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ABSTRACT: Chronic obstructive pulmonary disease (COPD) is defined independently
of exacerbations, which are largely a feature of moderate-to-severe disease. This article
is the result of a workshop that tried to define exacerbations of COPD for use in
clinical, pharmacological and epidemiological studies. The conclusions represent the
consensus of those present.
This review describes definitions, ascertainment, severity assessments, duration and
frequency, using varying sources of data including direct patient interview, healthcare
databases and symptom diaries kept by patients in studies.
The best general definition of a COPD exacerbation is the following: an exacerbation
of COPD is a sustained worsening of the patient9s condition, from the stable state and
beyond normal day-to-day variations that is acute in onset and may warrant additional
treatment in a patient with underlying COPD.
A more specific definition for studies where a bacteriological cause of exacerbation is
being studied is included, as well as simpler definitions for retrospective identification
from database sources. Prospective diary card assessments are best recorded as changes
from an agreed baseline, rather than absolute symptom severities. Diary cards identify
many unreported exacerbations, which on average have similar severities to reported
exacerbations. A scale for exacerbation severity is proposed that incorporates in- and
outpatient assessments. Exacerbation duration, which also relates to severity, is defined
from diary card reports. Healthcare utilisation is not an adequate substitute for
severity, depending on many unrelated social and comorbidity factors. It is an outcome
in its own right.
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3.0
Exacerbations per year

Chronic obstructive pulmonary disease (COPD) and asthma
are the two commonest causes of adult airflow obstruction.
Asthma is differentiated from COPD by the variability of the
airflow obstruction (i.e. exacerbations) while COPD is defined
as "a chronic slowly progressive disease characterised by airflow obstruction that does not change markedly over several
months…" [1]. COPD is therefore defined independently of
exacerbations. Exacerbations are infrequent in early COPD
and are largely a feature of moderate-to-severe disease [1];
even then, 20% of patients with moderate-to-severe disease
had no exacerbations during the 3 yrs of the Inhaled Steroids
in Obstructive Lung Disease in Europe (ISOLDE) study (fig. 1)
[2–4].
Exacerbations are related to reduced quality of life (health
effects) [5]. There is uncertainty as to whether exacerbations
increase the rate of decline in forced expiratory volume in one
second (FEV1) [6] or whether recovery to pre-exacerbation levels
is the norm [7]. There is some evidence that exacerbations are
more frequent in those with regular sputum production [8]
and that regular sputum production is associated with accelerated
FEV1 decline [8] and death from respiratory infection [9].
Interventions may affect the severity of individual exacerbations or the exacerbation frequency. A pharmacological
intervention may reduce dyspnoea associated with an exacerbation changing what would have been a severe exacerbation
to a mild exacerbation, but may have little effect on the actual
exacerbation frequency. Thus, the individual exacerbation
severity and frequency can be viewed as independent outcome
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Fig. 1. – Incidence of exacerbations per year (mean) related to forced
expiratory volume in one second (FEV1) in the placebo arms of three
3-yr studies. The first three bars (h) are from the Inhaled Steroids
in Obstructive Lung Disease in Europe (ISOLDE) study split into
three equal-numbered groups [2–4]. Exacerbations for the ISOLDE
trial and European Respiratory Society Study on Chronic Obstructive
Pulmonary Disease (&) were defined as a worsening of respiratory
symptoms that required treatment with oral corticosteroids or antibiotics, as judged by the general practitioner. The Copenhagen City
Lung Study (u) defined exacerbations more broadly as an affirmative
answer to "Have you, since your last visit, experienced more cough
and phlegm?" This probably explains the slightly higher exacerbation
rate than expected from the FEV1 values.
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Defining an exacerbation of chronic obstructive
pulmonary disease
There is no generally agreed definition for an exacerbation
of COPD, since exacerbations have a variety of causes and
severities. It is the patient with COPD who usually seeks help
for a deterioration in perceived health. It seems reasonable
to use a definition that does not imply aetiology or severity.
An amendment of the previous consensus definition [12] is
recommended, as follows, to include exacerbations of similar
severity where extra treatment was not sought: sustained
worsening of the patient9s condition from the stable state and
beyond normal day-to-day variations that is acute in onset
and may warrant additional treatment in a patient with
underlying COPD.
This definition can be qualified for operational purposes to
include: 1) requiring treatment with oral or parenteral corticosteroids; and 2) requiring treatment with an antibiotic. Several
large COPD studies have used the definition "a worsening of
respiratory symptoms, which required treatment with oral
corticosteroids or antibiotics, or both" [2].
This definition also requires the patient to access healthcare
where such treatment can be given, and is subject to the same
underascertainment as other nondiary card sources. The incidence of exacerbations, so defined, depends on the severity of
the underlying COPD. Its relation to pre-exacerbation FEV1
is shown in figure 1, based on the placebo arms of three large
studies. It is unclear whether the lack of recorded exacerbations
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measures and need separate consideration. Factors predicting
exacerbation frequency included the number of exacerbations
in the previous year [5, 10] and thus patients can be classified
into frequent and infrequent exacerbators.
The high healthcare costs associated with exacerbations has
led to a need for early recognition, diagnosis and treatment
of exacerbations and, especially, identification of the patient
at risk from frequent exacerbations. A good definition can be
used in education programmes to increase patient awareness
and recognition of exacerbations. A number of pharmacological interventions may reduce COPD exacerbation and thus
there is a need for a standardised definition that can be generally
applied to clinical trials.
A prerequisite for a COPD exacerbation is that the patient
has known COPD. It is often difficult to separate COPD from
other causes of airflow obstruction during the first documented
episode, when a less precise initial diagnosis is preferable until
the disease has been characterised. Patients with COPD often
have comorbidities, which need to be excluded before deterioration in symptoms can be attributed to a COPD exacerbation.
The commonest alternative diagnoses are heart failure, pulmonary embolism, rib fracture, pneumothorax, pneumonia and
bronchial carcinoma. These other diagnoses should not be
included within the definition of a COPD exacerbation. The
definition of COPD is excluded when bronchiectasis is the
principal cause for the airflow obstruction. The problem arises
when thin-section, high-resolution computed tomography scans
are applied to a clinically defined COPD population, when
relatively minor degrees of bronchiectasis are frequently seen
[11]. When the bronchiectasis is minor in relation to the
airflow obstruction, patients should be left within the compass
of COPD for the moment.
This article is the result of a workshop, which tried to define
exacerbations of COPD for use in clinical, pharmacological
and epidemiological studies using varying sources of data,
including direct patient interview, healthcare databases and
symptom diaries kept by patients in studies. The conclusions
represent the consensus of those present.

