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ABSTRACT

Not all exacerbations are captured by reliance on healthcare contacts. Symptom-based
exacerbation definitions have shown to provide more adequate measures of exacerbation rates,
severity and duration. Still, no consensus is reached on what is the most useful method and
algorithm to identify these events. This article provides an overview of the existing symptom-
based definitions and tested the hypothesis that differences in exacerbation characteristics
depend on the algorithms used.

We systematically reviewed symptom-based methods and algorithms used in the literature and
quantified the impact of the four most referenced algorithms on exacerbation-related outcome
using an existing COPD cohort (n=137).

We identified 51 studies meeting our criteria using 14 widely varying symptom algorithms to
define onset, severity and recovery. The most (71%) frequently referenced algorithm (modified
Anthonisen) identified an incidence rate of 1.7 (1.4 -2.1) episodes per patient-year, while for
requiring only one major or two major symptoms this was 1.9 (1.6-2.3) and 1.5 (0.6-1.0)
respectively. Studies were generally lacking methods to enhance validity and accuracy of
symptom recording.

This review revealed large inconsistencies in definitions, methods and accuracy to define
symptom-based COPD exacerbations. We demonstrated that minor changes in symptom

criteria substantially affect incidence rates, clustering type and classification of exacerbations.



INTRODUCTION

COPD is a highly prevalent disease and a major cause of mortality and morbidity [1]. The
natural course of COPD is interrupted by periods (exacerbations) characterized by a sustained
change of patients baseline symptoms which are beyond normal day to day variability and may
warrant medical treatment[2]. These exacerbations are important, since they have a serious
negative impact on health-related quality of life[3], are associated with accelerated lung function
decline[4] and increased mortality[5]. In addition, they represent a significant economic burden
due to health-care utilization[6]. The relevance of exacerbations from a clinical, patient and
societal perspective, resulted in selecting exacerbation rates as the main outcome parameter in
an increasing number of trials[7]. It is surprising that, there is no consensus on the exact
operational definition of exacerbations used in studies. Defining a generally accepted standard
definition is difficult because there is a large variation in aetiology, type and severity of
symptoms between individuals[8].

Several potential approaches can be taken to defining exacerbations. The majority of recently
published studies have used event-based exacerbation definitions, i.e. based on increased use
of health care services (increased use of reliever medication or treatment with systemic
corticosteroids antibiotics or hospitalisation) in the presence of a worsening condition of the
patient [2]. Although simple counting of events by healthcare utilization intuitively seems a
straightforward and robust approach, it strongly depends on the ability of patients to recognize
exacerbations and available healthcare facilities. Therefore, event-based definitions
underestimate true exacerbation rates by up to 50%[9-12]. A symptom-based approach takes a
patient oriented perspective as it relies on patients experiencing an increase in symptoms for a
minimal number of consecutive days, mostly assessed by daily diary registrations. These
definitions have shown to capture exacerbations which remained unreported while having

substantial and non-negligible negative impact on annual change in health status[12]. This



approach has several challenges. First, due to the heterogeneous nature of COPD and its
exacerbations, a standardised symptom-based definition is lacking. This resulted in use of
several different symptom-based algorithms and methods to assess onset rates, recovery,
severity and recurrence of exacerbations[13]. Apart from the recent promising EXACT
(EXAcerbations of Chronic Pulmonary Disease Tool) initiative[14, 15], few of the symptom
scores have originated perspective and would meet current criteria for ‘Patient Reported
Outcomes’ (PRO’s)[16]. Second, it is unknown whether the clinical and societal severity of an
exacerbation is appropriately reflected in this symptom-based approach. More knowledge is
needed to provide insight in the magnitude and impact of the disparity in definitions.

The objectives of the current study are twofold. First, it aims at systematically reviewing the
different symptom-based definitions and methods used in the literature to assess exacerbation
rates. The second objective is to test the hypothesis that exacerbation-related outcomes depend

on algorithms applied, using data from an existing COPD cohort.



MATERIAL AND METHODS

Systematic review

In order to review the different symptom-based definitions and methods used in the current
literature systematically, we performed a literature search for peer reviewed publications on the
following databases: Cochrane Controlled Trials Register, Pubmed, CINAHL and Web of
Science (January 1995 — November 2010). Details on the search strategy and data extraction
are described in Appendix I.

The following issues were extracted from the included studies: operational definitions of
exacerbation onset, duration, recurrence and severity, methods of symptom registration,

matching with event-based episodes and method of analysis of the results.

