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INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is  

characterized by chronic airflow limitation and airway inflam-
mation that is not fully reversible and is progressive in nature.1 
COPD is the third-leading cause of death and a considerable 
cause of disability in the United States.2 In 2011, an estimated 
13.7 million Americans had been diagnosed with COPD.2 
The disease led to 10.3 million office visits, 1.5 million emer-
gency department (ED) visits, and 699,000 hospitalizations in 
2010.2 The economic burden continues to rise; approximately 
$50 billion was spent in 2010, including $20 billion in indirect 
costs and $30 billion in direct health care costs.3 A significant 
portion (50% to 70%) of the direct health care costs related 
to COPD are attributed to exacerbations.1,3 A recent report 
indicated an increase in cost with each COPD readmission, 
ranging from $8,400 to $11,100 based on principal diagnosis 
and all-cause COPD readmissions, respectively.3

The overall goals of COPD management are to optimize 
pulmonary function, to prevent progression, to improve quality 
of life, and to prevent and reduce the frequency and severity 
of exacerbations.1

An exacerbation of COPD is defined 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 
require a change in medication regimen.1 The most common 
etiologies of COPD exacerbations are bacterial and viral infec-
tions. Air pollutants, cigarette smoke, and noncompliance 
with medication can also result in exacerbations, although the 
cause is never identified in about one-third of exacerbations. At 
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present, exacerbations are diagnosed based upon the patient’s 
clinical presentation. 

The three cardinal symptoms of COPD exacerbation are 
increased dyspnea, cough, and purulent sputum production.1 
The frequency and severity of exacerbations are among  
the factors that determine the prognosis of COPD. Exacerbations 
become more frequent and severe as COPD severity  
increases (Table 1).1 It is estimated that patients with  
moderate COPD experience an average of 1.3 exacerbations 
per year; those with severe COPD experience an average of 
two exacerbations per year.4 The risk of exacerbations varies 
greatly among patients. Recent trials have identified several 
risk factors for exacerbations (Table 2).5,6 It is critical to iden-
tify patients at risk for frequent exacerbations and to prevent 
associated hospital readmissions; this has implications for 
targeting of exacerbation-prevention strategies across the 
spectrum of disease severity.5–7

Pharmacological management of an acute exacerbation 
of COPD (AECOPD) includes rapid-acting bronchodilators; 
systemic corticosteroids; and, in select patients, antimicrobials. 
The goals of therapy are prevention of hospitalization or reduc-
tion in length of hospital stay, prevention of acute respiratory 
failure and mortality, resolution of exacerbation symptoms, 
and resumption of baseline clinical status and quality of life. 
Recommended strategies for preventing AECOPD include 
selection of and adherence to optimal pharmacological therapy, 
smoking cessation, pulmonary rehabilitation, and influenza 
and pneumococcal vaccination.1 

As part of its Hospital Readmissions Reduction Program, the 
Centers for Medicare and Medicaid Services in 2015 began 
measuring all-cause readmissions for patients hospitalized 
for AECOPD, in addition to heart failure, acute myocardial 
infarction, and pneumonia; hospitals are penalized for excess 
unplanned 30-day readmissions for exacerbations of COPD.8 
However, according to the 2015 American College of Chest 
Physicians (ACCP) and Canadian Thoracic Society (CTS) 
guidelines, hospitals currently have little guidance on how to 
reduce readmissions related to COPD. The 30-day readmission 
rate may be reduced by pharmacist involvement in transitions 
of care, medication reconciliation, patient counseling, tracking 
outpatient adherence, and postdischarge outpatient follow-up.7

This review highlights findings from the recent body of 
evidence on pharmacological interventions, including broncho-
dilators, corticosteroids, antibiotics, and preventive strategies 
for AECOPD. 
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Table 1  Model of Symptom/Risk Evaluation of COPD1

When assessing risk, choose the highest risk according to GOLD grade or exacerbation history. One or more hospitalizations for COPD  
exacerbations should be considered high risk.