10000

0

£2
³3
Exacerbations in previous year

Fig. 2. – a) Median induced sputum levels of a) interleukin (IL)-6 and
b) IL-8 in patients with frequent (o3 exacerbations in the previous
year, n=23) and infrequent exacerbations (f2 exacerbations in previous
year, n=21). Boxes represent 95% confidence intervals and bars
indicate interquartile ranges. Reproduced from [13] with permission.

in less-advanced disease is a result of the definition used or
because exacerbations are genuinely rare in this group. A
respiratory illness without increase in breathlessness is best
defined as acute bronchitis rather than an exacerbation of
COPD.
Some patients with moderate-to-severe COPD are prone to
frequent exacerbations (three or more exacerbations per year)
that are an important cause of hospital admission and readmission and thus have considerable impact on quality of life
and daily activities [5]. Thus, this patient group of "frequent
exacerbators" produces considerable health economic issues.
They have similar FEV1 levels to patients with moderate-tosevere COPD with a history of less frequent exacerbations
although the patients who have a history of frequent exacerbations have increased airway inflammatory markers, such as
the cytokines interleukin (IL)-6 and -8 [13] (fig. 2). Frequent
exacerbators also have increased airway bacterial colonisation
with bacteria such as Haemophilus influenzae and Streptococcus
pneumoniae in the stable state [14]. Patients colonised by
H. influenzae in the stable state report more symptoms and
increased sputum purulence at exacerbation than those not
colonised, suggesting that the presence of bacterial colonisation
may lead to more severe exacerbations [14]. Thus, the increased
airway inflammation in frequent exacerbators may lead to
faster decline in lung function [6].

Definitions related to specific aetiologies of an exacerbation
The principal identified causes of COPD exacerbations
include bacterial [15] and viral infections [16, 17], pollution
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Type

1
2

3

Symptoms

An increase in sputum volume
An increase in sputum purulence
An increase in dyspnoea
Any two from
An increase in sputum volume
An increase in sputum purulence
An increase in dyspnoea
A single symptom from
An increase in sputum volume
An increase in sputum purulence
An increase in dyspnoea
Plus at least one minor symptom

Additional minor
symptoms

Sore throat or
nasal discharge
within past 5 days
Fever without
other cause
Increased wheezing
Increased cough
Increased respiratory
rate w20% above
baseline
Increased heart
rate w20% above
baseline

events [18, 19], cold weather [20] and interruption of regular
treatment [21]. Some definitions are appropriate when particular aetiologies are being studied.

