
INTRODUCTION

Chronic obstructive pulmonary disease 
(COPD) is a progressive lung disease 
characterised by the presence of 
chronic airflow obstruction that is not 
fully reversible.(1) The disease involves 
degeneration and destruction of lung 
tissues, hypertrophy of mucous glands, 
and airway narrowing and inflammation.  
These pathological changes result in 
symptoms of chronic cough, regular 
sputum production, wheeze and dyspnoea.
(2) Nearly 900, 000 individuals in the United 
Kingdom are diagnosed as having COPD, 
and approximately 2 million more have 
COPD which remains undiagnosed and 
unmanaged.(3)

COPD is complicated by acute 
exacerbations. The Global Initiative 
for Chronic Obstructive Lung Disease 
(GOLD) defines an exacerbation as 
“an event in the natural course of the 
disease characterized by a change in the 
patient’s baseline dyspnea, cough, and/
or sputum that is beyond normal day-to-
day variations, is acute in onset, and may 
warrant a change in regular medication.”(1) 
The burden of COPD exacerbation is 
significant. The average exacerbation 
rate among those diagnosed with COPD is 
~1 to 2 per patient per year, with COPD 
hospitalizations averaging ~0.1 to 0.2 per 
patient per year.(4)

Clinical Implications of exacerbations

Acute exacerbations play an important 
role in the natural history of COPD and 
have significant prognostic implications. 
Patients with frequent exacerbations 
(defined as two or more every year) 
experience a faster decline in FEV1 and 
peak expiratory flow (PEF) rates than 
patients with infrequent exacerbations.(5)  

Exacerbation frequency has also been 
related to increased dypnoea, decreased 
exercise tolerance, and greater likelihood 
of becoming housebound.(6) It is therefore 
unsurprising that several studies report 
that frequent exacerbators have 
significantly worse quality of life (QoL) 
scores than infrequent exacerbators, as 
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treated with tiotropium compared to 
placebo. The Understanding Potential 
Long-Term Impacts on Function with 
Tiotropium (UPLIFT)(14) study is the largest 
study of tiotropium to date. The impact 
of tiotropium on exacerbations and 
related hospitalisations compared to 
placebo was a pre-specified, secondary 
endpoint. The frequency of acute 
exacerbations in the group receiving long-
term (4 years), once-daily tiotropium was 
significantly lower than in the placebo 
group (0.73 exacerbations/subject/
year vs. 0.85 respectively). Subgroup 
analysis of participants with GOLD stage 
II disease (FEV1/FVC < 0.70; 50% ≤ FEV1 
< 80% predicted) also revealed that the 
time to first exacerbation and the time 
to exacerbation resulting in hospital 
admission were longer in the tiotropium 
group than in the placebo group.(15) 

A meta-analysis of 15 trials comparing 
tiotropium to placebo and/or to a LABA 
drew similar conclusions. The group 
treated with tiotropium had lower odds 
of having a COPD exacerbation when 
compared to placebo (Odds Ratio [OR], 
0.69; 95% CI, 0.61–0.78) and when 
compared to a LABA (OR, 0.82; 95% CI, 
0.72-0.93).(16)

The primary inhaled LABA therapies used 
in COPD are salmeterol and formoterol. 
Their effect on COPD exacerbation 
frequency has been assessed in several 
trials.(17) A recent meta-analysis concluded 
that both drugs were effective in reducing 
exacerbation frequency when compared 
with placebo.(18) 

A subsequent Cochrane review drew 
similar conclusions about salmeterol, 
however, found that formeterol failed to 
significantly reduce exacerbations.(19)  

The novel once-daily LABA therapy, 
indacaterol, has also been found to 
significantly reduce exacerbation 
frequency compared with placebo in 
phase III trials.(17, 18, 20) Indacaterol 
also improves various clinical end-points 
including lung function, dyspnoea and 
rescue medication use, when compared to 
salmeterol or formeterol.(21) 

When comparing LAMA with LABA 
therapies, the former appeared to be 
more effective at reducing exacerbations.
(22-23) In a meta-analysis of nine studies, 
tiotropium not only reduced exacerbation 
frequency compared to the short-
acting antimuscarinic ipratropium and 
placebo, but it also significantly lowered 
exacerbation frequency in comparison to 
salmeterol (-0.16; 95% CI -0.29 to -0.03).(21)  

assessed by the St. George’s Respiratory 
Questionnaire (SGRQ).(7,8) Health care-
related QoL questionnaires have also 
detected marked differences between 
patients experiencing an exacerbation 
and those in a stable phase of disease.
(9)  Furthermore, patients with frequent 
exacerbations were found to me more 
likely to have depression than those 
without exacerbations.(10) 