Patient 
Category

Characteristic Spirometric  
Classification

Exacerbations 
Per year

CAT
Score

mMRC
Score

A Low risk, less symptoms GOLD 1–2 ≤ 1 < 10 0–1

B Low risk, more symptoms GOLD 1–2 ≤ 1 ≥ 10 ≥ 2

C High risk, less symptoms GOLD 3–4 ≥ 2 < 10 0–1

D High risk, more symptoms GOLD 3–4 ≥ 2 ≥ 10 ≥ 2

CAT = COPD Assessment Test; COPD = chronic obstructive pulmonary disease; GOLD = Global Initiative for Chronic Obstructive Lung Disease;  
mMRC = Modified Medical Research Council Dyspnea Scale

≥ 2 or
≥ 1 leading to  
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Symptoms
mMRC 0–1 mMRC ≥ 2

Breathlessness

PHARMACOLOGICAL TREATMENT 
Bronchodilators

Bronchodilator therapy is considered to be one of the corner
stones of treating COPD exacerbation. In stable COPD, inhaled 
antimuscarinic agents and beta2 agonists are often used in 
combination on either a scheduled and/or as-needed basis for 
symptom management. Long-acting inhaled bronchodilators, 
such as tiotropium and salmeterol, offer minimal advantages 
in AECOPD, with limited published data to support their use; 
frequently dosed short-acting inhaled bronchodilators are 
generally used instead. Beta agonists’ onset of action is faster 
than antimuscarinics with a marginally shorter duration of 
action. To date, studies have not demonstrated a difference in 
efficacy between these two classes of drugs; treatment is usually 
initiated with beta agonists because of their faster onset, with 
antimuscarinics added if beta agonist monotherapy results in 
an inadequate response.1,9 Furthermore, trials have shown 
that beta2 agonists provide benefits similar to antimuscarinic 
agents with regard to change in forced expiratory volume of 
air in one second (FEV1); however, optimal doses for AECOPD 
have yet to be established.9 Bronchodilator dosing during 
AECOPD includes increasing the dose and/or frequency 
(every two to four hours) and utilizing combination therapy 
to optimize symptomatic relief (Table 3).10,11 

Delivery of bronchodilators during AECOPD via metered-
dose inhalers with a spacer/holding chamber is considered 
equivalent to nebulization. Several factors, such as patient  
preference, disease severity, and ability and willingness to 
comply with instructions and technique, usually guide the 
choice of delivery method. According to the recent guide-
lines, methylxanthines are considered second-line therapy 
for AECOPD management due to significant side effects 
and a narrow therapeutic window. Methylxanthines may be  
considered in patients with insufficient response to inhaled 
short-acting bronchodilators.1   

Corticosteroids
Systemic corticosteroids (sCS) have been shown to improve 

symptoms and lung function (FEV1), reduce risk of treatment 
failure and relapse, and reduce the length of hospitalization,1,12,13 
although there is a lack of benefit in reduction of mortality rate 
related to COPD exacerbation.1,12,13 To date, studies suggest 
that lower-dose corticosteroids and shorter treatment duration 
are associated with a lower incidence of treatment failures and 
a lower rate of side effects.12–14 The Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) guidelines recommend oral 
prednisone 40 mg daily for five days, based on the findings 
from an observational analysis and the Reduction in the Use 
of Corticosteroids in Exacerbated COPD (REDUCE) trial.1,12,13 
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The REDUCE trial was a prospective, randomized, non
inferiority, multicenter study that included 314 patients with a 
mean age of 69 years; more than 50% of the participants in both 
groups (prednisone 40 mg daily for five days or for 14 days) 
had moderate-severity disease (GOLD stage IV), and many 
of the patients had experienced prior exacerbations.14 The 
primary endpoint was time to next COPD exacerbation within 
six months. The investigators found that a five-day course of 
prednisone 40 mg daily was noninferior to a 14-day course 
with respect to re-exacerbation within six months. In light 
of the recent robust body of evidence, it appears that the 
optimal corticosteroid regimen in hospitalized patients may 
be a low-dose, short course of oral prednisone 40 mg per day 
for five days, concurrently reducing the risks associated with 
steroid exposure. 

