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increase or new onset of at least one respiratory symptom for few
days. It is generally considered that moderate exacerbations are those
requiring treatment with systemic glucocorticoids and antibiotics,
while severe exacerbations are those that require hospitalisation [2].
In the clinical studies evaluated in this review, most de nitions are
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based on a worsening of symptoms that required additional treatment
with systemic glucocorticoids and/or antibiotics, or that required
hospitalisation. Although there are many reasons why results cannot
be directly compared across clinical studies, the absence of a consistent
de nition for exacerbations has been a major limitation to cross-study
interpretation. s has led to the development and validation of the
Chronic Pulmonary Disease-Patient Reported Outcomes (EXACT-
PRO) tool, a 14-item questionnaire that aims to provide a standardised
method of de ning and reporting exacerbations based on symptoms,
which is currently undergoing validation.
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Early clinical studies of the once-daily LAMA tiotropium
demonstrated increased e cacy compared with placebo and salmeterol
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study, the rate of exacerbations of any severity was signi cantly lower
with aclidinium versus placebo rate ratio with aclidinium and
aclidinium versus placebo. e frequency of moderate or severe
exacerbations was also lower for aclidinium versus placebo, although
the rate ratios did not reach statistical signi cance respectively. In the
recently completed phase 111 GLOW1 study, NVA237 signi cantly
decreased the risk of a moderate-to-severe COPD exacerbation. Time
to rst exacerbation is considered the most robust way to measure
exacerbations in clinical studies. is end-point is unlikely to be
a ected by early discontinuations and associated missing data, which is
generally considered a limitation for most studies in COPD, including
the TORCH and UPLIFT studies. Furthermore, the data distribution is
generally less skewed than for the annual number of exacerbations, and
it is less a ected by patients who have a disproportionately high
number of exacerbations. However, in many studies exacerbations are
secondary outcomes, and the studies are not designed in the optimal
way to examine e ect of treatment on exacerbations. e Prevention of
Exacerbations with Tiotropium COPD study was speci cally designed
tocomparethee ectsofaLAMA and LABA on the risk of exacerbations
[5]. e results of this study showed that once daily tiotropium was
superior to twice-daily salmeterol in prolonging the time to rst
exacerbation, and reduced the risk of an exacerbation. However, once-
daily LABAs such as indacaterol are now becoming available in Europe,
and there is some clinical evidence that outcomes with indacaterol are
similar to those with tiotropium, this is being investigated further in an
ongoing phase Il study comparing the e ects of indacaterol and
tiotropium on exacerbations. Recommendations for the use of ICS in
COPD centre on their e ectiveness in patients with frequent
exacerbations, severe air ow limitation and signi cant health status
impairment based on modi ed British Medical Research Council or
COPD Assessment Test score. Combinations of LABA plus ICS have
been shown to signi cantly reduce exacerbation frequency in patients
with COPD to a greater extent than using a LABA or ICS alone.
However, in the INSPIRE study that compared LABA plus ICS with
tiotropium, overall exacerbation rates were similar [6]. Comparing the
two treatments in this study, exacerbations requiring systemic
corticosteroids occurred less frequently in patients receiving salmeterol/

uticasone propionate than in those receiving tiotropium, while those
requiring antibiotics were less frequent in the tiotropium-treated
patients than in those receiving salmeterol/ uticasone propionate. is
suggests that the two treatments exerted their e ects on exacerbations
via di erent mechanisms, and raises the possibility that the di erent
drug classes of bronchodilator are a ecting exacerbations in di erent
ways; these di erences may also re ect the anti-in ammatory e ects of
the ICS component [7]. For example, sputum eosinophilia is associated
with corticosteroid responsiveness, whereas an exacerbation
characterised by high bacterial load will have a favourable response to
antibiotics. Bacteria-associated and sputum eosinophil-associated
exacerbations rarely coexist and, because they are repeatable in patients
with multiple exacerbations, they can be predicted from the stable
state, thus, it may be possible, and appropriate, to provide targeted
tiotropium immunotherapy in patients with bacteria-associated
exacerbations, and combined bronchodilator/ICS therapy in patients
with sputum eosinophil-dependent exacerbations. Furthermore,
COPD exacerbations that begin with bacterial symptoms are more
likely to have sudden, rather than gradual, onset, suggesting that
sudden onset exacerbations may be preferentially preventable with
bronchodilators, whereas gradual onset exacerbations may require the
addition of corticosteroid therapy [8]. Since most exacerbations are
considered to be of infectious aetiology, leading to increased small
airway in ammation, the mechanisms by which long-acting

bronchodilators prevent exacerbations are unclear. Bronchodilators
may act by re-setting the threshold of lung function/dynamics at which
an exacerbation is triggered. Improvements in resting inspiratory
capacity have been shown to occur as a result of treatment with all
classes of bronchodilators. Increases in IC a er bronchodilator
therapies, which signify a reduction in EELV, result in a reduced work
and oxygen cost of breathing.  is lung de ation primarily re ects an
improvement in mechanical lung emptying and increased functional
strength of the inspiratory muscles, rather than increasing the static
elastic recoil of the lung. Increased IC at rest is an important element in
the decrease in dynamic EELV during exercise that occurs with
bronchodilator treatment, compared with placebo. e reduction in
exacerbations during treatment with long-acting bronchodilators may
be explained, in part, by sustained bronchodilator and the consequent
improvement in air ow and reduction in lung hyperin ation, resulting
in a reduction in dyspnoea, reduced lung hyperin ation has been
demonstrated with bronchodilators during rest and exercise, leading to
increased exercise endurance time. Reduction in lung hyperin ation
during exacerbations may lessen the ventilation/perfusion imbalance,
so that patients may be less vulnerable to triggers of exacerbations [9].
Indeed, improvement in hyperin ation correlates better with
improvements in exacerbation frequency than FEV1.1t is possible that,
in addition to bronchodilator e ects and resultant reductions in lung
hyperin ation, long-acting bronchodilators may also have direct or
indirecte ectson lung in ammation but, to date, there is little clinical
evidence that LABAs or LAMAs are directly associated with
improvement in airway or systemic in ammation [10]. It has been
suggested thatthe INSPIRE study nding that tiotropium resulted in
similar reductions in exacerbation rates compared with combination
salmeterol/ uticasone propionate, which has been associated with
reduced lung in ammation in COPD, indicates that tiotropium may
also have an anti-in ammatory e ect.
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Evidence for an anti-in ammatory e ect of combination therapy
came from bronchial biopsies, whereas sputum analysis revealed little
evidence of an anti-in ammatory e ect.
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