Severe exacerbations are the main cause 
of hospitalisation in COPD patients.(11)  

Hospital admission-related costs account 
for the greatest expenditure in COPD 
treatment, representing between 40% 
to 57% of total direct costs generated by 
these patients.(12) 

The other cost associated with 
exacerbations, is that of increased patient 
mortality.(13,14) Patients with frequent 
exacerbations requiring hospitalisation 
have a risk of death 4.3 times greater (95% 
CI, 2.62–7.02) than patients requiring no 
hospital management.(13) 

Preventing COPD exacerbations

Preventative strategies for COPD 
exacerbations are an important part of 
the optimal management of COPD.  In 
addition, reducing exacerbation frequency 
has become an important clinical 
endpoint in the assessment of new COPD 
pharmacotherapies. This review discusses 
the efficacy of drugs used for treatment of 
COPD exacerbations in preventing further 
exacerbations. 

Pharmacotherapies:

Bronchodilators

Inhaled bronchodilators are widely used 
for the treatment of breathlessness that 
patients experience during exacerbations.  
Long-acting bronchodilators are 
recommended for patients who remain 
symptomatic despite adequate treatment 
with short-acting bronchodilators.
(1,2) The main classes of long-acting 
bronchodilator therapies include long-
acting antimuscarinic agents (LAMAs) and 
long-acting ß2-agonists (LABAs), used 
either alone or in combination.
 
The most widely used LAMA is tiotropium. 
It has been studied in several placebo-
controlled, randomised clinical trials, 
which have consistently detected a 
reduction in exacerbations in patients 
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In another recent study of patients with 
moderate to very-severe COPD, tiotropium 
demonstrated greater efficacy in reducing 
in the annual number of moderate or 
severe exacerbations (0.64 vs. 0.72; 
P=0.002) and in increasing the time to 
the first severe exacerbation than did 
salmeterol.(22)

Inhaled Corticosteroids combined 
with Bronchodilators

Both the GOLD and NICE guidelines 
recommend the addition of an inhaled 
corticosteroid (ICS) to patients with severe 
disease (FEV1 <50% predicted) who have 
two or more exacerbations requiring 
treatment with antibiotics or oral 
corticosteroids in a 12 month period.(1-2) 

Several large clinical trials have shown 
that treatment with combination ICS/LABA 
therapy reduces exacerbation frequency 
compared to placebo in COPD patients.
(23-25) The largest of these trials was the 
multi-centre, 3 year trial (TORCH)(13)  

that compared salmeterol, fluticasone, 
salmeterol plus fluticasone and placebo 
in a prospective manner.  The primary 
end-point of this trial was mortality rate.  
The trial detected a significant decrease 
in exacerbations in patients receiving 
salmeterol mono-therapy compared to 
placebo (0.97 exacerbations/year vs. 1.13; 
P< 0.001).  This reduction was greater 
than conferred by either salmeterol or 
fluticasone propionate alone compared 
to placebo. The trial did, however, fail 
to show improvement of survival on any 
single or combined medications.  It has to 
be said that the difference in mortality 
between placebo and the combination 
missed statistical significance by a small 
proportion (P<0.052). 

A Cochrane review of eleven studies that 
assessed the efficacy of two different 
ICS/LABA combination preparations: 
fluticasone/salmeterol and budesonide/
formoterol, supported these findings. 
Both preparations significantly reduced 
exacerbation rates in patients compared 
to placebo (Rate ratio [RR], 0.74; 95% CI, 
0.67–0.79).(26) 

Similarly, a meta-analysis has 
demonstrated that combination therapies 
also significantly reduce exacerbation 
rates when compared to LABA therapy 
alone (RR, 0.82; 95% CI, 0.78 to 0.88).(27) 

The two-year INSPIRE study compared the 
effectiveness of salmeterol/fluticasone 
combination therapy versus tiotropium 
in reducing exacerbations in patients 
with moderate to severe COPD. No 
significant difference was found between 
the two therapies, the mean number 
of exacerbations per year being 1.28 in 

the combination therapy arm and 1.31 
in the tiotropium arm.(28)  The study, 
however, identified that tiotropium was 
more effective in reducing exacerbations 
manifesting with cough and sputum 
(normally treated with antibiotics) 
whereas salmeterol/fluticasone was 
more potent in reducing exacerbations 
manifesting with increased breathlessness 
and wheeze (normally treated with oral 
corticosteroids).(28)  

