of subjects in different centres it would be surprising if this
systematically biased the results.
The population studied was relatively severe, with an eventbased exacerbation rate of 1.8?yr-1 of those randomised to
placebo and 1.4?yr-1 in those receiving the budesonide/
formoterol combination, in keeping with this severity of
disease [21]. All symptoms showed, on average, similar
changes around the time of the event-based episodes and rose
to a similar degree. An increase in the use of rescue therapy
paralleled these changes. The fall in PEF was 4.3% of predicted
normal over the course of the event-based episodes, and was
very similar to that seen when other symptom-based criteria
have been used [22]. However, it was significantly smaller than
the current authors’ a priori threshold used to investigate the
value of this criterion. Failure of peak flow to be a reliable
pointer to exacerbations in COPD contrasts with the experience
in asthma [23] and reflects the importance of increases in lung
volumes during such episodes rather than changes in forced
expiratory flow [24]. Detecting changes of this magnitude is
not practical in individual patients and removes the objective
reassurance that PEF data provide when identifying asthma
exacerbations.
The baseline spirometric severity was not related to the mean
symptom change during the episode. Similar absolute changes
in symptoms occurred irrespective of the GOLD stage of
disease. However, the baseline level of symptoms did differ
with GOLD stage, with breathlessness being scored at a higher
level in the initial run-in and during the course of an
exacerbation in those in the lower GOLD stages. This may
explain why such patients are more likely to seek medical
attention when they experience an exacerbation.
The questions selected to monitor with the diary card may
have limited the ability to detect all changes of note. This diary
card was based on the successful model used in studies of
asthma [23] and the present data suggest that it may not be
ideal for use in patients with COPD. However, symptoms such
as breathlessness were reported in just over 60% of eventbased exacerbations, a figure very similar to that seen in
exacerbations reported in one centre in London, UK, where a
different type of scoring was adopted [25]. Future studies
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should address the appropriateness of individual questions in
identifying exacerbations and, in particular, whether upper
respiratory tract symptoms associated with viral infections [26]
occur independently of other single symptom combinations.
However, a preliminary report in another large study cohort
where questions regarding cough and sputum were included
may not suggest a better degree of resolution than presented in
the current study [27].
Although, several different objective schemes were devised in
this study for relating exacerbations identified by a change in
therapy to the daily symptom record, the level of agreement
was poor. The choice of a graded diary card suggesting specific
thresholds to be exceeded may have contributed to this. The
approach adopted to identify exacerbations in the on-going
COPD cohort studies was reported by the East London group.
This requires the patient to note a worsening of the symptom
on at least 2 consecutive days, but does not specify by how
much symptoms should deteriorate. There is no standardised
diary card available at present for use in COPD, although
exacerbations can be identified in groups of patients using a
simplified breathlessness, cough and sputum score [28]. More
work to validate these instruments is clearly needed. Better
dating of diary entries using electronic diary cards should
reduce some of the noise in the data. However, more
information is need about why patients attend their physicians
to receive medication and what the doctor is identifying when
treatment is initiated. The present data confirm that these
processes are not captured simply by an increasing intensity of
pre-specified symptoms.
The current data have a number of practical implications. The
difficulty in identifying symptoms or PEF change on the diary
card makes the introduction of individual self-management
plans in COPD difficult, and may explain the limited success of
current approaches to this [29]. Although individually limited,
the pooled data around the exacerbation indicates that the
prodrome may last a little longer than previously suggested
[22], with some patients failing to return to baseline symptoms
within the 4-week window. The average change in total
symptom score was not influenced by the therapy prescribed,
suggesting that medication does not change the nature of an
event where treatment is sought from the doctor, but does
change the number of occasions when this happens.
In conclusion, whether particular aetiologies are more relevant
to specific symptom patterns cannot be addressed in trial data
such as these. However, the close agreement between the
maximal group mean change in symptoms and the onset of
therapy does support the use of event-based criteria as a
simple reflection of the presence of a clinically important event
on average in a chronic obstructive pulmonary disease
population. The relationship between initial symptoms and
the likelihood of future exacerbation may also help in defining
those chronic obstructive pulmonary disease patients where
exacerbation prophylaxis is most likely to be helpful.
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