In contrast, the body of evidence supporting the efficacy 
and safety of sCS among critically ill patients with AECOPD 
on mechanical ventilation is scant. Nearly all studies have 
excluded patients requiring mechanical ventilation or intensive 
care unit (ICU) admission for AECOPD, leading to uncertainty 
as to whether the results from the aforementioned studies are 
applicable to patients on mechanical ventilators. However, 
extrapolation of data from non-ICU AECOPD has led to sCS 
use in critically ill patients with AECOPD. Despite evidence 
demonstrating that higher doses are not superior to lower doses 

in hospitalized patients for AECOPD,14,15 a recent retrospective 
cohort study suggests that patients admitted to the ICU for 
AECOPD are managed with higher doses of sCS than inpatient 
non-ICU patients, predisposing them to potential side effects 
without a clear benefit. Side effects associated with cumula-
tive high-dose sCS include muscle weakness, myopathy, sleep 
disturbances, immune suppression, tremors, susceptibility to 
infections, hyperglycemia, and other metabolic disorders.16 
Clinicians should consider the risks and benefits of prescribing 
high doses of sCS in ICU patients with AECOPD.

Only a few randomized clinical trials have evaluated the 
efficacy of sCS in patients with AECOPD requiring venti-
lator support.17,18 A prospective, randomized controlled trial 
was conducted that included 217 patients with severe COPD  
exacerbations requiring ventilator support.18 Study investigators 
compared open-label use of prednisone 1 mg/kg per day (oral or via 
enteral tube) for a maximum of 10 days or usual care. The primary 
endpoint was ICU mortality, and secondary endpoints were days 

on ventilator support and ICU length of stay 
(LOS). The results showed no significant 
differences between the prednisone versus 
the usual care groups in ICU mortality  
(15% versus 14%; P  =  0.81), median 
duration of ventilation (six days versus 
six days; P = 0.87), noninvasive ventila-
tion failure (16% versus 13%; P = 0.59), or 
ICU LOS (nine days versus eight days; 
P = 0.88). Insulin treatment for manag-
ing hyperglycemia was significantly 
higher in patients receiving prednisone  
(50% versus 33%; P = 0.01). The results 
suggest that prednisone did not exhibit a 
reduction in ICU mortality rate or patient-
centered outcomes.

Although the studies above offer insight into efficacy and 
treatment regimens for critically ill patients with AECOPD, 
immediate change in clinical practice seems unlikely based on 
these findings due to the small, retrospective, observational 
nature of the studies.

Recently a multicenter, retrospective, observational cohort 
study evaluated the efficacy and safety of lower versus higher 
doses of corticosteroids in critically ill patients with AECOPD.15 
The trial included 17,239 patients (77% of them more than 
60 years of age) using a quality and health care utilization 
database from 400 U.S. hospitals between 2003 and 2008. 
Patients were included if they were admitted with a diagnosis 
of AECOPD and received oral or intravenous (IV) sCS within 
the first two days of admission. The study subjects were split 
into two groups according to the dosing regimen: high dose 
(more than 240 mg per day methylprednisolone equivalent) and 
low dose (240 mg per day or less methylprednisolone equiva-
lent). The primary endpoint was hospital mortality; secondary 
endpoints were ICU LOS, hospital LOS, and total hospital costs. 
Patients were matched by propensity scoring. The analysis 
included 11,083 (64%) in the high-dose group and 6,156 (36%) 
in the low-dose group. Though there was only a trend toward 
reduction in hospital mortality in the low-dose group (P = 0.06), 
the lower dose was associated with a decrease in hospital LOS 
(P < 0.01), ICU LOS (P < 0.01), hospital costs (P = 0.01), length 
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Table 2  Risk Factors for Exacerbations5,6

•	Frequent exacerbator phenotype (this group of patients is  
susceptible to exacerbations, irrespective of disease severity)

•	Older age

•	Poor health status

•	Past history of hospitalized exacerbation

•	Severe airflow limitation

•	More severe depression and poorer cognition

•	Greater inflammation

•	Bacterial colonization of lower airways

•	Presence of system disease/comorbidities

•	Radiological evidence of emphysema

•	 Increased pulmonary artery diameter

•	Prior history of asthma

Table 3  Bronchodilator Dosing10,11

Agent Metered-Dose Inhaler Nebulizer

Albuterol 4–8 puffs every 30 minutes up to 
4 hours, then every 1–4 hours as 
needed

2.5–5 mg every 20 minutes for 
3 doses, then 2.5–10 mg every 
1–4 hours as needed, or 10–15 mg 
per hour continuously