Impact of using different symptom algorithms

To quantify the impact of using different symptom-based definitions on exacerbation-related
outcomes, we used data (n = 137, age: 65+10 years, male: 58% male, FEV4: 59121% pred)
from the ACZIE study; an ongoing multicentre randomized clinical trial. Primary aim of this trial
is to evaluate the effectiveness of an individualised ‘action plan’ as an addition to care as usual.
In- and exclusion criteria of patients in the study are described in detail elsewhere[17].

All patients were instructed to record daily diary cards if symptoms were increased over their
baseline condition for a period of 6 months. Patients could choose between ‘no increase’,
‘slightly increase’ or ‘clear increase’. According to the identified algorithms we decided to take
into account only symptoms that were reported as ‘clearly increased’ by the patient. Validity and
compliance of symptom registrations was checked and reinforced by telephone contact every
four weeks. In case of missing data in the diary, the patient is asked to recall this information.
We used forward and backward imputation to replace missing data that could not be

recalled[18].



Two researchers independently determined exacerbation rates according to the four most
referenced algorithms in the current literature independently. In case of disagreement,
consensus was achieved in a meeting, under supervision of a third reviewer To enable
comparisons between each algorithm, exacerbation recovery time, severity and type of

exacerbation were identified using the same operational criteria.

Exacerbation incidence rate

For each definition the exacerbation incidence rate was calculated, and reported as a weighted
exacerbation incidence rate (total number of exacerbations divided by the total follow up
time[19]. Exacerbation onset was taken as the first day on which the criteria for the symptom

algorithms were met.

Clustering of exacerbations

Three types of episodes were distinguished. Initial exacerbations were patient’s first
exacerbation assessed after baseline and exacerbations not followed by another exacerbation
within 8 weeks. A relapsed exacerbation was defined as an exacerbation that follows within 5
days of onset of a previous exacerbation and is considered to be a part of the same episode. A
recurrent exacerbation is an exacerbation that has an onset within 8 weeks of the preceding

exacerbation[20].

Classification of exacerbations

Classification of exacerbations was assessed according to Anthonisen et al.[21]. A type-lll
exacerbation is defined by the presence of one major symptom, type-Il by the presence of two
major symptoms and type-lll as the presence of three majors present on the worst day of an
exacerbation. Furthermore, we evaluated exacerbations as combination of height and duration

of increased symptoms. The total symptom score, is defined as the sum of the daily symptom



scores (a major symptom accounts for 2 points and 1 point for minor symptoms and ‘slightly

increased’ major symptoms).

Recovery time

Exacerbation recovery time was calculated as the time from exacerbation onset for the 3-day
moving average of the daily symptom count to return to baseline symptom count (the mean
daily symptom count over days 14 tot 8 preceding exacerbation onset). Although counted when
calculating exacerbation rates, episodes with a recovery time longer than 35 days are

considered as unrecovered and were excluded for specifying exacerbation recovery time.

Concurrence with event-based episodes

Healthcare utilization data were identified by monthly telephone contacts with the patient and
evaluation of patients’ medical records (both at the hospital and general practice) after follow-
up. An event was considered reported if a patient reported respiratory symptom increase to a
healthcare provider in an unscheduled telephone contact, physician or emergency room visit.
Treated events were defined as use of oral corticosteroids and/or antibiotics and/or
hospitalisation for a worsening in the patient’s respiratory symptoms at the discretion of their
usual physician. Concurrence between these events and symptom-based exacerbations
algorithms was present if events occurred between 5 days prior and 30 days after the algorithm

onset.



RESULTS

Literature review

Study selection

Our initial search retrieved a total of 468 citations, of which 341 abstracts were excluded, see
Figure 1. After reviewing the remaining 127 full-text articles, another 84 articles were excluded.
Finally, after cross-reference checking, 51 articles met our criteria and were included for
analysis in this study. Remarkably, 24 (47%) studies were performed by the same research
group, with 20 (39%) studies based on the same longitudinal ‘East-London Cohort’. Within these
studies, these investigators used consistent operational definitions of evaluating exacerbations
and apparently have substantial impact in the findings of this review. A detailed description of
their methodology can be found in Appendix II.