The superiority of ICS/LABA combination 
therapy in reducing COPD exacerbations, 
however, must be weighed against its 
associated increased risk of pneumonia.  
The TORCH study detected an excess risk 
of pneumonia in patients receiving inhaled 
corticosteroids compared to placebo 
(19.6% in the combination therapy arm, 
18.3% in the fluticasone only arm, and 
12.3% in the placebo arm).(23) 

An observational study including 
175,906 patients with COPD in Canada 
was performed to further assess this 
association.  Authors reported that current 
inhaled corticosteroid users had increased 
rates of hospitalisation for pneumonia (RR, 
1.70; 95% CI, 1.63–1.77) and increased 
rates of pneumonia hospitalisation 
followed by death within 30 days (rate 
ratio, 1.53; 95% CI, 1.30–1.80).(29)  
In the largest meta-analysis evaluating this 
association to date, ICS/LABA combination 
therapies were associated with a 
significantly increased risk of non-fatal 
pneumonia when compared with placebo 
(RR, 1.81; 95% CI, 1.44-2.29 [P<0 .001]) 
and when compared with LABA therapy 
(RR, 1.68; 1.20-2.34 [P=0.002]). (30) 
Thus, given the robust body of evidence 
that supports the link between the use of 
inhaled corticosteroids and pneumonia, 
their clinical efficacy in reducing 
exacerbations needs to be balanced with 
the harms. 

Triple Therapy

While the roles of LAMA and LABA/ICS 
combination therapies in COPD have been 
widely studied, the clinical efficacy of 
combining these three agents to form a 
“triple therapy” remains less known. 

A Cochrane review identified three trials 
that studied the effects of a triple therapy 
including tiotropium in combination with 
LABA/ICS compared to tiotropium alone, 
one of which also looked at tiotropium 
in combination with LABA/ICS compared 
to LABA/ICS therapy. The review did not 
detect a clinically significant difference 
in mortality, FEV1, QoL, the number of 
hospital admissions, or the number of 
patients suffering from pneumonia when 
the triple therapy was compared to 
tiotropium alone.(31) The review was unable 

to  detect a significant difference in the 
number of patients admitted to hospital 
for exacerbations, however this was not 
the case in the two individual trials that 
included this endpoint. 

In the two separate trials by Aaron et 
al. and Welte et al., significantly lower 
numbers of hospitalisations/emergency 
room visits for COPD exacerbations were 
reported in the triple therapy treatment 
group compared to the group treated with 
tiotropium alone.(32-33) 

Similar results were reported in a 
systematic review comparing triple 
therapy to tiotropium mono-therapy. The 
COPD exacerbation rate was reduced 
in the triple therapy group compared 
to the tiotropium only group, although 
this difference did not reach statistical 
significance (OR, 0.65; 95% CI, 0.36-1.19 
[P=0.17]).(34)

Finally, one further trial that compared 
triple therapy to LABA/ICS plus placebo 
showed an improvement in FEV1 in the 
triple therapy treatment group compared 
to LABA/ICS group, however this did not 
reach statistical significance. Exacerbation 
frequency was not evaluated in this study.
(35) No studies, as yet, have compared 
triple therapy to LAMA/LABA dual long-
acting bronchodilator therapy.  Thus, 
there may be some benefit to combining 
the three therapies, although the long-
term effects of such aggressive therapy 
require further study.

Prophylactic Antibiotics

It is well known that chronic bacte-
rial colonization plays an important role 
pathogenesis of COPD exacerbations.(32)  

An estimated 40-50% of exacerbations are 
related to acute bacterial infection.(36) 

Although antibiotic therapy is recommend-
ed for treatment of exacerbations where 
infection  is  suspected, the use of prophy-
lactic antibiotics for COPD exacerbation is 
less clear. 