Terbutaline Same as albuterol N/A

Levalbuterol 4–8 puffs every 20 minutes up to 
4 hours, then every 1–4 hours as 
needed

0.63–1.25 mg at the same dosing  
frequency as albuterol

Ipratropium 4–8 puffs as needed 0.5 mg every 30 minutes for 3 doses, 
then every 2–4 hours as needed
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of invasive ventilation (P = 0.01), insulin therapy (22.7% in the 
low-dose group versus 25.1% in the high-dose group; P < 0.01), 
and fungal infections (3.3% in the low-dose group versus 4.4% 
in the high-dose group; P < 0.01). Even though this study did 
not ascertain the optimal dose, route of administration, or 
duration of sCS therapy in critically ill patients, study findings 
suggest that lower doses of steroids (no more than 240 mg 
per day methylprednisolone equivalent) should be promoted 
for patients in the ICU for AECOPD until future clinical trials 
delineate the optimal dosing regimen. 

Despite study limitations, the results from these trials are 
noteworthy and offer some insight into steroid treatment for 
critically ill patients, especially because none of the guidelines 
or systematic reviews provide guidance on dosing and dura-
tion of sCS therapy in patients with exacerbations requiring 
ventilator support. In light of recent publications, it appears 
that the evidence weighs against the practice of using high 
doses of sCS in patients with AECOPD requiring mechanical 
ventilation. Large randomized clinical trials comparing the 
safety and efficacy of high-dose versus low-dose steroids are 
required to determine the most effective dosing regimen to 
manage patients with severe AECOPD. Owing to sCS’s excel-
lent bioavailability, ease of administration, lower costs, and 
similar efficacy in head-to-head equivalence trials of oral versus 
IV sCS, oral sCS should be used in the inpatient management 
of AECOPD when oral or enteral feeding tube administration 
is feasible.19,20

As an alternative to sCS, nebulized corticosteroids have 
minimal bioavailability, absorption, and systemic adverse 
effects. The GOLD guidelines recommend nebulized 
budesonide as an alternative to oral corticosteroids for the 
treatment of AECOPD.1 Only a few nonblinded studies have 
examined nebulized corticosteroids in AECOPD. Investigators 
compared 4 mg to 8 mg of nebulized budesonide with various 
doses of oral or IV prednisolone.21,22 The results showed no 
difference between the groups, and interpretation was hin-
dered by small sample sizes, heterogeneous populations, and 
exclusion of severe exacerbation. Larger studies are needed 
to confirm the long-term impact of clinical outcomes, optimal 
agent, and dosage of nebulized corticosteroids for AECOPD.

Antibiotics
Utilization of antibiotics in COPD exacerbations remains 

a part of management, despite overestimation of bacteria 
in older studies and newer evidence of viruses as causative 
pathogens. More recent studies with improved study design 
and methodology estimate that only 50% of exacerbations 
have a bacterial source.23 At least a third of cases are caused 
by viruses, including influenza, parainfluenza, respiratory 
syncytial virus, human metapneumonia virus, picomaviruses, 
and coronavirus.23–25

Nevertheless, COPD guidelines recommend empiric anti-
biotic treatment in certain patient populations, particularly in 
patients with moderate-to-severe exacerbations.1 This determi-
nation is characterized by presence of the Anthonisen criteria 
of increased sputum purulence and at least one of the follow-
ing: increased dyspnea and increased sputum volume.1,26 
Employment of this classification to initiate therapy in patients 
with moderate-to-severe exacerbations is largely based on a 

systematic review by Ram et al.27 In this evaluation, antibiotics 
showed a decrease in short-term mortality by 77%, treatment 
failure by 53%, and sputum purulence by 44%.

Production of purulent versus mucoid sputum is indicative 
of patients who will benefit from antibiotics as determined by 
Stockley et al. In their study, purulent sputum resulted in posi-
tive bacterial cultures in 84% of patients, compared with 38% 
of those producing mucoid sputum (P < 0.0001). The former 
was found to be 94.4% sensitive and 77% specific for the yield 
of high bacterial load. When evaluating resolution, all patients 
with mucoid sputum improved without antibiotic treatment.28

