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Exacerbations of COPD should not be underestimated and should be prevented when possible

COPD exacerbation
and prevention
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Summary

Chronic obstructive pulmonary disease (COPD) is one of the leading causes
of mortality worldwide, therefore representing a major healthcare burden.
Exacerbations become more frequent as the severity of disease increases
and can lead, through dynamic hyperinflation, to life-threatening respiratory
failure. Diagnosis of acutely exacerbated COPD (AECOPD) is based on
Anthonisen’s criteria. It is assessed through careful history-taking, observa-
tion of clinical signs and consideration of certain laboratory parameters. Dif-
ferential diagnoses, especially a cardiac origin for the patient’s symptoms,
should be excluded. Most COPD exacerbations are associated with viral and
bacterial infections. Even though the exact role of the lung microbiome is
still subject to debate, we do know that its composition changes during an
exacerbation. Several biomarkers for AECOPD, such as percentage of blood
eosinophils, are being investigated. Episodes of AECOPD carry an increased
risk for cardiovascular events, possibly the consequence of an underlying
systemic inflammation. Elevated levels of N-terminal prohormone of brain
natriuretic peptide and troponinT predict increased mortality during exacer-
bations. Coronary angiography is a valuable diagnostic and therapeutic tool
in this context. Smoking cessation, influenza and pneumococcal vaccines,
optimising therapy (including inhaler technique and treatment with long-act-
ing inhaled bronchodilators) reduce the number of exacerbations. Adding
inhaled corticosteroids and phosphodiesterase-4 inhibitors may be of ben-
efit. Pulmonary rehabilitation reduces the risk of rehospitalisation after a re-
cent exacerbation. Long-term immunomodulation with azithromycin can be
used in patients with frequent exacerbations who are nonsmokers. Acute ex-
acerbations of COPD are an important event in the course of the disease, can
irreversibly accelerate lung function decline and are associated with signifi-
cant mortality. Their prevention and treatment is therefore of utmost impor-
tance. It has recently become clear that several different phenotypes of
COPD patients exist, for stable disease and exacerbations, which could
guide optimal therapy in the future.
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Introduction and definition

Chronic obstructive pulmonary disease (COPD), a com-
mon, preventable and treatable disease, is character-
ised by persistent airflow limitation that is usually pro-
gressive and associated with an enhanced chronic
inflammatory response in the airways to noxious par-
ticles or gases. Exacerbations and comorbidities con-
tribute to the overall severity in individual patients [1].
COPD is a leading cause of morbidity and mortality
worldwide and results in an economic and social bur-
den that is both substantial and increasing [2]. Glob-
ally, as of 2010, it affected approximately 329 million
people (4.8% of the population) [3]. Presently, COPD is
the third leading cause mortality in the world [4].

An exacerbation of COPD is characterised by a change
in the patient’s baseline dyspnoea, cough and/or spu-
tum that is acute in onset, beyond usual day-to-day
variation, and may warrant a change in regular medi-
cation, in a patient with underlying COPD [5].

Epidemiology

Based on data collected in the observational study
Evaluation of COPD Longitudinally to Identify Predic-
tive Surrogate Endpoints (ECLIPSE) [6], exacerbations
become more frequent and more serious as the sever-
ity of COPD increases. Exacerbation rates in the first
year of follow-up were 0.85 per person for patients with
stage 2 COPD (defined according to the Global Initiative
for Chronic Obstructive Lung Disease [GOLD] stages),
1.34 for patients with stage 3, and 2.00 for patients with
stage 4. Overall, 22% of patients with stage 2 disease,
33% with stage 3 disease, and 47% with stage 4 disease
had frequent exacerbations (two or more in the first
year of follow-up). The single best predictor of exacer-
bations, across all GOLD stages, was a history of exacer-
bations. The “frequent-exacerbation phenotype”, ap-
peared to be relatively stable over a period of 3 years
and could be predicted by the patient’s recall of previ-
ously treated events (fig. 1). Several factors are associ-
ated with exacerbations. According to observational
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Figure 1: Association of disease severity with the frequency and severity of exacerba-
tions during the first year of follow-up in patients with COPD. (Adapted from Hurst JR,
Vestbo J, Anzueto A, et al. N Engl J Med. 2010;363:1128-38; reprinted with permission).
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studies, the risk of developing an exacerbation corre-
lates with advanced age, productive cough, duration of
COPD, preceding courses of antibiotic therapy, hospi-
talisation due to an exacerbation in the previous year,
a peripheral blood eosinophil count >0.3 x 10° cells/1
and the presence of multiple associated comorbidities
(eg, coronary artery disease, chronic heart failure, or
diabetes) [7-13]. Other risk factors for COPD exacerba-
tion are gastro-oesophageal reflux disease and pulmo-
nary hypertension [14, 15].