Definitions relevant to bacterial infections. The best-studied
COPD exacerbation definitions were developed for studies of
antibiotics for which bacterial exacerbations were required.
Antibiotics were helpful for type 1 and less so for type 2 of the
classification seen in table 1 [22].
Using this definition, health-status score is closely related
to the exacerbation frequency, with worse health status in
patients with frequent exacerbations [5]. Further work also
showed that dyspnoea is the most common and important
symptom of an exacerbation and that the fall in lung function
at exacerbation is related to the presence of dyspnoea at
exacerbation [16]. Thus, these studies provide some validation
of the use of this definition. The significance of the minor
criteria of type 3 (table 1) has never been formally studied.
The differentiation by sputum colour has had variable significance. Careful selective microbiology has shown significant
bacterial cultures in 85% of those with purulent or mucopurulent
sputum and 38% in mucoid sputum, the same proportion as
in those whose sputum was originally purulent when restudied
in the stable state. A standardised colour chart is available for
this classification [23], which separates exacerbations that can
be safely managed without an antibiotic from those requiring
an antibiotic [15]. Sputum colour can be reproducibly classified
by trained technicians using a standardised colour chart.
An exacerbation associated with purulent sputum production will be associated with a large bacterial load [15], while
an exacerbation associated with a cold or upper respiratory
symptoms will be viral in origin [16, 24]. Virally triggered
exacerbations treated similarly with antibiotics and corticosteroids have longer recovery periods than nonviral exacerbations [24] (fig. 3), and thus, exacerbations of different aetiology
may behave differently with interventions. One study showed
that airway inflammatory markers were raised in sputum that
contained H. influenzae or Moraxella catarrhalis compared
with sputum samples where bacterial pathogens were not
detected [25]. The cause may be important to identify when
specific interventions are being used to target triggers of
exacerbations, e.g. antibiotics or antiviral agents. Exacerbations

Exacerbations recovered %

Table 1. – Definitions of chronic obstructive pulmonary disease
exacerbations developed for studies of antibiotics
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Fig. 3. – Graph showing the cumulative percentage of viral (#) and
nonviral (h) exacerbations recovering symptomatically with respect
to time after onset during 150 chronic obstructive pulmonary disease
exacerbations (p=0.006) Reproduced from [24] with permission.

associated with viral infections are associated with more
airway inflammation than nonviral ones [16, 24, 26], and thus,
it would be expected that these exacerbations may be more
responsive to therapy with anti-inflammatory agents. Again
aetiology can be partially determined from the diary card and
this emphasises the importance of careful monitoring of
patients to detect exacerbations.

Others. There are no available definitions based on sputum
culture, as positive cultures are common in the stable state.
Similarly, viral isolates are found in y15% of patients with
stable COPD making a positive viral identification alone an
unsuitable method of defining an exacerbation. Health-related
quality of life declines with exacerbations but cannot be
reliably measured sufficiently frequently (e.g. daily) to form the
basis for a definition [5]. Changes in FEV1 or peak expiratory
flow (PEF), when measured daily, are insensitive in the
individual diagnosis of exacerbations not requiring hospital
admission (median change in PEF 8.6 L?min-1, FEV1 24 mL);
the individual between-days measurement variation is larger
than the mean change during an exacerbation [27]. The chest
radiograph usually shows no different features during an
exacerbation and so cannot be used. Airway inflammatory
markers increase at exacerbations but these rises cannot be
used as markers of severity, since there are no relationships
between levels of induced sputum cytokines IL-6 and IL-8 at
exacerbation and physiological changes or recovery times at
exacerbation [26]. Systemic inflammatory markers such as
C-reactive protein, plasma fibrinogen and IL-6 also increase
acutely with COPD exacerbation and, although these rises are
higher in the presence of bacterial or viral infection [13, 15, 28,
29], direct relationships have not been found between these
changes, exacerbation time course and severity. There are no
evaluated definitions based on exhaled breath markers of
inflammation, such as carbon monoxide.