Utilization of sputum purulence as a cornerstone in the deci-
sion to initiate antibiotics is not entirely reliable. Patients may 
not routinely assess expectorated sputum, and the appearance 
may change quickly. In a study by Daniels et al., sputum colors 
reported by patients were compared to those assessed using 
a validated color chart as markers for bacterial load and sys-
temic inflammation. The sensitivity and specificity for reported 
sputum color were 73% and 39% respectively, compared to 90% 
and 52% in assessed sputum, indicating that patient-reported 
color was unreliable.29

Biomarkers have been identified as a means of determining 
etiology of COPD exacerbations in addition to playing a role 
in diagnosing and assessing severity.30 Most recently, the 
COPD Biomarker Qualification Consortium received Food 
and Drug Administration approval for plasma fibrinogen as a 
COPD biomarker.31 Pertaining to infection-related biomarkers, 
procalcitonin is utilized as a marker of sepsis due to bacteria. 
As it is an indicator of systemic bacterial infection, it can there-
fore be employed to identify exacerbations caused by such 
pathogens to determine if antibiotics should be administered. 
This was evaluated by Stolz et al., who randomized patients 
into standard-care or procalcitonin-guided treatment groups.32 
Antibiotic use in patients with procalcitonin levels up to  
0.1 mcg/L was discouraged. Levels between 0.1 and 0.25 mcg/L 
indicated a possible bacterial infection, and antibiotic treat-
ment was to be based upon clinical condition. In patients with 
procalcitonin levels greater than 0.25 mcg/L, antibiotic use 
was strongly supported. The study indicated no difference in 
clinical success, hospital LOS, and ICU LOS despite decreased 
use of antibiotics in patients with low procalcitonin levels. 
Furthermore, when patients were evaluated at six months, 
there were no statistically significant differences in exacerbation 
rates, rehospitalization rates, and time to next exacerbation. 

Procalcitonin has also been studied in assessing treatment 
response. In a systematic review of 14 trials, Schuetz et al. 
evaluated the effect of using a procalcitonin algorithm to guide 
initiation and discontinuation of antibiotics in acute respiratory 
tract infections.33 In this analysis, there was no statistically sig-
nificant difference in treatment failure or mortality at 30 days 
when procalcitonin was used to guide initiation and duration of 
antibiotic treatment. Furthermore, mean duration of antibiotic 
exposure was 34.8% lower in the procalcitonin group com-
pared with the standard-care group (95% confidence interval  
[CI], –40.3 to –28.7). 

If antibiotics are initiated in patients with COPD exacer-
bations, the regimen should be based upon severity, likely 
pathogens, and local susceptibility patterns.1 While cultures 
may be drawn, therapy is generally empiric. Common bacterial  
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pathogens include Haemophilus influenzae, Moraxella catarrhalis, 
Streptococcus pneumoniae, and Staphylococcus aureus.24 Although 
uncommon, atypical pathogens, including Chlamydophila  
pneumoniae and Mycoplasma pneumoniae, can also be infectious 
causes of exacerbations.24 Moderately to severely ill patients may 
be divided into uncomplicated and complicated exacerbations 
based on certain parameters to help guide therapy. Generally, 
patients with uncomplicated exacerbations include those younger 
than 65 years of age with FEV1 more than 50% of predicted who 
experience fewer than three exacerbations per year.23,24 These 
patients may be treated with an advanced macrolide or a second-  
or third-generation cephalosporin. While amoxicillin was once  
considered an option for first-line therapy, it should no longer be 
used due to the incidence of beta-lactamase production among  
H. influenzae and M. catarrhalis. Similarly, resistance to  
doxycycline and trimethoprim/sulfamethoxazole has emerged, 
and therefore, these medications may not be considered first 
line.34 Complicated exacerbations should be treated with a  
respiratory fluoroquinolone or amoxicillin/clavulanate  
(Table 4).23,24

Among various agents, the literature does not strongly 
support the utilization of one antibiotic over another. In the 
MAESTRAL study, moxifloxacin administered for five days was 
compared with amoxicillin/clavulanate given over seven days. 
Clinical failure at eight weeks post-therapy was found to be 
20.6% and 22% (95% CI, –5.89 to 3.83) for moxifloxacin and 
amoxicillin/clavulanate, respectively, indicating noninferior-
ity.35 Similarly, in a study conducted by Yoon et al., levofloxacin 
was compared with cefuroxime in AECOPD, stratified by sever-
ity. Clinical efficacy was found to be comparable between the 
two agents (90.4% in the levofloxacin group compared to 90.6% 
in the cefuroxime group; 95% CI, –9.40 to 10.91).36