Macrolides and fluoroquinolones have been 
the focus of recent prophylactic anti-
infective therapy research.  Macrolides, 
when given long-term and at a low dose 
have anti-inflammatory and immuno-
modulating properties.(37)  

Seemungal et al. conducted a study 
where erythromycin administered to 
patients with moderate to severe COPD at 
a dose of 250mg, twice daily, for 1 year 
was compared to placebo. Erythromycin 
was found to reduce exacerbation 
risk (RR, 0.648; 95% CI, 0.489-0.859). 
It also extended the time to the first 
exacerbation to 271 days versus 89 days in 
the placebo group.(38) 

Reducing Exacerbations of Chronic Obstructive Pulmonary Disease (COPD): 
A review of current pharmacological strategies (Continued)

West of England Medical Journal Volume 111, Number 2, Article 1,  2012



More recently azithromycin, another 
macrolide, has been evaluated for poten-
tial use as a prophylactic antibiotic by 
the COPD Clinical Research Network.(39) 

When added to usual treatment, patients 
in the azithromycin group experienced 
significantly fewer COPD exacerbations 
(1.48 exacerbations per patient-year), as 
compared with the placebo group (1.83 
per patient-year, P=0.01).  While patients 
receiving azithromycin were less likely to 
become colonized with respiratory patho-
gens, they were more likely to become 
colonized with macrolide-resistant organ-
isms. Despite this, the azithromycin group 
did not appear to have an increased inci-
dence of exacerbation or pneumonia.(39) 

The mode of action of azithromycin may 
not only lie in its antimicrobial properties 
but also in its immune modulation (anti-
inflammatory) capabilities.  This would 
explain the sustained effectiveness 
in prevention of COPD exacerbations 
despite the quick emergence of resistance 
of COPD flora to the macrolide in the 
previous study.  When using long-term 
azithromycin care must be given to 
hearing decrement, seen in approximately 
20% of the study population.  

Fluroquinolones given at high doses 
for a short period also have microbial 
suppressing properties.(40) Moxifloxacin 
has been demonstrated to be effective 
compared to placebo in reducing bacterial 
colonisation in the airways of patients 
with moderate to severe COPD. This 
study did not detect a reduction in 
exacerbation rate or a prolonged time to 
the first exacerbation, but it was likely 
underpowered to do so. 

Another multicentre, placebo-controlled 
trial of moxifloxacin, the PULSE study, 
compared 400mg of moxifloxacin daily 
to placebo daily for 5 days. Treatment 
was repeated every eight weeks for six 
courses. Moxifloxacin was found to reduce 
the odds ratio of acute exacerbations by 
25% compared to placebo.(41) Patients with 
muco-purulent sputum at baseline were 
found to benefit most from moxifloxacin.
 

The side effects and potential long-term 
risks of increased antibiotic resistance 
that accompany chronic antibiotic use are 
not well studied.  As such, the current 
GOLD guidelines state ‘there is no current 
evidence that the use of antibiotics, other 
than for treating infectious exacerbations 
of COPD and other bacterial infections, 
is helpful,’ (1) and prophylactic anti-
infective therapy (with the exception of 
azithromycin) remains an area needing 
more work.

Phosphodiesterase Inhibitors

Phosphodiesterases (PDEs) are a super 
family of enzymes that inactivate cyclic 
adenosine monophosphate and cyclic 
guanosine monophosphate, making them 
crucial regulators of secondary messengers 
involved in inflammatory processes.(42) 

This group belongs to the methylxanthine 
family of which theophylline is a non-
selective.
 
Despite unfavorable press due to its 
narrow safety margin, theophylline 
remains listed as a third-line therapy after 
LAMAs and LABAs for COPD management, 
and thus is used most often in treatment 
of patients with severe disease.(1, 

43) Theophylline has bronchodilating 
properties, however the relatively high 
plasma concentration of theophylline 
required to induce bronchodilation is 
greater than what most patients can 
tolerate. At lower doses, theophylline 
activates histone deacetylases. This 
activation enhances the anti-inflammatory 
effect of corticosteroids, which explains 
the clinical benefit derived from the 
‘subclinical’ doses often prescribed.(43)  The 
drug’s narrow therapeutic window and 
potential adverse effects, however, limit 
its clinical use.(44)

Phosphodiesterase-4 (PDE4) is one of the 
eleven PDE families.  This isozyme has 
been identified within lung structural 
cells such as smooth muscle cells, airway 
epithelium, and inflammatory cells, all 
of which are involved in the pathogenesis 
of COPD exacerbations.(45) Roflumilast is 
a highly selective PDE4 inhibitor and the 
first in its class to be licensed for use.(6) 

It has recently been approved in several 
countries for treatment of severe COPD 
(FEV1% predicted < 50%) in adult patients 
with a history of frequent exacerbations.
(45) 

Two identically designed six month 
trials found that roflumilast reduced 
exacerbation rate by 17%.(46,47)  The trials 
also reported a sustained improvement in 
pre- and post-bronchodilator FEV1.  The 
effect of roflumilast was seen mainly in 
sputum-producing patients.  The greatest 
improvement was reported in patients 
using long-acting bronchodilators and 
inhaled corticosteroids.  Side effects 
included gastrointestinal side effects and 
weight loss.