Pathophysiology

In stable COPD patients, pulmonary function tests are
used for diagnosis, characterisation and follow-up.
However, spirometry or peak flow measures for the
diagnosis of an acute exacerbation are not recom-
mended. The main mechanism leading to respiratory
failure during a severe exacerbation is expiratory flow
limitation, causing lung hyperinflation with serious
mechanical consequences [16].

During an exacerbation, worsening expiratory flow
limitation results in dynamic hyperinflation with in-
creased end-expiratory lung volume (EELV) and resid-
ual volume (RV). Corresponding reductions occur in in-
spiratory capacity (IC) and inspiratory reserve volume
(IRV). Total lung capacity (TLC) is unchanged. Mechani-
cally, increased pressures must be generated to main-
tain tidal volume (TV). At end-expiration during exac-
erbations, intrapulmonary pressures do not return to
zero, representing the development of intrinsic posi-
tive end expiratory pressure (PEEPi) which imposes in-
creased inspiratory threshold loading (ITL) on the in-

spiratory muscles; during the subsequent respiratory
cycle, PEEPi must first be overcome in order to gener-
ate inspiratory flow.

In COPD patients, the available time for lung emptying
during spontaneous breathing is often insufficient to
allow EELV to reach its natural relaxation volume. This
leads to lung hyperinflation. Dynamic hyperinflation
is defined by an acute and variable increase in EELV
above its baseline value. It occurs as a consequence of
an abrupt increase in airway resistance during COPD
exacerbation, secondary to sputum overproduction
and plugs, bronchospasm and mucosal oedema.

In stable COPD, respiratory muscles adapt to chronic
thoracic hyperinflation at rest. But these adjustments
may become inadequate in the event of a sudden
increase of dynamic hyperinflation (DH). Acute DH
shortens inspiratory muscles, flattening the dia-
phragm and causing respiratory muscle weakness. Ex-
posure to oxidative stress and lactic acidosis may also
contribute to muscular exhaustion in the setting of an
exacerbation [17].

Arterial oxygen desaturation, carbon dioxide reten-
tion and acidosis lead to an increased central respira-
tory drive but also produce neuromechanical dissocia-
tion. In the presence of limited respiratory flow, this
produces a worsening ventilation/perfusion (V/Q) mis-
match and increases the shunt fraction finally result-
ing in respiratory failure [18].

Diagnosis and assessment

The diagnosis of an exacerbation relies exclusively on
apatient’s clinical presentation: dyspnoea, cough, and/
or sputum production that is beyond normal day-to-
day variation. Based on Anthonisen’s criteria, type 1
exacerbation is defined as the occurrence of increased
dyspnoea, sputum volume and sputum purulence.
Type 2 exacerbation is characterised by the presence of
two of these three symptoms, and type 3 refers to the
presence of only one of these symptoms in addition to
at least one of the following: upper respiratory tract in-
fection (sore throat, nasal discharge) within the past 5
days; fever without any other identifiable cause; in-
creased wheezing; increased cough; or an increase in
respiratory rate or heart rate by 20% compared with
baseline [19].

The assessment of a COPD exacerbation is based on the
patient’s medical history and clinical signs of severity
as well as some laboratory tests, if available [1] (table 1).
Several tests should be considered to assess the sever-
ity of an exacerbation:

- Pulse oxymetry is useful for monitoring and adjust-

ing supplemental oxygen therapy.
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Table 1: Assessment of COPD exacerbations.

Medical history

Severity of COPD based on degree of airflow limitation

Duration of worsening or new symptoms

Number of previous episodes (total/hospitalisations)

Comorbidities

Present treatment regimen

Previous use of mechanical ventilation

Signs of severity

Use of accessory respiratory muscles

Paradoxical chest wall movements

Worsening or new onset central cyanosis

Development of peripheral oedema

Haemodynamic instability

Deteriorated mental status
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— The measurement of arterial blood gasses is vital if
the coexistence of acute or acute-on-chronic respir-
atory failure is suspected: PaO, <8.0 kPa (60 mm Hg)
with or without PaCO, >6.7 kPa (50 mm Hg) breath-
ing ambient air.

— Assessment of acid-base status is necessary before
initiating mechanical ventilation.

— Chest radiographs are useful for excluding alterna-
tive diagnoses.