In patients with severe exacerbations or in those with fre-
quent antibiotic usage or recent hospitalization, Pseudomonas 
aeruginosa and other gram-negative bacilli must also be consid-
ered, particularly if such pathogens were previously isolated.34 
In this subset of patients, depending on local susceptibilities, 
ciprofloxacin, levofloxacin, pipercillin/tazobactam, ceftazidime, 
or cefepime should be initiated empirically and sputum cul-
tures should be obtained.24,34 Patients with recent exposure to 
antibiotics should be initiated on an agent of a different class 
for the treatment of exacerbation (Table 4).34 

Once patients are deemed eligible, treatment should be 
initiated in a timely manner, because antibiotics have been 
associated with a longer median time to the next exacerba-
tion. In a study conducted in 49,599 Dutch patients, those 

who received antibiotics for the first or second exacerbation 
had a longer median time to subsequent exacerbations by  
97 and 113 days, respectively (P < 0.001).37 In addition, early 
antibiotic administration has been associated with improved 
outcomes in hospitalized patients. An observational study of 
84,621 patients by Rothberg et al. identified a decrease in treat-
ment failure, inpatient mortality, and late mechanical ventilation 
in patients started on antibiotics by day 2 of hospitalization.38 
Regardless of the empiric regimen and severity of exacerba-
tion, patients should be reassessed in 48 to 72 hours. If the 
patient exhibits signs of clinical improvement, conversion to 
oral therapy may occur or the regimen may be de-escalated 
based on sputum culture and susceptibility results.39 Duration 
of treatment can range from five to 10 days.1 

STRATEGIES FOR PREVENTING AECOPD
Medications available for the treatment of COPD have not 

been shown consistently to modify the underlying pulmonary 
architecture or reverse airway destruction; thus, the goals 
of comprehensive disease management include alleviating 
acute symptoms and reducing the severity and frequency of 
exacerbations, as well as improving quality of life and exercise 
tolerance.1,40,41 Nonpharmacological interventions, such as pre-
vention of influenza or pneumococcal disease via immunization, 
smoking cessation, pulmonary rehabilitation, and education, 
along with specific pharmacological approaches, including 
antibiotics, bronchodilators, and corticosteroids, may reduce 
or prevent exacerbations of disease.1,7

IMMUNIZATION RECOMMENDATIONS  
AND NONPHARMACOLOGICAL STRATEGIES
Vaccination

According to current recommendations from the Centers 
for Disease Control and Prevention, all individuals 6 months 
of age or older should receive the influenza vaccine annually. 
Pooled results of randomized clinical trials suggest immuniza-
tion against influenza may be associated with a reduction in 
exacerbations of COPD.42 Adults 19 to 64 years of age who have 
chronic lung diseases, including COPD, should also receive a 
one-time dose of the 23-valent pneumococcal polysaccharide 
vaccine (PPSV23), followed by a single dose of the 13-valent 
pneumococcal conjugate vaccine (PCV13) at age 65 years or 
older, with a single subsequent dose of PPSV23 administered 
at least one year after PCV13 and at least five years after the 
last dose of PPSV23.43 The most recent ACCP/CTS guidelines 
suggest that PPSV23 be administered to all COPD patients as 

part of disease management, although evi-
dence from clinical trials does not suggest 
vaccination to reduce exacerbations of 
disease.44

Smoking Cessation
Smoking cessation is the single most 

effective intervention for altering the 
progressive decline in lung function that 
is characteristic of this disease.1 Every 
encounter with a clinician, regardless of 
care setting, represents an opportunity 
to evaluate the patient’s readiness to 
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Table 4  Antibiotics for Treatment of Exacerbations23,24,34 * 

Moderate-to-Severe Exacerbations
Severe Exacerbations

Uncomplicated Complicated

•	Azithromycin
•	Clarithromycin
•	Cefuroxime
•	Cefpodoxime
•	Doxycycline

•	Moxifloxacin
•	Levofloxacin†
•	Amoxicillin/clavulanate

•	Ciprofloxacin†
•	Levofloxacin†
•	Pipercillin/tazobactam†
•	Ceftazidime†
•	Cefepime†
•	Cefotaxime