It needs to be emphasized that two studies addressing the highly discussed EXACT tool for
assessing exacerbation characteristics were not included in the review, since they did not met
our criteria for assessing exacerbation frequency[14,15]. These studies described the
development and subsequent validation phase but did not yet provide and tested a
definition/algorithm for defining exacerbation onset and computing event frequency in a
prospective cohort. A brief description: The EXACT tool is a PRO-based 14-item e-diary
assessing breathlessness, cough and sputum, chest symptoms, difficulty bringing up sputum,
feeling tired or weak, sleep disturbance and feeling scared or worried about their condition,
Each item is assessed on a 5 or 6 ordinal scale and summed to yield a total score converted to

a0 - 100 scale.

Characteristics of the included studies
Table 1 summarises characteristics of the included studies of which the majority used a

longitudinal cohort design (71%). Twenty-nine percent of the studies evaluated effectiveness of



a pharmacological compound. The median [IQR: Inter Quartile Range] number of patients

included was 109 [78 - 259]. Follow-up varied between 3 and 90 months (median 12).

Table 1. Characteristics of the 51 included studies.

Characteristics Studies

n (% from total)

RCT 15 (29%)
Cohort-study 36 (71%)
Evaluation of a pharmacological compound 15 (29%)
Median number of patients, n [IQR] 109 [78 - 259]
Median follow-up period in months (min - max) 12 (3-90)

Symptom-based exacerbation definitions

Fourteen different symptom-based algorithms to determine exacerbation onset were identified.
A detailed description of the included studies is available in Appendix Il. Within these definitions,
12 different symptoms were used to define exacerbation onset. Coryzal symptoms were scored
when studies used a definition including ‘cold’ (n=5), upper respiratory infection (n=2) or specific
symptoms like nasal discharge, nasal congestion or sneezing (n=31).

Nearly all studies referred to the three key [21]: increase of dyspnea (98%) sputum volume
(94%) and sputum purulence (94%). Also the ‘Anthonisen minor symptoms’[21] were frequently
used; cough (86%), wheezing (76%), sore throat (73%) and coryzal symptoms (75%). Only a
minority of the studies included fever (16%), chest tightness (8%), fatigue (4%), difficulty with
expectoration (4%) and night-time awakenings (2%). Table 2 shows an overview of
exacerbation algorithms observed, showing large variations in symptom criteria. The majority

(82%) of algorithms, distinguished between major and minor symptoms. Obviously the modified



algorithm by Anthonisen et al. is the most frequently used algorithm (71%), requiring increase in
two symptoms including at least one major. Four studies used the same algorithm but also
included fever (8%) as a minor symptom. Another four studies (8%) only required one major
symptom to change over two consecutive days. Three studies (6%) defined exacerbation onset
based on a graded symptom score. One of the studies did not specify the symptoms defining
the onset of an exacerbation but only mentioned “increase of symptoms”. Two consecutive days
was the most frequently (85%) used minimal time frame in which the symptom criteria should be
met, followed by three days (6%) and 1 day (2%). Four (8%) studies did not specify a minimal
time frame.

Table 3 indicates that a substantial number of studies did not report on criteria for exacerbation
recovery or rules for defining subsequent episodes. Of the 36 studies which stated criteria for
recovery by symptom scores returning to a predefined baseline, 28 studies used the recovery
rule, introduced by the East-London group as a 3-day moving average to return to the mean
symptom count of day -14 to -8. A minority defined recovery as the first day the exacerbation
onset criteria did not met. To determine independence of events, 11 studies (22%) reported a
minimal stable time period to distinguish exacerbation relapse from recurrence, which varied
between 2 and 50 days (median 3 IQR 3-14 days). Concurrence with event-based
exacerbations was reported in 39 studies (76%), while three studies (6%) incorporated blinded
adjudication by two or more blinded investigators to ensure that events counted as

exacerbations were consistent with the study definition of exacerbation.

Eighteen studies (35%) did not attempt to classify exacerbations in terms of severity. Other
studies used widely varying approaches; by symptom count, by healthcare utilization (i.e. mild:
increase inhalation medication; moderate: course of antibiotics or corticosteroids; severe:
hospital admission), by the number of major symptoms (mild=1, moderate=2, severe=3) or by

exacerbation length.



Different methods of registration were used to evaluate daily symptom change of which the
majority (76%) used a ‘written’ daily diary card to record symptom increase. Seven studies
identified predefined episodes of symptom increase by recall, either by telephone or by clinic
visits. Three studies (6%) did not report on their methods to record symptom change. The
majority (69%) of the studies reported on methods to enhance validity and compliance of diary
registration, using run-in periods, standardized telephone or clinic-visit checks. Frequency of
these checks varied between weekly and every four months. Of the studies using diary cards,
only three (8%) explicitly reported on methods handling missing diary card data (n=2: multiple

imputation, n=1 retrospective interviews).
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Table 3: Recovery time, severity classification, data registration, attempts to enhance
validity of diary registration, blinded adjudication of exacerbations and handling of

missing diary data (n=51).