— AnECG may help for the diagnosis of coexisting car-
diac problems.

— The whole blood count may identify polycythaemia
(haematocrit >55%), anaemia or leucocytosis. More-
over, eosinophilia has been associated with an in-
creased risk of readmission in severe COPD exacer-
bations [63].

- Spirometry is not recommended during an exacer-
bation because it can be difficult to perform, and
measurements are considered not accurate enough.

— The presence of purulent sputum can be a sufficient
indication for starting empirical antibiotic treat-
ment. A sputum culture with antibiotic sensitivity
tests should be performed.

Differential diagnosis

COPD patients who present to the hospital with acute
worsening of dyspnoea should be evaluated for poten-
tial alternative diagnoses, such as heart failure, cardiac
arrhythmia, pulmonary thromboembolism, pneumo-
nia, pleural effusion and pneumothorax [19].

One study reported a series of 43 consecutive patients
who were admitted to hospital for an acute COPD exac-
erbation and died within 24 hours of hospitalisation
[20]. Despite the small size of the study, there were sev-
eral notable findings. First, the leading cause of death
was, surprisingly, not respiratory failure but cardiac
failure, accounting for 37% of all deaths, followed by

pneumonia and thromboembolic events, each contrib-
uting 28% and 21%, respectively, to total mortality.
Only 14% of deaths could be primarily attributed to res-
piratory failure secondary to COPD.

Arecent systematic review including 880 patients with
unexplained AECOPD found a pooled prevalence of
16.1% of pulmonary embolism on HRCT-angiography
[64]. Two thirds of these emboli were found on occa-
sions with a clear indication for anticoagulation, em-
phasising the clinical importance of theses results.

Aetiology, triggers and biomarkers

COPD exacerbations are heterogeneous events that are
now thought to be caused by complex interactions
between the host, respiratory viruses, airway bacteria
and environmental pollution, leading to an increase in
the inflammatory burden [21].

Viral and bacterial infections are associated with the
vast majority of severe COPD exacerbations requiring
hospitalisation, and presence of infection is related to
exacerbation severity [22] (table 2).

A study examined 64 patients with COPD when hospi-
talised for exacerbations as well as in stable convales-
cence, using sputum sample cultures and polymerase
chain-reaction (PCR) analysis for respiratory virus,
Chlamydia pneumoniae and Mycoplasma pneumoniae.
Of the 64 samples analysed, respiratory viruses were
detected in 31 (48%) sputum samples during exacerba-
tions: 17 rhinovirus, seven influenza virus, four respir-
atory syncytial virus (RSV), two parainfluenza virus,
two coronavirus and three human metapneumovirus
(HMPV). On the other hand, respiratory viruses were
detected in only four (6.25%) sputum samples during
stable convalescence: two rhinovirus and two RSV (sig-
nificantly less than during exacerbations, p <0.001).
Positive bacterial cultures were obtained from 35
(54.7%) sputum samples during exacerbations: nine

Table 2: Most common bacterial and viral pathogens isolated
from patients with COPD exacerbations.

Bacteria Haemophilus influenzae
Moraxella catarrhalis
Streptococcus pneumoniae
Pseudomonas aeruginosa
Viruses Rhinovirus

Coronavirus

Influenza

Parainfluenza

Adenovirus

Respiratory syncytial virus
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Haemophilus influenzae, eight Streptococcus pneumo-
niae, seven Moraxella catarrhalis, four Staphylococcus
aureus; four Pseudomonas aeruginosa, three Enterobac-
ter spp. Only 24 (37.5%) positive bacterial cultures were
obtained in convalescence: six H. influenzae, five S.
pneumoniae, four M. catarrhalis, four S. aureus, three
Enterobacter spp., two P. aeruginosa (p = 0.08 vs exacer-
bations). The bacterial load in positive samples was 106
cfu/ml or more. Samples yielding a bacterial growth of
107 cfu/ml or more were as follows: 27 at exacerbation
(77% of the positive samples) and only 12 in stable con-
ditions (50% of the positive samples; p <0.01).

Increasing evidence suggests that the lung microbi-
ome plays an important role in COPD severity. How-
ever, its dynamics during COPD exacerbations and its
potential role in disease aetiology remain poorly un-
derstood [23]. Bafadhel and collegues conducted a
study evaluating microbiome dynamics in samples
collected from 87 subjects with COPD at four visits de-
fined as stable state, exacerbation, 2 weeks post-ther-
apy and 6 weeks recovery. Interestingly, distinct mi-
crobiome profiles at both phylum and genus levels
were observed during exacerbations across different
phenotypes (fig. 2). Compared with the other sub-
groups, differences were greatest for bacterial and eo-
sinophilic
changes during COPD exacerbations are potentially

exacerbations. Dynamic microbiome
implicated in mediating inflammatory host responses.
This opens a field for new biomarkers and respiratory
therapeutics.