* This list is not all-inclusive.
† Covers Pseudomonas depending on local suceptiblities
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quit and provide education on strategies to reduce nicotine 
cravings. Various pharmacological and behavioral strategies 
exist to support quitting attempts, including a variety of nico-
tine replacement therapies (gum, lozenge, patch, inhaler, or 
nasal spray), varenicline or sustained-release bupropion, and 
behavioral approaches, including support through counseling 
and motivational interviewing, print-based self-help materials, 
or computer-based interventions.1,45,46 Specifically regard-
ing efforts to reduce COPD exacerbations, there is low-level  
evidence to suggest that smoking cessation has a direct effect 
on reducing exacerbations of pulmonary disease; regardless, 
most recent clinical guidelines emphasize that multimodal 
smoking cessation should be offered as part of a comprehensive 
strategy to reduce exacerbations of disease.7

Pulmonary Rehabilitation
The effects of pulmonary rehabilitation—a comprehensive 

and multidisciplinary intervention that includes provision of 
exercise, education, and behavioral approaches to improve 
physical and psychological function of patients living with 
COPD—have been evaluated in clinical trials and are well 
established.1,7,47 Although not completely elucidated, the effects 
of pulmonary rehabilitation include improvement in exercise 
tolerance, improved health-related quality of life, and reduced 
number and duration of hospitalizations for exacerbations, as 
well as improved recovery after hospitalization for COPD exac-
erbation.1 Current guidelines suggest that pulmonary rehabilita-
tion may have particular benefit for individuals with moderate, 
severe, or very severe COPD who have had an exacerbation of 
disease requiring hospitalization within the previous four weeks 
to prevent subsequent exacerbations and hospitalizations.7 
The frequency with which this therapy should be provided 
is not specified in current clinical guidelines, and there may 
be heterogeneity among rehabilitation programs and centers. 
Most programs meet three times a week for at least six weeks 
after the acute-care hospitalization and typically include two to 
three hours of both education and exercise at each session.48

Education, Case Management, and Telemonitoring
 Recent clinical guidelines underscore the importance of the 

general principles of chronic disease management, including 
patient empowerment and education regarding the chronic 
disease as well as a coordinated team-based effort to meet the 
patient’s comprehensive health care needs.7 Evidence exists 
to support the position that a comprehensive disease self-
management strategy, including monthly access to a health care 
specialist to prevent disease exacerbations, may influence and 
reduce exacerbations of COPD.7 In addition, the need to reduce 
readmissions after COPD hospitalizations under the Centers 
for Medicare and Medicaid Services’ Hospital Readmission 
Reduction Program has mandated that hospitals increasingly 
focus on ensuring that patients receive optimal medical treat-
ment and therapy based on evidence-based guidelines and on 
medication reconciliation at the time of hospital admission 
and discharge.49 Although telemedicine and telemonitoring 
of disease are a rapidly developing area of clinical medicine 
services, evidence at this time does not suggest telemonitoring 
to be associated with a reduced incidence of exacerbations of 
disease compared with usual care.7 

PHARMACOLOGICAL STRATEGIES
Bronchodilators

As previously described, long-acting bronchodilators are  
generally preferred for management of chronic broncho
constriction in COPD; both long-acting beta agonists (LABAs) 
and long-acting muscarinic antagonists (LAMAs), when com-
pared with placebo, are likely to reduce moderate-to-severe 
acute exacerbations of disease.7 A systematic review encom-
passing seven clinical trials and 12,223 participants with COPD 
designed to compare the effects of tiotropium to LABAs (salme-
terol, formoterol, and indacaterol) concluded there is equivocal 
evidence regarding the effects of LABAs and tiotropium on 
patients’ quality of life. Tiotropium use was associated with a 
reduction in the number of participants experiencing one or 
more exacerbations compared with use of a LABA (odds ratio 
[OR], 0.86; 95% CI, 0.79–0.93), with no differences observed 
among the different types of LABAs. No statistical difference 
in mortality was observed between the treatment groups. As a 
secondary outcome, tiotropium was associated with a reduction 
in the number of COPD exacerbations leading to hospitalization 
compared with LABA treatment (OR, 0.87; 95% CI, 0.77–0.99), 
but not in the overall rate of all-cause hospitalizations; thus, in 
moderate-to-severe COPD, use of tiotropium may be associated 
with a lower rate of exacerbation and hospitalization compared 
with LABAs.50 More recent trials suggest that combination 
LABA/LAMA therapy (indacaterol/glycopyrronium) is more 
effective than a LABA with an inhaled corticosteroid (ICS) 
(salmeterol/fluticasone) at preventing COPD exacerbations 
in patients with a history of exacerbation in the previous year 
and that withdrawal of use of an ICS in patients receiving  
LABA/LAMA combination therapy (tiotropium plus salmeterol) 
is not associated with exacerbation of disease.51,52 