Recovery rules*
n (% from total)

Severity classification
n (% from total)

Not reported 15 (29%)
Symptom score back to an individual baseline 28 (55%)
Symptom score back to a fixed value 1(2%)
First day not meeting onset criteria 6 (12%)
All symptoms resolved 1(2%)

Not reported 18 (35%)
By symptom count at onset* 24 (47%)
By number of major symptoms 4 (8%)
By duration* 5(10%)
By healthcare utilization 3 (6%)

Data registration
n (% from total)

Attempts to enhance validity and compliance of
diary registration, n (% from 39 studies using
daily diary cards)

Not reported 3 (6%)
Daily written diary cards 39 (76%)
Daily electronic diary cards 1(2%)
Telephone consultations” 4 (8%)
Clinic visits 4 (8%)

Blinded adjudication of exacerbations
n (% from total)

Not reported 12 (31%)
Run-in period’ 2 (5%)
Telephone check’ 4 (10%)
Clinic visit check 24 (62%)
Random home visits 1(3%)

Handling of missing diary data
(checken voor studies die ook
daadwerkelijk kaarten gebruiken)

Not reported 48 (94%) Not reported 48 (94%)
Yes 3 (6%) Multiple imputation 2 (4%)
Retrospective interviews 1(2%)

Concurrence with event-based exacerbations
n (% from total)

Not reported 12 (24%)

Yes 39 (76%)

* Rules to define recovery and/or and to identify new or recurrent events; *Three studies used a
severity classification by symptom count and duration. * performed monthly in all studies; T two
studies combined a run-in period with telephone checks.

The impact of using different symptom algorithms

In our study, chest tightness, fatigue, difficulty with expectoration and night-time awakenings

were not assessed resulting in four different algorithms that could be tested, covering 42 of the

51 studies (83%): 1) modified Anthonisen (n=32); 2) modified Anthonisen including fever (n=4);

3) at least one ‘major’ (dyspnea, sputum amount and purulence) symptom (n=4); 4) at least two

‘major’ symptoms (n=2).



Table 4 illustrates the effects on exacerbation related outcomes when applying different
symptom-based definitions. Algorithm 1 and 2 generated equal number of 119 (1.7 Cl 1.4-2.1
per person-year) exacerbations and subsequent characteristics, indicating that adding fever as
a minor symptom is not decisive in capturing additional events. Algorithm 3, requiring only 1
major symptom identified the highest number of 132 (1.9 Cl 1.6-2.3 per person-year)
exacerbations, counting 1.11 and 2.44 times algorithm 1 and 4, respectively. In addition, this
algorithm also provides a higher crude number of relapsed and recurrent exacerbations but
similar within group distributions in clustering type. In terms of classification, lowering the
threshold (compared to modified Anthonisen) results in a shift towards increased identification of
Anthonisen type-Ill exacerbations and subsequently a lower median symptom count of 57 [IQR
27-94] and 51 [IQR 23-91] respectively. Although requiring 2 major symptoms (algorithm 4)
resulted in a 120% (n=54) lower incidence (1.5 Cl 0.6-1.0 per person-year), compared to
algorithm 1. At the same time, a lower ratio of patients with >1 exacerbation was seen, both
within the total group (8%; algorithm 1: 23%; algorithm 3: 25%) as the group of patients having
at least one exacerbation (37%; algorithm 1: 55%; algorithm 3: 53%). Algorithm 4 excludes
type-lll exacerbation, since it requires the presence of two major symptoms. The number of
type-Il exacerbations is also lower in algorithm 4 due to the fact that the increase in two majors
had to be present for 2 consecutive days. This results in a lower ratio of type-l to type-II
exacerbations compared to the other algorithms. Subsequently this approach produced the
highest mean symptom count of 70 [IQR 42-125] including a higher proportion of exacerbations
to be reported and subsequently treated. Nevertheless, 11 treated events and 4 hospital
admission/emergency room visits identified by algorithm 1 to 3 would have been missed by

algorithm 4.
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DISCUSSION

Our systematic review revealed significant inconsistencies in definitions, methods and accuracy
to define symptom-based COPD exacerbations. Differences in the most referenced definitions
were tested in an existing COPD cohort to quantify impact on exacerbation related outcome. We
demonstrated that minor changes in symptom criteria substantially affect incidence rates,
clustering type and classification of exacerbations.