The diagnosis of COPD exacerbations relies on the pa-
tient’s clinical presentation. The need for specific bio-
markers supporting the diagnosis and facilitating tai-
lored therapeutic decisions has prompted investigators
to seek for clusters of molecules in this field. The most
studied blood-based biomarkers are C-reactive protein
(CRP), interleukin-6 (IL-6), tumor necrosis factor alpha
(TNF-a) and eosinophils. Bafadhel and colleagues in-
vestigated serum and sputum biomarker expression in
COPD exacerbations according to different pheno-
types: bacteria-, virus-, and sputum eosinophil-associ-
ated. The biomarkers that best identified these clinical
phenotypes were sputum IL-18 with an area under the
receiver operating characteristic curve (ROC) of 0.89
(95% confidence interval [CI] 0.83-0.95); serum C-X-C
motif chemokine ligand 10 (CXCL10) (ROC 0.83, 95% CI
0.70-0.96); and percentage of peripheral eosinophils
(ROC 0.85,95% CI, 0.78-0.93), respectively [24]. These re-
sults pave the way to the future use of phenotype-spe-
cific biomarkers to direct therapy.

Procalcitonin (PCT) and CRP have also been studied as
biomarkers for guiding antibiotic therapy in patients
with AECOPD requiring hospitalisation. In a ran-
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Figure 2: Microbiome shifts during exacerbations and
composition of major taxonomic groups at both phylum and
genus levels in samples collected across the four visit types:
stable, exacerbation (Exac), post-therapy (Post) and recovery
(Rec) (from Wang Z, et al. Lung microbiome dynamics in
COPD exacerbations. Eur Respir J. 2016;47(4):1082-92,
reprinted with permission).

domised controlled trial, Stolz and colleagues found a
reduction in antibiotic use for up to 6 months in a PCT-
guided therapy group, but there was no difference
regarding clinical outcomes or FEV1 at 14 days and at
6 months. The exacerbation rate, the readmission rate
and the mean time to the next exacerbation were simi-
lar in both groups [65].

In another study, CRP and PCT performed similarly as
predictors of clinical outcome and bacterial presence,
but even patients with low PCT levels (<0.1 pg/1) seemed
to benefit from antibiotic treatment. The authors
therefore suggested that CRP might be a more valuable
marker in these patients [66].

Other investigations have demonstrated that elevated
levels of CRP, fibrinogen and leucocyte count in indi-
viduals with COPD were associated with an increased
risk of exacerbations [25].

Cardiovasular consequences

Cardiovascular disease is an important comorbidity in
patients with COPD. Patients suffering from COPD ex-
acerbations are at increased risk of cardiovascular
events, and about one third of COPD patients die of car-
diovascular disease [26]. This might be a consequence
of the systemic inflammation that is associated with
acute exacerbations. Donaldson and colleagues found
a 2.27-fold (95% CI 1.1-4.7; p = 0.03) increased risk of
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myocardial infarction 1to 5 days after exacerbation [27,
28]. In a cohort of patients admitted to hospital for AE-
COPD, Chag et al. investigated the association between
plasma levels of cardiac biomarkers (N-terminal
prohormone of brain natriuretic peptide [NT pro-BNP]
and troponin T) and mortality. Elevated NT-proBNP
(>220 pmol/]) was present in 65/244 patients (27.5%) and
significantly predicted 30-day mortality (odds ratio
[OR] 9.0, 95% CI 3.1-26.2, p <0.001). Elevated troponin T
(>0.03 pg/1) was found in 40/241 patients (16.6%) and
also predicted 30-day mortality (OR 6.3, 95% CI 2.4-16.5;
p <0.001). NT-proBNP and troponin T levels appeared to
have additive associations with mortality: 30-day mor-
tality among patients with abnormalities of both NT-
proBNP and troponin T was 15-fold higher than among
patients with normal values [29].