Corticosteroids 
Although COPD is characterized by chronic broncho

constriction, the anti-inflammatory effects of systemically 
administered corticosteroids may be beneficial not only in 
alleviating acute shortness of breath and reversing broncho
constriction when an asthmatic component exists, but may 
also reduce exacerbations of disease in a 30-day window  
following an initial exacerbation, as well as having a preventive 
effect on hospitalization.7 There are numerous well-established 
risks associated with chronic systemic corticosteroid therapy, 
including hyperglycemia, hypertension, weight gain, mood 
disturbances, skeletal adverse effects, and insomnia, and long-
term use (beyond 30 days) has not been demonstrated to have 
a greater effect on exacerbation reduction.7 

While associated with fewer systemic adverse effects, 
ICS should only be used in conjunction with long-acting  
bronchodilator therapy to reduce exacerbations of disease and 
may be utilized in individuals with moderate to very severe 
disease.7 The availability of newer classes and types of inhaled 
bronchodilators, including LABAs and LAMAs; emerging data 
on comparative efficacy of various bronchodilator regimens 
versus ICS combinations; and data suggesting that stepwise and 
gradual withdrawal of ICS therapy will not worsen exacerba-
tions of disease, have prompted reconsideration of the role of 
ICS therapy to prevent exacerbations of disease.52 
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Antibiotics
There has been much interest regarding long-term anti-

microbial use to reduce exacerbations of pulmonary disease. 
Specifically, the macrolide antibiotic azithromycin is not only 
thought to have antimicrobial effects but may also reduce 
inflammation and modulate the immune response in the upper 
airways. Several clinical trials have evaluated different dosing 
and administration strategies for azithromycin in reducing 
exacerbations of disease, including azithromycin 250 mg admin-
istered orally once daily for one year versus placebo for patients 
with moderate-to-severe COPD who either experienced an 
exacerbation within the year prior to study enrollment or 
required long-term oxygen therapy.53 Investigators found 
azithromycin use to be associated with a significant reduction 
in exacerbations of COPD, from 1.83 to 1.48 acute exacerba-
tions per patient-year (relative risk, 0.83; 95% CI, 0.72–0.95; 
P = 0.01).53 Based on this data, current guidelines suggest use 
of long-term macrolide therapy for patients with one or more 
moderate-to-severe exacerbations of disease in the previous 
year despite optimization of inhaler use, although clinicians 
must weigh the risks of QTc prolongation (including history of 
cardiovascular disease or dysrhythmia, concomitant medication 
use, and presence of electrolyte disturbances), emergence of 
bacterial resistance, and patient cost when considering this 
type of treatment.7

Other Pharmacological Treatment Options
Other therapies, including theophylline, the phospho

diesterase-4 inhibitor roflumilast, oral N-acetylcysteine, and 
mucolytics—as well as emerging treatment options for COPD—
may have effects on reducing exacerbations of COPD, but they 
are beyond the scope of this article. The reader is encouraged 
to evaluate clinical guideline evidence to gain additional insight 
into the role of these complementary therapies in modulating 
the course of disease.7

CONCLUSION
Acute exacerbations of COPD are associated with substantial 

negative impact on pulmonary function, morbidity, mortal-
ity, and increased health care costs. Rapid-acting broncho
dilators, systemic corticosteroids, and antibiotics are considered  
cornerstones of therapy for managing COPD exacerbations. 
Prevention of COPD exacerbations should be a key component 
of management. Recent guidelines emphasize several preven-
tive pharmacological and nonpharmacological strategies to 
reduce or prevent exacerbations of COPD. 
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