This review demonstrates that symptom-based exacerbations have been frequently used in
trials but mainly in longitudinal studies. The 51 studies meeting the inclusion criteria, showed
large variations in defining onset of exacerbations. Fourteen different symptoms algorithms
were found, aimed at the same objective; defining exacerbation onset or rates. The most
prominent applied algorithm is based on a modification by Anthonisen et al. requiring increase in
at least dyspnea, sputum volume and sputum purulence[21]. Besides these three generally
agreed cardinal symptoms, nine other symptoms were used, reflecting the inconsistent attempts
to cover the heterogeneity in aetiology of exacerbations[8]. The 2000 Aspen consensus
statement has partly eliminated this complexity by not specifying symptoms but requiring a
straightforward ‘worsening of the patient condition’[2]. Although this aggregation secures
covering all exacerbations, it is lacking the operational discriminative properties needed in
prospective studies.

The algorithms differentiated from the literature used widely varying definitions of COPD
exacerbations including type and number of symptoms and days these criteria should be met.
Using data from our COPD cohort, we demonstrated that minor changes in the four most
referenced algorithms have substantial impact on incidence rates of exacerbations. Adding
fever as a minor symptom to the most frequently used Anthonisen modification did not show any
added value in capturing additional exacerbations. Lowering the threshold by not including
minor symptoms however produced 11% increase in the number of episodes. Otherwise,

increasing the threshold lowered exacerbation incidence substantially and increased the change



of missing important treated-events including hospital admissions. These apparently, subtle
adaptations in the threshold, also affected the distribution and group characteristics in terms of
exacerbation type and classification. It needs to be emphasized that the straightforward
modified Anthonisen definition in our test cohort seemed to steer a middle course between other
thresholds, and therefore could be considered the best available trade-off for optimal
classification of events. Other studies showed that it is quite unusual to have increase in only
one major symptom without at least one minor symptom[10, 22]. Therefore, including a minor
symptom might decrease the risk of overestimation. In addition, in line with the lower incidence
found for algorithm 4 in our test cohort, the risk of underestimation might increase if a threshold
of at least 2 major symptoms is applied. Thanks to the cumulative experience of the East-
London group, the (modified) Anthonisen definition has proven to be operational and validated
against important outcomes including, airway inflammatory markers[23] quality of life[3] and
lung function decline[4]. Nevertheless, we need to be reserved considering it as the gold
standard, because like others, it also fails to cover all of the heterogeneity of COPD and its
exacerbations.

Our review revealed other methodological issues, which can substantially alter exacerbation
outcomes. A critical aspect in counting exacerbations episodes is how to handle with multiple
events within individual patients and how to distinguish exacerbation relapse from recurrence.
Almost 30% of the studies did not report criteria when an index episode recovered and
subsequently a new event was counted implicating that reported rates can be biased.
Exacerbations have shown not to be random events, but seem to cluster in time[20],
emphasizing the importance of defining recovery rules and criteria for subsequent events. The
studies that did define recovery rules, used different methods. The most referenced rules were
meeting the exacerbation onset criteria and recovery of a symptom count to a predefined
individual baseline. Defining individual normal day-to-day variations requires assessment over a

sufficient number of days not including prodromal increase of symptoms. A frequently used



method to assess baseline stability that includes these aspects, is taking an average symptom
count (each symptom reflects 1 point) of day 14 to 8 preceding an exacerbation[24] . Only 29 %
of the studies included a minimal number of stable days for a new event could be identified or
used a moving mean symptom count (mostly 3 days) to meet the pre-exacerbation baseline.
Both methods deal with the essential requirement of assuring that exacerbation relapse is not
counted as a new subsequent episode.