Pizzarro and collegues studied the diagnostic value of
coronary angiography in patients with AECOPD and
elevated cardiac troponin. Coronary angiography
confirmed the presence of ischaemic heart disease in
59 patients (67.0%), 34 of whom (38.6% of the total study
population) underwent percutaneous coronary inter-
vention. Among these, the vast majority (n = 26, 76.5%)
had no previously known ischaemic heart disease,
whereas only 8 out of the 34 patients (23.5%) gave a his-
tory of ischaemic heart disease. Patients requiring cor-
onary intervention had significantly reduced left ven-
tricular ejection fraction (45.8 + 13.1% vs 55.1 + 13.3%,
p = 0.01) and more often electrocardiographic ST-seg-
ment depression (20.6% vs 7.4%, p = 0.01). These results
should raise awareness for ischaemic heart disease in
acutely exacerbated COPD patients requiring hospitali-
sation and presenting with high troponin levels [30].

Prevention

COPD exacerbations can often be prevented. Smoking
cessation, influenza and pneumococcal vaccines, opti-
mal therapy including a check of inhaler technique
and adherence, treatment with long-acting inhaled
bronchodilators, combined or not with inhaled corti-
costeroids, and possibly phosphodiesterase-4 inhibi-
tors, reduce the number of exacerbations and hospital-
isations.

Influenza and pneumococcal vaccination
Influenza vaccination is currently recommended in
COPD patients, mainly based on observational studies
showing a decreased number of exacerbations and
hospitalisations in vaccinated patients.

A Cochrane systematic review by Poole, based on ran-
domised control trials, found a significant reduction in
the total number of exacerbations per vaccinated
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subject compared with those who received placebo
(weighted mean difference —0.37, 95% CI —0.64 to —0.11,
p =0.006) [31].

COPD patients have an increased risk of pneumococcal
infection. To our knowledge, there is no trial evaluat-
ing the impact of pneumococcal vaccination on COPD
exacerbations. Decisions about vaccination in COPD
patients depend on local policies. Nevertheless, a ran-
domised control trial carried out in 596 COPD patients
showed that the 23-valent pneumococcal polysaccha-
ride vaccine (PPV) is effective in preventing commu-
nity-acquired pneumonia, mainly in patients aged less
than 65 years and with severe obstruction [67].

A recent study evaluating the cost-effectiveness of the
13-valent pneumococcal conjugate vaccine (PCV13) in
COPD patients older than 50 years in Spain demon-
strated higher health benefits than vaccination with
the polysaccharide vaccine [32].

Smoking cessation

Smokers with mild COPD who cough and produce
phlegm achieve substantial symptom reduction in the
first year after smoking cessation, with less lung func-
tion decline and lesser symptoms upon sustained
cessation. In general, effective smoking cessation pro-
grammes include behavioural, physiological and psy-
chological components, comprising an acknowledg-
ment of current smoking followed by advice to quit,
pharmacological therapies (nicotine replacement ther-
apy, antidepressants, nicotine receptor modifier ther-
apy) and counselling. Although the effect of and evi-
dence for smoking cessation in the prevention of acute
exacerbations of COPD are low, this should be consid-
ered the most important intervention for all COPD pa-
tients regardless of the degree of disease severity.

Pulmonary rehabilitation

It has been well established that pulmonary rehabilita-
tion improves quality of life, exercise tolerance, and
dyspnoea, reducing the risk of hospitalisations in pa-
tients with COPD who have had a recent exacerbation
(i.e., <4 weeks post-hospitalisation).

Pulmonary rehabilitation does not directly improve
lung mechanics or gas exchange. Rather, it optimises
the function of other organ systems and therefore
minimizes the effect of lung dysfunction [33].

A systematic review and meta-analysis including 18 co-
hort studies and randomised controlled trials showed
that the control groups had a higher overall rate of hos-
pitalisation than did the pulmonary rehabilitation
groups (control: 0.97 hospitalisations/patient-year, 95%
CI 0.67-1.40; rehabilitation: 0.62 hospitalisations/pa-
tient-year, 95% CI 0.33-1.16) [34].
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Pharmacological treatment

Long-acting bronchodilators

The use of long-acting p2-agonists (LABAs) and long-
acting muscarinic antagonists (LAMAs) alone or in
combination is recommended for most COPD patients.
Bronchodilation improves expiratory airflow and de-
creases air trapping.

Both LABAs and LAMAs have proven their efficacy in
reducing exacerbations compared with placebo when
used alone or in combination [37-41]. Some studies
comparing the effectiveness in reduction of exacerba-
tion rates between LABAs and LAMAs suggest that the
latter have a greater impact [42, 43].