A recent Cochrane review of the literature 
included 23 randomised control trials, 
9 studying roflumilast and 14 studying 
cilomilast. Use of PDE4 inhibitors was 
associated with a statistically significant 
reduction in the numbers of participants 
experiencing COPD exacerbations, by 
approximately 25%. This was similar 

between roflumilast and cilomilast. Also of 
note, the review reported a statistically 
significant improvement in FEV1 from 
baseline in PDE4 inhibitor-treated 
participants compared with placebo. (48) 

A post hoc analysis of two studies, RATIO 
and OPUS, was performed to assess the 
effects of adding roflumilast to inhaled 
corticosteroid therapy. The overall 
exacerbation rates, irrespective of ICS 
use, were reduced by 14.3% in patients 
with moderate and severe COPD. When 
patients were stratified by ICS use, 
roflumilast added to concomitant ICS 
therapy reduced exacerbation frequency 
by 18.8%. In patients not receiving ICS 
therapy, roflumilast reduced exacerbations 
by only 7.7%.(49) While these results suggest 
that the addition of roflumilast to ICS 
therapy leads to a greater reduction in 
exacerbations than either treatment 
alone, authors of this study hypothesize 
that patients prescribed ICS likely suffer 
more frequent exacerbations than patients 
not requiring ICS, making the effects 
easier to demonstrate.
Further, roflumilast remained effective 
in reducing exacerbations when used 
concomitantly with either a short-acting 
anti-muscarinic or a long-acting -agonist.
(50,51)

CONCLUSION

The prevention of acute exacerbations 
is an important clinical outcome for 
researchers and an important clinical 
goal because of the adverse effects they 
have on the pulmonary lung function, 
quality of life, and mortality of patients 
with COPD. Long-acting bronchodilators in 
combination with inhaled corticosteroids 
is currently regarded as the most effective 
means of preventing exacerbations. 
However, several therapies, each with 
different mechanisms of action, may 
further reduce exacerbations. 
Additional investigation into the role 
of prophylactic antibiotics and PDE4 
inhibitors in the management of COPD is 
required. Better evaluation of the side 
effects of combining three therapies, the 
risks of increased antibiotic resistance, 
and the adverse effects of PDE4 inhibitors 
is also necessary to identify the most 
safe and effective therapies for optimal 
prevention of acute exacerbations of 
COPD. 

   
 REFERENCES

(1) Global Initiative for Chronic Obstructive Lung Disease 
(GOLD). Global Strategy for the Diagnosis, Management, 
and Prevention of COPD [updated December 2010]. 
Available from: http://www.goldcopd.org/uploads/users/ 
files/GOLDReport_April112011.pdf. Accessed October 13, 
2011.

Reducing Exacerbations of Chronic Obstructive Pulmonary Disease (COPD): 
A review of current pharmacological strategies (Continued)

West of England Medical Journal Volume 111, Number 2, Article 1,  2012



(2) National  Clinical  Guideline  Centre.  (2010)  Chronic  
obstructive  pulmonary  disease:  management  of  chronic  
obstructive  pulmonary  disease  in  adults  in  primary  and 
secondary  care.  London:  National  Clinical  Guideline  
Centre.  Available  from:  http://guidance.nice.org.uk/
CG101/Guidance/pdf/English

(3) Healthcare Commission (2006) Clearing the air: a 
national study of chronic obstructive pulmonary disease. 
London: Healthcare Commission.

(4) Chenna, PR and DM Mannino. Outcomes of Severe 
COPD Exacerbations Requiring Hospitalization. Semin 
Respir Crit Care Med. 2010;31(3):286-294.

(5) Donaldson GC, Seemungal TAR, Bhomik A, Wedzicha 
JA. Relationship between exacerbation frequency and 
lung function decline in chronic obstructive pulmonary 
disease. Thorax 2002;57:847–852.

(6) Han, MK and FJ Martinez. Pharmacotherapeutic 
Approaches to Preventing Acute Exacerbations of Chronic 
Obstructive Pulmonary Disease. Proc Am Thorac Soc Vol 8. 
2011; 356–362.