Assessing and analyzing exacerbations based on symptom criteria is highly complex and needs
to be performed as accurate as possible. Surprisingly, 8 studies (16%) used monthly
evaluations based on recall (telephone review or clinic visits) to assess episodes
retrospectively. It's highly debatable whether testing symptom-based algorithms (including
symptom criteria to be present for at least x number of days) by monthly recall results in a valid
outcome. This loss of accuracy not only applies for defining exact onset of exacerbation but also
leads to impossible identification of the aforementioned aspects for recovery and recurrence.
The majority of the studies used daily diary recording to examine symptom increase. To achieve
optimal validity and avoid missing data, appropriate efforts should be taken in enhancing
patients understanding and compliance. Although the majority of the studies reviewed patients
regularly by telephone or clinic visit checks, they did not report on how validity and compliance
was improved. Symptom-recording demands a certain degree of cognitive skills and therefore
missing data can rarely be avoided in which subjects are requested to complete questionnaires
with many items[25]. Although only few studies reported on completion-rates, diaries in the
East-London cohort were completed reasonably well (~ 85 % of the time in the study)[4, 10].
Surprisingly, only three studies reported on how missing or invalid data were managed. Analysis
of available data only, will lead to loss of efficiency and since missing data in daily symptom
recording is expected to be not a random phenomenon, to biased results. Two studies used
multiple imputation of missing data using auxiliary data. Although statistical methods like joint

modelling or multiple imputation have shown to be potential when missing at random occurs in



longitudinal studies[26], this has never been simulated in COPD patients. Next to dealing with
missing data it’s highly desirable that future studies put more efforts in pro-actively avoiding
missing and invalid data. Ideally, follow-up is preceded by a run-in period with appropriate
length in which patients receive feedback on the importance of complete diary recording. It also
enhances patients to be well instructed and if necessary corrected on how to record symptom
increase. Another method, assisting patients in correctly identifying these episodes to be
beyond normal day to day variability is to provide an individualized and dynamic “what is
normal” card. Such cards can easily be adapted if a patient does not return to it's stable
condition.

Although there is no general agreement definition of an exacerbation, exacerbation rate is a
clinically important outcome in COPD research. Since event-driven approaches almost certainly
fail to capture all events [9, 12, 25] and adequate biomarkers are not available until now, we
suggest that studies continue to use symptom-based definitions but should pay more attention
into their methods of data recording since this will contribute to the accuracy of data retrieval
and assessment of exacerbations. This review did not aim at identifying ‘the best’ definition but
rather at quantifying the variety and consequences of using different symptom-based
approaches to count and analyze exacerbations. The widely varying symptom criteria for
analyzing exacerbation episodes complicate comparisons between certain studies or
populations. This study illustrated that in- or exclusion of a single symptom substantially affects
exacerbation related outcomes and therefore choosing a certain definition truly matters. These
findings emphasize that inconsistent use of definitions leads to widely varying exacerbation
related outcome. Besides these differences in crude rates, this also significantly affects effect
sizes of interventions evaluated in randomized trials, as illustrated in another Dutch COPD
cohort [13]. Ideally, an instrument assessing occurrence and severity of exacerbations with
appropriate measurement properties, sensitivity and an origin in the patients’ perception of

exacerbations would be a true asset. Possibly, a promising new initiative, EXACT-PRO is able



to accomplish these requirements to a substantial extend[14, 15]. In a recent study comparing
stable patients and patients visiting the clinic for an exacerbation, EXACT was found to be a
valid tool to in discriminating between stable periods and exacerbations. Furthermore it was
internal consistent and sensitive to change with recovery of an exacerbation[15]. Although this
PRO-based tool could be considered the best available method to measure the magnitude and
duration of exacerbations, no data is available on its discriminative performance in prospectively
identifying exacerbation onset. The pivotal objective of diary recording is to assess symptom-
increase beyond normal day-to-day variability. The degree of this change represents
exacerbation severity. The majority of studies required the patient to note a worsening of the
symptom for a certain number of consecutive days, but did not specify by how much symptoms
should deteriorate. For this reason, it is questionable if simply counting symptoms, as performed
by 28 studies provides a valid assessment of severity. The Anthonisen classification and total
symptom count address certain exacerbation characteristics, but have never been validated in
terms of severity. In the same way as EXACT, four studies used a graded diary card suggesting
specific thresholds to be exceeded. Although this provides a much better way to quantify the
degree of change (and severity), the limits of variations of individual daily symptom scoring
should be well established to separate changes due to spontaneous variation (“bad days”) from
true exacerbations. Future longitudinal studies are needed to evaluate the discriminative
performance of the proposed EXACT scoring algorithms and its surplus value against existing
definitions like the modified Anthonisen.

This review revealed large inconsistencies in definitions, methods and accuracy to define
symptom-based COPD exacerbations. In an existing COPD cohort, we demonstrated that minor
changes in symptom criteria substantially affect incidence rates, clustering type and
classification of exacerbations. These results stress the importance of leading organizations
and investigators to increase their efforts in reaching consensus on operational symptom-based

definitions and quality requirements of counting and analyzing exacerbations.
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