Dual bronchodilation (LABA/LAMA) has shown superi-
ority in AECOPD reduction when compared with other
therapeutic options. The LANTERN study of moderate-
to-severe COPD patients found a significant 31%
reduction in moderate or severe exacerbations with
indicaterol/glycopyrronium (IND/GLY) compared with
salmeterol / fluticasone propionate (SFC), even though
exacerbations were not a primary endpoint [44].
Recently, the FLAME study demonstrated that IND/GLY
was more effective than SFC in preventing AECOPD in
patients with a history of exacerbations during the
previous year. The annual rate of moderate or severe
exacerbations was lower in the IND/GLY group than in
the SFC group (0.98 vs 1.19; rate ratio 0.83 95% CI 0.75—
0.91; p <0.001), and the time to the first moderate or
severe exacerbation was longer in the IND/GLY group
than in the SFC group (hazard ratio 0.78, 95% CI 0.70—
0.86; p <0.001), as was the time to the first severe exac-
erbation (hazard ratio 0.81, 95% CI 0.66-1.00; p = 0.046)
[45].

Long-acting bronchodilators and inhaled
corticosteroids

GOLD recommends inhaled treatment with a LABA
plus inhaled corticosteroids (ICS) combination for
COPD patients with >2 exacerbations (or one exacerba-
tion requiring hospitalisation) [19]. Patients with
asthma/ COPD overlap syndrome (ACOS) probably ben-
efit from ICS because of the predominant eosinophilic
phenotype in ACOS patients.

An association between the sputum eosinophil count
and the response to ICS has been demonstrated in a
randomised, double-blind, crossover trial of mometa-
sone furoate versus placebo. Compared with placebo,
the net improvement in post-bronchodilator FEV1 in-
creased with mometasone progressively from the least
to the most eosinophilic tertile [46].

In the study Towards a Revolution in COPD Health
(TORCH), a randomised, double-blind trial compared
salmeterol at a dose of 50 pg plus fluticasone propion-

CARDIOVASCULAR MEDICINE - KARDIOVASKULARE MEDIZIN - MEDECINE CARDIOVASCULAIRE 2017;20(2):38-45

Published under the copyright license “Attribution — Non-Commercial — NoDerivatives 4.0". No commercial reuse without permission.

43

ate at a dose of 500 pg twice daily (combination regi-
men, SFC), administered with a single inhaler, with pla-
cebo, salmeterol alone, or fluticasone propionate alone
for a period of 3 years. SFC was associated with a 25% re-
duction in exacerbation rate versus placebo (p <0.001),
a 12 % reduction versus salmeterol (p = 0.002) and a 9%
reduction versus fluticasone propionate (p = 0.02) [47].
A study including GOLD class III-IV patients with >1
exacerbation in the previous year, a combination of
budesonide/formoterol significantly reduced the risk
of exacerbations by 28.5, 22.7 and 29.5% versus placebo,
budesonide and formoterol, respectively (p <0.05 for
all) [48].

Because of the increased risk of pneumonia, osteopo-
rosis/fractures, diabetes and other potential side ef-
fects, the safety of long-term ICS treatment is still sub-
ject to debate.

The WISDOM trial, a 12-month, double-blind, parallel-
group study including 2485 severe and very severe
COPD patients with a history of exacerbation, evalu-
ated the time to the first moderate to severe exacerba-
tion in patients on triple inhaled therapy (LAMA/
LABA/ICS): those who withdrew from ICS therapy but
remained on LABA/LAMA were compared with those
who remained on ICS with LABA/LAMA. In patients
with severe COPD receiving tiotropium and salmet-
erol, the risk of moderate or severe exacerbations was
similar amongst those who stopped inhaled glucocor-
ticoids and those who continued them. However, there
was a greater decrease in lung function during the
final step of glucocorticoid withdrawal [49].

Switching from LABA/ICS to LABA monotherapy seems
to be safe in patients at low risk of exacerbation. In the
INSTEAD trial (Indacaterol: Switching Non-exacerbat-
ing Patients with Moderate COPD From Salmeterol/
Fluticasone to Indacaterol), the withdrawal of ICS oc-
curred with no efficacy loss [50].