(7) Seemungal TA, Donaldson GC, Bhowmik A,J effries DJ, 
Wedzicha JA. Time course and recovery of exacerbations 
in patients with chronic obstructive pulmonary disease. 
Am J Respir Crit Care Med 2000; 161:1608–1613.

(8) Miravitlles M, Ferrer M, Pont A, Zalacain R, Alvarez-
Sala JL, Masa F, Verea H, Murio C, Ros F, Vidal R; IMPAC 
Study Group. Effect of exacerbations on quality of life in 
patients with chronic obstructive pulmonary disease: a 2 
year follow up study. Thorax. 2004;59(5):387-95

(9) Aaron SD, Vandemheen KL, Clinch JJ, Ahuja J, Brison 
RJ, Dickinson G, He _bert PC. Measurment of short-
term changes in dyspnoea and disease-specific quality 
of life following an acute COPD exacerbation. Chest 
2002;121:688–696.

(10) Quint JK, Baghai-Ravary R, Donaldson GC, Wedzicha 
JA. Relationship between depression and exacerbations in 
COPD.  Thorax 2008; 32:53-60.

(11) Celli, BR and PJ Barnes. Exacerbations of chronic 
obstructive pulmonary disease. Eur Respir J 2007; 29: 
1224–1238

(12) Ozkaya S, Findik S, Atici AG. The costs of 
hospitalization in patients with acute exacerbation of 
chronic obstructive pulmonary disease. Clinicoecon 
Outcomes Res. 2011;3:15-8. Epub 2011 Jan 17.

(13) Soler-Cataluna JJ, Martinez-Garcia MA, Roman 
Sanchez P, Salcedo E, Navarro M, Ochando R. Severe acute 
exacerbations and mortality in patients with chronic 
obstructive pulmonary disease. Thorax 2005;60:925–931.

(14) Tashkin DP, Celli B, Senn S, Bukhart D, Kesten S, 
Menjoge S, Decramer M for the UPLIFT Study Investiga-
tors.  A 4 year trial of Tiotropium in Chronic Obstructive 
Pulmonary Disease.  N Engl J Med 2008; 359: 1543-1554.

(15) Decramer M, Celli B, Kesten S, Lystig T, Mehra S, 
Tashkin DP. Effect of tiotropium on outcomes in patients 
with moderate chronic obstructive pulmonary disease 
(UPLIFT): a prespecified subgroup analysis of a ran-
domised controlled trial. Lancet 2009;374:1171–1178.

(16) Baker WL, Baker EL, Coleman CI. Pharmacologic 
treatments for chronic obstructive pulmonary disease: a 
mixed-treatment comparison meta-analysis. Pharmaco-
therapy. 2009 Aug;29(8):891-905.

(17) Donald P Tashkin and Leonardo M Fabbri. Long-
acting beta-agonists in the management of chronic ob-
structive pulmonary disease: current and future agents. 
Respiratory Research 2010, 11:149

(18) Wang, J., Nie, B., Xiong, W. and Xu, Y. (2011), Ef-
fect of long-acting beta-agonists on the frequency of 
COPD exacerbations: a meta-analysis. Journal of Clinical 
Pharmacy and Therapeutics. doi: 10.1111/j.1365-2710
.2011.01285.x

(19) Appleton S, Jones T, Poole P, Pilotto L, Adams R, 
Lasserson TJ, Smith B, Muhammad J.  Ipratropium 
bromide versus long-acting beta-2 agonists for stable 
chronic obstructive pulmonary disease. Cochrane Data-
base Syst Rev 2006;3:CD006101.

(20) Beier J, Beeh KM. Long-acting _-adrenoceptor ago-
nists in the management of COPD: focus on indacaterol. 
Int J Chron Obstruct Pulmon Dis. 2011;6:237-43. 

(21) Van den Bruel A, Gailly J, Neyt M. Does tiotropium 
lower exacerbation and hospitalization frequency in 
COPD patients: results of a meta- analysis. BMC Pulm 
Med 2010;10:50.

(22) Vogelmeier C, Hederer B, Glaab T, Schmidt H, 
Rutten-van Mölken MP, Beeh KM, Rabe KF, Fabbri LM; 
POET-COPD Investigators.Tiotropium versus salmeterol 
for the prevention of exacerbations of COPD. N Engl J 
Med. 2011 Mar 24;364(12):1093-1103.