Ascertainment of an exacerbation
Exacerbations can be ascertained retrospectively by patient
interview or from records of treatment such as healthcare
databases. Prospective identification requires the patient to
keep a diary card. Exacerbation frequency using different
data sources should not be compared; prospective diary card
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definitions are likely to identify more exacerbations than
retrospective sources.

Ascertainment of exacerbations from databases
It is possible to make a retrospective diagnosis of a COPD
exacerbation from information held on health-related databases. Any hospital admission with a primary diagnosis of
COPD exacerbation could be so classified. Individuals may
have several health-related encounters over a short period
of time, sometimes with diagnoses varying between COPD,
bronchitis and sometimes asthma, from different physicians
in emergency departments, offices and hospitals. The group
agreed that in the known presence of COPD these could be
amalgamated into one episode, provided that the interval
between adjacent contacts isv14 days. One episode would equate
to one exacerbation defined from prospectively collected data.
Ascertainment of exacerbations using less specific healthcare utilisation data, e.g. visits to primary-care physicians or
change in the use of regular medication [12], were often used
in earlier studies where COPD exacerbation was not the
primary outcome. They are less satisfactory and not
recommended.

Daily diary cards
Patient-kept, daily diary cards increase the precision of
exacerbation detection but limit the number of subjects
suitable for study, as a degree of cognitive (and visual) skills
are required, as well as the willingness to complete daily
records for o12 months. There is evidence that patients do
not report all exacerbations that are suggested by prospective
diary-card recording [5]. Most experience has been obtained
with diary cards that relate symptoms to the usual baseline
state rather than to score severity. The individuals baseline
state should be agreed with the patient after training [5].
Several symptoms can be scored; scoring is best done after the
morning deterioration has stabilised, perhaps best at 10:00 h.
One study requires a deterioration in at least one symptom
from breathlessness, sputum volume or sputum purulence,
with at least a second symptom that could additionally
include nasal discharge/congestion, wheeze, sore throat or
cough [16].
At least two symptoms deteriorating on two successive days
constituted the start of an exacerbation. Increased breathlessness should be the only obligatory symptom, but at least
one other symptom should also deteriorate. The original diary
card only included the possibility of symptoms deteriorating
or staying the same, posing a statistical problem with the
definition for the end of an exacerbation. A preferable scale is
shown in table 2.
An exacerbation can be defined as "d" or "e" occurring for
at least two consecutive days. Increased bronchodilator use is
not helpful in defining COPD exacerbations, as unlike the
situation in asthma, most patients with more severe COPD
take bronchodilators several times a day, even on relatively
good days. Changes in symptoms (or lung function) following
Table 2. – A scale suitable for daily diary card assessment of
chronic obstructive pulmonary disease symptoms
a) My breathing is much better than usual
b) My breathing is better than usual
c) My breathing is the same as usual
d) My breathing is worse than usual
e) My breathing is much worse than usual
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bronchodilators are minor compared with asthma and are
unlikely to confound symptom-severity scoring.
Use of the diary cards has shown that y50% of exacerbations are unreported to the research team, despite the provision
of considerable encouragement. There were no differences in
FEV1, change in PEF at exacerbation or in the major symptoms
of exacerbations (dyspnoea, increased sputum volume and
purulence) between the reported and unreported exacerbations [5]. The only differences found in the two groups were
that reported exacerbations were associated with increased
cough but a lower incidence of increased wheeze.

Assessing the severity of an exacerbation
The underlying severity of the COPD is the major factor
determining exacerbation severity; large changes in disease
severity are unusual in exacerbations identified from diary
cards and often imply alternative diagnoses, such as pneumonia or major pulmonary embolism. There are no established
criteria for assessing severity in less severely ill patients not
requiring hospital assessment. In published studies, treatment
with oral or parenteral corticosteroids constituted a more
severe exacerbation (severity "b") and that others were classified
as mild/moderate (severity "a"). A cohort study showed that
exacerbations treated with steroids were more severe, in that
they were associated with larger falls in PEF, had a longer
PEF recovery time and a longer symptom score recovery time
(J.A. Wedzicha, St Bartholomew9s and Royal London School
of Medicine, London, UK, personal communication).
Those requiring hospital admission, or at least hospital
assessment, can be usefully categorised for severity, based on
the presence or absence of respiratory failure, using standard
criteria based on arterial blood-gas measurement while breathing room air.
A classification of severity incorporating studies of outpatients without blood-gas analysis and those assessed with
blood gases is suggested in table 3.