Triple inhaled therapy (LABA/LAMA/ICS)

The addition of LAMA to LABA/ICS combined therapy
showed to be of benefit in COPD patients with post-
bronchodilator FEV1lower than 50%, one or more mod-
erate-to-severe COPD exacerbations in the previous 12
months, and COPD Assessment Test total score of 10 or
more. The TRILOGY study showed, over a mean follow-
up of 4.65 years, that triple therapy with beclometa-
sone dipropionate, formoterol fumarate and glycopyr-
ronium bromide (BDP/FF/GB) was associated with a
35% reduction in all-cause mortality (p <0.001), a 29%
reduction in moderate exacerbations (p <0.001) and a
15% reduction in severe exacerbations (p = 0.04) com-
pared with beclometasone dipropionate and formo-
terol fumarate (BDP/FF) treatment alone [51].
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Phosphodiesterase-4 inhibitors
Phosphodiesterase-4 (PDE-4) inhibitors (roflumilast
and cilomilast) have been demonstrated to be useful
for COPD patients who are at high risk of exacerbations
and have a chronic bronchitis phenotype [19]. In this
particular group of patients, roflumilast is associated
with a reduction of 13-17% in moderate/severe exacer-
bations when compared with placebo [52, 53].

A double-blind, placebo-controlled trial evaluated rof-
lumilast in exacerbated severe or very severe COPD
patients with two or more exacerbations/hospitalisa-
tions in the previous year. Roflumilast failed to statisti-
cally significantly reduce moderate and/or severe ex-
acerbations in the overall population, but improved
lung function and reduced exacerbations in partici-
pants with frequent exacerbations (more than three)
and/or history of hospitalisation [54]. Tolerability of ro-
flumilast may be a limitation for more extensive use in
severe COPD. Its most common adverse effects are gas-
trointestinal, specifically diarrhoea, nausea and weight
loss. Psychiatric effects (insomnia, anxiety, depression
/ suicidal behaviour) also occured more often with rof-
lumilast than with placebo in clinical trials [55]. Never-
theless, roflumilast, as part of a combination regimen
with long-acting bronchodilators with or without ICS,
appears to be a reasonable treatment option for pa-
tients with severe to very severe COPD associated with
chronic bronchitis and a history of exacerbations de-
spite optimal inhaled therapy.

Macrolide antibiotics

COPD exacerbations are generally thought to ariseas a
result of a complex interplay between bacterial and/or
viral infection associated with an aberrant immune re-
sponse. A Cochrane systematic review of seven ran-
domised controlled trials involving 3170 patients
found that continuous use of macrolide antibiotics as
prophylactic therapy resulted in a significant reduc-
tion of exacerbations (OR 0.55, 95% CI 0.30-0.77) [56].
There are, however, no data on macrolide efficacy and
safety beyond 1 year.

Long-term use of antibiotics may induce bacterial re-
sistance. Macrolide resistance has indeed been docu-
mented in COPD patients treated with this approach
[57]. Continuous macrolide treatment is also associated
with gastrointestinal events, whereas hearing loss or
QT segment prolongation seem very rare and are prob-
ably dose dependent [68]. In addition, little evidence of
a treatment benefit has been found among current
smokers [58]. Thus, long-term treatment with azithro-
mycin should be reserved for nonsmokers who suffer
from frequent exacerbations despite optimal inhaled
therapy.

N-acetylcysteine and other mucolytic agents
Oxidants have long been known to play an important
role in the pathogenesis of COPD. Cigarette smoke gen-
erates a significant amount of oxidant radicals, which
can modify the structure of the respiratory tract and
sustain lung inflammation in COPD through several
mechanisms. Therefore, exogenous supplementation
of antioxidant compounds could at least partially
counteract the oxidative stress. N-acetylcysteine
(NAC) has great potential owing to its capacity to di-
rectly oppose oxidants with its free thiols, and to its
ability to act as a donor of cysteine precursors aimed at
glutathione restoration [59].

A recent systematic review evaluated the effect of mu-
colytic agents compared with placebo, including 34
randomised controlled trials recruting a total of 9367
participants. Results showed that the chance of being
exacerbation-free during the study period was greater
among mucolytic groups (Peto OR 175, 95% CI 1.57-
1.94). Compared with placebo, use of mucolytics was as-
sociated with a reduction of 0.03 exacerbations per
participant per month (mean difference —-0.03, 95% CI
-0.04 to -0.03; 7164 participants; 28 studies; 1(2) = 85%),
that is, about 0.36 per year, or one exacerbation every
3 years [60]. However, these results should be inter-
preted with caution because there were considerable
differences in the patient populations and definitions
of exacerbation. Some of these studies included pa-
tients with chronic bronchitis, without the require-
ment for COPD criteria. Besides, there was also a wide
range of mucolytic dosages prescribed. A meta-analy-
sis including 13 studies and 4155 patients (NAC n = 1933,
placebo or controls n = 2222) showed that patients
treated with NAC had significantly and consistently
fewer exacerbations (relative risk 0.75, 95% CI 0.66—
0.84; p <0.01). NAC was well tolerated and the risk of ad-
verse reactions was not dose-dependent (low doses
<600 mg per day: relative risk 0.93, 95% CI 0.89-0.97;
p = 0.40; high doses >600 mg per day: relative risk 1.11,
95% CI 0.89-1.39; p = 0.58) [61].