(23) Calverley PM, Anderson JA, Celli B, Ferguson GT, 
Jenkins C, Jones PW, Yates JC, Vestbo J. Salmeterol and 
fluticasone propionate and survival in chronic obstructive 
pulmonary disease. N Engl J Med 2007; 356:775–789.

(24) Ferguson GT, Anzueto A, Fei R, Emmett A, Knobil K, 
Kalberg C. Effect of fluticasone propionate/salmeterol 
(250/50 microg) or salmeterol (50 microg) on COPD exac-
erbations. Respir Med. 2008 Aug;102(8):1099-108. 

(25) Anzueto A, Ferguson GT, Feldman G, Chinsky K, 
Seibert A, Emmett A, Knobil K, O’Dell D, Kalberg C, 
Crater G. Effect of fluticasone propionate/salmeterol 
(250/50) on COPD exacerbations and impact on patient 
outcomes. COPD. 2009 Oct;6(5):320-9.

(26) Nannini L, Cates CJ, Lasserson TJ, Poole P. Com-
bined corticosteroid and long-acting beta-agonist in one 
inhaler versus placebo for chronic obstructive pulmo-
nary disease. Cochrane Database Syst Rev. 2007 Oct 
17;(4):CD003794.
(27) Rodrigo G, Castro-Rodriguez J, Plaza V. Safety and 
efficacy of combined long-acting b-agonists and in-
haled corticosteroids vs long- acting b-agonists mono-
therapy for stable COPD: a systematic review. Chest 
2009;136:1029–1038.

(28) Wedzicha JA, Calverley PMA, Seemungal TA, Hagan 
G, Ansari Z, Stockley RA. The Prevention of Chronic 
Obstructive Pulmonary Disease Exacerbations by Salme-
terol/Fluticasone Propionate or Tiotropium Bromide. Am 
J Respir Crit Care med 2008; 177: 19-26.

 (29) Ernst P, Gonzalez AV, Brassard P, Suissa S. Inhaled 
corticosteroid use in chronic obstructive pulmonary dis-
ease and the risk of hospitalization for pneumonia. Am J 
Respir Crit Care Med. 2007 Jul 15;176(2):162-6. 

(30) Singh S, Amin AV, Loke YK: Long-term use of inhaled 
corticosteroids and the risk of pneumonia in chronic 
obstructive pulmonary disease: a meta-
analysis. Arch Intern Med. 2009;169:219–29.

(31) Karner C, Cates CJ. Combination inhaled steroid 
and long-acting beta2 -agonist in addition to tiotropium 
versus tiotropium or combination alone for chronic 
obstructive pulmonary disease. Cochrane Database of 
Systematic Reviews 2011, Issue 3. Art. No.: CD008532. 
DOI: 10.1002/14651858.CD008532.pub2.

(32) Aaron SD, Vandemheen KL, Fergusson D, Maltais F, 
Bourbeau J, Goldstein R, et al. Tiotropium in combina-
tion with placebo, salmeterol, or fluticasone-salmeterol 
for treatment of chronic obstructive pulmonary disease: 
a randomized trial. Annals of Internal Medicine 2007; 
146(8):545-55.

(33) Welte T, Miravitlles M, Hernandez P, Eriksson 
G, Peterson S, Polanowski T, Kessler R. Efficacy and tol-
erability of budesonide/formoterol added to tiotropium 
in patients with chronic obstructive pulmonary disease. 
American journal of respiratory and critical care medi-
cine 2009; 180(8):741-50.

(34) Rodrigo GJ, Plaza V, Castro-Rodríguez JA. Compari-
son of three combined pharmacological approaches with 
tiotropium monotherapy in stable moderate to severe 
COPD: A systematic review. Pulm Pharmacol Ther. 2011 
Nov 7. [Epub ahead of print]

(35)  Cazzola M, Ando F, Santus P, Ruggeri P, Di Marco 
F, Sanduzzi A, D’Amato M. A pilot study to assess the 
effects of combining fluticasone propionate/salmeterol 
and tiotropium on the airflow obstruction of patients 
with severe-to-very severe COPD. Pulmonary Pharmacol-
ogy and Therapeutics 2007; 20(5):556–61.

(36) Sethi S, Evans N, Grant BJ, Murphy TF. New strains 

of bacteria and exacerbations of chronic obstructive 
pulmonary disease. N Engl J Med. 2002;347:465–471. doi: 
10.1056/NEJMoa012561.

(37) Maraffi T, Piffer F, Cosentini R. Prophylactic antibi-
otic therapy in chronic obstructive pulmonary disease. 
Ther Adv Respir Dis. 2010 Jun;4(3):135-42.