Severity from databases
For those with known COPD, an entry with an oral or
parenteral corticosteroid prescription could be classified as
severe, while those with a respiratory-related antibiotic could
be classified as a mild/moderate exacerbation, provided there
was no alternative reason for the prescription. A better alternative
would be to define relapses separately from exacerbation
frequency. A relapse could be defined when the exacerbation
definition is reached within 28 days of a previous exacerbation.

Defining the duration of an exacerbation
Patients with greater falls in lung function or an increase
in symptom scores at exacerbation have a longer length of
the respective recovery times for these parameters and thus
exacerbation length can be used as a marker of severity. Startand-stop days are needed. Length of hospital stay is not a
good surrogate for duration as it is dependent on many other
factors and very short hospital stays may be associated with
worse outcomes [30]. The start of an exacerbation could be
defined from the date of first healthcare contact; the end from
the date of return to the pre-exacerbation health state, which
could be ascertained from a questionnaire, but would be
defined more accurately from continuously kept daily diary
cards. In COPD patients most exacerbations have a relatively short prodromal phase [27], and thus the onset of the
exacerbation can be determined. The end of an exacerbation is
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Table 3. – A scale for exacerbation severity incorporating exacerbations managed at home and in hospital
Mild
Moderate
Severe
Very severe
Life-threatening

An exacerbation treated with antibiotics but no systemic corticosteroid. If no blood gases are available the
absence of respiratory failure is assumed
An exacerbation treated with parenteral corticosteroids with or without an antibiotic. If no blood gases are
available the absence of respiratory failure is assumed
Type 1 respiratory failure with hypoxaemia but no carbon dioxide retention or acidosis; Pa,O2 v8 kPa (60 mmHg)
and Pa,CO2 v6 kPa (45 mmHg)
Type 2 respiratory failure, compensated with hypoxia, carbon dioxide retention but no acidosis; Pa,O2 v8 kPa
(60 mmHg), Pa,CO2 w6 kPa (45 mmHg) and hydrogen ion concentration v44 nM (pHw7.35)
Type 2 respiratory failure, decompensated with acidosis and carbon dioxide retention; Pa,CO2 w6 kPa (45 mmHg)
and hydrogen ion concentration w44 nM (pHv7.35)

Pa,O2: arterial oxygen tension; Pa,CO2: arterial carbon dioxide tension.

more difficult to define. A rolling 3-day mean symptom score
returning to the pre-exacerbation level has been used [5, 27].
However, at 35 and 91 days, a number of exacerbations have
not returned to baseline and this can make recovery time
difficult to compute [27]. In one study [27] at 35 days, 25% of
patients had not recovered their PEF to baseline, and in 14%
symptoms had not recovered, while at 91 days 7% of patients
had not recovered their PEF to baseline. There is a real problem
in defining the number of exacerbations in a patient who
initially improves but then deteriorates when acute treatment
is withdrawn. Many end up taking a further course of systemic
corticosteroids and further antibiotics. Those studying databases have suggested that new treatment with antibiotics or
systemic corticosteroidsw14 days after the start of an exacerbation constitute a second exacerbation, although this classification
is arbitrary.

often precipitated by a lack of social support and comorbidities. Many similarly sick patients can be cared for more
cheaply with hospital outreach schemes. An assessment used
to select patients unsuitable for hospital at-home treatment,
which combines severity with comorbidity and social factors,
is shown in table 4. Healthcare costs, however, are important
to study and are likely to be reduced by interventions that
reduce hospital admissions. Costing studies can divide patients
having exacerbations as shown in table 5. The hospital admission category can be subdivided into those requiring standard
ward treatment and those requiring intensive care nursing,
where the costs increase substantially. As intensive care admission may not be available to all those who may benefit, an
end-point of those meeting criteria for intubation can be used,
even if this was not done [33]. The criteria for intubation
in one study [33] are shown in table 6. An assessment used
to select patients unsuitable for hospital at-home treatment,

Outcome variables based on exacerbation frequency

Table 4. – Criteria excluding hospital at home for a patient with
an exacerbation of chronic obstructive pulmonary disease