Erdosteine, a mucolytic agent with anti-inflammatory,
antioxidant and bacterial antiadhesive properties, has
recently been reported to reduce the rate (17%) and du-
ration (44%) of exacerbations compared with placebo
in GOLD moderate to severe COPD patients and at least
two exacerbations in the previous year [62].

The results on the therapeutic effect of NAC on AECOPD
have been encouraging, even if much of the data come
from the larger trials conducted in Chinese popula-
tions. High-dose oral NAC offers interesting perspec-
tives as add-on therapy for COPD patients.
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Figure 3: COPD maintenance inhaled treatment (Personal opinion).
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Beta-blockers

Cardiovascular disease is a primary cause of death in
patients with COPD. Retrospective studies have sug-
gested that beta-blocker use in patients with COPD is
associated with a reduction in the frequency of acute
exacerbations as well as with lower mortality. A meta-
analysis based on observational studies revealed that
beta-blocker treatment significantly decreased the risk
of overall mortality and exacerbation of COPD [35].Ina
prospective follow-up of the COPDGene cohort based
on GOLD class 2 to 4 COPD patients, beta-blocker use
was associated with a significantly lower rate of total
(incidence risk ratio (IRR) 0.73, 95% CI 0.60-0.90; p =
0.003) and severe exacerbations (IRR 0.67, 95% CI 0.48—
0.93; p = 0.016). In those with GOLD stage 3 and 4 and on
home oxygen, use of beta-blockers was again associ-
ated with a reduction in the rate of total exacerbations
(IRR 0.33, 95% CI 0.19-0.58; p <0.001) and severe exacer-
bations (IRR 0.35, 95% CI 0.16—0.76; p = 0.008). Exacerba-
tion reduction was greatest in GOLD stage B. There was
no difference in all-cause mortality with beta-blocker
use [36].

Conclusions

Exacerbations of COPD are important events in the
course of the disease. Given their detrimental impact,
they should not be underestimated, and their preven-
tion should be a key goal of COPD treatment.

AECOPD negatively affect a patient’s quality of life and
symptoms. Lung function may take several weeks to

recover or its decline may be accelerated. Exacerba-
tions are associated with significant mortality, par-
ticularly in those who require hospitalisation. In-hos-
pital mortality of patients admitted for a hypercapnic
exacerbation with acidosis is approximately 10%. Mor-
tality reaches 40% at 1 year after discharge in those
needing mechanical ventilation, and all-cause mortal-
ity 3 years after hospitalisation is as high as 49%. Exac-
erbations are associated with a high socioeconomic
burden, accounting for most of COPD-related health-
care expenditure.

It can be helpful to consider exacerbations as heteroge-
neous events, as their nature seems to differ between
different subgroups of patients, presenting as different
phenotypes.

Exacerbations can be triggered by many factors. The
most common appear to be viral or bacterial respira-
tory tract infections. Peaks of air pollution or mainte-
nance therapy discontinuation can also precipitate
AECOPD. In one third of cases, the exact cause cannot
be identified.

Conditions that mimic and/or are associated with
exacerbations, particularly those of cardiovascular ori-
gin, need to be considered and appropriately treated if
present.

COPD exacerbation can often be prevented. Smoking
cessation, and influenza and pneumococcal vaccina-
tion should be encouraged; current therapy and in-
haler technique should be regularly checked. Pulmo-
nary rehabilitation increases quality of life and
reduces hospitalisation rates. Fixed LABA/LAMA com-
bination therapy significantly decreases exacerba-
tions. The significance of blood or sputum eosinophils
is not yet completely understood, but they probably
predict responsiveness to ICS. ACOS patients may be
particularly likely to benefit from ICS/LABA therapy,
having a predominantly eosinophilic phenotype. On
the other hand, ICS therapy can probably be safely
withdrawn in patients at low risk of exacerbations. Tri-
ple LABA/LAMA/ICS combination therapy is superior
to LABA/ICS in preventing exacerbation. Azithromy-
cin, roflumilast and N-acetylcysteine further reduce
exacerbation rates in patients with frequent exacerba-
tions/hospitalisations, but their tolerability can be
problematic. Here we present our proposition of in-
haled treatment for symptomatic COPD patients (fig. 3).
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