(38) Seemungal, T.A., Wilkinson, T.M., Hurst, J.R., 
Perera, W.R., Sapsford, R.J. and Wedzicha, J.A. Long-
term erythromycin therapy is associated with decreased 
chronic obstructive pulmonary disease exacerbations. 
Am J Respir Crit Care Med 2008; 178: 1139-1147.

(39) Albert RK, Connett J, Bailey WC, Casaburi R, Coo-
per JA Jr, Criner GJ, Curtis JL, Dransfield MT, Han MK, 
Lazarus SC, Make B, Marchetti N, Martinez FJ, Madinger 
NE, McEvoy C, Niewoehner DE, Porsasz J, Price CS, Reilly 
J, Scanlon PD, Sciurba FC, Scharf SM, Washko GR, Wood-
ruff PG, Anthonisen NR; COPD Clinical Research Network. 
Azithromycin for Prevention of Exacerbations of COPD. N 
Engl J Med. 2011 Aug 25;365(8):689-98.

(40) Miravitlles M, Marín A, Monsó E, Vilà S, de la Roza 
C, Hervás R, Esquinas C, García M, Millares L, Morera J, 
Torres A. Efficacy of moxifloxacin in the treatment of 
bronchial colonization in COPD. Eur Respir J 2009; 34: 
1066-1071.

(41) Sethi S, Jones PW, Theron MS, Miravitlles M, Rubin-
stein E, Wedzicha JA, Wilson R. Pulsed moxifloxacin for 
the prevention of exacerbations of chronic obstructive 
pulmonary disease: a randomized controlled trial. Respir 
Res 2010;11:10.

(42) Rabe, K. F. Update on roflumilast, a phosphodi-
esterase 4 inhibitor for the treatment of chronic obstruc-
tive pulmonary disease. British Journal of Pharmacology, 
2011;163: 53–67.

(43) Barnes, PJ. Theophylline for COPD. Thorax. 2006 
September; 61(9): 742–744.

(44) Field SK. Roflumilast, a Novel Phosphodiesterase 4 
Inhibitor, for COPD Patients with a History of Exacerba-
tions. Clin Med Insights Circ Respir Pulm Med. 2011;5:57-
70. 

(45) Antoniu SA. New therapeutic options in the manage-
ment of COPD – focus on roflumilast Int J Chron Obstruct 
Pulmon Dis. 2011; 6: 147–155.

(46) Calverley PMA, Rabe K, Undo-Michael G, Kirstiansen 
S, Fabbri LM, Martines FJ for the M2-124 and M2-125 
study groups.  Rolfumilast in symptomatic chronic 
obstructive pulmonary disease: two randomised clinical 
trial.  The Lancet 2009; 374: 685-694.

(47) Fabbri LM, Calverley PMA, Izquierdo-Alonso, Bund-
schuh DS, Brose M, Martinez F, rabe K for the M2-127 and 
M2-128 study groups.  Roflumilast in moderate-to-severe 
chronic obstructive pulmonary disease treated with long 
acting bronchodilators: two randomised clinical trials. 
The Lancet 2009; 374: 695-703.  

(48) Chong J, Poole P, Leung B, Black PN. Phosphodi-
esterase 4 inhibitors for chronic obstructive pulmo-
nary disease. Cochrane Database Syst Rev. 2011 May 
11;(5):CD002309.

(49) Rennard SI, Calverley PMA, Goehring UM, Breden-
broker D, Martinez FJ. Reduction of exacerbations by 
the PDE4 inhibitor roflumilast-the importance of defin-
ing different subsets of patients with COPD. Respiratory 
Research. 2011;12:18

(50) Bateman ED, Rabe KF, Calverley PM, Goehring UM, 
Brose M, Bredenbröker D, Fabbri LM. Roflumilast 
with long-acting _2-agonists for COPD: influ-
ence of exacerbation history. Eur Respir J. 2011 
Sep;38(3):553-60. Epub 2011 Jul 7.

(51) Martinez FJ, Rabe KF, Wouters EFM, et al. 
Time course and reversibility of weight decrease 
with roflumilast, a phosphodiesterase 4 inhibitor. 
Am J Respir Crit Care Med. 2010;181:A4441.

Reducing Exacerbations of Chronic Obstructive Pulmonary Disease (COPD): 
A review of current pharmacological strategies (Continued)

West of England Medical Journal Volume 111, Number 2, Article 1,  2012