Exacerbation frequency is seasonal in many climates and
particularly related to influenza and other viral epidemics.
Any comparisons need to follow the subjects over exactly the
same periods of time and place. Studies covering periods of 12
months help overcome this. Shorter studies sometimes use
time to first exacerbation as an outcome; this outcome is
particularly liable to time/place confounding and takes no
account of the interval from last exacerbation to trial entry.
Many treatments probably reduce the severity of exacerbations more than the frequency [31]. Severity should be assessed
for each exacerbation.
Dropouts often confound exacerbation frequency. Those
dropping out usually have increased exacerbation frequency
compared with those remaining in a trial, as exacerbations
often require treatments, such as oral corticosteroids for
w10 days, which may be an exclusion criterion from a study.
This was a particular problem in the ISOLDE trial where the
benefits in terms of exacerbation frequency reduction, FEV1
decline reduction and slowing the rate of decline in health-related
quality of life were all much greater in those withdrawing
prematurely than those completing the study [32]. Exacerbations then need reporting as number/time. If time in the trial is
the denominator, a dropout shortly after trial entry will result
in a spuriously high exacerbation frequency (e.g. occasionally
w50?yr-1). Differential dropouts may also introduce a season/
place bias. It may be better to follow-up all patients who have
violated trial treatment restrictions to the planned end of the
trial.

Assessments related to healthcare costs
Healthcare costs are not a useful measure of exacerbation
severity and should not be used as such. Hospital admission is

Respiratory rate w25?min-1
Pulse rate w110?min-1
Pa,O2 v8 kPa (60 mmHg)
Abnormal chest radiograph
Serious concomitant disease
Altered mental state
Living alone
Pa,O2: arterial oxygen tension.

Table 5. – Classification of chronic obstructive pulmonary disease exacerbations by healthcare utilisation
a) Self-managed at home
b) Treatment by family physician at home, or at home after a
hospital clinic or emergency room visit
c) Hospital at home (outreach)
d) Hospital admission, general ward
e) Hospital admission, intensive care

Table 6. – Criteria for intubation (a more reliable measure of
those requiring intensive care)
Hydrogen ions w62 nM, pHv7.2
Hydrogen ions 56–62 nM, pH 7.2–7.25 on two occasions 1 h
apart
Pa,CO2 w8 kPa (60 mmHg) and Glasgow coma scale v8
(hypercapnic coma)
Pa,O2 v6 kPa (45 mmHg) despite maximum tolerated inspiratory
oxygen fraction
Cardiorespiratory arrest
For any of the following occurring within 14 days of admission. Pa,CO2:
arterial carbon dioxide tension; Pa,O2: arterial oxygen tension. Adapted
from data from [33].
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Table 7. – Confounding factors related to the incidence of
chronic obstructive pulmonary disease exacerbations
Factor

Reference

Sex
Season, weather, viral outbreaks
Influenza vaccination
Pneumococcal vaccination
Pulmonary rehabilitation
Regular inhaled corticosteroids
Regular long-acting bronchodilators
Regular tiotropium
Mucolytics/antioxidants
Specific antibiotic used to treat initial
exacerbation (particularly activity
against Haemophilus influenzae)
Current smoking
Ischaemic heart disease

[34]
[18–20, 35]
[35]
[36]
[37]
[2, 31]
[38, 39]
[40, 41]
[42]
[43]
[43]
[43]

combining severity with comorbidities and social factors, is
shown in table 7.

Confounding variables
There are many factors that have been shown to influence
COPD exacerbation rates or severity (table 7), but few studies
identify the majority of these. They should be recorded or
controlled in intervention studies. Exacerbations of COPD
have a large winter peak in temperate climates, accounting for
much of the increased "winter pressures" of increased medical
hospital admissions [39]. Females are more likely to be admitted
to hospital for COPD exacerbations, and have increased risks
from smoking compared with males. In an analysis of the
Copenhagen City Heart Study, females had a 1.5-fold increased
risk of admission after controlling for smoking; the risk was
3.6-fold in the Glostrup population studies [34]. Continuing
smokers had a 1.47-fold higher relapse rate in one study [43].
Those with comorbidities, particularly ischaemic heart disease,
are more likely to have a relapse after an exacerbation (odds
ratio 5.6 [43]).
Influenza vaccinations have been shown to reduce respiratory illnesses the following winter. One randomised study [35]
in Minneapolis-St Paul, MN, USA, showed a 25% reduction
compared with placebo in working adults. In a database study
of those w65 ys of age, the same group found a reduction in
admissions due to all chronic respiratory illnesses by 27–39%
depending on the year, in addition to a reduction of pneumonia
and influenza by 48–57% [35]. In a similar study, elderly patients
receiving pneumococcal vaccination had a reduced relative risk
of 0.57 for hospital pneumonia admissions, with an additive
effect of influenza vaccination [35]. A prospective, nonrandomised study in Stockholm, Sweden, supported these findings
with a total mortality reduction of 57% [44].
One randomised study of outpatient pulmonary rehabilitation [37] showed that days in hospital were reduced from 21
to 10.4 in those randomised to rehabilitation in the following
year, but no difference in the chance of admission over the
same period (40 versus 41%) was observed, suggesting an
effect on exacerbation severity reduction.
A number of pharmaceutical treatments have influenced
exacerbation severity or rate. Several randomised studies of
inhaled corticosteroids in patients with more severe COPD
have reduced exacerbations by y25% [2, 31], with some evidence of exacerbation severity being influenced more than
exacerbation rate [31] and increased exacerbations shortly
after withdrawal of inhaled corticosteroids [21]. These results
have been supported by database studies [45], which also

show that the risk of death is reduced in those picking up
regular prescriptions compared with less regular treatment [46].
Bronchodilator trials have also shown exacerbation reductions,
perhaps greater for those taking long-acting anticholinergic
therapy compared with long-acting b-adrenergic agonists. Oncedaily inhaled tiotropium 18 mg reduced at least one exacerbation
over 12 months by 14% compared with placebo and exacerbation frequency by 20% [40]; 42% of this group were on regular
inhaled corticosteroids and 7% on regular oral steroids. In a
similar comparison with ipratropium bromide, tiotropium
reduced exacerbation frequency by 24%; 80% of this group
were on regular inhaled corticosteroids suggesting that the
effect was additional to the corticosteroid effect [41]. The
published evidence for long-acting b-adrenergic agonists is
less good and is based on 12-week studies where exacerbators
were reduced from 33% on placebo to 21% on salmeterol [38].
A similar study including a group randomised to salmeterol
and ipratropium showed an additional effect of the ipratropium, reducing (undefined) exacerbations from 36% on placebo
to 13% on the combination [39]. The Trial of Inhaled Steroids
and Long-acting b2-Agonists study, a 1-yr study [47], has shown
a significant exacerbation reduction with salmeterol alone. A
quantitative systematic review of N-acetylcysteine showed a
reduction in exacerbation rate from 69% on placebo to 51%
on N-acetylcysteine, a relative benefit of 1.56 [42].
The choice of antibiotic during an exacerbation may alter
the risk and timing of subsequent relapse. In a Veterans Affairs
retrospective cohort study, patients treated with amoxicillin
had significantly more relapses than those treated with other
antibiotics (54 versus 19%) [43]. Antibiotics eradicating
H. influenzae, such as gemifloxacin have reduced the interexacerbation interval (results from the Gemifloxacin Long-term
Outcomes in Bronchitis Exacerbations Study; R. Wilson, Royal
Brompton Hospital, London, UK, personal communication).

Prevention
Influenza and pneumococcal vaccination, regular inhaled
corticosteroid prescription, mucolytics, exacerbation antibiotic
therapy, current smoking and lack of pulmonary rehabilitation
are all factors associated with more frequent exacerbations,
which are amenable to change. Some of these factors were
studied in patients following hospital discharge with a COPD
exacerbation [48]. Remediable factors were found in the majority,
including lack of influenza vaccination (28%), no pulmonary
rehabilitation (86%), poor inhaler technique (43%) and current
smoking (26%).

Research questions related to chronic obstructive
pulmonary disease exacerbation definition
There is concern that the exacerbations identified from
daily diary cards may be different in character, aetiology or
severity from those seen in admitted patients. Patients with
diary card-defined exacerbations should be investigated at the
time of the exacerbation with lung function tests including
lung volumes, physiological dead space and respiratory drive.
If diary cards measure symptom severity, rather than symptom change as recommended above, the limits of variation
of individual daily symptom scoring should be established,
to separate changes due to spontaneous variation from true
exacerbations. Factors that may separate exacerbations with
different trigger factors should be defined.
Chronic obstructive pulmonary disease exacerbations defined
from databases need validation in the same manner as diary
card-defined exacerbations. The separation of episodes (new
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exacerbations) from continuing single exacerbations from
databases needs validation.
19.
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